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INTRODUCTION
Intra-abdominal infections (IAIs) encompass a variety
of pathological conditions, ranging from uncomplicated
appendicitis to fecal peritonitis. Cases of IAI are further
subcategorized as being either uncomplicated or complicated[1].
In the event of an uncomplicated case of IAI, the infection only involves a single organ and does not extend
to the peritoneum. Patients with such infections can be
treated with either surgical resection or antibiotics. When
the infection is effectively resolved by surgical excision,
24-h perioperative prophylaxis is typically sufficient. Patients with IAIs, including acute diverticulitis and certain
forms of acute appendicitis, may be treated non-operatively by means of antimicrobial therapy.
In the event of complicated IAI, the infectious process proceeds beyond the organ, causing either localized
or diffuse peritonitis. The treatment of patients with
complicated IAIs involves both source control and antibiotic therapy.
Antimicrobial therapy plays an integral role in the
management of IAIs, especially in critically ill patients
who require immediate empiric antibiotic therapy. An
insufficient or otherwise inadequate antimicrobial regimen is one of the variables most strongly associated with
unfavorable outcomes[2,3].
Various studies have demonstrated that inappropriate

Abstract
Antimicrobial management of severe intra-abdominal infections (IAIs) involves a delicate balance of optimizing
empirical therapy, which has been shown to improve
clinical outcomes, while simultaneously reducing unnecessary antimicrobial use. Two sets of guidelines for the
management of intra-abdominal infections were recently published. In 2010, the Surgical Infection Society and
the Infectious Diseases Society of America (SIS-IDSA)
created guidelines for the diagnosis and management
of complicated IAIs. The new SIS-IDSA guidelines replace those previously published in 2002 and 2003. The
World Society of Emergency Surgery (WSES) guidelines
represent additional contributions, made by specialists
worldwide, to the debate regarding proper antimicrobial drug methodology. These guidelines represent the
conclusions of the consensus conference held in Bologna, Italy, in July 2010 during the first congress of the
WSES.
© 2012 Baishideng. All rights reserved.
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antimicrobial use is common. Excessive antimicrobial use
has contributed to the emergence and spread of drug-resistant microorganisms and has simultaneously increased
overall treatment costs[4-9].
An antimicrobial-based approach to treating IAIs always involves a delicate balance between the optimization
of empirical therapy, which has been shown to improve
clinical outcomes, and the reduction of excessive antimicrobial use, which has been proven to increase the rate of
emergence of antimicrobial-resistant strains.
The threat of antimicrobial resistance has been identified as one of the major challenges in the management
of complicated IAIs.
In the past few decades, an increased prevalence of infections caused by antibiotic-resistant pathogens, including
methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus species, carbapenem-resistant Pseudomonas
aeruginosa (P. aeruginosa), extended-spectrum b-lactamase
(ESBL)-producing Escherichia coli (E. coli) and Klebsiella species, and multidrug-resistant Acinetobacter species, has been
observed, especially in IAIs.
To resolve the medical community’s tendency to overuse antibiotics, a set of guidelines outlining the proper use
of antimicrobial therapy has been implemented, which
contains specific directions for addressing IAIs.
Two different sets of guidelines outlining the clinical
management of IAIs were recently published.
In 2010, the Surgical Infection Society (SIS) and the
Infectious Diseases Society of America (IDSA) instituted
standardized guidelines for the diagnosis and management
of complicated IAIs[10].
The new SIS and IDSA guidelines replace those previously published in 2002 and 2003.
The World Society of Emergency Surgery (WSES)
guidelines[11] represent an additional contribution to the
debate by specialists worldwide. These guidelines represent the conclusions reached by the consensus conference held in Bologna, Italy, in July 2010, during the first
congress of the WSES; in attendance at this event were
surgeons, infectious disease specialists, pharmacologists,
radiologists and intensivists, all of whom wished to define
and streamline a standardized set of recommendations for
the early treatment and management of IAIs[11].

Clinical factors predicting failure of treatment for
IAIs include: (1) delay in the initial stages of intervention
(24 h ); (2) high severity of illness (Acute Physiology and
Chronic Health Evaluation Ⅱ score > 15); (3) advanced
age of patient; (4) comorbidity involving organ dysfunction; (5) low albumin levels; (6) poor nutritional status; (7)
peritoneal involvement or diffuse peritonitis; (8) inability
to achieve adequate debridement or control of drainage;
(9) presence of malignancy; and (10) health care-related
infection.
Health care-related infections refer to a spectrum of
adult patients treated in acute care hospitals or monitored
in chronic care settings. These patients increase their risk
of infection due to the emergence of multidrug-resistant
bacteria. Health care-related infections have higher risks
of complication and mortality than community-acquired
disease.
Guidelines developed by the SIS and the IDSA have
recommended various single-agent and combination regimens for patients with different levels of risk.
Extra-biliary community-acquired intra-abdominal
infections
In the treatment of patients with community-acquired
IAIs, empiric antimicrobial therapy should protect against
common gram-negative and anaerobic enteric bacteria.
The SIS and IDSA guidelines classify communityacquired IAIs as being mild, moderate, or severe on the
basis of the patient’s assessed risk factors.
For high severity infections, those cases for which adequate empirical therapy helps reduce the rate of mortality, regimens having a broader spectrum of antimicrobial
activity are recommended.
For adult patients with mild-to-moderate communityacquired infections, the SIS-IDSA guidelines recommend
the use of ticarcillin-clavulanate, cefoxitin, ertapenem,
moxifloxacin, or tigecycline as single-agent therapies; the
guidelines also advocate combinations of metronidazole
with cefazolin, cefuroxime, ceftriaxone, cefotaxime, or levofloxacin, as opposed to single agents featuring broader
antimicrobial activity.
The empiric use of antimicrobial regimens with broadspectrum activity against gram-negative organisms, which
include meropenem, imipenem-cilastatin, doripenem,
piperacillin-tazobactam as single-agent therapies, or ciprofloxacin, levofloxacin ceftazidime, cefepime each com
bined with metronidazole, is recommended by the SISIDSA guidelines for treating high-severity communityacquired IAIs.
(Due to the increasing resistance of E. coli to fluoroquinolones, local population susceptibility profiles and, if
available, isolate susceptibilities should be reviewed).
The SIS-IDSA guidelines do not recommend the routine use of agents effective against enterococci in com
munity-acquired infections, even if infections caused by
these organisms may be associated with poorer clinical
outcomes[10].
Additionally, antifungal protection is not required for
community-acquired infections.

GUIDELINES BY SIS AND IDSA: ANTIMICROBIAL MANAGEMENT FOR COMPLICATED INTRA-ABDOMINAL INFECTIONS
In the SIS and IDSA guidelines, selection of the appropriate antimicrobial regimen is based primarily on the “risk
factor” of the potential failure of the treatment in question.
“High risk” describes patients with an increased likelihood of treatment failure and a greater potential severity of infection according to clinical assessment criteria.
Such patients include those with anatomically unfavorable
infections or health care-related infections[10].
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According to the guidelines, Amynoglicosides should
be reserved for patients allergic to b-lactam agents and,
even in these cases, they are “last resort” options that
should be used only when quinolone-based regimens are
unavailable. That said, depending on the local susceptibility patterns of nosocomial gram-negative bacilli, Aminoglycosides may be a reasonable choice for the empiric or
definitive treatment of certain patients with health carerelated IAIs.

penem-cilastatin, meropenem, doripenem, piperacillintazobactam, or ciprofloxacin, levofloxacin, cefepime, each
in combination with metronidazole, supplementing them
with vancomycin.
(Due to the increasing resistance of E. coli to fluoroquinolones, local population susceptibility profiles and,
if available, isolate susceptibilities should be assessed and
systematically reviewed).

GUIDELINES BY WSES: ANTIMICROBIAL
MANAGEMENT FOR INTRA-ABDOMINAL
INFECTIONS

Health care-associated intra-abdominal infections
Health care-related infections are commonly caused by
more resistant strains, which may include the non-fermenting gram-negative P. aeruginosa, Acinetobacter species, E. coli,
Enterobacter species, Proteus species, methicillin resistant Staphylococcus aureus, enterococci, Candida species, and extended
spectrum b-lactamase-producing Klebsiella. For these in
fections, given that adequate empiric therapy appears to
be a crucial factor affecting postoperative complications
and mortality rates, complex multidrug regimens are recommended.
According to the SIS-IDSA guidelines, antibiotic selection should always be tailored to address the nosocomial microorganisms known to be present at the facilities
in which the patient developed the infection.

Patients with IAIs are classified by SIS-IDSA guidelines
into low risk and high risk.
However the definition of “risk” in IAIs remains too
vague. Dividing patients with IAIs into lower and higher
risk categories may be not easy, and attempting to assess
a patient’s risk of treatment failure may be not sufficient
to optimize an antimicrobial treatment plan.
In order to stratify the patients with IAIs, WSES guidelines stratify patients with IAIs according to the specific
risk for antimicrobial resistant bacteria and to the clinical
patient’s severity.
In order to better identify the pathogens present and
evaluate the associated resistance patterns, infections
are classified as being either community- or hospital-ac
quired.
In the past two decades, the incidence rate of hospital-acquired infections caused by resistant microorganisms has risen significantly, a finding that is probably
correlated with higher levels of antibiotic exposure and
an increasing number of patients with one or more predisposing conditions such as recent exposure to antibiotics, high severity of illness, advanced age, comorbidity,
degree of organ dysfunction, low albumin level, poor
nutritional status, immunocompromise, and the presence
of malignancy.
In the last years, the level of resistance has become
significant also in the community acquired infections. The
main resistance problem in IAIs is represented by ESBL
producers Enterobacteriaceae, even today frequently found
in community acquired infections[12,13].
The available therapeutic options for the treatment of
ESBL-associated infections are limited by drug resistance
conferred by the ESBLs[14,15].
The third generation cephalosporins, recommended
by SIS-IDSA for high risk patients in association with
metronidazole, should not be used to treat suspected infections with ESBL producing organisms because clinical
outcome is poor even in the presence of apparent susceptibility[14].
Also cefepime should not be used as the first line the
rapy against ESBL-producing organisms[14].
Piperacillin-tazobactam, recommended by SIS-IDSA
guidelines for high risk patients, is not regarded as suitable first line therapy for serious infections caused by
ESBL producer[14].

Biliary intra-abdominal infections
For patients with complicated biliary IAIs, selection of a
specific antimicrobial therapy should be based on the origin of the infection (community versus health care), on
the severity of illness, and on the presence or absence of
a biliary-enteric anastomosis.
For biliary infections, anaerobic therapy is not recommended unless a biliary-enteric anastomosis is present.
Regarding community-acquired biliary infections, antimicrobial activity against enterococci is not required because such strains have not proven to be pathogenic. For
certain immunosuppressed patients, however, particularly
for those who have undergone extensive hepatic-related
procedures or liver transplants, enterococcal infections
can be clinically significant and may require treatment.
For community-acquired acute cholecystitis of mildto-moderate severity, the SIS and IDSA guidelines recommend treatment regimens of cefazolin, cefuroxime, or
ceftriaxone. On the other hand, for community-acquired
acute cholecystitis causing severe physiologic disturbance,
advanced age, and/or immunocompromise, the IDSA
guidelines recommend Imipenem-cilastatin, meropenem,
doripenem, piperacillin-tazobactam as single-agent therapies, or ciprofloxacin, levofloxacin, cefepime, each in
combination with metronidazole. Contrastingly, for acute
cholangitis of any severity grade following bilio-enteric
anastomosis, the SIS-IDSA guidelines recommend Imipenem-cilastatin, meropenem, doripenem, piperacillintazobactam as single-agent therapies, or ciprofloxacin,
levofloxacin, cefepime, each in combination with metro
nidazole. For health care-related biliary infection of any
severity grade, the IDSA guidelines recommend Imi-
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Community-acquired intra-abdominal infections
Empirical antibiotic treatment of community-acquired
IAIs should be conducted in accordance with the most
frequently isolated germs and the local trends of antibiotic resistance. The major pathogens involved in community-acquired IAIs are enterobacteriaceae, streptococci,
and anaerobes. The primary problems with resistance
stem from ESBL-producing enterobacteriaceae, which are
frequently found in community-acquired infections[12,13].
Many factors can increase the risk of ESBL selection,
but prior exposure to antibiotics (mainly third generation
cephalosporins) and comorbidities that continuously require antibiotic treatment regimens, are among the most
significant predisposing criteria[18].
In the event of community-acquired IAIs, antimicrobial therapy for enterococci should be considered on a
patient-by-patient basis, mainly for critically ill and immunocompromised patients as well as patients with valvular
heart disease or prosthetic implants.
Community-acquired IAIs may be treated with either
single or multiple antimicrobial regimens depending on
the patient’s condition as well as the predominant risk
factors for specific microorganisms and resistance patterns. For stable, non-critical patients presenting with no
ESBL-associated risk factors, amoxicillin/clavulanate and
ciprofloxacin plus metronidazole regimens are recommended. Contrastingly, for critically ill patients presenting with no ESBL-associated risk factors, treatments of
piperacillin/tazobactam are recommended.
On the other hand, for stable, non-critical patients
presenting with ESBL-associated risk factors, ertapenem
or tigecycline treatments are recommended. Contrasting
ly, for critically ill patients presenting with ESBL-associated risk factors, meropenem or imipenem plus fluconazole
regimens (the latter in the event of risk factors for Candida) are recommended.
Antimicrobial regimens recommended by WSES[11]
for treating extra-biliary community-acquired IAIs was
summarized in Table 1.

Ciprofloxacin has been a potential antimicrobial option for the treatment of infections caused by ESBL producing enterobacteriaceae; however, in recent years, the
usage of ciprofloxacin has risen, and ESBL-producing
isolates resistant to fluoroquinolones has increased over
time also in E. coli[14].
For two decades Carbapenems have been the antibiotics of first choice for ESBLs.
The increased carbapenem consumption has been associated to increasing of carbapenem-resistant bacterial
species[13].
The rapid spread of carbapenemases in Klebsiella pneumoniae (K. pneumoniae)[16] emphasizes the concept that the
usage of carbapenems should be optimized in terms of
indication and exposure.
Therefore, group 2 carbapenems should be used in
community acquired IAIs only in critically ill patients
where inadequate antimicrobial therapy may have a significant impact on the patients mortality, independently
by the site of infection.
The choice of the antimicrobial regimen poses serious problems for the management of critically ill patients. In patients with severe sepsis or septic shock an
early correct empirical antimicrobial therapy has a significant impact on the outcome, independently by the site of
infection.
It is confirmed by a recent prospective observational
study, involving 180 consecutive patients with secondary
generalized peritonitis, by Riché et al[17] that demonstrated,
a significantly higher mortality rate in septic shock (35%
vs 8% for patients without shock).
Recently published international guidelines outlining
the proper management of severe sepsis and septic shock
(Surviving Sepsis Campaign)[3] recommend the intravenous administration of antibiotics within the first hour
following diagnosis; the use of broad-spectrum agents that
can effectively penetrate the presumed site of infection;
and the daily reassessment of the antimicrobial regimen in
order to optimize treatment efficacy, prevent the development of drug resistance, avoid drug-induced toxicity, and
minimize the overall cost of hospitalization.
For years, antibiotics have typically been used as singleagent therapies; only once microbiological cultures and
susceptibility tests had been performed were more potent
compounds then administered. The traditional approach,
however, may no longer be appropriate for critically ill
patients in the current context of increasing antibiotic resistance.
Increasing rates of antibiotic resistance and a better understanding of the inflammatory process together prompted the medical community to begin advocating the use of
broad-spectrum regimens initially when treating critically ill
patients.
This two-stage approach, consisting of aggressive initial therapy followed by a less intense follow-up treatment,
allows for the immediate and effective treatment of serious infections while simultaneously avoiding the overuse
of antibiotics, potential microbial resistance, and excessive
hospitalization costs.

WJG|www.wjgnet.com

Biliary intra-abdominal infections
Antibiotics are always recommended when treating complicated cholecystitis and advanced uncomplicated cholecystitis.
The most important factors for antimicrobial drug
selection in biliary infections are the following: antimicrobial activity against causative bacteria, the clinical condition of the patient in question, and the biliary levels of
the antimicrobial agents.
An antibiotic’s in-bile efficacy as well as the manner in
which it is ultimately secreted into the bile are also important selection criteria when choosing an appropriate drug
regimen.
The microorganisms that are most often isolated in
biliary infections are the gram-negative aerobes, E. coli
and K. pneumoniae, and several anaerobes, especially Bacteroides fragilis. Activity against enterococci is not typically
required since their pathogenicity in biliary tract infections remains unclear[19,20].
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Table 1 Antimicrobial regimens recommended by the World Society of Emergency Surgery recommendations for treating extrabiliary community-acquired intra-abdominal infections

In stable, non-critical patients
With no ESBL-associated risk factors

With ESBL-associated risk factors
In critically ill patients presenting
With no ESBL-associated risk factors
With ESBL-associated risk factors

Antimicrobial agents

Dosage

Amoxicillin/clavulanate
Ciprofloxacin
+
Metronidazole
Ertapenem
Tigecycline

2.2 g every 6 h (2-h infusion time)
400 mg every 8 h (30-min infusion time)

Piperacillin/tazobactam

9 g LD then 18 g per day via continuous infusion or 4.5 g every 6 h (4-h infusion time)
500 mg every 6 h (6-h infusion time)

500 mg every 6 h (1-h infusion time)
1 g every 24 h (2-h infusion time)
100 mg LD then 50 mg every 12 h (2-h infusion time)

Meropenem
or
Imipenem
+
Fluconazole

500 mg every 4 h (3-h infusion time)
600 mg LD then 400 mg every 24 h (2-h infusion time)

ESBL: Extended-spectrum b-lactamase; LD: Loading dose.

Table 2 Antimicrobial regimens recommended by the World Society of Emergency Surgery recommendations for treating biliary
intra-abdominal infections

In stable, non-critical patients
With no ESBL-associated risk factors

With ESBL-associated risk factors
In critically ill patients
With no ESBL-associated risk factors
With ESBL-associated risk factors

Antimicrobial agents

Dosage

Amoxicillin/clavulanate
Ciprofloxacin
+
Metronidazole
Tigecycline

2.2 g every 6 h (2-h infusion time)
400 mg every 8 h (30-min infusion time)

Piperacillin/tazobactam

9 g LD then 18 g per day via continuous infusion or 4.5 g every 6 h (4-h infusion time)
8 g LD then 16 g/d via continuous infusion or 4 every 6 h (4-h infusion time)

Piperacillin
+
Tigecycline
+/Fluconazole

500 mg every 6 h (1-h infusion time)
100 mg LD then 50 mg every 12 h (2-h infusion time)

100 mg LD then 50 mg every 12 h (2-h infusion time)
600 mg LD then 400 mg every 24 h (2-h infusion time)

ESBL: Extended-spectrum b-lactamase; LD: Loading dose.

conazole in the event of risk factors for Candida) is the
recommended drug regimen.
Antimicrobial regimens recommended by WSES[11]
for treating biliary IAIs was summarized in Table 2.

The efficacy of antibiotics in treating biliary infections
depends largely on the drugs’ resulting biliary concentrations[21-23].
However, there are no clinical or experimental data
available from which to infer the antimicrobial dosage
that would safely maximize biliary duct penetration, and
as such, no standardized recommendations have been established.
For stable, non-critical patients presenting with no
ESBL-associated risk factors, amoxicillin/clavulanate or
ciprofloxacin plus metronidazole regimens are recommended.
For stable, non-critical patients presenting with ESBL-associated risk factors, Tigecycline is recommended.
For critically ill patients presenting with no ESBLassociated risk factors, Piperacillin/tazobactam is recommended.
For critically ill patients presenting with ESBL-asso
ciated risk factors, tygecycline plus piperacillin (plus flu-
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Hospital-acquired intra-abdominal infections
Hospital-acquired IAIs are, by definition, infections that
were not present upon hospital admission but become
evident at least 48 h following admission in patients hospitalized for a reason other than IAIs.
The threat of antimicrobial resistance has been identified as one of the major challenges in the management
of complicated IAIs.
Hospital-acquired infections are commonly caused by
more resistant strains, and for these infections, complex
multi-drug regimens are usually recommended.
The use of anti-enterococcal drugs in empirical antibiotic regimens to treat nosocomial IAIs is always warranted if directed against Enterococcus faecalis.
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Table 3 Antimicrobial regimens recommended by the World Society of Emergency Surgery recommendations for hospital-acquired
intra-abdominal infections

In stable, non-critical patients

In critically ill patients

Antimicrobial agents

Dosage

Piperacillin
+
Tigecycline
+
Fluconazole
Piperacillin
+
Tigecycline
+
Echinocandin
Caspofungin
Anidulafungin
Micafungin
Meropenem
or
Imipenem
or
Doripenem
+
Teicoplanin
+
Echinocandin
Caspofungin
Anidulafungin
Micafungin

8 g LD then 16 g/d via continuous infusion or 4 every 6 h (4-h infusion time)
100 mg LD then 50 mg every 12 h (2-h infusion time)
600 mg LD then 400 mg every 24 h (2-h infusion time)
8 g LD then 16 g/d via continuous infusion or 4 every 6 h (4-h infusion time)
100 mg LD then 50 mg every 12 h (2-h infusion time)

(loading dose of 70 mg, then 50 mg daily)
(loading dose of 200 mg, then 100 mg daily)
(100 mg daily)
500 mg every 6 h (6-h infusion time)
500 mg every 4 h (3-h infusion time)
500 mg every 8 h (4-h infusion time)
1.6 g via continuous infusion or 400 mg every 6 h (4-h infusion time)

(loading dose of 70 mg, then 50 mg daily)
(loading dose of 200 mg, then 100 mg daily)
(100 mg daily)

LD: Loading dose.

The recently published IDSA guidelines for the treatment of invasive candidiasis don’t explicitly address candidal peritonitis[24]. However, the use of echinocandins is
generally favored as a first-line empirical therapy in treating critically ill patients, while fluconazole is typically used
for patients with less severe conditions. Consequently, by
applying these trends to the context of IAIs one might
suggest the prescription of echinocandins as a first-line
treatment for cases of severe nosocomial IAIs.
For stable, non-critical patients presenting with risk
factors for multidrug-resistant pathogens, fluconazole
and tigecycline plus piperacillin are recommended.
In critically ill patients presenting with risk factors
presenting for multidrug-resistant pathogens meropenem,
imipenem/cilastatin, and doripenem (plus an echinocandin and Teicoplanin) or Tigecycline (plus an Echinocandin and Piperacillin) are recommended.
Antimicrobial regimens recommended by WSES[11] for
hospital-acquired IAIs was summarized in Table 3.

regimens, guidelines outlining the proper therapeutic
protocol for administering antimicrobial drugs have been
developed to help clinicians to better and more efficiently
treat IAIs.
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to this, clinical activity indices are still commonly used
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Abstract
Crohn’s disease and ulcerative colitis evolve with a relapsing and remitting course. Determination of inflammatory state is crucial for the assessment of disease
activity and for tailoring therapy. However, no simple
diagnostic test for monitoring intestinal inflammation
is available. Noninvasive markers give only indirect
assessments of disease activity. Histopathological or
endoscopical examinations accurately assess inflammatory activity, but they are invasive, time consuming and
expensive and therefore are unsuitable for routine use.
Imaging procedures are not applicable for ulcerative
colitis. The usefulness of ultrasound and Doppler imag-
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INTRODUCTION
Inflammatory bowel disease (IBD) comprises two major
disease entities: Crohn’s disease (CD) and ulcerative colitis
(UC). Its etiology is not completely understood, but it is
characterized by chronic inflammation of the gastrointestinal tract. Treatment is generally effective in relieving symptoms, but is not curative. Typically, these diseases evolve with
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a relapsing and remitting course. Exacerbations are characterized by diarrhea, abdominal pain and rectal bleeding.
Determination of inflammatory activity is crucial for
the assessment of disease activity and for tailoring the
therapy. Ideally, a disease marker must be disease specific,
mirror the presence of activity, be easily applicable in clinical practice and identify patients at risk for relapse. However, no such disease markers have been described so far.
Numerous clinical activity indices and other noninvasive markers are used in IBD, but they all give only indirect
assessments of disease activity and none are accurate in
evaluating inflammatory activity as found by histopathological or endoscopical examination. On the other hand,
endoscopic evaluation is difficult to perform, invasive,
time consuming and expensive, and hence is unsuitable for
routine use. In the biological era, mucosal healing in CD is
associated with a longer duration of remission and fewer
hospitalizations, so endoscopic evaluation becomes essential[1]. It is clear that treatment must have an impact in the
natural course of the disease. In the pre-biological and preimmunosuppressive era, more than 80% of patients with
CD required some kind of surgery during their lifetimes
and approximately 75% of patients displayed new lesions
on endoscopy 1 year after surgery[2-4]. In UC, ultimately, up
to a third of patients with extensive disease will require a
colectomy at some point during the disease’s course[4].
Identifying whether patients are in a relapsing or remission phase is important to offer an adequate therapy
and since intestinal symptoms are a frequent cause for
referrals to gastroenterologists, it is crucial to distinguish
between non-inflammatory functional problems such as
irritable bowel syndrome (IBS) and IBD. IBD is characterized by unpredictable flare-ups of symptoms that impair
the patient’s quality of life. So, markers of inflammation
are important in the follow-up of patients, especially during periods of low disease activity, when it is essential to
detect sub-clinical intestinal inflammation and to predict
relapsing disease. This could promote a refinement of
therapy to the actual needs of each case.
This article aims to make a critical review of clinical,
endoscopic, laboratory and image markers of disease with
respect to their ability of establishing disease activity.

Table 1 Crohn’s disease activity index items and weighting
factors
Item (daily sum per week)
Number of liquid or very soft stools
Abdominal pain score in one week (rating, 0-3)
General well-being (rating, 1-4)
Sum of physical findings per week
Arthritis/arthralgia
Mucocutaneous lesions (e.g., erythema nodosum,
aphthous ulcers)
Iritis/uveiti
Anal disease (fissure, fistula, etc.)
External fistula (enterocutaneous, vesicle, vaginal, etc.)
Fever over 37.8 ℃
Antidiarrheal use (e.g., diphenoxylate)
Abdominal mass (no = 0, equivocal = 2, yes = 5)
47 minus hematocrit (males) or 42 minus hematocrit
(females)
1-x (1-body weight divided by a standard weight)

2
5
7

20
30
10
6
1

ity indices include van Hees index, the Cape Town index,
Oxford index and Talsted index, but none result in a better approach to identify relapses[7-10].
In order to evaluate the overall state of well-being of
patients, with a focus on various domains, the Inflammatory
Bowel Disease Questionnaire is the most widely accepted
disease-specific instrument and measures separate domains
for bowel, social, systemic and emotional function[11].
In UC, the clinical activity index most commonly used to
define the severity of disease was established by Truelove
and Witts[12]. It defines mild and severe disease activity,
with moderate activity being present when there are intermediate symptoms. In the mild form there are fewer than
four stools daily, with or without blood, with no systemic
repercussion and a normal erythrocyte sedimentation rate
(ESR). In moderate one, the number of stools daily is
greater than four but with minimal systemic repercussion.
In the severe form, there are more than six stools daily
with blood and with evidence of systemic repercussion,
as shown by fever, tachycardia, anemia, or an ESR greater
than 30. Clinical remission was defined as 1 or 2 stools
per day without blood, absence of fever and tachycardia, a
normal hemoglobin or its tendency towards reference values, a normal erythrocyte sedimentation rate and weight
gain. It is simple and easy to use, but lacks precision,
especially in the definition of more severe cases. It is not
clear how many systemic features are required, and, furthermore, an attack can be followed by fever, tachycardia
or anemia, which would characterize it as severe, but the
patient may look well. Not unrarely, patients can present
moderately severe symptoms and that the original index
did not predict. Additionally, neither the Truelove and
Witts Severity Index nor the definitions, as clinical remission or improvement, have been validated, and also, not
being quantitative, no disease severity score is generated.
Various attempts to create a numerical index have been
made, such as the St. Marks Index, the Clinical Activity
Index (also known as the Rachmilewitz Index), the Physi-

CLINICAL ACTIVITY INDEX
The instrument most commonly used to quantify disease
activity in CD has been the Crohn’s disease activity index
(CDAI). It is a scoring system derived from the sum of
products from a list of 8 items that combines subjective
symptoms, objective findings on examination and laboratory testing (Table 1)[5]. Index values of 150 or below are
associated with non-active disease. Values between 151
and 220 indicate mild activity, and between 221 and 450
indicate moderate to severe activity. Values over 450 indicate
extremely severe disease. However, reproducibility of the
CDAI is limited by a great deal of inter-observer variation and, in fibrostenotic disease, it may reflect poorly on
bowel inflammation as a cause of symptoms because it
induces subjective measurements[6]. Other disease activ-
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cian Global Assessment, and the Lichtiger Index. None
have been validated and there is no evidence that any of
them are better than Truelove and Witts[13-16].
Although not mentioned in the original classification
of Truelove and Witts, the term fulminant is used to describe a particularly severe form and is defined by more
than 10 evacuations per day, continuous presence of blood
in stool, temperature above 37.5 ℃, heart rate over 90
beats/min, erythrocyte sedimentation rate above 30 mm
and a need for transfusion.

as intestinal protein loss may also lead to albumin level
reductions[17].
Other classical acute phase proteins that can be detected in the serum of IBD patients are α1-acid glycoprotein (orosomucoid), fibrinogen, serum amyloid A, β2microglobulin, α2-globulin, and α1-antitrypsin. The levels
of circulating orosomucoid correlate with disease activity
of IBD as assessed by standard indices. Furthermore, cir
culating orosomucoid levels correlate with the protein
loss into the gut, but its five day half-life in serum limits
its usefulness as an indicator of improvement in disease
activity[25]. Most of these acute phase markers have been
sparsely studied and do not show advantages over CRP in
detecting and monitoring inflammation in IBD[17,26].
The search for an etiologic agent involved in the initiation of the immune-mediated bowel injury of IBD has led
to the discovery of immune markers present in the sera
of patients with CD and UC. The DNase-sensitive antineutrophil cytoplasmic antibody, with perinuclear highlighting (p-ANCA) on immunofluorescence, directed to a
nuclear histone has been shown repeatedly to be present
in the sera of 60% of UC and 20% of CD patients, with
5% of non-IBD patients being p-ANCA-positive. AntiSaccharomyces cerevisiae (S. cerevisiae) IgA and IgG antibodies
(ASCA), directed against a specific oligomannosidic epitope present on the cell wall of the yeast appears to represent an immune response to the antigens on the S. cerevisiae
itself, or a cross reaction to an unidentified antigen present
on the cell wall of a luminal bacteria[27-30]. ASCA is expressed in 60% of CD, 10% of UC, and 5% of non-IBD
patients. Other microbial antigens recently identified to be
involved in the IBD immune response [Escherichia coli outer
membrane porin C (OmpC), the Pseudomonas fluorescens
CD-related protein (I2), and anti-CBiR1 (anti-flagellin)]
are present in 50% of CD patients and uncommon or not
detected in the UC and non-IBD population. The role of
these antigens in the diagnosis of IBD, in the differential
diagnosis between CD and UC and in disease stratification
and course are promising. The role of these emerging antigens as indicators of disease activity has not been established[26,30-33].
Recently, it was observed that elevated serum levels
of antibodies specific for certain carbohydrate structures
might have a relationship with CD[34]. Malickova et al[35]
evaluated anti-chitobiose carbohydrate antibody, anti-laminaribiose, carbohydrate antibodies, and anti-mannobiose
carbohydrate antibodies in Central European patients with
IBD and concluded that that a panel of anti-carbohydrate
antibodies might provide additional help in distinguishing IBD from non-IBD disease patterns. However, anticarbohydrate assays are not helpful for predicting CD
behavior[35]. Another study, conducted by Rieder et al[36],
showed the clinical value of serum anti-glycan antibodies
for the prediction of a more complicated disease course
in adult patients with CD.
The relationship between pro-inflammatory cytokine serum levels and IBD activity has been demonstrated. More
recently, correlation between cytokines and endoscopically
determined mucosal inflammation was demonstrated, suggesting the potential role of these markers in determining

NON-INVASIVE MARKERS
A great deal of research has been devoted to the search
for a laboratory marker of disease activity in IBD in past
decades. The reasons for this are firstly to overcome the
subjectivity of symptoms by means of an objective evaluation and, secondly to avoid endoscopic and imaging
procedures, which may be invasive, expensive and timeconsuming[17]. With the introduction of newer biological
therapies, there might be potential for laboratory markers
in selecting responders along with their role in monitoring therapy[17]. Differential diagnosis with IBS and the
follow-up of patients in periods of low disease activity, in
order to detect sub-clinical intestinal inflammation and to
predict disease relapses, are other important roles of these
markers[18].
Serology markers
The acute phase response indicators ESR and C-reactive
protein (CRP) have long been used as markers of inflammation and, consequently, of disease activity in IBD. CRP
is the most studied among them and is considered to have
the best performance. Produced by hepatocytes in low
rates under normal circumstances, it rises rapidly in situations of systemic inflammation, under the influence of
interleukin-6, tumoral necrosis factor-α and interleukin
1β[19]. It correlates well with clinical, endoscopic, radiological and cross-sectional activity markers in IBD, especially
in CD, but not in UC[17,18,20,21]. CRP has the advantage of an
early rise after onset of inflammation and a rapid decrease
after its resolution, due to its short half-life of 19 h. In CD,
ESR is hampered by its lack of specificity, slow increase
and late decrease[17]. In UC there is a good correlation between ESR and disease activity, however it is not useful in
distal proctitis because of the small area of inflammation
involved[22,23]. In CD, ESR may correlate with colonic CD
involvement[24]. Both polymerase chain reaction and ESR
relate to systemic host responses but not with intestinal
inflammation and, as a consequence, have no predictive
value for the course of the disease[18].
Leukocytosis, commonly found during disease activity,
may be the consequence of a number of inflammatory
conditions and stressful situations. It may also increase
or decrease as a consequence of therapy (corticosteroids,
azathioprine and 6-mercaptopurine). Thrombocytosis may
occur in inflammatory states, but the range of normal values is too wide to allow for good sensitivity or specificity.
Decreased levels of serum albumin may be found during
activity of CD, but malnutrition, malabsorption, as well
WJG|www.wjgnet.com
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disease activity[37-42]. IL-6 in active CD and IL-10 in recovery of CD have demonstrated a good correlation, which
has been reproducible between studies[43].

its pathogenetic link to IBD has not yet been elucidated.
Recently, a group of molecules with pro-inflammatory
activity have been described as part of the innate immune
system. The innate immunity starts our primary host defense by recognizing invading microorganisms through
pathogen-associated molecular patterns (PAMPs). Activated or damaged cells can secrete the damage-associated
molecular pattern proteins (DAMPs). The precise mechanism by which microorganisms activate inflammation in
IBD is only partially known, but it seems that PAMPs and
DAMPs have an important interaction. There are probably
multiple positive feedback loops between both molecules
and their overlapping receptors may amplify inflammatory
processes. As DAMPs are related to the initiation of cell
stress and inflammation and are found in areas of intestine
affected by IBD, they are considered good candidates as
markers of disease activity. S100A8, S100A9 and S100A12
are recently described DAMPs that are ligands to pattern
recognition receptors, such as toll-like receptors 4 and receptors for advanced glycation end products and directly
related with the amplification inflammatory processes[52-54].
The complex S100A8/S100A9 was named calprotectin,
and a strong correlation between it and indium-111-labell
ed granulocyte scintigraphy, the gold standard method for
detecting inflammatory activity in IBD, has been demonstrated[47]. Calprotectin is commercially available and an assay for S100A12 is under development[55]. Calprotectin can
be used in disease monitoring, showing a closer correlation
to endoscopic and histological evidence of inflammation
than clinical indices, and detecting inflammatory activity
before the appearance of clinical signs[56-58]. However, calprotectin seems more predictive of relapse in UC than in
CD[58,59]. Rapid, qualitative or semi-quantitative tests were
developed and seem promising for discrimination of IBD
from IBS. A recent meta-analysis involving 13 studies with
670 adults and 371 children and teenagers showed that fecal calprotectin is a useful screening tool for identifying patients who are most likely to need endoscopy for suspected
inflammatory bowel disease[60].
The performance of the fecal markers lactoferrin, PMN
elastase and calprotectin, along with CRP and clinical indices, compared to endoscopic measures of inflammation
has been evaluated. The three fecal markers are able to
define disease activity both in UC and CD, and distinguish
both IBDs from IBS in some situations depending on the
marker, even in the absence of activity. None of the three
markers seem superior in their ability to reflect endoscopic
inflammation, but all three are superior to CRP in their
diagnostic accuracy[19].
Abnormalities in intestinal permeability using urinary
concentration of sugar probes can be used as a predictor
of imminent relapse of clinically inactive CD. Large sugar
molecules (i.e., lactulose) and small molecules (i.e., mannitol), both with near 100% elimination in urine, are mixed
in a drink and measured in urine as an index of tight junction function. Tight junctions are dynamic structures that
respond to many stimuli and are particularly sensitive to
cytokines in situations of inflammatory stress. Studies have
shown that, in patients with CD in clinical remission, an
increased intestinal permeability can predict the risk of

Stool test
A number of reasons have led to the development of fecal markers of inflammation in IBD in addition to, or in
substitution of, serum markers. As they are derived from
stools, they may be of easy access. Also, they may have a
higher specificity than serum markers, since they may reflect intestinal rather than systemic inflammation, a result
of the close contact of stools with intestinal mucosa and
of the possibility that it may wash out molecules related
to inflammation or damage. Finally, they may avoid endoscopic examinations, since they are related to mucosal
inflammation[17,18].
Stool markers cannot be considered specific for IBD,
since they can be increased in situations of mucosal inflammation, irrespective of an infectious or non-infectious etiology. Markers expressed by phagocytes may be more specific for inflammation, while markers found in epithelial
cells may be more sensitive and can increase in conditions
of non-inflammatory stress[18].
Fecal occult blood (FOB) and α-1 antitrypsin are markers of mucosal damage and/or disturbed barrier function.
FOB determination lacks specificity for IBD and cannot
be related to disease activity[44]. α-1 antitrypsin is considered a sensitive but non-specific parameter reflecting enteric inflammation in IBD and has been replaced by other
fecal markers[45].
Substances related to phagocyte influx and activation
comprises another group of IBD fecal markers with patho
physiological rationale. They appear as a result of leukocyte degranulation consequent to the activation of innate
immunity which, in IBD, relates to phagocyte gathering
and cytokine production in areas of inflammation. One
interesting and already classic application of this rationale is the use indium-111-labelled granulocyte scintigraphy[46,47]. However, this technique is expensive, involves
long-term stool sampling, exposure to radiation, and may
not be applicable in clinical routine. This is why leukocyte
degranulation markers have been studied. Even in situations of milder inflammation, products from activated
phagocytes within the mucosa may spill over into the lumen and remain stable in single random stool samples,
making them a more sensitive, cheaper and easier alternative to indium-111-labelled granulocyte scintigraphy[48].
Lactoferrin, polymorphonuclear elastase, eosinophil
cationic protein (ECP), eosinophilic protein X (EPX),
myeloperoxidase and lysozyme are among the leukocyte
degranulation markers better evaluated so far. ECP and
EPX are eosinophil degranulation markers that have been
described in IBD, but are considered inferior to other
markers and more indicative of pathological processes that
involve eosinophils[49-51]. Lactoferrin, polymorphonuclear
(PMN) elastase, myeloperoxidase, and human neutrophil
lipocalin are neutrophil degranulation markers detected in
the stool. Lactoferrin is the most accurate among them, but
it may be present in cells other than granulocytes (i.e., epithelial cells) and may have anti-inflammatory action. Also,
WJG|www.wjgnet.com
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Table 2 Simple endoscopic score for Crohn’s disease
Values
Variable
Size of ulcers
Ulcerated surface
Affected surface
Presence of narrowing

0

1

2

3

None
None
Unaffected surface
None

Aphthous ulcers (0.1 to 0.5 cm)
< 10%
< 50%
Single, can be passed

Large ulcers (0.5 to 2.0 cm)
10%-30%
50%-75%
Multiple, can be passed

Very large ulcers (> 2 cm)
> 30%
> 75%
Cannot be passed

relapse[61-63]. In all studies, the frequency of relapses was
significantly different between those with normal and abnormal intestinal permeability tests.

determining disease extent. In order to evaluate the clinical disease activity, various endoscopic indices have been
elaborated, such as Baron Score, Rachmilewitz Endoscopic Index, Mayo Score and Sutherland Mucosal Appearance
Assessment[13,70-72]. All were based in granulation scattering, vascular pattern, vulnerability of mucosa and mucosal
damage (mucus, fibrin, exudates, erosions and ulcer).
However, no standardized model has been established. In
an attempt to determine whether or not any endoscopic
indices could be established as a standard, Hirai et al[73]
compared the Baron score with the Rachmilewitz Endoscopic Index and demonstrated that both were almost
equally useful for evaluating disease activity. In another
study, inter- and intraobserver agreement were evaluated,
using Matt’s, Mayo Score, Baron, and Blackstone indices[74]. Two hundred and seventy nine endoscopic pictures
of inflammatory lesions from 93 UC patients were displayed twice to 4 expert and 4 trainee endoscopists, with a
one month interval. The Matt’s and Mayo indices showed
a good degree of concordance for expert endoscopists in
terms of inter- and intraobserver agreements, but this was
not so evident with the Baron and Blackstone indices. For
trainee endoscopists, all weighted kappa values for interand intraobserver scores using established indices were
lower than for the experts. In 2007, D’Haens et al[75] published a study that reviewed activity indices and efficacy
end points for clinical trials of medical therapy in adults
with UC and recommended that absence of friability,
blood, erosions, and ulcers in all visualized segments are
required components of genuine endoscopic healing.

ENDOSCOPY
Endoscopy is usually useful to diagnose CD involving terminal ileum and colon and to distinguish it from UC. It is
also important to determine the extent and severity of the
disease, to assess response to treatment and to screen for
dysplasia. Additionally, endoscopy allows for direct visualization of the mucosa and acquisition of biopsies, becoming the primary diagnostic tool.
An endoscopic scoring system has been developed and
validated for monitoring activity in CD, and to assess seve
rity of ileal and colonic disease. However, it is time consuming and complicated, due to the analysis of multiple
aspects of lesions. It is named Crohn’s disease endoscopic
index of severity (CDEIS) and it is based upon the presence of four types of lesions: superficial ulcers, deep
ulcers, ulcerated stenosis or non-ulcerated stenosis, all of
which should be recorded in five different segments: terminal ileum, ascending colon, transverse colon, descending and sigmoid colon, and rectum[64]. The combination
of values allows the calculation of a severity score, which
ranges from between 0 and 30. Unfortunately, in a subsequent study, the same authors demonstrated that the use
of endoscopy and the CDEIS to guide therapeutic decisions with regard to corticosteroid therapy was not helpful
clinically[65].
Years later, Dapermo et al[66] proposed a simplified mo
del based on ulcer size, ulcerated surface, affected surface
and narrowing of lumen present in the ileum, right colon,
transverse colon, left colon and rectum, with a score ranging from 0 to 3 (Table 2). Reproducibility of these parameters was confirmed and it was highly correlated with both
CDEIS and CDAI.
However, it must be asked if it is really necessary to establish an endoscopic scoring system, as objective as it is to
evidentiate healing of mucosal lesions, which has become an
important end point in clinical trials of CD treatment[67-69].
It remains to be defined if standardization of endoscopic
evaluation can be useful in guiding therapy. Still of concern are possible pitfalls of the SES-CD index of activity
including the presence of fistulas, for which endoscopy is
not the best diagnostic test, and underestimation of stenosis and overestimation of non-specific lesions because of
inexperience with endoscopy in patients with IBD.
In UC, endoscopy is necessary for diagnosis and for
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IMAGING TECHNIQUES
Abdominal and doppler ultrasound
Transabdominal ultrasound is a very well established tool
to examine the liver, hepatobiliary-pancreatic tree and uro
genital tract; however, its use for imaging the intestinal
tract has been considered more difficult. In the past two
decades, improvements in technology, specially new high
frequency probes, highly sensitive color and power Doppler units and development of new contrast agents, along
with an increasing experience with sonographic findings in
intestinal diseases, have all contributed to establishing the
role of ultrasound as a clinically important, non-invasive,
radiation free and widely available imaging modality for
evaluation of these patients[76,77].
Ultrasound has been successfully used as the imaging method of choice in screening patients with clinically
suspected CD; it may be the first diagnostic tool employed
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for young patients and can be used in the preliminary diagnostic work-up prior to further invasive tests. Another
important application of bowel ultrasound is in the followup of patients already diagnosed with CD, in whom it may
be useful to assess the site and extent of the lesions and to
ensure early detection of intra-abdominal complications[78].
Although it has an important role in the evaluation of
CD patients, the usefulness of ultrasound and Doppler
imaging in assessing disease activity is still a matter of discussion. Several studies attempted to correlate ultrasound
and Doppler findings with clinical and biochemical activity, but the published results are controversial[78].
Bowel wall thickening, bowel wall stratification and
length of bowel wall involvement were all tested as sign
of disease activity. Of these, only the degree of bowel wall
thickening showed a significant, but weak, correlation with
clinical CDAI and biochemical (erythrocyte sedimentation
rate, C-reactive protein) parameters, and can be viewed as
an indirect sign of disease activity[79]. Although a sensitivity
of 80% has been reported for the cut-off value of 4 mm
for the maximum thickness of bowel wall, the specificity
of this finding alone is low due to the difficulty in differentiating inflammation from fibrosis[80,81].
As neovascularization and hyperemia of the bowel wall
are well established findings in active CD, much effort was
also made trying to correlate Doppler sonography of the
superior mesenteric artery and power Doppler study of
the bowel wall with other markers of activity.
Regarding Doppler sonography of superior mesenteric artery, some authors state that the available results concerning this association are conflicting, but the disagreement seems to be due to crucial differences in methodology, especially in the adopted Doppler parameters[79,82].
Van Ostayen et al[83-86] showed that superior mesenteric
artery flow was the most reliable parameter to characterize
disease activity and that the cut-off value of 500 mL/min
had a sensibility between 80% and 83% and a specificity
of 87% for this diagnosis. The association between increased superior mesenteric artery flow and disease activity was also supported by others[87-89].
Intestinal wall vascularity has been studied for more
than a decade and the results were consistent with a correlation between blood vessel density assessed by power
Doppler sonography and the degree of local inflammation
assed by endoscopy or clinical and biochemical evaluation[90,91]. In this field, newer techniques such as harmonic
imaging and the administration of echo-enhancing contrast
agents have further improved the sensitivity and accuracy
of power Doppler evaluation of the bowel wall in detecting inflammatory activity by showing increased perfusion
in the affected bowel[92-96]. It has also been demonstrated
that the assessment of intramural blood flow by means of
power Doppler and intravenous contrast agents may discriminate inflammatory stenosis which are hypervascularized, of those cicatricially transformed, and characterized
by fibrosis and hypovascularized scar tissue[97].
Although sometimes helpful in evaluating the extent of
the disease, the role of transabdominal ultrasound in UC
is much less important than in CD, mostly due to the fact
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that the disease affects only the mucosa, resulting in very
subtle echographic findings, which are difficult to evaluate[76]. The mesenteric blood flow in inferior mesenteric artery, although seemingly related to clinical end endoscopic
disease activity, is technically much more difficult to measure by Doppler than it is in the superior mesenteric artery
due to its smaller diameter[98].
Computed tomography and magnetic resonance
enterography
Computed tomography (CT) in its conventional form has
played a significant role in the evaluation of complications
and extraenteric manifestations of CD, such as fistulas and
abscesses, but it has a limited role for depicting bowel wall
and luminal abnormalities. CT enterography (CTE) is a
modification of the conventional CT technique, optimized
for the evaluation of small bowel. This technique utilizes
multidetector CT scanners with high spatial and temporal
resolutions, thin sections, multiplanar reconstructions and
large volumes of ingested neutral enteric contrast material, combined with the use of intravenously administrated
iodinated contrast, in order to permit visualization of the
small bowel wall, mucosa and lumen[99]. Then, apart from
detecting extraluminal findings, CTE can delineate the extent and severity of bowel wall inflammation[100].
CTE findings of bowel wall thickening, mural stratification, mural hyperenhancement, increased attenuation in the
perienteric fat and engorged vasa recta correlate with mucosal and mural inflammation and so, with active CD[99,101].
Mural thickening refers to wall thickness of greater than
3 mm in a well distended bowel loop. It is the most frequently observed CT finding in CD, present in up to 82%
of patients[102].
Mural stratification is a distinction of the bowel wall layers on CT after intravenous contrast injection; mucosa and
muscular/serosa layers show contrast enhancement and in
terposed submucosa has a decreased attenuation, giving the
wall a trilaminar appearance[103].
Mural hyperenhancement describes a segmental hyperattenuation of a distended bowel loop when compared to
adjacent normal loops. This finding correlates significantly
with histologic findings of active CD, being the most sensitive CTE finding of disease activity[103]. It has also been
observed that the degree of bowel wall enhancement correlates with the severity of inflammation[104,105].
Increased attenuation of mesenteric fat can be due to
edema or engorged vasa recta, vessels that penetrate the
bowel wall perpendicular to the bowel lumen; these two
findings combined are the most specific sign of disease activity and correlate with the levels of C reactive protein[105].
CTE can also depict signs of chronic manifestations
of CD, such as submucosal fat deposition, sacculations
and fibrofatty proliferation[101]. The presence of intramural
fat indicates past or chronic inflammation. Sacculations
result from the chronic inflammatory process, leading to
fibrosis and asymmetric shortening of the mesenteric border of the wall (Table 3)[106].
Many authors addressed the positive correlation between CTE findings and clinical and biochemical markers
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before contrast-enhanced imaging reduces blurring and
artifacts related to bowel motility[115].
As they are imaging methods designed to assess small
bowel, both CTE and MRE are not suited for evaluating
UC.
In conclusion, in the last few years, a great deal of
research and the development of diagnostic tools have
been devoted to the task of diagnosing IBD, predicting
its course and determining activity. Many of these tools
show promising results, but a lack of specificity remains
a problem that precludes routine use in clinical practice.
Advances in molecular medicine towards a better understanding of genetic and other etiologic factors in IBD
may result in better performance of markers of disease.
Endoscopy displays direct evidence of mucosal injury.
However, it is time consuming, invasive, expensive and,
a good deal of endoscopic evaluation criteria lack validation, making it difficult to adopt endoscopic methods
for routinely monitoring the course of IBD. Imaging
techniques are useful as markers in CD, but they lack
applicability in UC. Considering disease markers pitfalls,
clinical activity indices still have their place in IBD monitoring. In conclusion, there is not yet an ideal marker,
and determination of activity depends on clinical ability
to manage information given by the available complementary exams.

Table 3 Computed tomography enterography findings of
Crohn’s disease activity and chronic disease
Disease activity

Chronic disease

Bowel wall thickening
Submucosal fat deposition
Mural stratification
Sacculations
Mural hyperenhancement
Fibrofatty proliferation
Increased attenuation in the perienteric fat
Engorged vasa recta

of disease activity, such as CDAI and C-reactive protein
and erythrocyte sedimentation rate, respectively, but the
clinical relevance of these images is still a matter of discussion[105,107]. Higgins et al[108] reviewed the CTE scans and
clinical data of 67 patients with CD presenting abdominal
pain and a clinical suspicion of either small bowel inflammation or stricture. The authors showed that CTE can
detect strictures not clinically suspected, rule out strictures
that were radiologically insignificant and change the perceived likelihood of steroid benefit in up to 61% of cases.
The CTE ability to detect small bowel strictures can be
particularly helpful when considering using endoscopic
capsules, which may themselves precipitate small bowel ob
struction.
CTE has a major disadvantage: the use of ionizing ra
diation. The increased spatial resolution of CT with new
multidetector CT scanners carries along with it a greater
dose of ionizing radiation. In fact, effective doses of radiation are up to five times higher with CTE when compared
with small bowel follow through[109]. Considering that many
patients will undergo various examinations through their
lifetime, efforts should be made to minimize the number
of CT examinations, decrease CT dose or considering another diagnostic imaging modality, such as magnetic resonance enterography (MRE).
MR imaging also experienced the same technical advances seen in CT in the last ten years. In a similar way,
the improvement in spatial and temporal resolution of
images, combined with the use of large volumes of oral
contrast agents to provide bowel distention, allows the
evaluation of bowel wall contrast enhancement, wall thick
ening and edema; findings useful for the assessment of
CD activity[110].
The preference of MRE vs CTE has been geographical and based on expertise and public policy. With increasing awareness of radiation exposure risks, there has been
a more global interest in implementing techniques that
reduce or eliminate radiation exposure. Owing to this
excellent soft tissue contrast, direct multiplanar imaging
capabilities and lack of ionizing radiation, MRE is well
suited to play an important role in the evaluation of small
bowel disorders[111].
Until now, the available data concerning accuracy of
MRE in detecting disease activity is less than CTE, but
early results are encouraging, showing a similar sensitivity
and diagnostic effectiveness[112-114], although image quality
is still better with CT. Motion artifacts from small bowel
motility are more severe with MRE[112], but halting peristalsis by administering 1 mg of glucagon intramuscularly
WJG|www.wjgnet.com
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INTRODUCTION
The occurrence of many diseases, such as cancer, diabetes mellitus and scleroderma, is related to the dysregulated gene expression resulting from epigenetic and genetic abnormalities. Genetic abnormalities can be caused
by point mutations, gene amplification, or changes in
the promoter (typically caused by chromosomal rearrangements)[1], whereas epigenetic modifications include
methylation, deacetylation of genes, and methylation of
histone proteins, resulting in the accurate regulation of
gene expression, without changing the DNA sequence,
in response to changes in the environment and to meet
the demands of differentiation [2]. In fact, epigenetic
modifications are as important as genetic modifications
in regulating gene expression and controlling the onset
of disease[3]. DNA methylation, as a crucial component
of epigenetics, plays an important role in cell differentiation and embryogenesis and is also heritable. Since it was
first described by Feinberg and Vogelstein in 1983, our
knowledge of methylation has grown at a dramatic rate[4].
The recent development of methods to profile and study
methylation in chromosomes has led to a deeper understanding of this process along with clinical applications
to aid in the prognosis and treatment of disease[5].

Abstract
DNA methylation is a type of epigenetic modification in
the human genome, which means that gene expression is regulated without altering the DNA sequence.
Methylation and the relationship between methylation
and cancer have been the focus of molecular biology
researches. Methylation represses gene expression and
can influence embryogenesis and tumorigenesis. In different tissues and at different stages of life, the level of
methylation of DNA varies, implying a fundamental but
distinct role for methylation. When genes are repressed
by abnormal methylation, the resulting effects can include instability of that gene and inactivation of a tumor
suppressor gene. MicroRNAs have some aspects in common with this regulation of gene expression. Here we
reviewed the influence of gene methylation on cancer
and analyzed the methods used to profile methylation.
We also assessed the correlation between methylation
and other epigenetic modifications and microRNAs.
About 55 845 research papers have been published
about methylation, and one-fifth of these are about the
appearance of methylation in cancer. We conclude that
methylation does play a role in some cancer types.

DNA METHYLATION

© 2012 Baishideng. All rights reserved.

Definition of methylation
In 1999, the modern conception of epigenetics was put
forward by Jones et al[6]. Epigenetics is defined as the reg-

Key words: Methylation gene expression; Transcriptional
control; Cancer; MicroRNA; Gastric cancer
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C-terminal region

DNMT1 active site

Normal and abnormal levels of methylation
The level of methylation changes during the growth of
human beings and the development of diseases and, in
different tissues, methylation varies substantially. Normally, about 50% of the CpG islands, which customarily are
located in the promoter region of housekeeping genes,
are unmethylated and thus are active. When those CpGs
become methylated, the corresponding gene is silenced.
There are, however, CpGs that are located elsewhere in
genes and that do not influence transcription when they
are methylated. DNA methylation is replicated with a
high fidelity in mammalian cells and is almost at a stable
state in a specified cell. It is regarded as having tissue and
organ specificity[15].
Once the rhythm of methylation is disturbed, many
diseases develop[16,17] (Table 1). Customarily, the abnormal
condition includes two aspects: Hypermethylation and
hypomethylation[14].
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HRX-like

NLS PCNA binding
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PHD
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Figure 1 DNA methylation machinery. NLS: Nuclear localization signal;
PCNA: Proliferating cell nuclear antigen.

ulation of gene expression without changing the genetic
sequence. It is a flexible, heritable process that regulates
some genes[7]. DNA methylation and the modification
of histones including acetylation and deacetylation are
important components of epigenetics; however, the most
common modification is DNA methylation.
DNA methylation is a type of covalent modification
in which a methyl group is added to a cytosine in the
genome via S-adenosylmethionine; this process occurs as
an enzymatic reaction after DNA replication[8]. In mammalian cells, methylation of DNA is typically restricted to
the 5-position of the pyrimidine ring of cytosine residues
that are located in CpG dinucleotides[9]. CpG dinucleotides are frequently clustered into CpG islands, regions
that are rich in CpG sites. These islands are generally
about 0.5-3 kb, occur on average every 100 kb in the genome, and are found in approximately half of all genes
in humans[10]. Methylation of other CpGs seems to have
no biological functions[11].
There are four types of DNA methyltransferases (DNMTs), including NDMT1, DNMT3A, DNMT3B, and
DNMT3L. DNMTs control the degree of methylation
of the genome: NDMT1 is responsible for the maintenance of methylation, and DNMT3A and DNMT3B carry out de novo methylation. The DNMT3L does not have
enzymatic activity, but it does regulate the activity of the
other methyltransferases[12,13]. DNMT1 is considered to
be the maintenance methyltransferase because of its high
activity and preference for hemimethylated DNA during
DNA replication. All of the active DNA methyltransferases contain an active site motif in the C-terminal region
(red box), whereas DNMT3L does not. DNMT1 contains other functional regions required for its interaction
with proliferating cell nuclear antigen, which is adjacent
to the nuclear localization signal. The N-terminal region
of DNMT1 also contains a cysteine-rich HRX-like region
and a lysine-glycine repeat [KG(5)] region. DNMT3A,
DNMT3B, and DNMT3L contain a plant homeodomain;
DNMT3A and DNMT3B contain a PWWP domain.
These two domains are required for targeting DNMT3A
and DNMT3B to pericentromeric heterochromatin and
contribute to protein-protein interactions by recognizing
histone modifications[14] (Figure 1).
WJG|www.wjgnet.com

DNA METHYLATION IN TRANSCRIPTIONAL
CONTROL
The role of methylation in transcriptional control
When methylated, chromosomes become stabilized, and
their activity is decreased. Gene expression is repressed
by methylation in two separate mechanisms[18,19]. In direct
inhibition, the methylated chromosome prevents the approach of the transcriptase, holding back transcription.
The second method is indirect inhibition, in which two
types of protein, methylation-binding proteins (MBDs)
and histone deacetylase (HDAC) are recruited to the chro
mosome (Figure 2). MBD proteins display homology
within their MBD domains, whereas the transcription repression domains (TRDs) described for MeCP2, MBD1
and MBD2 are nonhomologous. In addition to its MBD
domain, MBD1 is able to bind unmethylated DNA via its
third CxxC zinc-finger motif. MBD2 features a characteristic stretch of glycine and arginine residues in the MBD
domain, which when mutated prevent the binding of
MBD to methylated CpGs in mammals[20]. MBD3 is not
able to bind methylated CpGs in mammals because of a
mutation in the MBD domain. MBD4, a thymine glycosylase, contains a C-terminal glycosylase domain used for
excision-based DNA repair. Three members of the Kaiso
protein family which also influence the transcription, have
been described so far. Kaiso, ZBTB4 and ZBTB38 share
a triple zinc-finger domain and a BTB/POZ domain,
which in the case of ZBTB4 contains a 60-amino-acid
insertion. Furthermore, ZBTB4 and ZBTB38 contain, respectively, three and seven additional zinc-finger domains
and have juxtaposed MBD and TRD domains[21].
MBDs can also prevent the approach of transcription
factor (TF) and cofactors, so that they cannot bind the
promoter of the gene, thus stopping the transcription.
The HDAC is also recruited to the region of methylated
DNA, where it affects the activity of the promoter and
deacetylates of the lysine of histone3/histone4 charged,
and it then reacts with the negatively charged DNA. As
a result, the chromosome becomes more tightly packed,
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Table 1 Methylation and diseases
AML

hPer3 gene

Hypermethylation

Fragile X syndrome
ATR-X syndrome
Immunodeficiency, centromeric region
instability, and facial anomaly syndrome
Beckwith-Wiedeman syndrome

Loss of FMR1/FMR2 function
Loss of ATRX function
DNMT3b mutation

Promoter methylation
Hypomethylation of certain repeat and satellite sequences
Centromeric DNA hypomethylation

Disruption of the imprinted IGF2/CDKN1C loci
on 11p15.5
Loss of WSTF function
Mutations in the gene encoding CREB -binding
protein
Disruption of the imprinted SNRF/SNRPN locus
on 15q11–13
Mutation in RSK genes

Loss of genomic imprinting

Williams syndrome
Rubinstein-Taybi syndrome
Prader-Willi syndrome
Coffin-Lowry syndrome

Condensed chromatin structures
Reduced histone H3 acetylation
Disruption of genomic imprinting
Disrupted chromatin remodeling via activation of CREBbinding protein

CREB: cAMP-response element-binding protein; WSTF: Williams syndrome transcription factor.

MeCP2

MBD

TRD

MBD1

MBD

CxxC

MBD2 GR
MBD3

MBD

from functioning[22] (Figure 3).
From what has been described above, we know that
methylation and deacetylation work in conjunction to
regulate gene expression, but methylation is the triggering
event. Under some conditions, however, deacetylation appears first, followed by methylation[23]. The role of each
process in the regulation of gene expression needs to be
studied in more detail.

TRD

TRD

amutaion-MBD

MBD4

MBD

Kaiso POZ/BTB
ZBTB4 POZ/BTB
ZBTB38 POZ/BTB

How methylation is maintained and induced
Although methylation is known to be important and has
been the focus of research, we are still not clear why ab
normal methylation occurs. Because methylation is catalyzed by DNMTs, changes in these enzymes may have
some association. When DNMT1 is removed, the level of
methylation of the whole genome is reduced by 3%, and
when DNMT3 is removed, it is reduced by 4%. When
they are both removed, the level is lowered by 98%[14,24].
Thus, DNMTs are important for methylation. Their activity can, however, be influenced by many factors, such as
ray, temperature. Because cells near the body surface are
more easily influenced by the surrounding environment,
the methylation of skin cells often becomes dysregulated.
In addition, infection can lead to abnormal methylation.
Infection with Helicobacter pylori (H. pylori) in the stomach
can cause cancers, accompanied by changes in DNA me
thylation. Smoking is also a risk factor, as it can cause many
genes to gain methylation[25]. One study has also shown
that eating foods lacking in folic acid, which is the carrier
of the one carbon unit, leads to more-complex methylation patterns and increases the likelihood of cancer[26].

glycosylase
ZF
ZF
ZF

Figure 2 Proteins that bind the methylated DNA. MBD: Methylation-binding
protein; TRD: Transcription repression domains.

blocking access to those proteins that are needed to start
transcription. Genes with unmethylated (open lollipops),
active CpG island promoters (Pro), have TFs (the radial
pattern) at the transcription initiation site. Transcripts initiated here proceeding through the downstream elements
even though they are methylated (closed lollipops) and
presumably are coated with methyl CpG binding domain
proteins (MBDs, the cylindricalcast) and HDACs (the trigon). The enhancer is functional because the silencer and
insulator are methylated and, thus, not occupied by their
respective cognate proteins. Methylation here is permissive
for expression. For a permanently silenced gene such as an
imprinted gene or a gene on the inactive X chromosome,
the promoter is methylated, leading to binding of MBDs,
HDACs, other transcriptional suppressors, and chromatin compaction. The TFs, which normally regulate gene
expression, are not able to access the promoter. Figure 3
also shows how lack of methylation in a silencer or insulator can lead to binding of the cognate proteins, e.g.,
GCF2 (GC binding factor 2, the cube) or CTCF (CTC
binding factor, the oblong), thus preventing the enhancer
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DNA METHYLATION AND MICRORNAS
IN CANCER
It is well accepted that cancer is a result of many events,
including genetic and epigenetic and others. Since 1983,
epigenetics has attracted the most attention of researchers, who have focused in particular on methylation. The
appropriate DNA methylation within CpG dinucleotide
islands plays a significant role in the regulation of gene
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Silencer
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Extion2
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Transcription
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Insulator Enhancer

Transcription Repressed

Figure 3 How methylation represses the gene expression..

tion with the chromosomal instability and microsatellites
instability[1].
In addition, it has been proposed that hypomethy
lation patterns of the genome exist and, more specifically,
that hypomethylation and hypermethylation cooperate in
cancer development[29]. Transcriptional silencing via DNA
hypermethylation can often be associated with poor
clinical outcome in several malignancies, indicating that
hypermethylation of tumor-suppressor genes or hypomethylation of tumor genes are related to cancer[30,31].
In addition, methylation can be a marker to judge
whether the cancer has been transferred to other tissues.
HIN-1, CDH13, RIL, RASSF1A, and RARβ2 were frequently methylated in both primary and metastatic tissues, whereas the methylation status of HIN-1, CDH13,
RIL, and RARβ2 isolated from lymph nodes was correlated with that in primary tumors in breast cancer[32].
Recently, small interfering RNAs (siRNAs) have been
found to participate in gene regulation together with
methylation. siRNAs are RNAs that consist of 21-25
nucleotides. They make up nearly 2% of the genome
and can be found either in the host gene or other genes.
siRNAs can induce the methylation of the promoter,
thus silencing the gene. This factor has been conserved
during evolution and has complicated functions. There
are at least three kinds of small RNAs, siRNA, miRNA,
and others. It has been known that some small RNA can
repress gene expression via a complex of proteins named
the RNA-induced silencing complex, thus regulating gene
expression after transcription. miRNA-223 is located in
the X chromosome, and its expression is controlled by
the upper sequence CCAAT box. Two kinds of proteins,
NFI-A and C/EBPα, participate in the process. Abnormal expression of miRNA223 can lead to acute lymphocytic leukemia and acute myelocytic leukemia (AML). The
fusion gene AML1/ETO will cause down-regulation of
the miRNA223 via methylation or recruiting of related

LOH-/MSI
LOH
MSI+/LOH+
MSI

Figure 4 Factors for cancer development. LOH: Heterozygosity; MSI: Microsatellite instability.

expression. Abnormal patterns in DNA methylation often result in many diseases[27]. Either as a result of DNMT
overexpression or the occurrence of aberrant hypermethylation of tumor cell-specific promoters, the pattern of
cell cycle, apoptosis and DNA repair changes following
the aberrances of differentiation and adhesion of cells
which is often a hallmark of diseases[28]. It is reported that
48% of tumors had evidence of loss of heterozygosity
(LOH), whereas 14% of tumors had microsatellite instability (MSI), including a minority of tumors (3%) that
overlapped with LOH. Nearly one-third of tumors (38%)
have neither MSI nor LOH[1] (Figure 4).
Four abnormal aspects, inactivation of mismatch repair, instability of chromosomes, hypomethylation of oncogenes, and hypermethylation of tumor suppressor genes,
can be observed when abnormal DNA methylation appears. The four aspects often cooperate to cause cancers to
happen. The first genes found to be methylated were p16,
TSP-1, and IGF2. In colorectal cancer, there is a significant
degree of methylation at the previously identified CIMPassociated loci (MINT-1, -2, -31; p16; p14; MLH1), as well
as in six new tumor suppressors or gene markers (PTEN,
TIMP3, RUNX3, HIC1, APC, and RARβ2), in combina-
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enzymes. When miRNA223 is silenced, diseases appear.
In the primary carcinoma of liver, miRNA223 is notably
down-regulated, reflecting the coordination of methylation and miRNA. The influence of methylation on the
expression of miRNAs should be futher studied and will
be a hotspot of research in the next few years[33-37].

Hypermethylation of hsa-miR-124a is present in gastric
cancer[49]. miRNA-34b and miRNA-34c are novel tumor
suppressors that are frequently silenced by DNA methylation in gastric cancer, and methylation of miR-34b/c is
involved in an epigenetic field defect and that the methylation might be a predictive marker of gastric cancer
risk[50]. The transformation from gastritis to lymphoma of
mucosa-associated lymphoid tissue is epigenetically regulated by miR-203 promoter methylation, and ABL1 is a
novel target for the treatment of this malignancy[51]. miR10b methylation may be a useful molecular biomarker
for assessing the risk of gastric cancer development, and
modulation of miR-10b may represent a therapeutic approach for treating gastric cancer[52].

DNA METHYLATION AND MICRORNAS
IN GASTRIC CANER
The roles of DNA methylation and miRNA in gastric
cancer have been extensively studied recently. Many genes
are methylated specifically in gastric cancer, as are miRNAs and siRNAs. Because oncogenes and tumor suppressor genes can have important roles in cancer and because
methylation can repress gene expression, the level of me
thylation of a specific gene in gastric cancer may reflect
whether that gene is an oncogene or tumor suppressor
gene. Weak gene expression and loss of gene expression
because of promoter hypermethylation may be a cancerspecific event[38].
Ulcer-healing genes (TFF1, TFF2, CDH1 and PPARG)
are methylated in earlier gastric carcinoma, and methylation of hsa-miR-124 is involved in cervical cancer[39-41].
The gene encoding BMP3 has been found to cause gastric carcinoma in Chinese population[42]. If combined with
other aspects, the situation may be more severe. For example, epigenetic inactivation of GATA-4 and GATA-5
by methylation of CpG islands is an early frequent event
during gastric carcinogenesis and is significantly correlated with H. pylori infection[43]. If expression of DNMT
is abnormal, methylation will be abnormal, leading to a
disease state. It has also been reported that methylation
can have an additive effect with other chromosomal abnormalities. This can result in a positive feedback loop
that progresses to a disease state[11]. Infection with H. pylori
induces IRX1 promoter methylation and downregulation
of the promoter activity as well as a significant reduction
in gene expression. Gene silencing of the IRX1 tumor
suppressor by promoter CpG methylation, combined
with LOH, has been identified in human gastric cancer[44].
SLC19A3 was epigenetically down-regulated in gastric
cancer, and via the technique of quantitative real time
polymerase chain reaction (RT-qPCR), it has been shown
that aberrant SLC19A3 promoter hypermethylation in
plasma may be a novel biomarker for breast and gastric
cancer diagnosis[45]. Promoter hypermethylation of p16,
Runx3, DAPK and CHFR is frequent in gastric cancer.
DAPK and CHFR promoter hypermethylation may be
important for evaluating the differentiation grade and
lymph node status in patients with gastric cancer. Silencing of HIC1 and TOB1 expression is a common occurrence in gastric cancer and may contribute to the development and progression of the disease[46].
Methylation silencing of miRNA genes, in addition
to that of protein-coding genes, may contribute to the
formation of a field defect for gastric cancers[47]. Downregulation of miR-212 may be related to gastric carcinogenesis through its target genes, such as MECP2[48].
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CLINICAL APPLICATIONS
Based on how methylation works to repress gene expression, several methods can be used to treat the related
diseases. Current research has focused on methods to demethylate the gene of interest. Both HDAC inhibition
and DNA demethylating agents have shown clinical efficacy respectively; yet a combination of the two agents has
a strong synergistic effect on the reactivation of silenced
genes and antiproliferative and cytotoxic effects on cancer
cells[30,53]. The two compounds do not, however, reverse
the methylation entirely[54]. Both nucleoside analogs and
non-nucleoside analogs can be used to demethylate the
gene of interest, but with severe side effects[55,56]. The first
kind of agents includes 5-azacytidine, 5-aza-2-deoxycytidine (5-aza-CdR), 5,6-dihydro-5-azacytidine, and zebularine, among which 5-azacytidine has been clinically shown
to reduce the degree of methylation and prolong the
survival of the patients. The second includes procaine,
mitoxantrone, N-acetyl-procainamide, procainamide, hydralazine, and the main polyphenol compound of green
tea, (-)-epigallocatechin-3-gallate. Although the two kinds
of agents are effective, their severe side effects cannot be
ignored, for they both will make the whole genome hypomethylated which can cause many problems including the
development of new diseases[57].
For these reasons, these agents just acts as some assis
tance ones. To reduce the side effects, small molecules
targeting DNMT are being developed. It has been reported that they are exquisitely S-phase specific, which makes
them less toxic[58]. RG108 and MG98 are among them.
They can apparently inhibit methylation with fewer side
effects and activate the repressed genes, but clinical trials
have not yet been carried out[59].
Because we now have accurate ways to profile the
methylation in a genome or in an individual gene, demethylation can be monitored frequently, which will allow the
prompt correction of therapeutic agents, giving greater
promise to this approach. It is, however, more important
to prevent the occurrence of abnormal methylation.

METHODS IN METHYLATION PROFILING
Methylation profiling can be approached in two ways:
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analysis of genome-wide methylation and analysis of
single CpGs. Both approaches can be carried out by the
same methods: colorimetry, fluorescence, methylationsensitive restriction endonuclease treatment and PCR.
The first step in the colorimetric method is to hydrolyze the target DNAs into nucleotides using hydrochloric
acid and then test the resulting absorbance. Differences
in absorbance suggest that there are differences in the
level of methylation between the two chromosomes. This
is used to test the whole-genome methylation of DNAs.
The fluorescence method has something in common with
the colorimetric approach. It uses chloroacetaldehyde to
treat the chromosomes, so that the chromosomes will increase in fluorescence, and the fluorescence intensity reflects the level of methylation of the whole genome. The
methylation-sensitive restriction endonuclease method is
used to analyze single CpGs, and the enzyme pairs used
include HpaⅡ-MspⅠ and SmaⅠ-Xmal. These enzymes
specifically degrade the unmethylated chromosomes into
small pieces, whereas the methylated DNA will escape
the shearing. The pieces then can be tested via PCR or
Southern blotting[60].
When treated with bisulfite, methylated cytosines are
stable, whereas unmethylated cytosines are modified to
uracils. The amplification results thus can indicate whether the CpG is methylated or not[61].
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CONCLUSION
With every new discovery in the epigenetic landscape of
tumors, there comes a new opportunity for producing
targeted agents to cure cancer. As the understanding of
the intricate machinery of tumor growth continues, there
is greater hope that methylation-based therapies will
prove successful. It is, however, essential to determine
the safety of these treatments in the long run as we admi
nister the agents to healthier populations of patients. It
is also important to consider the context of all epigenetic
processes, as the known treatments for blocking methylation are either non-specific or have severe side effects.
Our understanding of the relationship between DNA
methylation and transcriptional control is being deepened but is still far from complete. It may be unrealistic
to expect that any unified theory will encompass all the
biological consequences of DNA methylation. It must
be linked with deacetylation, siRNAs and phosphorylation. The mechanisms by which methylation patterns are
generated are still not fully understood. After the human
genome project comes into the post-genome period, me
thylation is of great importance. It is feasible to use the
technique of methylation in the future to induce cell differentiation, guide clinical treatment and explore the early
stages of cancer[62].
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Endoscopic ultrasound-guided elastography in the nodal
staging of oesophageal cancer
Stuart Paterson, Fraser Duthie, Adrian J Stanley
on 53 lymph nodes. Cytological malignancy was found
in 23 nodes, one was indeterminate, one was found to
be a gastrointestinal stromal tumor and 25 of the nodes
were negative for malignancy. On 3 occasions insufficient material was obtained for analysis. The area under
the curve for the receiver operating characteristic curve
for elastography strain ratio was 0.87 (P < 0.0001).
Elastography strain ratio had a sensitivity 83%, specificity 96%, positive predictive value 95%, and negative
predictive value 86% for distinguishing between malignant and benign nodes. The overall accuracy of elastography strain ratio was 90%. Elastography was more
sensitive and specific in determining malignant nodal
disease than standard EUS criteria.
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Abstract

Key words: Endoscopic ultrasound; Oesophageal cancer;
Lymph nodes; Elastography; Tumour staging

AIM: To assess quantitative endoscopic ultrasound (EUS)guided elastography in the nodal staging of oesophagogastric cancers.

Peer reviewer: Dr. Vui Heng Chong, Gastroenterology and He

patology Unit, Department of Medicine, Raja Isteri Pengiran
Anak Saleha Hospital, Bandar Seri Begawan BA 1710, Brunei
Darussalam

METHODS: This was a single tertiary centre study assessing 50 patients with established oesophago-gastric
cancer undergoing EUS-guided fine needle aspiration
biopsy (FNAB) of lymph nodes between July 2007 and
July 2009. EUS-guided elastography of lymph nodes
was performed before EUS-FNAB. Standard EUS characteristics were also described. Cytological determination
of whether a lymph node was malignant or benign was
used as the gold standard for this study. Comparisons
of elastography and standard EUS characteristics were
made between the cytologically benign and malignant
nodes. The main outcome measure was the accuracy
of elastography in differentiating between benign and
malignant lymph nodes in oesophageal cancers.

Paterson S, Duthie F, Stanley AJ. Endoscopic ultrasound-guided
elastography in the nodal staging of oesophageal cancer. World
J Gastroenterol 2012; 18(9): 889-895 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i9/889.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i9.889

INTRODUCTION
Endoscopic ultrasound (EUS) is an integral investigation in the staging of oesophageal and oesophago-gastric
junctional tumours[1,2]. It provides both an accurate as-

RESULTS: EUS elastography and FNAB were performed
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sessment of the tumour (T) stage of a cancer and associated lymphadenopathy (N)[3-5].
EUS lymph node assessment can be challenging. EUSguided fine needle aspiration biopsy (FNAB) of lymph
nodes remains the pre-operative gold standard for determining nodal involvement, with diagnostic accuracy
of up to 95% reported in previous studies[6,7]. However,
EUS-FNAB cannot be undertaken if the needle passes
through the primary tumour, and there can be technical
difficulties in obtaining lymph node material for analysis.
Using conventional grey-scale B-mode EUS, lymph
nodes are characterised by size, shape, density and distinction of the border in an attempt to distinguish between benign and malignant nodes[8]. However, the sensitivity and specificity of these features in distinguishing
malignant involvement only exceeds 80% when all four
of these features are present[8].
Elastography measures the stiffness of a structure and
it is known that pathophysiological processes such as ma
lignancy lead to stiffer tissue that deforms less. Over the
past 15 years, elastography during ultrasound has been
applied to measure tissue elasticity in breast, thyroid and
liver disease[9-13]. Initial studies assessing nodes with elastography used processing to produce a colour elastography image[14-16]. More recent software technology allows
quantification of the stiffness in the form of strain. Comparing two different areas of tissue allows calculation of a
strain ratio between the two.
There have been several recent reports using EUS elastography to assess pancreatic lesions[17,18] as well as lymph
nodes[13,18-20]. The results from these studies, using first
wave software to produce descriptive colour elastograms,
are encouraging, suggesting a high sensitivity and specificity for detecting malignant involvement. However,
there is limited data on oesophageal cancer nodal staging.
This study aimed to compare conventional EUS with
quantitative EUS-guided elastography in the assessment
of nodal staging in oesophageal and junctional cancers
and to assess whether quantitative EUS could accurately
distinguish malignant from benign lymph nodes.

Figure 1 Endoscopic ultrasound image of a malignant appearing lymph
node. The right-hand side of the image displays all 4 of the conventional endoscopic ultrasound criteria characteristics of malignant nodes with regard to size
(> 1 cm), shape (round), density (hypodense) and distinction of border (clear
edge). The left-hand side of the image is a superimposed elastographic image
with strain ratio measurement between an area of the lymph node and a surrounding area of tissue.

Figure 2 Endoscopic ultrasound elastography of a benign lymph node.
The right-hand side of the image displays standard grey-scale endoscopic
ultrasound images while on the left is a superimposed elastography image. In
the elastography image window the strain ratio measurements of the two areas
outlined in the yellow circles is shown as a percentage in the top left-hand corner. The calculated strain ratio is shown as B/A. The elastographic signal is indicated by the bar column in the bottom right of the elastographic image window.

corded. After the decision was made to undertake a FNA
biopsy, a Pentax linear array echoendoscope was then
used with the same ultrasound processor.
Elastography is a standard function of the Hitachi
EUB-8500 ultrasound processor. A conventional greyscale image was displayed on the right-hand side of the
monitor, while the superimposed elastography image was
displayed on the left-hand side (Figures 1 and 2). The
elastography image and measurements rely on compressions from vascular pulsation and respiratory movement.
Measurements were only taken when there was good con
tact and appropriate compression of the transducer, as
indicated on the elastography image on the ultrasound
processor. Using the superimposed elastography image,
the largest area possible of the node was outlined, as was
a similar sized area of surrounding apparently normal
tissue. The ultrasound processor measured the strain of
each area as a quantitative figure and calculated a strain ratio between the two areas. The strain ratio was recorded a

MATERIALS AND METHODS
Patients
This was a prospective single centre study. Glasgow Royal
Infirmary is a West of Scotland tertiary referral centre for
EUS staging of upper gastrointestinal tract cancers. All
patients who, as part of routine clinical care, were undergoing EUS-FNA lymph node biopsy for staging of
upper gastrointestinal tract cancer, during the period July
2007 to July 2009, had elastography of the node prior to
sampling.
Instruments and technique
Initial staging EUS was undertaken by one of two endoscopists (SP/AJS) using a Pentax radial echoendoscope,
attached to a Hitachi EUB-8500 ultrasound processor.
Standard EUS grey-scale images of suspicious lymph
nodes were obtained and conventional characteristics of
size, shape, distinction of border and density were reWJG|www.wjgnet.com
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ROC curve (AUC) for a measurement to discriminate between two disease conditions may be viewed as the probability that the measurement would correctly discriminate
between two patients, one with and one without disease,
each selected randomly from their group (those with and
without disease). Note that the P-value cited with a single
ROC curve is for the rejection of the null hypothesis that
the expected value of the strain ratio AUC = 0.50, i.e.,
non-informative, equivalent to flipping a fair coin; whereas, the other P-values for AUCs other than the strain ratio
ROC are for rejecting the null hypotheses that those expected values of AUCs are no different than that of the
strain ratio AUC. Comparison between ROC curves AUC
was undertaken by the statistics software package which
uses the DeLong, DeLong, Clarke-Pearson methodology[21]. Because of the number of statistical comparisons, a
P value of < 0.01 was considered to be significant. Analysis was performed with the use of Analyse-It Statistical
Package (Analyse-it Software, Ltd. http://www.analyse-it.
com/; 2009).

225
200

Strain ratio

175
150
125
100
75
50
25
   7.5
   0
benign malignant
Lymph node cytology

Figure 3 Plot of elastography strain ratio for cytologically proven benign
or positive lymph nodes. The cut-off line of ≥ 7.5 is the optimal strain ratio
for discriminating between benign and malignant lymph nodes.

RESULTS

Table 1 Demographic data of the cytologically confirmed benign and malignant lymph node groups n (%)

Gender
Age (mean, yr)
Oesophageal adenocarcinoma
Oesophageal squamous cancer
Gastric adenocarcinoma
Barrett’s oesophagus with HGD

Benign node

Malignant node

M 20:F 5
66.8
17 (68)
5 (20)
2 (8)
1 (4)

M 18:F 5
67.9
16 (70)
7 (30)
0 (0)
0 (0)

Total numbers
EUS elastography, prior to lymph node EUS-FNAB, was
performed in 53 patients undergoing EUS for oesophago-gastric cancer staging. Cytological evidence of malignant disease was found in 23 nodes, while 25 nodes
were considered benign (Figure 3). On 3 occasions insufficient node material was sampled to allow cytological
analysis and on one occasion the cytological analysis was
indeterminate. The pathological analysis of one lesion in
a patient with confirmed oesophageal adenocarcinoma
revealed a gastrointestinal stromal tumor rather than a
lymph node.

HGD: High-grade dysplasia; M: Male; F: Female.

minimum of three times prior to EUS-FNAB. The mean
of these recordings was calculated.
EUS-FNAB was performed using a Wilson Cook 22
gauge needle. Three passes were obtained, the samples
stored in formalin and sent to the laboratory for later
cytological analysis by specialist pathologists who were
blinded to the elastography values.

Demographics
Patient demographics are shown in Table 1. There were
no statistically significant differences between the cytologically benign and malignant node groups.
Elastography strain ratio effectiveness and
determination of strain ratio cut-off value
The ROC area under the curve, using elastography strain
ratio, was 0.87 (95% CI: 0.75-1.00, P < 0.0001) (Figure 4).
The strain ratio which was the optimal cut-off point for
distinguishing malignant from benign nodes was ≥ 7.5 as
determined by a ROC sensitivity specificity decision plot
(Figure 5), with a strain ratio above this indicating malignant involvement. The likelihood ratio was 20.65 for a
strain ratio of 7.5. This gave sensitivity 83%, specificity
96%, positive predictive value (PPV) 95%, and negative
predictive value (NPV) 86% (Table 2). The accuracy of
elastography with a strain ratio ≥ 7.5 was 90%.

Statistical analysis
Cytological determination of whether a lymph node was
benign or malignant was used as the gold standard for the
purposes of this study, as surgical resection specimens
and follow up imaging were not available. Comparison of
the demographic variables between cytologically proven
benign and malignant nodes was carried out using either contingency table (χ 2) analysis or Mann-Whitney
test, as appropriate. In order to assess the intra-observer
variation, and hence the reproducibility, for strain ratio,
8 patients had 8 strain ratio values determined and the
coefficient of variation was determined. In order to compare the relative sensitivity and specificity of the EUS
elastography and 4 conventional EUS criteria (both individually and in combination) with EUS-FNAB for detecting malignant lymph nodes, the area under the receiver
operator curve (ROC) was analysed. The area under an
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Comparison of elastography strain ratio vs other
endoscopic ultrasound methods of distinguishing
benign from malignant lymph nodes
ROC area under the curve comparisons showed that there
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Table 2 Comparison of sensitivity, specificity, positive predictive value and negative predictive value for the ability of
endoscopic ultrasound-based characteristics to differentiate
benign from malignant lymph nodes (%, CI)
Sensitivity Specificity
Strain ratio
4/4 conventional
criteria present
3/4 conventional
criteria present
Size > 1 cm
Shape round
Clear border

False positive rate (1-specificity)

Hypodense

Figure 4 Receiver operating characteristic curve for elastography strain
ratio. The receiver operating characteristic area under the curve was 0.87
(P < 0.0001).
ROC decision plot

Accuracy

95
(75-100)
83
(36-99)
75
(45-92)
61
(38-80)
79
(54-94)
62
(38-82)
67
(45-84)

86
(67-96)
57
(41-72)
64
(45-80)
64
(43-82)
72
(53-87)
63
(42-81)
71
(49-87)

90
(77-97)
60
(45-72)
67
(52-80)
62
(47-76)
75
(60-86)
62
(47-76)
69
(53-81)

1
0.9
True positive rate (sensitivity)

0.9
0.8
0.7
0.6
Ratio

96
(80-100)
96
(80-100)
84
(64-96)
64
(43-82)
84
(64-96)
68
(47-85)
68
(46-85)

NPV

PPV: Positive predictive value; NPV: Negative predictive value.
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Figure 5 Receiver operating characteristic sensitivity, specificity based
decision plot to determine the optimal elastography strain ratio cut-off
point. The sensitivity and specificity lines cross at strain ratio 7.5.

Figure 6 Receiver operating characteristic curve comparison of elastography strain ratio against conventional endoscopic ultrasound criteria
both in combination and individually (size > 1 cm, round, hypodense,
clear edge).

was a trend for elastography strain ratio to be the best
diagnostic test for distinguishing benign from malignant
nodes when compared to standard EUS nodal assessment, i.e., size, shape, density, distinction of border and
any combination of these four conventional characteristics, although statistical significance was reached for only
individual comparisons of size and clear edge (Figure 6
and Table 3).
Elastography strain ratio assessment was more accurate than all other assessed EUS characteristics of lymph
nodes, with an accuracy of 90% (Figure 6, Tables 2 and 3).
Elastography strain ratio was favourable compared to
other nodal assessments with regard to sensitivity, specificity, PPV and NPV (Table 2).

Table 3 The area under the curve for receiver operating
curve characteristics for each endoscopic ultrasound-based
modality for distinguishing benign from malignant nodes

Strain ratio
Number of conventional criteria
Size > 1cm
Shape round
Clear edge
Hypodense

ROC AUC

P value1

0.87 (0.75-1.00)
0.79 (0.66-0.92)
0.62 (0.48-0.76)
0.75 (0.62-0.87)
0.62 (0.48-0.76)
0.69 (0.55-0.82)

NA
0.2846
0.0078
0.1329
0.0035
0.0100

1

Comparison with strain ratio. The P value determined relates to the area
under the curve (AUC) of an individual characteristic compared to elastography strain ratio receiver operating characteristics (ROC) AUC. NA: Not
available.

Intra-observer variation
The mean coefficient of variation (CV) for all recorded
node strain ratio recordings was 44.8%. The mean CV
for cytologically malignant nodes was 51.7%, while the
mean CV for cytologically benign nodes was 34%.
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This study has shown EUS-guided elastography to be ef-
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fective for distinguishing between malignant and benign
lymph nodes in patients with oesophago-gastric cancer
and that it is more accurate than conventional EUS nodal
characteristics.
Elastography of tissue is a new technology that has
been successfully applied to several clinical fields. The
specific modality of EUS-guided elastography has been
developed over the past few years and first generation
technology using elastographic colour imaging has shown
promising results in the assessment of pancreatic disea
se[17,18]. There has also been encouraging, though limited,
data on lymph node assessment[13,18-20].
Conventional EUS lymph node assessment using size,
shape, density and distinction of node border does not
give adequate sensitivity and specificity to confidently
distinguish between malignant and benign nodes. In this
study, accuracy of these characteristics is poor (Table 3).
This is consistent with previously published data[8,19,22].
However, using EUS elastography with a strain ratio cut
off of ≥ 7.5 for malignancy, we found a sensitivity and
specificity of 83% and 96%, respectively. The ROC AUC
was highest for strain ratio compared to all of the conventional EUS criteria, either individually or in combination.
The strain ratio cut-off point of ≥ 7.5 to distinguish malignant nodal involvement was derived from a ROC sensitivity and specificity decision plot. The specificity and the
sensitivity using this strain ratio cut-off point were 96%
and 83%, respectively.
Out of the 23 cytologically determined malignant cases, there were 4 cases where elastography strain ratio gave
a false negative result. This may be explained by vascular
or necrotic lymph nodes giving the elastographic appearance of soft tissue[19,23]. There were no surgical resection
specimens in this study to confirm or refute this hypothesis.
The gold standard for determination of malignant
cells within a lymph node at the time of pre-operative
staging remains FNAB. However, there are challenges encountered during endosonography such as large peri-tumoural reactive lymph nodal assessment, targeting which
suspicious nodes on which to perform FNAB, and avoiding passing the needle through interposed major neurovascular structures. Although EUS-FNAB is considered
the gold standard for the purposes of this study, there
are previous reports suggesting EUS-FNAB has a false
negative rate of 5%-10%[24,25]. EUS-FNAB was used as
the gold standard due to the lack of availability of routine
imaging follow up or surgical resection specimens. This
is a limitation of our study. In this study, there was only
one patient who had an apparently striking falsely positive
strain ratio value of 47.0. Despite radical chemotherapy
this patient has not progressed well with rapid deterioration. It is possible that the EUS-FNA was cytologically
falsely negative, rather than there being a falsely positive
elastography strain ratio value.
Technical challenges were encountered in performing elastography during EUS. The technique relies on
respiratory movement and vascular pulsation to generate
appropriate compression displacement of the digitalised

WJG|www.wjgnet.com

radiofrequency echo lines. Obtaining consistent compression recordings was not always possible, leading to some
variability in the elastogram produced, as has previously
been described by other groups[26]. This will have led, in
part, to the moderately large intra-observer variation calculated which is a limitation of this technique. It would
have been desirable to have a coefficient of variance
not exceeding 30%. It is, however, worth noting that the
intra-observer variation was only significant when strain
ratio values were high and none of the range of values
obtained changed the likelihood of a node from being
malignant to benign.
The method described relies on comparison of the
strain within a node and surrounding tissue. This comparison assumes that the surrounding tissues are normal.
It is recognised that the surrounding tissues may have
different physical characteristics, which may influence the
results. It is also worth noting that, as central necrosis and
vascular invasion of a lymph node occur, the strain within the node may start to reduce as these “softer” components of the node are assessed. This is the basis of a fifth
colour pattern analysis described by other authors[18,23].
However, the use of a strain ratio is an objective measure
that is not limited by the inter-observer variability which
is inherent in elastogram colour pattern analysis.
A limitation of this study is that it was undertaken
within a single centre. However, there are supporting data
from a recently reported large European multi-centre
trial. Giovannini et al[23] report on 38 cases of oesophagogastric cancer staging EUS-guided elastography lymph
node assessments in a larger cohort of lymph node analysis. The elastography sensitivity and specificity of 91.8%
and 82.5% recorded from this multicentre study are similar to those presented in this paper. The sensitivity and
specificity recorded from the data presented in our paper
are also similar to those found when cervical lymph
nodes were assessed by sonographic elastography[19].
It is also recognised that there is the potential for selection bias within this study, in that all patients were having
EUS-FNAB of nodes which were considered suspicious
for malignancy. However, it is proposed that this modality is used in those very situations where EUS-FNAB will
have been contemplated but may not be practical.
Patients undergoing staging of oesophago-gastric cancers are often subjected to several staging investigations.
EUS-guided elastography offers an additional assessment
of any suspicious lymph nodes that can be undertaken
at the time of the standard EUS evaluation and is no
more invasive. The recent change in the staging system
for oesophago-gastric cancers means that the absolute
number of involved malignant nodes becomes critical in
determining the tumour stage[27-30]. Therefore, any modality that improves nodal staging is of critical importance.
We believe EUS elastography is complementary to FNA
in distinguishing between benign and malignant lymphadenopathy.
In conclusion, EUS elastography has been shown in
this study to be superior to standard EUS assessment in
characterising benign from malignant lymph nodes in
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oesophago-gastric cancer. It appears complementary to
current staging investigations and has the potential to improve the staging and management of this disease.
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Background

Endoscopic ultrasound (EUS) is an integral investigation in the staging of oesophageal and oesophago-gastric junctional tumours. Determination of lymph
node involvement in particular is of critical prognostic importance. At present,
staging relies largely on EUS-fine needle aspiration biopsy (FNAB) of suspicious nodes after initial determination of standard EUS characteristics. However, the invasive process of FNAB is not always possible.

8

Elastography has been shown to be useful in distinguishing benign from malignant tissue in the pancreas. However, there are limited data assessing the
accuracy of EUS elastography for nodal assessment in upper gastrointestinal
malignancy.
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There have been recent reports of the use of elastography to distinguish between benign and malignant tissue, including lymph nodes. Earlier studies used
qualitative descriptions of elastogram patterns. More recently, there have been
technological advances allowing quantitative assessment of elastography strain
ratio which measures, and compares, the stiffness of tissues.
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Applications

This study suggests that quantitative EUS elastography is accurate at distinguishing between malignant and benign lymph nodes in the staging of
oesophago-gastric malignancy. Compared to standard EUS characterisation
of lymph nodes, elastography is superior in this study. EUS elastography appears complementary to current staging investigations and has the potential to
improve the staging and management of this disease.
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Terminology

Elastography is a measure of the stiffness, or strain, of tissue. This can be
useful in many disease processes including malignancy where tissue is often
“harder” or “stiffer” where there is cancerous tissue present. Measuring elastography relies on applying a mechanical compression and determining how much
the tissue deforms. Harder tissue deforms less than soft tissue.
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Overall, a very interesting article looking at something that remains a problem
without tissue diagnosis. The paper is well written and reads well. The methodology is appropriate, the results presented well and the discussion is appropriate. This paper will add to our understanding and serve as a platform for further
studies looking at the characteristics of lymph nodes, not just for the esophagogastric lymph nodes but other malignancies as well.
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for the Epstein-Barr virus (EBV) EBER1 gene were performed. Patient survival was assessed with death rates
per 100 person-years and with Kaplan-Meier or Cox
model estimates.
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RESULTS: Collectively, the four low-grade histotypes
accounted for 22% and the two high-grade histotypes
for 7% of the consecutive cancers investigated, while
the remaining 71% of cases were intermediate-grade
cancers, with highly significant, stage-independent,
survival differences among the three tumor grades
(P = 0.004 for grade 1 vs 2 and P = 0.0019 for grade 2
vs grade 3), thus confirming the results in the original
series. A combined analysis of 492 cases showed an
improved prognostic value of histotype-based grading
compared with the Lauren classification. In addition,
it allowed better characterization of rare histotypes,
particularly the three subsets of prognostically different
mucinous neoplasms, of which 10 ordinary mucinous
cancers showed stage-inclusive survival worse than
that of 20 muconodular (P = 0.037) and better than
that of 21 high-grade (P < 0.001) cases. Tumors with
high-level microsatellite DNA instability (MSI-H) or EBV
infection, together with a third subset negative for both
conditions, formed the T8 cell-rich HLR group, the largest group among low-grade histotypes. Coexisting HLR
proved to be a factor in improved prognosis in tumors
with microsatellite instability (P = 0.0015 vs HLR-/
MSI-H tumors) or DR type human leukocyte antigen
+
expression (P = 0.033 vs HLR /HLA-DR tumors).

Abstract
AIM: To test the efficiency of a recently proposed histotype-based grading system in a consecutive series of
gastric cancers.
METHODS: Two hundred advanced gastric cancers
operated upon in 1980-1987 and followed for a median 159 mo were investigated on hematoxylin-eosinstained sections to identify low-grade [muconodular,
well differentiated tubular, diffuse desmoplastic and
high lymphoid response (HLR)], high-grade (anaplastic
and mucinous invasive) and intermediate-grade (ordinary cohesive, diffuse and mucinous) cancers, in parallel with a previously investigated series of 292 cases. In
addition, immunohistochemical analyses for CD8, CD11
and HLA-DR antigens, pancytokeratin and podoplanin,
as well as immunohistochemical and molecular tests for
microsatellite DNA instability and in situ hybridization
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CONCLUSION: Identification of low- and high-grade
histotypes can improve the prognostic assessment of a
substantial proportion of gastric cancers in routine diagnostic practice.
© 2012 Baishideng. All rights reserved.
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cers, due to discrepancies concerning: (1) the impact of
histology or stage on mucinous cancer prognosis[20-23];
and (2) the contribution of tumor microsatellite instability, Epstein-Barr virus (EBV) infection and DR type
human leukocyte antigen (HLA-DR) expression, rather
than lymphoid cell response per se, to the natural history
of lymphocyte-rich neoplasms[5-7,24-27]. Therefore, mucinous and lymphocyte-rich tumors from both series were
combined to obtain tumor groups large enough to allow
appropriate investigation.
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MATERIALS AND METHODS
Tissue samples
A consecutive series of 200 invasive (T2-T4) gastric can
cers were retrieved from the files of the Anatomic Pathology Service, for patients who had undergone potentially curative surgery at Varese General Hospital during
1980-1987. The clinicopathological and follow-up data
of all the patients were carefully collected from hospital
records, interviews with family doctors, and the Varese
Province Tumor Registry. One hundred and eighty-five
of the cases had already been the subject of a previous investigation[2]. Eight cases were operated on during
January 1980-April 1987 and were not considered in the
previous study because the available clinical or followup documentation was incomplete. This information was
retraced, appropriately documented and added to the
present study to ensure the continuous pattern of the
patient series, together with seven more cases operated
on in May-June 1987. The original tumor node metastasis
(TNM) stage assessment of each tumor was revised according to the criteria of the 2002, 6th Edition American
Joint Committee on Cancer system[28]. No antiblastic the
rapy had been given to the patients. For survivors, the
follow-up period was prolonged until 2008; a median
follow-up of 159 mo was recorded.

INTRODUCTION
The difficulty of assessing the prognosis of gastric cancer
using histological methods is well known and this is also
reflected in the essentially descriptive character of presently used classifications[1-4]. However, several histotypes
characterized by lower malignant potential have been
identified and separated from more common cohesive
(so-called “intestinal”) or diffuse tumors. They include
lymphocyte-rich cancer[5-7], muconodular cancer[8], verywell-differentiated tubular cancer with an intestinal[9] or
gastric[10] phenotype, and a low-grade subtype of diffuse
desmoplastic cancer[11]. Similarly, various kinds of cancer
with poor outcome have been identified, from poorly
differentiated neuroendocrine carcinoma, small to large
cell[12,13], to anaplastic diffuse cancer[11] or hepatoid[14], chorioncarcinomatous[15] and adenosquamous carcinoma[16].
In addition, comparative genomic hybridization analysis
has shown a clear relationship between the number and
severity of genomic alterations and tumor histotype and
prognosis[17,18].
The different behavior of these histotypes offered
an opportunity to develop a three-grade system of prognostic evaluation, which, when applied to a large tumor
series, was highly predictive of patient outcome[19]. However, the tumor series used in that study was substantially
selected (1) to be representative of all main stages (intramucosal cases apart) and histological types of the disease; and (2) to include uncommon histological subtypes
or variants, as well as earlier invasive stages (submucosal
or confined to muscularis propria). Therefore, in order
to ascertain the effectiveness of the system in routine
diagnostic work, a continuous, homogeneous series of
advanced cancers needs to be evaluated.
In this study, we retrospectively identified prognostic
histotypes according to previously reported criteria[19]
in a consecutive series of advanced (muscularis propria
invasion or beyond) gastric cancers collected at Varese
General Hospital during 1980-1987, and we tested such
histotypes as potential predictors of patient outcome
and compared the results with those of the original Pavia
series. During the study, we realized that we needed to
investigate further mucinous and lymphocyte-rich can-
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Immunohistochemical analysis
Archival and newly cut paraffin sections were stained with
hematoxylin-eosin, Alcian blue-periodic acid Schiff or the
immunoperoxidase procedure using antibodies directed
against h-MLH1 (G-168.15 clone; Pharmingen, San Diego, CA, United States), hMSH2 (Fe11 clone; Oncogene,
Cambridge, MA, United States), hPMS2 (clone A16-4; BD
Pharmingen), hMSH6 (clone 44; BD Transduction Laboratories, Lexington, KY, United States), CD8 antigen (C8/
144B clone; Dako, Glostrup, Denmark), CD11c antigen
(5D11 clone; Novocastra Laboratories, Newcastle, United
Kingdom), pancytokeratin (AE1/AE3 clone; Novocastra
Laboratories), HLA-DR (LN3 clone; Biotest, Dreieich,
Germany) and podoplanin (D2-40 clone; Biocare Medical,
Concord, CA, United States) as previously reported[7,19,29].
Molecular analysis
In situ hybridization for the EBER1 gene of EBV was
performed as described previously[3,7]. Microsatellite instability was assessed at Bat 25, Bat 26, BAT40, D5S346
and D2S123 loci. Tumors with instability involving at
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least two of the five loci were classified as highly instable
(MSI-H), while those with only one instable locus were
classified as low instable (MSI-L) and included in the MSI
negative tumor group together with microsatellite stable
cases[7,19,30].

Table 1 Survival analysis of 200 gastric cancers (Varese series) according to tumor node metastasis stage
Cox survival analysis

Morphological analysis
Tumor histotypes were identified as described previous
ly[8-11,19]. In particular, very-well-differentiated tubular
(VWDT) cancer is characterized by glands with moderately atypical, polarized cells arranged in a monostratified
epithelium, low-grade diffuse desmoplastic cancer shows
fibroblast-rich desmoplasia surrounding individual (or
minute groups of) moderately atypical tumor cells, while
muconodular cancer forms extracellular mucin lakes with
expansile borders in which isolated signet ring cells or
cords of mucin-producing tumor cells are freely floating.
To increase the diagnostic accuracy of lymphocyterich tumors, as well as intratumor CD8+ T cell counts,
intraepithelial T8 cells (i.e., cells infiltrating tumor aggregates so as to contact neoplastic cells directly, with the exclusion of purely stromal T8 cells) were also counted[7,31],
and an evaluation of dendritic cells was added[27]. Thus,
in this study, classification of a lymphocyte-rich tumor
as high lymphoid response (HLR) required one of the
following: (1) a lymphoepithelial type histological pattern
with an overwhelming lymphocyte infiltrate dissecting tumor cells; or (2) > 400 intratumor and/or >200 intraepithelial CD8-positive cells in 10 high-power fields (HPFs),
coupled with a band of lymphoid cells rich in CD8+ T
cells and CD11c+ dendritic cells surrounding expansile
tumor nodules.
Anaplastic cancers were characterized by small to large,
cytokeratin-positive cells with highly atypical nuclei, with
or without prominent nucleoli and with or without signs
of poor neuroendocrine differentiation, high cellularity,
scarce stroma, and high proliferative rates (> 20 mitoses/10 HPFs)[11,12]. During characterization of the mucinous infiltrative tumors, it was found that those showing
local infiltration of peritumoral tissues in the absence of
prominent lymphoinvasion or angioinvasion had a less
severe prognosis. Therefore, in this study, infiltrative tumors lacking vascular invasion or with only sporadic lymphoinvasion were added to the grade 2 group, together
with ordinary cohesive and diffuse cancers, while only
prominently lymphoinvasive (two or more foci per microscopic tumor sections) or angioinvasive cases remained in
the grade 3 group together with anaplastic cancers, as in
the original classification[19]. Cases showing a coexistence
of two or more histological patterns were classified according to their prevalent histotype, provided that all the
components were low-grade; otherwise, they were classified according to their higher grade component.
A reproducibility test involving two senior pathologists (Solcia E and Capella C) gave a κ value of 0.84 concerning interobserver agreement for five main histotypes
(cohesive, diffuse, mucinous, anaplastic and HLR), a κ of
0.81 agreement for nine subtypes (HLR, VWDT, ordinary cohesive, low-grade diffuse desmoplastic, ordinary
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Stage

n (%)

Ⅰ

40 (20)
61 (30.5)
68 (34)
31 (15.5)

Ⅱ
Ⅲ
Ⅳ

Death rate
1.63
13.67
26.04
52.66

95% CI

HR

0.81-3.25
1
10.06-18.56 5.64
19.74-34.46 9.49
36.11-76.79 18.90

95% CI

P value

2.63-12.09 < 0.001a
4.45-20.24 < 0.001b
8.41-42.46 < 0.001c

P = 0.001 vs Ⅲ + Ⅳ; bP = 0.015 vs Ⅱ ; cP = 0.004 vs Ⅲ. CI: Confidence intervals; HR: Hazard ratio.
a

diffuse, muconodular, ordinary mucinous, invasive mucinous and anaplastic), and a κ of 0.79 agreement for the
three histotype-based grades (low, intermediate and high).
From the previously investigated Pavia series of 294
cases[19], 292 cases (two tumors had to be excluded because there was no remaining tumor tissue) were considered for comparative analysis with the Varese series, as
well as for a joint reinvestigation of both series looking
at mucinous and HLR tumors according to the above criteria. In addition, the prognostic value of the histotypebased grading system was compared with that of the
commonly used Lauren classification[1].
Statistical analysis
Statistical analysis was performed using Stata version 11
(Stata Corporation, College Station, TX, United States).
All tests were two-sided. Categorical variables were described with counts and percentages and compared with
the Fisher exact test. Continuous variables were described
with median and quartiles, and compared with the Kruskal-Wallis test. Death rates per 100 person-years, with 95%
confidence intervals (CIs), and Kaplan-Meier estimates
were computed to describe survival. The Cox model was
used to assess the prognostic role of the considered vari
ables; both univariate and bivariate models (inclusive of
stage) were fitted. The hazard ratio (HR) and 95% CI were
reported. Proportional hazard assumptions were satisfied
in all cases. The Harrell c statistic was computed to assess
model performance (discrimination ability); a value of 0.5
indicating no discrimination and a value of 1 indicating
perfect discrimination.

RESULTS
Characterization of the Varese continuous series
The Varese consecutive, non-selected series of 200 advanced (T2 or above) gastric cancers is described in Table 1
according to stage and patient survival. Compared with the
original Pavia selected series, which also included a substantial number (44 cases) of deeply submucosal (penetrating T1b) tumors, the present series showed more advanced
tumors (Stages Ⅲ + Ⅳ: 49.5% vs 39% of the original
series; Stage Ⅱ: 30.5% vs 25%). A clear step-wise, stagedependent behavior emerges from the survival analysis.
Of the 200 tumors, 44 (22%) had low-grade, 14 (7%)
high-grade and 142 (71%) intermediate-grade histotypes
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A

B

C

D

E

F

Figure 1 Histological and histochemical aspects of high lymphoid response cancers. A: Lymphoepithelioid pattern of an HLR EBV+ tumor (hematoxylin-eosin,
× 200); B: High intratumor T8 cells infiltration in an HLR EBV-/MSI- case (CD8 immunoperoxidase-hematoxylin, × 200); C: Peritumor dendritic cell rich demarcating band in an HLR MSI-H tumor (CD11c immunoperoxidase-hematoxylin, × 100); in the inset, focal enlargement of image C to show interaction of CD11c-reactive
dendritic cells with unreactive neoplastic cells (× 400); D: HLA-DR reactivity of an HLR MSI-H case (immunoperoxidase-hematoxylin, × 400); E: Low-grade very-welldifferentiated tubular carcinoma (hematoxylin-eosin, × 200); F: Low-grade desmoplastic tumor with spindle neoplastic cells interspersed among fibroblast rich stroma
(CAR5, immunoperoxidase-hematoxylin, × 200).

(Figures 1 and 2). Survival analysis according to histotype-based grade is outlined in Table 2 and Figure 3. The
more favorable behavior of grade 1 compared to grade 2
and of grade 2 compared to grade 3 tumors is evident.
In Table 2, univariate analysis of the Varese series
after reclassification according to Lauren[1] shows a significantly worse prognosis for the diffuse compared to
intestinal and unclassified types [model: χ 2 (2γ) = 8.67,
P = 0.013]. However no significant difference was observed among the same cases in the stage-inclusive bivariate analysis (model: P = 0.341 for Lauren classification),
while no difference was found by either univariate (model:
2
χ (2γ) = 4.87, P = 0.087) or bivariate (model: P = 0.342)
analysis among the 292 tumors in the Pavia series. In
both the Varese and Pavia series, the Harrell’s concor-
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dance (c) test showed a higher efficiency of the histotypebased grading (c = 0.63 and 0.73, respectively) compared
to the Lauren classification (c = 0.57 and 0.55).
Individual histotypes in the three grades are detailed
in Table 3, first column. It appears that, while ordinary
cohesive or diffuse and HLR tumors form a substantial
group, the number of other histotypes is too low to allow
appropriate statistical analysis.
Joint analysis of 492 cases from both Varese and Pavia
series
When corresponding tumors of the two series were analyzed jointly (Table 3), the more favorable behavior of
grade 1 compared to grade 2 tumors and of the latter
compared to grade 3 cases was confirmed. In addition,
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A

B

C

D

Figure 2 Muconodular, well-differentiated tubular, diffuse desmoplastic and high lymphoid response. A: Low-grade muconodular cancer with expansile growth
(hematoxylin-eosin, × 20); in the inset, note tumor cells floating inside mucin, free of contact with stroma (× 400); B: intermediate-grade, locally infiltrative mucinous
cancer (hematoxylin-eosin, × 200); C: massive lymphoinvasion of a high-grade mucinous cancer (podoplanin immunoperoxidase-hematoxylin, × 200); D: Diffuse anaplastic cancer invading the muscularis propria (hematoxylin-eosin, × 200), in the inset the enlargement shows cellular pleomorphism (× 400) .

Table 2 Survival analysis of 200 gastric cancers according to histotype-based grade and according to Lauren classification
Cox survival analysis

P value
Grade
1
2
3
Lauren type1
Intestinal
Diffuse
Unclassified

n (%)

Death rate

95% CI

44 (22)
142 (71)
14 (7)

3.35
17.24
95.66

2.02-5.55
14.16-21.90
54.33-168.45

116 (58)
50 (25)
34 (17)

8.86
21.08
18.4

6.93-11.31
15.20-29.22
12.53-27.03

HR

a

95% CI

Univariate

With stage

1
3.5
9.64

2.02-6.05
4.41-21.06

< 0.001
< 0.001a

0.004
< 0.001b

1
1.71
1.7

1.13-2.57
1.07-2.68

0.011
0.023

0.362
0.165

P = 0.001 vs grade 2; bP = 0.019 vs grade 2. Harrell’s c = 0.63. 1F: Univariate model: χ (2γ) = 8.67, P = 0.013. Harrell's c = 0.57. Stage-inclusive model: P = 0.341 for
Lauren classification. CI: Confidence intervals; HR: Hazard ratio.
2

the resulting number of the rare histotypes was sufficient to allow survival analysis of each histotype. Thus,
the prognostic similarity of types belonging to the same
grade and their significant difference from those of other
grades was assessed.

Grade 1
Grade 2
Grade 3

1.00
0.75
0.50

Reinvestigation of mucinous and high lymphoid
response tumors
It also appears from Table 3 that mucinous neoplasms,
when appropriately reclassified as muconodular, ordinary
mucinous and highly invasive mucinous cancers, may
form three prognostically different histological subsets, as
confirmed by separate Cox univariate and stage-inclusive

0.25
0.00
0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360

t /mo

Figure 3 Kaplan-Meier survival estimate of 200 gastric cancers according
to histotype-based grade.
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Table 3 Survival analysis of 492 tumors (Varese + Pavia series) according to histotype and grade
Cox survival analysis

n (%)
Grade 1
HLR
WD tubular
Lg diff.desm
muconodular
Grade 2
Mucinous ord.
Cohesive ord.
Diffuse ord.
Grade 3
Mucinous Hg.
Anaplastic

P value

Varese series

Joint series

44 (22)
38 (19)
2 (1)
2 (1)
2 (1)
142 (71)
4 (2)
95 (47.5)
43 (21.5)
14 (7)
3 (1.5)
11 (5.5)

132 (26.8)
82 (16.6)
13 (2.6)
17 (3.5)
20 (4.1)
307 (62.4)
10 (2.0)
196 (39.8)
101 (20.6)
53 (10.8)
21 (4.3)
32 (6.5)

Death rate
2.54
3.67
0
1.50
1.67
15.97
11.50
15.28
18.09
108.84
100.0
120.0

95% CI

HR

1.80-3.57
2.50-5.39

1
1

0.48-4.64
0.63-4.44
13.96-18.28
5.16-25.59
12.89-18.11
14.36-22.79
82.02-144.43
64.07-160.0
80.01-170.0

1

0.43
0.51
4.91
2.16
3.43
3.96
18.47
11.54
14.11

95% CI

Univariate

With stage

0.13-1.42
0.18-1.46
3.40-7.11
0.89-5.24
2.25-5.23
2.53-6.22
11.56-29.50
6.32-21.48
8.17-24.39

0.167
0.211
< 0.001
0.090a
< 0.001
< 0.001
< 0.001c
< 0.001
< 0.001

0.109
0.271
< 0.001
0.987b
0.001
< 0.001
< 0.001c
< 0.001
< 0.001

1

For grades, based on grade 1; for histotypes, based on high lymphoid response (HLR) type. aP = 0.005 vs muconodular and P < 0.001 vs mucinous. bP = 0.037
vs muconodular and P < 0.001 vs mucinous. cP < 0.001 vs grade 2. Harrell’s c = 0.69 for the 3 grades and 0.71 for the 9 histotypes. CI: Confidence intervals;
HR: Hazard ratio; WD: Well differentiated; diff.desm: Diffuse desmoplastic; ord.: Ordinary; Hg.: High-grade.

Table 4 Three subtypes of high lymphoid response tumors and comparison with non-high lymphoid
response high-level microsatellite DNA instability cases (Pavia and Varese series)
Cox survival analysis

P value
HLR+
EBV+
MSI-H
EBV-/MSIHLRMSI-H

n (%)

Death rate

95% CI

HR

95% CI

Univariate

With stage

24 (29.6)1
40 (49.4)
17 (21.0)

7.38
3.01
2.27

4.09-13.33
1.67-5.44
0.85-6.06

2.39
1
0.81

1.03-5.53

0.042

0.817

0.26-2.53

0.711

0.393

38 (48.7)2

12.29

8.24-18.33

3.64

1.78-7.47

< 0.001

0.015

1

One EBV+/MSI- case omitted; 2% of all MSI-H cases, HLR+ or -. HLR: High lymphoid response; EBV: Epstein-Barr virus; MSI-H: High-level microsatellite DNA instability.

survival analyses, where ordinary mucinous cancers prov
ed significantly worse than muconodular and better than
highly invasive cancers (Table 3). Significant differences
were also found between the three groups in terms of
TNM stage, T level invasion and lymph node involvement (for all: P < 0.001, Fisher’s exact test) and even diameter (P < 0.001, Kruskal-Wallis test). In contrast, only a
nonsignificant trend (Cox univariate P = 0.126 and stageinclusive P = 0.102) for better survival was noted among
mucinous cancers as a whole; for those with cohesive vs
diffuse or mixed histological patterns.
No survival difference was found between HLR and
the three other low-grade histotypes or, among the HLR
cases, between MSI-H and the EBV-/MSI- subset, while
a trend for worse behavior of the EBV+ compared to the
other subsets was noted by univariate analysis, which disappeared with stage-inclusive bivariate analysis (Table 4).
EBV+ tumors also differed from the other two HLR
subsets in showing significantly higher proportions of
lymphoepithelioid histology (17/24, 71%, vs 5/57, 9%,
P < 0.001, Fisher’s exact test) and median intratumor T8
(107.5 vs 58.5 per HPF, P < 0.001, Kruskal-Wallis test). In
contrast, 40 HLR MSI-H cases obviously showed more
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favorable behavior than their 38 non-HLR MSI-H counterparts (22 cohesive, 10 mucinous, three diffuse and anaplastic cancers), of which six were low-, 24 intermediateand eight high-grade.
The proportion of mucinous neoplasms showing
MSI-H (10/51; 19.6%) did not differ significantly from
that of the whole tumor population (78/492; 15.9%)
while remaining significantly lower than that of HLR
cases (41/81; 50.6%). Notably, the 10 MSI-H cases were
equally distributed among the three grades of mucinous
cancers, being grade 1 [14/20 (20%)], grade 2 [1/10 (10%)],
and grade 3 [5/21 (23.8%)].
For the combined analysis of HLR and HLA-DR sta
tus, 77 of the total 82 HLR tumors from both series had
sufficient histological material left to allow reinvestigation, together with 202 randomly selected non-HLR
tumors representative of all histotypes and stages. HLADR positivity in > 10% of tumor cells was found in
100/279 (35.8%) cases. Positive tumors showed a trend
for lower death rate (5.97, 4.39-8.19 vs 9.41, 7.75-11.44)
and improved survival (HR: 0.63, 0.44-0.91, P = 0.014)
compared with HLA-DR- cases, a behavior probably accounted for by the HLR+/HLA-DR+ subset, in which
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57 tumors showed a significantly lower death rate (3.21,
1.93-5.32 vs 11.84, 8.06-17.39) and better survival (HR:
0.35, 0.18-0.66, P = 0.001) than their HLR-/HLA-DR+
counterparts.

The cause of the T8-cell-rich lymphoid response in
the EBV-/MSI- subset remains to be ascertained. Tumor
cell overexpression of highly antigenic molecules like
HLA-DR, as suggested in the present investigation, or
of mutated p53 protein, as found in a previous study[19],
might be among its driving factors. Whatever its origin,
it should be pointed out that the favorable prognostic
implication of HLR deserves attention in clinical studies
because, besides accounting for the better prognosis of
MSI-H+[5,7,19,26] and HLA-DR+ cancers[24], it might interfere with therapies potentially affecting antitumor immune response[26].
In our cumulative series of 492 tumors, the proportion of mucinous cancers showing high MSI was not
significantly higher than in the remaining neoplasms; a
finding confirming recent observations[22], although at
variance with the behavior of mucinous cancers in the
colon, where they represent in some series a dominant
histotype among MSI-H cases[31,33]. Moreover, the few
MSI+ mucinous cancers that we found in the stomach
lacked an HLR, and failed to show a preferential concentration in the low-grade, muconodular histotype, or evidence for more favorable survival compared to their MSIcounterpart. This further outlines the limited prognostic
value of MSI status in the absence of HLR, at least in the
stomach. It should also be recalled that, at variance with
gut cancers, in other cancers (e.g., breast and lung), MSI
has more often been linked to adverse rather than favorable postoperative survival[25,34].
Several studies have shown that mucinous gastric cancers have a worse prognosis[20-22]. However, it is uncertain
whether a higher stage at diagnosis[23], rather than mucinous type histology, may account for this. In this study
we reinvestigated the issue with the help of an improved
histological classification separating low-grade muconodular tumors from infiltrative mucinous cancers, among
which grade 3 cases showing prominent vascular (especially lympho-) invasion were distinguished from grade 2
“ordinary” cases lacking it. Survival analysis showed that
these may represent three prognostically distinct, stageindependent cancer subsets, despite the fact that they
also show highly significant differences in stage and size.
Thus, for the prognostic assessment of mucinous cancers
both stage and histology should be carefully investigated.
In conclusion, our histotype-based grading system for
gastric cancers proved to be an effective tool, at least for
a minority (about 30%) of neoplasms. For the evaluation
of grade 2 ordinary cancers, which form a very large, histologically heterogeneous group with a wide prognostic
spectrum (e.g., a 95% CI 14-187 in our joint series), we
should rely on common histological parameters (invasive
pattern, proliferative rate, structural or cytological atypia,
tumor cell phenotype)[4] or a variety of promising molecular tools[17,18,35], as well as on carefully assessed stage.

DISCUSSION
The present study confirms, in an independent patient
series, the effectiveness of a recently proposed histotypebased grading system for the prognostic evaluation of
gastric cancer[19], despite substantial differences between
the present series and the original one. Indeed, the present series differed in being consecutive rather than selected for uncommon histotypes and in lacking submucosal
(T1b) cancers, while including more advanced cases, diagnosed and operated on about a decade earlier in another
hospital serving a different territory. All these differences
may help to explain the lower prevalence of low-grade
cases (22% vs 31% in the original series), known to be
more frequent in lower stages[19]. This is especially true
for rare histotypes like muconodular[8], VWDT[9,10] or
low-grade diffuse desmoplastic[11] cancers, which were
specifically selected in the original series. However, the
HLR histotype was confirmed to represent a fairly large
(19%) population of low-grade gastric cancers, even after introducing more stringent diagnostic criteria. Thus,
our consecutive Varese Hospital series suggests that only
about 20% of all invasive (T2 or beyond) gastric cancers may be of low-grade, while < 10% may fit into the
high-grade category. However, within these quantitative
limits, the histotype-based three-grade system was confirmed to be highly predictive of patient outcome. This
conclusion seems especially interesting considering the
limited prognostic value of commonly used histological classifications[1-4]. Indeed, in this study the histotypebased classification and grading system showed superior
Harrell’s discriminative power when compared with the
Lauren classification and, unlike the latter, outlined stageindependent prognostic differences.
Reinvestigation of the two series taken together increased the number of rare tumor subsets and allowed
better characterization of their clinicopathological profile,
with special reference to the HLR and mucinous tumors.
The presence of three etiological subtypes among HLR
tumors[19] was also confirmed in the new series. Joint ana
lysis of the 82 HLR cases obtained from the two series
allowed us to confirm the distinct clinicopathological pattern of EBV+ (preferred proximal location in the stomach, higher frequency of lymphoepithelioid pattern, higher intratumor T8 cell counts, and a trend toward worse
survival), as already illustrated in previous studies[6,7,32],
compared to both the MSI-H and the MSI-/EBV- subsets, whose behavior was remarkably similar to each other.
Among MSI-H tumors, the better prognosis of those associated with HLR compared with those lacking this association is of interest, because it suggests that cytotoxic T8
cell response, more than the MSI status itself, is a crucial
factor in defining the behavior of this tumor subset, with
potential implications for appropriate therapy[26].
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Low-dose steroid pretreatment ameliorates the transient
impairment of liver regeneration
Toshihito Shibata, Toru Mizuguchi, Yukio Nakamura, Masaki Kawamoto, Makoto Meguro, Shigenori Ota,
Koichi Hirata, Hidekazu Ooe, Toshihiro Mitaka
RESULTS: The LR after PHA was impaired, with high
serum cytokine/chemokine induction compared to PH,
although the ratio of the residual liver weight to body
weight was not significantly different. Steroid pretreat
ment disturbed LR in the S-PH group. On the other
hand, low-dose steroid pretreatment improved LR and
suppressed tumor necrosis factor (TNF)-α elevation in
the S-PHA group, with recovery of STAT3 DNA-binding
activity. On the other hand, low-dose steroid pretreat
ment improved LR and suppressed TNF-α elevation in
the S-PHA group, with recovery of STAT3 DNA-binding
activity.
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CONCLUSION: LR is disturbed after RF ablation, with
high serum cytokine/chemokine induction. Low-dose
steroid administration can improve LR after RF ablation
with TNF-α suppression.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To determine if liver regeneration (LR) could be dis
turbed following radiofrequency (RF) ablation and whe
ther modification of LR by steroid administration occurs.

Shibata T, Mizuguchi T, Nakamura Y, Kawamoto M, Meguro M,
Ota S, Hirata K, Ooe H, Mitaka T. Low-dose steroid pretreatment
ameliorates the transient impairment of liver regeneration. World J
Gastroenterol 2012; 18(9): 905-914 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v18/i9/905.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i9.905

METHODS: Sham operation, partial hepatectomy (PH),
and partial hepatectomy with radiofrequency ablation
(PHA) were performed on adult Fisher 344 rats. We in
vestigated the recovery of liver volume, DNA synthetic
activities, serum cytokine/chemokine levels and signal
transducers and activators of transcription 3 DNA-bind
ing activities in the nucleus after the operations. Ad
ditionally, the effects of steroid (dexamethasone) pre
treatment in the PH group (S-PH) and the PHA group
(S-PHA) were compared.
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INTRODUCTION
Liver resection is still one of the best curative therapies
for primary or secondary liver tumors in most cases with
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no extrahepatic metastasis[1,2]. Various techniques and devices for liver resection have been employed to improve the
perioperative outcome[3-7], although the clamp-crush technique used by a skilled surgeon still has the most favorable
outcome according to recent systematic reviews[8,9]. Liver
surgeons focus on reducing bleeding during liver resection, which leads to shorter operative time. Heat-assist
devices such as the harmonic scalpel[10], Ligasure[11], salinelinked monopolar cautery[12], microwave coagulator[13], and
radiofrequency (RF) devices[14], can seal vessels and bile
ducts to avoid postoperative bleeding and bile leakage.
Because these heat-assist devices can achieve firm sealing
of vessels and bile ducts, unnecessary ties and clips can be
avoided without any adverse events[15]. Some randomized
trials have indicated the merits and demerits of using heatassist devices[4,7].
The greatest merit is the sealing effect to reduce perioperative morbidity[7,16]. A second merit is enhancement
of the surgical margins of tumors located near the cutting
surface of the liver[17]. On the other hand, a necrotic zone
remains in the cutting surface of the residual liver[14]. Although cryoablation causes lethal systemic responses with
high levels of cytokines[18,19], RF ablation may be safe and
result in only minimal release of soluble factors causing
systemic responses. However, it is not known whether RF
manipulation, and the residual necrotic tissue during liver
resection, is beneficial or harmful to liver regeneration
(LR). In addition, the molecular events of LR after the use
of heating devices for liver resection are also unknown.
LR is regulated by sequential molecular events in which
various humoral factors such as tumor necrosis factor
(TNF)-α and IL-6 prime and facilitate hepatocyte replication[20-22]. Although the humoral factors increase and
influence each step of LR in a very short time[21], each cytokine activates subsequent molecular signals to complete
LR[22]. RF ablation, in particular, excessively increases
plasma cytokines such as TNF-α and IL-6 compared
to simple liver resection[23,24]. Due to superphysiological
stimulation of these cytokines, the heat effect of RF ablation may impair liver regeneration[25]. On the other hand,
fast recovery of liver function in LR after RF ablation has
been reported in major clinical hepatectomy[6]. Therefore,
the exact effect of RF ablation on LR remains unclear.
Steroid administration has been proved to attenuate
surgical stress following liver resection[26,27]. In addition,
steroid pretreatment has been proved to decrease plasma
cytokine levels and the therapeutic dose of the steroid
does not inhibit hepatocyte proliferation[28]. Although previous investigations showed that steroid treatment could
ameliorate excessive surgical stress of extended hepatectomy[26-28], the exact benefits of steroid administration in
clinical LR are largely unknown. The main aim of this
study was to determine whether liver regeneration could
be disturbed following RF ablation. The second was to
determine the effect of steroid pretreatment on LR after
RF ablation.

stitutional and National Research Council guidelines for
humane care of laboratory animals.
Animals
Adult female Fisher 344 rats (250-350 g) were obtained
from Charles River Japan (Kanagawa, Japan). They were
housed in a climate-controlled (21 ℃) room under a 12���
h
��
light-dark cycle and were given tap water and standard
laboratory chow. All operations were performed between
9:00 a.m. and noon under general (ether) anesthesia using
a sterile surgical technique.
Surgical animal models
Sham hepatectomy: The sham hepatectomy consisted
of laparotomy and mobilization of the liver.
Partial hepatectomy: The two anterior liver lobes were
removed as previously described[29,30]. In this model, re
moval of the two anterior lobes (68% of the liver) is
known to induce the optimal proliferative response in the
remnant liver mass.
Partial hepatectomy with radiofrequency ablation: Preceding partial hepatectomy (PH), the two anterior liver
lobes were ablated with saline-linked electric bipolar forceps (ERBE Elektromedizin GmbH, Tübingen, Germany). After complete ablation of the two anterior lobes, they
were removed the same as PH operation.
Experimental design
Groups of sham hepatectomy (SH), PH, and partial hepatectomy with RF ablation (PHA) rats were euthanized in
batches of six at 1, 3, 5 and 7 d after surgery. A separate
experiment was designed to determine the effect of steroid administration. All animals were pretreated with dexamethasone at 30 min prior to the operation. Groups of
steroid pretreated PH rats (S-PH) and PHA rats (S-PHA)
were euthanized in batches of six at 1 d after surgery. One
hour before euthanasia, 5-bromo-2-deoxyuridine (BrdU)
was injected intraperitoneally (50� mg/kg body weight)[31].
When animals were killed, part of the liver tissue was immediately frozen in liquid nitrogen for molecular analysis
and part of it was dipped into cold ethanol for immunohistochemical study.
Blood chemistry and white blood cell counts
Blood samples were analyzed for activity of alanine transaminase (ALT), aspartate transaminase (AST), total protein levels, and albumin (ALB) in a clinical laboratory.
White blood cells were counted with an autocalculator in
the laboratory.
Multiple cytokine detection
Serum obtained after euthanasia was kept at -80 ℃ until
submission to a company (Upstate United States Inc.,
Charlottesville, VA, United States) for analysis. Briefly,
multianalyte profiling was performed on a Luminex 100
system and the XY Platform (Luminex Corporation,
Austin, TX, United States). Calibration microspheres for

MATERIALS AND METHODS
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Kit (Active Motif, Funakoshi Co., Tokyo, Japan)[32]. Briefly,
10 g/well of the nuclear cell extract from whole liver
tissue (containing an activated transcription factor) was
incubated in a 96-well plate on which double-stranded
oligonucleotides containing the consensus sequence for
the STAT3 DNA-binding site (5’-TTCCCGGAA-3’) were
immobilized. The primary antibody used to detect STAT3
recognized epitopes on both the alpha and beta forms of
STAT3, which are accessible only when STAT3 is activated and bound to its target DNA. After incubation with
horseradish peroxidase, absorbance was recorded at 450
nm using a reference wavelength of 655 nm.

classification and reporter readings as well as sheath fluid
were obtained from Luminex Corporation. Acquired
fluorescence data were analyzed using MASTERPLEXTM
QT (Ver. 1.2; MiraiBio Inc., South San Francisco, CA,
United States). Serum concentrations of TNF-α, IL-6,
IL-10, and monocyte chemoattractant protein-1 (MCP-1)
were measured with an Upstate Beadlyte Mouse Multicytokine Bead master kit (Upstate United States, Inc.)[31]. All
analyses were performed according to the manufacturers’
protocols.
Immunohistochemistry for BrdU and BrdU labeling index
The proliferative activity in the liver after hepatectomy
was determined by measuring incorporation of BrdU as
previously described[31]. Briefly, a mouse anti-BrdU antibody (X 100 dilution: DAKO A/S, Copenhagen, Denmark) was used as the primary antibody, followed by the
ABC method (DAKO Co., Carpinteria, CA). Both labeled
and unlabeled hepatocytes were counted in 20 fields in
three different sections per time point from five different
animals. Data are presented as means + SD from three
independent experiments.

Statistical analysis
The unpaired Student’s t-test, Welch’s t-test or one-way
analysis of variance (ANOVA) was used as appropriate.
Data are given as mean + ���������������������������������
SD�������������������������������
. Statistical analysis was performed using the StatView 5.0 program (SAS Institute,
Cary, NC, United States) and the difference between the
means was considered significant when P < 0.05.

RESULTS

Restitution of liver mass
Growth of the residual liver lobes (right and omental
lobes) was calculated as the ratio of residual liver weight/
body weight (RLW/BW).

All rats tolerated the operative procedures well and recovered uneventfully from anesthesia. Samples were collected immediately after each animal was euthanized.
Liver regeneration after ablation
Although the liver was ablated within a short time and
most necrotic tissue was removed in the PHA group,
postoperative serum AST and ALT levels in this group
at one day after operation were significantly higher than
in the PH group (Table 1). On the other hand, the white
blood cell counts were not significantly different among
the groups (Table 1). Total protein and albumin levels
at two, three, and five days after operation in the PHA
group were significantly lower than in the PH group.
Serum cytokine and chemokine levels are shown in
Figure 1. TNF-α levels in the PHA group at one and
two days after operation were significantly higher than in
the PH group (Figure 1A). IL-6 (Figure 1B) and MCP-1
(Figure 1D) levels in the PHA group at two, three, and
five days after operation were significantly higher than in
the PH group. IL-10 levels in the PHA group at two and
three days after operation were significantly higher than
in the PH group (Figure 1C).
DNA synthetic activity was determined by immunohistochemistry for BrdU (Figure 2A-J) and labeling
indices (LIs) (Figure�����������������������������������
����������������������������������
2���������������������������������
K��������������������������������
). The LI at one day in the PHA
group was significantly lower than in the PH group (12.17
± 3.43 vs 29.02 ± 8.47, P = 0.001). On the other hand,
the LIs at two days and three days after operation in the
PHA group were significantly higher than in the PH
group (15.85 ± 4.18 vs 7.05 ± 1.54��,� P < 0.001, and 12.55
± 3.14 vs 6.03 ± 2.11��,� P = 0.002, respectively). Although
DNA synthetic activities between the groups are significantly different, RLW/BW ratio was not greatly significantly different among the groups (Figure 2����
L���
).
Protein expression of nuclear PCNA and cytosolic

Western blotting analysis
Western blotting analysis was performed using the Invitrogen NuPAGE® electrophoresis system (Invitrogen,
Carlsbad, CA, United States). The samples were homogenized in phosphate buffered saline and kept at -80 ℃ until
use. Briefly, nuclear proteins were extracted using the NEPER® nuclear and cytoplasmic extraction protocol (Pierce
Chemicals, Rockford, IL, United States). A BCA protein
assay kit® (Pierce Chemicals) was used to measure the protein concentrations. Proteins (5 μg/lane) were separated
on NuPAGE 4%-12% Bis-Tris gradient gels (Invitrogen).
The gels were transferred to nitrocellulose membranes
(Amersham Co., Buckinghamshire, United Kingdom)
using an iBlot™ Gel Transfer Device (Invitrogen). Immunodetection of proteins was performed using a WesternBreeze® Chromogenic Immunodetection Kit (Invitrogen).
Mouse monoclonal anti-proliferation cell nuclear antigen
(PCNA) (Dako Co., Carpinteria, CA, United States) and
rabbit polyclonal anti-ALB (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA) were used as the primary antibodies
(1:250). The ECL western blotting analysis system (Amersham Co.) was used to detect signals.
Densitometric analysis
Scanning densitometry was performed using a Macintosh
G4 computer (Apple Computer, Cupertino, CA) and an
EPSON GT-9600 scanner (Seiko Epson, Suwa, Japan).
The signals were quantified using the NIH Image 1.55
Densitometric Analysis Program[30].
STAT3 DNA-binding activation assay
STAT3 activation was quantified using a TransAM™STAT3
WJG|www.wjgnet.com
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Table 1 Alterations of blood cell counts and laboratory tests in partial hepatectomy and partial hepatectomy with radiofrequency
ablation models
3

WBC (× 10 mL)
PH
PHA
P values
TP (g/dL)
PH
PHA
P values
ALB (g/dL)
PH
PHA
P values
AST (U/L)
PH
PHA
P values
ALT (U/L)
PH
PHA
P values

Day 0

Day 1

Day 2

Day 3

Day 5

Day 7

4.95 ± 0.74
5.80 ± 1.09
NS

4.70 ± 0.81
5.70 ± 0.84
NS

6.55 ± 1.26
7.68 ± 1.32
NS

6.15 ± 0.81
6.60 ± 1.49
NS

7.43 ± 0.99
7.65 ± 1.41
NS

5.48 ± 1.14
6.73 ± 0.81
NS

5.55 ± 0.24
5.62 ± 0.17
NS

4.71 ± 0.29
4.43 ± 0.25
NS

4.58 ± 0.09
4.28 ± 0.17
0.022

4.87 ± 0.29
4.05 ± 0.13
0.002

5.18 ± 0.21
4.68 ± 0.24
0.019

5.43 ± 0.34
5.31 ± 0.36
NS

4.10 ± 0.14
4.20 ± 0.18
NS

3.73 ± 0.21
3.55 ± 0.21
NS

3.45 ± 0.13
3.18 ± 0.17
0.042

3.58 ± 0.21
2.85 ± 0.21
0.003

3.80 ± 0.22
3.10 ± 0.22
0.004

4.08 ± 0.15
3.78 ± 0.28
NS

77.3 ± 3.3
79.3 ± 4.6
NS

591.8 ± 111.8
2441.8 ± 501.8
0.001

211.0 ± 23.6
366.5 ± 136.9
NS

126.8 ± 23.7
224.0 ± 110.2
NS

117.3 ± 14.5
163.5 ± 59.2
NS

105.5 ± 13.4
100.8 ± 11.9
NS

48.5 ± 13.4
49.3 ± 9.6
NS

734.3 ± 187.4
1603.3 ± 313.7
0.003

207.8 ± 108.7
503.8 ± 207.8
0.025

71.0 ± 21.1
102.5 ± 23.1
NS

59.3 ± 9.4
66.0 ± 8.9
NS

47.5 ± 13.7
51.3 ± 11.1
NS

One-way analysis of variance was used for statistical analysis and P < 0.05 is considered to be significant. WBC: White blood cell; PH: Partial hepatectomy;
PHA: Partial hepatectomy with radiofrequency ablation; TP: Total protein levels; ALB: Albumin; AST: Aspartate transaminase; ALT: Alanine transaminase;
NS: Not Significant.
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Figure 1 Changes in serum tumor necrosis factor-α (A), IL-6 (B), IL-10 (C), and monocyte chemoattractant protein-1 (D) levels after the operations. aP < 0.05
between groups. TNF-α: Tumor necrosis factor-α; MCP-1: Monocyte chemoattractant protein-1.

albumin is shown in Figure 3A. Densitometric analysis
of the expression of each protein is shown in Figure
3B. The pattern of PCNA expression was similar to the
immunohistochemistry for BrdU and LIs. The peak of
BrdU expression in the PH group was seen at one day
after operation and in the PHA group at two and three

WJG|www.wjgnet.com

days after operation. ALB expression in the PH group
dropped at one and two days after operation and recovered thereafter. In contrast, ALB expression in the PHA
group dropped at three and five days after operation.
STAT3 DNA-binding activity was also consistent with the
results of BrdU, LIs, and PCNA expression (Figure 3C).
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Figure 2 Immunohistochemistry for 5-bromo-2-deoxyuridine in the partial hepatectomy group (A-E) and in the partial hepatectomy with radiofrequency
ablation group (F-J) at 1 d (A and F), 2 d (B and G), 3 d (C and H), 5 d (D and I) and 7 d (E and J) after the operations. K: Comparison of labeling indices in the
partial hepatectomy group and partial hepatectomy with radiofrequency ablation group; L: The ratio of liver weight/body weight shows restitution of the remnant liver.
a
P < 0.05 between groups. LIs: Labeling indices; RLW/BW: Residual liver weight/body weight.

P = 0.001). In contrast, other levels were not significantly
different at any steroid doses (data not shown).
The pattern of PCNA expression in the nucleus (Figure 5A) was similar to that observed in the immunohistochemistry for BrdU and LIs (Figure 4). PCNA expression
in the S-PH group gradually decreased when the steroid
dose was increased. In contrast, that in the S-PHA group
gradually increased when the steroid dose was increased
by 0.04 mg/kg and then it decreased with further dosage.
STAT 3 DNA-binding activities (Figure 5B) were also
consistent with the BrdU staining, LIs and PCNA expression. Only STAT3 DNA-binding activity at 0.002 mg/kg
of steroid was significantly different between the groups
(0.406 ± 0.042 vs 0.298 ± 0.053��,� P = 0.019).

The peak of STAT3 DNA-binding activity in the PH
group was seen at one day after operation and in the PHA
group at two and three days after operation.
Response of liver regeneration after ablation with steroid
administration
We found that LR was disturbed after RF ablation in
hepatectomy, with high cytokine/chemokine induction.
Because steroid treatment could block cytokine elevation after hepatectomy, we tested the effects of S-PH and
S-PHA groups.
Immunohistochemistry values for BrdU (Figure 4A-P)
and LIs (Figure 4������������������������������������������
Q�����������������������������������������
) at 1 d after steroid administration at
different concentrations are shown in Figure 4. BrdU uptake in the S-PH group (Figure 4A-H) gradually decreased
when the steroid dose was increased. In contrast, that in
the S-PHA group (Figure 4I-P) gradually increased when
the steroid dose was increased by 0.04 mg/kg and then it
decreased with further increases in dosage. Although the
LI at 0.002 mg/kg steroid administration in the S-PH group
was significantly higher than in the S-PHA group (29.62
± 8.28 vs 14.87 ± 4.35, P� = 0.003), the LIs at the other
steroid doses were not significantly different between
the groups (Figure 4���������������������������������
Q��������������������������������
). Among the examined cytokines
and chemokines, only the TNF-α level
���������������������
at 0.002 mg/kg
of steroid in the S-PH group (Figure 4R) was significantly
lower than in the S-PHA group (27.5 ± 4.18 vs 46.5 ± 4.18,
WJG|www.wjgnet.com

DISCUSSION
We investigated the influence of RF ablation during hepatectomy on LR. We found that LR after RF ablation was
disturbed, with high serum cytokine/chemokine induction. Low-dose steroid administration nearly restored LR
after RF ablation during hepatectomy, and STAT3 DNAbinding activity supported this finding.
Surgical model to investigate influence of radiofrequency
ablation on liver regeneration
The method of liver resection should take into account
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can be ideal to simulate the human response; however,
they are time consuming and it is difficult to examine the
molecular details compared to murine models. Although
our model did not totally reproduce the human clinical
situation, the postoperative course was very similar, as serum transaminases were strongly elevated at one day after
operation[24]. Furthermore, high serum cytokine levels
after ablation have been reported in human studies[24,36].
These clinical postoperative alterations of laboratory
tests supported the idea that our model could represent
the clinical phenomena of hepatectomy using RF ablation. Therefore, our model was suitable to examine the
thermal effect of RF ablation after hepatectomy.
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Effect of radiofrequency ablation on the liver
Effects of RF ablation on cancer cells in the liver could
modulate the systemic immune responses, including cytokine/chemokine production and the proliferative activity
of the cancer cells[37,38]. Necrotic tissue after RF ablation
could also modulate the systemic immune response to
specific cancer cells[39]. On the other hand, Meredith et al[40]
reported that RF ablation itself did not accelerate tumor
growth. In our study, RF ablation delayed the liver regenerative response, which was consistent with a previous
study[25]. These differently reported proliferative responses may be due to the differences between cancer cells and
normal cells. Other reasons could be differences in the
amount of necrosis and the duration of the ablation. We
could not distinguish between the exact effects of necrosis and ablation, but our results indicated that the heat effect of RF ablation, not necrosis, could delay LR, because
most ablated tissues were removed in both groups, and
the amounts of necrosis in the PH and the PHA groups
were comparable in our model. Serum cytokines such as
IL-6, IL-8, and IL-10 are elevated after RF ablation[24,35,36],
which is also consistent with our results. Therefore, regardless of how much necrotic tissue was removed after
RF ablation, the heat effect during the ablation itself
could activate cytokine/chemokine responses.
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Cytokine/chemokine signals in liver regeneration
LR after RF ablation was delayed without any difference
in the RLW/BW ratio. This indicated that volume recovery after PH did not represent parenchymal cell proliferation itself, which was consistent with a previous report[41].
Delayed LR after RF ablation affected the serum albumin
level. Albumin production was suppressed when hepatocytes began to proliferate[42]. The time lag between DNA
synthesis and the serum albumin level could be due to the
long half-life of serum albumin. Even though there was
no critical event in our model, we need to pay attention
to the albumin level, which could decrease in LR after RF
ablation and be associated with delayed LR in the clinical
setting.
A systemic cytokine/chemokine response was activated by RF ablation even within the short time during
operation. We could not determine the specific cytokine/chemokine that disturbed hepatocyte proliferation.
Excessively high levels of cytokines such as TNF-α and

Figure 3 Proliferation cell nuclear antigen expression in the nuclear protein
and albumin expression in the cytosol after the operations. A: Western blotting analysis for proliferation cell nuclear antigen expression (PCNA); B: Densitometric analysis of each protein signal; C: STAT3 DNA-binding activity in the
nuclear protein after the operations. aP < 0.05 between groups. SH: Sham hepatectomy; PH: Partial hepatectomy; PHA: Partial hepatectomy with radiofrequency
ablation; MW: Molecular weight; C.B.S.: Coomassie blue staining; ALB: Albumin.

both perioperative safety and oncological curability. RF
ablation is one of the less invasive strategies for small
liver tumors[33] and can be used for hemostasis during
liver resection[34]. The one concern is that some necrotic
tissue will remain in the residual liver after RF ablation
and may affect LR. In addition, thermal energy itself during the operation also may affect it. Most investigations
have used large animal models to study the effects of RF
ablation after hepatectomy on humoral and oncological activities[25]. The use of murine models to investigate
RF ablation has been limited[25,35]. Large animal models

WJG|www.wjgnet.com
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Figure 4 Immunohistochemistry for 5-bromo-2-deoxyuridine staining in the partial hepatectomy with dexamethasone pretreatment group (A-H) and partial
hepatectomy after radiofrequency ablation with dexamethasone pretreatment group (I-P) at 1 d after the operations. Animals were pretreated with 0 mg/kg
(A and I), 0.002 mg/kg (B and J), 0.02 mg/kg (C and K), 0.04 mg/kg (D and L), 0.2 mg/kg (E and M), 0.4 mg/kg (F and N), 1 mg/kg (G and O), or 2 mg/kg (H and P)
dexamethasone. Q: The brown nuclei are positive for 5-bromo-2-deoxyuridine. The labeling indices were calculated from 20 fields in three different sections per treatment for five different animals; R: Serum tumor necrosis factor-α levels at 1 d after the operations. The horizontal axis presents each concentration of dexamethasone
pretreatment. aP < 0.05 between groups. S-PH: Steroid pretreatment in the partial hepatectomy group; S-PHA: Steroid pretreatment in the partial hepatectomy after
radiofrequency ablation group; ������������������������
LIs: �������������������
Labeling indices.
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Figure 5 Proliferation cell nuclear antigen expression in the nuclear protein at 1 d after the operations. A: Western blotting analysis for proliferation cell
nuclear antigen (PCNA) expression. Animals were pretreated with various concentrations of dexamethasone 30 min prior to the hepatectomy; B: STAT3 DNA-binding
activity in the nucleus at 1 d after the operations. aP < 0.05 between groups. SH: Sham operation; S-PH: Steroid pretreatment in the partial hepatectomy group; S-PHA:
Steroid pretreatment in the partial hepatectomy after radiofrequency ablation group; MW: Molecular weight.

IL-6 are desensitized from growth stimuli[43], although
knockout murine models targeting TNF-α receptor and
IL-6 genes have demonstrated that these cytokine signals
are necessary to accomplish LR[44,45]. The lack of DNAbinding activity of STAT3 in our results supported the
finding of growth suppression in the PHA group. Even
though the peaks of most cytokine/chemokine levels
in the PHA model were between two days and five days
after operation, DNA synthesis in PHA continued in
these periods. The only distinctive alteration seen was in
the TNF-α level, which gradually decreased. In addition,
steroid pretreatment in the PHA group showed that only
the TNF-α �����������������������������������������
level was different between the PH group
and PHA group at one day after operation. Therefore,
DNA synthesis after RF ablation could be more affected
by TNF-α than
������������������������������������������
by other cytokines/chemokines. Thus,
TNF-α activation should be observed within a short time
after simple hepatectomy[21]. However, it could be prolonged in LR after RF ablation, as shown in our results.
Though we could not determine the mechanism of the
TNF-α activation after RF ablation, our results strongly
suggested that the TNF-α could
������������������������������
play a major role in LR
after RF ablation. Further study is needed to determine
whether TNF-α ���������������������������������������
could be a molecular target to control
LR in the clinical setting.

to complete LR[21]. Our results also showed that cytokine/chemokine levels decreased gradually depending
on steroid administration in the S-PHA group. On the
other hand, steroids can inhibit the DNA synthesis of
hepatocytes directly[42]. The reason why DNA synthesis
recovered after low-dose steroid administration in the
S-PHA group could be related to the balance between
the suppression of excessive cytokine production and
the direct inhibition of DNA synthesis. In other words,
LR after low-dose steroid administration could recover,
escaping from the excessive cytokine production, and be
nearly free from the direct inhibition by the steroid. Our
results indicated the presence of an optimal threshold of
the steroid concentration that facilitated LR when cytokines/chemokines were excessively activated. Therefore,
our results strongly suggest that we need to pay careful
attention to the clinical steroid concentration because the
effects of steroid administration could be altered depending on the clinical condition.
In conclusion, LR was disturbed after RF ablation,
with high serum cytokine/chemokine induction. Lowdose steroid administration could improve LR after RF
ablation with TNF-α suppression. Further clinical study
is needed to confirm that low-dose steroid administration
has a clinical benefit for LR after RF ablation.

Steroid administration and liver regeneration
Steroids have been demonstrated to inhibit LR by inhibiting excessive TNF-α and IL-6 production[46-48], although
moderate stimulation by TNF-α and IL-6 is necessary

WJG|www.wjgnet.com
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Background

Liver resection is still one of the best curative therapies for primary or secondary liver tumors. Various techniques and devices for liver resection have been
employed to improve the perioperative outcome. Radiofrequency (RF) devices
can seal vessels and bile ducts to avoid postoperative bleeding and bile leakage. Although some of its merits have been reported, its demerits are largely
unknown.

8

Research frontiers

9

The greatest merit of a RF device is the sealing effect to reduce perioperative
morbidity. A second merit is enhancement of the surgical margins of tumors
located near the cutting surface of the liver. On the other hand, a necrotic zone
remains in the cutting surface of the residual liver. The research hotspot is
whether RF manipulation, and the residual necrotic tissue during liver resection,
is beneficial or harmful to liver regeneration �����
(����
LR��
)�.

10

Innovations and breakthroughs

11

The present study showed LR after RF ablation delayed the regenerative response with high serum cytokine/chemokine induction, and low-dose steroid
administration could improve LR after RF ablation with TNF-α suppression.
The results indicated that the heat effect of RF ablation, not necrosis, could
delay LR, because most ablated tissues were removed. Serum cytokines such
as IL-6, IL-8, and IL-10 are elevated after RF ablation, which is consistent with
previous studies. Therefore, regardless of how much necrotic tissue was removed after RF ablation, the heat effect during the ablation itself could activate
cytokine/chemokine responses.
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Applications

14

This study provides insights into the mechanism by which RF ablation could activate cytokines/chemokines in LR and found that steroids can be used for controlling LR.����������������������������������������������������������������������
The results strongly suggest that they need to pay careful attention
to the clinical steroid concentration because the effects of steroid administration
could be altered depending on the clinical condition.
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Peer review

The aim of this study focused on liver regeneration after RF ablation is clear
and interesting, and these data may provide a basis for RF ablation studies in
the future. The impact of this study in this field is moderate.
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S100A4 silencing blocks invasive ability of esophageal
squamous cell carcinoma cells
Dong Chen, Xue-Feng Zheng, Ze-You Yang, Dong-Xiao Liu, Guo-You Zhang, Xue-Long Jiao, Hui Zhao
increased cell migration in vitro , whereas knockdown
of S100A4 inhibited cell migration and upregulation
of E-cadherin expression. Moreover, the loss of cell
metastatic potential was rescued by overexpression of
E-cadherin completely. In addition, nude mice inoculated with S100A4 siRNA-transfected cells exhibited a
significantly decreased invasion ability in vivo .
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Abstract
AIM: To investigate a potential role of S100A4 in esophagus squamous cell carcinoma metastasis (ESCCs).
METHODS: Expression of S100A4 and E-cadherin were
analyzed in frozen sections from ESCCs (metastasis,
n = 28; non-metastasis, n = 20) by reverse transcription-polymerase chain reaction, quantitative polymerase
chain reaction and immunohistochemistry. To explore
the influence of S100A4 on esophageal cancer invasion
and metastasis, S100A4 was overexpressed or silenced
by S100A4 siRNA in TE-13 or Eca-109 cells in vitro and
in vivo .

Chen D, Zheng XF, Yang ZY, Liu DX, Zhang GY, Jiao XL, Zhao H.
S100A4 silencing blocks invasive ability of esophageal squamous
cell carcinoma cells. World J Gastroenterol 2012; 18(9): 915-922
Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i9/915.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i9.915

RESULTS: We found the mRNA and protein levels of
S100A4 expression in ESCCs was significantly upregulated, and more importantly, that expression of S100A4
and E cadherin are strongly negatively correlated in
patients who had metastasis. It was indicated that
overexpression of S100A4 in TE-13 and Eca-109 cells
downregulates the expression of E-cadherin, leading to

Despite improvements in detection, surgical resection,
and (neo-) adjuvant therapy, the overall survival for
esophageal squamous cell carcinoma (ESCC), one of the
most aggressive carcinomas of the gastrointestinal tract,
remains lower than that of other solid tumors due to
distant and lymph node metastasis[1]. Therefore, efforts
are ongoing regarding exploration of novel targets and
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strategies for the management of ESCC, and gene targeting therapies in particular are promising. Multiple studies
focusing on the effects of various biological factors on
the malignant potential of ESCC have been conducted[2-4].
One of those factors is E-cadherin as the loss of E-cadherin is an important step in the process of epithelial-tomesenchymal transition (EMT) in cancer[5-8]. In ESCC,
loss of E-cadherin expression is associated with tumor
invasiveness, metastasis and prognosis[2,9,10]. Mechanisms
involved in regulation of E-cadherin in ESCC are likely
complex and poorly understood.
The S100 family of calcium binding proteins has been
shown to be involved in a variety of physiological functions, such as cell proliferation, extracellular signal transduction, intercellular adhesion, and motility as well as
cancer metastasis[11-13]. Of these, S100A4 (mts1, p9Ka,
calvasculin) has been identified as a cytoplasmic protein
in normal cells, which is associated with the actin/myosin
cytoskeleton in fixed cells[14]. Interestingly, elevated levels
of S100A4 are closely associated with the process of metastasis in several human solid cancers including gastric
cancer[15,16], colorectal adenocarcinoma[17,18], and breast cancer[19]. Patients with S100A4 high expression often appear
with advanced stage or lymph node metastasis suggesting
correlation of the S100A4 expression and the invasion or
metastasis of ESCC[20]. In this study, we investigated the
expression of S100A4 and E-cadherin in ESCC patients
and the potential functional relationship in tumor metastasis and proliferation.

with the siRNA plasmids in the presence of Lipofectamine.
Stable transfectants were selected with 300 µg/mL G418.
S100A4 cDNA and E-cadherin cDNA plasmid
construction and transfection
The commercial pMD vector (produced by TAKARA)
and Homo sapiens S100A4 transcript variant 1 DNA ORF
(S100A4 cDNA) and Homo sapiens E-cadherin DNA
ORF Clone (E-cadherin cDNA) were purchased from
Sino Biological Inc. Beijing; The gene sequence is identical
with the Gene Bank Ref. ID sequence: S100A4 cDNA:
NM_002961.2; E-cadherin DNA: NM_004360.3. The
S100A4 cDNA product was then cloned into pMD vector as the manufacture’s instruction. The constructs were
confirmed by DNA sequencing and restriction enzyme
digestion. For transfection studies, EC109 and TE13 cells
were plated at a density of 1 × 106 cells per well in 6-well
plates and incubated for 24 h in complete medium. The
cells were then transfected with S100A4 cDNA (E-cadherin) construct by using an lipofectamine transfection kit
for 48 h. For controls, the same amount of empty vector
was also transfected. Stable transfected TE13 cells (pMDS100A4 cDNA) were selected with 200 µg/mL G418.
Real-time quantitative reverse transcription-polymerase
chain reaction analysis of archival material or TE-13 and
Eca-109 cell lines
Total RNA was extracted from cryostat sections of frozen
tissue or TE-13 and Eca-109 cell lines using Trizol Reagent (Life Technologies, Inc.) according to the manufacturer’s instructions. Real-time quantitative reverse transcription-polymerase chain reaction (Q-PCR) was performed
using the ABI Prism 7 700 Sequence Detection System
(Perkin-Elmer Applied Biosystems). Q-PCR assays were
performed in triplicate, and the mean values were used for
calculations of mRNA expression. Relative levels were determined using the 2 (-ΔΔCt) method[22].

MATERIALS AND METHODS
Cell lines
EC109 and TE13 were kindly provided by Dr. Zhang
(Surgery, the affiliated Hospital of Medical College, Qing
dao University, QingDao, China)[21]. All the cells were
maintained in 50 mL/L CO2 atmosphere at 37 ℃ in RPMI
1640/Ham’s F-12 mixed (1:1) medium containing 100 g/L
fetal bovine serum.

Reverse transcription-polymerase chain reaction analysis
of archival material or TE-13 and Eca-109 cell lines
PCRs were carried out by using forward and reverse pri
mer combinations for S100A4 (forward 5’-TCAGAACTAAAGGAGCTGCTGACC-3’, reverse 5’-TTTCTTCCTGGGCTGCTTATCTGG-3’), E-cadherin (forward 5’
-GGAAGTCAGTTCAGACTCCAGCC-3’, reverse 5’
-AGGCCTTTTGACTGTAATCACACC-3’), GAPDH
(forward 5’-AATCCCATCACCATCTTCCAGGAG-3’, reverse 5’-GCATTGCTGATGATCTTGAGGCTG-3’). The
cDNA was amplified with an initial denaturation at 94 ℃
for 3 min followed by the sequential cycles of denaturation
at 94 ℃ for 50 s, annealing at 55 ℃ for 1 min, and extension at 72 ℃ for 1 min for 30 cycles, with final extension at
72 ℃ for 5 min.

Tissue sample collection
A total of 48 cryostat sections of frozen ESCC tissue
were enrolled in this study: 28 with lymph node (n = 25)
or distant metastasis (n = 3) and 20 without metastasis.
These patients did not receive any preoperative adjuvant
radiation or chemotherapy. All research involving human
participants was approved in written form by the patients
studied and the ethics committee at the affiliated hospital
of Tianjin medical university.
Silencing of S100A4
SiRNAs were commercially purchased from Qiagen (Va
lencia, CA). The sequence of selected regions to be targeted
by siRNAs was 5’-AACGAGGTGGACTTCCAAGAG-3’
for S100A4 and 5’-AATTCTCCGAACGTGTCTCG T-3’
for a nonsilencing siRNA (control). siRNA cloning vector
(pGB) was purchased from ABCAM (Shanghai). pGBS100A4 siRNA and controls were constructed according to
the manufacture’s instruction. EC109 cells were transfected
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Western blotting
Whole-cell proteins were isolated, the lysates centrifuged,
and the supernatant collected. 30 µg of total protein
was loaded per well, separated by 7.5% to 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis, and
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transferred to polyvinylidene difluoride membranes at
150 mA for 16 h at 4 ℃ according to the manufacturer’s
instructions. The membranes were blocked and incubated with primary antibodies. Primary antibodies were as
follows: anti-S100A4 (1:200 dilution) and anti-E-cadherin
(1:200 dilution; all from Santa Cruz Biotechnology). The
immunoblots were detected by using an electrochemiluminescence kit (Amasham, Piscataway, NJ) and exposed
to X-OMATAR film.

Table 1 Immunohistochemistry staining of S100A4 and
E-cadherin
Groups

S100A4
Positive Negative

Metastasis
Non-metastasis

28
20

19
7

9
13

E-cadherin

P

value
0.027

Positive Negative
10
12

18
8

P

value
0.036

cDNA), mock transfected and nontransfected TE13 cells
were injected into the pancreas under the envelope near
spleen of nude mice (n = 8 for each variant). Twentyeight days later, the mice were killed following the operation. The number of the seeded tumor naked in the liver
and lung is used for assessment of metastases.

Immunohistochemistry staining
The paraffin-embedded sections were stained with primary anti-S100A4 or anti-Ecadherin (Abcam, Cambridge,
United Kingdom) antibody and horseradish peroxidaselabeled immunoglobulin (Boshide Biotech Co., Ltd, Wuhan, China). Images were obtained at × 200 magnification. Stained slides were scored by 2 blinded, independent observers. The results of the immunohistochemical
stainings were evaluated by the percentage of positively
stained carcinoma cells. Expression of S100A4 was determined as positive when cytoplasmic and/or perinuclear
staining was seen in more than 10% of the tumour cells.
Expression of S100A4 was considered negative when no
cells or less than 10% of the tumour cells were stained.
Expression of E-cadherin was determined as described
in a previous study[23]. Briefly, the tumor cells that stained
as strongly as normal epithelial cells were considered to
be “preserved expression” (positive), and those which
exhibited weaker staining than normal epithelial cells or
showed completely negative staining were considered to
be “reduced expression” (negative).

Statistical analysis
All statistical analyses were performed using SPSS 11.0
software. The results were presented as mean ± SD of
three replicate assays. Differences between various groups
were assessed using ANOVA or Dunnett t-test. P value (of
< 0.05) was considered to indicate statistical significance.

RESULTS
Increased expression of S100A4 and E-cadherin is
associated with lymph node metastasis
Results of immunohistochemistry (IHC) staining showed
that S100A4 was weakly expressed in non-metastasis ESCC,
whereas strongly expressed in metastatic ESCC (Table 1,
P < 0.05). On the contrary, E-cadherin expression was
strongly expressed in non-metastatic ESCC, whereas weak
E-cadherin expression was detectable in metastatic ESCC
(Table 1) Significantly, negative relationship was found
between S100A4 and E-cadherin expression. The Western
blotting, Q-PCR and reverse transcription-polymerase
chain reaction (RT-PCR) analysis has the same results as
IHC analysis. A six representive (5 non-metastatic ESCC
cases and 5 metastatic ESCC cases) western blotting and
RT-PCR results was shown in Figure 1A and B. In the
present study, we also detected the levels of transcripts of
S100A4 mRNA and E-cadherin mRNA in metastasis (M)
tumor samples and non-metastasis tumor (N) samples
(expressed as transcript copy number per 50 mg of messenger RNA and standardized with β-actin; Figure 1C and
D). We found that transcript copy numbers for S100A4
were 46.3 ± 9.4 for M tumor and 10.5 ± 3.6 for N tumor
(P = 0.036); for E-cadherin, they were 13.62 ± 2.3 for
M tumor and 40.17 ± 3.91 for N tumor (P = 0.018); A
significant negative relationship was observed between
S100A4 mRNA and E-cadherin expression (P = 0.034).
These results above indicates that ESCC metastasis is associated with significantly decreased expression of E-cadherin and increased S100A4 expression.

Cell invasion assays
Cell invasion assays were performed using 8-µm pore size
Transwell Biocoat Control inserts (Becton Dickinson). In
brief, 1 × 104 cells were seeded on a transwell containing
numbers of 8-µm pores for invasion assay. The chamers were put into the incubator at 37 ℃, 50 mL/L CO2.
Cells on the top surface of the transwell were removed
by scrubbing 24 h after incubation. The cells were fixed
by 950 mL/L ethanol, and stained in 30 min by 1 mL/L
crystal violet. We counted the number of transmembrane cells under an optical microscope, chose five high
power fields by random, and chected each field of vision
to evaluate the invasion and metastasis of tumor cells
in vitro. Such invaded cells were counted and compared
among groups. Individual experiments were done in duplicate and repeated four times.
Invasion study in vivo
All animals were maintained in a sterile environment and
cared for within the laboratory animal regulations of the
Ministry of Science and Technology of the People’s Republic of China (http://www.most.gov.cn/kytj/kytjzcwj/200411). Full details of the study approval by the ethics committee at the affiliated hospital of Tianjin medical university. After growth to subconfluency, transfected
(pMD-S100A4 siRNA or mock siRNA) and nontransfected
Eca-109 cells, stable transfected TE13 cells (pMD-S100A4
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S100A4 and E-cadherin expression in EC109 and TE13
cell lines
Western blotting (Figure 2A) and RT-PCR (Figure 2B)
analysis shown the levels of S100A4 were significantly
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A
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RT-PCR
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RT-PCR
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E-cadherin
E-cadherin
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Non-metastasis

P < 0.05

E-cadherin
RNA copy/50 mg RNA

S100A4
RNA copy/50 mg RNA

E-cadherin

E-cadherin

a

Metastasis

Western-blotting
7 8 9 10
S100A4

D

P < 0.05
60
50
40
30
20
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0

6

S100A4
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C
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b
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Figure 1 S100A4 and E-cadherin expression in metastasis and non-metastasis tissue. A: The representive reverse transcription-polymerase chain reaction (RTPCR) and Western blotting results for S100A4 and E-cadherin in metastasis tissue; B: The representive RT-PCR and Western blotting results for S100A4 and E-cadherin
in non-metastasis tissue; C and D: Levels of transcripts of S100A4 and E-cadherin in M tumor samples in comparison to N tumor (expressed as transcript copynumber per 50 mg of messenger RNA and standardized with β-actin). The intensity of each band relative to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(α-tubulin) band was represented as the mean ± SD, aP < 0.05 vs metastasis group and bP < 0.05 vs non-metastasis group.

A

EC-109

logical function is hardly known. Many studys found
that S100A4-induced invasiveness in malignant tumor
cells is caused or partially caused by down-regulation of
E-cadherin[24-29]. Kwak et al[30] has reported there was no
significant association between S100A4 and clinicopa
thological parameters such as tumor differentiation or
TNM stage, and also no correlation between the reactivity and E-cadherin. In the present study, we found that
knockdown of S100A4 inhibited invasion in EC109 cells,
followed by increased E-cadherin expression in EC109
cells. As shown in Figure 3A, suppression of the S100A4
caused a over 60% reduction (P < 0.05) in the number
of cells that traversed the membrane versus nonsilencing
control or mock control in EC109 cells. Western blotting, RT-PCR and Q-PCR analysis shown E-cadherin
mRNA and protein expression was upregulated when the
S100A4 expression was knockdown (Figure 3B). When
the stable transfectants (S100A4 siRNA) were transfected
with S100A4 cDNA for 48h, S100A4 expression was
observed to be very high 48 h after transfection (data
not shown) to restore the expression of S100A4 in the
stable transfected EC109 cells, only to find significantly
increased invasion ability in EC109 cells (Figure 3A) followed by the downregulation of E-cadherin expression
(Figure 3C). These data suggest that knockdown of
S100A4 suppressed the invasion ability of human EC109
cells by upregulation of E-cadherin expression.

TE-13

S100A4

E-cadherin
b-actin

RNA copy/50 mg RNA

B

70
60
50
40
30
20
10
0

EC-109
TE-13

S100A4

E-cadherin

Figure 2 Analysis for S100A4 and E-cadherin in EC109 and TE13 cell lines.
A: Western blotting analysis for S100A4 and E-cadherin in EC109 and TE13
cell lines; B: Reverse transcription-polymerase chain reaction analysis for
S100A4 and E-cadherin in EC109 and TE13 cell lines. The levels of S100A4
were significantly higher in EC109 cells than that of in TE13 cells, and the levels
of E-cadherin were significantly lower in EC109 cells than that of in TE13 cells.

higher in EC109 cells than that of in TE13 cells, and the
levels of E-cadherin were significantly lower in EC109
cells than that of in TE13 cells. IHC analysis shown the
same result as Western blotting and RT-PCR (data not
shown).

Overexpression of S100A4 promotes invasion in TE-13
cell by downregulation of E-cadherin
TE-13 cells stablely transfected with pMD-S100A4 cDNA
plasmid displayed a significantly increased S100A4 expression as compared with vector control. The overexpression of S100A4 was confirmed by performing Western

Knockdown of S100A4 inhibits invasion in EC109 cell by
upregulation of E-cadherin
S100A4 has been implicated in the malignant phenotype
of tumor cells, including cell motility, however the bio-
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S100A4 protein expression; C: Western blotting analysis for E-cadherin protein
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decreased invasion ability in the TE-13 cells (pMD-S100A4
cDNA plasmid-transfected) (Figure 4A). These data suggest that the S100A4 gene controls the invasion ability of
human TE-13 cells by regulation of E-cadherin. These
data further support our hypothesis that S100A4 confers
the invasive characteristics to cells during human ESCC
development.

40
30
20
0

c

c

10
1

2

3

4

Figure 3 Knockdown of S100A4 inhibits invasive capability of EC109 cells.
A: Transmigration cells of control, mock siRNA, S100A4 siRNA and S100A4
siRNA + S100A4 cDNA cells was calculated from three independent experiments.
The indicated cells (1 × 104) were seeded on 8-mm porous transwell chambers.
After 24 h of plating, transmigration cells were fixed and stained with crystal violet.
Transmigration cells were counted for each of the indicated cells. Columns, mean
number of cells obtained in three independent experiments; bars, SD; aP < 0.05
vs control or mock siRNA group; B: Western blotting, reverse transcription-polymerase chain reaction (RT-PCR) and quantitative real time PCR (Q-PCR) analysis for S100A4 and mRNA and protein expression, bP < 0.05 vs control or mock
siRNA group; C: Western blotting, RT-PCR and Q-PCR analysis for E-cadherin
and mRNA and protein expression. cP < 0.05 vs S100A4 siRNA group. 1: Control;
2: Mock siRNA; 3: S100A4 siRNA; 4: S100A4 siRNA + E-cadherin siRNA.

Effect of S100A4 on metastasis in vivo model
EC109 cells (S100A4 siRNA-transfected) or TE-13 cells
(S100A4 cDNA-transfected) and their control cells were
injected into the pancreas under the envelope near spleen
of nude mice (n = 6 for each variant). Twenty-one days
latter, the mice were killed , autopsy was carried out to remove organs. The number of the seeded tumor naked in
the speen, liver, pancreas and lung is used for assessment
of metastases. Less sleep, liver, pancreas and lung metastasis nodes were found in S100A4 siRNA-transfected
groups. The total nodes in S100A4 siRNA-transfected
groups was significantly fewer than that of in mock siRNA
or control (P < 0.01) (Figure 5A). However, more seeded
nodes were found in S100A4 cDNA transfected groups
than that of in mock cDNA or control groups, although
the difference was not significant (Figure 5B).

blotting analysis (Figure 4B). We analyzed the effect of
S100A4 overexpression on the invasive ability of TE13
cells. As shown in Figure 4A, overexpression of S100A4
significantly increased the number of invasive cells (P <
0.05), followed by the downregulation of E-cadherin
(Figure 4C). However, when the stable transfectants (pMDS100A4 cDNA plasmid) were transfected with pMD-Ecadherin cDNA for 48 h [E-cadherin expression was
observed to be very high 48 h after transfection (data not
shown)] to restore the expression of E-cadherin in the
stable transfected TE-13 cells, only to find significantly

WJG|www.wjgnet.com

DISCUSSION
Metastasis is a complex cascade of events involving a fine
ly tuned interplay between malignant cells and multiple
host factors. The transition from benign tumor growth to
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cells to knockdown of S100A4. After transfection, the invasive ability of EC109 cells decreased dramatically. Our
results were consequent with the resent report[45].
We also observed that S100A4 gene suppression significantly increased the expression of E-cadherin. When
we restored the expression of S100A4 in the stable transfected EC109 cells, only to find significantly increased
invasion ability in EC109 cells followed by the downregulation of E-cadherin expression. To prove that overexpression of S100A4 promotes invasion again, the TE-13
cells (less S100A4 expression) was transfected with S100A4
cDNA, only to find significantly increased the invasion
ability of TE-13 cells, followed by the downregulation of
E-cadherin. However, when the S100A4 cDNA transfected TE13 cells were transfected with E-cadherin cDNA to
restore the expression of E-cadherin in the TE-13 cells,
only to find significantly decreased invasion ability in the
TE-13 cells. These data suggest that the S100A4 gene
controls the invasion ability of ESCC by regulation of
E-cadherin.
In vivo, we found S100A4 knockdown can synergistically reduce the metastatic burden using a EC109 pseudometastatic model in immunodeficient mice, and the
effects reached statistical significance. We also observed
that overexpression of S100A4 increased the metastatic
burden in a TE13 pseudometastatic model.
In summary, we demonstrated that the S100A4 gene
controls invasion ability of human ESCC cells through
the regulation of E-cadherin gene. We suggest that control
of invasion and metastasis through suppression of the
S100A4 gene may contribute to a novel therapeutic approach against ESCC. This approach could be realized
through development of specific S100A4 inhibitors or
use of a gene therapy approach.
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Figure 5 Knockdown of S100A4 inhibits metastasis of xenograft tumors
(n = 6 per group). A: The total metastasis nodes in EC109 tumors (aP < 0.05
vs control or mock siRNA); B: The metastasis nodes in TE13 tumors.

malignancy is manifested by the ability of tumor cells to
traverse tissue barriers and invade surrounding tissues[31].
Among a multitude of factors playing a role, the small
calcium-binding protein S100A4 has been found to add
to the invasive and metastatic capacity of cancer cells[32,33].
Recent studies have shown S100A4 is up-regulated in
many types of epithelial cancers, including esophageal
squamous cell[17-20]. S100A4S plays an important role in
tumor progression and invasion. However, the exact molecular function or mechanism by which S100A4 exerts
its putative metastasis-promoting effects has not been
fully elucidated, and the protein is most likely involved in
several aspects of tumor progression[34,35].
EMT is a crucial process during morphogenesis of
multi-cellular organisms. EMT not only is a normal developmental process but also plays a role in tumor invasion and metastasis[36]. Currently, EMT is thought to be a
key step for cancer metastasis[37]. One of the key features
of EMT is the down-regulation of the expression of
the cell adhesion molecule E-cadherin, a critical event
in tumor invasion. Many reports have found E-cadherin
expression was significantly reduced in ESCCs, and lower
expression of E-cadherin followed by increased lymph
node metastasis and poor procession[2,38-40]. Several studies have recently described a direct interaction and/or reciprocal influence between S100A4 and E-cadherin[24-30].
In the present study, we found that expression of
S100A4 was significantly associated with nodal metastasis
in ESCC. The ESCC tissue with a high S100A4 expression
had a weak E-cadherin expression, and the expression
of S100A4 was significantly associated with decreased
E-cadherin. It is suggestd S100A4 promotes migration
and invasion may correlate with the downregulation of
E-cadherin expression.
Several studies found knockdown of S100A4 inhibits
invasion and proliferation in carcinoma cells, and overexpression of S100A4 promotes invasion and proliferation[41-44]. To test the significance of S100A4 expression
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P < 0.01) and correlated inversely with intestinal permeability (r = -0.72, P = 0.01). High-fat feeding also
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increased jejunal FXR expression, as well as TNF expression along the intestine, especially in the colon.

CONCLUSION: High-fat-feeding increased intestinal
permeability, perhaps by a mechanism related to bile
acid metabolism, namely a decreased proportion of fecal UDCA and increased FXR expression.
© 2012 Baishideng. All rights reserved.
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Abstract

terna and Terapia Medica, UOS Malattie Intestinali Croniche,
Policlinico Messina, 98125 Messina, Italy

AIM: To investigate whether high-fat-feeding is associated with increased intestinal permeability via alterations in bile acid metabolism.

Stenman LK, Holma R, Korpela R. High-fat-induced intestinal
permeability dysfunction associated with altered fecal bile acids. World J Gastroenterol 2012; 18(9): 923-929 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i9/923.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i9.923

METHODS: Male C57Bl/6J mice were fed on a high-fat
(n = 26) or low-fat diet (n = 24) for 15 wk. Intestinal
permeability was measured from duodenum, jejunum,
ileum and colon in an Ussing chamber system using 4
kDa FITC-labeled dextran as an indicator. Fecal bile acids were analyzed with gas chromatography. Segments
of jejunum and colon were analyzed for the expression
of farnesoid X receptor (FXR) and tumor necrosis factor
(TNF).

INTRODUCTION
Intestinal permeability is a term for the paracellular and
transcellular translocation of large molecules foreign to
the body. Paracellular permeability is mediated by tightjunction proteins, which prevent uncontrolled transport
through the epithelium[1]. Deterioration of tight-junction
proteins may permit translocation of bacterial lipopolysaccharides into the serum, i.e., endotoxemia, which may
then cause inflammation. In obesity, low-grade inflammation is a risk factor for type 2 diabetes and cardiovascular
diseases[2,3]. Impaired gut barrier function is related to
several disease states such as steatohepatitis, fatty liver dis-

RESULTS: Intestinal permeability was significantly increased by high-fat feeding in jejunum (median 0.334
for control vs 0.393 for high-fat, P = 0.03) and colon
(0.335 for control vs 0.433 for high-fat, P = 0.01), but
not in duodenum or ileum. The concentration of nearly
all identified bile acids was significantly increased by
high-fat feeding (P < 0.001). The proportion of ursodeoxycholic acid (UDCA) in all bile acids was decreased
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ease and diabetes[4-6]. Furthermore, it may form the link
between obesity and its related disorders[7-12].
High dietary fat content may in part lead to barrier
dysfunction, supported by cross-sectional data indicating that a diet high in energy and fat is associated with
endotoxemia[13]. Dietary fat affects bile acid metabolism,
because the absorption of fat requires an increase in bile
flow. Consequently, a high-fat diet elevates the fecal concentration of bile acids[14,15]. In mice, an orally fed secondary bile acid deoxycholic acid (DCA) induces intestinal
inflammation[16], and in vitro bile acids provoke permeability of intestinal cell monolayers[17,18]. In contrast, the most
hydrophilic bile acid, ursodeoxycholic acid (UDCA), may
counteract increased intestinal permeability[19].
Proteins involved in bile acid absorption are mediated
by the intestinal farnesoid X receptor (FXR), also known
as the bile acid receptor, which is highly expressed in intestinal and liver tissues[20]. Mice deficient in FXR show
compromised barrier function and localization of neutrophils in their intestinal villi[21].
The aim of this study was to investigate whether highfat feeding is associated with increased intestinal permeability via alterations in bile acid metabolism.

to the luminal side to a final concentration of 2.2 mg/mL.
Resistance and short-circuit current were followed for 60
min, after which, serosal fluorescence was detected with
a Wallac Victor2 1420 Multilabel counter (Perkin-Elmer,
Waltham, MA, United States). Intestinal permeability was
determined by comparing serosal fluorescence to luminal
fluorescence as per mille of translocated dextran.
Fecal bile acid analysis
Feces were collected at 13 wk by placing mice individually
in metabolic cages for 24 h. Feed and water was provided
ad libitum. Feces were carefully separated from all other
material and frozen at -20 ℃. Upon analysis, feces of six
mice from each group were dried overnight with nitrogen
and pulverized. Bile acids were extracted and measured by
gas-liquid chromatography according to the method by
Grundy et al[22] in the laboratory of the Hospital District
of Helsinki and Uusimaa. Internal standards were run for
isolithocholic acid, lithocholic acid, epideoxycholic acid,
DCA, chenodeoxycholic acid, cholic acid and UDCA.
Farnesoid X receptor and tumor necrosis factor
expression assays
Segments of jejunum were collected from each mouse,
snap frozen in liquid nitrogen, and stored at -80 ℃. RNA
was extracted with TRI Reagent (RT111; Molecular Research Center, Cincinnati, OH, United States) according
to the manufacturer’s protocol. Tissues were homogenized
with Precellus24 (6500 rpm, 2 × 15 s; Bertin Technologies, Montigny-le-Bretonneux, France). Phase separation
was performed with chloroform (34 854; Sigma-Aldrich,
St Louis, MO, United States), and RNA precipitation
with isopropanol (P/7507/15X, Fisher Scientific, United
States). RNA concentration was measured with NanoDrop
8000 (Thermo Scientific, Waltham, MA, United States),
and converted to cDNA with a SuperScript VILO cDNA
synthesis kit (Applied Biosystems, Carlsbad, CA, United
States) according to the manufacturer’s instructions, using
1 µg RNA in a reaction volume of 20 µL. Reactions for
quantitative real time polymerase chain reaction (qPCR)
were run using TaqMan chemistry (Applied Biosystems)
for FXR (Mm00436420_m1) and tumor necrosis factor
(TNF) (Mm00443258_m1). Gene expression was normalized to beta-actin and beta-glucuronidase. Reactions were
run on a CFX96 real-time PCR detection system (Bio-Rad,
Hercules, CA, United States) in triplicate. Skeletal muscle
was used as a non-expressing negative control. Gene expression was calculated with Bio-Rad CFX Manager software using the normalized expression ΔΔC(t) method.

MATERIALS AND METHODS
Animals
Male C57Bl/6 mice were obtained from Charles River
(Sulzfeld, Germany) and acclimatized for a week prior
to the experiment. At 6 wk of age, they were randomized into two groups equal in weight: High-fat (n = 26;
60E% fat, D12492; Research Diets, New Brunswick, NJ,
United States) and control (n = 24; 10E% fat, D12450B;
Research Diets). Diets were paired for fiber and protein
content. Mice were housed six per cage in a standard animal laboratory with a dark/light cycle of 12/12 h, with
free access to food and water. After 15 wk of feeding,
mice were euthanized with a gas mixture of CO2 (70%)
and O2 (30%) (AGA, Riihimäki, Finland), and cervical
dislocation. Animal experiments were approved by the
National Animal Experiment Board of Finland.
Intestinal permeability measurements
Fresh segments of duodenum, jejunum, ileum and proximal colon were collected in duplicate, opened along the
mesenteric border, pinned onto 0.3 cm2 sliders and mounted into an EasyMount Ussing chamber system with a voltage-clamp apparatus (Physiologic Instruments, San Diego,
CA, United States). Two intestinal segments were collected
in duplicate from each mouse, because only four chambers
were available. Tissues were surrounded by 5 mL Ringer
solution (120 mmol/L NaCl, 5 mmol/L KCl, 25 mmol/L
NaHCO3, 1.8 mmol/L Na2HPO4, 0.2 mmol/L NaH2PO4,
1.25 mmol/L CaCl 2, 1 mmol/L MgSO 4, 10 mmol/L
glucose) on each side. The system was water-jacketed to
37 ℃ and carbonated with a carbogen (95% O2 , 5% CO2;
AGA) gas flow. After an equilibration period of 10 min,
solutions were replaced with fresh Ringer, and 4 kDa
FITC-dextran (TdB Cons, Uppsala, Sweden) was added
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Statistical analysis
Permeability results were statistically analyzed with a MannWhitney U test due to the uneven distribution of values
around the means. In addition to calculating intestinal
permeability for each segment (duodenum, jejunum,
ileum and colon), a value for overall intestinal permeability was calculated for each mouse as an average of the
permeability in its two measured intestinal segments. Bile
acid and gene expression data were analyzed with a t test
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Figure 1 Effect of high-fat-feeding on intestinal permeability. Intestinal permeability in duodenum (A), jejunum (B), ileum (C), and colon (D) of high-fat-fed vs control mice. Permeability was measured in an Ussing chamber. Results are shown as per mille translocated dextran. Box plots show median, upper and lower quartiles,
and Tukey’s whiskers (highest and lowest values, outliers shown as black dots). aP < 0.05 between high-fat and control.
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Figure 2 Stability of Ussing chamber experiments. Short-circuit current (A) and resistance (B) in Ussing chamber experiments. Bars indicate mean and SEM. n =
9-15/group.

P = 0.69, Figure 1). Resistance and short-circuit current
were measured during the Ussing chamber experiments
to monitor tissue viability. The stability of these values
indicates good viability of tissue segments throughout
the experiments (Figure 2).

between control and high-fat groups. As there was a special focus on UDCA, the concentration of this bile acid
relative to total identified bile acids was also calculated.
The gene expression data had a setting of four groups,
characterized by two factors possibly affecting intestinal
FXR and TNF expression: intestinal segment and diet.
The independent effects of these two factors were statistically analyzed with a factorial experiment. Groups
were also compared with each other individually for
both intestinal segments with a t test. Equality of variances was tested with Levene’s test. All statistical analyses
were performed with PASW Statistics version 18.0.2 (IBM,
United States). All data are expressed as mean ± SE unless
otherwise stated.

Fecal bile acids
Feces from high-fat fed mice contained substantially more
bile acids compared to feces from control mice (2.13 ±
0.29 mg/g dry feces vs 0.37 ± 0.03 mg/g dry feces, P <
0.001; Figure 3A). This was reflected as a significantly
elevated concentration of each bile acid (P < 0.01) except
isolithocholic acid (Figure 3B). We were especially interested in the effects of UDCA, which is considered cytoprotective, therefore, we calculated the ratio of UDCA
to total bile acids. The proportion of UDCA in feces of
high-fat-fed mice was nearly halved compared to that in
control mice (1.4% ± 0.1% in high-fat vs 2.8% ± 0.3% in
controls, P < 0.01, Figure 3C). There was also a marked
inverse correlation of overall intestinal permeability to
the proportion of UDCA in total fecal bile acids (r =
-0.72, P = 0.01, n = 11, Figure 4A). The correlation remained significant even after controlling for body weight
(partial correlation r = -0.64, P < 0.05, n = 11). A trend
for a similar association was seen in the subgroups of jejunal and colonic permeability (r = -0.88, P = 0.05, n = 5
for jejunum and r = -0.70, P = 0.12, n = 6 for colon, Fig-

RESULTS
Intestinal permeability
The weight of the high-fat-fed mice was significantly
higher compared to control mice (49.5 ± 0.59 g vs 28.6 ±
0.36 g, P < 0.001). High-fat-feeding increased intestinal
permeability significantly in the jejunum (median 0.334
per mille translocated dextran for control vs 0.393 for
high-fat, P = 0.03) and colon (median 0.335 for control
vs 0.433 for high-fat, P = 0.01), but not in the duodenum
(median 0.359 for control vs 0.360 for high-fat, P = 0.33)
or ileum (median 0.351 for control vs 0.452 for high-fat,
WJG|www.wjgnet.com

925

March 7, 2012|Volume 18|Issue 9|

Stenman LK et al . High-fat-induced intestinal permeability dysfunction

B

Bile acids mg/g dry feces

3000
a

1400
1200
1000
800
600

4

b

250

2000

C

a

Control
Hight-fat

a

200

UDCA of total (%)

A

b

150
1000

100
b

50
0
Control

0

High-fat

l
Iso

i

b

3
2

b

1
0

c
c
lic
lic
lic
lic
lic
oli
oli
ho Cho
ho ocho ycho
ych oxyc
ych
x
h
x
x
t
o
i
o
o
e
L
e
ide
De
od
sod
Ep
en
Ur
Ch

Control

c
tho

High-fat
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ure 4B and C). In addition, we correlated permeability to
the ratio of UDCA to DCA, a cytotoxic bile acid. This
was done to prevent bias by the unmeasured muricholic
acid, which is a primary bile acid present in murine bile[23],
and is left unidentified by methods designed for clinical
use. The relation of UDCA to DCA showed a similar
halved concentration and inverse correlation to permeability (r = -0.70, P = 0.02).

intestinal inflammation was assayed as expression of intes
tinal FXR and TNF in the jejunum and colon. Jejunal
FXR expression was increased 30% by high-fat feeding
(0.74 ± 0.049 for high-fat vs 0.57 ± 0.051 for control, P =
0.03) and colonic TNF expression was doubled (0.82 ±
0.148 for high-fat vs 0.42 ± 0.068 for control, P = 0.02)
but no significant differences were seen in jejunal tumor
necrosis factor (TNF) (P = 0.30) or colonic FXR (P = 0.63,

Intestinal farnesoid X receptor and tumor necrosis
factor expression
The effect of high-fat-feeding on bile acid metabolism and
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r = 0.41
P < 0.01

2

Table 1 Gene expression of farnesoid X receptor and tumor
necrosis factor (mean ± SEM)
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in mice[16], which further supports the hypothesis that inflammation is involved in the pathogenesis of gut barrier
dysfunction. In this study, we observed increased TNF
expression in the intestine. TNF is known to increase
intestinal permeability in vitro[26-29], and anti-TNF antibodies restore barrier function in vivo[30,31]. However, these
data do not permit us to draw conclusions on whether
increased TNF expression, in this study, was a cause or a
secondary event in increased intestinal permeability.
We observed a halved proportion of UDCA in fecal
bile acids of high-fat-fed mice. Moreover, this proportion of UDCA correlated with increased permeability,
even when controlled for body weight. These data suggest
a barrier protective effect for UDCA in our study. Our
results are in agreement with previous reports showing
that, as a hydrophilic bile acid, UDCA does not increase
epithelial permeability in vitro in comparison to other bile
acids[18]. On the contrary, it is capable of counteracting
intestinal barrier dysfunction[19], protecting against chemically induced colitis[19,32,33] and colitis-associated adenocarcinoma[34] in rodents. Its role may be especially relevant
in comparison to DCA, because UDCA protects mitochondria against DCA-induced reactive oxygen species
production[35]. It may thus be suggested that, in addition
to total bile acid concentration, the bile acid profile is
relevant regarding bile-acid-related functions in the intestine.
Intestinal permeability was measured ex vivo with the
Ussing chamber as the translocation of large dextrans.
This direct method is more representative of intestinal
permeability than the often used transepithelial resistance
and tight-junction protein analysis. Furthermore, the
Ussing chamber allows measurement of permeability from
selected tissue segments, unlike direct in vivo methods.
The 4 kDa FITC-dextrans used here are generally
believed to translocate through the paracellular spaces,
although there are no reports to confirm this. Permeability to FITC-dextrans does, however, correlate with a decrease in tight-junction protein expression[10]. It has also
been proposed that translocation of lipopolysaccharides
occurs transcellularly via chylomicrons[36]. The methods
used in the present study do not distinguish between
these two pathways. Their importance in intestinal permeability needs further elucidation.
We evaluated modifications of bile acid metabolism
by analyzing fecal bile acids. It must be noted that fecal
bile acids only reflect alterations of bile acid metabolism,
and this method does not allow us to draw conclusions
about liver bile acid metabolism or bile composition. It is,
however, an estimate of colonic bile acid concentrations.
In conclusion, high-fat feeding increases permeability
in the jejunum and colon, elevates fecal bile acid concentration, and induces intestinal inflammation in mice. Alterations in bile acid homeostasis, namely UDCA synthesis and intestinal FXR expression, may relate to increased
intestinal permeability. Our results show that alterations
in bile acid metabolism may be associated with intestinal
permeability and should be studied as a possible target in
affecting the onset of barrier dysfunction.

Table 1). FXR and TNF expressions did, however, correlate with each other (r = 0.41, P < 0.01, n = 50, Figure 5).
A factorial experiment on the independent effects of
diet and intestinal segment on gene expression revealed
that overall intestinal TNF expression was elevated by
high-fat-feeding (P = 0.02). Moreover, both TNF and
FXR expressions were higher in colon compared to jejunum (P < 0.001 for both).

DISCUSSION
The objective of this study was to see whether intestinal permeability was increased by high-fat-feeding via a
mechanism related to bile acid metabolism. These data
showed that permeability of jejunum and colon in highfat-fed mice was increased. The animals were clearly
obese solely due to dietary fat content (60E%), and not
by genetic modification. Our results on increased permeability are supported by a similar previous study, which
investigated the effects of obesity and a high-fat diet on
rat intestinal permeability[12]. Also a carbohydrate-free
diet containing an extremely high amount of fat (72E%)
increased intestinal permeability in mice[9]. Our 60E%
diet may be considered more physiologically relevant
compared to carbohydrate-free diets. We also took care
to pair the diets in protein and fiber content. Therefore,
the barrier dysfunction in high-fat-feeding was not biased by any fiber-mediated effect. There is no conclusion
on whether gut permeability may be affected by obesity
alone, without modifications in diet composition[7,12].
In the present study, we found that, in addition to
increased fecal bile acid content, high-fat feeding also mo
dulated fecal bile acid profile. Bile acids and bile juice are
known to impair barrier function in enterocyte monolayers in vitro[12,17,18], as well as recovery from tissue damage
ex vivo[24], and are elevated in serum of high-fat-fed rats[12].
Our data indicate that high-fat-feeding modifies gut permeability by a mechanism related to bile acids, as previously hypothesized[12].
This is, to the best of our knowledge, the first study
to show that high-fat-induced intestinal barrier dysfunction is related to increased intestinal FXR expression.
Inagaki et al[21] have shown in a FXR knockout mouse
model that FXR is involved in tight junction integrity. It
is unclear, however, what role FXR plays in the pathogenesis of high-fat-induced barrier dysfunction.
Both fecal bile acids and intestinal TNF expression
were elevated by high-fat-feeding in the present study.
Bile acids are linked to inflammatory pathways, because
DCA is able to stimulate the nuclear factor-κB route[25],
which regulates TNF expression. A correlation between
bile acids and TNF was not observed in our small set of
fecal samples. Intestinal FXR and TNF were, however,
correlated, which may reflect a link between intestinal bile
acid concentration and inflammation. Incubation of jejunum in DCA (0.3 mmol/L) increased prostaglandin E2
in the supernatant, thus indicating a possible role for inflammation in increasing intestinal permeability (data not
shown). Orally fed DCA induces intestinal inflammation
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COMMENTS
Background

Intestinal permeability has recently been linked to type 2 diabetes, steatosis
and steatohepatitis. One proposed cause for increased permeability is a diet
high in fat. A high-fat-diet increases excretion of bile. Secondary bile acids
are known to increase permeability of epithelial monolayers in vitro. However,
physiological concentrations of bile juice obtained from healthy rats have failed
to increase epithelial monolayer permeability. This may be due to the fact that
bile consists of a profile of several bile acids, which differ in cytotoxicity. It has
not yet been addressed whether high-fat feeding alters the profile of fecal bile
acids, and whether this profile plays a role in the onset of barrier dysfunction.

9

10

Research frontiers

Proposed mechanisms for the dietary induction of increased intestinal permeability have mostly been related to alterations in gut microbiota. Only a few
publications have mentioned other luminal factors affecting permeability. The
research hotspot in this field is how diet modifies bile acid metabolism and
leads to increased intestinal permeability.

11

Innovations and breakthroughs

Although bile is considered detrimental to the gut epithelium, physiological concentrations have not increased epithelial monolayer permeability. We show that
not only was bile excretion increased by high-fat feeding, but the profile of fecal
bile acids had become more cytotoxic than in healthy control mice. The proportion of a hydrophilic bile acid, ursodeoxycholic acid (UDCA), was decreased by
high-fat feeding and correlated inversely with intestinal permeability.

12

Applications

13

The prevention of barrier dysfunction may decrease the risk of its associated
diseases. The present results suggest that bile acid metabolism is a potential
target for the prevention of a barrier dysfunction.

Terminology

14

Intestinal permeability refers to how large molecules, such as inflammatory
bacterial components, translocate through the intestinal epithelium into the
circulation. Translocation may be paracellular, through tight-junction proteins,
or transcellular, via chylomicrons. UDCA is a hydrophilic bile acid. Deoxycholic
acid is a secondary bile acid produced from cholic acid by intestinal microbes.

15

Peer review

The authors tested intestinal permeability in an ex vivo model (Ussing chambers; mucosal to serosal flux of FITC-labeled dextran) in mice on a high-fat diet;
moreover, analysis of fecal bile acids and expression of mucosal tumor necrosis
factor and farnesoid X receptor was performed.
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BRIEF ARTICLE

Beneficial effect of sulphate-bicarbonate-calcium water on
gallstone risk and weight control
Stefano Ginanni Corradini, Flaminia Ferri, Michela Mordenti, Luigi Iuliano, Maria Siciliano, Maria Antonella Burza,
Bruno Sordi, Barbara Caciotti, Maria Pacini, Edoardo Poli, Adriano De Santis, Aldo Roda, Carolina Colliva,
Patrizia Simoni, Adolfo Francesco Attili
spepsia and/or constipation underwent a 12 d cycle
of thermal (n = 20) or tap (n = 20) water controlled
drinking. Gallbladder fasting volume at ultrasound,
blood vitamin E, oxysterols (7-b-hydroxycholesterol
and 7-ketocholesterol), bile acid (BA), triglycerides, total/low density lipoprotein and high density lipoprotein
cholesterol were measured at baseline and at the end
of the study. Food consumption, stool frequency and
body weight were recorded daily.
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RESULTS: Blood lipids, oxysterols and vitamin E were
not affected by either thermal or tap water consumption. Fasting gallbladder volume was significantly (P <
0.005) smaller at the end of the study than at baseline
in the TW (15.7 ± 1.1 mL vs 20.1 ± 1.7 mL) but not in
the tap water group (19.0 ± 1.4 mL vs 19.4 ± 1.5 mL).
Total serum BA concentration was significantly (P <
0.05) higher at the end of the study than at baseline
in the TW (5.83 ± 1.24 μmol vs 4.25 ± 1.00 μmol) but
not in the tap water group (3.41 ± 0.46 μmol vs 2.91
± 0.56 μmol). The increased BA concentration after TW
consumption was mainly accounted for by glycochenodeoxycholic acid. The number of pasta (P < 0.001),
meat (P < 0.001) and vegetable (P < 0.005) portions
consumed during the study and of bowel movements
per day (P < 0.05) were significantly higher in the
TW than in the tap water group. Body weight did not
change at the end of the study as compared to baseline in both groups.
CONCLUSION: Sulphate-bicarbonate-calcium water con
sumption has a positive effect on lithogenic risk and intestinal transit and allows maintenance of a stable body
weight despite a high food intake.

Abstract
AIM: To investigate the effect of drinking sulphate-bi
carbonate-calcium thermal water (TW) on risk factors
for atherosclerosis and cholesterol gallstone disease.

© 2012 Baishideng. All rights reserved.

Key words: Thermal water; Gallstones; Oxidative stress;
Body weight; Bile acid

METHODS: Postmenopausal women with functional dy
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tee of the University of Rome Sapienza and informed
written consent was obtained from all patients.
Forty postmenopausal (at least 1 year) women with
functional dyspepsia and/or constipation participated in
this study. Patients were divided into 2 groups: (1) TW
group were 20 patients enrolled by the medical staff of
Chianciano thermal centre (Tuscany, Italy); (2) control
(CTRL) group were 20 patients enrolled by the medical
staff of the Gastroenterology Division of Department
of Clinical Medicine at the Sapienza University (Rome,
Italy). Diagnosis of functional dyspepsia and/or constipation was made based on the Roma Ⅲ criteria[27,28].
Exclusion criteria were a history of liver, pancreatic,
gallbladder (including sonographic evidence of gallstones)
or other gastrointestinal diseases, lipid disorders, diabetes, severe high blood pressure (diastolic > 110 mmHg,
systolic > 180 mmHg), cancer, surgical resection, and
thyroid, neurological, muscular, rheumatological and immunological diseases. Patients were also excluded if they
were heavy drinkers, heavy smokers or habitual drinkers
of more than 3 cups of espresso coffee every day. Individuals enrolled were not receiving estrogen replacement
therapy or any medication known to affect lipid metabolism, and were not taking vitamin, mineral, or phytoestrogen supplements. Participants had not consumed diets
intended to cause weight loss within 1 year of selection.
Between 8 and 9 a.m. on days 1 and 13 after an overnight fast and before drinking water, all enrolled patients
underwent blood sampling and abdominal ultrasonography, and they had daily body weight measurements,
according to international standards, using a digital scale
that was calibrated, having a capacity of up to 150 kg[29].
Patients in the TW group underwent a 12 d cycle of
TW treatment by drinking 500 mL of “Acqua Santa of
Chianciano Terme” sulphate-bicarbonate-calcium water,
at a temperature of 33 ℃, every day in the morning in
the fasted state, over a 30 min period. The control group
drank Rome tap water at a temperature of 10-12 ℃ using
the same schedule. The chemical composition of the “Acqua Santa of Chianciano Terme” sulphate-bicarbonatecalcium water and of the Rome tap water is reported in
Table 1. Each day of the study all patients filled a stool diary[30] and a food and beverage frequency daily diary which
asked for the number of portions consumed for the following items: Pasta, pizza, meat, fish, vegetables, bread,
desserts, soft drinks, fruits, milk, dairy products, legumes
and espresso coffee.

entist Secretary of the Scientific Research Institute of General
Reanimatology, 25-2, Petrovka str., 107031 Moscow, Russia
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INTRODUCTION
Atherosclerosis, colelithiasis and obesity are very frequent
and interrelated diseases among postmenopausal women[1-4].
High serum triglycerides and total/low-density lipoprotein (LDL) cholesterol are important risk factors for
atherosclerosis, heart attack and stroke[5]. Also oxidative
stress, particularly the oxidation of LDL, plays a key
role in atherogenesis due to the production of reactive
oxygen species. New markers based on the detection of
lipid peroxidation products by mass spectroscopy, such as
oxysterols including 7-b-hydroxycholesterol and 7-ketocholesterol, are specific, sensitive and reliable markers of
systemic oxidative stress in vivo[6-8]. In addition, oxysterol
coupled to vitamin E measurement in plasma can be used
for estimating systemic oxidant stress/antioxidant balance[8].
Cholesterol gallstone disease is very common in postmenopausal women, with incidence ranging from 22%
to 30% in Western countries, and this disorder is one of
the most common and costly of all digestive diseases[3].
Cholesterol gallstone pathogenesis is complex and multifactorial, involving genetic defects and environmental
factors[9-11]. Changes in bile acid (BA), cholesterol and
triglyceride metabolism, gallbladder reduced function and
prolonged colonic transit time are critical factors in the
pathogenesis of gallstones[12-15].
Obesity and overweight are risk factors for both atherosclerosis and gallstone disease[16]. Some data suggest
that body weight reduction can be achieved by acceleration of intestinal transit in humans and by BA feeding in
animals[17-21].
Thermal water (TW) consumption has been shown to
ameliorate blood cholesterol patterns and systemic oxidative stress, and reduce oro-fecal transit time and gallbladder fasting volume[22-26]. No data are available on the effect
of TW on BA pool composition and plasma oxysterols.
In the present study, we investigated in postmenopau
sal women the effect of drinking sulphate-bicarbonatecalcium TW on blood cholesterol, triglycerides, oxysterols, vitamin E and BA, and on gallbladder fasting volume,
intestinal transit rate and body weight.

Gallbladder volume and blood analyses
Fasting gallbladder volume was calculated by using the
ellipsoid formula on the average of 2 sonographical gallbladder measurements[31].
Plasma and serum were stored at -80 ℃. Plasma levels
of α-tocopherol were analyzed by high performance liquid chromatography (HPLC), and 7-b-hydroxycholesterol
and 7-ketocholesterol were measured from the same sam
ple by mass spectrometry using an isotope dilution me
thod[8]. Serum triglycerides, total and high-density lipoprotein (HDL) cholesterol were measured by a colorimetric

MATERIALS AND METHODS
Patients
The study protocol was approved by the Ethics Commit-
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ment. The recovery of all BAs ranged from 80% to 96%.
The chromatographic system consisted of a Waters Alliance 2695 HPLC system. The separation was obtained
using a 150 mm × 2.00 mm, 4 μm Phenomenex Sinergy
Hydro-RP C18 column with a mobile phase consisting
of 15 mmol ammonium acetate buffer (pH 5)/acetonitrile. The mobile phase was delivered at a flow rate of
0.150 mL/min, with a total HPLC-electrospray-mass
spectrometry run time of 30 min. Mass spectra were obtained with a Quattro LC mass spectrometer (Micromass,
United Kingdom) equipped with electrospray source. All
BA ions were monitored in a negative mode by the Multiple Reaction Monitoring mode. A seven point calibration curve, ranging from blank to 10 μmol was prepared
by spiking BA-free serum with the analytes for serum
analysis. Quantification of the analytes in the sample was
performed on the peak area, by external calibration. The
inter-assay precision and accuracy were determined by
analyzing three calibration curves with quality control
samples at one-concentration level (1 μmol) on 2 d. The
value for the coefficient of variation (%) near the limit of
detection was 1%-2%.

Table 1 Chemical composition of the sulphate-bicarbonate-calcium thermal water and of the Rome tap water, as consumed
by the thermal water and by the control group, respectively
Thermal water (TW) Tap water (CTRL)
pH
Fixed residue at 180 ℃ (mg/L)
Sulphate (mg/L)
Bicarbonate (mg/L)
Calcium (mg/L)
Magnesium (mg/L)
Sodium (mg/L)
Chloride (mg/L)
Potassium (mg/L)
Fluoride (mg/L)
Bromide (mg/L)
Carbon dioxide (cc/L)
Strontium (mg/L)
Iron (µg/L)
Manganese (µg/L)
Nitrate (mg/L)

6.8
3280
1840
730
840
180
41
29.4
7
2
0.2
537
0.1
0.8
-

7.5
390
15
98
19
5.5
6.5
3
0.2
5
0.3
3.8

TW: Thermal water; CTRL: Control.

Table 2 Demographics and symptoms of the thermal water
and the control group (n = 20)

Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m2)
Diagnosis n (%)
Dyspepsia only
Constipation only
Constipation + dyspepsia

TW

CTRL

P value

64.0 ± 1.4
64.4 ± 2.3
161 ± 0.01
24.9 ± 0.9

61.2 ± 1.8
61.1 ± 1.5
160 ± 0.01
24.0 ± 0.6

NS
NS
NS
NS

12 (60)
6 (30)
2 (10)

12 (60)
5 (25)
3 (15)

NS
NS
NS

Statistical analysis
Analysis of data was carried out using the “Statistical
Package for Social Sciences (SPSS) for Windows (SPSS
version 17.0, Chicago, IL, United States). Data are reported as mean ± SE. Intergroup differences between
categorical variables were estimated by the χ 2 test. The
non-parametric Kolmogorov-Smirnov test was used to
verify the normal distribution of the continuous variables
data set. When the data set was normally distributed, the
Student t test for coupled or uncoupled data was used as
appropriate. When the data set was not normally distributed, the variables were analyzed by the Mann-Whitney
U-test and by the Wilcoxon test as appropriate. A significant level of 0.05 (P < 0.05) was chosen to assess the
statistical significance.

BMI: Body mass index; TW: Thermal water; CTRL: Control; NS: Not significant.

method. LDL cholesterol was calculated according to the
Friedewald Formula[32].
BA standards were obtained from Sigma Aldrich (St.
Louis, United States). Total serum BA concentration
was determined enzymatically by the 3α-hydroxysteroiddehydrogenase assay (Stereognost 3a, Pho, Nycomed,
AS, Torsov, Norway). The qualitative and quantitative BA
composition was assessed by an HPLC-electrospray-mass
spectrometry method, as previously reported with a slight
modification[33]. Isolute C18 cartridges were obtained from
International Sorbent Technology LTD (Hengoed,
United Kingdom). The solid phase extraction cartridge
was conditioned with 5 mL of methyl alcohol and 5 mL
of water prior to the sample loading. Serum samples
were diluted 1:6 (v/v) with 0.1 N solution of NaOH and
heated to 64 ℃ for 30 min. Afterwards, the serum sample
was loaded on the conditioned cartridge and then washed
with 10 mL of water. The cartridge was then eluted with
5 mL of methyl alcohol. The eluate was dried under vacuum and then reconstituted with the mobile phase (70:30
v/v ammonium acetate buffer/acetonitrile) and injected
into the HPLC-electrospray-mass spectrometry instru-
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RESULTS
Patient characteristics at enrollment
No intergroup difference was found in terms of age, wei
ght, height, body mass index (BMI) and diagnosis (Table
2). Eight patients in each group had constipation either
alone or associated with dyspepsia.
Blood cholesterol, triglycerides, oxysterols and vitamin E
As shown in Table 3, we did not find any intergroup (TW
vs CTRL) difference in serum levels of total, HDL and
LDL cholesterol and triglycerides. Plasma 7-b-hydroxycholesterol, 7-ketocholesterol, α-tocopherol, γ-tocopherol
and oxysterol to tocopherol ratio, both at baseline and at
the end of the study, did not differ between the TW and
the CTRL group. In addition, no change in blood lipids
or oxidative stress was found at the end of treatment
with respect to baseline when each group was considered
separately.

932

March 7, 2012|Volume 18|Issue 9|

Ginanni Corradini S et al . Sulphate-bicarbonate-calcium water, gallstones and weight
Table 3 Serum lipids and plasma markers of oxidative stress in the thermal water and in the control groups
TW
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Triglycerides (mg/dL)
7β-HC (ng/mL)
7-KC (ng/mL)
7β-HC + 7-KC (ng/mL)
α-TCP (mg/dL)
γ-TCP (mg/dL)
α-TCP + γ-TCP (mg/dL)
7β-HC + 7-KC/α-TCP + γ-TCP

CTRL

Baseline

End

Baseline

178.7 ± 5.8
62.3 ± 4.7
100.4 ± 8.0
79.9 ± 7.5
51.4 ± 12.3
93.7 ± 32.5
145.1 ± 44.7
1.46 ± 0.1
0.74 ± 0.1
2.20 ± 0.1
71.1 ± 22.6

182.4 ± 6.3
63.7 ± 4.7
101.9 ± 8.7
84.0 ± 10.2
70.5 ± 15.1
103.8 ± 29.1
174.3 ± 43.6
1.43 ± 0.1
0.75 ± 0.1
2.18 ± 0.1
65.7 ± 14.3

181.5 ± 7.6
56.7 ± 5.0
103.6 ± 8.5
106.1 ± 11.4
57.0 ± 8.2
38.6 ± 8.4
95.7 ± 16.2
1.40 ± 0.1
0.67 ± 0.05
2.07 ± 0.1
52.5 ± 9.2

End
177.4 ± 6.5
59.4 ± 6.1
93.9 ± 7.7
120.7 ± 17.9
45.5 ± 8.9
53.1 ± 25.9
98.6 ± 34.5
1.43 ± 0.1
0.79 ± 0.1
2.22 ± 0.1
54.1 ± 21.9

HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 7β-HC: 7-beta-hydroxycholesterol; 7-KC: 7-ketocholesterol; α-TCP:
Alpha-tocopherol; γ-TCP: Gamma-tocopherol; TW: Thermal water; CTRL: Control.

P < 0.005

Fasting gallbladder
volume (mL)

25

± 1.24 μmol vs 4.25 ± 1.00 μmol) but not in the CTRL
group (3.41 ± 0.46 μmol vs 2.91 ± 0.56 μmol).
With regard to the serum BA molecular species, as
shown in Figure 3, no intergroup difference was found
at baseline. At the end of the study however, the TW as
compared to the CTRL group had significantly (P < 0.05)
higher glycochenodeoxycholic acid (GCDCA) (1.41 ±
0.35 μmol vs 0.59 ± 0.07 μmol, respectively), taurocholic
acid (TCA) (0.15 ± 0.04 μmol vs 0.05 ± 0.02 μmol, respectively) and glycocholic acid (GCA) (0.39 ± 0.10 μmol
vs 0.14 ± 0.02 μmol, respectively). No other intergroup
difference was found at the end of the study.
When the BA molecular species serum concentrations
were compared separately in each study group at the end
of the study with regard to baseline, in the TW group the
mean GCDCA concentration at the end of the study was
significantly higher (P < 0.005) than at baseline (1.41 ±
0.85 μmol vs 1.15 ± 0.35 μmol). On the contrary, in the
CTRL group there was a trend (P = 0.062) for a lower
GCDCA concentration at the end with respect to baseline (0.59 ± 0.07 μmol vs 0.75 ± 0.21 μmol). The mean
free cholic acid (CA) concentration was significantly (P <
0.01) higher at the end of the study than at baseline in the
CTRL (0.60 ± 0.14 μmol vs 0.27 ± 0.09 μmol) but not in
the TW group (0.50 ± 0.12 μmol vs 0.42 ± 0.18 μmol).
The mean free deoxycholic acid (DCA) concentration
was significantly (P < 0.05) higher at the end of the study
than at baseline in the CTRL (0.60 ± 0.16 μmol vs 0.45 ±
0.13 μmol) but not in the TW group (1.03 ± 0.44 μmol
vs 0.67 ± 0.16 μmol). The other BA molecular species did
not change at the end as compared to baseline when each
group was considered separately. The sum of free chenodeoxycholic acid (CDCA), GCDCA and taurochenodeoxycholic acid was significantly (P < 0.02) higher at the
end of the study than at baseline in the TW (2.75 ± 0.70
μmol vs 1.95 ± 0.58 μmol) but not in the CTRL group
(1.46 ± 0.20 μmol vs 1.40 ± 0.35 μmol). The sum of CA,
GCA and TCA was significantly (P < 0.05) higher at the
end of the study than at baseline in the CTRL (0.80 ± 0.14
μmol vs 0.52 ± 0.11 μmol) but not in the TW group (1.04
± 0.20 μmol vs 0.81 ± 0.27 μmol).

TW
Control

20
15
10
5
0

Baseline

End

Mean serum total bile
acid concentration (mmol)

Figure 1 Fasting gallbladder volume at baseline and at the end of the study
in the thermal water and in the control group. TW: Thermal water.

7

P < 0.05

TW
Control

6
5
4
3
2
1
0
Baseline

End

Figure 2 Mean serum total bile acid concentration at baseline and at the end
of the study in the thermal water and in the control group. TW: Thermal water.

Gallbladder volume and serum bile acids
As shown in Figure 1, the mean fasting gallbladder volume did not differ between the TW and the CTRL group
both at baseline and at the end of the study. Fasting gallbladder volume was significantly (P < 0.005) smaller at
the end of the study than at baseline in the TW (15.7 ±
1.1 mL vs 20.1 ± 1.7 mL) but not in the CTRL group (19.0
± 1.4 mL vs 19.4 ± 1.5 mL).
As shown in Figure 2, although there was a trend
for higher baseline values in the TW than in the CTRL
group, the mean serum total BA concentration did not
significantly differ between the TW and the CTRL group
both at baseline and at the end of the study. Serum total
BA concentration was significantly (P < 0.05) higher at
the end of the study than at baseline in the TW (5.83
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P < 0.02

3.5
3
2.5
2
1.5
1
0.5
0

TW
Control

B

(mmol)

(mmol)

A

3.5
3
2.5
2
1.5
1
0.5
0

1.2
1
0.8
0.6
0.4
0.2
0

CA + TCA
+ GCA baseline

E

TW
Control

P < 0.05

CA + TCA
+ GCA end

2.5

TW
Control

2
1.5

F

1

1.2
1
0.8
0.6
0.4
0.2
0

TW
Control

P < 0.01

P < 0.05

P < 0.05

CA
baseline

CA
end

TCA
baseline

TCA
end

GCA
baseline

GCA
end
TW
Control

P < 0.05

1.5
1

0.5

0.5

0

0

DCA + TDCA DCA + TDCA +
+ GDCA baseline GDCA end

TCDCA TCDCA GCDCA GCDCA
baseline
end baseline
end

2.5
2

(mmol)

(mmol)

D
(mmol)

(mmol)

C

P < 0.05

CDCA CDCA
baseline end

CDCA + TCA
CDCA + TCDCA
+ GCDCA baseline + GCDCA end

TW
Control

P < 0.005

DCA
baseline

DCA
end

TDCA
baseline

TDCA
end

GDCA
baseline

GDCA
end

Figure 3 Mean serum bile acid molecular species concentration at baseline and at the end of the study in the thermal water and in the control group. A: Total
chenodeoxycholic acid (CDCA); B: Free CDCA, glycochenodeoxycholic acid (GCDCA) and taurochenodeoxycholic acid (TCDCA); C: Total cholic acid (CA); D: Free CA,
glycocholic acid (GCA) and taurocholic acid (TCA); E: Total deoxycholic acid (DCA); F: Free DCA, glycodeoxycholic acid (GDCA) and taurodeoxycholic acid (TDCA).
TW: Thermal water.

dairy product, legume and coffee espresso consumption.
During the study period, the TW group had a significantly (P < 0.05) higher number of bowel movements per
day than the CTRL group (1.077 ± 0.057 vs 0.893 ± 0.055,
respectively). Body weight did not differ between the
TW and the CTRL group both at baseline (64.4 ± 2.4 kg
vs 61.1 ± 1.5 kg, respectively) and at the end of the study
(64.3 ± 2.4 kg vs 61.3 ± 1.4 kg, respectively). In addition,
no change in body weight was found at the end of the
study with respect to baseline when each group was considered separately.

Table 4 Number of food portions consumed by the thermal
water and by the control group subjects during the study period

Pasta
Bread
Pizza
Sweets
Soft drinks
Fruits
Meat
Fish
Milk
Dairy products
Legumes
Vegetables
Coffee

TW

Control

P value

16.40 ± 1.22
4.32 ± 1.40
0.58 ± 0.23
9.57 ± 1.87
4.82 ± 1.40
17.60 ± 1.69
11.52 ± 1.00
4.05 ± 0.75
6.00 ± 1.21
6.32 ± 1.23
0.98 ± 0.36
22.80 ± 2.40
14.08 ± 2.31

8.80 ± 1.05
8.90 ± 1.57
1.01 ± 0.31
7.08 ± 1.02
4.30 ± 1.59
14.59 ± 2.24
5.90 ± 0.51
3.20 ± 0.38
6.89 ± 0.87
4.04 ± 0.50
0.84 ± 0.23
13.51 ± 1.08
13.32 ± 2.41

< 0.001
0.01
NS
NS
NS
NS
< 0.001
NS
NS
NS
NS
0.002
NS

DISCUSSION
The main finding of the present study is that 12 d of
sulphate-bicarbonate-calcium TW, but not tap water,
administration to gallstone-free postmenopausal women
with functional dyspepsia and/or constipation is associated with a reduction of fasting gallbladder volume and
an increase in fasting serum BA concentration, especially
GCDCA. The effects of sulphate-bicarbonate-calcium
TW administration on fasting gallbladder volume and serum BA that we found can be considered protective from
gallstone development. In fact, a relatively high fasting
gallbladder volume, indicative of a gallbladder motility
defect, has been shown to be associated with gallstones.
Conversely, a beneficial effect of preserved gallbladder

TW: Thermal water.

Meal consumption, bowel movements and body weight
As shown in Table 4, the number of pasta (P < 0.001),
meat (P < 0.001) and vegetable (P < 0.005) portions consumed during the study period was significantly higher
by approximately two-fold in the TW than in the CTRL
group, while bread consumption was significantly (P <
0.05) less frequent, being half the amount in the TW than
in the CTRL group. No intergroup difference was found
with regard to pizza, dessert, soft drink, fruit, fish, milk,
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motility on gallstone recurrence has been demonstrated
after extracorporeal shock-wave lithotripsy[14,34-36].
Since CDCA molar percent in serum has been shown
to correlate with that in gallbladder bile, the increased
concentration of serum GCDCA (the major form of
CDCA in humans) that we found after sulphate-bicarbonate-calcium TW administration is likely to reflect bile
enrichment with this BA[37,38]. Although a direct measurement of the qualitative and quantitative BA composition
in bile is the best predictor of gallstone risk, our findings in serum suggest that sulphate-bicarbonate-calcium
TW administration can be considered protective from
gallstone development. In fact, it has been shown that
cholesterol gallstone patients have a lower CDCA and a
higher DCA content in gallbladder bile than gallstonefree controls[39]. In addition, pharmacological CDCA
administration has been used as a litholytic/preventive
treatment against gallstones and ameliorates cholesterol
solubility in BA[40].
The beneficial effect of sulphate-bicarbonate-calcium
TW administration on gallbladder motility has been already demonstrated, but the underlying mechanisms are
not clear[41]. The effect of sulphate-bicarbonate-calcium
TW consumption on the BA pool has never been shown
previously and our present data do not allow the clarification of the mechanisms. In fact, limitations of the
present study are the lack of measurements of intestinal transit time and of BA hepatic synthesis and fecal
losses. However, as indirectly suggested by the higher
frequency of bowel movements that we found in the TW
than in the CTRL group, it can be hypothesized that TW
consumption accelerates intestinal transit. This change in
intestinal transit is in agreement with the increased fecal
scour score described in pigs ingesting a high mineral sulphated water[42] and should be secondary to an osmotic
mechanism, although the warm temperature of the TW
could also play a role[41]. The acceleration of intestinal
transit, as well as the improved gallbladder motility, are
likely to increase the frequency of BA enterohepatic
circulation and fecal losses with a secondary stimulation
of primary BA (especially CDCA) hepatic synthesis. The
increased frequency of BA enterohepatic circulation and
the enrichment of the BA pool with CDCA could then
further accelerate colonic transit. The latter hypothesis is
in agreement with previously published data showing: (1)
a positive correlation between the rate of BA synthesis
and colonic transit (the higher the synthesis the faster colonic transit)[43]; (2) a positive correlation between serum
CDCA and intestinal transit (the higher the concentration
the faster intestinal transit)[14]; and (3) that CDCA administration accelerates colonic transit in healthy volunteers
and in female patients with constipation-predominant
irritable bowel syndrome[43,44]. The second finding of
the present study is that body weight and blood total,
HDL and LDL cholesterol, triglycerides, oxysterols and
vitamin E were not affected by 12 d of either sulphatebicarbonate-calcium or tap water consumption. Interestingly, we found that the TW, as compared to the CTRL
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group, showed a doubling of frequency of pasta, meat
and vegetable consumption during the study period suggesting that drinking sulphate-bicarbonate-calcium TW
allows maintenance of stable body weight and blood cardiovascular risk factors under conditions of overfeeding.
Again, our present study does not allow clarification of
the mechanisms for this unexpected finding. In fact, other than the lack of characterization of BA enterohepatic
circulation, we did not assess gastric emptying and energy
expenditure. However, the increased food intake in our
TW group could be explained by an increased gastrointestinal emptying and more frequent BA enterohepatic
circulation, with GCDCA enrichment. In agreement with
this hypothesis, both the ingestion of a high mineral sulphated water in pigs[42] and the administration of CDCA
in humans have been shown to increase food consumption. Furthermore, the increased serum BA concentration
that we found during sulphate-bicarbonate-calcium TW
consumption could directly avert weight gain, despite
increased food consumption. In fact, serum BAs have
been recognized as important modulators of whole-body
metabolism, by increasing energy expenditure in brown
adipose tissue and in muscles, through promotion of
intracellular thyroid hormone activation secondary to the
activation of the TGR5-signaling pathway[21].
In conclusion, sulphate-bicarbonate-calcium TW consumption in postmenopausal women with functional dyspepsia and/or constipation has a positive effect on the
lithogenic risk and intestinal transit and allows maintenance of a stable body weight despite a high food intake.
Further studies are needed to confirm these effects of
TW in asymptomatic subjects and to prove its potential
benefit in weight loss treatments.

COMMENTS
COMMENTS
Background

Atherosclerosis, gallstones and obesity are very frequent and interrelated diseases, with a very high socioeconomic impact worldwide. High triglycerides,
total/low-density lipoprotein cholesterol and increased oxidative stress in blood
are important risk factors for atherosclerosis and cardiovascular diseases. In
addition to cholesterol and triglyceride metabolism, bile acid (BA) metabolism,
gallbladder motility and intestinal motility are critical factors in the pathogenesis
of gallstones. Obesity and overweight are risk factors for both atherosclerosis
and gallstone disease.

Research frontiers

Thermal water (TW), and especially sulphate-bicarbonate mineral waters, are
used to treat several biliary and digestive tract diseases. In the present study,
The authors investigated the effect of drinking sulphate-bicarbonate-calcium
TW on risk factors for: (1) atherosclerosis (i.e., cholesterol, triglycerides and
markers of oxidative stress in blood); (2) gallstones (i.e., BAs in blood, gallbladder and intestinal motility; and (3) diet and body weight.

Innovations and breakthroughs

TW drinking has been shown to ameliorate intestinal and gallbladder motility
and blood cholesterol and oxidative stress markers. However, in previous studies oxidative stress was evaluated by using methods with poor physiological
significance in vivo. No data are available on the effect of TW on BA metabolism and body weight. In the present study, for the first time we investigated
the effect of drinking sulphate-bicarbonate-calcium TW on BA metabolism and
body weight. In addition, the authors evaluated the effect of drinking sulphatebicarbonate-calcium TW on oxidative stress by measuring sensitive and specific
markers of enhanced oxidant stress in vivo, such as oxysterols, or antioxidant
defense by measuring a-tocopherol.
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Applications

15

The results suggest that sulphate-bicarbonate-calcium water consumption has
a positive effect on the risk of gallstone development and allows maintenance
of a stable atherosclerosis risk and body weight despite a high food intake. This
study might be useful in preparation of preventive strategies for atherosclerosis
and gallstones in overweight and obese subjects.

16

Terminology

17

Oxysterols are oxidation products of cholesterol, and among them 7-b-hydroxycholesterol and 7-ketocholesterol are produced nonenzymatically via a free
radical-mediated mechanism and, thus, are very good markers of oxidant stress
in vivo. BAs are steroid acids found predominantly in the bile and, in lower concentrations, in serum of mammals. Besides their well-established roles in lipid
absorption and homeostasis and cholesterol biliary solubilization, BAs also act
as metabolically active signaling molecules.
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Peer review

The study is of particular interest to those involved in practical medicine. The
authors’ data might be used for the prevention of atherosclerosis development
and gallstone disease in postmenopausal women and probably for the treatment of these diseases.
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at baseline (66.6%) and 14 were unable to accept oral
intake (93.33%), including 7 patients who were using
a feeding tube. Laboratory data showed biliary obstruction in eight cases (53.33%); all were submitted to
biliary drainage. Two patients developed obstructive
symptoms due to tumor ingrowth after 30 d and another due to tumor overgrowth after 180 d. Two cases
of stent migration occurred. A good response to treatment was observed, with a mean time of approximately
1 d (19 h) until toleration of a liquid diet and slightly
more than 2 d for both soft solids (51 h) and a solid
food/normal diet (55 h). The mean time to first failure
to maintain liquid intake (GOOS ≥ 1) was 93 d. During follow-up, the mean time to first failure to maintain
the previously achieved GOOS of 2-3 (solid/semi-solid
food), considered technical failure, was 71 d. On the
basis of oral intake a GOOS is defined: 0 for no oral intake; 1 for liquids only; 2 for soft solids only; 3 for lowresidue or full diet.

Abstract

CONCLUSION: Enteral stenting to alleviate gastroduodenal malignant obstruction improves quality of life
in patients with limited life expectancy, which can be
evaluated by using a GOO scoring system.

AIM: To evaluate the results of duodenal stenting for
palliation of gastroduodenal malignant obstruction by
using a gastric outlet obstruction score (GOOS).

© 2012 Baishideng. All rights reserved.

Key words: Enteral stenting; Gastric outlet obstruction
scoring system; Gastroduodenal malignancy; Self-expan
dable metal stent

METHODS: A prospective, non-randomized study was
performed at a tertiary center between August 2005
and April 2010. Patients were eligible if they had malignant gastric outlet obstruction (GOO) and were not
candidates for surgical treatment. Medical history and
patient demographics were collected at baseline. Scheduled interviews were made on the day of the procedure
and 15, 30, 90 and 180 d later or unscheduled as necessary.
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RESULTS: Fifteen patients (6 male, 9 female; median
age 61 years) with GOO who had undergone duodenal
stenting were evaluated. Ten patients had metastasis
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INTRODUCTION

Table 1 Baseline demographic and clinical features of patients

Gastroduodenal strictures may be caused by malignant
diseases of the stomach, pancreas and duodenum or by
the mass effect of lymphonodal metastasis. Curative resections may not be possible in about 40% of such gastric lesions and in up to 80%-95% of pancreatic lesions,
which makes clear the need to develop alternative means
to achieve palliation and thus a better quality of life[1-3].
The use of self-expandable metal stents (SEMS) for
treatment of gastroduodenal malignancy as a surgical al
ternative for palliation in patients with high morbidity and
limited life expectancy is a feasible, safe and effective me
thod[4-7].
In this study, we aimed to analyze the usefulness of a
gastric outlet obstruction score to assess results of duodenal stenting for palliation of gastroduodenal malignant
obstruction.

Characteristic
Age (yr)
Gender
Weight (kg)
Height (m)
Weight loss (kg)/(mo)
Previous chemotherapy/
radiation therapy
Previous biliary drainage
Only local cancer
Malignancy
Pancreatic adenocarcinoma
Gastric adenocarcinoma
Cholangiocarcinoma
Metastatic disease
Location of the obstruction
Stomach
Bulb
Second and third portion
Tumor extension (cm)
Biliary stenosis

MATERIALS AND METHODS
A prospective, non-randomized study was performed at a
tertiary care center between August 2005 and April 2010.
Patients over 18 years of age were eligible if they had gas
tric outlet obstruction (GOO) and were not candidates
for surgical treatment due to high morbidity of the procedure, refusal or poor nutritional status. The main exclusion criteria were multiple lesions with enteral stenosis,
suspected intestinal ischemia, impossibility of passing a
guide-wire, gastric cancer presenting as linitis plastica, and
contraindication to gastrointestinal endoscopy. All participants signed an informed consent approved by a review
board.
Medical history and patient demographics were collected at baseline, and scheduled interviews were made on
the day of the procedure and 15 d, 30 d, 90 d and 180 d
later or unscheduled as necessary (Table 1). Patients were
withdrawn from the study at the end of 180 d or if death
occurred before that time.
The stent used was an uncovered SEMS with a 27
mm diameter (22 mm at the mid-body) and length of 60,
90 or 120 mm preloaded in a 10 Fr delivery system (Wallflex, Boston Scientific Corporation, MA, United States)
(Figure 1). All of the procedures were conducted under
sedation or general anesthesia, under radiologic guidance
with iodine contrast.

61.33
Male (6)/female (9)
55.93
1.61
14.53/5.40
Yes (5)/no (10)
Yes (8)/no (7)
Yes (5)/no (10)
9
3
1
2
3
7
5
4.93
Bismuth Ⅰ (2)/bismuth Ⅱ and Ⅲ (6)

One patient developed obstructive symptoms after
1 mo of stent placement due to tumor ingrowth, which
was treated by placing another stent inside the original
one, with no recurrence of obstruction. Another patient
developed obstructive symptoms after 6 mo due to tumor overgrowth, but it was not possible either to remove
the stent or to bridge it because of bleeding and friability.
This patient died 9 mo after stent placement.
There were two cases of stent migration. In the first
case the patient had a duodenal metastasis from colonic
cancer and presented obstructive symptoms after 8 d of
stent placement. Two new stents were placed inside the
original one, but the patient died 9 d later. The second
patient was 53 years old with gastric cancer, liver metastasis and poor nutritional status who developed signs of
obstruction within 3 mo after the procedure. Surgical
removal of the migrated stent was done without complications and a surgical bypass was performed owing
to better nutritional status at that time. One patient was
submitted to removal of a foreign body, without complications.
Regarding tolerance to oral diet, a good response to
the treatment was observed, with a mean time of appro
ximately 1 d (19 h) till toleration of a liquid diet and
slightly more than 2 d for soft solids (51 h) and solid
food/normal diet (55 h). These data differ from those of
other studies, which showed a faster acceptance of solid
food after the procedure, with return to solid food on the
same day of the procedure in up to 52% of the cases[8].
During the present study, the prescriptions were made by
the patients’ physicians, mostly surgeons who prescribed
liquids on the first day and, if they had good acceptance,
prescribed solid food on the second day. The first failure to maintain liquid intake (GOOS ≥ 1) occurred at
a mean of 3.1 mo. During follow-up, the first failure to
maintain the previously achieved GOOS of 2-3 (solid/
semi-solid food), considered technical failure, occurred at
a mean of 2.35 mo (Figure 3).

RESULTS
Fifteen patients (6 male, 9 female; median age 61 years)
were submitted to duodenal stenting. The procedure was
carried out under sedation in six cases, and under general
anesthesia in nine patients due to poor clinical status.
Most patients had metastasis at baseline (66.60%) and no
acceptance of oral intake (93.33%), including seven patients who were using a feeding tube. Three patients had
a gastric outlet obstruction score (GOOS) ≥ 1 (Figure 2).
Laboratory data showed biliary obstruction in 8 cases
(53.33%), all of whom were submitted to biliary drainage
(50.00% endoscopic and 50.00% surgical).
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A

B

C

Figure 1 Use of self-expandable metal stents in gastroduodenal malignant disease. A and B: Endoscopic view of deployed self-expandable metal stents (SEMS);
C: Radiologic view of duodenal SEMS.
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Figure 2 Bar graph showing median gastric outlet obstruction scores before the procedure and after 30 d, 60 d, 90 d and 180 d of stenting of the surviving
patients.
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Figure 3 Bar graphs showing the gastric outlet obstruction scores. A: Before stent placement; B: 15 d after stent placement.

semi-solid food. Consequently, there is a high incidence
of poor nutritional status and dehydration, which reduce
the resources that can be used to palliate this scenario[9,10].
Surgical treatment has better results on long-term followup but it cannot be offered, initially, to patients with poor

DISCUSSION
Patients with gastroduodenal malignancies usually have
limited prognosis with low life expectancy and also a
poor quality of life due to inability to swallow at least
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clinical status because of increased morbidity and mortality. Based on the fact that less than 40% of patients
who require palliative care are fit to undergo a surgical procedure, the need to achieve this objective with a
less invasive, safer and effective method has been made
clear[1,8,11]. The application of stents to the gastrointestinal
tract has addressed this need, with attendant advantages
of the surgical procedure although with a lesser longterm patency than desirable, mostly because of growth
of tumoral tissue through the mesh (tumor ingrowth) or
over the stent (tumor overgrowth) leading to recurrence
of obstructive symptoms[7,12,13].
In studies of malignancies it is important to assess
each patient’s quality of life and performance status, and
several scales are used for this purpose such as the World
Health Organization performance status (WHO status),
the standard Short Form-36 questionnaire and the European Organization for Research and Treatment of Cancer scale. In GOO malignancies, however, the ability to
ingest food seems to be the most important factor analyzed in terms of quality of life status, with the GOOS
system being used most frequently for assessment[14]. A
retrospective multicenter study enrolling 62 patients and
using GOOS to evaluate the clinical success of enteral
stenting, stated that all patients had resumed oral intake,
although in 14.5% (n = 9) there was no improvement in
the score. Some patients had a maximum score prior to
stenting, and in all of them relief of symptoms was observed[15].
In a recent prospective study of 101 patients with incurable malignancies of the gastric outlet, three independent predictors of survival were identified: the ability
to maintain self-care (WHO status), pain score, and the
use of morphinomimetics. A 30-d survival rate of below
10% was found for patients who had all three prognostic indicators (WHO status of 3-4, pain score over 83 at
baseline, the use of morphinomimetics stronger than tramadol), suggesting that a less invasive treatment should
be considered for this group[1,15].
Analysis of each individual’s clinical status, associated
diseases, and independent predictors of survival may provide objective data in helping to decide between surgical
or endoscopic palliation. Patients with better prognosis
and greater life expectancy should obtain more benefit
from surgical treatment due to higher long-term patency
rates, and patients with shorter life expectancy might benefit more from endoscopic treatment, enjoying a better
quality of life, a quick return to oral diet, and less morbidity[16-18].
The cost of gastrojejunostomy (GJJ) vs stent placement in GOO was compared in a recent randomized trial
that considered both direct and indirect costs of the 2
treatments. The study concluded that, although GJJ had
a higher total cost, largely due to longer hospital stays,
the difference was small and of lesser importance when
deciding on the kind of treatment[17].
The choice of stent is also very important for achieving lower complication rates and higher patency leading
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to better quality of life. Plastic stents are associated with
higher migration (self-expandable plastic stents) and
perforation (non-expandable plastic stents) than SEMS,
which are used more often[19-21]. Metallic stents may be
covered by a membrane made of various plastic materials (covered SEMS) which provide greater resistance to
tumor ingrowth but they may lose functionality because
of higher migration rates in the colon. Uncovered SEMS
have lower migration rates because they are anchored by
the tumor, but are associated with higher recurrence of
symptoms due to tumor ingrowth; nevertheless, they are
used more often than covered metallic stents in colon
and gastroduodenal malignant obstruction because overall they bring better results[18,21-25].
A recent randomized prospective study comparing
the use of covered SEMS vs uncovered SEMS and enrolling 40 patients with gastric cancer in each group, demonstrated a higher stent migration rate within 8 weeks
of stent placement in the covered SEMS group (25.8%)
than in the uncovered SEMS group (2.8%). At the same
time, the restenosis rate related to tumor ingrowth was
higher in the uncovered SEMS group (25.0%) than in the
covered SEMS (0.0%). In that study a routine endoscopy
was performed independent of obstruction symptoms,
which could explain the higher migration rates[25].
The evaluation of obstructive biliary signs is crucial in
patients with gastroduodenal malignant obstruction because there is an association between them in over 61%
of cases[22,25]. When jaundice is present it is important to
perform imaging exams to determine its cause and help
in its characterization, such as excluding other causes like
liver failure due to metastasis. Obstructive jaundice may
be successfully treated by endoscopic procedures, interventional radiology or surgery with comparable results
but with higher morbidity and longer hospitalization
periods in the case of surgery. Treatment decision should
be made based on the clinical status and tumor staging.
Biliary endoscopic drainage can be accomplished with the
use of plastic or metallic stents, the latter having lower
rates of cholangitis and occlusion and shorter hospitalization stays but being more expensive. Both stents are
equally effective in maintaining patency during the first 3
mo. If the patient has a short life expectancy, then plastic
stents can be used safely and effectively at a lower cost,
but they must be changed every 3 to 6 mo or in suspected
cases of cholangitis[22,25-27].
In conclusion, gastroduodenal malignancies are associated with gastric outlet obstruction symptoms and
consequently with poor quality of life due to incapacity
to swallow solid food, intractable nausea and vomiting,
post-prandial epigastric tenderness and pain, and usually
presenting with poor nutritional and clinical status that
limit the options for treatment[18-20]. It has been shown
that the use of SEMS for gastroduodenal malignancies is
a feasible, safe and effective method, especially in those
patients with limited life expectancy or in more critical
conditions, allowing improvement not only in nutritional
status but also in quality of life. SEMS placement may
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serve as a bridge to definitive surgical treatment in highrisk patients[28,29], as was conducted in one patient in the
present study. We observed a quick return to an oral diet
in our cohort after the procedure, and patency was estimated by the clinical efficacy to maintain an oral diet of
solid/semi-solid food (GOOS ≥ 1), with a mean time to
recurrence of obstructive symptoms of 3.1 mo.
The complications regarding the recurrence of symptoms observed in this study in two cases of stent migration, one case of tumor ingrowth and one of tumor
overgrowth are similar to those reported in other publications and can be treated with a high success rate in most
cases.
The association of GOO symptoms in gastroduodenal malignancies with biliary obstruction was shown in
several published studies; therefore, we performed biliary
stenting in eight of our patients (53.33%) prior to duodenal stenting. During the follow-up, three biliary stents
were changed but there was no need to implant a new
stent. In cases of biliary obstruction after duodenal stenting, biliary stents can be placed through the mesh of the
duodenal SEMS to successfully palliate this condition.
Most published studies regarding endoscopic treatment of gastroduodenal malignancies have included only
a limited number of patients, thus highlighting the need
to perform more comparative studies between this method and surgery and to assess the costs involved.
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Abstract
AIM: To investigate the safety and feasibility of our
original single-incision laparoscopic cholecystectomy
(SILC) for acute inflamed gallbladder (AIG).
METHODS: One hundred and ten consecutive patients
underwent original SILC for gallbladder disease without
any selection criteria and 15 and 11 of these were diagnosed with acute cholecystitis and acute gallstone cholangitis, respectively. A retrospective review was performed not only between SILC for AIG and non-AIG, but
also between SILC for AIG and traditional laparoscopic
cholecystectomy (TLC) for AIG in the same period.

INTRODUCTION
Single-incision laparoscopic cholecystectomy (SILC) has
recently gained popularity, just as laparoscopic cholecy
stectomy (LC) became popular in the early 1990s. Although LC was initially established as the treatment of
choice for symptomatic cholecystolithiasis, LC for acute
inflammation of the gallbladder (AIG), such as that caused
by acute cholecystitis and gallstone cholangitis, was considered to be a contraindication. The complication rate for
LC was believed to be higher than that for AIG. Ultimately, LC was accepted as a safe procedure for AIG, when it
was performed by an expert in laparoscopic techniques[1].
As with LC, SILC for AIG is currently considered to be
a contraindication because of its technical difficulty and
infancy. SILC is developing, and there are a wide variety
of operative techniques. The safety and feasibility of
these operative techniques also varies; some are adequate
for the treatment of AIG, but others are not. In the near

RESULTS: Comparison between SILC for AIG and nonAIG revealed that the operative time was longer in SILC
for AIG (97.5 min vs 85.0 min, P = 0.03). The open
conversion rate (2/26 vs 2/84, P = 0.24) and complication rate (1/26 vs 3/84, P = 1.00) showed no differences, but a need for additional trocars was more frequent
in SILC for AIG (5/24 vs 3/82, P = 0.01). Comparison
between SILC for AIG and TLC for AIG revealed no differences based on statistical analysis.
CONCLUSION: Our original SILC technique was ade
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future, SILC will probably be considered an acceptable
treatment and the standard operative technique for AIG,
effectively eliminating inappropriate operative techniques.
Here, we report our experience with SILC for AIG
and explore the safety and feasibility of our original SILC
technique.

Table 1 Tokyo guideline diagnostic criteria and severity assessment of acute cholecystitis
Diagnosis criteria
A: Local signs of inflammation
Murphy’s sign
Right upper quadrant mass/pain/tenderness
B: Systemic signs of inflammation
Fever
Elevated C-reactive protein
Elevated white blood cell count
C: Imaging findings
Sonographic Murphy sign
Thickened gallbladder wall
Enlarged gallbladder
Pericholecystic fluid collection
Sonolucent layer in the gallbladder wall
Definite diagnosis
One item in A and one in B are positive
C confirms the diagnosis when acute cholecystitis is suspected
clinically1
Severity assessment
Mild (grade Ⅰ)
Acute cholecystitis does not meet the criteria of severe (grade Ⅲ)
or moderate (grade Ⅱ) acute cholecystitis or acute cholecystitis in a
healthy patient with no organ dysfunction and mild inflammatory
changes in the gallbladder, making cholecystectomy a safe and low
risk operative procedure
Moderate (grade Ⅱ)
Elevated WBC count (> 18 000/mm3)
Palpable tender mass in the right upper quadrant
Duration of complains > 72 h2
Marked local inflammation (biliary peritonitis, pericholecystic
abscess, hepatic abscess, gangrenous cholecystitis, emphysematous
cholecystitis)
Severe (grade Ⅲ)
Acute cholecystitis associated with dysfunction of any one of the
following organs/systems
Cardiovascular dysfunction (hypotension requiring treatment with
dopamine ≥ 5 μg/kg per minute, or any dose of dobutamine)
Neurological dysfunction (decreased level of consciousness)
Respiratory dysfunction (PaO2/FiO2 ratio < 300)
Renal dysfunction (oliguria, creatinine > 2.0 mg/dL)
Hepatic dysfunction (PT-INR > 1.5)

MATERIALS AND METHODS
A total of 110 consecutive patients underwent SILC for
gallbladder disease from July 2009 to November 2010,
without any selection criteria. Of these 110 patients, 15
and 11 were diagnosed with acute cholecystitis and acute
gallstone cholangitis, respectively. We performed both
SILC and traditional laparoscopic cholecystectomy (TLC)
during the same period. There were four staff surgeons
in our department, each of whom operated on or supervised the patients, who came to or were referred to their
own outpatient clinics. Two of the four staff surgeons
performed our original SILC technique routinely, and the
other two performed a traditional four-port technique.
All SILC operations were performed by staff surgeons
only. However, several TLC procedures were performed
by young surgical residents under the supervision of a
staff surgeon. A surgical resident was considered eligible
for performing TLC only if he/she had 2-6 years of
experience in general surgery. Staff surgeons performed
TLC in cases with severe inflammation or dense adhesions and in cases in which malignancy was suspected.
There was no predesigned patient selection bias between
the patients in the SILC and TLC groups.
A diagnosis of acute cholecystitis and the presence of
acute cholangitis were determined based on the Tokyo
guidelines and criteria for acute cholecystitis and cholangitis, as follows. Patients exhibiting one of the local signs of
inflammation, such as a Murphy’s sign or a mass, or tenderness in the right upper quadrant, as well as one of the
systemic signs of inflammation, such as fever or elevated
C-reactive protein (CRP) level, were diagnosed as having
acute cholecystitis. Patients in whom suspected clinical
findings were confirmed by diagnostic imaging were also
diagnosed with acute cholecystitis (Table 1)[2]. Patients
were classified as grade Ⅰ (mild), grade Ⅱ (moderate),
or grade Ⅲ (severe), according to the severity grading of
the Tokyo guidelines for acute cholecystitis (Table 1)[2].
Acute cholangitis was diagnosed if the clinical manifestations of Charcot’s triad, namely, fever and/or chills,
abdominal pain (right upper quadrant or epigastric), and
jaundice, were present. When not all components of
the triad were present, then a definite diagnosis could
be made if laboratory and imaging data supported the
evidence of inflammation, and biliary obstruction was
revealed (Table 2)[3]. We diagnosed patients with acute
cholangitis due to gallstones and/or debris with gallstone
cholangitis. Acute cholangitis patients were also classified
as grade Ⅰ, Ⅱ or Ⅲ, according to the severity grading of
the Tokyo guidelines for acute cholangitis (Table 2)[3].
The general policy for acute cholecystitis in our department is delayed surgery following medical treatment,
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1

Acute hepatitis, other acute abdominal disease, and chronic cholecystitis
should be excluded; 2Laparoscopic surgery should be performed within 96 h
of the onset of acute cholecystitis. WBC: White blood cell; PT-INR: Prothrombin time and international normalized ratio.

such as antibiotics or percutaneous cholecystotomy. The
general policy for acute gallbladder cholangitis in our department is delayed surgery following medical treatment,
with endoscopic stone extraction. The timing of surgery
depends upon the extent of inflammation, and we typically perform LC after inflammation has decreased considerably.
The definition of AIG in this study was acute cholecy
stitis, excluding acalculous cholecystitis; acute cholangitis
with gallbladder stones or/and debris; and choledocholithiasis. Even if the patient had concomitant gallstone
pancreatitis, we defined the condition simply as acute
gallstone cholangitis. We defined the operation for AIG
as surgery that was performed within 4 mo of the primary acute inflammation.
We performed magnetic resonance cholangiopancrea-
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or not. These concrete cutoffs were determined to be indicators of severe inflammation according to the Japanese
version of the Tokyo guidelines for acute cholecystitis and
acute cholangitis[4].

Table 2 Tokyo guideline diagnosis criteria and severity assessment of acute cholangitis
Diagnosis criteria (suspected diagnosis and definite diagnosis)
Severity assessment
A: Clinical context and clinical manifestations
History of biliary disease
Fever and/or chills
Jaundice
Abdominal pain (right upper quadrant or upper abdominal)
B: Laboratory data
Evidence of inflammatory response1
Abnormal liver function tests2
C: Imaging findings
Biliary dilation, or evidence of etiology (stricture, stone, stent, etc.)
Two or more items in A
Charcot’s triad (2 + 3 + 4)
Two or more items in A + both items in B + C
Severity assessment
Mild (grade Ⅰ)
Acute cholangitis that responds to initial medical treatment3
Moderate (grade Ⅱ)
Acute cholangitis that does not respond to initial medical treatment
and is not accompanied by organ dysfunction
Severe (grade Ⅲ)
Acute cholangitis that is associated with the onset of dysfunction at
least in any one of the following organs/systems
Cardiovascular system; hypotension requiring dopamine ≥
5 μg/kg per minute, or any dose of dobutamine
Nervous system: disturbance of consciousness
Respiratory system: PaO2/FiO2 ratio < 300
Kidney: serum creatinine > 2.0 mg/dL
Liver: PT-INR > 1.5
Hematological system: platelet count < 100 000/μL

Operative technique of our original single-incision
laparoscopic cholecystectomy
The operative technique and analysis of our original SILC
technique have been described in another study[5]; here,
we describe the procedure briefly as follows. The patients
were placed in a low modified lithotomy position; the operator stood between the legs, the laparoscopist stood on
the left side, and the second assistant stood on the right.
A 10-20-mm skin incision was created by pulling out the
umbilicus. After exposing the fascia, a 5-mm, 95-mmlong trocar was placed using an open approach. Pneumoperitoneum was established, and another 5-mm, 70-mmlong trocar was placed through the same skin incision but
through a separate fascial incision, which was created as
far as possible above the first trocar. The first trocar was
for the 30-degree laparoscope, and the second trocar was
for the grasper and laparoscopic coagulating shears (LCSs).
After inspection of adhesions and the gallbladder, a 2-mm
wire loop retractor (WLR) (Mini Loop Retractor Ⅱ, Covidien, Tokyo, Japan) was inserted from the right subcostal
space, and the body or fundus of the gallbladder was
retracted. The WLR was used as follows: (1) the grasper
was inserted into the wire, and the tissue needing retraction was grasped; and (2) the wire was wrung, and retraction was performed (Figure 1). If the gallbladder was
so distended that it could not be grasped, then bile was
aspirated and decompressed using a 16-gauge needle for
intraoperative cholangiography (IOC). Both the dissection of the adhesions and exposure of the infundibulum
of the gallbladder were performed mainly by LCSs. The
second WLR was then inserted obliquely above the first
to retract the neck of the gallbladder; this WLR was used
as the grasper for retraction in the lateral direction (Figure
2). After visualizing the so-called “critical view of safety,”
we performed routine IOC, using the catheter insertion
technique. Closure of the cystic duct and dissection of
the gallbladder from the liver bed were performed in the
same manner as for TLC. The cystic duct was closed
using a 5-mm laparoscopic clip. The gallbladder was extracted with a specimen bag through the umbilicus. The
final appearances of the umbilical incision and the WLR
insertion site at 3 mo after surgery were virtually scarless.

Compromised patients, for example, elderly (> 75 years old) and patients
with comorbidity, should be monitored closely. 1Abnormal white blood cell
count, increased serum C-reactive protein level, and other changes including
inflammation; 2increased serum alkaline phosphatase, γ-glutamyltransferase,
aspartate aminotransferase and alanine aminotransferase levels; 3general
supportive care and antibiotics. PT-INR: Prothrombin time and international
normalized ratio.

tography for all patients undergoing LC to gain preoperative information about the anatomy of the biliary tree and
the presence of common bile duct stones. Perioperative
patient care was identical between patients undergoing
TLC and SILC.
A retrospective review of prospectively collected data
was performed to investigate the safety and feasibility of
SILC for AIG. We compared multiple variables, not only
between SILC for AIG and SILC for non-AIG, but also
between SILC for AIG and TLC for AIG during the same
period. A comparison between SILC for AIG and SILC
for non-AIG was performed to reveal the influence of
AIG on SILC. In this analysis, operative findings, such as
intra-abdominal adhesion and gallbladder thickening, were
evaluated by the same hepatopancreatobiliary specialist.
Additionally, the comparison between SILC for AIG and
TLC for AIG was performed to reveal the influence of
the operative method of LC on AIG. In the comparison
between SILC for AIG and TLC for AIG, the maximum
white blood cell (WBC) count and CRP level during the
acute inflammatory phase were categorized as follows:
WBC > 14 000/mm3 or not and CRP level > 10 mg/dL

WJG|www.wjgnet.com

Statistical analysis
All statistical analyses were performed with SPSS II for
Windows software (SPSS, Chicago, IL, United States).
Parametric summary statistics are presented as mean ± SD,
whereas nonparametric summary statistics are presented
as medians with interquartile ranges. Categorical data were
analyzed using the χ 2 test or Fisher’s exact test, as appropriate. The two-sample t test was used to test the hypothesis of equality of means, and the Mann-Whitney U test
was used to test the hypothesis of equality of medians. P
< 0.05 was considered statistically significant.
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A

B

C

D

Figure 1 The way to grasp by wire loop retractor. A: Insert the grasper into the loop of wire; B: Grasp the tissue needed for retraction; C: Wring the wire; D: Retract
the same as for the grasper in wire loop retractor.

A

B

Figure 2 External and internal view of our original single-incision laparoscopic cholecystectomy. A: External view of the placement of trocars and wire loop
retractors; B: Internal view of the original technique.

longer in SILC for AIG (97.5 min vs 85 min, P = 0.03).
The open conversion rate (2/26 vs 2/84, P = 0.24) and
complication rate (1/26 vs 3/84, P = 1.00) showed no
significant differences, but a need for additional trocars
was significantly more frequent in SILC for AIG (5/24 vs
3/82, P = 0.01). There were two cases of open conversion in SILC for AIG. The first case involved gangrenous
cholecystitis with a cholecystocholedochal fistula, which
we noticed when we dissected the gallbladder from the
liver bed, and we converted to an open procedure to repair the fistula. This case also suffered wound infection,
which was the only operative complication with SILC
for AIG. The second case involved dense adhesions in
a patient with severe bronchial asthma; in this case, we
converted to laparotomy to shorten the operative time.
Additional trocars were required in five cases of SILC
for AIG; three required an additional 5-mm trocar in the

RESULTS
A total of 110 patients underwent attempted SILC and
191 patients underwent attempted TLC during the same
period. A total of 23.6% (26/110) of SILCs and 28.3%
(54/191) of TLCs were diagnosed and operated on as
AIG. The comparison of the patients’ demographics and
operative outcomes between SILC for AIG and SILC for
non-AIG are shown in Table 3. Patients’ demographics
between SILC for AIG and SILC for non-AIG showed
no significant differences without ASA scores. SILC for
AIG patients included more patients with complicated
backgrounds, but there was only one ASA Ⅲ patient who
had severe systemic disease.
In the operative outcomes, intra-abdominal adhesions
and gallbladder wall thickening were more frequently seen
in SILC for AIG. The operative time was significantly
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Table 3 Comparison of patients’ demographics and operative outcome between dingle-incision laparoscopic cholecystectomy for acute inflamed gallbladder and single-incision laparoscopic cholecystectomy for non-acute inflamed gallbladder
Patient demographics
n
Age (yr) median (range)
Sex (male/female)
BMI median (range)
ASA score Ⅰ/Ⅱ/Ⅲ
Previous upper abdominal surgery (yes/no)
Indication for operation

Operative outcome
Operative time (min)
Median (range)
mean (SD)
Intra-abdominal adhesion
none to mild/moderate/severe
Gallbladder wall thickening
none to mild/moderate/severe
IOC completion1
Conversion to open cholecystectomy
Bile spillage
Use of additional port site
Complication (total)
Wound infection
Bile duct injury

SILC for AIG

SILC for non-AIG

26
61.5 (22-81)
12/14
22.0 (18.4-29.4)
14/11/1
2/24
Acute cholecystitis 15
Acute gallstone cholangitis 11

84
56.5 (31-81)
42/42
22.2 (16.0-30.0)
65/19/0
4/80
Symptomatic gallstone 65
Choledochlithiasis 2
No inflammation 17

P value
0.06
0.82
0.85
0.02
0.63

0.03
97.5 (60-163)
105.7 (31.9)
8/15/3

85 (45-195)
91.0 (29.3)
52/27/15

16/2/8

66/14/4

23/24
2
9
5
1
1
0

81/82
2
15
3
3
2
1

0.02
< 0.01
0.4
0.24
0.1
0.01
1.00

1

Excluded open converted cases. BMI: Body mass index; ASA: American Society of Anesthesiologists; SILC: Single-incision laparoscopic cholecystectomy; AIG: Acute inflamed gallbladder; IOC: Intraoperative cholangiography.

right subcostal space, one required an additional 10-mm
trocar in the epigastrium to perform intraoperative ultrasonography, and one required two 5-mm trocars in the
subcostal spaces due to stone dissemination.
The comparison of patients’ demographics and operative outcomes between SILC for AIG and TLC for AIG
is shown in Table 4. The two groups were similar with respect to sex, age, body mass index, indication for surgery,
preoperative inflammation findings, severity assessment
following Tokyo guidelines, and time between onset and
operation. In the severity assessment, SILC for AIG included five moderate cases: three showed WBC counts >
18 000/mm3, one showed gangrenous cholecystitis, and
one acute cholangitis case did not respond to initial medical treatment and required emergency endoscopic stone
extraction. Furthermore, SILC for AIG included two
severe cholecystitis cases; both cases showed remarkable
inflammation findings (WBC > 22 000/mm3 and CRP >
25 mg/dL), cardiovascular dysfunction, and neurologic
dysfunction, and required biliary drainage. Of 54 TLCs
for AIG, 39 were performed by surgical residents under
the supervision of staff surgeons. However, all SILCs
were performed by staff surgeons.
Even when the operative outcome did not reach statistical significance, the operative time of SILC for AIG
was 10 min longer than that of TLC for AIG (97.5 min
vs 87.5 min, P = 0.12). The open conversion rate (2/26
vs 5/54, P = 1.00) and complication rate (1/26 vs 7/54,
P = 0.26) showed no significant differences. All open
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conversions in TLC for AIG were performed for unclear
anatomic relationships due to severe adhesions. Complications in TLC for AIG were as follows: postoperative
hemorrhage in two, fluid collection in two, paralytic ileus
in one, intra-abdominal abscess formation in one, and
wound infection in one.

DISCUSSION
At our institution, we performed SILC with very liberal
selection criteria. We performed SILC without any contraindications, and we adopted SILC for AIG. The above
findings clearly showed that neither acute cholecystitis
nor acute gallstone cholangitis were contraindications for
our original SILC technique.
LC for AIG was considered to be an absolute contraindication in the early laparoscopic era. The fear of
an increased risk of complications, compared with open
cholecystectomy, was unfounded based on the results
of randomized controlled trials[6]. However, the conversion and complication rates of LC for AIG were greater
than those of elective LC for other indications[7,8]. In
the present study, the open conversion rate of SILC for
AIG was 7.7% (2/26), which was a favorable result when
compared with the results of TLC for AIG[6-11]. Open
conversion itself is not a complication, but failure of the
operative procedure is; surgeons are frequently obliged to
convert due to uncertain anatomy, uncontrollable bleeding, and difficulty with manipulating swollen and thick-
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Table 4 Comparison of patient demographics and operative outcome between single-incision laparoscopic cholecystectomy for acute
inflamed gallbladder and traditional laparoscopic cholecystectomy for acute inflamed gallbladder
SILC for AIG
Patient demographics
n
Age (yr) median (range)
Sex (male/female)
BMI median (range)
ASA score Ⅰ/Ⅱ/Ⅲ
Previous upper abdominal surgery (yes/no)
Indication for operation

26
61.5 (22-81)
14/12
22.0 (18.4-29.4)
14/11/1
2/24
Acute cholecystitis 14
Acute gallstone cholangitis 11

Max WBC count in acute phase
WBC > 14 000
WBC < 14 000
Max CRP in acute phase
CRP > 10
CRP < 10
Severity assessment by Tokyo Guidelines Grade Ⅰ/Ⅱ/Ⅲ
Day from onset to operation
Clinical result
Operative time (min)
Median (range)
mean (SD)
Surgeon
Staff surgeon/surgical resident
IOC completion1
Conversion to open cholecystectomy
Bile spillage
Complication

TLC for AIG
54
61 (25-89)
34/20
22.8 (15.4-32.0)
25/25/4
5/49
Acute cholecystitis 29
Acute gallstone cholangitis 25

P value

0.94
0.47
0.53
0.73
0.59
0.81
0.78

5
21

13
41
0.44

6
20
19/5/2
19 (6-111)

18
36
38/13/3
20 (8-104)

0.85
0.82
0.12

97.5 (60-163)
105.7 (31.9)
26/0
23/24
2
9
1

87.5 (35-245)
94.7 (34.4)
16/39
42/49
5
14
7

0.26
1
0.44
0.26

1

Excluded open converted cases. ASA: American Society of Anesthesiologists; BMI: Body mass index; WBC: White blood cell; CRP: C-reactive protein; IOC: Intraoperative cholangiography; SILC: Single-incision laparoscopic cholecystectomy; TLC: Traditional laparoscopic cholecystectomy; AIG: Acute inflamed gallbladder.

ened gallbladders. The greater the open conversion rate
is, the less safe the operative technique. Thus, our original
SILC for AIG was proved to be sufficiently safe given the
open conversion rate. The complication rate of our SILC
for AIG was 3.8% (1/26), which was also more favorable
than the reported complication rates of TLC for AIG[6-11].
With regard to feasibility, even if we considered both
open conversion and the requirement for additional tro
cars to be operative method failures, 73% (19/26) of
AIG cases that fulfilled the Tokyo guidelines underwent
virtually scarless operations. Considering that the reported open conversion rate in the initial experiences of TLC
for AIG was 33.7%, and that it remained at 10%-25%
after a decade of experience, our original SILC technique
is sufficiently feasible for AIG[6-11].
However, SILC for AIG required additional trocars
significantly more frequently than SILC for non-AIG.
Looking back over individual cases, we especially needed
additional trocars in cases with thickened gallbladder
walls. In the early cases, we were inexperienced in handling WLRs and could not grasp the thickened gallbladder walls; consequently, we required additional trocars to
grasp and manipulate the inflamed gallbladders. After we
gained experience and became familiar with using WLRs,
we could grasp even severely thickened gallbladder walls.
Of the first 12 cases, four required additional trocars, but
only one of the next 12 cases required an additional trocar (excluding two open conversion cases). We are convin
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ced that, after the accumulation of another dozen cases,
we will be able to perform SILC for AIG with a lower
combined conversion rate (open conversion + requirement for additional trocars).
The analysis of SILC for AIG and TLC and AIG revealed no significant differences based on statistical comparison. However, all SILCs for AIG were performed by
hepatopancreatobiliary specialists, and satisfactory operative results depended partly on the surgeons’ experiences.
The sufficient safety and feasibility of SILC for AIG
achieved in our study were derived from some unique
characteristics of our original technique. First, we employed two WLRs, which were sufficient to accomplish
retraction, even in severely thickened, inflamed gallbladder walls. Second, we inserted only two trocars into the
umbilical incision, which resulted in good handling of
the instruments and gallbladder manipulation, without
interfering with the other instruments or the laparoscope.
Third, almost all dissections were performed by LCS,
which allowed us to operate easily in dense fibrosis and
tissue with neovascularization secondary to inflammation.
Fourth, inserting two WLRs from the subcostal margin
and using LCS created a triangulation of devices that allowed us to manipulate the gallbladder, as we did in TLC.
All of these characteristics allowed us to employ the same
operative technique and anatomical knowledge as in TLC,
and ultimately, we could perform SILC without selection
criteria.
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In this study, we adopted the Tokyo guidelines for the
diagnosis and severity assessment of gallbladder inflammation. Many reports about TLC for AIG exist in the
literature, but the diagnostic criteria and severity assessment were inconsistent among the studies. Employment
of the guidelines, which are based on a systemic literature
review and the consensus of experts, allowed us to compare each operative result. SILC is still developing, and it
has not yet been standardized. Many original procedures
exist, but some may not be suitable to perform in cases
of AIG. Comparisons using complication and conversion rates under the same diagnostic criteria and severity
assessments should become standards of the ideal operative technique.
There are some limitations to our study. First, we did
not perform early operations for acute cholecystitis, even
though several prospective, randomized, controlled studies comparing early and delayed LC have concluded that
early LC is safe and decreases the length of hospital
stay[12]. We prefer delayed elective surgery, not only for
medical reasons but also for social reasons. In our experience, we struggled with difficult bleeding from inflamed
tissue in the early phase of AIG; we also struggled with
dense adhesions in the delayed phase of AIG. Meticulous
dissection of fibrous tissue and sure exposure of Calot’
s triangle allowed us to operate safely for AIG, although
the operative time was slightly longer. Regarding social
reasons, our institution is a tertiary referral hospital with
only four hepatopancreatobiliary specialists. Considering
the availability of surgical staff, anesthesiologists, and operating rooms, we prefer to delay elective surgery unless
a patient needs an emergency cholecystectomy. Similar to
our institute, there has been a general reluctance to adopt
this approach in the United Kingdom, despite increasing evidence supporting early cholecystectomy; currently,
only 20% of surgeons perform cholecystectomies during
acute cholecystitis[13].
In this study, we showed sufficient operative results
for the safety and feasibility of the operative technique,
even though delayed surgery is generally considered te
chnically difficult because of acute inflammation and
subsequent fibrosis, dense adhesions, and neovascularization. We are convinced that our original SILC technique
can be adapted to early operations for AIG if needed.
The second limitation is that we evaluated only 15 cases
of SILC for acute cholecystitis and 11 cases of SILC for
acute gallbladder cholangitis. These numbers of cases
were too small to conclude that our SILC is statistically
safe and feasible, and we must continue to analyze cases.
Third, the occupied percentages of acute gallstone cholangitis in AIG in this study were 42% in SILC and 46%
in TLC, which were greater than the reported prevalence
of acute gallstone cholangitis[14,15]. This finding may have
been because our institution is a tertiary referral hospital
and there were many referrals of acute gallstone cholangitis that required endoscopic stone extraction from other
institutes.
In conclusion, the significant influence of AIG on
SILC in this study was due to the longer operative time
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and high rate of requirement for additional trocars. The
open conversion rate of SILC for AIG was increased to
a similar degree as that of TLC for AIG. In experienced
hands, the influence of the operative method seemed to
decrease, and SILC for AIG could be satisfactorily performed, comparable to TLC for AIG. Our original SILC
technique was adequately safe and feasible for the treatment of AIG, with greater requirements for extra ports
than non-AIG cases, and a slightly greater conversion
rate. We are convinced that, in the near future, SILC will
be one of the principal techniques for the management
of AIG, just as TLC for AIG evolved from absolute contraindication to the first-choice standard treatment.
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Single-incision laparoscopic cholecystectomy (SILC) has recently gained
popularity, just as laparoscopic cholecystectomy (LC) became popular in the
early 1990s. Although LC was initially established as the treatment of choice for
symptomatic cholecystolithiasis, LC for acute inflammation of the gallbladder
(AIG), such as that caused by acute cholecystitis and gallstone cholangitis, was
considered to be a contraindication. The complication rate for LC was believed
to be possibly higher than that of AIG. Ultimately, LC was accepted as a safe
procedure for AIG, when it is performed by an expert at laparoscopic techniques. As with LC, SILC for AIG is currently considered to be a contraindication
because of its technical difficulty and infancy.

Research frontiers

SILC is developing, and there is a wide variety of operative techniques. There
is also variety in the safety and feasibility of these operative techniques; some
are adequate for the treatment of AIG, but some are not. In the near future,
SILC will be considered an acceptable treatment and the standard operative
technique for AIG, effectively eliminating inappropriate operative technique.

Innovations and breakthroughs

The authors investigated the feasibility and safety of their original SILC technique for AIG. The original SILC technique was proven to be adequately safe
and feasible for the treatment of AIG by statistical analysis. The sufficient safety
and feasibility of SILC for AIG achieved was derived from some unique characteristics of the technique. First, the authors used two wire loop retractors, which
were sufficient to accomplish retraction even in severely thickened, inflamed
gallbladder walls. Second, they inserted only two trocars into the umbilical incision, which resulted in good handling of instruments and gallbladder manipulation, without interfering with other instruments or the laparoscope. Third, inserting two wire loop retractor from the subcostal margin and using laparoscopic
coagulating shear maintained a triangulation of devices that allowed them to
manipulate the gallbladder as they did with traditional laparoscopic cholecystectomy.

Peer review

This is accepted for publication because this study represent a lot of experience
of SILC for AIG.

REFERENCES
1

2

950

Yamashita Y, Takada T, Kawarada Y, Nimura Y, Hirota M,
Miura F, Mayumi T, Yoshida M, Strasberg S, Pitt HA, de
Santibanes E, Belghiti J, Büchler MW, Gouma DJ, Fan ST,
Hilvano SC, Lau JW, Kim SW, Belli G, Windsor JA, Liau KH,
Sachakul V. Surgical treatment of patients with acute cholecystitis: Tokyo Guidelines. J Hepatobiliary Pancreat Surg 2007;
14: 91-97
Hirota M, Takada T, Kawarada Y, Nimura Y, Miura F, Hirata K, Mayumi T, Yoshida M, Strasberg S, Pitt H, Gadacz
TR, de Santibanes E, Gouma DJ, Solomkin JS, Belghiti J,
Neuhaus H, Büchler MW, Fan ST, Ker CG, Padbury RT,
Liau KH, Hilvano SC, Belli G, Windsor JA, Dervenis C. Diagnostic criteria and severity assessment of acute cholecysti-

March 7, 2012|Volume 18|Issue 9|

Sasaki K et al . SILC for acute inflamed gallbladder

3

4

5

6

7
8

tis: Tokyo Guidelines. J Hepatobiliary Pancreat Surg 2007; 14:
78-82
Wada K, Takada T, Kawarada Y, Nimura Y, Miura F, Yoshida M, Mayumi T, Strasberg S, Pitt HA, Gadacz TR, Büchler
MW, Belghiti J, de Santibanes E, Gouma DJ, Neuhaus H,
Dervenis C, Fan ST, Chen MF, Ker CG, Bornman PC, Hilvano SC, Kim SW, Liau KH, Kim MH. Diagnostic criteria and
severity assessment of acute cholangitis: Tokyo Guidelines. J
Hepatobiliary Pancreat Surg 2007; 14: 52-58
Takada T. Diagnostic criteria and severity assessment of
acute cholecystitis (2005) In: Diagnostic criteria and treatment strategy of acute cholangitis and cholecystitis--clinical
practice guidelines. Tokyo�������������������������������
: Igaku
�����������������������������
Tosho Shuppan,���������
2005:���
40
Watanabe G, Sasaki K, Matsuda M, Hashimoto M. Initial experience of trans-umbilical double trocars laparoscopic cholecystectomy. For achieve true minimum invasive surgery�����
(in
����
Japanese)��.� Tan to Sui 2009; 30: 1509-1513
Johansson M, Thune A, Nelvin L, Stiernstam M, Westman B,
Lundell L. Randomized clinical trial of open versus laparoscopic cholecystectomy in the treatment of acute cholecystitis. Br J Surg 2005; 92: 44-49
Suter M, Meyer A. A 10-year experience with the use of laparoscopic cholecystectomy for acute cholecystitis: is it safe?
Surg Endosc 2001; 15: 1187-1192
Poon RT, Liu CL, Lo CM, Lam CM, Yuen WK, Yeung C, Fan
ST, Wong J. Management of gallstone cholangitis in the era
of laparoscopic cholecystectomy. Arch Surg 2001; 136: 11-16

9
10

11
12
13

14
15

Sarli L, Iusco D, Sgobba G, Roncoroni L. Gallstone cholangitis: a 10-year experience of combined endoscopic and laparoscopic treatment. Surg Endosc 2002; 16: 975-980
Giger UF, Michel JM, Opitz I, Th Inderbitzin D, Kocher T,
Krähenbühl L. Risk factors for perioperative complications
in patients undergoing laparoscopic cholecystectomy: analysis of 22,953 consecutive cases from the Swiss Association of
Laparoscopic and Thoracoscopic Surgery database. J Am Coll
Surg 2006; 203: 723-728
Cox MR, Wilson TG, Luck AJ, Jeans PL, Padbury RT, Toouli J.
Laparoscopic cholecystectomy for acute inflammation of the
gallbladder. Ann Surg 1993; 218: 630-634
Gurusamy KS, Samraj K. Early versus delayed laparoscopic
cholecystectomy for acute cholecystitis. Cochrane Database
Syst Rev 2006; (4): CD005440
Papi C, Catarci M, D’Ambrosio L, Gili L, Koch M, Grassi GB,
Capurso L. Timing of cholecystectomy for acute calculous
cholecystitis: a meta-analysis. Am J Gastroenterol 2004; 99:
147-155
Changchien CS, Chuah SK, Chiu KW. Is ERCP necessary for
symptomatic gallbladder stone patients before laparoscopic
cholecystectomy? Am J Gastroenterol 1995; 90: 2124-2127
Onken JE, Brazer SR, Eisen GM, Williams DM, Bouras EP,
DeLong ER, Long TT, Pancotto FS, Rhodes DL, Cotton PB.
Predicting the presence of choledocholithiasis in patients
with symptomatic cholelithiasis. Am J Gastroenterol 1996; 91:
762-767
S- Editor Lv S L- Editor Kerr C

WJG|www.wjgnet.com

951

E- Editor Xiong L

March 7, 2012|Volume 18|Issue 9|

World J Gastroenterol 2012 March 7; 18(9): 952-959
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i9.952

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Biliary reflux detection in anomalous union of the pancreaticobiliary duct patients
Suk Keu Yeom, Seung Wha Lee, Sang Hoon Cha, Hwan Hoon Chung, Bo Kyung Je, Baek Hyun Kim, Jong Jin Hyun
RESULTS: The five cases of choledochal cysts were
classified as Todani classification Ⅰ. In three of the six
patients with AUPBD, injected contrast media reached
the distal CBD and pancreatic duct on delay images,
suggesting biliopancreatic reflux. In two of these six
patients, a band-like filling defect was noted in the CBD
on pre-fatty meal images, which decreased in size on
delayed post-fatty meal images, suggesting pancreatico-biliary reflux of pancreatic secretions, and the bile
sampled from the CBD in one patient had an amylase
level of 113 000 IU/L. In one of the six patients with
AUPBD, contrast media did not reach the distal CBD
due to multiple CBD stones.
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CONCLUSION: Gadoxetic acid-enhanced fMRC success
fully demonstrated biliopancreatic reflux of bile and pancreatico-biliary reflux of pancreatic secretions in patients
with AUPBD with and without choledochal cysts.
© 2012 Baishideng. All rights reserved.
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retrograde cholangio-pancreatography; Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid; Magnetic
resonance imaging

Abstract
AIM: To demonstrate the imaging findings of biliopancreatic and pancreatico-biliary reflux in patients with
anomalous union of the pancreatico-biliary duct (AUPBD)
on gadoxetic acid-enhanced functional magnetic resonance cholangiography (fMRC).

Peer reviewer: Xiao-Peng Zhang, Professor, Peking University

School of Oncology, Beijing Cancer Hospital and Institute, No. 52
Haidian District, Beijing 100000, China
Yeom SK, Lee SW, Cha SH, Chung HH, Je BK, Kim BH, Hyun
JJ. Biliary reflux detection in anomalous union of the pancreaticobiliary duct patients. World J Gastroenterol 2012; 18(9): 952-959
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i9/952.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i9.952

METHODS: This study included six consecutive patients
(two men and four women; mean age 47.5 years) with
AUPBD. All subjects underwent endoscopic retrograde
cholangiopancreatography (ERCP); one subject also underwent bile sampling of the common bile duct (CBD) to
measure the amylase level because his gadoxetic acidenhanced fMRC images showed evidence of pancreatico-biliary reflux of pancreatic secretions. Of the five
patients with choledochal cysts, four underwent pyloruspreserving pancreaticoduodenectomy.
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INTRODUCTION
Functional hepatocytes uptake a maximum of 50% of
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the intravenous (Ⅳ) dose of gadoxetic acid (gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid Primovist, Bayer Schering Pharma) administered. Gadoxetic acid
is excreted into the bile ducts, allowing visualization of
the bile ducts on hepatobiliary phase T1-weighted images.
In patients with normal hepatic function, the hepatobiliary phase usually occurs within 20 min of gadoxetic acid
administration[1-3].
Hepatocyte-specific agents can be used in a wide range
of hepatobiliary applications, and gadoxetic acid-enhanced
T1-weighted magnetic resonance cholangiography (MRC)
provides additional information to T2-weighted MRC[4,5].
At our institution, we previously evaluated the time
sequence of gadoxetic acid-enhanced MRC in 40 normal
healthy subjects in 2009; the study was approved by the
Korea Food and Drug Administration and our institutional review board. In this previous study, we performed
gadoxetic acid-enhanced MRC 60 min after contrast administration and then another 30 min after a fatty meal.
In all subjects, we found complete filling of the distal
common bile duct (CBD) with contrast on 30-min delayed pre-prandial images, while 50- and 60-min delayed
images showed better image quality of bile ducts than
early images due to increasing signal-to-noise ratio of
extrahepatic bile ducts and bile duct-to-liver contrast-tonoise ratio, and post-prandial images showed gall bladder
contraction and more extension of contrast excretion
into the small bowel. We found no evidence of contrast
media in the pancreatic duct in any subjects (unpublished
data). In light of these results, 50- and 60-min delay images after gadoxetic acid administration and 10-, 20- and
30-min delayed images after fatty meal oral uptake were
included in the gadoxetic acid-enhanced MRC protocol
when requested by the gastroenterologist majoring in
pancreatico-biliary disorders. In our experience, these
images can help verify bile excretion and flow after gallbladder contraction. We were able to evaluate normal or
pathological physiology of bile excretion of the liver and
bile flow along the biliary tract. These experiences indicated that gadoxetic acid-enhanced functional magnetic
resonance cholangiography (fMRC) could reveal the physiology of bile excretion in certain pathologic conditions,
including biliopancreatic and pancreatico-biliary reflux. In
this study, we present six patients with anomalous union
of the pancreatico-biliary duct (AUPBD) who exhibited
biliopancreatic bile reflux and pancreatico-biliary pancreatic juice reflux on gadoxetic acid-enhanced fMRC.
The purpose of this study was to investigate the value
of gadoxetic acid-enhanced fMRC in the evaluation of
AUPBD, with emphasis on the detection of biliopancreatic bile reflux and pancreatico-biliary pancreatic reflux.

common channel (> 1.5 cm) or a perpendicular confluence of the CBD and the main pancreatic duct on T2MRC images and endoscopic retrograde cholangiopancreatography (ERCP). Choledochal cysts were diagnosed
when T2-MRC images and ERCP showed typical dilation
of the CBD without an obstructive lesion[6-8].
After reviewing 176 patients who underwent gadoxetic acid-enhanced fMRC at our institution for evaluation of biliary pathology due to increased serum bilirubin
level, incidental detection of bile duct dilatation on other
imaging studies, and right upper quadrant pain between
March 2009 and May 2010, we enrolled 6 patients with
AUPBD. Of these participants, five had a choledochal
cyst. The study group consisted of four women and two
men (mean age, 47.5 years; range, 35-64 years), all six of
whom underwent ERCP.
We reviewed participant medical records for pertinent
clinical features, including medical history, presenting
symptoms, results of other imaging studies, and operative
records. Of the five patients with both AUPBD and choledochal cysts, four underwent pylorus-preserving pancreaticoduodenectomy. We reviewed these path- ology
reports and correlated them with imaging findings. One
subject underwent bile sampling of the CBD to evaluate
the amylase level because his gadoxetic acid-enhanced
fMRC showed evidence of pancreatico-biliary reflux of
pancreatic secretions.

MATERIALS AND METHODS

Image review
Two radiologists reviewed the image sequences of all six
patients and classified choledochal cysts according to the
Todani classification and AUPBD according to Kimura’s
classification (B-P type: a right angle between the bile duct

Imaging techniques
All magnetic resonance imagings (MRIs) were performed
on a 3-Tesla MRI machine (Achieva; Philips Medical
Systems, Best, the Netherlands). Patients underwent gadoxetic acid-enhanced fMRC with hepatocyte-specific
contrast agents; we obtained both contrast-enhanced and
un-enhanced fat-saturated 3D gradient-echo T1-weighted
images during the arterial, portal venous, and equilibrium
phases. We obtained images 50 and 60 min after administration of gadoxetic acid (Primovist, Bayer Schering Pharma, Berlin, Germany) at a dose of 0.025 mmol/kg of body
weight at a flow rate of 1 mL/s, followed by a 10-mL
saline flush at the same flow rate, using a Ⅳ power injector (Spectris Solaris; MedRad, Indianola, PA, United
States). Patients then consumed a fatty meal, and postprandial images were obtained at 10, 20 and 30 min. We
used the enhanced-T1 High Resolution Isotropic Volume
Examination technique to obtain 3D gradient-echo T1weighted images. We performed 3D reconstruction using
the Maximum Intensity Projection technique 60 min after
gadoxetic acid administration and 30 min after the fatty
meal. We obtained T2-MRC images as axial and coronal
T2 single-shot sequences and maximum intensity projection (MIP) reconstruction images in all patients (Table 1).

Patients
Our institutional review board approved this retrospective study and waived the requirement to obtain informed
consent. AUPBD was diagnosed radiologically as a long
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Table 1 Protocol for gadoxetic acid-enhanced functional magnetic resonance cholangiography at our institution
T2-MRC (single shot, SPAIR)
TR/TE (ms)
Flip angle (°)
Field of view (mm)
Matrix
Thickness (mm)
Gap (mm)

Gadoxetic acid-enhanced MRC (3D-T1-TFE, eTHRIVE)

Axial

Coronal

MRCP slab

Axial

Coronal

MIP

1475/80
90
300 × 350
276 × 203
4
1.2

2415/235
90
350 × 350
256 × 254
2
1

10 695/920
90
250 × 250
256 × 256
40

3/2
10
304 × 330
220 × 222
4
2

3/2
10
350 × 350
292 × 292
2.4
1.2

315 × 315
292 × 292

MRC: Magnetic resonance cholangiography; SPAIR: Spectral attenuation with inversion recovery; THRIVE: T1-weighted high-resolution isotropic volume
excitation; MIP: Maximum intensity projection; TR: Repetition time; TE: Echo time; MRCP: Magnetic resonance cholangiopancreatography.

Table 2 Study results
T2-MRC
Sex
F
M
M
F
F
F

Age Type of choledochal cyst
52
64
46
35
48
40

1

Type of AUPBD

Ia
Ia
None
Ia
Ia
Ic

B-P
B-P
B-P
P-B
B-P
P-B

2

Gd-EOB-DTPA-enhanced MRC

Surgery

CBD stone

BP

PB

Yes
Yes
No
Yes
Yes
Yes

No
No
No
Yes
No
No

Yes
Yes
NI
NI
Yes
NI

NI
NI
Yes
NI
NI
Yes

Travel extent of contrast Travel extent of contrast
3
4
on pre-prandial images
on post-prandial images
MPD
CBD
CHD5
CHD
CBD
CHD6

MPD
MPD
CBD
CHD
MPD
CBD

1

Todani classification of choledochal cyst; 2Kimura classification of anomalous union of pancreatico-biliary duct (AUPBD); 3extent of contrast material on
gadoxetic acid-enhanced magnetic resonance cholangiography (MRC) 60 min after administration; 4Extent of contrast material on gadoxetic acid-enhanced
MRC 30 min after a fatty meal; 5filling defect of contrast material in common bile duct (CBD); 6filling defect of contrast material in CBD. Biliary amylase level: 133 000 (IU/L). Gd-EOB-DTPA: Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acidBP: Biliopancreatic reflux; PB: Pancreatico-biliary reflux;
MPD: Main pancreatic duct; CHD: Common hepatic duct; NI: Not identified.

and pancreatic duct or the bile duct inserted into the pan
creatic duct; P-B type: an acute angle between the bile
duct and pancreatic duct or the pancreatic duct inserted
into the bile duct)[9-11].
The radiologists evaluated by consensus the extent
of injected contrast media and recorded the presence of
biliopancreatic and pancreatico-biliary reflux on all image
sequences. The radiologic diagnosis of biliopancreatic
bile reflux was made when biliary-excreted contrast media was visible in the main pancreatic duct on gadoxetic
acid-enhanced fMRC. The diagnosis of pancreaticobiliary
reflux of pancreatic secretions was made when a filling
defect was present on pre-prandial images, which decreas
ed in size or was absent on post-fatty meal images. Based
on an unpublished study we conducted on normal volunteers, which found that the CBD was filled with excreted
gadoxetic acid 30 min after contrast administration and a
fatty meal uptake can make more extension of biliary excreted contrast media by contraction of the gallbladder,
we therefore considered a filling defect in the distal CBD
on 50 and 60 min delayed images as evidence of reflux
of pancreatic secretions.

ni classification Ⅰ (four patients with Ⅰa and one patient
with Ⅰc), with confined dilation of the extrahepatic bile
duct.
In three of the six patients with AUPBD, injected con
trast media reached the distal CBD and pancreatic duct,
suggesting biliopancreatic reflux. We observed extension
of contrast to the pancreatic duct on images taken 20 min
after a fatty meal in two patients (Figure 1). In one patient,
we observed contrast extending to the pancreatic duct
on images taken 50 min after contrast administration;
later images showed contrast extending to the more distal
portion of the pancreatic duct (Figure 2). These three
patients all had Todani type Ⅰa choledochal cysts and B-P
type AUPBD. The one patient with AUPBD without a
choledochal cyst had a history of recurrent acute pancreatitis with no history of alcohol abuse.
In two patients, we observed a band-like filling defect
in the central portion of the distal CBD on pre-fatty meal
images. The filling defect decreased in size on post-fatty
meal images, which we considered evidence of pancreatico-biliary reflux of pancreatic secretions. One of these
two patients had B-P type AUPBD with no combined
bile duct dilatation, and the other had P-B type AUPBD
with a Todani type Ⅰc choledochal cyst. A bile amylase
level of 113 000 IU/L was measured from the CBD in
the latter patient (Figure 3). In one patient with a choledochal cyst (Todani Ⅰa and Kimura P-B), contrast did
not reach the distal CBD and did not appear to enter the

RESULTS
The results of our study are summarized in Table 2. Of
the six patients, four had B-P type AUPBD and two had
P-B type AUPBD. All five choledochal cysts were Toda
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A

B

C

D

A

B

C

D

Figure 1 A 52-year-old woman with anomalous union of the pancreatico-biliary duct
and a type Ⅰa choledochal cyst. A: Fusiform dilation of the common hepatic and cystic ducts with a focal stricture in the common
bile duct (arrow) on T2-magnetic resonance
cholangiography (MRC); B: Maximum intensity projection (MIP) reconstruction image
of 60-min delayed gadoxetic acid-enhanced
MRC shows the main pancreatic duct (arrowhead), indicating biliopancreatic reflux; C:
MIP reconstruction image of 30-min delayed
gadoxetic acid-enhanced MRC after a fatty
meal shows progression of contrast media
(arrowhead) along the main pancreatic duct;
D: Gadoxetic acid-enhanced MRC coronal
image taken 30 min after a fatty meal shows
visualization of the main pancreatic duct (arrowhead) using contrast material.

Figure 2 A 64-year-old man with anomalous union of the pancreatico-biliary duct
and a type Ⅰa choledochal cyst. A: Endoscopic retrograde cholangiopancreatography
shows cystic dilation of the extrahepatic bile
duct with a focal stricture in the distal common bile duct. The end of the long ventral
pancreatic duct (duct of Wirsung, arrows) is
fused with the dorsal pancreatic duct (duct
of Santorini, arrowhead). The common bile
duct inserts into the ventral pancreatic duct;
B: Sixty-minute delayed gadoxetic acid-en
hanced magnetic resonance cholangiography (MRC) coronal image does not visualize
the main pancreatic duct (arrow); C and D:
Gadoxetic acid-enhanced MRC coronal images taken 30 min after a fatty meal show
the duct of Santorini (arrowhead) and duct
of Wirsung (arrow), indicating biliopancreatic
reflux of contrast material; E: Gadoxetic acidenhanced MRC maximum intensity projection reconstruction images taken 30 min
after a fatty meal show major and minor pancreatic ducts.

E
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A

B

C

D

Figure 3 A 40-year-old woman with anomalous union of the pancreatico-biliary duct
and a type Ⅰc choledochal cyst. A: T2magnetic resonance cholangiography (MRC)
shows a long common channel (arrow), with
diffuse bile duct dilation; B: Sixty-minute delayed gadoxetic acid-enhanced MRC coronal image; C: Maximum intensity projection
(MIP) reconstruction image show a filling
defect (arrow heads) in the central portion
of the distal common bile duct (CBD); D:
Gadoxetic acid-enhanced MRC coronal images taken 30 min after a fatty meal; E: MIP
reconstruction images show a decreased
filling defect (arrow heads) in the distal
CBD, indicative of pancreatico-biliary reflux.

E

A

Figure 4 A 35-year-old woman with a
type Ⅰa choledochal cyst and multiple
common bile duct stones. A: Fusiform dilatation of the extrahepatic bile duct is seen
on T2-magnetic resonance cholangiography
(MRC) and multiple nodular filling defects
(arrows) are seen in the common bile duct
(CBD) which represent CBD stones; B:
Contrast media did not pass through the
ampulla of Vater until 30 min after fatty meal
ingestion and multiple CBD stones are not
seen due to masking by contrast media with
high signal intensity.

B

duodenum. We noted multiple CBD stones in this patient
(Figure 4).

pancreatic and biliary ducts in the duodenal wall, as well
as radiological detection of a long common channel (>
1.5 cm). Detection of the extramural location is difficult in AUPBD patients with a short common duct (less
than 1 cm in length)[6]. The sphincter of Oddi, which
regulates the outflow of bile and pancreatic secretions,
is deficient in AUPBD due to the long common channel, allowing two-way regurgitation: Pancreatico-biliary
reflux of pancreatic secretions and biliopancreatic bile
reflux. This reflux can result in various pathological condi

DISCUSSION
AUPBD is defined as an anomalous union of the bile
and pancreatic ducts outside the duodenal wall proximal
to the sphincter of Oddi. The diagnostic criteria for
AUPBD include the radiological and anatomical detection of the extramural location of the junction of the
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tions including choledocholithiasis, cholangitis, gallstones,
acute pancreatitis, bile duct cancer, gallbladder cancer,
and pancreatic ductal carcinoma[12,13]. It is known that
choledochal cysts are embryologically associated with
AUPBD, and their various clinical signs and symptoms
have been shown to be closely related to the presence of
AUPBD[14].
Various methods have been reported to confirm biliopancreatic reflux, including operative or postoperative T-tube cholangiography, computered tomography
combined with drip infusion cholangiography, histological detection of gallbladder cancer cells in the main
pancreatic duct, and bile reflux on the cut surface of the
pancreas[12,15,16]. Furthermore, pancreatico-biliary reflux
of pancreatic secretions has been confirmed by measurement of bile amylase in the bile duct, secretin-stimulated
dynamic MRC, and pancreatography via the minor duodenal papilla[15,17]. However, these methods are limited
by their levels of invasiveness, the time required, patient
discomfort, and adverse effects of contrast materials[18-20].
Gadoxetic acid is widely used because of its diagnostic efficacy in focal lesions of the liver and its safety[21-24].
In our study, there were no serious adverse effects related
to the use of contrast material that required medical management. Although our protocol for functional MR cholangiography to detect biliary reflux in AUPBD patients
required an additional 90 min and 70 min when compared
with non-contrast enhanced T2-MRC and Gd-enhanced
T1-MRC, respectively, it is easy to perform and does not
augment the risk of contrast agent-related adverse effects.
As previously described, AUPBD was diagnosed by
identifying biliopancreatic bile reflux and pancreatico-biliary pancreatic reflux on gadoxetic acid-enhanced fMRC
in addition to the detection of a long common channel
on T2-MRC or the customary 20-min delayed gadoxetic
acid-enhanced MRC. Delayed hepatobiliary MRC (greater
than a 30 min delay) after contrast administration, and
MRC of gallbladder contraction induced by a fatty meal
were required to detect both types of reflux.
Some researchers report that, if the passage of contrast material through the ampulla of Vater takes longer
than 30 to 60 min, it can be considered delayed. In comparison, excretion of contrast material past the ampulla
in less than 20 to 30 min is considered normal[4-5]. There
have been many reports on gadoxetic acid-enhanced
MRC which showed that bile excretion could be visualized by capturing images during the hepatobiliary phase
approximately 20 or 30 min after contrast administration[4,5,25,26]. Images taken one hour after contrast administration and again after a fatty meal allow bile to travel further along the normal or anomalous pathway, providing
additional information about the patient’s biliary system.
Since there are no studies which looked into the optimal
phase to observe AUPBD, further study is warranted to
simplify the study protocol.
Our fMRC protocol requires additional time for delayed images compared with contrast enhanced T1-MRC.
However, gadoxetic acid-enhanced fMRC allows the as-
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sessment of bile excretion and pancreas secretion physiology in addition to visualization of bile duct and pancreatic
duct morphology, thus obviating the need for additional
imaging studies such as hepatobiliary scan and ERCP.
It is difficult to generalize the results of our study due
to its small sample size. Nonetheless, one patient in our
study was found to have a filling defect in the distal CBD
along with an abnormally high amylase level (113 000 IU/
L) in the CBD. One study reported the biliary amylase
levels of patients with biliopancreatic disease to range
widely from less than 10 to 300 000 IU/L[27]. Sai et al[28]
reported a mean biliary amylase level of 238 IU/L in patients with no reflux of pancreatic secretions into the bile
duct, while Horaguchi et al[27] adopted 168 IU/L as the
upper limit of a normal biliary amylase level. Our previous study of gadoxetic acid-enhanced MRC in 40 normal
volunteers found no filling defects in the distal CBD up
to one hour after contrast administration or after a fatty
meal (unpublished data). Taken together, we used these
data to presume pancreatico-biliary reflux in the case of
a central filling defect in the CBD that diminished after a
fatty meal.
In normal physiology, the pressure in the pancreatic
duct exceeds the choledochal pressure, allowing pancreatic secretions to flow into the biliary tract rather than reflux into the pancreatic duct where they can cause biliary
complications[29,30]. In the case of AUPBD, however, bile
can reflux into the pancreatic duct under conditions such
as increased pressure in the bile duct due to bile stasis in
a choledochal cyst or cholangitis[31].
A study of 2980 patients undergoing ERCP found
a 1.7% prevalence of a long common channel. In that
study, 13 patients underwent intraoperative cholangiography, 11 of whom were found to have biliopancreatic
reflux with an elevated biliary amylase level[32]. In our
study, all three patients with biliopancreatic reflux were
found to have B-P type AUPBD as well as Todani type Ⅰ
a choledochal cysts. We hypothesize that bile duct stasis
in the dilated bile duct resulted in elevated choledochal
pressure, resulting in biliopancreatic bile reflux. Of the
two patients with pancreatico-biliary reflux of pancreatic
secretions, one had B-P type AUPBD and the other had
P-B type AUPBD.
Our study had several limitations. First, the sample
size is too small to allow for generalization. Second, the
type of choledochal cysts in our study were limited to To
dani classification type Ⅰ, meaning a cystic or fusiform
dilation of the extrahepatic bile duct. Further studies that
include larger sample sizes and several types of choledochal cysts are required to generalize the imaging findings of biliopancreatic and pancreatico-biliary reflux, as
well as to evaluate the diagnostic accuracy of these findings for AUPBD in patients with choledochal cysts.
In conclusion, gadoxetic acid-enhanced fMRC can
show biliopancreatic bile reflux and pancreatico-biliary
reflux of pancreatic secretions in patients with AUPBD
with and without combined Todani type Ⅰ choledochal
cysts.
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Background

Gadoxetic acid has both properties of extracellular contrast media, which make
dynamic study possible, through the organic anion-transporting polypeptide and
is excreted into the bile ducts, allowing visualization of the bile ducts on hepatobiliary phase T1-weighted images. In patients with normal hepatic function, the
hepatobiliary phase usually occurs within 20 min of gadoxetic acid administration. From a previous study in normal healthy patients, we know that images
obtained after a delayed time period and after a fatty meal allow bile to travel
further along the normal or anomalous pathway, providing additional information
about the patient’s biliary system.

9

10

Research frontiers

11

Gadoxetic acid has hepatobiliary properties which mediate specific uptake of
the agent into the hepatocytes. Gadoxetic acid-enhanced magnetic resonance
cholangiography (MRC) can visualize the physiology of bile excretion directly, in
contrast to conventional T2-weighted MRC which can visualize fluid filled space
by heavily T2-weighted and fat-suppressed images. The usefulness of gadoxetic acid-enhanced MRC was demonstrated in many reports in a wide range
of hepatobiliary applications including evaluation of biliary tract anomalies,
the diagnosis of acute cholecystitis, assessment of postsurgical anatomy and
complications, and to determine whether fluid collections communicate with the
biliary tree.

12
13
14

Innovations and breakthroughs

The present study clearly showed that biliopancreatic bile reflux and pancreatico-biliary reflux of pancreatic secretions in patients with anomalous union
of the pancreatico-biliary duct (AUPBD) could be easily diagnosed using the
convenient and safe imaging method of gadoxetic acid-enhanced MR cholangiography.

15

16

Applications

The present study revealed that biliopancreatic bile reflux and pancreaticobiliary reflux of pancreatic secretions in patients with AUPBD could be diagnosed with gadoxetic acid-enhanced MRC. Further studies which include larger
sample sizes and several types of choledochal cysts are required to generalize
the imaging findings of biliopancreatic and pancreatico-biliary reflux, as well as
to evaluate the diagnostic accuracy of these findings.
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Peer review
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Although gadoxetic acid-enhanced functional MRC is not a new method to
observe the bile system, it is reasonable and interesting to use it to detect biliopancreatic and pancreatico-biliary reflux in patients with AUPBD.
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BRIEF ARTICLE

Synergistic effect of multiple predisposing risk factors on the
development of bezoars
Metin Kement, Nuraydin Ozlem, Elif Colak, Sadik Kesmer, Cem Gezen, Selahattin Vural
predisposing risk factors. Phytobezoars were identified
in all patients except one who had a trichobezoar in the
stomach. Non-operative endoscopic fragmentation was
performed either initially or after unsuccessful medical
treatment in 14 patients with gastric bezoars and was
completely successful in 10 patients (71.5%). Surgery
was the most frequent treatment method in our study,
which was required in 28 patients (66.7%). Intestinal
obstruction secondary to bezoars was the most common complication (n = 18, 42.8%) in our study.
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CONCLUSION: The presence of multiple predisposing
factors may create a synergistic effect in the development of bezoars.
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Abstract
AIM: To describe the clinical characteristics of patients
with gastric or intestinal bezoars recently treated in our
hospital.

Peer reviewer:� Beata Jolanta Jablońska, MD, PhD, Depart-

ment of Digestive Tract Surgery, University Hospital of Medical University of Silesia, Medyków 14 St. 40-752 Katowice,
Poland

METHODS: In this study, a retrospective chart review
of consecutive patients with gastrointestinal bezoars,
who were treated at the Samsun Education and Research Hospital between January 2006 and March 2011,
was conducted. Data on demographic characteristics,
clinical presentation, history of risk factors, diagnostic
procedures, localization of bezoars, treatment interventions, and postoperative morbidity and mortality rates
were collected and evaluated.

Kement M, Ozlem N, Colak E, Kesmer S, Gezen C, Vural S. Sy
nergistic effect of multiple predisposing risk factors on the development of bezoars. World J Gastroenterol 2012; 18(9): 960-964
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i9/960.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i9.960

RESULTS: Forty-two patients [26 (61.9%) males and
16 (31.1%) females] with a mean ± SD (range) age of
55.8 ± 10.5 (37-74) years were enrolled in this study.
Thirty-six patients (85.7%) had one or more predisposing risk factors for gastrointestinal bezoars. The most
common predisposing risk factor was a history of previous gastric surgery which was identified in 18 patients
(42.8%). Twenty three patients (54.8%) had multiple
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INTRODUCTION
Bezoars can be defined as masses of indigestible, hard
materials formed in the gastrointestinal tract. Etymolo
gically, the word bezoar came from the Persian word
“padzahr” meaning to expel poison. In some societies,
animal bezoars were formerly considered a useful medi
cine and possessed certain magical properties[1]. In 1854,
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Quain reported an intragastric alimentary mass in an au
topsy and called it a ‘‘bezoar’’[2].
Bezoars can be classified as phytobezoars (undigested
vegetables), trichobezoars (hairs), lactobezoars (milk) and
pharmacobezoars (medications) according to their com
position[3]. They usually form in the stomach and can
pass into the small bowel where they occasionally cause
obstruction. Phytobezoars are composed of undigested
food fibers, such as cellulose, hemicellulose, lignin and
fruit tannin. These fibers occur in fruits and vegetables
such as celery, pumpkin, prunes, raisins, leeks, beets and
persimmons.
The aim of this study was to describe the clinical char
acteristics of patients with gastric or intestinal bezoars
recently treated in our hospital.

Table 1 Distribution of predisposing factors
Predisposing factors

MATERIALS AND METHODS
A retrospective chart review of consecutive patients with
gastrointestinal bezoars, who were treated at the Samsun
Education and Research Hospital between January 2006
and March 2011, was conducted. Data on the demogra
phic characteristics, clinical presentations, history of pre
disposing risk factors, diagnostic procedures, localization
of bezoars, treatment interventions, morbidity and mor
tality rates were collected and evaluated. In addition, the
patients were contacted by phone to determine any recur
rence of bezoars after treatment.
In this study, previous gastric surgery, excessive con
sumption of some types of fruit and vegetables, diabetes
mellitus, mastication problems, long-term antacid treat
ment and mental disorders were considered predisposing
risk factors in the development of bezoars.
All calculations were performed in Microsoft Office
Excel 2007. Continuous variables were summarized as
mean ± SD or median when appropriate, and categorical
variables as frequency and percentage (%).

%
31.0
9.5
7.1
7.1
4.8
2.4
54.7
7.1
7.1
7.1
7.1
4.8
7.1
4.8
2.4
2.4
2.4
2.4
14.3

The remaining patients (n = 17, 40.4%) were admitted to
the general surgery clinic.
During the study period, 257 patients with mechanical
bowel obstruction due to various reasons were admitted
to our emergency service. Bezoars were the cause of me
chanical bowel obstruction in 18 of these patients (7%).
History of predisposing factors
Thirty-six patients (85.7%) had one or more predispos
ing risk factors (Table 1). The most common predispos
ing risk factor was previous gastric surgery which was
identified in 18 patients (42.8%). Excessive persimmon
consumption was another significant predisposing risk
factor in our study. A history of excessive persimmon
consumption was observed in 17 patients (40.5%). Mas
tication problems and diabetes mellitus were identified in
16 (38.1%) and 12 (28.6%) patients, respectively. Twentythree patients (54.8%) had multiple predisposing risk
factors. All predisposing risk factors are summarized in
Table 1.

RESULTS
Demographic characteristics and presentation
Forty-two patients [26 (61.9%) males and 16 (31.1%) fe
males] with a mean ± SD (range) age of 55.8 ± 10.5 (37-78
years) were enrolled in this study. The peak incidence was
in the 6th decade of life (51-60 years). Twelve patients
(28.6%) were in the 6th decade.
The most common presenting symptom was abdomi
nal pain which was noted in 40 patients (95.2%). Dyspep
tic symptoms other than epigastric pain were found in
32 patients (76.2%). Mild to severe nausea and vomiting
were observed in 29 cases (69 %). Loss of appetite was
found in 19 patients (45.2%) and a significant weight loss
history was identified in 5 (11.9%) patients. Some degree
of abdominal distention as a sign of intestinal obstruc
tion developed in 18 patients (42.9%). Two patients pre
sented with acute gastric outlet obstruction.
Twelve patients with intestinal or gastric outlet ob
struction (47.6%) were admitted to our emergency service.
Five patients (11.9%) were referred by gastroenterologists.
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n

Single predisposing factor
13
Only gastric surgery
4
Only persimmon consumption
3
Only mastication problems
3
Only diabetes mellitus
2
Trichotillomania
1
Multiple predisposing factors
23
Gastric surgery + persimmon consumption
3
Gastric surgery + diabetes mellitus
3
Gastric surgery + mastication problem
3
Gastric surgery + mastication problem + persimmon
3
consumption
Gastric surgery + mastication problem + diabetes mellitus 2
Persimmon consumption + mastication problem
3
Persimmon consumption + diabetes mellitus
2
Mastication problem + diabetes mellitus
1
Diabetes mellitus + antacid drug
1
Persimmon consumption + antacid drug
1
Mastication problem + antacid drug + persimmon
����������������������������������������������
1
 ������������
consumption
No predisposing factor
6

Diagnostic procedures
Initial diagnosis was made by gastroscopy in 15 patients
(35.7%). Abdominal sonography was the first diagnostic
method used in 7 patients (16.7%), which was carried
out in 12 patients as the first imaging method. Plain
abdominal radiography (PAR) showed air-fluid levels in
18 patients (40.5%). The typical bezoar image on PAR,
involving a mottled air pattern, was identified in only two
patients. Abdominal tomography was carried out in 16
patients and bezoars were revealed in 14 of these patients
(87.5%).
Localization and composition
A single bezoar was found in 38 (90.4%) patients. Four
patients (9.6%) had multiple bezoars in different locations.
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Bezoars were mainly located in the stomach (n = 28). Oth
er locations were the ileum, jejunum and colon (n = 14,
n = 3 and n = 1, respectively). Phytobezoars were identi
fied in all patients except one who had a trichobezoar
in the stomach. The patient with the trichobezoar was
a 43-year-old woman, who had a history of psychiatric
problems and trichotillomania.

gastrectomy are largely responsible for bezoar formation.
Vagotomy and partial gastrectomy diminish the ability
of the stomach to break up and digest food. Both the
quantity and the acidity of the gastric juice are reduced
and peptic activity is adversely affected[9,10]. Additionally,
the antrum has an important role in the mechanical frag
mentation of ingested material, and the pylorus prevents
large boluses from reaching the small intestine. Resection
of the antrum and pylorus may lead to the passage of a
non-fragmented, large bolus to the small intestine. The
interval between gastric surgery and bezoar detection
was 9 mon to 30 years[4-7]. In our study, the mean interval
between surgery and bezoar detection was 7.4 ± 2.3 years
(5-11 years).
Excessive consumption of persimmon was identi
fied in 40.5% of our patients. Persimmon, which grows
in many areas in our region and widely consumed, is the
fruit of a number of species of trees belonging to the ge
nus Diospyros. The word Diospyros means “the fruit of
the gods” in ancient Greek. Persimmon bezoars are also
known as diospyrobezoars. Unripe persimmons contain
soluble tannin. Tannin polymerizes in an acidic environ
ment to form a glue-like coagulum, which can affix to
other materials in the stomach[11]. In 1986, Krausz et al[4]
reported that 91.2% of 113 patients with phytobezoars
had a history of persimmon intake. Erzurumlu et al[12]
from our country reported that 17.6% of their 34 pa
tients with bezoars had a history of persimmon or cherry
laurel intake.
Mental retardation and trichotillomania are major risk
factors for the development of trichobezoars[13]. In our
study, there was only one patient with trichobezoar who
had a history of psychiatric disorders and trichotilloma
nia. The other predisposing factors observed in our study
included mastication problems, diabetic gastroparesis
and antacid drug use. Consequently, 85.7% of patients
had one or more predisposing factors in our study. While
about one third of our patients had only one predisposing
risk factor, over fifty percent had multiple predisposing
risk factors. In our opinion, these results may indicate that
the presence of multiple predisposing risk factors creates
a synergistic effect in the development of bezoars. On
the other hand, 14.3% of the patients in our study had
no apparent predisposing risk factors. Erzurumlu at al[12]
reported that only 5.9% of the patients in their study had
no apparent predisposing risk factors. Bezoar formation
is postulated to be provoked by dietary and eating habits
in patients without predisposing factors[14].
Until only a few decades ago, the differential diagnosis
of intestinal obstruction secondary to bezoars was diffi
cult before surgery, because the clinical and radiographic
findings are similar to those of intestinal obstruction at
tributable to other causes[11,15]. However, findings from
recent studies suggest that sonography or computerized
tomography (CT) can assist radiologists in diagnosing be
zoars before surgery[6,16]. In our study, PAR showed airfluid levels in 18 patients with intestinal obstruction. The
typical bezoar image on PAR, involving a mottled air pat
tern, was identified in only two patients (11.1%). Abdom

Intervention
Medical treatment with various enzymatic agents (includ
ing cellulase and cola) was initially tried in 15 cases with
small gastric bezoars, however, enzymatic treatment was
completely successful in only 4 patients (26.7%). Nonoperative endoscopic fragmentation was performed either
initially or after unsuccessful medical treatment in 14
patients and was completely successful in 10 patients
(71.5%).
Surgery was the most frequent treatment method in
our study, which was required in 28 patients (66.7%). Be
zoars were removed from the stomach by gastrotomy in
8 patients. Preoperatively diagnosed small bezoars which
were located in the distal ileum were carefully milked
into the cecum in 8 cases. In 9 cases, it was not possible
to milk the bezoars into the large intestine and an enter
otomy was required. The patient who had a colonic be
zoar in the ascending colon was treated with colotomy. In
these 18 patients with intestinal bezoars, the stomach was
surgically explored for additional bezoars and additional
gastric bezoars were found and extracted via gastrotomy
in 4 patients.
Coexisting gastric ulcers were identified in 5 (20.8%)
of the patients with gastric bezoars. While anti-ulcer me
dication was prescribed in endoscopically treated patients,
(n = 3), wedge resection of ulcers was added to the gas
trotomy in operated patients (n = 2). Histopathological
examinations of the ulcers revealed benign findings in all
5 patients.
Postoperative outcomes and complications
The mean postoperative hospital stay was 6.1 ± 1.7 d
(range, 3-12 d) in our study. Postoperative complications
developed in 7 (25%) patients (surgical site infection in
3 (10.7%) cases, chest infection in 2 (7.1%) patients and
prolonged ileus in 2 (7.1%) patients.
We were only able to contact 32 (76.2%) patients by
phone. There were no clinical recurrences in these patients
during a median follow-up time of 25 mo (range, 3-63 mo).

DISCUSSION
A number of predisposing factors may contribute to the
risk of bezoar formation. Previous gastric surgery was
reported in 20% to 93% of patients with bezoars and
the incidence of bezoar formation after gastric surgery
ranged from 5% to 12%[4-8]. Similar to previous published
studies, the most common predisposing risk factor was
previous gastric surgery which was identified in 42.8% of
the patients in our study. Altered anatomy and physiol
ogy of the gastric remnant after vagotomy and partial
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inal CT was carried out in 16 patients and bezoars were
revealed in 14 (77.7%) of these patients before surgery.
Although sonography was not the preferred imaging mo
dality for the patients with intestinal obstruction in our
study, it was carried out in 12 patients with gastric bezoar
as the first imaging method and the presence of a bezoar
was suspected in 7 (58.3%) of these patients before en
doscopy.
Both mechanical and chemical procedures are used
in the treatment of gastric bezoars. Bezoars can be en
doscopically fragmented into pieces using polypectomy
snares, endoscopic forceps, Dormia baskets, endoscopic
lithotripsy, electrosurgical knives or YAG laser. However,
this technique requires specific equipment and is not
complication free. Bleeding, perforation or even migra
tion of bezoar pieces causing intestinal obstruction are
potential complications[17]. In our study, endoscopic frag
mentation was performed either initially or after unsuc
cessful medical treatment in 14 patients and was com
pletely successful in 10 patients (71.5%). Medical treat
ment may also be useful in the management of gastric
bezoars. Several chemical agents have been tested; these
are administered orally, through a nasogastric tube or
injected directly into the bezoar via endoscopy. However,
the development of these techniques usually takes time,
is not free of complications such as electrolytic disorders,
gastric ulcer and has indistinct results[17]. In our study,
medical treatment was initially tried in 15 cases with gas
tric bezoars, but was completely successful in only 4 pa
tients (26.7%).
Although bezoars are the most common type of foreign
body lodged in any part of the gastrointestinal tract, the
overall incidence of bezoar-induced intestinal obstruc
tion remains relatively low. Epidemiological data show
that 2% to 4% of intestinal obstructions are caused by
bezoars[2]. This figure was 7% in our study. Although
intestinal obstruction was reported to be the most fre
quent clinical presentation of bezoars in the majority of
previous studies, it was observed in 42% of the patients
in our study. Surgical management of intestinal obstruc
tion secondary to bezoars entails milking the object into
the cecum or performing enterotomy for retrieval in dif
ficult cases. In our study, 47% of patients with intestinal
obstruction were managed by milking. Enterotomy was
performed in 53% of patients with intestinal obstruction.
Although therapeutic laparoscopy has been demonstrated
to be feasible in the management of intestinal obstruc
tion secondary to bezoars[18], all operations were conduct
ed as open surgery in our study.
Intestinal bezoars are often found in association with
gastric bezoars[6]. Coexisting gastric bezoars was reported
in 17%-21% of patients[19-21]. In our study, a coexisting
gastric bezoar was found in 22.2% of patients with an
intestinal bezoar. Consequently, when an intestinal bezoar
is diagnosed, the possible presence of coexisting gastric
or intestinal bezoars should be investigated cautiously.
Major complications of bezoars other than intestinal
obstruction include gastric ulcer, gastritis, gastric perfora
tion and gastric outlet obstruction. In our study, coexisting
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gastric ulcers were identified in 20.8% patients with gas
tric bezoars. While anti-ulcer medication was prescribed
in endoscopically treated patients, wedge resection of
ulcers was added to the gastrotomy in operated patients.
Two patients with gastric outlet obstruction were treated
with gastrotomy and extraction of bezoars.
Although, there was no clinical recurrence of bezoars
during a median follow-up time of 25 mo after treatment
in our study, Klamer et al[22] reported recurrence in ap
proximately 20% of patients with gastric bezoars after
initial treatment. Therefore, patients should be instructed
to avoid a high fiber diet, persimmons and certain medi
cations to minimize the potential risk of recurrence.
In conclusion, over fifty percent of the patients in our
study had multiple predisposing factors for gastrointesti
nal bezoars. In light of these results, it may be concluded
that the presence of multiple predisposing factors create
a synergistic effect in the development of bezoars. Intes
tinal obstruction is the most common complication of
bezoars. Although the prevalence of intestinal obstruc
tion secondary to bezoars is quite low, differential diag
nosis of intestinal obstruction secondary to adhesions is
important in patients with previous abdominal surgery;
CT can help to make this differentiation. Therefore, CT
should be obtained whenever possible in all patients with
bowel obstruction to establish the diagnosis and avoid
inappropriate treatment.
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Abstract
AIM: To investigate the genetic characteristics and
pathogenicity of hepatitis E virus (HEV) and assess the
potential risk factors for sporadic hepatitis E.
METHODS: Sixty-two serum samples from the patients
with acute hepatitis E were collected, including 23
cases coinfected with hepatitis B virus. Anti-HEV detection and partial HEV RNA amplification were performed
by enzyme immunoassays and reverse transcriptionnested polymerase chain reaction (RT-nPCR) method,
respectively, and PCR products were sequenced. The
isolated human HEV sequences were analyzed phylogenetically.

INTRODUCTION
Hepatitis E virus (HEV) is a single-strand, positive-sense
RNA, non-enveloped virus which is classified into the Hepeviridae family with a single serotype and at least 4 known
main genotypes of mammalian HEV, one avian HEV
and a new HEV genotype have been isolated from rabbits recently[1]. Genotype 1 and 2 of mammalian strains
are predominant in humans and associated with large
waterborne epidemics in endemic regions[2]. However,
genotype 3 and 4, which were suggested to be zoonotically transmitted between animals and humans, are mainly
responsible for sporadic cases of hepatitis E clinically ma

RESULTS: The positive rate of serum HEV RNA were
21.0% (13/62), including 5 cases of liver failure. All the
13 isolates shared a 82.1%-98.0% nucleotide homology with each other and had identities of 74.7%-81.0%,
75.3%-78.6%, 75.3%-80.0% and 82.1%-96.1% with
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Enzyme immunoassay of serum anti-hepatitis E virus
antibodies
All the serum samples were detected for anti-HEV IgM,
anti-HEV IgG, anti-HAV IgM, HBsAg, anti-HCV IgG
using commercial enzyme immunoassay (EIA) kits (Beijing Wantai Biological Pharmacy Enterprise Co., Beijing,
China). All assay procedures were carried out according
to the manufacturer’s instructions. All anti-HEV antibody
positive specimens were confirmed by Wantai EIA kit
one more time.

nifested as icterus, malaise, anorexia, fever, hepatomegaly
and pruritus. Additionally, increasing reports suggest that
different HEV genotypes are associated with different
disease severity. HEV genotype 1 and 2, which have similar epidemiological and sporadic features, can result in
acute hepatitis, acute liver failure, and acute-on-chronic
liver failure. However, HEV genotype 3 and 4, which
were generally considered to cause acute, self-limiting
illness followed by a complete recovery, seem to be less
virulent in humans than genotype 1 and 2[3], and do not
cause severe liver diseases[4]. In mainland China, HEV
genotype 4 has become the dominant genotype instead
of genotype 1 since 2004[5].
Since the first swine HEV strain was isolated in 1997,
many strains of HEV have been identified from human
and other mammalian reservoirs (swine, wild boar, deer,
mongooses, rabbits and rats), and swine was considered
to be the principal reservoir of HEV[6-10]. Accumulating
data indicates that hepatitis E is a zoonotic disease. Transmissions through the consumption of contaminated food
products such as pork have provided further direct evidence. Thus, zoonotic transmission of hepatitis E raises
an important public health concern over food safety and
zoonotic risk[11].
In China, seroepidemiological studies in patients with
viral hepatitis have shown a high superinfection rate (32.4%)
with two or more types of hepatitis virus; and HEV superinfection in patients with chronic hepatitis B (CHB)
accounts for 17.6%[12]. HEV could result in severe disease
and a poor outcome in patients with pre-existing liver diseases[13,14]. However, there were few reports on the association between genetic characteristics and pathogenicity
of HEV infection. In addition, whether genotype 3 and 4
HEV could induce liver failure in normal population and
patients with chronic liver disease (CLD) is still unclear.
This study was designed to investigate the genotype of
HEV prevalent in eastern China, the pathogenicity of
HEV in patients with or without CLD and the phylogenetic relationship between human and swine HEV.

RNA extraction and reverse transcription-nested
polymerase chain reaction
All serum samples were tested for presence of HEV RNA
by reverse transcription-nested polymerase chain reaction
(RT-nPCR). RNA was extracted from 200 μL of serum
according to the instructions of TRIzol reagent (Invitrogen). The viral RNA was reverse-transcribed to cDNA
for 1h at 42 ℃ with M-MuLV reverse transcriptase (Promega) and specific external anti-sense primers in a 10 μL
reaction volume. Nested PCRs for open reading frame
(ORF) 2 and ORF1 were performed to detect HEV
sequences using two sets of consensus oligonucleotide
primers. The primer sequences and ampliﬁcation parameters were as described previously[10]. The final PCR product was analyzed by 15 g/L agarose gel electrophoresis.
Sequencing and phylogenetic analysis
The target second-round PCR products were purified and
double-ends sequenced by ABI model 3730 sequencer.
Nucleotide sequences were analyzed with the MEGA 4.0,
ALIGNX and Bioedit v7.0.9 software. Phylogenetic trees
were constructed by the neighbor-joining method and the
interior branch test with the aid of MEGA 4.0 software
package. One thousand resemblings of the data were used
to calculate percentages of the branches obtained.
Designations and accession numbers of full-length
reference sequences representing different genotypes for
analysis of HEV ORF1 and ORF2 were retrieved from
GenBank as follows: Genotype 1: Abb-2B (AF185822);
Bur86 (D10330), Sar-55 (M80581), Uigh179 (D11093),
FHF (X98292), Morocco (AY230202), T3-Chad (AY20
4877); Genotype 2: M1 (M74506); Genotype 3: US2
(AF060669), Osh-205 (AF455784), JBOAR-1Hyo04
(AB189070), swArkell (AY115488), HE-JA10 (AB0898
24), JKN-Sap (AB074918), JMY-HAW (AB074920); Genotype 4: 4a: ChH-S-1 (EF077063), swGX32 (EU366959),
JKO-ChiSai98C (AB197673); 4b: swGX40 (EU676172),
swDQ (DQ279091); 4c: swJ13-1 (AB097811), HE-JA1
(AB097812), HE-JK4 (AB099347), JSN-SAP-FH02
(AB200239); 4d: T1 (AJ272108), swCH25 (AY594199);
4g: ccc220 (AB108537).
In addition, the reference sequences used for analysis of partial ORF2 regions included subtype 4e: INDSW1 (AF324501), IND-SW2 (AF324502), IND-SW3
(AF324503); 4d: swIM6-26 (AB550622), swIM6-43
(AB550624); subtype 4f: HE-JA2 (AB082558).

MATERIALS AND METHODS
Patients and serum samples
A total of 62 serum samples were collected from the
hospitalized patients with hepatitis E during the period
from November 2008 to December 2010. The diagnostic
criteria of hepatitis E are as follows: the elevation of alanine aminotransferase (ALT) level (> 2ULN); the positive result for anti-HEV IgM or at least 4-fold increase of
IgG levels during hospitalization. Patients coinfected with
hepatitis B virus had positive serum HBsAg and HBV
DNA. All patients were negative for anti-human immunodeficiency virus, anti-hepatitis A virus, anti-hepatitis c
virus antibodies and autoantibodies. As some patients did
not seek medical care in the early stages of their illness,
the presence of HEV-IgG was used to diagnose acute
hepatitis E in this study[14-16]. The clinical data of patients
with acute liver failure or acute-on-chronic liver failure
were recorded.
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Table 1 Clinical data of patients with hepatic failure
Patient No.

Sex

1Ⅱ Ⅲ
2ⅠⅡ Ⅲ
3Ⅰ
4ⅠⅡ Ⅲ
5ⅠⅡ Ⅲ
6ⅠⅡ
7ⅠⅡ Ⅲ
8Ⅰ
9ⅠⅡ Ⅲ
10ⅠⅢ

Age (yr) TBIL (μmol/L) DBIL (μmol/L) ALT (U/L) AST (U/L) PA (g/L) ALB (g/L) CHE (U/L)

Male
Male
Male
Female
Female
Male
Male
Female
Male
Male

23
61
69
21
44
45
57
58
36
79

507.4
590.9
179.2
636.4
993.5
711.4
639.9
443.1
759.8
506.8

442.9
481.2
136.7
437.5
775.4
603.4
494.2
302.5
541.9
428.7

183
779
5056
355
166
409
2100
689
319
329

390
787
4754
611
451
209
2820
1493
278
548

30
12
45
12
29
30
9
15
27
4

26.1
25
34.6
31.8
25
28.4
33.9
27.8
29.7
30

1.6
1.2
3.3
1.1
0.9
1.4
1.7
3.1
1.7
1.4

PT (s)

PTA (%)

19
14.5
16.9
65.7
20.1
16.6
28.2
21.4
25.3
15.7

34.7
46.4
34.2
4.3
31.8
43
18.9
23.8
18.4
38.9

Ⅰ ascites, Ⅱ dead, Ⅲ hepatic encephalopathy; patient number 1, 5, 6, 7, 9 and 10 with underlying chronic liver disease, such as chronic hepatitis B, autoimmune hepatitis, alcoholic hepatitis. Patient number 4, 6, 7, 8 and 10 were positive for hepatitis E virus (HEV) RNA. Patient number 1, 2, 4, 6, 8, 9 and 10
were positive for anti-HEV IgM, and patient number 3, 4, 5, 7 and 8 were positive for anti-HEV IgG. All biochemical indices of liver function were recorded
at peak level during treatment at our hospital. Because some patients were treated at other hospitals at early period of illness, the biochemical indices of
liver function, such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST) may not represent the actual peak level. TBIL: Total bilirubin;
DBIL: Direct bilirubin; PA: Pre-albumin; ALB: Albumin; CHE: Cholinesterase; PTA: Prothrombin time activity; PT: Prothrombin time.

30
43
44
98 45
99
41
62
23

99
90

99
45
93

20

47
100

26

84

33
40

99

82
94
99

52

99

100
45

99
0.15

0.10

0.05

Detection of anti-hepatitis E virus and hepatitis E virus RNA
Out of 62 serum samples, 33 were positive for anti-HEV
IgM but negative for anti-HEV IgG, while 23 were positive only for anti-HEV IgG, 6 were positive for both IgG
and IgM. The overall positivity rate for HEV RNA was
21.0% (13/62).
Phylogenetic analysis of hepatitis E virus genome
isolated from patients
HEV cDNA was amplified from 13 serum samples using
primer S4, and the 365nt PCR products of partial ORF2
sequences were determined. The 13 isolated strains were
designated as GS-NJ-1 to GS-NJ-13 (GenBank accession numbers JF309208 - JF309220). These 13 isolates
shared 82.1%-98.0% nucleotide homology, and had identities of 74.7%-81.0%, 75.3%-78.6%, 75.3%-80.0% and
82.1%-96.1% with the corresponding regions of HEV
genotypes 1-4, respectively. Phylogenetic analysis based
on partial ORF2 (286 bp) showed that the 13 sequences
could be clearly grouped into four main clades (Figure 1),
one of which consisted of 4 HEV isolates sharing an
88.4%-97.2% identity with HEV subtype 4d. The second
clade included 5 isolates sharing a 90.6%-96.1% identity
with HEV subtype 4a. The third clades were formed by
GS-NJ-5 and GS-NJ-7 sharing a 98.0% identity with each
other and 82.1%-87.3% nucleotide homology with subtypes 4a-4g. The last clade contained 2 isolates sharing a
94.2% identity with each other and 82.5%-89.0% identity
with subtypes 4a-4g. Phylogenetic tree showed that both
the last two branches were formed individually, separat-

Genotype 1

22
33

64

Clinical data of patients with liver failure
The clinical data of patients with liver failure is summarized in Table 1. Among 62 cases, 10 developed liver
failure (4 with acute liver failure and 6 with acute-onchronic failure), 5 with CLD died of acute-on-chronic
liver failure, and one 21-year-old female patient died of
acute liver failure.

Genotype 3

98
61
99

RESULTS

Genotype 4

100
72
71
100

▲NJ-GS-1
swGX32 (EU366959)
JKO-ChiSai98C (AB197673)
▲NJ-GS-11
▲NJ-GS-3
4a
swlM6 (AB550623)
▲NJ-GS-12
swlM6-43 (AB550624)
▲NJ-GS-6
ChH-S-1 (EF077063)
▲NJ-GS-2 New subgenotype
▲NJ-GS-8
swJ13-1 (AB097811)
HE-JA1 (AB097812)
4c
HE-JK4 (AB099347)
JSN-SAP-FH02 (AB200239)
▲NJ-GS-4
▲NJ-GS-10
▲NJ-GS-13
4d
▲NJ-GS-9
T1 (AJ272108)
swCH25 (AY594199)
▲NJ-GS-5
Newsubgenotype
▲NJ-GS-7
4f
HE-JA2 (AB082558)
4g
CCC220 (AB108537)
swGX40 (EU676172)
4b
swDQ (DQ279091)
IND-SW2 (AF324502)
4e
IND-SW3 (AF324503)
IND-SW1 (AF324501)
JKN-Sap (AB074918)
JMY-HAW (AB074920)
HE-JA10 (AB089824)
US2 (AF060669)
JBOAR-1Hyo04 (AB189070)
swArkell (AY115488)
Osh-205 (AF455784)
M1 (M74506) Genotype 2
FHF (X98292)
T3-Chad (AY204877)
Morocco (AY2302020)
Uigh179 (D11093)
Sar-55 (M80581)
1a-Bur86 (D10330)
Abb-2B (AF185822)
0.00

Figure 1 Phylogenetic tree based on 286 bp of open reading frame 2 of
hepatitis E virus genotypes 1-4, 13 human sequences. Human hepatitis E
virus isolated in this study were signed with solid triangle.

WJG|www.wjgnet.com

967

March 7, 2012|Volume 18|Issue 9|

Geng JB et al . Genetic characteristics and pathogenicity of HEV

91

29
97

61

26

33

100

100
54
65

99

49
91
96

94

48
78
60
37
100

54

30
24

0.15

0.10

93

0.05

Genotype 1

98

Genotype 3

58

98

the positive rate of HBsAg was 9.09% in persons over 3
years of age and most of the HBsAg carriers were asymptomatic and under recognized. During the long period
of CHB, there was a chance for patients to be sporadically superinfected by HEV. Studies had demonstrated
that patients with CLD coinfected with HEV had more
severe liver diseases with higher rates of compensated cirrhosis, hepatic failure, and complications[13,14]. In present
study, 10 of 62 patients suffered from hepatic failure and
6 patients died (1 died of acute liver failure and 5 died of
acute-on-chronic liver failure) (Table 1). Therefore, all susceptible people, especially the patients with CLD should
take appropriate strategies to decrease the incidence of
HEV infection, such as consumption of boiled water and
well-cooked food and hand washing with soap.
As many studies reported, HEV was transmitted primarily by fecal-oral route, usually via the consumption
of contaminated water or food. However, recent investigations have not consistently found well-deﬁned water
sources of HEV, suggesting other possible modes of
transmission[18,19]. Transmissions through blood transfusions, mother-to-fetus, and person-to-person were also
reported[20,21], but these routes of transmission were not
thought to be frequent. In this study, a substantial proportion of patients had not consumed any raw meat in the
recent past, and no clear source of infection was found,
raising the suspicion of transmission through contaminated water or food. It is worth mentioning that in eastern
China, where there are many rivers, water are usually contaminated by domestic pig feces and used to fertilize crops
without special treatment. As HEV was isolated frequently from swine feces in most parts of the world, people
who drink unboiled water or inadequately cooked food
may be infected by HEV. Therefore, clinicians should
be vigilant and should consider hepatitis E in the differential diagnosis of unexplained jaundice and clinical indications, such as the lack of evidence for other causes of
abnormal liver failure, should increase the threshold for
testing for HEV infection.
Phylogenetically, sequence analysis of partial ORF2
and ORF1 showed the highest identity with genotype 4,
and phylogenetic tree conformed that all HEV strains
belonged to genotype 4 and could further subdivided
into 4 subgenotypes (Figures 1 and 2). These results indicate that patients in eastern China are currently infected
with divergent genotype 4 HEV strains that may be indigenous; genotype 4 has emerged as the predominant
genotype in this region with at least 4 subgenotypes. Addi
tionally, further phylogenetic analysis showed a very close
relationship and a high nucleotide identity between human and swine HEVs by blasting the partial human HEV
sequences in Genbank (Table 2). The GS-NJ-12 strain
shared a 100% nucleotide identity with two swine HEVs
(swIM6-43 and swIM6-41) isolated from Inner Mongolia,
China. Moreover, all swine HEVs showing the highest
nucleotide identities comparable with human HEVs were
isolated from different areas of mainland China, indicating that sporadic hepatitis E was acquired domestically,

Genotype 4

49
36

JKO-ChiSai98C (AB197673)
swGX32 (EU366959)
■GP-NJ-1
4a
■GP-NJ-6
■GP-NJ-4
ChH-S-1 (EF077063)
■GP-NJ-3
New subgenotype
■GP-NJ-5
HE-JA1 (AB097812)
swJ13-1 (AB097811)
4c
HE-JK4 (AB099347)
JSN-SAP-FH02 (AB200239)
■GP-NJ-2 New subgenotype
ccc220 (AB108537) 4g
swDQ (DQ279091)
4b
swGX40 (EU676172)
swCH25 (AY594199)
■GP-NJ-7
4d
T1 (AJ272108)
Osh-205 (AF455784)
JBOAR-1 Hyo04 (AB189070)
swArkell (AY115488)
US2 (AF060669)
HE-JA10 (AB089824)
JKN-Sap (AB074918)
JMY-HAW (AB074920)
M1 (M74506) Genotype 2
Morocco (AY230202)
T3-Chad (AY204877)
FHF (X98292)
Bur86 (D10330)
Abb-2B (AF185822)
Sar-55 (M80581)
Uigh179 (D11093)
0.00

Figure 2 Phylogenetic tree based on 243 bp of open reading frame 1 of
hepatitis E virus genotypes 1-4, 7 human sequences. Human hepatitis E
virus isolated in this study were signed with solid square.

ing from the established subgenotypes 4a-4g, which indicated that they may belong to novel subgenotypes. The
phylogenetic analysis based on partial ORF1 sequences
confirmed the genotyping results (Figure 2).
Sequence analysis of partial hepatitis E virus ORF1
To exclude the possibility of contamination and confirm
the results of phylogenetic analysis based on partial ORF2
sequences, 13 positive samples were amplified using ORF1
primers (P primer) and 11 were positive. Sequence analysis
of partial HEV ORF1 fragments showed that there
were 7 groups, designated as GP-NJ-1 to GP-NJ-7 with
GenBank accession numbers JF309201-JF309207. The 7
strains shared an 82.0%-99.1% sequence identity with each
other, and had identities of 73.2%-78.1%, 75.3%-79.0%,
74.0%-82.7% and 80.6%-95.0% with the corresponding
regions of HEV genotypes 1-4, respectively. Phylogenetic
analysis (Figure 2) conﬁrmed the subtyping result based
on partial sequences of ORF2.

DISCUSSION
In China, a substantial proportion of people had serological evidence of prior HEV exposure but no disease[17].
Moreover, according to the national investigation of 2002,
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anti-HEV. In present study, because some patients did
not seek medical care in the early stages of their illness or
were treated at other hospitals at early period of illness,
and the period of viraemia is short[3], only 5 of 10 cases
with hepatic failure were confirmed by the presence of
HEV RNA in serum samples. Although some cases negative for HEV RNA might be misdiagnosed as hepatitis
E, 5 patients with liver failure (No. 4, 6, 7, 8, 10) were
confirmed by detecting serum HEV RNA using S primers (designated as GS-NJ-11, GS-NJ-4, GS-NJ-6, GSNJ-9, GS-NJ-5) and P primers (designated as GP-NJ-6,
GP-NJ-7, GP-NJ-4, GP-NJ-7, GP-NJ-2). Patients 4 and 8
with no underlying liver diseases suffered from acute liver
failure, and patient 4 died. Furthermore, 5 (No. 1, 5, 6, 7
and 9) out of 6 patients with CLD died of hepatic failure
and relative complications, suggesting that it is imperative
to develop a reliable hepatitis E vaccine.
In conclusion, this study presented the first finding
that HEV genotype 4 could result in acute liver failure
and acute-on-chronic liver failure. Genotype 4 was the
dominant strain among the patients involved in this study,
and there were at least 4 subgenotypes (4a, 4d and 2 new
subgenotypes) prevalent in eastern China. Phylogenetic
analysis showed a very close relationship between human
and swine HEV, suggesting that swine may be a principal
risk factor for occurrence of hepatitis E in eastern China.
However, the implication for subgenotype classification
and other issues such as the relationship between different genotypes/subtypes and different modes of transmission, pathogenicity, possibility of cross species transmission are still indistinct and remain to be understood.

Table 2 Nucleotide homology between human hepatitis E
virus and swine hepatitis E virus
Human HEV
GP-NJ-1
GP-NJ-2
GP-NJ-3
GP-NJ-4
GP-NJ-5
GP-NJ-6
GP-NJ-7
GS-NJ-1
GS-NJ-2
GS-NJ-3
GS-NJ-4
GS-NJ-5
GS-NJ-6
GS-NJ-7
GS-NJ-8
GS-NJ-9
GS-NJ-10
GS-NJ-11
GS-NJ-12
GS-NJ-13

Swine HEV
CHN-XJ-SW36 (FJ775168)
swCH31 (DQ450072)
CHN-XJ-SW16 (GQ306000)
CHN-XJ-SW10 (FJ775167)
CHN-XJ-SW16 (GQ306000)
CHN-XJ-SW61 (FJ775170)
bjsw1 (GU206559)
CHN-XJ-SW36 (FJ775175)
swSH02 (DQ450074)
swIM8-4 (AB550626)
KMsw-3 (HQ008864)
CHN-XJ-SW16 (GQ306004)
CHN-XJ-SW10 (FJ775174)
CHN-XJ-SW16 (GQ306004)
swSH02 (DQ450074)
bjsw1 (GU206559)
KMsw-3 (HQ008864)
CHN-SJ-SW36 (FJ775175)
swIM6-43 (AB550624)
KMsw-3 (HQ008864)

Identity
(%)

Coverage
(%)

96
96
99
93
99
93
97
95
96
95
97
96
95
95
95
97
98
95
100
97

100
100
100
100
100
100
100
100
99
97
98
100
100
100
98
99
98
100
97
98

HEV: Hepatitis E virus.

and swine may be a principal risk factor for occurrence
of sporadic hepatitis E.
Among 62 serum specimens, 13 samples had positive
result of HEV RNA using ORF2 primers. The ORF1
degenerate primer (P primer) set amplified 11 of 13 HEV
sequences successfully, and 2 specimens positive for S pri
mer were negative for P primer. While both primer sets
could amplify human and animal HEV successfully[6,10,17,22],
multiple nucleotide substitutions in the primer-binding
regions or a few bases mismatch in 3’ end of primers, the
narrow window of HEV incubation, low HEV RNA titer
in sera and “false-positive” results from cross-reactivity
with unknown antigens may result in a low detection rate
of HEV RNA. Because the window for HEV diagnosis
may be narrow, sample collection from the patients in due
course is considered to be the key for HEV RNA detection.
Up until now, hepatitis E is diagnosed by detecting viral RNA in serum and/or feces during the incubation period or early acute phase of disease, or, more commonly,
by demonstrating IgM anti-HEV or a rising titer of IgG
anti-HEV in the serum during the late acute phase or
convalescent phase of the illness[16]. However, there are
still problems with the enzyme immunoassays used to
detect current or previous HEV exposure. Commercial
assays vary markedly in their sensitivity and specificity[4,23].
Recently, the Wantai kit used in this study was proved
to be more sensitive than GeneLab kit (98% vs 56%)[24] ,
which has a high specificity for diagnosis of acute infection of HEV[25,26]. Detection of rising IgG or RNA was
considered diagnostic with a specificity of 100%; the
specificity of IgM was found to be 99.4%[15]. Yet, based
on previous studies, it is still very hard for researchers
to detect HEV RNA in all serum specimens positive for
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Background

Hepatitis E, caused by the hepatitis E virus (HEV), is the most important cause
of acute viral hepatitis in adults throughout Asia, the Middle East and Africa
where the sanitation conditions are usually substandard. HEV genotypes 1 and
2, which have similar epidemiological and sporadic features, can result in acute
hepatitis, acute liver failure, and acute-on-chronic liver failure. However, HEV
genotype 3 and 4, which were generally considered to cause acute, self-limiting
illness followed by a complete recovery, seems to be less virulent for humans
than genotypes 1 and 2 and have not been implicated in causing severe liver
diseases. However, there were few reports on the association between genetic
characteristics and pathogenicity of HEV infection. In addition, whether genotype 3 and 4 HEV could induce liver failure in normal population and patients
with chronic liver disease (CLD) is still unclear.

Research frontiers

HEV is widespread in swine and is likely to be endemic in many developed/
developing countries. There is a very close relationship between human and
swine HEV by phylogenetic analysis of partial/full-length genomic sequence.
Accumulated evidences support the hypothesis that hepatitis E is a zoonosis,
and swine may be a principal risk factor for occurrence of hepatitis E in many
areas. HEV infection in healthy individuals are associated with a mortality rate
of 0.04%-4%. Some studies have reported a high prevalence of HEV antibodies in patients with CLDs and others have suggested that cirrhotics were prone
to HEV infection, and superinfection with HEV in patients with underlying CLD
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can cause severe hepatic decompensation, leading to increased morbidity and
mortality.

10

Innovations and breakthroughs

In China, superinfection with genotype 4 HEV in patients with underlying
CLD, especially in patients with chronic hepatitis B, can cause severe hepatic
decompensation, leading to increased morbidity and mortality. This study presented the first finding that genotype 4 HEV can induce liver failure in normal
population and patients with CLD. The GS-NJ-12 strain isolated from a case
of sporadic hepatitis E shared a 100% nucleotide identity with two swine HEVs
(swIM6-43 and swIM6-41) isolated from Inner Mongolia, China. Moreover, all
swine HEVs showing the highest nucleotide identities comparable with human
HEVs were isolated from different areas of mainland China, indicating that
sporadic hepatitis E is acquired domestically, and swine may be a principal risk
factor for occurrence of sporadic hepatitis E in eastern China.

11
12
13
14

Applications

This study found that the dominant genotype of HEV prevalent in eastern
China was genotype 4, which can induce liver failure in normal population and
patients with CLD and swine may be a principal risk factor for occurrence of
sporadic hepatitis E. Therefore, a standardized management of swine in stock
farm is the key to prevent HEV transmission from swine to human.

15

The work investigated the genetic characteristics of the HEV in Eastern China
and assessed the potential risk factors. Among acute infected patients, they
found a seroprevalence of HEV RNA in 21%. The isolated HEV strains shared
a high percentage of nucleotide homology with a HEV strain isolated from
swine. The manuscript demonstrates a well performed study which hints one
more time the direction that HEV may be acquired by the contact to swines/wild
boars.
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B7-H1 expression is associated with expansion of
regulatory T cells in colorectal carcinoma
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blood mononuclear cells of fresh CRC tissues; flow cytometry and immunofluorescence staining were used
for detection of regulatory T cells. Data was analyzed
with statistical software.
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RESULTS: Costimulatory molecule B7-H1 was found
strongly expressed in CRC tissues, localized in tumor cell
membrane and cytoplasm, while weak or none expression of B7-H1 was detected in pared normal colorectal
tissues. Meanwhile, CD3 positive T cells were found
congregated in CRC tumor nest and stroma. Statistic
analysis showed that B7-H1 expression level was negatively correlated to the total T cell density in tumor nest
(P < 0.0001) and tumor stroma (P = 0.0200) of 102
cases of CRC tissues. Among the total T cells, a variable
+
amount of regulatory T cells with a clear Foxp3 (forkhead box P3) staining could be detected in CRC tissues
and patients’ blood. Interestingly, in the 33 samples
high
(15 cases of B7-H1 CRC tissues and 18 cases of B7low
H1 CRC tissues) of freshly isolated mononuclear cells
+
+
from CRC tissues, the percentages of CD4 Foxp3 and
+
+
CD8 Foxp3 regulatory T cells were found remarkably
high
low
higher in B7-H1 CRC tissues than in B7-H1 CRC tissues (P = 0.0024, P = 0.0182), indicating that B7-H1
expression was involved in proliferation of regulatory T
cell. No significant difference was found in CRC peripheral blood (P = 0.0863, P = 0.0678). PD-1 is the specific ligand for B7-H1 pathway transferring inhibitory signal to T cell, which is expressed by activated T cell. Our
further analysis of PD-1 expression on T cells in CRC
+
tissues showed that conventional T cells (CD4 Foxp3 /
+
CD8 Foxp3 ), which was thought to contribute to the
anti-tumor immune response, highly expressed PD-1;
+
+
+
while regulatory T cells (CD4 Foxp3 /CD8 Foxp3 ) almost failed to express PD-1. The average percentage of
PD-1 expression on regulatory T cells was significantly
higher than the percentage of PD-1 on conventional T
+
+
cells (CD4 Foxp3 T cell, P < 0.0001; CD8 Foxp3 T cell,
P < 0.0001). The diverse expression of PD-1 might lead
to different fate of T cell subsets in B7-H1 over-expression CRC tumor microenvironment.

Abstract
AIM: To investigate the expression of B7-H1 in human
colorectal carcinoma (CRC) to define its regulating effects on T cells in tumor microenvironment.
METHODS: One hundred and two paraffin blocks and
33 fresh samples of CRC tissues were subject to this
study. Immunohistochemistry was performed for B7-H1
and CD3 staining in CRC tissues. Ficoll-Hypaque density
gradient centrifugation was used to isolate peripheral
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CONCLUSION: B7-H1 expression in tumor cells can in
hibit the conventional T cell proliferation in tumor microenvironment through the PD-1 expression on conventional
T cells.

which essentially contribute to the T cell activation and
tolerance[14-19]. B7-H1 was identified in 1999 as a member
of B7 family that was������������������������������������
���������������������������������������
described to negatively regulate T
cell function by engagement with PD-1, a CD28 fam�
ily member receptor. Besides antigen-presenting cells,
B7-H1 mRNA was�����������������������������������
��������������������������������������
found in a variety of nonlymphoid
parenchymal organs, including the heart, placenta, skel�
etal muscle, and lung[15]. B7-H1 was����������������������
�������������������������
thought to inhibit T
cell growth and cytokine production by ligation of the
PD-1 receptor[20], which is expressed on activated T and
B cells[15,21]. Zou et al[22] reported the presence of B7-H1
protein by immunohistochemistry in a wide range of
human cancers. Tumor-associated B7-H1 induce�������
d������
apop�
tosis of effector T cells and �����������������������������
was��������������������������
thought to contribute to
immune evasion by cancer. Other studies indicated that
blockade of B7-H1 enhanced tumor immunity but had
no direct effect on tumor cells[23-25]. To make the situation
more complicated, B7������������������������������������
-�����������������������������������
H1 can also function as a receptor
to transmit signals to T cells and tumor cells[26,27]. In sum�
mary, B7-H1 can act as both ligand and receptor to ex�
ecute immuno������������������������������������������
-�����������������������������������������
regulatory functions. B7-H1 was reported
to be involved in the induction of Tregs, dysfunctional
dendritic cells���������������������������������������
��������������������������������������
that express��������������������������
ed������������������������
up-regulated B7-H1 may
lead to the generation of Tregs, and in vivo blocking of
B7-H1 signaling abolished ��������������������������
the ����������������������
conversion in a tumorinduced Treg conversion model[28]. Whether the tumorassociated B7-H1 could affect the Tregs generation in the
tumor microenvironment deserve����������������������
s���������������������
further exploration.
Colorectal carcinoma (CRC) is one of the most fre�
quent malignancies worldwide, its
����������������������������
incidence and mortality
are especially
���������������������������������������������������
high in W�������������������������������
��������������������������������
estern developed counties, ����
and
it is�������������������������������������������������
the second leading cause of cancer-related death[29].
CRC is a multi-pathway disease�������������������������
since�������������������
numerous patholog�
ical factors and polygene transformation are involved in
its oncogenesis and progression. Within recent decades,
varieties of therapeutic strategies including conventional
surgery, chemotherapy, radiotherapy and immunotherapy,
or even combination of these therapies have been avail�
able in the treatment���������������������������������
of CRC
�����������������������������
patients. However, these
therapies yielded��������������������������������������
���������������������������������������������
different outcomes due to �����������
different
����������
physical conditions
������������������������������������������������
of the patients����������������������
, which shaped the
�������
���
tu�
mor microenvironment with immune suppressions[30-32].
Therefore, it�����������������������������������������������
is��������������������������������������������
critical for clinicians to perform further
analysis of the immune suppression and establish indi�
vidual�������������������������������
ized���������������������������
strategy for CRC patients.
In the present study, we perform���������������
ed�������������
immunohisto�
chemistry to characterize the B7-H1 expression in human
CRC and examined its effect on infiltrating T lympho�
cytes in tumor tissues. The regulatory T cells were de�
tected in ����������������������������������������������
the ������������������������������������������
tumor tissues and peripheral blood of CRC
patients, and the relationship between the B7-H1 expres�
sion and Tregs population�����������������������������
was analyzed����������������
. ��������������
T�������������
he mechanism
of regulatory T cell expansion related to B7-H1-PD-1
signal was�������������������
also��������������
investigated.
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INTRODUCTION
Tumor genesis is associated with a wide array of both ge�
netic and epigenetic changes. Although host immune sur�
veillance may prevent tumor outgrowth during the earli�
est stages of tumor growth, locally invasive or metastatic
tumors must evade host immunity[1]. Immune escape is
not merely a passive process of immune evasion but an
active process��������������������������������������������
���������������������������������������������������
�������������������������������������������
in�����������������������������������������
which tumor cells, stromal cells and im�
mune cells within the tumor microenvironment actively
suppress the antitumor immune response. Both myeloidderived cells and lymphocyte subsets, most notably regu�
latory T cell��s� (Treg)�����������������������������������
�����������������������������������������
,����������������������������������
collaborate with their malignant
counterparts to suppress the
�����������������
�������������
host immunity[2,3]. Recent
evidence showed that experimental depletion of Tregs im
proves immune-mediated tumor clearance and enhance��s�
the response to immune-based therapy[4,5]. Tregs have
been shown to suppress tumor-specific T cell immunity
and therefore may contribute to the progression of hu�
man tumor�s[6,7]. Furthermore, tumor Tregs are associated
with a reduced survival �����������������������������������
of���������������������������������
the
��������������������������������
patients
����������������������������
with ovarian carci�
noma and brain tumor�s[8,9]. In contrast, it has been found
in Hodgkin lymphoma that decreased number of infiltrat�
ing Foxp3+ cells in conjunction with increased infiltration
of cytotoxic T lymphocytes predicts an unfavorable clini�
cal outcome[10]. Although previous studies have suggested
that tumors could induce CD25+Foxp3+Tregs from naïve
CD4 T cells in the absence of thymus, the cellular and
molecular mechanisms for that, however, �������������������
are still����������
not well
understood[11,12].� Optimal
���������������������������������������
activation of antigen-specific
lymphocytes requires specific antigen recognition by
lymphocytes and costimulatory signals[13]. Up to date, a
cohort of important costimulatory molecules, ����������
including
B7 family ligands, ������������������������������
and those
��������������������������
��������������������
which ��������������
interact with ������
known
or unknown receptors��,����������������������
���������������������
ha�������������������
s������������������
been identified, �������
namely �����
B7-1
(CD80), B7-2 (CD86), B7-H1 (PD-L1), B7-DC (PD-L2),
B7-H2 (ICOS ligand), B7-H3 and B7-H4 (B7x, B7-S1),
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Patients
For B7-H1 expression and T cell infiltration analysis, 102
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patients ������������������������������������
with �������������������������������
CRC who
���������������������������
�����������������������
underwent surgery from ����
May
2004 to Dec����������������������������������������
ember�����������������������������������
2007 were included����������������
������������������������
in the present
study. No patient received pr����������������������������
e���������������������������
-operative chemotherapy or
radiotherapy. The paraffin blocks of tumor tissues were
assembled from the archival collections ��������������
of������������
the Depart�
ment of Pathology, and all 102 specimens were identified
as CRC �������������������������
by�����������������������
hematoxylin and eosin (HE)
�����������������������
staining. For reg�
ulatory T cell and B7-H1 expression analysis, 33 CRC pa�
tients who
���������������������������
�����������������������
underwent surgery from ����������������
Jan�������������
uary���������
2008 to �����
July
2009 were subjected to this study. No patient received
pr������������������������������������������������������
e�����������������������������������������������������
-operative chemotherapy or radiotherapy. The fresh���
ly�
removed tumor tissues were identified as colorectal car�
cinoma by pathologist according
����������������������������������
to the������������������
HE staining. The
blood samples were collected from the 33 CRC patients
before the surgery by venipuncture. ��������������������
Thirty-three��������
normal
tissues from autologous non-malignant portion of colon
or rectum were resected surgically���������������������������
�������������������������������������
for the analysis as well,
and used as���������������������������
�����������������������������
the normal tissue control.
The specimens were collected from the ������
T�����
hird �����������
A����������
ffiliated
H�����������������������
ospital and the F������
�������
ourth �����������������������
A����������������������
ffiliated H�������������������
������������
ospital of Soochow
��������
University, China, with the ����������������
approval��������
�������
of�����
the ����������
Ethic Com�
mittee���������������������
s��������������������
of the�������������
se�����������
hospitals.

tive ��������������������������������������������������
means���������������������������������������������
no tumor cells showing positive immunostain�
ing. Sections were considered as positive when the tumor
cells showed cytoplasmic or membranous B7-H1 im�
munostaining with proper intensities and were extended
as grade������������������������������������������������
s�����������������������������������������������
1, 2 and 3. The sections ���������������������
of�������������������
grade 0 and grade
1 were classified as low expression group, and other sec�
tions ���������������������
of�������������������
grade 2 and grade ��3 ���������������������������
were classified as high ex�
pression group.
Infiltrating T lymphocytes in both tumor stroma and
tumor nest were determined according to the CD3 im�
munolabeling. First, the infiltrating T lymphocytes in
tumor stroma were examined at low magnification (× 40)
and categorized according to the density as: grade 0,
scanty; grade 1, moderate infiltrati�������������
on��������������������
; grade 2, abundant
���������
infiltrati�������������
on�����������
; grade 3, the
������������������������������������
most abundant infiltrati��������
on������
. The
group ���������������������
of�������������������
grade 0 and grade 1�� ����������������������������
was defined as low infiltra�
ti���������������������������������������������������
on�������������������������������������������������
group, and another group �����������������������
of���������������������
grade 2 and grade 3
was defined as high infiltrati����������
on��������
group. Second,
�������� ����������
the infil�
trating T lymphocytes in tumor nest were counted as fol�
lows: five areas in tumor nest with the most intense infil�
trating T lymphocytes were selected at low magnification
(× 40), then the infiltrating T lymphocytes were counted
and recorded at high power field (HPF, × 200 magnifica�
tion). Results from the five areas were averaged and used
in the statistical analysis. In the present study, the sections
with the infiltrating T lymphocytes in tumor nest ��������
of less
�����
than 60 per HPF were defined as low infiltrati����������
on��������
group,
and other sections with the infiltrating T lymphocytes in
tumor nest of
����������������������������������������
�������������������������������������
more than 60 per HPF were defined as
high infiltrati���������������������������������������
on�������������������������������������
group. The cutoff point of 60 T lym�
phocytes per HPF for low/high infiltrati�����������������
on assessment
��������������
in
tumor nest was set at the median value of the entire sec�
tions.

Immunohistochemistry
Immunohistochemistry was performed using the Dako
ElivisionTM according to the manufacturer’s instructions.
Both tumor tissues and non-malignant tissues were fixed
with formalin, and embedded in paraffin wax. Before
immunohistochemical staining, 3-μm-thick consecutive
sections were cut by microtome, dewaxed in xylene and
rehydrated through graded ethanol solutions. Antigens
were retrieved by heating the tissue sections at 100 ℃
for 30 min with������������������
����������������������
citrate solution (10
������������������������
mmol/L, ������������
p�����������
H 6.0, for
CD3 antigen retrieval) or e�������������������������������
��������������������������������
thylene������������������������
d�����������������������
iamine�����������������
t����������������
etraacetic a����
�����
cid�
solution (1 mmol/L, ��������������������������������������
p�������������������������������������
H 8.0, for B7-H3 antigen retrieval).
Sections were cooled down and immersed in 0.3% hydro�
gen peroxide for 15 min to block endogenous peroxidase
activity, and then rinsed in phosphate-buffered saline
(PBS) for 5 min, blocked with 5% bovine serum albumin�
(���������������������������������������������������
BSA������������������������������������������������
)�����������������������������������������������
at room temperature for 15 min, and incubated
with primary antibodies against CD3 (Maixin Biotechnol�
ogy Limited Corporation, Fuzhou, China) and B7-H1[21],
respectively, at 4 ℃ overnight. Negative controls were
performed by replacing the specific primary antibody
with PBS. The sections were then rinsed in PBS for 5 min
for 3 times and were followed by incubati������������
on����������
with HRPlabeled goat anti mouse/rabbit secondary antibody (Dako,
Glostrup, Denmark). Diaminobenzene was used as the
chromogen and hematoxylin as the nuclear counterstain.
The sections were dehydrated, cleared and mounted.

Cell isolation from fresh tumor tissues and peripheral
blood
Fresh tumor specimens were gently minced�����������
on �������
a wire
mesh screen to obtain a cell suspension. The cell suspen�
sion was centrifuged over Ficoll-Hypaque (Amersham
Biosciences, Sweden) at 1400 r/min for 25 min. After
density gradient centrifugation, the mononuclear cells were
collected and washed with RPMI 1640 media (Gibco,
United States) containing 50 g/mL fetal bovine serum
(Hyclone, United States) and 10 g/mL penicillin/strepto�
mycin (Sigma-Aldrich, United States). Peripheral blood
mononuclear cells were ����������������������������������
also �����������������������������
isolated with Ficoll-Hypaque
density gradient centrifugation, and the isolated mono�
nuclear cells were subjected to the analysis immediately.
Flow cytometry and intracellular staining
Cells were washed in PBS containing 5 g/mL BSA and
incubated with �������������
the ���������
specific �����������������������������
fluorochrome-conjugated anti�
bodies identifying surface molecules on T cell�������������
s������������
for 30 min
at 4 ℃. The antibodies included CD4-FITC, CD8-FITC
(Beckman Coulter, United States) and PD-1-PE (eBiosci�
ence, United States). For intracellular staining, washed
cells were fixed with Foxp3 Fixation/Permeabilization
Solution (eBioscince, United States) at room temperature,
then incubated with PE-cy5 conjugated anti-Foxp3 anti�

Evaluation of B7-H1 and CD3 immunohistochemical
staining
Two independent observers who blinded to the clinico
pathological parameters of the patients assess����������
ed��������
the im�
munohistochemical staining sections. The B7-H1 immu�
nostaining intensities were scored according to a scale
as grade 0, negative; grade 1, weak����������������������
ly��������������������
positive; grade 2,
moderate��������������������������������������������������
ly������������������������������������������������
positive; grade 3, strong����������������������
ly��������������������
positive. The nega�

WJG|www.wjgnet.com

973

March 7, 2012|Volume 18|Issue 9|

Hua D et al . B7-H1 and regulatory T cells in CRC

A

B

100 mm

C

100 mm

D

100 mm

E

100 mm

F

100 mm

100 mm

Figure 1 B7-H1 and CD3 immunostaining of colorectal carcinoma tissues. A and B: B7-H1 immunostaining in colorectal carcinoma tissues (A: Magnification 400
×; B: Magnification 200 ×); C: B7-H1 immunostaining in normal colorectal tissues; D: Negative control in colorectal carcinoma tissues; E and F: CD3 stained infiltrating
T lymphocytesb (E: Tumor stroma; F: Tumor nest).

0.5 mL cell staining buffer������������������������������
, and�������������������������
then were analyzed with
f����������������������������������������
low ������������������������������������
c�����������������������������������
ytometry and the Beckman-Coulter’s �������
Expo32 ����
Mul�
ticomp software� ��������������������������������������
(Beckman Coulter, United States). Iso�
type controls were done for each staining.

IHC score of B7-H1 staining

3

P < 0.0001
2

Statistical analysis
Statistical analyses were performed using GraphPad Prism
5.0 software package (GraphPad Software, United States).
Paired or unpaired Student’s t ���������������������������
test, Wilcoxon signed rank
test,����������������
���������������
and the Pearson χ 2 test were used where appropri�
ate. A P ��������������������������������������������������
value less than 0.05 was considered statistical���
ly�
significan��
t�.

1

0
Tumor tissue

Normal tissue

Figure 2 B7-H1 expression level in colorectal carcinoma tissues and adjacent normal tissues from 33 patients evaluated by immunohistochemisty.
IHC: Immunohistochemisty.

RESULTS
B7-H1 expression was found in colorectal carcinoma
tissues but����������������������������������
not in���������������������������
normal colorectal tissues
Thirty-three cases of paired CRC tissues and adjacent nor�

body (eBioscince, United States) at room temperature in
the dark for 30 min. Labeled cells were re-suspended in
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A

Infiltrating T lymphocytes in
colorectal carcinoma tissues

Cases

B7-H1
expression

χ

2

Foxp3

Table 1 Correlation between infiltrating T lymphocytes and
B7-H1 expression in colorectal carcinoma tissues

Q1
5.2%

+

P = 0.0024

2

15

1

10

10

34

24
23

%

9.549 0.0200
68

44

0

10

5

Q4
53.8%

11

Q3
26.7%
0

10

17.4 < 0.0001
51
51

13
34

38

3

10

17

1

10

2

10

0

3

10

CD4

B7-H1

low

high

B7-H1

+

+

CD8 Foxp3 T cell

Q2
5.0%

Q1
12.5%

5

2

10

P = 0.0182

4
1

10

3
%

HPF: High power field.

2

0

10

mal tissues resected ����������������������������������������
surgically������������������������������
were used to ����������������
investigate�����
the
B7-H1 expression. As we described in previous works in
human gastric carcinoma[21], B7-H1 was also found strong�
ly expressed in tumor cells, localized in the membrane and
cytoplasm (Figure 1A and B). Based on the immunohisto�
chemi���������������������������������������������������
cal������������������������������������������������
scores, 33 cases of tumor tissues showed�������
�������������
B7-H1
expression (Score 1, 2 or 3), and 15 cases of
�����������������
��������������
tumor tissues
had�����������������������
high B7-H1 expression ������������������������������
(Score 2 or 3). I�������������
��������������
n the normal
tissues, 3 cases showed����������������������
����������������������������
low B7-H1 expression �����������
(Score 1),
and no��������������������������������
ne������������������������������
�����������������������������
showed ����������������������
high B7-H1 expression ����������������
(Figure 1C). Ac�
cording to the statistical analysis, B7-H1 expression ���������
level ���
in
CRC tumor tissues was high�������������������������������
er�����������������������������
than
����������������������������
in���������������������
the adjacent normal
colorectal tissues (P < 0.0001, Figure 2).

Q4
61.1%
0

Foxp3

B

1

Q3
21.4%

10

1

10

2

10

0
B7-H1

3

10

CD8

low

high

B7-H1

Regulatory T cells in CRC peripheral blood
+

3

10

Q1
4.3%

Q2
8.9%

Q4
54.9%

Q3
31.9%

P = 0.0863
9
8
7
6
5
4
3
2
1
0

10

1

%

10

0

10

0

10
3

10

1

10

2

3

10

10

CD4

Q2
2.8%

Q1
7.9%

+

CD4 Foxp3 T cell

2

B7-H1 expression level was negatively correlated to the
total T cell infiltration density
CD3 staining was considered as T cell labeling, and the
number of positive cells represented the total T cell infil�
tration density[30]. CD3 positive T cells were found con�
gregated in CRC tumor and stroma (Figure 1E and F).
One hundred and two cases of paraffin embedded CRC
tissues were used to study������������������������������
�����������������������������������
the B7-H1 expression and the
T cell infiltration. As shown in Table 1, tumor cell B7-H1
expression was��������������������������������������������
�����������������������������������������������
negatively and significantly correlated to
the density of CD3 positive T cells in tumor nest (P <
0.0001, Table 1) and tumor stroma (P = 0.0200, Table 1).
Thus, the data further impl�������������������������������
ied����������������������������
an important role of B7-H1
in suppressing T cell-based cellular immune surveillance of
CRC.

B7-H1

low

+

high

B7-H1
+

CD8 Foxp3 T cell
2.5

2

10

P = 0.0678

2.0
1

10

%

1.5

0

10

Q4
55.7%
0

1

10

2

10

1.0
0.5

Q3
33.6%

10

3

10

0.0
CD8

B7-H1

low

high

B7-H1

Figure 3 An elevated CD4+Foxp3+ and CD8+Foxp3+T cell amount observed
in B7-H1high colorectal carcinoma tissues. Mononuclear cells were harvested
from fresh tumor tissues (A) and the peripheral blood (B) of the same colorectal
carcinoma patient. The percentage of the Foxp3+ T cells was determined by
fluorescence-activated cell sorting analysis. A: The population of CD4+Foxp3+
and CD8+Foxp3+T cells was increased remarkably in B7-H1high colorectal carcinoma (CRC) tissues compared with B7-H1low CRC tissues; B: In peripheral
blood, there was no significant diversity of regulatory T cells between the B7H1low and B7-H1high CRC patients.

B7-H1high colorectal carcinoma tissues were infiltrated
with elevated numbers of CD4+/CD8+ regulatory T cells
To evaluate the effect of tumor B7-H1 on intratumoral
regulatory T cells, we first characterized the percentage
of CD4+Foxp3+ T cells and CD8+Foxp3+ T cell���
s��. �����
Mono�
nuclear cells isolated from resect��������������������
ed������������������
specimens of CRC
patients were stained with multicolor-labeled antibodies
and analyzed by flow cytometry. The peripheral blood
mononuclear cells were also analyzed�������������������
���������������������������
in the������������
������������������
regulatory
cell population. Among the CD4+ or CD8+ T cells, a pop�
ulation with a clear Foxp3+ could be detected (Figure 3).
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CD4 Foxp3 T cell

Q2
14.3%

10

P value

Low High
Tumor stroma
Low infiltration
(scanty and moderate)
High infiltration
(abundant and the most abundant)
Tumor nest
Low infiltration (less than 60 T
lymphocytes per HPF)
High infiltration (more than 60 T
lymphocytes per HPF)

Regulatory T cells in CRC tumor tissue
3

10

A variable amount of regulatory T cells was found in CRC
tissues and patients’ blood. Next, to determine the cor�
relation between the tumor cell B7-H1 expression and
regulatory T cells, we divided the 33 CRC specimen�������
s������
into
B7-H1high group (n = 15) and B7-H1low group (n = 18)
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+

CD8 Foxp3
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Figure 4 PD-1 expression on CD4+Foxp3+ or CD8+Foxp3+ regulatory T cells and conventional T cells in colorectal carcinoma tissues. Mononuclear cells
were harvested from fresh tumor tissues of the same colorectal carcinoma patient. The PD-1 expression was determined by fluorescence-activated cell sorting analysis, gated on CD4+Foxp3+/- or CD8+Foxp3+/- T cells. A: CD4+Foxp3+ regulatory T cells could hardly express PD-1 on the cell surface, while PD-1 expression level was
significantly higher on the conventional CD4+T cells; B: CD8+Foxp3+ regulatory T cells almost failed to express PD-1, while PD-1 expression was significantly higher
on the conventional CD8+T cells as well.

according the B7-H1 expression in tumor tissues. The re�
sults showed that in the CRC tumor tissues, the percent�
ages of CD4+Foxp3+ T cells and CD8+Foxp3+ T cell�����
s����
in
B7-H1high group were remarkably higher than in the B7H1low group (P = 0.0024, P = 0.0182). On the contrary, in
the CRC peripheral blood��,���������������������������������
the�����������������������������
��������������������������������
re was no significant��������
differ�
ence of the percentages of regulatory T cells between����
�����������
B7H1high group and B7-H1low group (P = 0.0863��,� P = 0.0678).

DISCUSSION
B7-H1, with engagement of either of its receptor, PD-1,
plays a critical role in suppressi�������������������������
ng�����������������������
T cell-based immunity
and has emerged as an important mediator of tumorassociated immune suppression. B7-H1 was found in sev�
eral solid tumors and evaluated as a potent prognostic
factor. Our previous work has described the immuno�
suppressive effects of B7-H1 pathway in gastric carcino
ma[33]. We demonstrate�������������������������������
d in ��������������������������
this����������������������
study����������������
that B7-H1 ����
was�
over-expressed in human colorectal carcinoma, whereas
B7-H1����������������������������������������������������
was not expressed or expressed at
��������������������
a very low level
in normal colorectal tissues. Furthermore, we �����������
found������
that
the protein
�������������������������������������������������������
levels of B7-H1 in tumor cells ����������������
were �����������
negatively
correlate�����������������������������������������������������
d����������������������������������������������������
to the densities of total T cells, suggesting that
it may encompass a mechanism of immune suppression
in antitumor immunity in human CRC. This part of work
is consistent with the previous studie��������������������
s�������������������
of B7-H1 in other
solid tumors, which again emphasize the important role
of up-regulated B7-H1 expression in human tumor���
s��.
Tumors have a specific microenvironment that contain��s�
many types of immune cells����������������������������
.���������������������������
A�������������������������
��������������������������
lthough the potent value
of B7-H1 in tumor progression was confirmed repeat�
edly, the mechanism of tumor-associated B7-H1 involved
in the regulation of these immune cells �������������������
is�����������������
still
����������������
poorly
����������
un�
derstood.
Regulatory T cells have been identified in the
����������
����������
lung, gas�
����
tric and esophageal, ovarian, breast����������������������
and������������������
pancreatic tumor
specimens, and Hodgkin lymphoma. It has been suggested
that CD4+CD25+Treg cells are involved in the mediation
of antitumor immunity by suppressing tumor-specific T

PD-1 expression was decreased on regulatory T cells
and increased���������������������������������������
��������������������������������������
on������������������������������������
�����������������������������������
conventional T cell����������������
s���������������
in colorectal
carcinoma tissues
PD-1-B7-H1 ligation has been shown to have ����������
an inhibi�
�������
tory effect on T cells[33]. However, the effect of this path
way on regulatory T cells infiltrated in tumor tissues has
not been investigated. The highly expressed B7-H1 on
tumor cells could lead to �����������������������������
a ���������������������������
low amount of total T cell
infiltration��,����������������������������������������������
���������������������������������������������
but a�����������������������������������������
high
���������������������������������������
amount of regulatory T cell infil�
tration in the local tissues, which ����������������������
indicated that��������
the PD1-B7-H1 pathway could be different i�������������������
��������������������
n the conventional
T cell�����������������������������������������������������
s����������������������������������������������������
and regulatory T cells. Therefore, we assessed ����
the
surface PD-1 expression on CD4+Foxp3+/CD8+Foxp3+
regulatory T cell���������
s��������
and CD4+Foxp3-/CD8+Foxp3- conven�
tional T cell���������������������������������������������
s��������������������������������������������
in CRC tissues. We found a high percentage
of CD4+Foxp3-/CD8+Foxp3- conventional T cell�����
s����
ex�
pressing PD-1 on the cell surface (Figure����
���
4, P < 0.0001).
However, the CD4+Foxp3+/CD8+Foxp3+ regulatory T
cell����������������������������
s���������������������������
could hardly express PD-1 (Figure
�����������
4, P < 0.0001),
which could allow the survival of regulatory T cells in
B7-H1high tumor microenvironment.
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cell immunity�������������������������������������������
,������������������������������������������
thereby contribut������������������������
ing���������������������
to the growth of hu�
man tumor�s[6-10]. How regulatory T cells could surviv������
e�����
and
expan�������������������������������������������������
d �����������������������������������������������
in the tumor microenvironment remains
�����������������
unclear��,
and how to regulate the regulatory T cell���������������
s��������������
in microenvi�
ronment would be critical to tumor immunotherapy[34].
In the
��������������������������������������
����������������������������������
present study, we detect����������
ed��������
the CD4+Foxp3+ and
+
+
CD8 Foxp3 regulatory T cell population in the CRC
tumor tissues and peripheral blood. The
������������������
percentage of
r�����������������������������������������������������
egulatory T cells was��������������������������������
�����������������������������������
significant��������������������
ly �����������������
elevated in B7-H1high
CRC tissues�������������������������������������������������
,������������������������������������������������
but not in the
������������������������������������
peripheral
��������������������������������
blood. These results
indicated that the up-regulated B7-H1������������������
expression could
�����������������
lead to a local congregation of regulatory T cells, which
might promote the tumor progression. B7-H1 expression
was positively related to the regulatory T cell expansion,
but negatively related the total T cell infiltration in CRC
tissues. This suggested that B7-H1 pathway could have dif�
ferent effect���������������������������������������������
s��������������������������������������������
and function�������������������������������
s������������������������������
on ��������������������������
the ����������������������
subgroups of T cells.
B7-H1 pathway could participate in the immune suppres�
sions through multi������������������������
-�����������������������
regulations of T cell��
s�.
T cells are a very diverse lymphocyte population with
respective functions in tumor microenvironment. Un�
derstanding of their polarization toward stimulatory or
inhibitory activity is important to know how they work in
diseases[30,35]. Regulatory T cells expressing the hallmark
forkhead transcription factor 3 (Foxp3) are of therapeu�
tic value in cancer immunotherapy due to their potent
immunosuppressive effects. The presence of regulatory
T cells was determined by the complex tumor microen�
vironment. How to decrease the number of regulatory
T cells and increase the conventional T cells is critical to
obtain a desired outcome of immunotherapy. Here, we
assessed the PD-1 expression on T cell subsets to ex�
plore the mechanism of B7-H1 pathway in regulation of
tumor-infiltrated T cells. The data showed a very interest�
ing phenomenon that conventional T cells (CD4+Foxp3/CD8+Foxp3-) expressed PD-1 on the cell surface at
a high level, while regulatory T cells (CD4+Foxp3+ /
CD8+Foxp3+) almost failed to express PD-1. Under these
circumstances, the ligation of tumor-associated B7-H1
with PD-1 on conventional T cells would lead to the fail�
ure of T cell-mediated anti-tumor effect, and inhibit the
conventional T cell proliferation and survival. At the same
time, the loss of PD-1 expression could allow the exis�
tence and expansion of regulatory T cells, which could
further inhibit the conventional T cells. B7-H1 expression
in tumor cells could collaborate with its regulation out�
comes on T cells, suppress the tumor immune response,
and shape the tumor immune escape circumstance.
In conclusion, the inhibitory co-stimulatory molecule
B7-H1 expression was found in CRC tissues, but not in
normal colorectal tissues. B7-H1 expression in tumor
cells could inhibit the conventional T cell proliferation in
tumor microenvironment through the PD-1 expression
on conventional T cells. Regulatory T cells could barely
express PD-1, and consequently gain the survival and
expansion in a B7-H1high microenvironment. Our works
also support the efforts to develop immunotherapeutic
approaches targeting B7-H1 pathway for the treatment
of CRC.
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Background

Inhibitory co-stimulatory molecules from B7-family have been implicated in suppression of tumor immunity. B7-H1 was found to be over-expressed in������
��������
many
human malignancies, and
������������������������������������������������������������
was ����������������������������������������������������
significantly correlated to the
������������������������
clinico�������������
pathological
parameters and prognoses����������������������������������������������
of various human tumors����������������������
. B7-H1 was suggested
to play�������������������������������������������
an important
���������������������������������������
role in tumor immune escape, while
����������
the ������������������
full mechanism of
tumor-associated B7-H1 pathway need������������������
s�����������������
further ��������
studies�.

Research frontiers

B7-H1 expression in tumor tissue���������������������������������������������
s��������������������������������������������
was evaluated as a potent target for tumor
immune therapy. The mechanism of B7-H1 pathway was considered ����������
involving�
the ���������������������������������������������������������������������������
suppressive effect on tumor-specific T cell immunity and therefore may contribute to the progression of human tumor�����������������������������������
s����������������������������������
. Previous studies have suggested
that tumors could induce CD25+Foxp3+ regulatory T cells (Treg) from naïve CD4
T cells in the absence of thymus, while the key molecules and pathway are�������
����������
still
unknown. In this study, ������������������������������������������������������
the authors�������������������������������������������
������������������������������������������
focus on����������������������������������
the significance and function of
tumor-associated B7-H1 in Tregs’ expansion.

Innovations and breakthroughs

The mechanism of B7-H1 pathway in tumor microenvironment is commonly
considered as decreasing and suppressing of antigen-specific T cells. This
article reported for the first time that tumor-associated B7-H1 was involved in
the expansion of Tregs in colorectal carcinoma (�����������������������������
������������������������������
CRC��������������������������
)�������������������������
tissues, which provide��d�
a new strategy for the �����������������������������������������������������
future research��������������������������������������
����������������������������������������������
es������������������������������������
. Furthermore, B7-H1-PD-1 was found
not responsible for the Tregs expansion, which offers a presumption of another
receptor for B7-H1 on Tregs.

Applications

Regulatory T cells are of therap������������������������������������������������
utic��������������������������������������������
value in cancer immunotherapy due to their
potent immunosuppressive effects. How to decrease the number of regulatory T cells and increase the conventional T cell����������������������������������
s���������������������������������
is critical to
��������������������
obtain a ��������
desired
outcome of immunotherapy. ��������������������������������������������������
This study����������������������������������������
support��������������������������������
s the���������������������������
efforts to develop immunotherapeutic approaches targeting B7-H1 pathway for immune therapy through
regulati����������������������������������������������
ng��������������������������������������������
conventional and regulatory T cells in CRC.

Peer review

The authors investigate����������������������������������������������������
d���������������������������������������������������
the immunolocalization of the protein B7-H1 in co
lorectal cancer tissues using a standardized immunohistochemical approa������
- ����
ch.
Furthermore, they compare�������������������������������������������������
d������������������������������������������������
the B7-H1 expression with the density of FOXP3
and CD3 immune cell infiltrate. They found that B7-H1 expression in tumor cells
inhibits the proliferation of T cells���������������������������������������������
,��������������������������������������������
but allow����������������������������������
s���������������������������������
the survival and expansion of T
regulatory lymphocytes. The manuscript is interesting, and well done.
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Interleukin-8 associates with adhesion, migration, invasion
and chemosensitivity of human gastric cancer cells
Wen-Xia Kuai, Qiong Wang, Xiao-Zhong Yang, Yao Zhao, Ren Yu, Xiao-Jun Tang
a significant resistance to oxaliplatin in MKN-45 cells.
Inhibition of IL-8 expression with small interfering RNA
decreased the adhesion, migration and invasion functions and oxaliplatin resistance in KATO-Ⅲ cells. IL-8
increased NF-κB and Akt activities and adhesion molecules ICAM-1, VCAM-1, and CD44 expression in GC
cells.
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CONCLUSION: Overexpression of IL-8 promotes the
adhesion, migration, invasion, and chemoresistance of
GC cells, indicating that IL-8 is an important therapeutic
target in GC.
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Abstract
AIM: To investigate the relationship between Interleukin-8 (IL-8) and proliferation, adhesion, migration, invasion and chemosensitivity of gastric cancer (GC) cells.
METHODS: The IL-8 cDNA was stably transfected into
human GC cell line MKN-45 and selected IL-8-secreting
transfectants. The expression of IL-8 in human GC
cell line KATO-Ⅲ was inhibited by RNA interference.
The expressions of mRNA and protein of IL-8 in GC
cells were detected by real-time reverse transcriptionpolymerase chain reaction or enzyme-linked immunosorbent assay (ELISA).

INTRODUCTION
Gastric cancer (GC) is still a serious health problem and
remains the second most common type of fatal cancer
worldwide[1,2]. GC is one of the most aggressive tumors
and is frequently associated with lymph node metastasis,
peritoneal dissemination and hematogenous metastasis.
Interleukin-8 (IL-8), a cytokine of the CXC chemokine family that was originally classified as neutrophil

RESULTS: The overexpression of IL-8 resulted in an
increased cell adhesion, migration and invasion, and
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chemoattractant, is now reported to play an important
role in tumor progression and metastasis in a variety
of human cancers[3]. It has been suggested that tumor
cells produce IL-8 as an autocrine growth factor, which
promotes tumor growth, tissue invasion and metastatic
spread[4,5]. Moreover, IL-8 expression correlates with
vascularity in gastric carcinoma[6]. In human moderately
differentiated gastric adenocarcinoma cancer cell line
SCG-7901[7] and poorly differentiated adenocarcinoma
cancer cell line TMK-1[8], constitutive expression of IL-8
has been linked to tumorigenesis and angiogenesis in vitro
and in vivo. However, the exact role of IL-8 in the progressive tumorigenesis of GC remains unclear.
The purpose of this study was to provide evidence
for the role of IL-8 in determining the migration, invasion and chemosensitivity of human GC. We found that
expression of IL-8 participated in the migration and in
vasion and was correlated with oxaliplatin resistance of
GC cells in vitro. This study may provide the basis for the
development of new therapies for GC by increasing chemosensitivity and decreasing the proliferation, migration
and invasion of the cancer cells.

specific negative control siRNA was also designed with
the sequences asfollows: sense: 5’-UUCUCCGAACGUGUACGUdTdT-3’; antisense: 5’-ACGUGACACGUUCGGAGAAdTdT-3’.
The negative control siRNA vector or the vector containing RNAi sequence of IL-8 was transfected into KATO-Ⅲ
cells using Lipofectamine 2000. Multiple clones were selected in the presence of 0.4 mg/mL G418. IL-8-RNAi
clones were screened for IL-8 expression. Stable RNAi
clones were picked and maintained in the medium containing 0.1 mg/mL G418. To avoid clonal variations, six
positive clones were pooled for further studies.
Enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assays (ELISAs) were per
formed using commercial IL-8 ELISA kits from R and
D Systems. Cells (1 × 106 cells per well) were plated in a
6-well plate and incubated at 37 ℃ for 72 h. An equal volume of cell culture supernatants was collected. The assays
were done in triplicate, and the concentration of IL-8 in
culture supernatants was determined by comparing their
optical density with the standard curve.
3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide assay
Cells growing exponentially were plated in 96-well plates
at a density of 1 × 105 cells per well for 7 d. One hundred
microliters of 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) stock solution (1 mg/mL)
was added to each well daily, and the cells were further
incubated at 37 ℃ for 4 h. The supernatant was discarded and 200 µL dimethyl sulfoxide was added. When the
precipitates were completely dissolved, the absorbance at
wavelength 595 nm was measured with a micro-ELISA
reader.

MATERIALS AND METHODS
Cell culture
Human GC cell lines MKN-45, and KATO-Ⅲ, and human umbilical vein endothelial cells (HUVECs) were
purchased from the cell bank of Chinese Academy of
Sciences (Shanghai, China). GC cells were cultured in
RPMI-1640 medium (Invitrogen, United States) supplemented with 10% fetal bovine serum (FBS) (Invitrogen),
100 IU/mL penicillin and 100 μg/mL streptomycin (Invitrogen). HUVECs were cultured in Human Endothelial-SFM (Invitrogen). Cells were maintained at 37 ℃ in a
humidified chamber containing 5% CO2.

Growth inhibition assay
Growth inhibition was measured as previously describ
ed[9]. Cells were trypsinized and seeded at 1 × 104 cells
per well in 96-well plates. After 24 h, cells were exposed
to oxaliplatin (Sigma, St. Louis, MO) for 72 h, at stepwise
concentrations from 0 μg/mL to 10 μg/mL. The cells
were quantified as described in MTT assay, to calculate
the mean cell growth inhibition.

Stable overexpression of interleukin-8 in MKN-45 cells
The empty plasmid vector pcDNA3.1 (Invitrogen) or the
plasmid vector containing IL-8 cDNA was transfected
into MKN-45 cells using Lipofectamine 2000 (Invitrogen). Multiple clones were selected in the presence of
0.75 mg/mL G418. IL-8-transfected clones were screened
for IL-8 expression. Stably transfected clones were picked
and maintained in the medium containing 0.1 mg/mL
G418. To avoid clonal variations, six positive clones were
pooled for further studies.

Cell adhesion assay
To measure the cell adhesion, monolayer adhesion assay
and extracellular matrix component (ECM) adhesion assay were performed. For the monolayer adhesion assay,
HUVECs were seeded onto 24-well plates (1 × 105 cells/
well) 48 h before adhesion assay. Cells (1 × 105 cells/well)
were seeded onto HUVEC monolayers and incubated
at 37 ℃. After 2 h, non-adherent cells were removed by
washing with phosphate-buffered saline (PBS).
For ECM adhesion assay, 96-well plates were coated
with human fibronectin (BD Biosciences) at a final concentration of 2 µg/cm2 overnight at 4 ℃. Plates were
washed with 1% bovine serum albumin in PBS to block

Stable knockdown of interleukin-8 in KATO-Ⅲ cells
The DNA sequence of RNAi of IL-8 was designed to
hybridize and destroy human IL-8 mRNA (accession no.
NM_000584) using the Web- based siRNA target finder
and design tool provided at the Ambion website (Ambion). The DNA sequence of RNAi of IL-8 (sense, 5’
-ACCACCGGAAGGAACCAUCdTdT-3’; antisense, 5’
-GAUGGUUCCUUCCGGUGGUdTdT-3’) was synthesized and cloned into the pSilencer 2.1-U6 neo (Ambion)
according to the manufacturer’s instructions. The human
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nonspecific cell adhesion. Cells were seeded and incubated for 2 h. Nonadherent cells were washed up to three
times with PBS.
The adherent cells were quantified as described in MTT
assay, to calculate the mean cellular adhesion capability.
The absorbance at 570 nm was measured by the ELX-800
ELISA plate reader (Bio-Tek Instruments, Winooski, VT).
After subtracting background absorbance, results were
calculated as the mean cellular adhesion rate.

the primers: GAPDH-L: 5’-CCACCCATGGCAAATTCC
ATGGCA-3’; GAPDH-R: 5’-TCTAGACGGCAGGTCA
GGTCCACC-3’. The threshold cycle (Ct) of each sample
was determined, and the relative level of a transcript (2ΔCt)
was calculated by obtaining ΔCt (test Ct - GAPDH Ct)
and then expressed as arbitrary units (1/2ΔCt 1 × 100) =
fold difference.
Protein isolation and Western blotting
Cells at 80% culture confluence were harvested for Western blotting analysis. The harvested cells were lysed and
their protein concentrations were determined using a
bicinchoninic acid protein assay (Pierce, Rockford, IL).
The cell lysates (50 μg protein each lane) were separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and were transferred to nitrocellulose
membranes (Hyclone, Logan, UT). The membranes were
blocked with 5% (v/v) skim milk and probed with primary antibody at 4 ℃ overnight. Following washing, the
membranes were incubated with horseradish peroxidaseconjugated secondary antibody at room temperature
for 1 h. Primary antibodies were specific for phosphoNF-κB-p65, NF-κB-p65, phospho-Akt, Akt, ICAM-1,
VCAM-1, CD44, and β-actin (Cell Signaling Technology,
Inc., Danvers, MA). The bound antibodies were visualized using an electrochemiluminescence system (Amersham Pharmacia Biotech, Buckinghamshire, United
Kingdom).

Cell migration assay
To measure the cell migration activity, Transwell and wound
-healing assays were performed. The Transwell cell migration assay was performed as previously described[10] using
Transwells (8 μmol/L pore size polycarbonate membrane)
obtained from Corning. Cells (1 × 105) in 0.5 mL serumfree medium were placed in the upper chamber, whereas
the lower chamber was loaded with 0.8 mL medium containing 10% FBS. The total number of cells that migrated
into the lower chamber was counted after 24 h of incubation at 37 ℃ with 5% CO2. Nonmigratory cells were
removed. Migratory cells were stained with 0.2% crystal
violet in 10% ethanol. To quantitate migratory cells, three
independent fields of migratory cells per well were photographed under phase contrast microscope. The number
of cells per field was counted and averaged.
To carry out the wound-healing assay, cells (5 × 105
cells per well) were plated in 6-well plates. After 24 h, the
confluent monolayer cells were scratched manually with
a plastic pipette tip, and after being washed with PBS,
wounded monolayers of the cells were allowed to heal
for 12-24 h. Each migration assay was done for at least
three times independently.

Statistical analysis
Data were presented as means ± SE. Differences of the
variables between groups were analyzed by Student’s t test.
Differences were considered significant when P < 0.05.

Cell invasion assay
Cell invasion was measured using 8-μm pore BD BioCoat Matrigel Invasion Chambers (BD Biosciences) according to the manufacturer’s instructions. Cells (2.5 ×
105) were added to chambers and incubated for 24 h at
37 ℃. Matrigel and noninvasive cells were removed and
chambers were stained as described above. To quantitate
invasive cells, three independent fields of invasive cells
per well were photographed under phase contrast microscope. The number of cells per field was counted and averaged. Each invasion assay was done at least three times
independently.

RESULTS
Stable overexpression and silencing expression of
interleukin-8 in gastric cancer cells
To investigate the effect of IL-8 in GC, the mRNA expression of IL-8 was quantified in three GC cells (Figure
1A). MKN-45 cell lines had lower expression of IL-8 in
comparison with KATO-Ⅲ cells, which is consistent with
a previous study by Kitadai et al[11]. To increase the IL-8
expression, MKN-45 cells were stably transfected with
full-length IL-8 expression construct. The RNAi technology was employed in order to stably silence the IL-8
expression in KATO-Ⅲ cells.The mRNA expression of
IL-8 in cells was examined by real-time PCR. The ELISA
assay was performed to quantify secreted IL-8 present
in the cell culture medium. After transfection and G418
selection, IL-8 mRNA expression level in the stably IL-8
transfected MKN-45 cells (MKN-45-IL8) was 25.6-folds
higher than in MKN-45 cells (Figure 1A). As shown in
Figure 1B, the secretion levels of IL-8 in MKN-45-IL8
cells were 18.4-folds higher than in MKN-45 cells. Endogenous IL-8 mRNA expression and protein secretion
levels were significantly lowered by RNAi in KATO-Ⅲ cells
(KATO-Ⅲ-IL8-RNAi) when compared with control transfections (KATO-Ⅲ-NCi) and KATO-Ⅲ cells (Figure 1).

RNA isolation and reverse transcription polymerase
chain reaction
Total RNA was purified from cells using a Trizol reagent
(Life Technol-ogies). First-strand cDNA was synthesized
using 2.5 µ g RNA and AMVretroviridase (Promega).
Quantitative real-time polymerase chain reaction (PCR)
was performed using the Bio-Rad iCycler iQ real-time PCR
system (Bio-Rad) and following primers: IL-8, IL8-L: 5’
-ATGACTTCCAAGCTGGCCGTGGCT-3’; IL8-R: 5’
-TCTCAGCCCTCTTCAAAAACTTCT-3’. As a control,
each cDNA sample was simultaneously subjected to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) using

WJG|www.wjgnet.com

981

March 7, 2012|Volume 18|Issue 9|

Kuai WX et al . IL-8 and tumorigenesis of gastric cancer
IL-8 protein

10

10

MKN-45
MKN-45-NC
MKN-45-IL8

IL-8 mRNA SD
0.98
0
1.34
0.04
25.64
1.259

b

KATO-Ⅲ
KATO-Ⅲ-NCi
KATO-Ⅲ-IL8-RNAi

0

IL-8 mRNA
100.00
97.49
31.18

MKN-45

KATO-Ⅲ-NCi

KATO-Ⅲ-IL8-RNAi

0
KATO-Ⅲ

MKN-45-NC

MKN-45-IL8

0
MKN-45

0

SD
0
1.63
1.259

50

MKN-45
MKN-45-NC
MKN-45-IL-8

IL-8 protein
0.99
1.03
18.75

SD
0
0.04
0.9

KATO-Ⅲ-IL8-RNAi

b

KATO-Ⅲ

50

a

20

%

Fold change

20

100

MKN-45-IL8

a

30

KATO-Ⅲ-NCi

100

%

Fold change

B

IL-8 mRNA
30

MKN-45-NC

A

IL-8 protein
KATO-Ⅲ
1.00E + 02
KATO-Ⅲ-NCi
9.50E + 01
KATO-Ⅲ-IL8-RNAi
22.43

SD
0
2.4
1.8

Figure 1 Interleukin-8 expression of gastric cancer cells. A: Real-time polymerase chain reaction determined the level of Interleukin-8 (IL-8) mRNA in gastric cancer (GC)
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I�������������
nterleukin-8� insignificantly
���������������� affects
�������� proliferation
�������������� of
��� gastric
��������
cancer cells
Since IL-8 has been reported to be an autocrine growth
factor[12], we examined its role in the growth of human
GC cells. Overexpression or silencing expression of IL-8
in GC cells had insignificant effect on cancer cell proliferation as measured by the MTT assay (data not shown).

ated with chemoresistance, such as oxaliplatin[13-15]. To investigate whether IL-8 is associated with chemosensitivity
in GC cells, the effects of IL-8 expression on oxaliplatin
sensitivity in IL-8-overexpressed MKN-45-IL8 cells and
IL-8-silenced KATO-Ⅲ-IL8-RNAi cells were tested using growth inhibition analyses.
As shown in Figure 2, MKN-45-NC and KATO-Ⅲ
-NCi cells were sensitive to oxaliplatin. In MKN-45-IL8
cells, the survival rate significantly increased than in the
control cells (P < 0.05) after treatment with oxaliplatin at
the concentrations from 0.1 μg/mL to 10 μg/mL (P <

I������������������������������������������������������������
nterleukin-8������������������������������������������������
increases resistance to oxaliplatin in gastric
cancer cells
Previous reports indicated that increased IL-8 was associWJG|www.wjgnet.com
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Figure 3 Interleukin-8 involved in gastric cancer cell adhesion, migration and invasion. A: Effect of Interleukin-8 (IL-8) on gastric cancer (GC) cell adhesion
to human endothelial cells and extracellular matrix components. Histograms show fold change in the relative OD value of control cells quantified by cell proliferation
assay to calculate the mean cellular adhesion capability; B: Effect of IL-8 on GC cell migration tested by wound-healing assays. Histograms show distances of cell
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were repeated three times with similar results (aP < 0.05). HUVEC: Human umbilical vein endothelial cell.

0.05). On the contrary, when IL-8 expression was suppressed in KATO-Ⅲ cells using RNAi, there was significant decrease in growth rate after treatment with 1.0-10
μg/mL oxaliplatin (P < 0.05). These results suggest that
IL-8 expression in GC cells decreased the sensitivity to
the cytotoxic effects of oxaliplatin.

GC cell migration into the cell-free region and migration
through cell culture inserts. The invasive potential of GC
cells was investigated using in vitro Matrigel invasion assay.
Cell invasion was similar to cell migration. MKN-45-IL8
cells exhibited significant increase in invasion capacity
whereas KATO-Ⅲ-IL8-RNAi cells exhibited significant
decrease (Figure 3D). Therefore, IL-8 overexpression was
sufficient to increase the rate of GC cell migration and in
vitro invasion.

I��������������������������������������������������������
nterleukin-8��������������������������������������������
is involved in gastric cancer cell adhesion
To determine the role of IL-8 expression in GC cell adhesion, adhesion capacity of GC cells to endothelium or extracellular matrix components was evaluated (Figure 3A).
The 2-h adhesion capability of GC cells to a monolayer
of HUVECs or ECM components was significantly increased in MKN-45-IL8 cells as compared with the control cells. Silencing expression of IL-8 in KATO-Ⅲ cells
significantly reduced the cell adhesion capability (P < 0.05).

I������������
nterleukin-8 increases NF-κ B and Akt activities, adhesion
molecules ICAM-1 and VCAM-1, and CD44 expression in
gastric cancer cells
Recent studies have reported that induction of IL-8 signa
ling increased NF-κB transcriptional activity, and activated
the phosphoinositide-3-kinase and cascade. As shown in
Figure 4, the levels of phospho-NF-κB-p65 and phosphoAkt were upregulated in IL-8 overexpressed MKN-45-IL8
cells compared with the control cells, and were downregulated in KATO-Ⅲ-IL8-RNAi cells. These data suggest
that constitutive IL-8 expression strongly increased NFκB and Akt activation.

I��������������������������������������������������������������
nterleukin-8��������������������������������������������������
is involved in gastric cancer cell migration and
invasion
To measure the cell migration activity, Transwell and woundhealing assays were performed. As shown in Figure 3B
and C, expression of IL-8 could significantly promote
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MKN-45
NC

IL8

tion, invasion, angiogenesis, metastasis and inflammation
in cancers. It has been reported that NF-κB stimulates
IL-8 production, and endogenous IL-8 causes constitutive
activation of NF-κB (p65) in colon cancer[13] and prostate
cancer cells[14]. In this study, we found that IL-8 overexpression caused activation of NF-κB and Akt signaling in
GC cells.
It is widely accepted that the invasion and metastasis of caner is dependent on the capacity of cancer cell
adhesion and migration[21]. In this study, we found that
GC cells overexpressing IL-8 produced increased adhesion and migration activity with upregulated ICAM-1,
VCAM-1, and CD44. Further investigations are warranted
to elucidate the regulative mechanism of IL-8 as a migratory and invasive factor in GC cells.
In conclusion, our studies provide significant evidence
that IL-8 expression contributes to GC cell adhesion,
migration and invasion, and leads to resistance to oxaliplatin. These findings may help develop novel IL-8-targeted
therapies for GC.

KATO-Ⅲ
NCi

IL8-RNAi
Phospho-NF-κB-p65
NF-κB-p65
Phospho-Akt
Akt
ICAM-1
VCAM-1
CD44
β-actin

Figure 4 Effect of Interleukin-8 on NF-κB and Akt activities and adhesion
molecules ICAM-1 and VCAM-1, and CD44 expression in gastric cancer
cells. The protein expression levels of phospho-NF-κB-p65, NF-κB-p65,
phospho-Akt, Akt, ICAM-1, VCAM-1, and CD44 were determined by Western
blotting. All experiments were repeated three times with similar results.

Adhesion molecules play an important role in cell-cell,
cell-ECM interactions in cancer invasion and metastasis.
As shown in Figure 4, IL-8 increased the protein expression levels of adhesion molecules ICAM-1 and VCAM-1,
and CD44 expression in GC cells.

COMMENTS
COMMENTS
Background

Gastric cancer (GC) is still a serious health problem and remains the second
most common type of fatal cancer worldwide. Interleukin-8 (IL-8), a cytokine of
the CXC chemokine family that was originally classified as neutrophil chemoattractant, is now reported to play an important role in tumor progression and
metastasis in a variety of human cancers.

DISCUSSION

Research frontiers

It has been shown that IL-8 modulates proliferation and
migration of tumor cells, including melanoma[16-18], prostate cancer[14,19], breast cancer[20], and colon cancer[13]. A
study confirmed that IL-8 increases angiogenesis of human gastric carcinoma[6]. Our goal was to evaluate whether IL-8 is involved in proliferation, adhesion, migration,
invasion and the sensitivity to chemotherapeutics in human GC cell lines. We found that IL-8 overexpression in
GC cells was associated with increased adhesion, migration, and invasion activity and resistance to oxaliplatin,
suggesting that IL-8 is a promising therapeutic target.
In this study, we examined the biological role of IL-8
in adhesion, migration, and invasion of GC cells with
either overexpression or knocked down expression of
IL-8. The stable IL-8 transfectants and IL-8 RNAi were
successfully generated in MGC803 cells. The constitutive expression of IL-8 in MGC803 cells increased cell
adhesion, migration and invasion, which was opposed by
silencing IL-8 expression in KATO-Ⅲ cells using RNAi.
Our findings suggest that expression of IL-8 plays an
important role in modulating cell adhesion, migration,
and invasion of GC cells. This observation is supported
by the study of Ju et al[7], which showed that recombinant
interleukin-8 promoted the adhesion, migration and invasion of GC SCG-7901 cells and up-regulated the expression of matrix metalloproteinase-9, intercellular adhesion
molecule-1 and E-cad in vitro. However, IL-8 in GC cells
had insignificant effect on cell proliferation according to
the previous studies[6,7].
The NF-κB and Akt signaling pathway activations
are involved in cellular transformation, survival, prolifera
WJG|www.wjgnet.com

The exact role of IL-8 in the progressive tumorigenesis of GC remains unclear.
The purpose of this study was to provide evidence for the role and molecular
mechanism of IL-8 in determining the migration, invasion and chemosensitivity
of human GC.

Innovations and breakthroughs

This study demonstrated that IL-8 expression is associated with cell adhesion,
migration, and invasion in GC. Overexpression of IL-8 promotes invasion phenotype of GC cells with activated NF-κB and Akt and increased expression of
adhesion molecules ICAM-1, VCAM-1, and CD44 in vitro.

Applications

The findings help clarify the molecular mechanisms of IL-8 involved in GC invasion and indicate that IL-8 may be an important therapeutic target in GC.

Peer review

The authors have shown that overexpression of IL-8 in vitro promotes the adhesion, migration, invasion, and chemoresistance of some gastric cancer cell
lines, thus indicating IL-8 as possible therapeutic target in gastric cancer. The
work addresses an interesting topic with the proper methodological approach.

REFERENCES
1
2
3
4

5

984

Smith MG, Hold GL, Tahara E, El-Omar EM. Cellular and
molecular aspects of gastric cancer. World J Gastroenterol
2006; 12: 2979-2990
Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin ������
2005��; 55: 74-108
Xie K. Interleukin-8 and human cancer biology. Cytokine
Growth Factor Rev 2001; 12: 375-391
Matsuo Y, Ochi N, Sawai H, Yasuda A, Takahashi H, Funahashi H, Takeyama H, Tong Z, Guha S. CXCL8/IL-8 and
CXCL12/SDF-1alpha co-operatively promote invasiveness
and angiogenesis in pancreatic cancer. Int J Cancer 2009; 124:
853-861
Merritt WM, Lin YG, Spannuth WA, Fletcher MS, Kamat
AA, Han LY, Landen CN, Jennings N, De Geest K, Langley
RR, Villares G, Sanguino A, Lutgendorf SK, Lopez-Berestein

March 7, 2012|Volume 18|Issue 9|

Kuai WX et al . IL-8 and tumorigenesis of gastric cancer

6

7

8

9

10

11

12
13

gastric cancer ing with liposome-encapsulated small interfering RNA on ovarian cancer cell growth. J Natl Cancer Inst
2008; 100: 359-372
Kido S, Kitadai Y, Hattori N, Haruma K, Kido T, Ohta M,
Tanaka S, Yoshihara M, Sumii K, Ohmoto Y, Chayama K.
Interleukin 8 and vascular endothelial growth factor -- prognostic factors in human gastric carcinomas? Eur J Cancer
2001; 37: 1482-1487
Ju D, Sun D, Xiu L, Meng X, Zhang C, Wei P. Interleukin-8 is
associated with adhesion, migration and invasion in human
gastric cancer SCG-7901 cells. Med Oncol 2010� [Epub
������������
ahead
of print]
Kitadai Y, Takahashi Y, Haruma K, Naka K, Sumii K, Yokozaki H, Yasui W, Mukaida N, Ohmoto Y, Kajiyama G, Fidler
IJ, Tahara E. Transfection of interleukin-8 increases angiogenesis and tumorigenesis of human gastric carcinoma cells
in nude mice. Br J Cancer 1999; 81: 647-653
Eriguchi M, Nonaka Y, Yanagie H, Yoshizaki I, Takeda Y,
Sekiguchi M. A molecular biological study of anti-tumor
mechanisms of an anti-cancer agent Oxaliplatin against
established human gastric cancer cell lines. Biomed Pharmacother 2003; 57: 412-415
Nguyen DH, Hussaini IM, Gonias SL. Binding of urokinasetype plasminogen activator to its receptor in MCF-7 cells activates extracellular signal-regulated kinase 1 and 2 which is
required for increased cellular motility. J Biol Chem 1998; 273:
8502-8507
Kitadai Y, Haruma K, Sumii K, Yamamoto S, Ue T, Yokozaki H, Yasui W, Ohmoto Y, Kajiyama G, Fidler IJ, Tahara
E. Expression of interleukin-8 correlates with vascularity in
human gastric carcinomas. Am J Pathol 1998; 152: 93-100
Raman D, Baugher PJ, Thu YM, Richmond A. Role of chemokines in tumor growth. Cancer Lett 2007; 256: 137-165
Ning Y, Manegold PC, Hong YK, Zhang W, Pohl A, Lurje
G, Winder T, Yang D, LaBonte MJ, Wilson PM, Ladner RD,
Lenz HJ. Interleukin-8 is associated with proliferation, migration, angiogenesis and chemosensitivity in vitro and in

14

15

16

17

18

19

20

21

vivo in colon cancer cell line models. Int J Cancer 2011; 128:
2038-2049
Araki S, Omori Y, Lyn D, Singh RK, Meinbach DM, Sandman Y, Lokeshwar VB, Lokeshwar BL. Interleukin-8 is a
molecular determinant of androgen independence and progression in prostate cancer. Cancer Res 2007; 67: 6854-6862
Tamatani T, Azuma M, Ashida Y, Motegi K, Takashima R,
Harada K, Kawaguchi S, Sato M. Enhanced radiosensitization and chemosensitization in NF-kappaB-suppressed
human oral cancer cells via the inhibition of gamma-irradiation- and 5-FU-induced production of IL-6 and IL-8. Int J
Cancer 2004; 108: 912-921
Araki K, Shimura T, Yajima T, Tsutsumi S, Suzuki H, Okada
K, Kobayashi T, Raz A, Kuwano H. Phosphoglucose isomerase/autocrine motility factor promotes melanoma cell migration through ERK activation dependent on autocrine production of interleukin-8. J Biol Chem 2009; 284: 32305-32311
Patel PS, Varney ML, Dave BJ, Singh RK. Regulation of constitutive and induced NF-kappaB activation in malignant
melanoma cells by capsaicin modulates interleukin-8 production and cell proliferation. J Interferon Cytokine Res 2002;
22: 427-435
Satyamoorthy K, Li G, Vaidya B, Kalabis J, Herlyn M. Insulin-like growth factor-I-induced migration of melanoma cells
is mediated by interleukin-8 induction. Cell Growth Differ
2002; 13: 87-93
Singh RK, Lokeshwar BL. Depletion of intrinsic expression
of Interleukin-8 in prostate cancer cells causes cell cycle arrest, spontaneous apoptosis and increases the efficacy of
chemotherapeutic drugs. Mol Cancer 2009; 8: 57
Chavey C, Mühlbauer M, Bossard C, Freund A, Durand S,
Jorgensen C, Jobin C, Lazennec G. Interleukin-8 expression
is regulated by histone deacetylases through the nuclear
factor-kappaB pathway in breast cancer. Mol Pharmacol 2008;
74: 1359-1366
Martin TA, Mason MD, Jiang WG. Tight junctions in cancer
metastasis. Front Biosci 2011; 16: 898-936
S- Editor Gou SX

WJG|www.wjgnet.com

985

L- Editor Ma JY E- Editor Xiong L

March 7, 2012|Volume 18|Issue 9|

World J Gastroenterol 2012 March 7; 18(9): 986-990
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i9.986

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Serological and molecular study of hepatitis E virus among
illegal blood donors
Xian-Feng Cheng, Yu-Feng Wen, Ming Zhu, Sheng-Wei Zhan, Jin-Xiu Zheng, Chen Dong, Ke-Xia Xiang,
Xiao-Bing Xia, Gang Wang, Ling-Fei Han
samples were subjected to nested reverse transcriptionpolymerase chain reaction and sequencing to analyze
HEV partial genome.

Xian-Feng Cheng, Ming Zhu, Sheng-Wei Zhan, Jin-Xiu
Zheng, Chen Dong, Ke-Xia Xiang, Xiao-Bing Xia, Ma Anshan
Center for Disease Control and Prevention, Maanshan 243000,
Anhui Province, China
Yu-Feng Wen, Ling-Fei Han, Department of Preventive Medicine, Wannan Medical College, Wuhu 241320, Anhui Province,
China
Chen Dong, Department of Microbiology and Immunology,
School of Medicine, Southeast University, Nanjing 210096, Jiangsu Province, China
Gang Wang, Department of Clinical Laboratory, the Forth People’s Hospital of Maanshan, Maanshan 243000, Anhui Province,
China
Author contributions: Cheng XF, Zhu M, Xiang KX, Xia XB
and Han LF performed the majority of experiments; Cheng XF
and Wen YF provided vital reagents and analytical tools and
revised the manuscript; Dong C and Wang G collected all the
human materials; Wen YF designed the study and wrote the
manuscript; all authors contribute to this paper.
Supported by The Natural Science Foundation of Maanshan,
China (2008-40) (To Zhan SW and Zheng JX)
Correspondence to: Dr.
���� Yu-Feng
�����������������������
Wen, Associate �����������
Professor,
Department of Preventive Medicine, Wannan Medical College,
Wuhu 241320, Anhui Province, China. wyf@wnmc.edu.cn
Telephone: +86-553-3932061 Fax: +86-553-3932059
Received: June 27, 2011
Revised: November 10, 2011
Accepted: December 16, 2011
Published online: March 7, 2012

RESULTS: The prevalence of IgG and IgM HEV antibody in IBDs was 22.7% and 1.8%, and genotype 4
was the dominant circulating HEV type in IBDs. The
prevalence of anti-HEV IgG was significantly related to
sex (OR = 4.905, P = 0.004) and increased with age
(OR = 2.78, P = 0.022), which ranged from 13.0% in
those < 40 years old to 30.6% among older persons
aged > 60 years. Moreover, frequency of blood donation was significantly associated with HEV seropositivity
(OR = 2.06, P = 0.006). HEV partial sequences of ORF2
and obtained 3 sequences in serum samples of 10 IBDs
which developed HEV specific IgM.
CONCLUSION: This study helps define one of the possible routes of transmission of sporadic HEV infection
and provides guidance to screen HEV in the blood donors so as to guarantee safe blood banks in China.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the seroprevalence and molecular
characteristics of hepatitis E virus (HEV) in the illegal
blood donors (IBDs) of central China in the early 1990s.

Cheng XF, Wen YF, Zhu M, Zhan SW, Zheng JX, Dong C,
Xiang KX, Xia XB, Wang G, Han LF. Serological and molecular
study of hepatitis E virus among illegal blood donors. World J
Gastroenterol 2012; 18(9): 986-990 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v18/i9/986.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i9.986

METHODS: A total of 546 blood samples were collected from the IBDs in Maanshan city, a questionnaire was
completed by each subject, detailing the age, sex, and
periods of blood or plasma donation. Anhui Province
and tested for the anti-HEV antibodies. The seropositive
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assayed at a 1:20 dilution. The absorbance of each sample
was read at 450 nm. The cutoff value used for the antiHEV IgG and IgM assay was 0.152. Then the serum positive for IgM antibody against HEV were tested for HEV
RNA. All patients were previously tested for HBsAg
(Diasorin, United States) and anti-HCV (third generation
assay, Diasorin, United States) by ELISA.

INTRODUCTION
Hepatitis E virus (HEV) infection is an important publichealth concern as a major cause of enterically transmitted
hepatitis worldwide. Epidemiologic studies have shown
that HEV is prevalent in most developing countries, such
as southeast Asia, northern and central Africa, India and
central America. In addition, a high incidence of sporadic
HEV infection has been observed in several industrialized
countries, including the United States, European countries and Japan[1-5]. Although the ingestion of contaminated drinking water contributes mainly to the spread of
HEV, other routes of transmission should be considered,
because some studies implicated that blood transfusion
was the possible route of sporadic HEV infection in nonendemic developed countries[6-8].
Between 1992 and 1995, illegal blood donation (IBDs)
occurred frequently in several provinces in central China,
including Henan, Anhui and Shanxi provinces. Although
commercial blood donation was eradicated by the Chinese government by the end of 1995, the practice of using contaminated blood collection equipment caused the
spread of some viruses, such as hepatitis C virus (HCV)
and human immunodeficiency virus (HIV)[9,10].
While many studies have reported the prevalence of
HEV infection and the HEV genome characteristics in different groups in China, to date, there has been no report
on the prevalence of HEV infection among the IBDs.
The aim of this study was to investigate whether HEV
can be transmitted by the blood transfusion route and
analyze the partially conserved nucleotide sequences of
HEV strains among the IBDs in Maanshan city in Anhui
Province, one of the provinces with the illegal blood collection in the early 1990s.

Extraction of RNA and reverse transcription-polymerase
nested chain reaction
Viral RNA was extracted from serum samples using Qiagen viral RNA kit (Qiagen) according to the manufacturer’s
instructions. The viral RNA was finally dissolved in 20 μL
RNase-free water. Reverse transcription-polymerase chain
reaction (RT-PCR) was performed using TaKaRa RNA
PCR kit (TaKaRa, Japan). The primers and the PCR protocol used were adapted from a previous study[13]. The
external primers were P1 (5’-CCGACAGAATTGATTTC
GTCGGC-3’) and P4 (5’-CCGTAAGTCGACTGGTCGTACTC-3’). The internal primers were P2 (5’-GTTGTCTCGGCCAATGGCGAGCC-3’) and P3 (5’-TCGGCGGCGGTGAGAGAGCCA-3’). The first-round and the secondround amplifications were carried out according to the
following cycling program denaturation at 9 ℃ for 45 s,
annealing at 52 ℃ for 60 s, extension at 72 ℃ for 60 s, for
35 cycles. The size of the first-round PCR product was
307 bp, and that of the second-round PCR was 236 bp.
Sequencing and analysis of sequences
The PCR products were visualized on a 10 mL/L agarose
gel, excised and purified using a gel extraction kit (Qiagen) and directly sequenced on an ABI model 3730 DNA
Auto Sequencer (Shanghai, China). The 236 bp fragment
amplified from ORF2 of HEV genome was sequenced
for comparison with the corresponding regions of other
known human, porcine and avian HEV strains available in
the GenBank database (DNAstar). Sequences were aligned
using ClustalX v1.8 (http://www-igbmc.ustrasbg.fr/BioInfo/Clustal X /Top.html), and the phylogenetic analysis
was performed using the MEGA program, version 3.1
(Pennsylvania State University).

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical Association. The study was initiated after the study protocol
was approved by the Institutional Review Board (IRB)
of China Center for AIDS/STD Control and Prevention
and the IRB of Maanshan Center of Disease Control and
Prevention.

Statistical analysis
The Pearson χ 2 test was used to evaluate the difference in
the prevalence between groups in the univariate analyses.
Odds ratios (OR) with 95% confidence intervals were
used to determine whether a variable was associated with
HEV infection.

Study population
A total of 546 samples were collected between January
and August in 2005 from those who donated their blood
or plasma frequently from 1992 to 1995. All participants
were from Dangtu District in Maanshan city. A questionnaire was completed by each subject, detailing the age,
sex, and periods of blood or plasma donation.

RESULTS
Hepatitis E virus seropositivity in illegal blood donors
A total of 546 IBDs in the 1990s were enrolled to this
study. The IBDs were aged from 29 to 75 years with a
mean of 51 ± 9 years. Among them, 156 (28.6%) were
males and 390 (71.4%) were females. While 124 IBDs
developed HEV IgG antibody, only 10 IBDs developed
HEV IgM antibody, therefore, the prevalence of IgG and

Detection of antibodies against hepatitis E virus
Serum samples were tested by enzyme-liked immunosorbent assay (ELISA) for IgG and IgM with anti-HEV
activity described previously [11,12]. All serum samples were
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Table 1 Prevalence of hepatitis E virus IgG seropositivity in
546 commercial blood donors

Table 2 Sex specific prevalence of hepatitis E virus IgG seropositivity in commercial blood donors with different frequency of donation n (%)

HEV positive IgG n (%) OR (95% CI) P value
Sex
Female
Male
Donation frequency
< 10
10-20
≥ 20
Age (yr)
< 40
40-50
50-60
≥ 60

Frequency
76/390 (19.5)
48 /156 (30.8)

0.004
1.84 (1.20, 2.80)

47/252 (18.7)
44/191 (23.0)
33/103 (32.0)

1.31 (0.82, 2.07) 0.258
2.06 (1.22, 3.46) 0.006

7/54 (13.0)
37/192 (19.3)
46/189 (24.3)
34/111 (30.6)

1.50 (0.63, 3.60) 0.361
2.02 (0.85, 4.80) 0.105
2.78 (1.14, 6.79) 0.022

< 10
10-20
≥ 20

Male

Female

15/54 (27.8)
18/57 (31.5)
15/45 (33.3)

32/198 (16.2)
28/137 (20.4)
16/55 (29.1)

P value
0.052
0.097
0.648

Table 3 Relationship between hepatitis E virus infection and
hepatitis B virus or hepatitis C virus co-infection in commercial blood donors n (%)
Characteristics

HEV: Hepatitis E virus; OR: Odd ratio; CI: Confidence interval.

HBsAg positive
HCV antibody positive

IgM HEV antibody in this group was 22.7% and 1.8%,
respectively.
The prevalence of HEV IgG seropositivity in the 546
IBDs is showed in Table 1. In the male group, 30.8%
(48/156) were positive as against 19.5% (76/390) in the
female group. The prevalence of HEV IgG seropositivity was significantly higher in men than in women (OR =
4.905, P = 0.004). In addition, subjects over 60 years of
age had a higher prevalence of HEV IgG seropositivity
than those aged < 40 years (OR = 2.780, P = 0.022). The
frequency of plasma donation was also associated with
HEV infection. The odds ratio was 2.06 among those
who donated more than 20 times compared with those
who donated 10 or fewer times.
The sex specific prevalence of HEV IgG in IBDs
with different frequency of donation is showed in Table 2.
HEV infection prevalence was significantly correlated with
the increasing age in total participants (z = 2.91, P = 0.004)
and female participants (z = 1.97, P = 0.048).
We also examined the relationship between HEV infection and HBV or HCV coinfection in these IBDs. The
results showed no significant difference in HBsAg positive status (3.2% vs 3.1%) and HCV positive status (11.3%
vs 11.1%) between HEV IgG positive and negative IBDs
(Table 3).

P

HEV positive IgG
(n = 124)

HEV negative IgG
(n = 422)

value

4 (3.2)
14 (11.3)

13 (3.1)
47 (11.1)

0.935
0.962

HEV: Hepatitis E virus.

(genotype 1), the Mexican strain (genotype 2), the US1/
swine strain (genotype 3), and the Chinese strain T1 (genotype 4) represent major branches. Phylogenetic analyses
clearly illustrate that all HEV sequences except avian strain
can be divided into these four distinct genotypes and the
three HEV sequences isolated in our study were genotype 4. The IBDs 1 sequence we analyzed formed an
exclusive cluster, and was bound to a new subgenotype
within genotype 4, which was supported by the bootstrap
values obtained from 1000 replicates resampling analysis
(Figure 1).

DISCUSSION
HCV and HIV infections were prevalent among the IBDs
who donated blood in the early 1990s in China. However, data on HEV infection in this population have been
unavailable so far. To our knowledge, the present study
is the first seroepidemiological and molecular study on
HEV infection in this unique population. Our results de
monstrated that HEV infection had been introduced into
this population in this area and that the prevalence was
much higher (22.5%) than that in the normal population
(4.76%) in this area[14].
Our data indicated that 30.7% of males were HEV
positive compared to 19.5% of females and the difference was statistically significant (OR = 1.84, P = 0.004).
In addition, we found that males with a history of blood
transfusion had a high HEV seropositivity than females,
suggesting that male IBDs are more likely to get infected
by HEV than female donors. Our study also showed that
HEV seropositivity increased with age of the first donating blood, consistent with previous studies demonstrating
that age may be an important risk associated with HEV
in other populations[15,16].
Although no statistically significant association was observed between HEV seropositivity and blood-borne hep-

Phylogenetic analysis of hepatitis E virus strains
We detected HEV partial sequences of ORF2 and obtained 3 sequences in serum samples of 10 IBDs which
developed HEV specific IgM. Sequence analysis demonstrated that these 3 strains were 83.3%-93.6% identical
to each other. When compared with the HEV reference
isolates, the strains were closely related to Chinese strain
T1 with an 82.6%-89.4% nucleotide homology, and
demonstrated a 91.1% sequence homology to a Japanese
strain JAK-Sai. The nucleotide homology of other Japanese HEV strains with the strains from IBDs ranged from
78.6% to 85.4%. The homology of strains from Burma,
Mexico and the United States was 79.2%-80.2%, 80.5%81.4% and 77.1%-78.0%, respectively.
In the phylogenetic tree generated, the Bur82 strain
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at the nucleotide level with each other, and 79.2%-80.2%,
80.5%-81.4%, 77.1%-78.0% and 83.3%-93.6% identity
with HEV genotypes 1-4, respectively. Clearly, they belong
to genotype 4 and resemble HEV genotype 4 sequences
but form some new subgenotypes. These results indicate
that there is great genetic variability in HEV genome of
genotype 4, even within a certain region or population investigated in China. Previous data showed that a substantial proportion of voluntary blood donors (3/200 or 1.5%)
was positive for HEV RNA and the isolates all had a high
nucleotide sequence identity (> 90%) with swine HEV,
which means that HEV may be zoonotically transmitted
from viremic animals to humans[23], however, in the present study, three isolates only shared a 77.5%-86.0% identity with swine HEV.
In conclusion, we report the first molecular and seroepidemiological study on HEV infection in the IBDs in
China in the 1990s. The results demonstrate that HEV is
widely spread in this population and confined to genotype 4. Males, individuals aged beyond 60 years, and
people who donated blood more than 20 times showed
a higher rate of previous HEV infection. Our study may
help define one of the possible routes of transmission of
sporadic HEV infection in this population and provide
guidance to screen HEV in the donors to guarantee safe
blood banks in China.

▲China FBDs 2/China/human
▲China FBDs 3/China/human
China-T1 (AJ272108)/China/human
JAK-Sai (AB074915)/Japan/human
Ind-Sw01 (AY723745)/India/porcine
Genotype Ⅳ
▲China FBDs 1/China/human
ChangChun (AB108537)/China/human
JSN-Sap (AB091395)/Japan/human
HE-JI4 (AB080575)/Japan/human
HEJA-1 (AB097812)/Japan/human
SwJ13-1 (AB097811)/Japan/porcine
Mexican (M74505)/Mexico/human
Genotype Ⅲ
SwJ570 (AB073912)/Japan/porcine
Swine (AF082843)/USA/porcine
Genotype Ⅱ
JKN-Sap (AB074918)/Japan/human
US1 (AF060668)/USA/human
HE-JA10 (AB099347)/Japan/human
Morocco (AY230202)/Morocco/human
Bur82 (M73218)/Burma/human
Hetian (L08816)/China/human
Hetian (D11092)/China/human
KS@-87 (L25595)/China/human
Avina HEV (AY535004)/USA/chicken

GenotypeⅠ

0.05

Figure 1 A phylogenetic tree is constructed using the neighbor-joining
method based on the 236-nt ORF2 sequences of four genotypes hepatitis
E virus isolates. The isolates were named by the accession number in parentheses, the name of the country of origin and species from which it was isolated. Bootstrap values were indicated for the major nodes as a percentage of
the data obtained from 300 replicates. Bar, 0.05 substitutions per site. Percent
bootstrap support was indicated at the respective nodes. An avian hepatitis E
virus strain is included as outgroup. The isolates identified in this study were
marked with solid triangle.

COMMENTS
COMMENTS
Background

Hepatitis E virus (HEV) infection is an important public-health concern as a
major cause of enterically transmitted hepatitis worldwide. Epidemiologic studies have shown that HEV is prevalent in most developing countries and some
industrialized countries. Although commercial blood donation was eradicated
by Chinese government by the end of 1995, the practice of using contaminated
blood collection equipment caused the spread of some viruses such as hepatitis C virus and hepatitis I virus, but there has been no report on the prevalence
of HEV infection in the illegal blood donors (IBDs).

atitis viruses such as HBV and HCV, our findings show
that more frequent blood/plasma donation increased the
risk of HEV infection, providing evidence that HEV can
be transmitted by viremic blood units and have similar or
overlapping routes of transmission with HCV[17].
HEV IgM antibody is known as a marker of the early
seroconversion period. In this study, HEV IgM antibody
was detected in 10 samples in the population. We also
tested the presence of serum HEV RNA in the IBDs.
HEV has been classified into four genotypes based on
the full sequence heterogeneity. These include genotypes
1 (mainly prevalent in Asia and Africa), 2 (mainly prevalent in Mexico, Nigeria), 3 (mainly prevalent in the US,
Japan, Argentina, and Europe), and 4 (mainly prevalent
in Taiwan, Japan, and mainland China) [18]. More recently, HEV genotype 4 has been isolated from various
regions of China, ranging from the south (Guangzhou
and Shanghai), the centre (Henan province) to the north
(Liaoning Province and Beijing), and has been found to
be responsible for a significant proportion of cases of
sporadic acute hepatitis in China[19-21]. Schlauder et al[22] reported that the analysis of small regions of HEV genome
yields evolutionary distances similar to those produced
from the full-length HEV genome. Therefore, we amplified and sequenced three HEV partial sequences in the
serum samples of 10 IBDs positive for HEV IgM antibody. The three sequences share an 81.4%-88.1% identity
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Innovations and breakthroughs

This is a first serological and molecular study on HEV infection in IBDs. The
results showed that the prevalence of HEV IgG antibody was higher (22.5%) in
the IBDs than in general population, and the risks of HEV infection in IBDs were
age, gender and times of donation. Additionally, phylogenetic analysis showed
that 3 HEV strains isolated from IBDs belong to genotype 4. Therefore, the present study indicated that HEV is widely spread in the IBDs and the new possible
modes of transmission of sporadic HEV infection in IBDs should be defined.

Applications

As it was indicated in this study that HEV is wildly spread among the IBDs, and
age, gender and times of blood donation are the risk factors of HEV infection.
Therefore, HEV should be detected regularly among the IBDs for the safety of
transfusion.

Terminology

Hepatitis E virus (HEV): Hepatitis E Virus 1 has a particle diameter of 32-34 nm,
a buoyant density of 1.29 g/mL in KTar/Gly gradient, and is very labile. Serologically related smaller (27-30 nm) particles are often found in feces of patients
with hepatitis E and are presumed to represent degraded viral particles. HEV
has a single-stranded polyadenylated RNA genome of approximately 8 kb.
Based on its physicochemical properties, it is presumed to be a calici2-like virus.

Peer review

The molecular and sero-epidemiological study on HEV infection is presented in
a proper way and this study could help in defining one of the possible modes
of transmission of sporadic HEV infection in Chinese population and guide the
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screening of HEV in the donors to guarantee safe blood banks. The manuscript
is well presented and of interest and the design of this study is appropriate. The
study was done well and their results can contribute to knowledge of this topic.
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Prophylaxis of chronic kidney disease after liver
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was expected with stable liver function. MMF was personalized between 1.0-1.5 g/d. Glomerular filtration rate
(GFR) was estimated by an abbreviated Modification of
Diet in Renal Disease formula. Risk factors of CKD were
examined by univariate and multivariate logistic regression.
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RESULTS: With a definition of GFR < 60 mL/min per
2
1.73 m , the incidence of CKD was 17.3% 5-year after
LT. There were 68.3% (293 of 429 cases) patients managed to control their TAC trough concentrations within
8 ng/mL and 58.0% (83 of 143 cases) patients’ CSA
trough concentrations within 150 ng/mL. Of the 450
recipients followed-up over 1 year, 55.5% (183 of 330
cases) of which were treated with TAC had a trough
concentration ≤ 6 ng/mL while 65.8% (79 of 120
cases) of which were treated with CSA had a concentration ≤ 120 ng/mL. The incidence of CKD in the groups
of lower CNI trough concentrations was significantly
lower than the groups with CNI concentrations above
the ideal range. Patients with CKD had much higher
CNI trough concentrations than that of patients without
CKD. MMF was adopted in 359 patients (62.8%). Patients administrated with MMF had a relatively low CNI
trough concentrations but with no significant difference.
The graft function remained stable during follow-up. No
difference was found between different groups of CNI
trough concentrations. Pre-LT renal dysfunction, ages,
acute kidney injury, high blood trough concentrations of
CNI in 3 mo (TAC > 8 ng/mL, CSA > 150 ng/mL) and
hypertension after operation were associated with CKD
progression, while male gender and adoption of MMF
were protection factors.

Abstract
AIM: To evaluate the prophylaxis of chronic kidney disease (CKD) after liver transplantation (LT) with low-dose
calcineurin inhibitor (CNI) and mycophenolate mofetil
(MMF).
METHODS: From March 1999 to December 2009, a
total of 572 patients (478 males and 94 females) underwent LT enrolled in the study. Initial immunosuppression
was by triple-drug regimens that included a CNI, MMF,
and prednisone. The initial dose of CNI was 0.05-0.10
mg/kg per day for tacrolimus (TAC) and 5-10 mg/kg per
d for cyclosporine A (CSA) respectively, and was gradually reduced based on a stable graft function. The serum
trough level of CNI was 6-8 ng/mL for TAC and 120-150
ng/mL for CSA 3-mo post-operation, 4-6 ng/mL for TAC
and 80-120 ng/mL for CSA 1-year after transplantation
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CONCLUSION: Low dose of CNI combined with MMF
managed to prevent CKD after LT with stable graft function.
© 2012 Baishideng. All rights reserved.
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the nephrotoxicity was associated with the dosage and
duration of CNI, we can expect that administration of
initial low-dose CNI and maintaining low blood concentrations after would prevent the progression of renal dysfunction. However, such a conclusion cannot be drawn
yet because most researches were based on patients who
had pre-existing renal dysfunction. Moreover, there is no
consensus on the minimum CNI dose which is considered to be safe for LT recipients.
In our center, a protocol of combining CNI [tacrolimus
(TAC) or CSA] with MMF was adopted after LT. The
CNI initial dose and blood concentrations after were kept
at a relatively low level. The purpose of this study was to
delineate the risk factors for developing CKD, and more
important, to find out whether the strategy of combination low-dose CNI and MMF can make a successfully
prophylaxis of CKD after LT.

Peer reviewer:� Rubén Ciria, MD, PhD, Hepatobiliary Surgery

and Liver Transplantation Unit. Hospital Universitario Reina
Sofía, Avenida Menendez Pidal s/n. Servicio de Cirugia General, Cordoba 14004, Spain
Shao ZY, Yan LN, Wang WT, Li B, Wen TF, Yang JY, Xu MQ,
Zhao JC, Wei YG. Prophylaxis of chronic kidney disease after
liver transplantation - experience from west China. World J
Gastroenterol 2012; 18(9): 991-998 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v18/i9/991.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i9.991

INTRODUCTION
Since the introduction of calcineurin inhibitor (CNI)
in the 1980s, its use in clinical solid organ has greatly
increased transplant recipient survival rates and reduced
graft rejection rates[1]. More and more patients with end
stage liver disease are benefiting from liver transplantation (LT) in the last three decades. However, although the
number of long-term surviving recipients has increased,
many of them suffer from chronic complications. Chronic kidney disease (CKD) is one such complication that
has severely affected the quality of life and survival of
organ recipients[2-7]. Cohen et al[8] reported that 27.5% of
191 patients had progressive renal dysfunction [glomerular filtration rate (GFR) < 40 mL/min] 5 years after LT.
Ojo et al[9] found that GFR < 29 mL/min was in up to
18% of patients by 5 years post LT, and that chronic renal failure elevated the risk of death after transplantation
(relative risk 4.55). Long duration of CNI-taken is one of
the many factors adversely affecting renal function after
transplantation[2,4-7]. Its nephrotoxicity is seen by kidney
biopsy, which includes severe tubular atrophy, interstitial
fibrosis and focal hyalinosis of small renal arteries and arterioles[10,11]. Lee et al[12] pointed out that rapid progression
of kidney disease was associated with CNI nephrotoxicity
which significantly increased the risk by a factor of 4.24.
There are two main strategies for CNI induced CKD,
one is CNI withdrawal and conversion to a non-nephrotoxic immunosuppressant, such as sirolimus, mycophenolate mofetil (MMF) and azathioprine; the other is dose
reduction in combination with an auxiliary immunosuppressant[4,6,7,13,14]. Shenoy et al[13] found no significant
improvement in renal function after 12 mo’ follow-up in
a prospective trial of CNI withdrawal and replacement
with sirolimus for renal insufficiency in liver transplant
recipients. Cantarvich et al[15], on the other hand, found
significant improvement in the renal function of longterm liver-transplant recipients with renal dysfunction by
introducing MMF and tapering cyclosporine A (CSA) to
a very low dose (50 mg/d), however, this strategy may increase the risk of acute rejection (AR). No agreement has
been reached on this issue. Since it has been proven that
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MATERIALS AND METHODS
Study population
Data from the clinical records of 772 consecutive Chinese
patients who underwent LT from March 1999 until December 2009 were retrospectively analysed. Patients were
monitored till August 2010 or to their death. Recipients
with a short follow-up (less than 3 mo), died within 3
mo after transplantation and younger than 18 years old
were excluded. All the liver grafts were from brain-dead
donors or living donors. Living and deceased donations
were voluntary in all cases, approved by the West China
Hospital Ethics Committee, and in accordance with the
ethical guidelines of the Declaration of Helsinki.
Evaluation of kidney function
Renal function was assessed by estimated glomerular filtration rate (eGFR) using the abbreviated Modification of
Diet in Renal Disease formula: eGFR = 186 × creatinine
(mg/dL)−1.154 × (age)−0.203 × (0.742 if female). Acute kidney injury (AKI) was defined as more than 25% decrease
of GFR in the first post-operative week compared with
the pre-operative level by the RIFLE (risk, injury, failure,
loss and end-stage renal failure) criteria[16]. CKD was defin
ed as GFR < 60 mL/min per 1.73 m2 for at least 3 consecutive months. Hepatorenal syndrome was defined as
Salerno et al[17] reported: cirrhosis with ascites, serum creatinine > 1.5 mg/dL, no improvement of serum creatinine after at least 2 d with diuretic withdrawal and volume
expansion with albumin, no current or recent treatment
with nephrotoxic drugs, absence of parenchyma kidney
disease. Renal dysfunction before LT was also defined as
eGFR < 60 mL/min per 1.73 m2.
Definitions of other clinical parameters
According to the latest guideline of prevention and treatment of plasma lipid abnormality for Chinese adults, hypercholesterolemia was defined as total plasma cholesterol ≥ 6.22 mmol/L, hypertriglyceridemia as triglyceride ≥
2.26 mmol/L[18]. Diabetes mellitus (DM) was diagnosed if

992

March 7, 2012|Volume 18|Issue 9|

Shao ZY et al . Preserving renal function after liver transplantation
20

for CSA one year after transplantation was expected with
stable liver function.

Incidence of CKD

18

16.4%

16

14.0%

14

17.3%

14.9%

Statistical analysis
SPSS 17.0 statistical software (SPSS Company, Chicago,
IL) was used to analyse the relevant data. Numerical data
are presented as the mean ± SD or as the median. Continuous data were compared using the independent t-test
if data were normally distributed, or using the rank-sum
test if data were non-normally distributed. Categorical
data were compared using the χ 2 test. Univariate logistic
regression analysis was used to discover risk factors for
CKD. Variables reaching statistical significance were then
included for multivariate analysis. Results were reported
as odds ratios with 95% confidence intervals.
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Figure 1 Incidence of chronic kidney disease 5 years after liver transplantation. The estimated glomerular filtration rate (eGFR) was calculated by the
abbreviated Modification of Diet in Renal Disease formula after each visit of a
patient. And once met the criterion of chronic kidney disease (CKD) (eGFR < 60
mL/min per 1.73 m2), they were registered into the CKD group. Seventeen point
three percents of the whole population (99 cases) developed CKD during the
5-year’s follow-up.

RESULTS
Patients population
The medical records of 572 patients [male:female 478:94,
mean age 44 (20-69) years old] meeting the inclusion criteria were reviewed retrospectively. Mean follow-up duration was 28 (3-125) mo. Pre-operation baseline included
DM in 36 (6.29%) patients, hypertension in 13 (2.27%)
patients, renal dysfunction in 54 (9.44%) patients, and
hepatorenal syndrome in 27 (4.72%) patients, 19 (3.32%)
were given hemodialysis therapy within a 2-wk period
before surgery. The main indications for LT were tumors
and end stage liver diseases, with 268 (46.9%) and 276
(48.2%) patients respectively. More than 80% patients
were found to be hepatitis B virus (HBV) related. The
deceased donor transplantation rate was 75.5%.

random blood glucose ≥ 11.1 mmol/L or fasting plasma
glucose ≥ 7.0 mmol/L. AR was confirmed either by liver
biopsy or recovery from high-dose methylprednisolone.
If chronic rejection (CR) was suspected, liver biopsy was
also carried out. Hypertension was defined as a systolic
blood pressure over 140 mmHg or diastolic pressure over
90 mmHg twice at different time. Mayo end-stage liver
disease (MELD) scores were calculated for each patient.
Immunosuppressive protocols
Initial immunosuppression was by triple-drug regimens
that included a CNI (TAC or CSA), MMF and prednisone. The initial dose of CNI was 0.05-0.10 mg/kg per
day for TAC and 5-10 mg/kg per day for CSA respectively. MMF was personalized between 1.0-1.5 g/d. At
the early phase in our center, patients were administrated
with MMF only when they were diagnosed hypertension
and DM; however, all recipients in the late period were
administrated with it unless severe gastrointestinal side
effects or myelosuppression happened. Prednisone was
generally discontinued within 3 mo after transplantation.

Incidence of chronic kidney disease
The eGFR was calculated after each visit of a patient.
And once met the criterion of CKD, they were registered
into the CKD group. As shown in Figure 1, 17.3% of the
whole population (99 cases) developed CKD during the
5-year’s follow-up.
Our analysis of the difference in over 20 clinical indices between patients with and without CKD showed that
the CKD group had older age, higher MELD scores, more
female, more patients with pre-operative renal dysfunction,
more with hepatorenal syndrome and more received preoperative hemodialysis. There was also a between-group
difference in immunosuppression protocols, TAC and
MMF was preferred in the non-CKD group. Of the 85
cases of AKI (14.9%), 32 progressed to CKD. In addition, the CKD group had more patients with post-operative DM, hypertension and hypertriglyceridemia (Table 1).

Adjustment of calcineurin inhibitor dose during follow-up
Observations of clinical indices including CNI trough
concentrations were checked daily for the first week and
weekly for the next three in the first month post-operation, monthly within 3-mo and every three months thereafter. The ideal serum trough level of CNI was 6-8 ng/
mL for TAC and 120-150 ng/mL for CSA 3-mo postoperation. Liver function was monitored intensely while
adjusting the CNI dose. If AR happened, prior dosage
was restarted, together with the prednisone increase or
high-dose methylprednisolone administration. Dose reduction was more carefully and slowly carried out. A
trough level of 4-6 ng/mL for TAC and 80-120 ng/mL
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Subgroups of calcineurin inhibitor trough concentrations
The CNI trough concentrations were recorded in each visit too. Mean concentrations of both TAC and CSA were
calculated at different time points. A decreasing trend was
discovered with lengthening of follow-up time (Figure 2).
As we mentioned before, an ideal concentration was
expected at 3-mo and 1-year post LT. The results showed
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between groups (Figure 2C and D).
To assess the impact of CNI concentrations on the
chronic complications and graft function post transplantation, patients were still grouped according to the CNI
trough concentrations 3-mo post transplantation. The ana
lysis showed between-group differences in these parameters were without statistical significance (Table 3).

Table 1 Clinical features between chronic kidney disease and
non-chronic kidney diseas recipients n (%)
Clinical features
Age (median years)
Sex (male/female)
Donor type (DDLT/LDLT)
Indications for LT
Cirrhosis
Chronic active hepatitis
Tumors
Others
HBV infection
Complications pre-LT
DM
Renal dysfunction
HRS
Hemodialysis
Hypertension
MELD scores
CNI type (TAC/CSA)
MMF adoption
Complications post-LT
DM
Hypertension
Hypercholesterolemia
Hypertriglyceridemia
AKI
AR
CR
Graft failure
Re-transplantation

CKD group Non-CKD group P value
(n = 99)
(n = 473)
49
70/29
82/17

42
408/65
350/123

0.001
0.001
NS

38 (38.4)
13 (13.1)
34 (34.3)
14 (14.1)
80 (80.8)

160 (33.8)
39 (8.2)
234 (49.5)
40 (8.5)
401 (85.0)

NS
NS
0.006
NS
NS

10 (10.1)
22 (22.2)
11 (11.1)
9 (9.1)
5 (5.1)
14
64/35
49 (49.5)

26 (5.5)
32 (6.8)
16 (3.4)
10 (2.1)
8 (1.7)
11
365/108
310 (65.5)

NS
0.001
0.003
0.002
NS
0.001
0.009
0.003

27 (27.3)
19 (19.2)
19 (19.2)
26 (26.3)
32 (32.3)
18 (18.2)
4 (4.0)
6 (6.1)
5 (5.1)

85 (18.0)
35 (7.4)
57 (12.1)
81 (17.1)
53 (11.2)
56 (11.8)
11 (2.3)
11 (2.3)
8 (1.7)

0.034
0.001
NS
0.034
0.001
NS
NS
NS
NS

Risk factors for chronic kidney disease progression
Together with the different CNI concentrations and whe
ther uses of MMF, over twenty parameters were examined
by univariate logistic analysis to identify the risk factors of
CKD (Table 4). All the factors with statistical significance
were chosen for multivariate logistic analysis, and seven
of them were singled out. Age at LT, pre-operative renal
dysfunction, AKI, high CNI concentration 3 mo after LT
(TAC > 8 ng/mL or CSA > 150 ng/mL), post-operative
hypertension were risk factors of CKD; male, use of MMF
were protective factors of CKD (Table 5).

DISCUSSION
The incidence of CKD increases with survival time after
LT. As its nephrotoxicity proved by more researches, every
center realized the importance of CNI dose adjustment.
But how and when to adjust it still remains a question.
There are two mainly strategies for CNI induced CKD,
one is CNI withdrawal and conversion to a non-nephrotoxic immunosuppressant, such as sirolimus, MMF and
azathioprine; the other is CNI dose reduction in combination with an auxiliary immunosuppressant[4,6,7,13,14]. Both
were used. However, because of the CNI withdrawal time
and dose reduction level differed among different centers,
no agreement was reached.
Unlike the strategies mentioned above, in our center,
an initial low CNI dose was administered. And by intensely monitoring of the graft function and gradually
CNI dose reduction, a low blood concentration of CNI
was maintained thereafter. The results displayed that over
half the patients managed to maintain a CNI level within
the target range in 3-mo and 1-year post LT and graft
function remained stable compared with the high CNI
level group. Moreover, groups of CNI concentrations
within target range had significantly lower CKD incidence than the rest.
It was reported that CKD incidence varied to a great
distance. Data from different centers varies partly because
of different definitions of CKD[2-7]. We defined CKD as
GFR < 60 mL/min per 1.73 m2 in this research, a level at
which the prevalence of complications of CKD begins
to increase[19,20]. By this criterion, the incidence of CKD 5
years after LT was 17.3%, lower than many reports. Five
factors have been incriminated as etiologic factors of CKD
as demonstrated by the multivariate logistic analysis.
An important risk factor for CKD was CNI trough
concentrations 3 mo after LT (OR = 2.935). Dose of CNI
varies between different centers. Nevertheless, there is a
consensus that the CNI concentration should be as low as

CKD: Chronic kidney disease; Age: Age at transplantation; DDLT: Deceased donor liver transplantation, LDLT: Living donor liver transplantation; NS: No significance; LT: Liver transplantation; HBV: Hepatitis B
Virus; DM: Diabetes mellitus; HRS: Hepatorenal syndrome; MELD: Mayo
end-stage liver disease; CNI: Calcineurin Inhibitor; TAC: Tacrolimus; CSA:
Cyclosporine A; MMF: Mycophenolate mofetil; AKI: Acute kidney injury;
AR: Acute rejection; CR: Chronic rejection.

that there were 68.3% (293 of 429 cases) patients managed to control their TAC trough concentrations within
8 ng/mL and 58.0% (83 of 143 cases) patients’ CSA
trough concentrations within 150 ng/mL. Of the 450
recipients followed-up over 1 year, 55.5% (183 of 330
cases) of which were treated with TAC had a trough
concentration ≤ 6 ng/mL while 65.8% (79 of 120 cases)
of which were treated with CSA had a concentration ≤
120 ng/mL. The incidence of CKD in the groups of
lower CNI trough concentrations was significantly lower
than the groups with CNI concentrations above the ideal
range (Table 2). At the same time, we compared the CNI
trough concentrations between patients with and without
CKD. As shown in Figure 2A and B, the CKD group had
much higher CNI trough concentrations than that of patients without CKD.
Also, recipients were grouped by whether MMF was
used. We found its adoption in 359 patients (62.8%). It
was used in 49.5% of the CKD group and 65.5% of
the non-CKD group (P = 0.003). Although patients administrated with MMF had a relatively low CNI trough
concentrations, but no significant difference was found
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Figure 2 Calcineurin inhibitor trough concentrations between different groups. We compared the mean trough concentrations of tacrolimus (TAC) and cyclosporine A (CSA) at different time points between patients with and without chronic
kidney disease (CKD) (A and B), between patients combined mycophenolate mofetil (MMF) use and no use (C and D). A: Trough concentrations of TAC grouped by CKD and non-CKD at different time points. Apart from 5 years after liver transplantation (LT), the CKD people had higher TAC trough concentrations than non-CKD people with statistical significance; B: Trough concentrations of CSA grouped by CKD and non-CKD at different time points. The CKD people had higher CSA trough
concentrations than non-CKD people with statistical significance in 1, 2, 3, 4 years after LT; C and D: Trough concentrations of TAC (C) and CSA (D) grouped by combination with and without MMF at different time points. Patients with MMF combination had a lower calcineurin inhibitor trough concentrations but most without statistical significance. NS: Not significant.
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Table 2 Chronic kidney disease incidence between groups 3
mo and one year after liver transplantation
Groups

Cases (CKD incidence %)

Three months after LT
CSA trough concentrations
> 150 ng/mL
≤ 150 ng/mL
TAC trough concentrations
> 8 ng/mL
≤ 8 ng/mL
One year after LT
CSA trough concentrations
> 120 ng/mL
≤ 120 ng/mL
TAC trough concentrations
> 6 ng/mL
≤ 6 ng/mL

Table 4 The risk factors of chronic kidney disease by univariate logistic regression

P value

20/60 (32.3)
15/83 (18.1)

0.036

32/136 (23.5)
32/293 (10.9)

0.001

19/41 (46.3)
12/79 (15.2)

< 0.001

36/147 (24.5)
17/183 (9.3)

< 0.001

Clinical factors
Factors before LT
Gender (female = 0, male = 1)
Ages at LT
Liver cirrhosis
End stage liver disease
HBV infection
DM
Hypertension
Renal dysfunction
HRS
Hemodialysis
TB
MELD
Factors after LT
Re-operation
Use of TAC
Use of MMF
CNI trough concentrations
AKI
Hypertension
DM
AR
CR
Graft failure
Re-transplantation
Hypertriglyceridemia
Hypercholesterolemia

Patients were divided by the calcineurin inhibitor types and trough concentrations 3 mo post transplantation. Groups with ideal trough concentrations [cyclosporine A (CSA) trough concentrations ≤ 150 ng/mL, tacrolimus (TAC) trough concentrations ≤ 8 ng/mL] had much lower chronic
kidney disease (CKD) incidence. Patients followed-up over 1-year (n = 450)
were divided by the calcineurin inhibitor types and trough concentrations
at one year post transplantation. Groups with ideal trough concentrations
(CSA trough concentrations ≤ 120 ng/mL, TAC trough concentrations ≤
6 ng/mL) had much lower CKD incidence. LT: Liver transplantation.

Table 3 Chronic complications and graft function between different groups of calcineurin inhibitor trough concentrations
Complications
DM
Hypertriglyceridemia
Hypercholesterolemia
Hypertension
AR
CR
Graft failure
Re-transplantation

17.6
18.1
12.8
8.2
11.7
2.1
2.7
2.1

23.5
19.9
14.3
11.7
15.3
3.8
3.6
2.6

NS
NS
NS
NS
NS
NS
NS
NS

95% CI

0.001
0.001
0.303
0.014
0.327
0.091
0.052
0.001
0.002
0.001
0.014
0.000

0.385
1.048
1.590
1.740
0.756
1.932
3.092
3.937
3.570
4.630
1.001
1.049

0.232-0.638
1.025-1.072
0.658-3.840
1.120-2.703
0.432-1.323
0.900-4.147
0.990-9.659
2.173-7.134
1.603-7.953
1.830-11.716
1.000-1.003
1.023-1.075

0.454
0.010
0.003
0.001
0.001
0.001
0.035
0.509
0.338
0.055
0.052
0.036
0.059

1.324
0.541
0.520
2.528
3.785
2.972
1.712
1.107
0.565
2.710
3.092
1.724
1.733

0.635-2.761
0.340-0.861
0.336-0.805
1.627-3.927
2.275-6.296
1.619-5.455
1.037-2.824
0.820-1.494
0.176-1.814
0.978-7.510
0.990-9.659
1.038-2.863
0.979-3.070

Table 5 The risk factors of chronic kidney disease by multivariate logistic regression
Clinical factors
Age at LT
Pre-operative renal dysfunction
AKI
CNI trough concentration
Post-operative hypertension
Female
Use of MMF

Patients were divided according to the trough concentrations 3 mo after
liver transplantation. Group 1: 376 cases, tacrolimus (TAC) ≤ 8 ng/mL or
cyclosporine A (CSA) ≤ 150 ng/mL; Group 2: 196 cases, TAC > 8 ng/mL
or CSA > 150 ng/mL. No statistical significance was found between
groups. DM: Diabetes mellitus; AR: Acute rejection; CR: Chronic rejection;
CKD: Chronic kidney disease.

P value

OR

95% CI

0.001
0.049
0.001
0.001
0.035
0.018
0.002

1.048
2.300
4.435
3.233
2.230
0.464
0.435

1.020-1.076
1.005-5.260
2.404-8.182
1.923-5.438
1.059-4.696
0.245-0.877
0.255-0.741

OR: Odds ratios; CI: Confidence intervals; LT: Liver transplantation; AKI:
Acute kidney injury; CNI: Calcineurin inhibitor; MMF: Mycophenolate
mofetil.

possible to avoid CKD. Morard et al[21] identified trough
levels of CSA ≥ 150 ng/mL or TAC ≥ 10 ng/mL at 1
year and CSA ≥ 100 ng/mL or TAC ≥ 8 ng/mL at 5
years as independent risk factors for impaired renal function. However, no agreement has yet been reached on
what is the minimum and safe CNI dose for LT recipients.
Pre-LT baseline renal function has a major impact on
that post-transplantation[3,6,7,22]. In this study, both renal
dysfunction pre-operation and AKI post-operation prov
ed to be important risk factors for CKD. Velidedeoglu
et al[23] suggested that a combination of events during the
first postoperative week after LT serve as a physiologic
“stress test” for the kidneys. Patients who failed the test
(peak creatinine > 2 mg/dL) were at increased risk of
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OR

OR: Odds ratios; CI: Confidence intervals; LT: Liver transplantation; HBV:
Hepatitis B virus; DM: Diabetes mellitus; HRS: Hepatorenal syndrome; TB:
Total serum bilirubin at baseline; TAC: Tacrolimus; MMF: Mycophenolate
mofetil; AKI: Acute kidney injury; AR: Acute rejection; CR: Chronic rejection.

Cases
Group 1 Group 2 P
(CKD incidence %) (%)
(%)
value
112 (19.6)
107 (18.7)
76 (13.3)
54 (9.4)
74 (12.9)
15 (2.6)
17 (3.0)
13 (2.3)

P value

chronic renal disease. Although both pre-operative renal
dysfunction and AKI were considered to be reversible,
with persistently nephrotoxication of CNI, the chance of
recovery for kidney function is small and the injury could
become irreversible and chronic finally. Induction therapy
with both lymphocyte-depleting and non lymphocytedepleting antibodies and delayed introduction of CNI
(3-7 d) may preserve or ameliorate renal function in LT
recipients with pre-transplant renal dysfunction without
increasing the risk of rejection or compromising patient
and graft survival[24-26].
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Hypertension commonly causes renal disease in ge
neral population, so it was not surprising that post-ope
rative hypertension became risk factor of CKD. Once
confirmed, recipients should receive active treatment.
Administration of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers were recommended, for they could theoretically protect these patients from both the acute hemodynamic component and
chronic vascular and tubulointerstitial injury. The benefit
of the former class of agents is conferred predominantly
via reduction in CNI-induced afferent arteriolar vasoconstriction and that of the latter is conferred via the inhibition of angiotensin Ⅱ effects of transforming growth
factor-β and other profibrotic mediators[27].
Our finding showed use of MMF as a protective factor of CKD. And as an accessory immunosuppressant,
MMF does not have nephrotoxicity and could reduce the
CNI dosage. Strategies to alleviate CNI nephrotoxicity include use of MMF with CNI dose reduction or CNI-withdrawal and conversion to MMF[4,6,7,13,14,28]. We found that,
with an 1.0-1.5 g/d administration, most people had no
severe side effects, which proved to be safe and effective.
Another protective factor of CKD was male gender.
In the general population, however, male gender is more
closely associated with renal disease progression, but the
reason for this inconsistency is unclear[5,29].
HBV infection was not a significant risk factor compared to other causes in this research. This finding was
similar to previous studies based on Asian people [12].
HCV infection was also not a significant risk factor for
CKD progression. In western countries, HCV is the most
common cause of liver failure, and it increases CKD risk
in liver transplantation primarily because it may cause
glomerulonephritis [9,30]. Nevertheless, only 7 patients
had HCV related cirrhosis in this cohort. Lamivudine
combined with individualized low-dose hepatitis B immunoglobulin was used as a prophylaxis against HBV recurrence after LT in our center. Adefovir, which is known
to be nephrotoxic, was administrated with only a few
patients[31]. This could partly explain why our center has a
relatively low incidence of CKD.
Posttransplantation DM is prevalent among LT recipients. It was reported earlier that the incidence of posttransplantation DM could reach 14.9% in the living donor
liver transplantation[32]. However, in this study we found
no relationship between DM and CKD. The proper explanation maybe that insulin was widely accepted and used
among LT recipients. Most people had his blood sugar
under the ideal range. Complications of DM were not as
popular as usual.
While there is conflicting evidence in the literature
on whether a TAC or CSA use is more beneficial[33,34], we
found a lower incidence of CKD in the TAC group and
identified CSA as a risk factor for CKD by univariate
logistic regression analysis. However, the analysis did not
take into account a small number of patients (n = 20)
who switched CNIs during the follow-up. Therefore, the
benefit of TAC over CSA remains inconclusive. Randomized, prospective studies with a large number of patients
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will be needed to resolve this issue.
In conclusion, many factors have been associated with
CKD progression. With few practical and validate strategy, we have shown that administration of low-dose CNI
in combination with MMF could lower CKD incidence
and did not increase AR rate, which provided as a successful experience for Chinese LT recipients. As mention
ed above, there was part of the population left whose
CNI concentration was above the target range. So the
low dose was not adaptable for everyone. Closely monitoring of liver function during tapering the CNI dose was
needed. Dose reduction must be based on a stable liver
function. Limitation of this study is that data were collected retrospectively and that GFR was evaluated rather
than measured. Study of prospective designed and CKD
defined by measured GFR would be more convincing.
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function and gradually tapering the CNI dose, the result was favorable with low
incidence of CKD and acceptable graft functions.

Applications

Administration of low-dose CNI in combination with MMF could lower CKD incidence and did not increase acute rejection rate, which provided as a successful
experience for Chinese LT recipients. Limitation of this study is that data were
collected retrospectively and that glomerular filtration rate (GFR) was evaluated rather than measured. Study of prospective designed and CKD defined by
measured GFR is needed in the future.

Peer review

The research proved a successful strategy to prevent CKD liver transplantation
with ample data and strict design, which should be popularized by more centers.
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CASE REPORT

Transient small bowel angioedema due to intravenous
iodinated contrast media
Xiu-Hua Hu, Xiang-Yang Gong, Peng Hu
standing of this disorder are fundamentally important in
the diagnosis of this condition. The supposed etiology
behind the transient anaphylactic reaction to intravenous administration of iodinated CM in small bowel is
similar to other CM-induced hypersensitive immediate
reactions. The predilection location of transient anaphylactic bowel angioedema is the small intestine, particularly the proximal segment. A speculated cause may
be the richer supply of vessels in the small intestine,
ample mucous folds and loose connective tissue in the
duodenum and the jejunum.
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Abstract
Three cases of transient proximal small bowel angioedema induced by intravenous administration of nonionic
iodinated contrast media (CM) are presented. Computed tomography (CT) images in the venous phase
displayed the proximal small bowel with circumferential thickening of the wall including the duodenum and
proximal segment of the jejunum. The bowel wall was
normal in non-enhanced images, and normal or inconspicuous in arterial phase enhanced images. In one of
the three cases, the bowel wall was thickened in venous phase but disappeared in the 40 s delayed phase
images. No filling defect was seen in the lumen of the
superior mesenteric artery and vein. No peritoneal effusion or mesentery abnormality was found. Each of
these patients reported only mild abdominal discomfort and recovered without specific treatment within
a short time. Only one patient suffered mild diarrhea
after scanning which had resolved by the following day.
The transient anaphylactic small bowel angioedema
due to intravenous iodinated contrast media was easily
diagnosed based on its characteristic CT findings and
clinical symptoms. Differential diagnosis may include
inflammatory and ischemic bowel disease, as well as
neoplasms. A three-phase CT protocol and good under-
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INTRODUCTION
Anaphylactic reactions to intravenous nonionic iodinated
contrast media (CM) range from mild flushing to severe
cardiopulmonary arrest and occur in about 1% of patients[1,2]. Such anaphylactic reactions can occur in the gastrointestinal tract presenting as bowel angioedema. To our
knowledge, only four cases of small bowel angioedema
and one case of colon angioedema were previously reported in the literature[3-5]. Here we report three cases of proximal small bowel angioedema and discuss their computed
tomography (CT) findings, clinical features and outcomes.
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CASE REPORT

A

Case one
A 55 year-old man with upper abdominal pain for one
month was referred for an upper abdominal multi-phase
contrast-enhanced CT examination. The patient drank
400 mL of iso-osmotic mannitol solution 30 min before
the study and 100 mL just before the scan. After a conventional plain CT scan, a total of 90 mL nonionic iodinated CM (370 mgI/mL, Ultravist, Bayer Schering Pharma) was administered intravenously at a rate of 3 mL/s
using an automated injector. The patient suffered mild
abdominal discomfort during the examination and mild
diarrhea after scanning. No dermal rash or other disorders were reported. These symptoms had resolved by the
following day.
CT images in the venous phase displayed the proximal
small bowel with circumferential thickening of the wall
of a long segment (Figure 1A), including the descending, horizontal and ascending duodenum. However, the
bowel wall was normal in the non-enhanced (Figure 1B)
and arterial phase (Figure 1C) images. The fat around the
bowel was clear. No filling defect was seen in the lumen
of the superior mesenteric artery and vein. No peritoneal
effusion or other abnormality was found. Therefore, the
patient was clinically diagnosed with bowel angioedema,
and follow-up was recommended.
Four months later, the patient received a repeat abdominal enhanced CT scan using another nonionic CM
(370 mgI/mL, Iopamidol Injection, Bracco Diagnostics).
The proximal small bowel was normal.

B

C

Case two
A 46 year-old man with multiple colon polyps was referred for a complete abdominal contrast-enhanced CT
exam. Prior to the CT scan, 1000 mL oral iso-osmotic
mannitol solution was administered to distend the alimentary duct within one hour. The protocol for administering
iodinated CM was the same as that in the first case, however, the CM (370 mgI/mL, Iopamidol Injection, Bracco
Diagnostics) was different. The patient complained of
mild abdominal discomfort after the CT examination.
Symptoms resolved about thirty minutes later.
In non-enhanced CT images, no abnormality in the
small bowel was found. The proximal segment of the
small bowel showed slight thickening in arterial phase
(Figure 2A) and marked circumferential thickening in ve
nous phase (Figure 2B) CT images. The affected segment
included the descending, horizontal and ascending duodenum. However, no extraluminal, mesenteric, or peritoneal pathological process was found.

Figure 1 A 55-year-old man. A: Circumferential thickening of the proximal
small bowel in a long segment including the descending duodenum (long arrow)
and horizontal duodenum (double short arrows) in venous phase image; B and
C: This bowel segment appears normal in unenhanced image (B) and arterial
phase image (C).

intestinal segment, including the second to fourth segment of the duodenum, was identified in venous phase
CT images (Figure 3A). The intestinal wall was marked
by circumferential thickening and the lumen was slightly
dilated. Slight bowel edema was found in both arterial
phase and 40-s delayed phase images (Figure 3B). However, the bowel segment was normal on the non-enhanced
images (Figure 3C). Mild abdominal discomfort was the
only symptom in this case and resolved spontaneously.

DISCUSSION
Segmental bowel wall thickening is usually indicative of
inflammatory bowel disease, mesenteric ischemia, or neo
plastic disease. In the above-mentioned cases, thickening
of the intestinal wall was most prominent on venous
phase imaging. However, the bowel wall was normal in
non-enhanced images and inconspicuous in arterial phase
enhanced images. It is interesting that the bowel wall thi
ckening disappeared in the 40-s delayed phase images in

Case three
A 32-year-old woman with a mass in the right kidney was
referred for a multi-phase abdominal enhanced CT exam.
The examination protocol was the same as that in case
one, except the CM was Omnipaque (350 mgI/mL, Iohexol Injection, GE Healthcare). An edematous proximal
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A

A

B

B

C

Figure 2 A 46-year-old man. A: The proximal bowel segment is slightly thickened in arterial phase image; B: The proximal bowel segment shows marked
circumferential thickening in venous phase.

the third case. A rapid change in bowel wall thickening
may be an exclusive characteristic of anaphylactic small
intestinal angioedema due to intravenous iodinated contrast. Although bowel wall angioedema can appear slightly
thickened at an initially enhanced CT and be markedly
edematous 4 h later, the majority of cases in the literature
revealed that circumferential wall thickening of small
bowel segments was found only at initial enhanced CT
images[3,4]. In our cases, peak wall thickening appeared
on the venous phase about 65 s after administration of
intravenous contrast. Another feature of the CT findings
in our cases was that there was no exudation, vascular
engorgement, or lymphadenopathy around the thickened
bowel segment, which is distinguishable from other pathological processes.
All three patients felt mild abdominal discomfort
during scanning with contrast enhancement, but recovered after the CT examination without special treatment.
Only one patient complained of mild diarrhea on the day
of examination. Such symptoms may be caused by oral
administration of iso-osmotic mannitol solution before
examination for distending the stomach and small intestine[6]. Our findings, in accordance with previous reports,
indicate that anaphylactic angioedema of the small bowel
induced by iodinated CM was self-limiting and resolved
quickly without additional intervention[4].
To our knowledge, there have only been 4 cases reported in the literature with iodinated CM-induced small
bowel anaphylactic angioedema. The incidence of CMinduced bowel anaphylactic angioedema is very low com-
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Figure 3 A 32-year-old woman. A: Venous phase image reveals an edematous
proximal small bowel segment, including the descending and horizontal duodenum; B: The edematous wall resolved after the 40-s delayed image; C: This
same bowel segment presented as normal on the unenhanced image.

pared with pruritus and mild urticaria in affected patients[1].
Due to high time resolution, CM-induced bowel anaphylactic angioedema may not be well displayed in CT images
before or after the venous phase, about 65 s after administration of iodinated CM. A transient wall thickening
without pathological CT findings around the bowel wall
and/or obvious clinical symptoms may miss the diagnosis
of CM-induced bowel anaphylactic angioedema. Occasionally, it may be misdiagnosed as inflammatory or ischemic bowel disease, especially if only the venous phase
protocol is used for multi-detector CT enterography[7].
Based on the above-mentioned possibilities, we presume
that such a condition may be clinically underestimated.
The exact etiology of the anaphylactic reactions to
intravenous administration of iodinated CM is not completely understood. In our three cases, anaphylactic angioedema of the proximal small intestine was induced
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by different brands of nonionic iodinated CM. In case
one, the patient was hypersensitive to one type of commercial product, but not to another type. The concentration of iodinated CM we used was relative high (350 or
370 mgI/mL). However, anaphylactic small bowel angioedema can also be induced by iodinated CM at lower
concentrations (300 or 282 mgI/mL) according to the
literature[4,5]. Thus, the relationship between anaphylactic
small bowel angioedema and the concentration of iodine
in the CM was not assured. We propose that transient
anaphylactic small bowel angioedema shares the same
underlying etiology as the other non-allergic CM-induced
hypersensitive immediate reactions[8,9]. With regard to the
reason why most cases (including ours) of transient anaphylactic bowel angioedema occur in the small intestine,
particularly the proximal segment, the speculated cause
may be the richer supply of vessels in the small intestine
than in the colon, as well as the ample mucous folds and
loose connective tissue in the jejunum.
In conclusion, transient anaphylactic small bowel angioedema due to intravenous iodinated contrast media is
easily diagnosed based on its characteristic CT findings.
However, the three-phase CT protocol and a good understanding of this disorder are fundamentally important.
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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)

homogeneous 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 Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 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 from to evaluate the statistical method
used in the paper, including t-test (group or paired comparisons),
chi-squared 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
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for important intellectual content; and (3) final approval 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/1007-9327office. 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 for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in WJG,
reviewers of accepted manuscripts will be announced by publishing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor XinWei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

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.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.

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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).

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.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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. Immunolog-

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 la-
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ic 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]
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]

eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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)
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EDITORIAL

Radiofrequency ablation or percutaneous ethanol injection
for the treatment of liver tumors
Daniel Ansari, Roland Andersson
operative mortality. In addition, some lines of evidence
indicate that RFA and PEI can be employed as a bridge
to liver transplantation. The use of RFA in colorectal
liver metastases is currently limited to unresectable
disease and for patients unfit for surgery. The aim of
this article is to summarize the current status of RFA in
the management of liver tumors and compare it to the
cheap and readily available technique of PEI.

Daniel Ansari, Roland Andersson, Department of Surgery,
Clinical Sciences Lund, Skåne University Hospital and Lund
University, Lund SE-22185, Sweden
Author contributions: Ansari D prepared the first draft; Andersson R designed the editorial and revised the manuscript; both
authors performed the literature search and approved the final
manuscript.
Correspondence to: Roland Andersson, MD, PhD, Professor,
Department of Surgery, Clinical Sciences Lund, Skåne University
Hospital and Lund University, Lund SE-22185,
Sweden. roland.andersson@med.lu.se
Telephone: +46-46-172359
Fax: +46-46-147298
Received: September 28, 2011 Revised: December 26, 2011
Accepted: January 18, 2012
Published online: March 14, 2012

© 2012 Baishideng. All rights reserved.

Key words: Colorectal liver metastases; Hepatocellular
cancer; Liver resection; Percutaneous ethanol injection;
Radiofrequency ablation
Peer reviewer: Seung Woon Paik, Professor, Department of
Medicine, Sungkyun-kwan University School of Medicine, #50
Irwon-dong, Gangnam-gu, Seoul 135-710, South Korea

Abstract
The liver is a common location of both primary and
secondary malignancies. For unresectable liver cancer,
many local ablative therapies have been developed.
These include e.g., percutaneous ethanol injection (PEI),
percutaneous acetic acid injection, radiofrequency ablation (RFA), cryoablation, microwave ablation, laserinduced thermotherapy, and high-intensity focused
ultrasound. RFA has recently gained interest and is the
most widely applied thermoablative technique. RFA allows more effective tumor control in fewer treatment
sessions compared with PEI, but with a higher rate
of complications. However, there are certain circumstances where PEI therapy represents a better strategy
to control liver tumors than RFA, especially in situations
where RFA is difficult, for example when large vessels
surround the tumor. In the context of hepatocellular
carcinoma (HCC), both RFA and PEI are feasible and of
benefit in non-operable patients. RFA seems superior
to PEI in HCC > 2 cm, and the combination of interventions may be of benefit in selected patients. Liver
resection is superior to RFA for patients with HCC meeting the Milan criteria, but RFA can be employed in tumors ≤ 3 cm and where there is an increased expected
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third highest
cause of cancer-related death and the incidence appears
to be rising[1,2]. Partial hepatectomy and liver transplantation are potential curative options, but only a minority
(10%-20%) are candidates for these therapies [3]. For
inoperable cases, sorafenib (Nexavar®) is now available,
inhibiting tumor-cell proliferation and tumor angiogenesis, as well as increasing the rate of apoptosis. It acts by
inhibiting the serine-threonine kinase Raf and the receptor tyrosine kinase activity of vascular endothelial growth
factor receptors (VEGFRs) and platelet-derived growth
factor receptor β[4,5]. Sorafenib increased median survival
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and the time to radiological progression by nearly three
months (7.9-10.7 mo and 2.8-5.5 mo, respectively) in
patients with inoperable HCC[5]. The effect of sorafenib
has been reproduced[6]. Furthermore, sorafenib has been
reported to be cost-effective as compared to best supportive care in HCC[7]. Its multikinase inhibition, which is
effective in RAS-mediated signal transduction pathways,
is potentially applicable in other tumors[8,9]. Currently,
the combination of sorafenib and various other chemotherapeutic agents in HCC is under investigation[10]. In
the future, sorafenib might become an adjuvant following
resection or local ablation of HCC[11].
Liver metastases occur in almost half of cases with
colorectal cancer[12]. Resection is the treatment of choice
for the 20% to 30% that have metastatic disease limited
to the liver[13]. Novel local treatment, embolization, and
not least, neoadjuvant radiochemotherapy have increased
the number of resectable cases[14,15]. For those with initially unresectable colorectal liver metastases (CLM), downstaging with chemotherapy followed by rescue liver resection is safe and effective[16]. The role of chemotherapy in
resectable CLM is not entirely certain. The use of perioperative FOLFOX has been associated with improvement
of 3-year progression-free survival[17].
Over the years, local ablative methods have been developed for patients that are not surgical candidates because of multifocal disease, an inadequate liver remnant
(size, function), or co-morbid conditions. These techniques include percutaneous ethanol injection (PEI), percutaneous acetic acid injection, radiofrequency ablation
(RFA), cryoablation, microwave ablation, laser-induced
thermotherapy, high-intensity focused ultrasound, and
irreversible electroporation[18]. RFA has recently received
increased attention, and is the most studied of the thermal ablation techniques[19]. This article reviews the current role of RFA in the treatment of liver tumors and
compares it to PEI, which is a safe, cost-efficient, and
readily available alternative to RFA.

tip and maintaining low impedance during treatment,
while increasing the ablative zone[22,23]. RFA can be performed either percutaneously or intraoperatively with
laparoscopy or laparotomy. The percutaneous approach
is less invasive and may be associated with reduced postoperative pain, fewer complications, shorter hospital stay,
and reduced costs[24-26]. However, surgical RFA allows
more accurate cancer staging because of the direct macroscopic visualization of tumors and the use of intraoperative ultrasound. In patients with small HCC (≤ 3
cm), percutaneous and surgical RFA had similar complete
ablation rates and the overall and disease-free survival
were comparable at 1 and 3 years[25]. However, for larger
tumors (3.1-5 cm), the surgical approach was associated
with better overall survival. In addition, surgical RFA may
be preferred for HCC occurring in high-risk locations,
defined as less than 5 mm from a large vessel or an extrahepatic organ[27].
PEI was described for the first time in 1983[28]. PEI is
performed under local anesthesia using a 21-gauge needle
guided by ultrasound or computed tomography. Ethanol
diffuses into the tumor cells and causes dehydration and
protein denaturation, resulting in coagulative necrosis.
This is followed by microvascular thrombosis and subsequent tumor ischemia. The amount of ethanol required
can be calculated using the formula of a sphere, where
0.5 is added to provide extra safety margin: V = 4/3 × π
× (r + 0.5)3. The advantages of PEI are its relative safety,
simplicity, and low cost. However, PEI is limited to small
lesions and requires multiple sessions because of its reduced diffusion capacity over intratumoral septa.
Tumor seeding has occasionally been reported following RFA and PEI, but the risk remains low (< 2%) when
an adequate ablation technique is employed and there is
no previous biopsy[29-33]. Several studies have confirmed
the safety of RFA and PEI in patients awaiting liver
transplantation[34-41]. According to the practice guidelines
from the American Association for the Study of Liver
Diseases (AASLD), there is level Ⅱ evidence to support
the use of RFA and PEI as a bridge to liver transplantation[42]. However, the actual value of local therapies
before liver transplantation remains controversial. It has
been suggested that bridging therapies such as RFA or
PEI should be reserved for patients with a predicted
waiting list time of more than 6 mo[43,44].

RADIOFREQUENCY ABLATION AND
PERCUTANEOUS ETHANOL INJECTION
Modern RFA for the treatment of liver tumors has been
available since the early 1990’s[20,21]. RFA induces thermal
injury to the target tissue using electromagnetic energy
with a frequency < 900 kHz. An electrode is placed into
the lesion and a high-frequency alternating current is delivered. The current causes ionic agitation and frictional
heat, leading to irreversible cellular changes, such as protein denaturation and coagulative necrosis of tumor cells.
Optimal ablation results are achieved when local temperatures of 60 ℃ to 100 ℃ are employed. At temperatures
above 100 ℃, the increase in the electrical impedance
because of tissue carbonization and vaporization limits
the amount of energy that can be delivered. Internally
cooled-wet electrodes have been developed that combine
interstitial saline infusion and intra-electrode cooling,
thereby avoiding tissue desiccation around the electrode
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RADIOFREQUENCY ABLATION VS LIVER
RESECTION
Two recent systematic reviews[45,46] showed no significant
differences in survival between RFA and resection for
HCC within the Milan criteria, although RFA was associated with higher recurrence rates. When RFA was used
for tumors outside the Milan criteria, overall and diseasefree survival rates were significantly better after resection[46]. Zhou et al[47] performed a meta-analysis of one
randomized controlled trial (RCT) and nine controlled
studies comparing RFA and liver resection for HCC
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Table 1 Summary of meta-analyses of radiofrequency ablation vs liver resection and radiofrequency ablation vs percutaneous
ethanol injection
Diagnosis

Treatment

n

Tumor response (OR)

Local recurrence (OR)

Overall survival (OR)

Zhou et al[47]

HCC

0.29 (0.13-0.65)

4.50 (2.45-8.27)

0.60 (0.36- 1.01) (5 yr)

CLM

-

0.32 (0.07-1.52)

4.89 (1.73-13.87)

0.41 (0.22-0.90) (5 yr)

Bouza et al[63]

HCC

744
667
273
574
396
391

-

Wu et al[50]

RFA
resection
RFA
resection
RFA
PEI

0.37 (0.23-0.59)

1.24 (1.05-1.48) (4 yr)

Author

1.10 (1.04-1.17)

Complications (OR)

Total: 2.55 (1.8-3.65)
Major: 1.85 (0.68-5.01)

PEI: Percutaneous ethanol injection; RFA: Radiofrequency ablation; OR: Odds ratio; HCC: Hepatocellular carcinoma; CLM: Colorectal liver metastases.

(Table 1). Seven hundred and forty-four patients treated
with RFA and 667 treated with resection were included.
The 5-year overall survival rate was borderline significant
at 5 years [OR 0.60 (0.36-1.01)]. RFA was associated
with higher local recurrence [OR 4.50 (2.45-8.27)] and
the disease-free survival rates were significantly better for resected patients. A recently published RCT by
Huang et al[48] based on 230 patients fulfilling the Milan
criteria, confirmed the superiority of surgical resection.
The benefits of liver resection are further supported by
data concerning quality of life adjusted survival, which
seem to favor resection over RFA, at least in cirrhotic
patients[49]. However, although current evidence favors
liver resection for the treatment of early HCC (within
the Milan criteria), percutaneous RFA can be used as a
first-line treatment when the tumor is ≤ 3 cm and the
expected operative mortality rate is above 3%[45].
Data concerning RFA vs resection for CLM are accumulating. A recent meta-analysis by Wu et al[50] compared
RFA and liver resection for solitary CLM (Table 1). Liver
resection was better than RFA in terms of 5-year overall
survival, as well as local control of the disease. There were
no statistically verified differences regarding the rate of adverse events. According to the study by Gazelle et al[51], liver
resection is more effective in terms of quality-adjusted
life year (QALY) as compared to RFA.

the treatment of colorectal metastases. The main difficulty is that liver metastases are typically scirrhous and
the alcohol tends to spread into the “soft” adjacent liver
parenchyma. HCC is often surrounded by a cirrhotic parenchyma and is more vascularized than CLM, allowing
for a better local effect of PEI[57,58].

RADIOFREQUENCY ABLATION VS
PERCUTANEOUS ETHANOL INJECTION
IN HEPATOCELLULAR CARCINOMA
Giorgio et al[59] recently conducted an RCT of percutaneous RFA and PEI in 285 HCC patients with tumors ≤ 3
cm. The primary endpoint was 5-year survival. In the RFA
and PEI groups, the 5-year survival rates were 70% and
68%, respectively (not significant). The local recurrence
rates were also not significantly different. The overall costs
of RFA and PEI were 171  000 Euros and 1359 Euros,
respectively (P < 0.0001). According to pooled data from
two previous RCTs[60,61], RFA and PEI are equally effective for tumors ≤ 2 cm[62]. However, the effect of RFA
is more predictable than PEI when considering all tumor
sizes. The meta-analysis by Bouza et al[63] included a total
of 396 patients treated by RFA and 391 treated by PEI
(Table 1). RFA yielded a better overall survival (1 year, 2
year, 3 year, and 4 year), as well as disease-free survival
(1 year, 2 year, and 3 year). The risk of local recurrence
was reduced in the RFA group. Total complications were
increased for RFA, but major complications were not
significantly different. In terms of cost-effectiveness of
PEI over RFA, data are still controversial. Brunello et al[64]
reported that mean direct hospital costs were 6540 Euros for RFA treated patients and 4097 Euros for the PEI
group (P < 0.001), whereas Seror et al[65] reported that
RFA was the most cost-effective option.

PERCUTANEOUS ETHANOL INJECTION
VS LIVER RESECTION
PEI is suggested to be as safe and effective as resection in
early-stage HCC (n = 76)[27]. On the other hand, Cho et al[52]
reported that liver resection had a better survival profile
as compared to PEI in 230 HCC patients (5-year overall
survival 49% vs 19%). Repeated single-session PEI is effective in patients with advanced HCC and a combination
of transcatheter arterial chemoembolization (TACE) and
PEI results in longer survival[53].
The effectiveness of PEI for the treatment of CLM
is unclear. It was reported that in more than 50% of
cases of liver metastases < 4 cm, complete necrosis can
be obtained by means of PEI[54]. Giorgio et al[55] reported
that the survival rates of patients with liver metastases
who underwent PEI were 94%, 80%, 80%, and 44% at
12 mo, 24 mo, 36 mo, and 44 mo, respectively. However,
Livraghi et al[56] reported that PEI was ineffective for
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RADIOFREQUENCY ABLATIONIMPROVEMENT WHEN COMBINED WITH
PERCUTANEOUS ETHANOL INJECTION
RFA enables more effective tumor necrosis in fewer
treatment sessions, albeit with a higher rate of complications than with PEI therapy. Nevertheless, there are certain circumstances or clinical situations that PEI therapy
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offers a better strategy to control liver tumors than RFA,
especially in situations where RFA is difficult. PEI can
be useful when tumors are in close vicinity (< 1 cm) to
vital structures, including biliary ducts, stomach, intestinal
loops, and kidney, and whose location make them difficult to treat with thermal ablative techniques[66]. In addition, PEI is useful for lesions that remain undetected by
ultrasound, such as masses in the hepatic dome or small
nodules, or when the tumor is located subcapsularly or
exophytically or surrounded by major vessels[66]. The efficacy of RFA in HCC can be improved if combined with
PEI. The combination of RFA and PEI was shown to be
more effective than RFA alone for high risk locations[67].
The combination of RFA and PEI can also be used for
recurrent HCC (diameter > 3 cm)[68]. Furthermore, RFA
and PEI can be combined with other locoregional therapies. TACE and RFA were as effective as liver resection
for HCC in a recent study, with similar 1-, 3-, and 5-year
overall and recurrence-free survival rates[69]. The combination of microwave ablation and PEI was safe and effective for the treatment of liver tumors adjacent to the
hepatic hilum[70].
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CONCLUSION
Liver resection still remains the gold standard for the
treatment of liver tumors. RFA and PEI are feasible and
of benefit in non-operable patients, and as bridging therapies before liver transplantation. RFA seems superior to
PEI in HCC > 2 cm and the combination of both interventions may be of benefit in selected patients. Liver resection is superior to RFA for patients with HCC meeting
the Milan criteria, but RFA can be employed in tumors
≤ 3 cm and where there is increased expected operative
mortality. Using RFA as the primary treatment of resectable CLM is still not recommended; however, RFA may
have a role in unresectable lesions and for patients unfit
for surgery. Newer advancements in the field of local
ablative therapies are to be expected, requiring constant
evaluation of the different techniques. In the future, local
ablative approaches may be combined with systematically
administered molecular targeted therapies (e.g., sorafenib)
to further improve the outcomes of patients with liver
malignancies.
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of lesions. Before proceeding to surgery, a discussion
of the findings by a tumor board should be a standard
procedure. Improvements in diagnostic tools have created new perspectives for the detection of obscure
primary tumors in patients with neuroendocrine liver
metastases, and these searches are best coordinated
by a multidisciplinary team.
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Neuroendocrine tumors (NETs) are diagnosed with
increasing frequency and patients often present with
liver metastases at the time of diagnosis. Apart from
treatment of the metastases, resection of the primary
tumor at an early phase is recommended to prevent
complications, although it may be difficult to locate,
especially in patients with functionally inactive NETs.
Small and multifocal tumors in the jejunum and ileum
represent a particular challenge. Primary hepatic neuroendocrine carcinoma is extremely rare and is diagnosed only after exclusion of other primary tumors.
Therefore, some uncertainty may remain, as small
non-hepatic primary tumors may escape detection. Diagnostic work-up in these patients includes biochemical assays and imaging modalities (also comprising
specific techniques of scintigraphy and positron emission tomography). This editorial highlights the contributions of endoscopy and operative exploration to
the search for the primary tumor. Besides esophagogastro-duodenoscopy, endoscopic ultrasonography,
colonoscopy and bronchoscopy, special endoscopic
techniques such as balloon enteroscopy or capsule endoscopy are used with growing experience. Compared
with balloon enteroscopy, capsule endoscopy is noninvasive and better tolerated, but it cannot localize a
lesion precisely and does not allow biopsy or removal
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INTRODUCTION
Neuroendocrine tumors (NETs)[1-9] are diagnosed with
increasing frequency. The overall annual incidence of
gastrointestinal NETs was recently reported to be 1.32
per 100 000 in men and 1.33 per 100 000 in women,
with 12% of tumors in the stomach, 29% in the small
intestine, 38% in the appendix, 13% in the colon, and

1009

March 14, 2012|Volume 18|Issue 10|

Cerwenka H. Search for neuroendocrine primary tumors

8% in the rectum[10]. After the lymph nodes, the liver is
the second most common site of neuroendocrine metastases; in the study by Hlatky et al[11], 39% of patients
had liver metastases at the time of diagnosis. Resection
of neuroendocrine liver metastases, if feasible, is the
treatment of choice. In patients with advanced disease,
an aggressive surgical approach, including staged procedures if required, is warranted as part of multimodal
treatment[12-15]. Although resection of the primary tumor
in an early phase is recommended to prevent complications[16,17], the primary tumor may be difficult to locate[18],
especially in patients with functionally inactive NETs.
If curative resection of liver metastases is not possible,
however, it is unclear whether the primary tumor should
also be removed. When possible, debulking, leaving <
10% of residual tumor volume, has proven helpful[19].
One argument for removing the primary tumor from
patients with unresectable liver metastases is that these
hepatic foci can be treated by interventional techniques,
whereas the primary tumor is best treated by resection.
Indeed, recent studies[20,21] have suggested that resection
of the primary tumors, even from patients with unresectable neuroendocrine liver metastases, may be associated with improved survival.
About 11% to 14% of NET patients have metastatic
disease with an unknown primary tumor[22], and these
primary tumors may also be multifocal. The most common primary location is the gastrointestinal tract, followed by respiratory and thymic carcinoids[23]. Primary
tumors in the jejunum and ileum may be small, but they
often cause a characteristic fibrosis in the mesentery
(desmoplastic reaction), resulting in bowel obstruction,
ischemia or perforation in approximately one-third of
patients[24,25]. Primary hepatic neuroendocrine carcinoma
is extremely rare[26,27] and is diagnosed only after exclusion of other primary tumors. Therefore, some uncertainty may remain, because small non-hepatic primary
tumors may escape detection. As with metastases, the
therapy of choice is resection[28].
Diagnostic work-up in these patients includes biochemical assays and imaging modalities (Figure 1).
Although ultrasonography is an important screening
method with easy access and low costs, it remains operator dependent and its capacity for detecting primary
tumors, especially in the small intestine, is limited. On
contrast-enhanced ultrasonography using microbubbles,
NETs of the small intestine and pancreas may present
as hypoechoic, isoechoic, and/or hyperechoic liver lesions. Necrotic areas can also be identified, especially after
treatment[29]. Computed tomography (CT) scans are very
helpful in diagnosing NETs, especially larger foci in the
mesentery or in the liver, but may not be useful in diagnosing small primary tumors. Magnetic resonance (MR)
imaging is performed to determine the extent, anatomical relationships and resectability of the liver metastases
but may also contribute to the detection and localization
of intestinal primary tumors. On post-gadolinium T1weighted fat-suppressed images, these primary tumors
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can be visualized as nodular masses originating from the
bowel wall, or as regional uniform bowel wall thickening
with moderately intense enhancement[30]. Less is known
about the uses of CT/MR enteroclysis. For example, CT
enteroclysis in a small number of patients (n = 8) had a
sensitivity for detection of primary NETs of 50%, but
false-positive results were also reported[31]. MR enteroclysis is an evolving technique that has shown promise in
initial studies[30].
Selective receptor-targeting radiopeptides have been
developed for molecular imaging and therapy of NETs
that overexpress peptide receptors on their cell membranes. The somatostatin analog 111In-octreotide can be
used to localize NETs expressing somatostatin receptors.
Newer modified somatostatin analogs, including Tyr(3)octreotide and Tyr(3)-octreotate, have been successfully
used for diagnosis of these tumors, including the localization of primary tumors, and for radionuclide therapy
and have therefore been named “theragnostics”. Radiopeptides targeting other receptors, including radiolabeled
analogs of cholecystokinin, gastrin, bombesin, substance
P, vasoactive intestinal peptide, and neuropeptide Y, may
also be used[32]. As scintigraphy detects tumors not seen
on CT and vice versa, these two imaging techniques can
be seen as complementing each other. Imaging by 18FDopa positron emission tomography (PET) is based on
the decarboxylase contained in these tumors and is especially useful in patients with negative scintigraphy results.
Due to better anatomical allocation of “hot spots”, PET
can be combined with CT. Fluorodeoxyglucose (FDG) is
taken up primarily by poorly differentiated tumors due to
their enhanced glucose metabolism, making FDG-PET
useful in depicting and identifying this group of tumors.
68
Ga-DOTATOC PET/CT is presently being investigated and has yielded promising results[33-35]. The combination of 68Ga-DOTATOC with PET/CT was found to
have an impact on the therapeutic management of 38%
of patients with NET, including identifying the primary
tumor for resection in about 8%; moreover, in 50% of
these patients, the relevant findings were detected by a
single imaging modality (i.e., CT or PET)[36]. These findings indicate that CT and PET have comparable sensitivity, provide complementary information and contribute
equally to therapeutic decision making[36].

ENDOSCOPY
Upper and lower gastrointestinal endoscopy should be
performed not only to identify the primary tumor, but
also to rule out concomitant malignancies, which are
present in a higher percentage (about 20%) of NET patients than in the normal population[37]. The importance
of esophago-gastro-duodenoscopy (EGD) is emphasized by findings showing that the incidence of stomach
NETs is increasing. Although one study[38] reported a
10-fold increase, this applies mainly to well-differentiated
NETs and is probably due to increased rates of screening and associated diagnosis. Endoscopic ultrasonogra-
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perforation, ileus, and pancreatitis, have been reported
in 0.8%-4.0% of patients[44]. A recent study[45] has shown
that a single-balloon push-and-pull enteroscopy system
was safe, useful, and highly effective in the diagnosis and
treatment of several small-bowel diseases. Moreover,
double balloon enteroscopy (DBE) in 12 consecutive
patients with suspected NETs resulted in the detection
of submucosal tumors in the ileum or jejunum in seven
patients; in two patients with a submucosal ileum protrusion suspicious for NET, however, laparotomy and
intraoperative endoscopy did not confirm that the protrusion was a tumor. The diagnostic yield of DBE for
primary tumors in patients with metastatic or suspected
NET was 33%, suggesting that DBE should only be performed in selected patients, possibly based on a previous
positive work-up[46].
Compared with balloon enteroscopy, capsule endoscopy is non-invasive and better tolerated, but it cannot
localize a lesion precisely and does not allow biopsy or
removal of lesions. The velocity of the transport of the
capsule by peristalsis is irregular and there is no possibility of rinsing and suction; thus, a lesion may be missed.
New technologies may expand the role of capsule endoscopy by, for example, controlling capsule movement,
enabling this method to be used therapeutically or to
obtain tissue biopsies and providing a transcutaneous
power delivery system[47]. A recent meta-analysis[48] found
that capsule endoscopy and DBE had similar diagnostic
yields in patients with obscure gastrointestinal bleeding.

Primary tumor of neuroendocrine
liver metastases
Location not known

Location known
Resection

Diagnostic work-up with
imaging and biochemistry
Not found

Found
Resection

Endoscopic
work-up

Found

Not found

Resection

Operative
exploration

Figure 1 Use of endoscopic and operative exploration in the search for
primary tumors in patients with neuroendocrine liver metastases.

phy (EUS) is the method of choice for the assessment
of tumor size and depth of infiltration[38] and is very
helpful in the diagnosis of pancreatic NETs. A study of
the EUS characteristics of cystic pancreatic NETs found
that these tumors constitute 0.67% of all cystic pancreatic lesions and 9.5% of all confirmed pancreatic NETs[39].
Primary tumors in the colon can be detected by colonoscopy, and these examinations should include the terminal
ileum, as far as possible. Figure 2 shows a resected small
primary tumor in the terminal ileum that was detected
by colonoscopy extending beyond the ileocecal valve.
Intraoperatively, this tumor was not detectable, either by
inspection from the serosal side or by palpation; rather,
its removal was based on its endoscopic localization.
Bronchoscopy, in combination with thoracic CT or
PET/CT, can help identify primary tumors in the bronchi/lungs.
Capsule endoscopy[40] is a practical technique, but analysis of the films requires expertise and time. Extraluminal tumor growth may limit this method. A comparison
of CT, enteroclysis, nuclear imaging, and video capsule
endoscopy (VCE) of the small bowel showed that CT
and enteroclysis were unable to detect a primary tumor,
whereas nuclear imaging identified abnormalities in the
abdominal area in about two-thirds of the patients but
was unable to relate this to an intestinal localization[16]. In
contrast, VCE had a high diagnostic yield (45%) in identifying primary tumors in the small intestine. Although
nuclear imaging had a comparable diagnostic yield, it
could not differentiate between intestinal and mesenterial
localization[16]. A study of 300 patients who underwent
VCE for obscure bleeding following non-diagnostic EGD
and colonoscopy showed that one had a neuroendocrine
carcinoma, and nine had other small-bowel masses. Capsule retention occurred in two patients, with one requiring
urgent surgery[41].
An alternative for examination of the small bowel
is balloon endoscopy, using either a single or double
balloon technique[42,43]. This method, however, is timeconsuming, and complications, including small bowel
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OPERATIVE EXPLORATION
Intraoperative exploration may be performed as a selfcontained procedure or in combination with other surgical goals such as resection of liver metastases or mesenteric masses, or cholecystectomy. Prophylactic removal
of the gallbladder from NET patients during abdominal
operations is recommended for two reasons. First, anticipating future long-term somatostatin analog therapy
of these patients, removal of the gallbladder will prevent
gallstone-associated complications associated with this
treatment. Second, removal of the gallbladder will prevent gallbladder necrosis from hepatic artery embolization for liver metastases. In a recent study, preoperative
identification of the primary tumor failed in 21% of patients, whereas laparoscopic exploration was successful
in locating the primary tumor in 87%[49]. The presence
of a mesenteric mass may indicate a primary tumor in
the adjacent small bowel loop. Figure 3 shows the operative specimen from an NET patient with bulky disease
in the mesentery; no primary tumor could be found preor intraoperatively. The adjacent loop of the ileum was
resected en bloc with the mesenteric tumor (for reasons
of blood supply), and its meticulous histopathological
work-up yielded two foci of neuroendocrine carcinoma.
In contrast, if a small primary tumor is present in the
small intestine without visible disease in the mesentery,
a wide mesenteric dissection would be preferable, given
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Figure 2 Operative specimen of a small primary neuroendocrine tumor
(arrow) in the terminal ileum detected by colonoscopy, extending beyond
the ileocecal valve. Intraoperatively, this tumor was not detectable, either by
inspection from the serosal side or by palpation; it was removed based on its
endoscopic localization.

Figure 3 Operative specimen from a neuroendocrine tumor patient with
bulky disease in the mesentery; no primary tumor could be found pre- or
intraoperatively. The mesenteric tumor was resected en bloc, along with the
adjacent loop of the ileum (arrow); meticulous histopathological work-up of this
ileal loop yielded two foci of neuroendocrine carcinoma.

the propensity of these tumors to cause mesenteric
spread and desmoplastic masses.
During the course of laparoscopic exploration, exteriorization of the bowel and thorough palpation are recommended. Although these tumors may cause dimpling
of the serosa, this is not a reliable feature and will not
always be visible during laparoscopic exploration. Careful palpation, however, also allows identification of small
and multifocal primary tumors.
Intraoperative ultrasonography (IOUS) is very helpful
for liver resections and may be used to screen the pancreas, if no primary tumor is found in the intestine or at
other locations. IOUS is also useful for measuring the distance between a pancreatic primary tumor and the pancreatic duct[50]. The pancreas was recently found to be
the most common primary site (35%) for NET liver metastases but, as pancreatic tumors are well visualized on
CT, all of them were detected preoperatively by CT[49].
Thus, occult primary tumors in the pancreas are highly
unlikely in patients with NET liver metastases, limiting
the use of EUS/IOUS of the pancreas in patients previously examined by CT.
During the course of the exploration, a biopsy can be
taken of the liver metastases if they have not been identified histopathologically. Due to the rarity of these tumors, there have been few studies on the frequency and
success of operative exploration, suggesting the need for
multicenter studies using a standardized protocol. It is
also unclear whether conversion to an open procedure
is warranted if no primary tumor is found during laparoscopic exploration. If all laparoscopically visible parts
of the abdominal cavity have been thoroughly inspected
and the intestine has been exteriorized and meticulously
palpated, open access by laparotomy will probably not
yield any additional diagnostic benefit, although multiple
tight adhesions may be an indication for conversion. To
date, however, this has not been studied.
Before proceeding to surgery, a discussion of the findings by a tumor board should be a standard procedure.
In conclusion, improvements in diagnostic tools have

created new perspectives for the detection of obscure
primary tumors in patients with neuroendocrine liver
metastases, and these searches are best coordinated by a
multidisciplinary team.
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EDITORIAL

Strategy to differentiate autoimmune pancreatitis from
pancreas cancer
Kensuke Takuma, Terumi Kamisawa, Rajesh Gopalakrishna, Seiichi Hara, Taku Tabata, Yoshihiko Inaba,
Naoto Egawa, Yoshinori Igarashi
fluctuating obstructive jaundice; elevated serum IgG4
levels; diffuse enlargement of the pancreas; delayed enhancement of the enlarged pancreas and presence of a
capsule-like rim on dynamic computed tomography; low
apparent diffusion coefficient values on diffusion-weighted magnetic resonance image; irregular narrowing of
the main pancreatic duct on endoscopic retrograde cholangiopancreatography; less upstream dilatation of the
main pancreatic duct on magnetic resonance cholangiopancreatography, presence of other organ involvement
such as bilateral salivary gland swelling, retroperitoneal
fibrosis and hilar or intrahepatic sclerosing cholangitis;
negative work-up for malignancy including endoscopic
ultrasound-guided fine needle aspiration; and steroid responsiveness. Since AIP responds dramatically to steroid
therapy, accurate diagnosis of AIP can avoid unnecessary laparotomy or pancreatic resection.
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Abstract
Autoimmune pancreatitis (AIP) is a newly described
entity of pancreatitis in which the pathogenesis appears
to involve autoimmune mechanisms. Based on histological and immunohistochemical examinations of various
organs of AIP patients, AIP appears to be a pancreatic
lesion reflecting a systemic “IgG4-related sclerosing
disease”. Clinically, AIP patients and patients with pancreatic cancer share many features, such as preponderance of elderly males, frequent initial symptom of
painless jaundice, development of new-onset diabetes
mellitus, and elevated levels of serum tumor markers. It
is of uppermost importance not to misdiagnose AIP as
pancreatic cancer. Since there is currently no diagnostic
serological marker for AIP, and approach to the pancreas for histological examination is generally difficult, AIP
is diagnosed using a combination of clinical, serological,
morphological, and histopathological features. Findings
suggesting AIP rather than pancreatic cancer include:
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INTRODUCTION
Autoimmune pancreatitis (AIP) is a recently described
entity of pancreatitis in which the pathogenesis appears
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to involve autoimmune mechanisms[1,2]. Characteristic histopathological findings in AIP patients in Japan include
dense infiltration of T lymphocytes and IgG4-positive
plasma cells, storiform fibrosis, and obliterative phlebitis
in the pancreas; this form is termed lymphoplasmacytic
sclerosing pancreatitis (LPSP)[1-3]. Recently, another AIP
variant having different histological findings has been
described. It is called idiopathic duct-centric pancreatitis
(IDCP), and is rare in Japan but more prevalent in Europe and the United States[4-6].
Clinically, AIP patients and those with pancreatic cancer have many features in common, such as painless jaundice, development of new-onset diabetes mellitus (DM),
and elevated levels of serum tumor markers. In both populations there is preponderance of elderly males. In North
America, about 2.5% of pancreatoduodenectomies were
performed in AIP patients following a mistaken diagnosis
of pancreatic cancer[7]. Since AIP responds extremely well
to steroid therapy, it is of utmost importance that it be
differentiated from pancreatic cancer to avoid unnecessary
laparotomy or pancreatic resection.
Other prominent features of AIP include a variety of
extrapancreatic complications. Patients frequently have
significantly elevated serum IgG4 levels[8-10]. Currently,
AIP is recognized as a pancreatic lesion of IgG4-related
systemic disease[2,11].
In this review, we will summarize clinicopathological
features of AIP and describe a strategy to differentiate it
from pancreatic cancer.

IgG4-related sclerosing disease
Inflammatory
pseudotumor
others

Sclerosing
sialadenitis
dacryoadenitis

Sclerosing
cholangitis
cholecystitis
Retroperitoneal fibrosis

Figure 1 Schematic illustration of IgG4-related sclerosing disease.

patients, we proposed that a novel clinicopathological entity, an “IgG4-related sclerosing disease”[2,11,13] should be
described.
IgG4-related sclerosing disease is a systemic disease affecting multiple organs with tissue fibrosis and obliterative
phlebitis. We suggest that AIP appears to be a pancreatic
lesion reflecting a systemic IgG4-related sclerosing disease, which can be manifest elsewhere to varying degree.
In some cases, only 1 or 2 organs are clinically involved,
while in others, 3 or 4 organs are affected (Figure 1)[2,11,13].
These extrapancreatic lesions can be synchronous or
metachronous[15].
Histopathological features
Histological pancreatic findings in AIP patients with
LPSP are characterized by dense infiltration of T lymphocytes and IgG4-positive plasma cells and storiform
fibrosis. Obliterative phlebitis is frequently detected. The
pancreatic duct is narrowed by periductal fibrosis and
lymphoplasmacytic infiltration, but the ductal epithelium
is usually preserved[1-3].
American and European pathologists have described
another unique histological pattern in AIP, which they
have termed IDCP[4] or AIP with granulocyte epithelial
lesion (GEL)[5]. Neutrophilic infiltration in the epithelium
of pancreatic ducts is a characteristic feature of IDCP;
this is not seen in LPSP. Infiltration of IgG4-positive
plasma cells and obliterative phlebitis are uncommon in
IDCP[4,5,16]. IDCP is seen mostly in Western countries, but
it appears uncommon in Asia[6,17]. LPSP and IDCP are
regarded as two distinct subtypes of AIP, and it has been
proposed that LPSP be called “type 1 AIP” and IDCP
“type 2 AIP”[6,16,18].

AUTOIMMUNE PANCREATITIS
Clinical features
AIP occurs predominantly in elderly males[12]. Typical
presentation with severe abdominal pain and clinically
acute pancreatitis is rare; the major presenting complaint is painless obstructive jaundice due to associated
sclerosing cholangitis. Failure of pancreatic exocrine or
endocrine function is frequently seen. Up to 50% of AIP
patients present with glucose intolerance. The diagnoses
of DM and AIP are made simultaneously in many cases,
but some patients experience exacerbation of preexisting
DM with the onset of AIP[2,11].
Other organ involvement: IgG4-related sclerosing
disease
In addition to symptoms resulting from pancreatic involvement, AIP patients often have other complications,
such as biliary stricture and thickening of the gallbladder wall, swelling of salivary and lacrimal glands, and a
retroperitoneal mass. Histological features in these other
anatomical locations include dense fibrosis with abundant
infiltration of T lymphocytes and IgG4-positive plasma
cells and obliterative phlebitis. We have observed these
features in the periportal area of the liver, gastric mucosa,
colonic mucosa, dermis, lymph nodes, and bone marrow
of AIP patients[11,13,14]. Based on histological and immunohistochemical examinations of various organs of AIP
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Autoimmune
pancreatitis

Diagnostic criteria for AIP
Since there is currently no diagnostic serological marker
for AIP, and approach to the pancreas for histological examination is generally difficult, AIP is currently diagnosed
on the basis of presence of a combination of abnormalities unique to AIP. The Japanese clinical diagnostic criteria
for AIP were revised in 2006[19]. In 2006, new diagnostic
criteria for AIP were proposed in Korea[20] and the United
States[21]. In 2008, Asian diagnostic criteria for AIP were
published by Japanese and Korean pancreatologists[22].
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Table 1 Diagnosis of definitive and probable type 1 autoimmune pancreatitis using international consensus diagnostic criteria
Diagnosis
Definitive type 1 AIP

Primary basis for diagnosis

Imaging evidence

Collateral evidence

Histology
Imaging

Typical/indeterminate
Typical
indeterminate

Histologically confirmed LPSP (level 1 H)
Any non-D level 1/level2
Two or more from level 1 (+ level 2 D1)
Level 1 S/OOI + Rt or level 1 D + level 2 S/OOI/H + Rt
Level 2 S/OOI/H + Rt

Response to steroid
Probable type 1 AIP

Indeterminate

AIP: Autoimmune pancreatitis; LPSP: Lymphoplasmacytic sclerosing pancreatitis; H: Histology of the pancreas; S: Serology; D: Ductal imaging; OOI: Other
organ involvement. 1Level 2 D is counted as level 1 in this setting.

Table 2 Level 1 and level 2 criteria for type 1 autoimmune pancreatitis
Criterion

Level 1

Level 2

Typical:
Indeterminate (including atypia2 ):
Diffuse enlargement with delayed enhancement (sometimes
Segmental/focal enlargement with delayed enhancement
associated with rim-like enhancement)
Ductal imaging (ERP)
Long (> 1/3 length of the main pancreatic duct or multiple
Segmental/focal narrowing without marked upstream
strictures without marked up stream dilatation
dilatation (duct size, < 5 mm )
Serology
IgG4, > 2x upper limit of normal value
IgG4, 1-2x upper limit of normal value
other organ involvement
a or b
a or b
a: Histology of extrapancreatic organs
a: Histology of extrapancreatic organs including
Any three of the following:
endoscopic biopsies of bile duct3:
(1) Marked lymphoplasmacytic infiltration
Both of the following:
with fibrosis and without granulocytic infiltration
(1) Marked lymphoplasmacytic infiltration
(2) Storiform fibrosis
without granulocytic infiltration
(3) Obliterative phlebitis
(2) Abundant (> 10 cells/HPF) IgG-positive cells
(4) Abundant (> 10 cells/HPF) IgG4-positive cells
b: Typical radiological evidence
b: Physical or radiological evidence
At least one of the following:
At least one of the following:
(1) Segmental/multiple proximal (hilar/intrahepatic)
(1) Symmetrically enlarged salivary/lachrymal glands
or proximal and distal bile duct stricture
(2) Radiological evidence of renal involvement
(2) Retroperitoneal fibrosis
described in association with AIP
Histology of the pancreas
LPSP (core biopsy/resection)
LPSP (core biopsy)
At least 3 of the following:
Any 2 of the following:
(1) Periductal lymphoplasmacytic infiltrate without
(1) Periductal lymphoplasmacytic infiltrate without
grnulocytic infiltration
grnulocytic infiltration
(2) Obliterative phlebitis
(2) Obliterative phlebitis
(3) Storiform fibrosis
(3) Storiform fibrosis
(4) Abundant (> 10 cells/HPF) IgG4-positive cells
(4) Abundant (> 10 cells/HPF) IgG4-positive cells
Diagnostic steroid trial
Response to steroid (Rt)1 Rapid (≤ 2 wk) radiologicallydemonstrable resolution or marked improvement in pancreatic/extrapancreatic manifestations
Parenchymal imaging

AIP: Autoimmune pancreatitis; LPSP: Lymphoplasmacytic sclerosing pancreatitis; HPF: High power field; ERP: Endoscopic retrograde pancreatography.
1
Diagnostic steroid trial should be conducted carefully by pancreatologists with caveats (see text) only after negative workup for cancer including
endoscopic ultrasound-guided fine needle aspiration; 2Atypical: Some AIP cases may show low-density mass pancreatic ductal dilatation, or distal atrophy.
Such atypical imaging findings in patients with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic cancer. Such patients
should be managed as pancreatic cancer unless there is strong collateral evidence for AIP, and a thorough workup for cancer is negative (see algorithm);
3
Endoscopic biopsy of duodenal papilla is a useful adjunctive method because ampulla often is involved pathologically in AIP.

In 2011, international consensus diagnostic criteria for
AIP were proposed[23]. According to these, AIP is classified into type 1 and 2. Five cardinal features of AIP are
used: imaging of pancreatic parenchyma and ducts; serology; other organ involvement; pancreatic histology; and
an optional criterion of response to steroid therapy. Each
feature is categorized as a level 1 or 2 finding, depending
on the diagnostic reliability. The diagnosis of type 1 and
type 2 AIP can be definitive or probable (Tables 1 and 2).

sus guidelines for treatment of AIP were proposed in
2010[25]. According to the guidelines, steroid treatment is
a standard therapy for AIP, as it is usually effective clinically, serologically, and radiologically in these patients,
including for extrapancreatic lesions. It is most important
to distinguish AIP from pancreatic cancer before starting
steroid therapy. Indications for steroid therapy are symptoms such as obstructive jaundice, abdominal pain, and
hydronephrosis. Before beginning steroid therapy, jaundice is usually managed by endoscopic or transhepatic
biliary drainage in patients with obstructive jaundice, and
the blood glucose level should be controlled with insulin
in patients with DM. Initially, oral prednisolone (0.6 mg/

Treatment and prognosis
A multicenter study for steroid treatment of AIP was
performed in Japan in 2009[24], and Japanese consen-
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whereas the jaundice of AIP in IgG4-related sclerosing
disease sometimes fluctuates or, in rare cases, improves
spontaneously[2,11,25].
Serum IgG4 levels
AIP patients frequently have significantly elevated serum
IgG4 levels[29]. In our series of 39 patients[30], the median
level was 301.5 mg/dL, and 30 (77%) had levels greater
than 135 mg/dL. On the other hand, the median level
was 34.0 mg/dL in 114 pancreatic cancer patients. However, 5 of these had levels ≥ 135 mg/mL; therefore,
elevation of serum IgG4 levels alone cannot rule out
pancreatic cancer. According to Ghazale et al[31], serum
IgG4 levels were elevated in 13/135 (10%) of pancreatic
cancer patients; however, only 1% had IgG4 levels > 280
mg/dL, compared with 53% of AIP patients.

Figure 2 Dynamic computed tomography of an autoimmune pancreatitis
patient showing well-enhanced enlargement of the pancreas.

kg per day) is administered for 2-4 wk, and then the dose
is tapered by 5 mg every 1-2 wk while carefully monitoring the patient’s symptoms, as well as the biochemical,
serological, and imaging findings, to a maintenance dose,
a process usually requiring a period of 3-6 mo. Morphological and serological evaluation for effectiveness of
steroid therapy is performed 2 wk after initiation. A poor
response to steroid therapy should raise the possibility of
pancreatic cancer and the need for re-evaluation of the
diagnosis.
To prevent relapse, maintenance therapy (2.5-5 mg
per day) is recommended for almost all patients for at
least 6 mo. In patients showing complete remission 1 year
after initial administration of steroids, maintenance therapy can be withdrawn. Maintenance therapy should be
continued for a maximum of 3 years. In relapsed cases,
re-administration or increasing the dose is effective.
AIP prognosis appears to be good over the short term
with steroid therapy. However, long-term outcomes are
unclear, because there are many unknown factors[26]. Pancreatic stone formation is observed in some relapsing AIP
patients because of stenosis of the pancreatic duct system
and facilitated pancreatic juice stasis[27,28]. AIP occurs predominantly in elderly males, and steroid therapy is immunosuppressive. It is reported that some patients develop
malignancies during treatment, but it is unclear whether
prolonged AIP is a risk factor for the malignancy[25,26].

Computed tomography imaging
Diffuse enlargement of the pancreas and effacement
of the lobular contour of the pancreas, the so-called
“sausage-like” appearance, is a typical finding in AIP, and
is rarely seen in pancreatic cancer (Figure 2). On delayedphase of dynamic computed tomography and magnetic
resonance imaging (MRI), enhancement of an enlarged
pancreas is characteristic of AIP. As fibroinflammatory changes involve the peripancreatic adipose tissue, a
capsule-like rim surrounding the pancreas, is specifically
detected in some AIP patients[32-34].
Diffusion weighted MRI
The clinical utility of diffusion weighted MRI (DW-MRI)
for differentiating AIP from pancreatic cancer was reported[35]. AIP and pancreatic cancer were detected as high signal intensity areas. However, the high signal-intensity areas
were found to be diffuse, solitary, and multiple in AIP
patients, whereas all patients with pancreatic cancer had
solitary areas. Additionally, the apparent diffusion coefficient (ADC) values were significantly lower in AIP than in
pancreatic cancer patients or in individuals with a normal
pancreas. Morphological differences seen in high signal
intensity areas on DW-MRI and ADC values may prove
useful to help distinguish AIP from pancreatic cancer.
Endoscopic retrograde cholangiopancreatography
Irregular narrowing of the main pancreatic duct (MPD)
on endoscopic retrograde cholangiopancreatography
(ERCP) is a characteristic radiological feature of AIP, and
is mandatory for meeting the Japanese diagnostic criteria
for AIP[19]. In our study[36,37], comparing the ERCPs of
AIP and pancreatic head cancer patients, MPD findings
that were highly suggestive of the former included no
obstruction, skipped lesions, side branch derivation from
the narrowed portion, narrowed portion > 3 cm long,
and a maximum diameter of < 5 mm upstream (Figure 3).
The histopathological differences around the ducts represent the different pancreatographic findings between
AIP and pancreatic cancer (PC). Infiltrating cancer cells
cause scirrhous changes, destroy ductal epithelium, and

STRATEGY TO DIFFERENTIATE
AUTOIMMUNE PANCREATITIS FROM
PANCREATIC CANCER
AIP should be included in the differential diagnosis for
an elderly man presenting with obstructive jaundice and
a pancreatic mass. Before therapy is initiated, it is of the
utmost importance to differentiate AIP from pancreatic
cancer.
Obstructive jaundice
Obstructive jaundice induced by bile duct stenosis secondary to pancreatic cancer typically progresses steadily,
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highly suggestive of AIP, a diagnosis cannot be made,
according to Japanese criteria[19], if there are no histological features and negative laboratory tests. Although it can
be diagnostic, a steroid diagnostic trial is not generally
recommended; it should only be performed with extreme
caution by pancreatologists in carefully selected patients
after obtaining negative results from a thorough work-up
for pancreatic cancer, including EUS-FNA[22,23].

CONCLUSION
For an elderly male presenting with obstructive jaundice
and a pancreatic mass, AIP should be considered as a
differential diagnosis to avoid performance of unnecessary surgery for presumed pancreatic cancer. As it is
sometimes difficult to obtain adequate biopsy material
from the pancreas, AIP is currently diagnosed based on
careful consideration of a combination of characteristic
clinical, serological, morphological, and histopathological
features.

Figure 3 Endoscopic retrograde cholangiopancreatography of an autoimmune pancreatitis patient showing narrowing of the main pancreatic duct.

frequently obstruct main and branch ducts.
Magnetic resonance cholangiopancreatography
Since magnetic resonance cholangiopancreatography
(MRCP) has become popular as a non-invasive method
for obtaining high quality images of the pancreaticobiliary tree, it is becoming preferable to diagnostic ERCP in
many cases. However, the narrowest MPD seen on ERCP
cannot be visualized by MRCP due to the inferior resolution of MRCP compared with ERCP, so distinguishing
between narrowing of the MPD in AIP and stenosis of
the MPD in pancreatic cancer is not possible. However,
less upstream dilatation of the MPD on MRCP suggests
AIP rather than pancreatic cancer. Furthermore, MRCP
is useful for judging response to steroid therapy[37,38].
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Abstract
AIM: To study the effect of botulinum toxin in patients
with chronic anal fissure after biliopancreatic diversion
(BPD) for severe obesity.

INTRODUCTION

METHODS: Fifty-nine symptomatic adults with chronic
anal fissure developed after BPD were enrolled in an
open label study. The outcome was evaluated clinically
and by comparing the pressure of the anal sphincters
before and after treatment. All data were analyzed in
univariate and multivariate analysis.

Approximately two-thirds of individuals living in the
United States are overweight, and of those, almost half
are obese[1,2]. The incremented prevalence of obesity is
associated with an increase in the frequency of obesity
comorbidity[3,4], which is responsible for > 2.5 million
deaths per year worldwide[5-9].
In 1991, the US National Institutes of Health established guidelines for the surgical therapy of morbid
obesity (body mass index ≥ 40 or ≥ 35 in the presence
of significant comorbidity), now referred to as bariatric
surgery[10]. The literature on postoperative weight loss
and the problems associated with various bariatric surgical procedures is extensive and has been summarized
elsewhere.
Bariatric surgery in morbidly obese individuals re-

RESULTS: Two months after treatment, 65.4% of the
patients had a healing scar. Only one patient had mild
incontinence to flatus that lasted 3 wk after treatment,
but this disappeared spontaneously. In the multivariate
analysis of the data, two registered months after the
treatment, sex (P = 0.01), baseline resting anal pressure (P = 0.02) and resting anal pressure 2 mo after
treatment (P < 0.0001) were significantly related to
healing rate.
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verses, eliminates, or significantly ameliorates diabetes,
hyperlipidemia, hypertension, and obstructive sleep apnea[11]. These benefits occur in the majority of patients
who undergo surgery. Biliopancreatic diversion (BPD)
is a malabsortive bariatric technique that is successful
in achieving long-lasting weight lost in super-obese patients[12,13]. In fact, the diarrhea (steatorrhea) that is expected after any malabsorptive technique can sometimes
cause significant nutritional changes and anal disease.
These patients are frequently referred to a coloproctology clinic due to hemorrhoids, fissures, and anal sepsis
and fistula due to changes in quality and quantity of their
feces. The aim of this technique in maintaining longterm weight loss is to produce malabsorption for fats and
starch, which will lead to an important qualitative change
in the patient’s feces[14-16]. In a recent long-term study of
outcome after BPD, Marinari et al[17] found that 85.5% of
patients scored good or better; however, little is known
about the direct consequences of changes in defecation
and flatulence after BPD. In addition, a change in the
equilibrium of intestinal flora and bacterial overgrowth
syndrome may also increase malodorous gas and discomfort. Changes in bowel habit may have a direct influence on quality of life reported by patients after BPD.
Although many of the possible metabolic side effects can
be controlled with vitamin complexes, micronutrients and
protein prophylactics, chronic diarrhea can be the cause
of different proctological disorders. These lead to an
increase in the assistance required by these patients, who
therefore need intervention and re-intervention, with a
consequential increase in health expenditure.
The most commonly recorded anal disorders seen in
this type of patient are hemorrhoids, fissures, abscesses,
and anal fistulae mainly due to repeated, continuous diarrhea and changes in qualitative composition that are typical of steatorrhea in malabsorptive processes. The aim of
this study was to analyze the results of botulinum toxin
treatment in chronic anal fissure after BPD.

infection, anal or perianal cancer); previous surgical procedures on the anal canal; the existence of systemic diseases
with alteration of the cholinergic transmission that could
confound the evaluations; concomitant oral medications
that could interfere with the action of type A botulinum
neurotoxin, such as aminoglycosides, baclofen, dantrolene
or diazepam; known hypersensitivity to any of the components of the formulations of type A toxin; pregnant or
breast-feeding women.
The study protocol was reviewed and approved by the
Institutional Ethical Committee of the Catholic University of Rome. All patients gave written informed consent
to participate in the study.
Treatment target
In every treated patient, the primary target was the complete healing of the fissure. The healing was documented
by inspection, physical examination and reported symptoms. Treatment was considered satisfactory only when a
complete cicatrization was obtained.
Baseline assessment and operative technique
All patients underwent pretreatment evaluation, including clinical inspection and anorectal manometry. In all
the patients, age and sex were registered. We divided
the patients into four age groups to make the examined
population more homogeneous (≤ 30, 31-40, 41-50 and
> 50 years). Specific data relative to the anal diseases,
association with other anal or systemic pathologies, allergies, and previous surgery have been registered in every
patient. Defecation pattern, fecal consistency, evacuation
frequency, and eventual utilization of laxatives or enemas
have been particularly emphasized. As regards duration
of symptoms, two groups have been identified (≤ 7 mo
or > 7 mo). Finally, we divided our population into two
groups according to whether they had ≤ 7 or > 7 fecal
evacuations/wk.
Anorectal manometry was performed at rest and after
maximum voluntary contraction, and was compared with
the normal range for our laboratory[18,19]. The resting anal
tone and maximal squeeze pressure (i.e., the maximal
voluntary increase above the resting tone) were measured
according to a stationary pull-through technique. One
and two months after treatment, patients underwent the
same examination as performed at baseline.
Type A botulinum toxin was diluted with saline solution; after individuating the internal anal sphincter, the
toxin was injected with a 27 gauge needle; during the procedure the patient was lying on the left side. The injection
was given in the anterior or posterior midline. During
the procedure, no local or systemic sedative was administered. The phials were containing 100 IU of botulinum
toxin A (Botox, Allergan, Irvine, CA, United States) were
stored at a temperature of -20 ℃ and diluted in saline
solution at the moment of its utilization. As regards the
treatment with botulinum toxin, there were three groups
according to the number of units injected: low dose (20
IU injected for single treatment); middle dose (30 IU);

MATERIALS AND METHODS
This was an open label study. We present the results of
the treatment with type A botulinum toxin in patients
affected by chronic anal fissure developed after BPD for
morbid obesity, observed at the Department of Surgery
of the University Hospital “A. Gemelli” in Rome. Patients were sent to our Proctological Center after 1 year
follow-up after BPD. History and physical examination
pre-BPD did not show any anal disorders that existed before the bariatric surgery. The diagnosis was based on the
following clinical criteria: (1) evidence of circumscribed
ulcer with a large sentinel tag of skin, induration at the
edges and exposure of the horizontal fibers of the internal anal sphincter; and (2) symptoms (post-defecation
and/or nocturnal pain, bleeding) persisting for > 2 mo.
The exclusion criteria were as follows: acute fissure;
fissure associated with different pathologies (i.e., inflammatory bowel disease, human immunodeficiency virus
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and high dose (50 IU). The patients received different
doses of botulinum toxin to test which dose may have a
lower complication rate and higher healing rate.

Table 1 Parameters considered in the analysis of 59 patients
who were treated with botulinum toxin for chronic anal
fissure and had previously undergone biliopancreatic diversion

Statistical analysis
Data have been analyzed with statistical standard methods. At the outset, we performed a univariate analysis
with all the factors potentially influencing the course of
disease using the χ 2 test or Fisher’s exact test for categorical data and the ANOVA test for continuous data divided
in more than two groups. Subsequently, we executed a
logistic multivariate regression, constructing models with
the factors potentially influencing the course of disease,
which by univariate analysis had a P value < 0.25. Additionally, we inserted age and sex into our multivariate
analysis. Data were processed using GraphPad® Prism
Software (GraphPad, San Diego, CA, United States). P <
0.05 was considered statistically significant, regardless of
the test used.

Age (yr)
≤ 30
31-40
41-50
> 50
Sex
Female
Male
Duration of symptoms (mo)
≤7
>7
Postdefecatory anal pain
Present
Absent
Nocturnal anal pain
Present
Absent
Anal pain unrelated to defecation
Present
Absent
Bleeding
Present
Absent
Mucorrhea
Present
Absent
Other anal pathologies
Present
Absent
Extra-anal pathologies
Present
Absent
Defecation pattern
Normal
Diarrhea
Constipation
Stool consistency
Formed
Soft
Hard
Number of evacuations per week
≤7
>7
Straining
Present
Absent
Incomplete evacuations
Present
Absent
Laxative use
Yes
No
Enemas/suppositories use
Yes
No
Location of fissure
Posterior midline
Anterior midline
Others

RESULTS
Demographic data and parameters registered at the first observation are reported in Table 1. Specifically, we observed
21 (35.6%) male patients and 38 (64.4%) females, aged between 21 years and 61 years (average: 40.49 ± 10.63 years).
We did not observe prevalence of the considered disease
in patients of a particular age: we observed 12 (20.3%)
patients aged ≤ 30 years, 19 (32.2%) aged 31-40 years, 15
(25.4%) aged 41-50 years, and 13 (22.0%) aged > 50 years.
The anal fissure was localized posteriorly in 91.5% and
anteriorly in 5.1% of the patients. In 31 (52.5%) patients,
symptoms started in the 7 mo before the clinical observation and treatment with botulinum toxin. 98.3% of cases
(58 patients) were referred with post-defecatory pain,
which tended to persist independently from the evacuation in 22 patients (37.3%) and during the night in 17
(28.8%). Bleeding, even mild, was reported in 44 patients
(74.6%), and 22.0% complained of mucorrhea. The relaxation of puborectal muscle was documentable at the physical examination in almost all patients (98.3%). Associated
anal or systemic pathology due to obesity was observed in
only 11.9% and 39.0% of patients, respectively.
As regards defecation characteristics, 50 patients (84.7%)
were referred for diarrhea and evacuation of feces with
decreased consistency. In 89.8% of cases, the number of
weekly evacuations was > 7. Only three patients (5.1%)
were referred for forced evacuations, a sense of incomplete evacuation, and continuous utilization of laxatives
and evacuative enemas.
In almost all patients, botulinum toxin was injected
into the internal anal sphincter, at the anterior midline (56
cases). No patients received local anesthesia and/or systemic sedation, and in all patients, the internal sphincter
was easily identified with digital palpation alone (Table 2).

Percent (%)

12
19
15
13

20.3
32.2
25.4
22.0

38
21

64.4
35.6

31
28

52.5
47.5

58
1

98.3
1.7

17
42

28.8
71.2

22
37

37.3
62.7

44
15

74.6
25.4

13
46

22.0
78.0

7
52

11.9
88.1

23
36

39.0
61.0

5
50
4

8.5
84.7
6.8

5
50
4

8.5
84.7
6.8

6
53

10.2
89.8

3
56

5.1
94.9

3
56

5.1
94.9

3
56

5.1
94.9

3
56

5.1
94.9

54
3
2

91.5
5.1
3.4

spectively. One month after treatment with botulinum
toxin, healing was observed in 68.9% of patients. Only
one patient developed mild incontinence to flatus that

Healing after treatment with botulinum toxin
We observed 45 and 26 patients at 1 mo and 2 mo, re-
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Table 4 Univariate analysis of parameters registered 1 and 2 mo
after treatment

Table 2 Results of treatment with botulinum toxin A
Frequency
Botox dose
20 IU
30 IU
50 IU
Site of injection
Unspecified - internal sphincter
Posterior side internal sphincter
Anterior side internal sphincter
Resting anal tone
Normal
Increased
Maximal voluntary anal squeeze
Normal
Increased
Decreased
Pubo-rectal muscle relaxation
Present
Absent

Percent (%)
Risk factor

3
11
45

5.1
18.6
76.3

1
2
56

1.7
3.4
94.9

1
58

1.7
98.3

4
53
2

6.8
89.8
3.4

58
1

98.3
1.7

Age
Sex
Duration of symptoms
Post-defecatory anal pain
Nocturnal anal pain
Anal pain unrelated to defecation
Bleeding
Mucorrhea
Other anal pathologies
Extra-anal associated pathologies
Defecation pattern
Stool consistency
Number of evacuations/wk
Straining
Sensation of incomplete evacuation
Laxative use
Enemas/ suppositories use
Botulinum toxin dose
Resting anal tone
Maximal voluntary anal squeeze
Puborectal muscle relaxation
MVAS 0 (mmHg)
MVAS 1 (mmHg)
MVAS 2
RAP 0 (mmHg)
RAP 1 (mmHg)
RAP 2
Site of injection

Table 3 Manometric data before, and 1 and 2 mo after botulinum toxin treatment (mean ± SD)
Time
Baseline
1 mo
2 mo

Resting anal pressure
(mmHg)

Maximum voluntary anal
squeeze pressure (mmHg)

107.1 ± 20.0
84.4 ± 23.6b
82.3 ± 22.7b

78.2 ± 17.0
70.9 ± 18.3a
70.1 ± 19.2

P value2

0.4275
0.1147
0.4566
0.6889
0.1008
0.1507
0.4669
0.5826
0.1656
0.3223
0.3825
0.3825
0.1656
0.2244
0.2244
0.2244
0.2244
0.8151
0.6889
0.2094
0.3111
0.2457
0.5292
NA
0.284
0.3513
NA
0.0818

0.4034
0.4128
0.4018
NA
0.1039
0.1039
0.1585
0.2081
0.1591
0.133
0.3972
0.3291
0.4197
0.2615
0.7323
0.2615
0.7323
0.1635
NA
0.6179
NA
0.7281
0.4133
0.8272
0.1322
0.0985
0.172
0.5815

MVAS 0: Maximal voluntary anal squeeze (pretreatment); MVAS 1:
Maximal voluntary anal squeeze (1 mo after the treatment); MVAS 2:
Maximal voluntary anal squeeze (2 mo after the treatment); RAP 0: Resting
anal pressure (pretreatment); RAP 1: Resting anal pressure (1 mo after
treatment); RAP 2: Resting anal pressure (2 mo after treatment). NA: Not
applicable. 1: 1 mo after treatment; 2: 2 mo after treatment.

All patients were included in all evaluations. aP = 0.036, bP < 0.001 vs
baseline.

lasted 3 wk after treatment but disappeared spontaneously. Two months after treatment, no patient had incontinence. At the same time, the complete cicatrization of
the fissure, with no residual specific symptoms, was evident in 65.4% of patients. Healing persisted for a period
of 32.2 ± 33.9 mo (range: 0-141 mo).

toxin. No demographic parameter had a direct influence
on healing rate (Table 4). Both age and sex did not show
a statistically significant difference (P = 0.42 and P = 0.11,
respectively). None of the clinical parameters had an influence on the results. Dose and site of injection did not
have a significant effect on healing rate.

Manometric results
At the first observation, before treatment, resting anal
pressure was 107.1 ± 20.0 mmHg and maximal voluntary squeezing was 78.2 ± 17.0 mmHg. One month
after treatment with botulinum toxin, the mean resting
pressure and maximum voluntary squeeze pressure were
21.2% (84.4 ± 23.6 mmHg, P < 0.0001) and 9.3% (70.9
± 18.3 mmHg, P = 0.03) lower, respectively, than the respective baseline values. Two months after treatment, the
mean resting anal pressure was similar to the 1-mo value
(P = 0.7) and was 23.2% lower than the baseline value
(82.3 ± 22.7 mmHg, P < 0.0001). The maximum voluntary squeeze pressure did not differ significantly from the
1-mo value (P = 0.9) and was 10.4% lower than the baseline value (70.1 ± 19.2 mmHg, P = 0.05) (Table 3).

Multivariate analysis
One month after treatment (Table 5), no significant relationship was revealed with any parameter. Two months
after treatment, sex (P = 0.01), baseline resting anal pressure (P = 0.02) and resting anal pressure 2 mo after treatment (P < 0.0001) were significantly related to healing
rate (Table 6).

DISCUSSION
It has been shown that the more aggressive a bariatric
technique is, the better are the results in terms of fat loss
and maintenance of that fat loss over time. and although
there is an improvement in comorbidity, the price paid
by the patient, in relation to undesirable and adverse side
effects and associated illnesses derived from these aggres-

Univariate analysis
The considered parameters were compared with the healing rate at 1 mo and 2 mo after treatment with botulinum
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tinence to be worse after surgery[26]. Furthermore, women
who perceived their diarrhea to be worse after surgery
were significantly more likely to have fecal incontinence.
This suggests that fecal incontinence in this population
may be due to an underlying weakness in continence
mechanisms that is clinically expressed after surgery because of altered stool consistency and delivery or changes
in diet. Roberson and colleagues highlighted, for the ﬁrst
time, that fecal incontinence may begin or worsen after
bariatric surgery[14].
In the general population, diarrhea, cholecystectomy,
stress, and mixed urinary incontinence were risk factors
for fecal incontinence in univariate analysis. However,
only diarrhea remained a significant risk factor in multivariate analysis. Stool consistency is a critical factor affecting fecal continence. In addition to fat malabsorption
resulting from BPD, an alteration in intestinal and colonic
bacterial flora after bariatric surgery may also contribute
to diarrhea[27].
Bacterial overgrowth is one of the complications related to diarrhea caused by the excluding loop in patients
who undergo bariatric surgery. It occurs when a lack of
equilibrium between the colonic flora and pathogenic
bacteria is present. When untreated, it can evolve into
malnutrition, anemia, poor absorption syndrome and can
worsen diarrhea[28,29].
Anal fissure is a linear ulceration of the distal part of
the anal canal, extending below the dentate line to the
anal verge[30]. It is a very common pathology affecting the
quality of life of subjects who, in most cases, do not have
any other significant comorbidity. Most of the fissures
are localized in the posterior midline; in 10% of females
and 1% of males, they are localized anteriorly[31,32].
The etiology of anal fissure is multifactorial and not
completely understood. There is a general agreement
that trauma of the anal canal represents the initial insult.
Hard bowel movements are the most common antecedent, but diarrhea may also be associated with the onset of
fissure symptoms[31]. Anal hypertonicity and subsequent
decreased blood flow to the anoderm are now recognized
as pivotal factors in the pathogenesis of anal fissures.
The increased internal sphincter pressure in patients with
fissures reduces the blood flow to this area even further.
Sphincterotomy reduces the anal canal pressure and improves anodermal blood flow at the posterior midline, resulting in fissure healing, which provides further evidence
that abnormal activity in the sphincter contributes to the
development of a fissure.
Although anal fissures are generally associated with
constipation, in 7%, diarrhea could be the trigger as passing irritant liquid feces is a factor in the deterioration of
the situation more often than with the patients who are
constipated. This appeared together with the increase
in the number of bowel movements following dietetic
transgressions. Diarrhea/steatorrhea, due to malabsorption, is one of the common consequences of this type of
operation, which can become incapacitating. In the general population, the fundamental pathogenetic element

Table 5 Multivariate analysis of parameters registered 1 mo
after treatment
Risk factor
Age
Sex
MVAS 0
Site of injection
Maximal voluntary anal
squeeze
Enemas/suppositories use
Sensation of incomplete
evacuations
Straining
Number of evacuations/wk
Anal pain unrelated to
evacuation
Nocturnal anal pain
Other anal pathologies

P value

T ratio

95% CI

0.8286
0.4231
0.9669
0.7336
0.3607

0.2183
0.8115
0.04185
0.3433
0.9273

-0.02207 to 0.01780
-0.2156 to 0.5011
-0.01058 to 0.01102
-0.2783 to 0.3911
-0.6433 to 0.2409

0.5132
0.7892

0.6612
0.2696

-0.5860 to 1.149
-0.8144 to 1.063

0.8183
0.4590
0.6136

0.2317
0.7496
0.5099

-0.9509 to 1.195
-0.03187 to 0.01473
-1.341 to 0.8041

0.5195
0.4454

0.6513
0.7727

-0.7694 to 1.492
-0.3460 to 0.7686

MVAS 0: Maximal voluntary anal squeeze (pretreatment).

Table 6 Multivariate analysis of parameters registered 2 mo
after treatment
Risk factor

P value

T Ratio

95% CI

Age
Sex
Nocturnal pain
Bleeding
Mucorrhea
Other anal pathologies
Extra-anal pathologies
Dose of botulinum toxin
RAP 0
RAP 1
RAP 2

0.3091
0.0111
0.8100
0.2130
0.3122
0.0712
0.2659
0.0771
0.0225
0.8975
< 0.0001

1.059
2.957
0.2454
1.310
1.052
1.965
1.163
1.920
2.588
0.1314
5.953

-0.01680 to 0.005750
0.1110 to 0.7129
-0.3677 to 0.4619
-0.4982 to 0.1221
-0.6795 to 0.2345
-0.8284 to 0.03926
-0.4816 to 0.1446
-0.02639 to 0.001555
0.001689 to 0.01872
-0.008417 to 0.007451
-0.03038 to -0.01420

RAP 0: Resting anal pressure (pretreatment); RAP 1: Resting anal pressure
(1 mo after treatment); RAP 2: Resting anal pressure (2 mo after treatment).

sive techniques, is high[13,20]. The etiology of anal pathology in this group of patients is multifactorial. One trigger-factor present after the intervention (as well as poor
dietary habits), is diarrhea (steatorrhea), due to chemical
irritation of the liquid feces. BPD produces an increase in
the number of bowel movements and a decrease in their
consistency due to malabsorption of fat[21]. Diarrhea generally appears during the first months after intervention
and then it stabilizes between the 18th and 24th months
when in general, fat loss has also stabilized.
Fich et al[22] showed a significant increase in the frequency of phase 3 of the migrating motor complex in
patients after Billroth Ⅱ and Roux-en-Y operations.
Change in consistency of bowel motions after BPD was
even greater than after Roux-en-Y gastric bypass, with
nearly 80% of patients reporting loose stools or diarrhea,
even 6 years after the intervention.
A high prevalence of fecal incontinence in both women and men after bariatric surgery has been described[23-25].
Women with diarrhea were four times as likely to have fecal incontinence and over half perceived their fecal incon-
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in anal fissure is high anal pressure; therefore, different
therapeutics strategies are needed to resolve the internal
sphincter spasm, temporarily or permanently. The most
used surgical procedure is partial lateral internal sphincterotomy[33]. The procedure has been considered the most
effective treatment for anal fissure, although up to 10%
of patients have recurrence, and > 35% of patients may
experience incontinence. In fact, continence mechanisms
can be acutely unbalanced by the execution of sphincterotomy. To avoid the permanent sequences of sphincterotomy, especially in multiparous women with a high risk
of incontinence, alternative treatments can be adopted,
such as botulinum toxin injection or topical application
of nitrates[31,34]. The advantage in using these therapeutic
approaches is that they cause a significant decrease in anal
resting tone, inducing fissure healing, without permanent
damages to anal sphincters[30].
We reported the results of observation and treatment
with type A botulinum toxin of patients affected by chronic
anal fissure who had undergone Scopinaro’s BPD. We observed a prevalence of anal fissure in the female patients,
but we did not observe any difference between the age
groups. One month after treatment with botulinum toxin,
healing was observed in 68.9% of patients. Two months
after treatment, complete healing of the fissure without
any specific symptoms was present in 65.4% of cases.
Healing persisted for a mean 32.2 ± 33.9 mo. The number of evacuations per week did not significantly relate
to persistence of fissure at 1 mo and 2 mo follow-up. We
think that not only the frequency of bowel movements
but also the altered composition of feces can play a role
in the development of anal disorders in these patients.
Mild incontinence to flatus with botulinum treatment was
probably related to the diffusion of botulinum toxin to
the external anal sphincter. The multivariate analysis of
the parameters registered at the first control revealed no
statistically significant values, instead, at the second control, sex, baseline resting anal pressure and resting anal
pressure 2 mo after treatment had a significant influence
on healing, by multivariate analysis. In particular, male sex
had a direct influence on healing and high resting anal
pressure pre- and post-treatment was associated with persistent anal fissure.
Despite the high dose of botulinum toxin, the healing
rate in this study, and the reduction of resting anal canal
pressure and maximum anal canal squeeze pressure were
lower than in our previous trials[18,19,30,34,35]. The results
of the present study were different from our previous
observation of 100 patients: 50 treated with 50 IU Botox
(group Ⅰ) and 50 with 150 IU Dysport (group Ⅱ)[35]. We
considered the difference in group Ⅰ. One month after
treatment, fissure healing was present in 82% of the patients in our previous study and in 68.9% of the patients
in the present trial (P = 0.15). In patients in previous trials, a 38.7% decrease of resting anal pressure, compared
to pretreatment values, was registered; in the present
study, we observed a lower decrease of resting anal pressure (21.2%). The reduction of maximal anal squeezing
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was 22.4% and 9.3% in the previous and present study,
respectively. Two months after treatment, 92% and 65.4%
of the patients in the previous and present study, respectively, (P = 0.007) had a healing scar. The reduction of
resting anal canal pressure was lower than in our previous
trial (23.2% vs 41.8%). The decrease of maximum anal
canal squeeze pressure was lower than in our previous
study (10.4% vs 20.2%)[35].
We think that the increase of baseline resting anal
pressure in bariatric patients is secondary to repeated,
continuous diarrhea and changes in qualitative composition that are typical of steatorrhea in malabsorptive
processes. The reduction of resting anal pressure and
maximal anal squeezing after treatment, lower than in the
general population, and the association between persistent high levels of resting anal pressure and a low healing
rate can result from chronic irritation of the anal canal
by liquid stools. The reduction of resting anal pressure
favors healing but the results are worse than in the general population because the anal hypertonicity is not the
principal pathogenetic factor of chronic anal fissure in
bariatric patients.
In summary, we believe that, in patients who undergo
BPD, chronic steatorrhea can be the cause of different
anal disorders. It is of utmost importance to be conservative in the treatment of anal disorders for bariatric patients. It is also important to remember that the anatomy
of the anal canal should be preserved as much as possible
so as to avoid incontinence, because in these patients, at
least one of the continence mechanisms is already altered.
Botulinum toxin, despite worse results than in non-obese
population, appears the best alternative to surgery for this
group of patients with high risk of incontinence. The effectiveness of other treatments such as nitrates depends
on patient compliance, which may be poor in bariatric
patients. Moreover, repeated evacuations and altered fecal
composition can decrease the pharmacological effect of
nitrates. Botulinum toxin injection has the advantage of
a good healing rate, can be repeated if necessary, and the
possible incontinence is temporary.
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Anal fissure is a split in the distal anal canal. It is a common problem that
causes substantial morbidity in people who are otherwise healthy. There is accumulating agreement that bariatric surgery is currently the most efficacious
and enduring treatment for clinically severe obesity, and as a result, the number
of bariatric surgery procedures performed has risen dramatically in recent
years. Biliopancreatic diversion (BPD) by Scopinaro is a malabsorptive technique that is successful in achieving long-lasting weight lost in super-obese patients. The diarrhea that is expected after the procedure can sometimes cause
significant nutritional changes and anal disease.

Research frontiers

Treatment of chronic anal fissure has undergone a transformation in recent
years from surgical to medical, both approaches sharing the common goal of
reducing spasm of the internal anal sphincter. Surgical sphincterotomy results
in a healing rate up to 95%. Despite this, it carries a significant risk of persistent
disturbance in anal continence. This is believed to be the first study of the use
of botulinum toxin injection for treatment of chronic anal fissure in patients undergoing BPD. This article, unlike others that focus only on the positive effects
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of bariatric surgery on improvement of comorbidity in obese patients, highlights
the side effects that may affect the quality of life and draws new boundaries in
the treatment of chronic anal fissure after BPD.
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Innovations and breakthroughs

Different types of bariatric operations might alter bowel habits as a consequence of the surgical technique used. Disordered bowel habits and anal diseases might influence quality of life after bariatric surgery. There are few papers
in the literature devoted to the study of the anal disorders after bariatric surgery.
Prospective randomized trials are needed to estimate the true incidence and to
establish the etiology of proctological disorders in these patients.
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Applications

The treatment of chronic anal fissure in these high-risk patients should have
the minimum risk of fecal incontinence. Botulinum toxin injection has the advantages of an excellent healing rate and can be repeated if necessary. Any
incontinence, as a complication, however, is transient.
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This is an interesting paper about the usefulness of botulinum toxin A in healing
chronic anal fissure after BPD for morbid obesity. The authors report complete
healing in 65.4% of patients.
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ORIGINAL ARTICLE

15-PGDH is reduced and induces apoptosis and cell cycle
arrest in gastric carcinoma
Li-Hong Lou, Da-Dao Jing, Yue-Xing Lai, Ying-Ying Lu, Ji-Kun Li, Kai Wu
expression was determined. The association between
expression of 15-PGDH and various clinicopathological
parameters in gastric cancer was evaluated. Human
gastric cancer cell line SGC-7901 was transfected with
15-PGDH expression plasmids. The effect of 15-PGDH
on the cell cycle was examined by flow cytometry.
The effect of 15-PGDH on apoptosis was examined by
transmission electron microscopy, flow cytometry and
transferase mediated nick end labeling (TUNEL) assay.
Expression of cell cycle (p21, p27, p16 and p53) and
apoptosis (Survivin , BCL-2 , BCL-X L , BAK and BAX ) genes
was analyzed by RT-PCR.
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RESULTS: Expression of 15-PGDH mRNA and protein
in human gastric cancer tissues was significantly lower
than in normal gastric tissues (P < 0.01). Expression
in human gastric cancer cell lines MKN-28 and MKN-45
was reduced, and absent in SGC-7901 cells (P < 0.05).
Reduction of 15-PGDH expression was also found in
precancerous tissues, such as gastric polyps and atrophic gastritis (P < 0.01). There was a significant difference in expression of 15-PGDH among various gastric
cancer pathological types (P < 0.05), with or without
distant metastasis (P < 0.05) and different TNM stage
(P < 0.01). Flow cytometry demonstrated a significant
increase in apoptotic cells in SGC-7901 cells transfected
with pcDNA3/15-PGDH plasmid for 24 h and 48 h (P
< 0.01), and an increased fraction of sub-G1 phase
after transfection (P < 0.05). TUNEL assay showed
an increased apoptotic index in cells overexpressing
15-PGDH (P < 0.01). After transfection, expression of
proapoptotic genes, such as BAK (P < 0.05), BAX and
p53 (P < 0.01), was increased. Expression of antiapoptotic genes was decreased, such as Survivin , BCL-2 and
BCL-X L (P < 0.01). Expression of cyclin-dependent kinase inhibitors p21 and p16 (P < 0.01) was significantly
upregulated in cells overexpressing 15-PGDH.

Abstract
AIM: To investigate the expression of 15-hydroxyprostaglandin dehydrogenase (15-PGDH) in human gastric
cancer and it’s mechanism in apoptosis and cell cycle
arrest.
METHODS: Expression of 15-PGDH mRNA and protein
was examined by immunohistochemistry, immunocytochemistry, reverse transcriptase polymerase chain
reaction (RT-PCR) and Western blotting in tissue from
human gastric cancer, gastric precancerous state (gastric polyps and atrophic gastritis), normal stomach,
and gastric cancer cell lines. The relationship between
gastric cancer, gastric precancerous state and 15-PGDH

WJG|www.wjgnet.com

CONCLUSION: Reduction of 15-PGDH is associated
with carcinogenesis and development of gastric carcinoma. 15-PGDH induces apoptosis and cell cycle arrest
in SGC-7901 cells.
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velopment of gastric cancer and the possible mechanism
of gastric cancer inhibition of 15-PGDH. Our results suggest the use of 15-PGDH in chemoprevention and treatment of gastric cancer.

© 2012 Baishideng. All rights reserved.

Key words: Gastric carcinoma; 15-hydroxyprostaglandin dehydrogenase; Apoptosis; Cell cycle arrest; Tumor
growth

MATERIALS AND METHODS
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Human gastric specimens
Human gastric carcinoma specimens (n = 30) were obtained from surgical resections, with the approval of the
Shanghai First People’s Hospital Ethics Committee. The
specimens were frozen and stored in liquid nitrogen and
10% formaldehyde solution. Each tumor sample was
matched with adjacent tissues (3 cm and 6 cm from the
border of tumor) collected during the process. Other gastric tissues, including normal gastric tissues (n = 10), gastric polyps (n = 10) and chronic atrophic gastritis (n = 10),
were obtained from gastroscopic biopsy and stored in liquid nitrogen and 10% formaldehyde solution. Specimens
were dissected macroscopically by trained pathologists.

Lou LH, Jing DD, Lai YX, Lu YY, Li JK, Wu K. 15-PGDH is
reduced and induces apoptosis and cell cycle arrest in gastric
carcinoma. World J Gastroenterol 2012; 18(10): 1028-1037
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i10/1028.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i10.1028

INTRODUCTION

Cell culture
Human gastric carcinoma cell lines MKN-45, MKN-28
and SGC-7901 (obtained from Shanghai Institute of Biochemistry and Cell Biology) were maintained in RPMI-1640
(Gibco, United States) medium supplemented with 10%
fetal calf serum, 100 U/mL penicillin and 100 μg/mL
streptomycin in a 5% CO2 atmosphere at 37 ℃. These cells
were plated in six-well plates at about 2 × 105 cells/well in
duplicate, and grown for 24 h before transfection.

Gastric carcinoma is one of the most common malignant
tumors in humans and continues to be a major unresolved health problem. New approaches for the management of gastric cancer are needed. NAD+-dependent
15-hydroxyprostaglandin dehydrogenase (15-PGDH) is
the key enzyme responsible for the biological inactivation
of prostaglandins (PGs) and related eicosanoids. It catalyzes the oxidation of the 15(S)-hydroxyl group of PGs
and lipoxins. The products, 15-keto-metabolites, exhibit
greatly reduced biological activities[1]. 15-PGDH is widely
distributed in various mammalian tissues such as lung,
breast, prostate, placenta and gut. The stomach is one of
the most active tissues expressing 15-PGDH[2]. Recent
studies[3-6] have shown a reduction of 15-PGDH in some
cancers, such as colorectal, breast, prostate and lung.
Some studies[3,4,6,7-9] have revealed that 15-PGDH may
have tumor-suppressive properties. Recently, some studies[10-15] have indicated that 15-PGDH is downregulated
in gastric cancer and is a suppressor of human gastric
cancer. It provides a new target for the chemoprevention
and treatment of cancer, especially in gastric carcinoma.
However, to the best of our knowledge, there has been
no study on 15-PGDH expression in gastric precancerous tissue. The association between 15-PGDH expression and various clinicopathological parameters of gastric
cancer needs to be validated. Only a few studies have
been published on its mechanism of tumor inhibition.
Therefore, more studies on the mechanism of 15-PGDH
suppression of gastric cancer are necessary.
In this study, we investigated the expression of 15-PGDH
in human gastric cancer and gastric precancerous tissues,
and determined the relationship between occurrence,
development, infiltration, metastasis, cell differentiation
of gastric carcinoma and 15-PGDH expression. We also
examined the association of 15-PGDH with gastric cancer
cell proliferation, apoptosis and the cell cycle. We studied
the role of 15-PGDH reduction in carcinogenesis and de-
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Expression of wild-type 15-PGDH
The mammalian expression vector pcDNA3 containing
the cDNA of the wild-type 15-PGDH and pcDNA3
expression vector were donated by Dr. Tai HH (Department of Pharmaceutical Sciences, College of Pharmacy,
University of Kentucky, Lexington, United States). Both
pcDNA3/15-PGDH and pcDNA3 (200 ng) plasmids
were transfected into SGC-7901 cells by Lipofectamine
2000 reagent for 24 h and 48 h, according to the manufacturer’s directions. Expression of the wild-type 15-PGDH
mRNA and protein was monitored by reverse transcriptase polymerase chain reaction (RT-PCR), cellular immunohistochemistry and Western blotting.
Immunohistochemistry and immunocytochemistry
Paraffin-embedded tissue sections (3 μm) were dried,
deparaffinized, and rehydrated. Endogenous peroxidase
was blocked with 3% hydrogen peroxide in ion-free water
for 30 min. After nonspecific binding sites, tissue slides
were blocked with 10% goat serum. Cellular slides were
treated by 4% paraformaldehyde for 30 min. Both kinds
of slides were incubated at 4 ℃ overnight with a 1:50
dilution of rabbit polyclonal 15-PGDH antibody (Cayman, United States), followed by a 30-min incubation in
horseradish peroxidase (HRP)-conjugated sheep antirabbit IgG (Changdao, China), rinsed with PBS, developed with the DAB kit (DakoCytomation, United States),
and then counterstained with haematoxylin. Each slide
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Table 1 Polymerase chain reaction primers
Target genes

Primer sequence

GAPDH

Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense

15-PGDH
Survivin
BCL-2
BAX
BCL-XL
BAK
p53
p21
p27
p16

5'-CCACCCATGGCAAATTCCATGGCA-3'
5'-AACAAAGCCTGGACAAAT-3'
5'-GCTGGAGTGAATAATGAGA-3'
5'-GCTGAGCGTGTGAATCCAACT-3'
5'-GGCATGGGTGCCCCGAGGTT-3'
5'-AGAGGCCTCAATCCATGGCA-3'
5'-GGTGCCACCTGTGGTCCACCT-3'
5'-CCTCACTTGTGGCCCAGATAGG-3'
5'-CTGACATGTTTTCTGACGGC-3'
5'-TCAGCCCATCTTCTTCCAGA-3'
5'-TTGGACAATGGACTGGTTG-3'
5'-GTAGAGTGGATGGTCAGTG-3'
5'-TGAAAAATGGCTTCGGGGCAAGGC-3'
5'-TCATGATTTGAAGAATCTTCGTACC-3'
5'-CCTTCCCAGAAAACCTACCA-3'
5'-TCATAGGGCACCACCACACT-3'
5'-CAGGGGACAGCAGAGGAAGA-3'
5'-GGGCGGCCAGGGTATGTAC-3'
5'-ATGTCAAACGTGCGAGTGTC-3'
5'-TCTGTAGTAGAACTCGGGCAA-3'
5'-GGGCTCTCACAACTAGGAA-3'
5'-CGGAGGAGGTGCTATTAACTC-3'

Size (bp)

Annealing
temperature (℃)

593

62

285

55

320

58

458

54

289

54

765

54

642

54

371

59

335

63

395

58

371

59

15-PGDH: 15-hydroxyprostaglandin dehydrogenase.

was scanned at 100 and 400 × magnification. Immunohistochemistry score = intensity score (absent, 0; weak,
1; moderate, 2; strong, 3) × percentage score (< 5%, 0;
5%-25%, 1; 25%-50%, 2; 50%-75%, 3; > 75% of total
tumor area, 4).

dodecyl sulfate-polyacrylamide gel electrophoresis, and
then blotted onto polyvinylidene difluoride membranes.
Membranes were blocked for 2 h at room temperature
with 5% skimmed milk and then probed with 1:200 dilution of rabbit polyclonal 15-PGDH antibody overnight
at 4 ℃. Membranes were washed and incubated for 1 h
at room temperature with anti-rabbit IgG-HRP. Results
were visualized by ECL chemiluminescence detection kit
(Kangcheng, China). Protein expression was normalized
to ACTIN.

Reverse transcriptase polymerase chain reaction
analysis
Total RNA of tissues and gastric cancer cells was extracted
with TRIzol (Invitrogen, United States) following the manufacturer’s instructions. cDNA was synthesized from 2 μg
total RNA using the M-MLV RT-PCR kit (Promega, United States) 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 (Sangon, China) were used for
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 UV
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.

Cell cycle analysis and apoptosis assays
The effect of 15-PGDH 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 trypsinized and fixed with 2 mL citrate buffer for 1 h.
Cells were then incubated with RNase A (1500 μL) and
stained with propidium iodide (1500 μL). Samples were
immediately analyzed by flow cytometry for cell cycle and
apoptosis assays. Cells were observed under transmission
electron microscopy (TEM) at Shanghai Medical College of Fudan University. The number of apoptotic cells
was counted per 100 cells. Terminal deoxynucleotidyl
transferase mediated nick end labeling (TUNEL) assay, in
which residue of digoxigenin-labeled dUTP was catalytically incorporated into the DNA by terminal deoxynucleotidyl transferase Ⅱ, was performed according to the
manufacturer’s instructions (Boster, Wuhan, China). The
positive particles of DAB staining were viewed under an
optical microscope. The number of apoptotic cells was
counted under a microscope (400 ×) and expressed as
the apoptotic index (AI = the number of apoptotic bodies/1000 cells).

Western blotting
Tissues and gastric cancer cells were lysed with lysis buffer containing 0.5% NP-40, 40 mmol/L Tris-HCl (pH
8.0), 120 mmol/L NaCl, and a protease cocktail inhibitor (Complete Mini; Pierce, Rockford, IL, United States).
Samples (40 μg protein per lane) were subjected to sodium
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A

B

C

D

E

F

G

H

I

Figure 1 Immunohistochemistry image of 15-hydroxyprostaglandin dehydrogenase (400 ×). A: Gastric cancer (IHC Score 1.20 ± 1.13, P < 0.01 vs B, C and F);
B and C: Paracancerous tissue 3 cm (6.83 ± 2.78, P < 0.01 vs C and F) and 6 cm (10.20 ± 1.92) distant from tumor; D: Gastric polyps (6.00 ± 2.74, P < 0.01 vs F);
E: Atrophic gastritis (5.14 ± 1.57, P < 0.05 vs F); F: Normal gastric tissues (11.00 ± 1.63). G: MKN-28 (3.31 ± 0.92, P < 0.05 vs H and I); H: MKN-45 (1.29 ± 0.48); I:
SGC-7901 (absent).

Statistical analysis
Quantitative results were expressed as mean ± SD. Statistical analysis was assessed by Student’s t test (between two
groups) or Student-Newman-Keuls test (among three or
more groups), with SAS version 8.02 software. P < 0.05
was considered statistically significant.

tissues. Immunocytochemical analysis showed that expression of 15-PGDH in various differentiated gastric cell
lines was dissimilar. Poorly differentiated gastric cell line
SGC-7901 displayed no 15-PGDH, whereas MKN-28 and
MKN-45 displayed little 15-PGDH (Figure 1).
RT-PCR analysis showed that expression of 15-PGDH
mRNA in gastric cancer, paracancerous tissues, gastric
polyps and atrophic gastritis was significantly lower than in
norma1 gastric tissues. We also found loss of 15-PGDH in
nine tumors (30%). Expression of 15-PGDH was absent
in SGC-7901 cells, and significantly decreased in MKN-45
and MKN-28 cells (Figure 2).
Western blotting demonstrated that 15-PGDH protein
expression was absent in nine of 30 gastric cancer cases
(30%), and an average 5.7- and 8.3-fold less 15-PGDH
expression was found in cancer tissues compared with
paracancerous tissues at 3 cm and 6 cm from the tumor.
There was a twofold reduction in gastric polyps and
2.1-fold reduction in atrophic gastritis tissues compared
with normal gastric mucosa. Expression of 15-PGDH

RESULTS
Downregulation of 15-PGDH expression in gastric
cancer, paracancerous and precancerous tissues and
gastric cancer cell lines
Immunohistochemistry analysis confirmed that 15-PGDH
protein was expressed mainly in the cytoplasm of epithelial,
inflammatory and gastric cancer cells in the lamina propria.
Of the 30 gastric cancer cases, 15-PGDH expression was
undetectable in 10 tumors (33.3%). Immunohistochemistry
score of 15-PGDH was decreased in gastric cancer, paracancerous tissues 3 cm and 6 cm from the tumor, gastric
polyps and atrophic gastritis compared with normal gastric
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M

1

2

3

4

M

5

6

7

8

M

9

10

11

692 bp
501 bp

GAPDH (593 bp)

331 bp
242 bp

15-PGDH (285 bp)

Figure 2 Expression of 15-hydroxyprostaglandin dehydrogenase mRNA in gastric cancer tissue, paracancenous tissue, gastric polyps, atmphic gastritis,
gastric cancer cell lines and normal gastric tissue by reverse transcriptase polymerase chain reaction. Lane M: DNA marker; 1: Gastric cancer (0.21 ± 0.23,
P < 0.01 vs 2, 3 and 4); 2 and 3: Paracancerous tissue 3 cm (0.56 ± 0.45) and 6 cm distant from tumor (0.81 ± 0.43); 4, 6 and 8: Normal gastric tissue (0.82 ± 0.31);
5: Gastric polyps (0.44 ± 0.21); 7: Atrophic gastritis (0.48 ± 0.19); 9: MKN-28 (0.31 ± 0.04, P < 0.01 vs 10 and 11); 10: MKN-45 (0.08 ± 0.01, P < 0.01 vs 11 ); 11:
SGC-7901 (absent). 15-PGDH: 15-hydroxyprostaglandin dehydrogenase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
1

2

3

4

5

6

7

8

9
15-PGDH (29 kDa)
Actin (42 kDa)

Figure 3 Expressions of 15-hydroxyprostaglandin dehydrogenase in gastric cancer tissue, paracancenous tissue, gastric polyps, atmphic gastritis, gastric cancer cell lines and normal gastric tissue by Western blotting. 1-3: Gastric cancer, paracancerous tissue 3 cm and 6 cm from the same case; 4: Gastric
polyps; 5: Atrophic gastritis; 6: Normal gastric tissue; 7: MKN-28; 8: MKN-45; 9: SGC-7901. 15-PGDH: 15-hydroxyprostaglandin dehydrogenase.

A

M

1

2

3

4

B

5

1

2

3
15-PGDH (29 kDa)

750 bp
500 bp
250 bp

GAPDH (593 bp)
15-PGDH (285 bp)

Actin (42 kDa)

Figure 4 Expressions of 15-hydroxyprostaglandin dehydrogenase in SGC-7901 cells before and after transfected by pcDNA3/15-hydroxyprostaglandin
dehydrogenase plasmid. A: Reverse transcriptase polymerase chain reaction image of 15-hydroxyprostaglandin dehydrogenase (15-PGDH) and GAPDH. Lane M:
DNA marker; 1: SGC-7901; 2: pcDNA3 24 h group; 3: pcDNA3/15-PGDH 24 h group; 4: pcDNA3 48 h group; 5: pcDNA3/15-PGDH 48 h group; B: Western blotting
image of 15-PGDH and actin. 1: SGC-7901; 2: pcDNA3 36 h group; 3: pcDNA3/15-PGDH 36 h group. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

and 57.22% ± 2.85% for 48 h transfection, P < 0.05)
was found by flow cytometry (Figure 5). It showed that
15-PGDH promoted cell cycle arrest in the sub-G1
phase. To assess the effect of 15-PGDH on induction of
cell apoptosis in gastric cancer, we observed SGC-7901
cells under TEM and by flow cytometry, and then performed a TUNEL assay. Under TEM, nuclear and cytoplasmic shrinkage, condensation and margination of
chromatin against the nuclear membrane, and formation
of apoptotic bodies were observed in SGC-7901 cells
that overexpressed 15-PGDH (Figure 6). The proportion
of apoptotic cells was significantly increased after transfection for 24 h and 48 h (12.33% ± 1.15% and 25.00%
± 1.00% vs 3.33% ± 0.58%, P < 0.01). Flow cytometric
analysis showed induction of apoptosis (10.49% ± 0.81%
and 24.02% ± 0.37% vs 4.17% ± 0.68%, P < 0.01), which
was further confirmed by TUNEL assay (AI: 25.27% ±
1.19% and 48.37% ± 2.67% vs 6.50% ± 0.30%, P < 0.01)
(Figure 7). It indicated that cell cycle arrest and increased
apoptosis was one mechanism of cancer suppression of
15-PGDH in SGC-7901 cells.
Expression of genes associated with the cell cycle

protein in gastric cancer cells was the same as shown by
RT-PCR (Figure 3).
Relationship between expression of 15-PGDH and
clinicopathological parameters in gastric cancer
Expression of 15-PGDH protein was significantly different among the various gastric cancer pathological types
(P < 0.05). Reduction of 15-PGDH was more distinct in
gastric cancer with distant metastasis than in tumor without distant metastasis (P < 0.05 at protein level, P < 0.01
at mRNA level). There was also a significant difference
in expression of 15-PGDH among tumors of different
TNM stage (P < 0.01 at both protein and mRNA level).
More reduced 15-PGDH expression was associated with
worse TNM stage (Table 2).
Over-expression of 15-PGDH induced cell cycle arrest
and apoptosis in SGC-7901 cells
After transfection by pcDNA3/15-PGDH plasmid,
SGC-7901 cells were induced to overexpress 15-PGDH
(Figure 4). At the same time, an increased fraction of
sub-G1 phase (57.21% ± 0.53% for 24 h transfection

WJG|www.wjgnet.com

1032

March 14, 2012|Volume 18|Issue 10|

Lou LH et al . 15-PGDH suppresses gastric cancer
Table 2 Relationship between expression of 15-hydroxyprostaglandin dehydrogenase and clinicopathological parameters in gastric cancer
Clinicopathological parameters
Age (yr)
< 60
≥ 60
Sex
Male
Female
Location
Antrum
Fundus and corpus
Cardia
Size (diameter)
< 5 cm
≥ 5 cm
Pathological type
Well differentiated adenocarcinoma
Moderately differentiated adenocarcinoma
Poorly differentiated adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell carcinoma
Distant metastasis
Negative
Positive
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Cases
(n = 30)

IHC score

12
18

1.25 ± 1.22
1.67 ± 1.10

23
7

1.39 ± 1.16
0.57 ± 0.79

16
6
8

1.28 ± 1.27
1.00 ± 0.82
1.13 ± 0.99

14
16

1.07 ± 1.21
1.31 ± 1.08

4
9
9
5
3

2.50 ± 1.00
1.44 ± 1.24
1.11 ± 0.78
0.60 ± 0.89a
0.00 ± 0.00a

21
9

1.48 ± 1.17c
0.56 ± 0.73

3
5
7
15

2.67 ± 1.15e
1.60 ± 1.52
1.57 ± 0.79
0.60 ± 0.74

P values

Ratio (15-PGDH/
GAPDH mRNA)

0.847

P values
0.970

0.21 ± 0.25
0.21 ± 0.22
0.092

0.814
0.20 ± 0.21
0.23 ± 0.31

0.891

0.407
0.20 ± 0.23
0.35 ± 0.36
0.17 ± 0.15

0.578

0.388
0.17 ± 0.15
0.24 ± 0.28

0.019

0.138
0.24 ± 0.10
0.31 ± 0.25
0.24 ± 0.27
0.06 ± 0.11a
0.00 ± 0.00a

0.038

0.007

0.002

0.27 ± 0.24d
0.06 ± 0.09

0.001

0.43 ± 0.25e
0.47 ± 0.27e
0.17 ± 0.15
0.09 ± 0.14

a

P < 0.05 vs well differentiated adenocarcinoma; cP < 0.05, dP < 0.01 vs distant metastasis; eP < 0.05 vs TNM stage Ⅳ. 15-PGDH: 15-hydroxyprostaglandin
dehydrogenase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

400
300
200

200
100

100
0

300

0

100
200
Channels

0

D
320

180

240

120
60

0

50.25 ± 1.10

100
200
Channels

E

240

0

Number

Number

Number

500

C

400

Number

B

600

Number

A

160

100
200
Channels

0

0

a

53.50 ± 1.28

300
200
100

80
0

400

57.21 ± 0.53

100
200
Channels
51.02 ± 2.06

0

0

100
200
Channels
a

57.22 ± 2.85

Sub-G1 phase (%)

Figure 5 Flow cytometry results of gastric cancer cell cycle. A: SGC-7901; B: pcDNA3 24 h group; C: pcDNA3/15-PGDH 24 h group; D: pcDNA3 48 h group; E:
pcDNA3/15-PGDH 48 h group. aP < 0.05 vs A, B and D.

(1.73 ± 0.17 and 1.72 ± 0.07 vs 1.14 ± 0.11, P < 0.01)
was significantly increased. The antiapoptotic genes,
such as Survivin (0.14 ± 0.06 and 0.13 ± 0.02 vs 0.34 ±
0.06, P < 0.01), BCL-2 (0.02 ± 0.01 and 0.02 ± 0.01 vs
0.08 ± 0.03, P < 0.01) and BCL-XL (0.63 ± 0.11 and 0.63
± 0.08 vs 1.12 ± 0.08, P < 0.01), were significantly downregulated (Figure 8).

(p21, p27, p16 and p53) and apoptosis (Survivin, BCL-2,
BCL-XL, BAK and BAX) was determined by RT-PCR in
SGC-7901 cells transfected with pcDNA3/15-PGDH
plasmids. p21 (1.75 ± 0.51 for 24 h transfection and 1.76
± 0.52 for 48 h transfection vs 0.46 ± 0.06 SGC-7901, P
< 0.01), p16 (0.33 ± 0.12 and 0.32 ± 0.17 vs absence, P <
0.01) and p53 genes (0.19 ± 0.04 and 0.19 ± 0.06 vs 0.08
± 0.02, P < 0.01) were significantly upregulated in cells
treated with 15-PGDH for 24 h group and 48 h, whereas
the level of p27 mRNA did not change (P > 0.05). Expression of the proapoptotic genes, such as BAK (0.92 ±
0.14 and 1.04 ± 0.27 vs 0.52 ± 0.24, P < 0.05) and BAX
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DISCUSSION
These findings demonstrate that the reduction of
15-PGDH is related to occurrence and development of
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B
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C
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6.50K 06-03-09 L-H220
669-4

D
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4.80K 06-03-09 L-H240
667-1

E
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6.50K 06-03-09 L-H222
668-5
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3.81K 06-03-09 L-H235
665-3

6.50K 06-03-09 L-H232
666-3

Figure 6 Transmission electron microscopy of gastric cancer cell apoptosis (5000 ×). A: Normal configuration of SGC-7901 cell; B: Normal configuration of
cell in pcDNA3 24 h group; C: Apoptotic cell in pcDNA3/15-PGDH 24 h group; D: Normal configuration of cell in pcDNA3 48 h group; E: Apoptotic cell in pcDNA3/15PGDH 48 h group.
60

pcDNA3 24 h group

50

in 33.3% of gastric cancer tissues, and reduced in almost
all gastric cancer tissues and cell lines examined. There
was also a significant reduction of 15-PGDH expression
in paracancerous and precancerous tissues, for example,
gastric polyps and atrophic gastritis. Downregulation of
15-PGDH expression was positively correlated with differentiation in gastric cancer tissues, distant metastasis
and different TNM stages of gastric cancer. This result
is similar to that in previous studies. It has also been reported that expression of 15-PGDH is reduced and associated with tumor differentiation, lymph node metastasis,
clinical stage[11,13] and prognosis[10] in gastric cancer. We
verified the relationship between differentiation of gastric
cancer cells and 15-PGDH expression in vitro. We showed
that poorer differentiation in carcinoma was associated
with lower 15-PGDH expression. Taken together, reduction of 15-PGDH is related to the carcinogenesis and
development of gastric cancer. Evaluation of 15-PGDH
expression in tumor and precancerous tissues is a useful
diagnostic or prognostic marker for gastric carcinoma.
After determining the relationship between 15-PGDH
expression and gastric cancer, we suggest that reduction
of 15-PGDH promotes occurrence and development of
gastric cancer and that it is an inhibitor of human gastric
cancer. Some studies have already demonstrated that
15-PGDH suppresses some tumors. Overexpression of
15-PGDH by transfection with plasmid or adenovirus
vectors encoding 15-PGDH reduces occurrence and
growth of tumor[3-5,8-10], whereas silencing of 15-PGDH
using siRNA enhances cell proliferation and growth of
cancer[3,10]. 15-PGDH gene knockout increases the colon
tumor incidence in the APC+/Min mouse model[25]. The
antitumor effect in human gastric cancer has only been
shown in one study[15]. However the mechanism is still
not clear.
The mechanism of the antitumor effect of 15-PGDH
can be explained by the following hypothesis. 15-PGDH
substantially inhibits production of PGE2 and changes
the microenvironment to suppress tumor formation by
Ras gene[8]; controls growth of tumor by regulation of
cyclooxygenase-2[21]; suppresses synthesis, secretion and

SGC-7901

d

pcDNA3/15-PGDH 24 h group

Apoptosis (%)

pcDNA3 48 h group

40

pcDNA3/15-PGDH 48 h group

30
20

d
b

10
0

Transmission
electronmicroscopy

d

b

b

Flow cytometric
analysis

TUNEL

Figure 7 Induction of apoptosis in SGC-7901 cell line. There was a significant apoptosis in erlotinib pcDNA3/15-hydroxyprostaglandin dehydrogenase
(15-PGDH) 24 h and 48 h groups in transmission electronmicroscopy, flow cytometry analysis and TUNEL assay. bP < 0.01 vs SGC-7901, pc DNA3 24 h and 48 h
group; dP < 0.01 vs SGC-7901, pcDNA3/15-PGDH 24 h group, pc DNA3 24 h and
48 h group.

gastric cancer in humans. 15-PGDH also induces cell cycle arrest and apoptosis in gastric cancer cells. It may be a
suppressor of gastric cancer through these two pathways.
15-PGDH catalyzes the oxidation of the 15(S)-hydroxyl group of PGs and lipoxins. 15-PGDH is one of the
target genes. Some cytokines, factors and cell signaling
pathways affect carcinogenesis and tumor progression
through 15-PGDH. It shows that epidermal growth
factor (EGF) and EGF receptor tyrosine kinase inhibitor [16,17], histone deacetylase inhibitors, transforming
growth factor-β (TGF-β)[18], hepatocyte nuclear factor
3β[7], interleukin (IL)-4[19], tumor necrosis factor α[20],
IL-1β[21], peroxisome proliferator-activated receptor γ
ligands[22], hepatocyte growth factor receptor, Met[23], bile
acids[24] adjust tumor growth through 15-PGDH. Recent
studies have shown an obvious reduction of 15-PGDH
in some cancers, for example, colorectal, breast, prostate
and lung[3-6]. It also has been reported that 10%-80% of
gastric cancer exhibits downregulation of 15-PGDH
expression[10,11-14]. Our finding that 15-PGDH expression
is decreased in gastric cancer is consistent with these reports. 15-PGDH protein and mRNA expression is absent
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activation of matrix metalloproteinase-2, inhibits cell adhesion to extracellular matrix and reduces CD44 expression, which contributes to the inhibition of the growth,
invasion and metastasis of cancer cells[4,9]; reduces expression of antiapoptotic protein Bcl-2, which indicates a role
for Bcl-2 in mediating or triggering the event of apoptosis[4]; inhibits endothelial cell proliferation by 15-oxo5,8,11,13-(Z,Z,Z,E)-eicosatetraenoic acid, a metabolite of
15-PGDH, suppressing DNA synthesis and implicating a
potential antiangiogenic role[26]; and attenuates tumor-induced immune suppression and substantially reduces the
secretion of immunosuppressive mediators and cytokines
such as PGE2, IL-10, IL-13 and IL-6 to regulate the local
antitumor immune response[27].
Our present research showed that apoptosis occurred in gastric cancer cells overexpressing 15-PGDH.
In SGC-7901 cells transfected with pcDNA3/15-PGDH
plasmid, we found by TEM nuclear and cytoplasmic
shrinkage, condensation and margination of chromatin
against the nuclear membrane, and formation of apop-
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totic bodies. Flow cytometric analysis and TUNEL assay showed that the proportion of apoptotic cells was
increased by 15-PGDH. Previous research has found
the same phenomenon in lung cancer[4]. Overexpression of this enzyme induces apoptosis in lung cancer cell
line A459. When A549 cells overexpress 15-PGDH by
transfection with Ad-15-PGDH, they become apoptotic,
as shown by DNA fragmentation, activation of procaspase-3 and cleavage of poly ADP ribose polymerase[4].
Furthermore, we analyzed genes associated with apoptosis. There was a reduction in expression of antiapoptotic genes (Survivin, BCL-2 and BCL-XL) and increased
expression of proapoptotic genes (BAK, BAX and p53).
As we know, Survivin, BCL-2 members and p53 genes
are crucial regulators of apoptotic cell death[28-32]. BCL-2
prevents the release of apoptosis-inducing factor and
cytochrome c from the mitochondria, which is assumed
to be a key event during apoptosis[30,31]. Overexpression
of 15-PGDH regulates expression of Survivin, BCL-2
members and p53, indicating a role in mediating or trig-

1035

March 14, 2012|Volume 18|Issue 10|

Lou LH et al . 15-PGDH suppresses gastric cancer

Applications

gering apoptosis. The results are inconsistent with previous findings, in which apoptosis induced by 15-PGDH
iswas independent of the p53 pathway. 15-PGDH only
decreases expression of antiapoptotic protein BCL-2
in lung cancer[4]. The mechanism of apoptosis varies in
different tumors. In gastric cancer, 15-PGDH induces
apoptosis by Survivin, BCL-2 and the p53 pathway.
In our study, we also observed cell cycle arrest in SGC7901 cells that overexpressed 15-PGDH. We showed an
increased accumulation of cells in the sub-G1 phase compared with the control group, and upregulated expression
of p21, p16 and p53 without altering p27 expression. p16,
p21 and p27 all belong to the cyclin-dependent kinase
(CDK) inhibitors[33-37]. The product of p16 gene is an inhibitor of CDK4. Its function is to cyclin E and CDK2
complexes. p27 functions as a negative regulator of G1
progression and is a possible mediator of TGF-β-induced
G1 phase arrest[35]. p53 is known as a suppressor gene that
can adjust the cell cycle[29].
In conclusion, our study provides evidence that loss
or reduction of 15-PGDH is related to human gastric
cancer. 15-PGDH induces cell cycle arrest and apoptosis
of gastric cancer cells in vitro, and it may be the mechanism by which it suppresses human gastric cancer and
other tumors. Further research is needed to establish the
role of 15-PGDH as a target for treatment and chemoprevention of gastric cancer.

The study results suggest the use of 15-PGDH in chemoprevention and treatment of gastric cancer.

Terminology

NAD+-dependent 15-PGDH is the key enzyme responsible for the biological
inactivation of PGs and related eicosanoids. It catalyzes the oxidation of the
15(S)-hydroxyl group of PGs and lipoxins. The products, 15-keto-metabolites,
exhibit greatly reduced biological activities.

Peer review

This is an interesting and well presented study, supported by primary data. It
presents the studies on the expression of 15-PGDH in normal and cancerous
gastric mucosal tissue, and its effect on apoptosis and cell cycle progression.
Further, the authors examined the effect of 15-PGDH overexpression in gastric
cell line, SGC-7901, on cell cycle progression and apoptosis. Based on the
presented results, it is concluded that the loss or reduction in the mucosal cell
15-PGDH expression is associated with carcinogenesis and the development of
gastric carcinoma.
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Chronic bile duct hyperplasia is a chronic graft dysfunction
following liver transplantation
Jian-Wen Jiang, Zhi-Gang Ren, Guang-Ying Cui, Zhao Zhang, Hai-Yang Xie, Lin Zhou
Cyclosporin A after LT. Survival time was observed for
1 year. All the dying rats were sampled, biliary tract
tissues were performed bacterial culture and liver tissues for histological study. Twenty-one day after LT, 8
rats were selected randomly in each group for sampling. Blood samples from caudal veins were collected
for measurements of plasma endotoxin, cytokines and
metabonomic analysis, and faeces were analyzed for
intestinal microflora.
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RESULTS: During the surgery of LT, no complications
of blood vessels or bile duct happened, and all rats in
each group were still alive in the next 2 wk. The long
term observation revealed that a total of 8 rats in the
SGT and AGT groups died of hepatic graft diseases,
5 rats in which died of chronic bile duct hyperplasia.
Compared to the SGT and normal groups, survival ratio of rats significantly decreased in the AGT group (P
< 0.01). Moreover, liver necrosis, liver infection, and
severe chronic bile duct hyperplasia were observed
in the AGT group by H and E stain. On 21 d after LT,
compared with the normal group (25.38 ± 7.09 ng/L)
and SGT group (33.12 ± 10.26 ng/L), plasma endotoxin in the AGT group was remarkably increased (142.86
± 30.85 ng/L) (both P < 0.01). Plasma tumor necrosis factor-α and interleukin-6 were also significantly
elevated in the AGT group (593.6 ± 171.67 pg/mL,
323.8 ± 68.30 pg/mL) vs the normal (225.5 ± 72.07
pg/mL, 114.6 ± 36.67 pg/mL) and SGT groups (321.3
± 88.47 pg/mL, 205.2 ± 53.06 pg/mL) (P < 0.01).
Furthermore, Bacterial cultures of bile duct tissues
revealed that the rats close to death from the SGT
and AGT groups were strongly positive, while those
from the normal group were negative. The analysis
of intestinal microflora was performed. Compared to
the normal group (7.98 ± 0.92, 8.90 ± 1.44) and SGT
group (8.51 ± 0.46, 9.43 ± 0.69), the numbers of Enterococcus and Enterobacteria in the AGT group (8.76
± 1.93, 10.18 ± 1.64) were significantly increased (both
P < 0.01). Meanwhile, compared to the normal group
(9.62 ± 1.60, 9.93 ± 1.10) and SGT group (8.95 ± 0.04,
9.02 ± 1.14), the numbers of Bifidobacterium and Lac-

Abstract
AIM: To investigate pathological types and influential
factors of chronic graft dysfunction (CGD) following
liver transplantation (LT) in rats.
METHODS: The whole experiment was divided into
three groups: (1) normal group (n = 12): normal BN
rats without any drug or operation; (2) syngeneic
transplant group (SGT of BN-BN, n = 12): both donors and recipients were BN rats; and (3) allogeneic
transplant group (AGT of LEW-BN, n = 12): Donors
were Lewis and recipients were BN rats. In the AGT
group, all recipients were subcutaneously injected by
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tobacillus in the AGT group (7.83 ± 0.72, 8.87 ± 0.13)
were remarkably reduced (both P < 0.01). In addition,

ease recurrence and chronic rejection as major causes of
graft loss[3,8]. Moreover, the biliary tract is still the most
common site for postoperative complications. The importance of this condition lies in the fact that the biliary
tract complications can be a serious source of morbidity
and sometimes mortality[9,10]. These complications not
only affect allograft survival but also have a major impact
on the life quality for a hepatic allograft recipient.
However, so far little is known on biliary tract variation of CGD and its influential factors in recipients following LT. In this study, we want to explore hepatic graft
pathology and the relevant mechanisms of CGD from
aspects of inflammation, intestinal barrier function, intestinal microflora and metabonomics following LT.

metabonomics analysis showed that metabolic profiles
of plasma in rats in the AGT group were severe deviated from the normal and SGT groups.
CONCLUSION: Chronic bile duct hyperplasia is a pathological type of CGD following LT in rats. The mechanism
of this kind of CGD is associated with the alterations of
inflammation, intestinal barrier function and microflora as
well as plasma metabolic profiles.
© 2012 Baishideng. All rights reserved.

Key words: Liver transplantation; Chronic graft dysfunction; Chronic bile duct hyperplasia; Metabonomics; Intestinal barrier function

MATERIALS AND METHODS
Animals
Specific pathogen-free (SPF) male inbred Lewis and BN
rats (weight 220-250 g, 12-15 wk) were purchased from
Beijing Vital River Laboratories (Beijing, China). All rats
were housed in a SPF lab (Zhejiang Academy of Medical Sciences, China). The rats were caged in 21 ℃, 12 h
light/dark cycle, and fed with sterilized standard rat chow
and water. All animals received humane care and the
study was conducted according to the Guide for the Care
and Use of Laboratory Animals (NIH publication No.
85-23, revised 1985).
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Experimental design
Sixty rats were raised in SPF animal facility. Twelve inbred
BN rats were served as normal controls; 12 inbred Lewis
and 12 inbred BN rats as donors; 24 inbred BN rats as
recipients. All donors and recipients were randomly performed orthotopic LT under strict sterile conditions. The
remaining 36 BN rats were divided into three groups:
(1) normal group (n = 12): normal BN rats without any
drug or operation; (2) syngeneic transplant group (SGT
of BN-BN, n = 12): both donors and recipients were BN
rats; and (3) allogeneic transplant group (AGT of LEWBN, n = 12): donors were Lewis and recipients were BN
rats. In the AGT group, all recipients were subcutaneously injected by Cyclosporin A at 1 mg/kg daily in the
first 30 d, and then at 2 mg/kg daily for the next 100 d
after orthotopic LT, All the recipients in the SGT and
AGT groups were received alanine (ALA) daily by gastric
perfusion for preoperative 3 d and postoperative 130 d.
Survival time was observed for 1 year.

INTRODUCTION
Liver transplantation (LT) has become an established
therapy for various end-stage liver diseases for more than
three decades[1-3]. Numerous advances in surgical technique, organ preservation, perioperative anesthesia, postoperative care, and clinical immunosuppression, as well
as improved recipient selection and donor management
have together significantly increased the survival rates of
allograft and improved life quality of patients following
LT[4]. Currently, approximately 90% of liver transplant
patients are alive after 1 year and 75% after 5 years with
majority living a full and near-normal life[3,5]. However,
although early mortality rates after transplantation have
fallen dramatically, long-term graft survival has barely
improved over the last two decades[6,7]. That is to say, the
incidence of chronic graft dysfunction (CGD) and the
mortality of patients after LT have remained constant,
and CGD has become the biggest obstacle for long-term
function of allograft and better life quality of patients.
Thus, it is essential to investigate the causes and relevant
mechanisms of CGD to improve long-term outcomes of
patients following LT.
In the early day after LT, common causes of hepatic
allograft dysfunction include ischemia and reperfusion
injury, infection, technical complications such as hepatic
artery thrombosis and recipient diseases[3,5]. Thereafter
the causes of allograft dysfunction are variable with dis-
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Surgery procedures
All rats were fasted for 12 h before the operation. The
initial anesthesia of rats was performed by intraperitoneal
injection of Ketamine Hydrochloride (100 mg/kg) and
Atropine (1 mg/kg) (Shanghai No. 1 Biochemical and
Pharmaceutical, China), and then ether was inhaled to
maintain anesthesia. The profiles of rats with orthotopic
LT were established according to the previous techniques[11,12], with slight modifications. Briefly, after the
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liver of the donor was dissociated, the graft was perfused
with chilled saline containing 25 U/mL heparin via the
portal vein, and then preserved in cold normal saline for
no more than 1 h before being placed in the abdomen
of recipient. After the anastomosis of suprahepatic vene
cava and portal vein was finished, the graft was reperfused. The common bile duct was reconstructed by tying
the duct over a stent. All recipients recovered in a short
time, and no further treatment was performed.

cording to their growth conditions respectively at the end
of the culture. In addition, bacterial colonies from biliary
tract tissues were identified by the Automatic analyzer
of bacteria (Model Viger 60, France) to identify bacterial
species according to the report[13].
Determination of intestinal microflora
Intestinal microflora was studied with 4 selected agar media according to the reports[14]. Samples from colorectal
contents were placed in sterile tubes, weighed and transferred into other sterile tubes containing appropriate anaerobic buffer (as described above) to approach a 10-fold
dilution of samples, and then serial decimal dilutions were
taken in the same way from 10-2 to 10-8. Within 30 min of
sample collection, bacterial cultures were finished with
placing 50 μL dilutions on 4 agar media. According to
the instructions, TPY agar medium, LBS agar medium,
EC medium, and Eosin-Methylene Blue Agar (EMB)
were used for Bifidobacterium, Lactobacillus, Enterococcus and Enterobacter, respectively. Anaerobic bacteria
were incubated in Anaerobic Box System including AnaeroPack (MGC, Japan) and GENbox anaer (BioMérieux,
France), and aerobic bacteria were incubated aerobically
for 48 h at 37 ℃, respectively. Bacterial colonies on every
plate were counted and calculated at the primal weight of
samples. The results were expressed as bacterial colony
forming units per gram content (log10 CFU/g).

Sample collections
The survival conditions of rats were monitored continuously. When any rat was dying, the following samples
were collected under strict sterile condition; the liver was
fixed in 40 g/L neutral formaldehyde for later histological study and the biliary tract tissue for bacterial culture.
Moreover, on 21 d after the surgery, biliary tract tissues
of 4 rats selected randomly in the normal group were
collected for bacterial culture. Eight rats were selected
randomly in each group for sampling. Blood samples
from the caudal veins were gained for measurements
of plasma endotoxin, cytokines and analysis of ultra
performance liquid chromatography-mass spectrometry
(UPLC-MS), and faeces were collected for the determination of intestinal microflora.
Graft histopathology
The sample from the left lobe of hepatic graft was fixed
in 40 g/L neutral formaldehyde and embedded in paraffin, cut into 3 μm slices, stained with hematoxylin and
eosin (HE), and then observed under light microscopy by
a pathologist.

UPLC-MS analysis
Blood samples from caudal veins of rats were collected
for metabonomics analysis according to the method of
UPLC-MS described by Wang et al[15] and Yang et al[16].
Prior to analysis, blood samples were defrosted at room
temperature and mixed with acetonitrile (ACN) at the ratio of 1:3 (v/v), the mixture was vortered and centrifuged
at 10 000 g for 10 min. The supernatant was transferred
to sample bottles for UPLC separation. Chromatographic
separations were performed at a 100 mm × 2.1 mm ACQUITY-1.7 lm C18 column (Waters Co., Milford, United
States) using an ACQUITY-Ultra Performance Liquid
Chromatography system (Waters). Mass spectrometry
was performed on a Premier-Q-Tof (Waters MS Technologies, Milford, United States).

Plasma endotoxin and cytokines
The blood sample (100 μL) was placed in the pyrogenfree heparin-containing tube, and then centrifuged at
3000 g for 15 min at 4 ℃. Plasma endotoxin of the
caudal vein was determined using a quantitative, chromogenic Limulus Amebocyte Lysate assay according to
the manufacturer’s instruction (Eihua Medical, Shanghai,
China). The value was expressed as nanogram per liter
of plasma (ng/L).
The levels of plasma tumor necrosis factor-α (TNF-α)
and interleukin-6 (IL-6) were tested with enzyme-linked
immunosorbent assay (ELISA) (Groundwork Biotechnology Diagnosticate Ltd, United States) according to the protocol of manufacturer. The result was expressed as ng/L.

Partial least squares-discriminate analysis
The UPLC-MS data were analyzed with the SIMCA-P+
12 Software (Umetrics, Sweden). An ApexTrack-peak
detection algorithm was adopted in MarkerLynx V4.1
software (Waters, United States) to measure peaks and
align retention times of the peaks for all chromatograms.
The results were transferred into a single data matrix by
aligning peaks with the same mass/retention time pair
together from each data file in the dataset, along with
their relevant intensities. The resulting dataset containing
peak numbers (RT-m/z pair), sample names, and ion intensities was analyzed by partial least squares-discriminate
analysis (PLS-DA) with the SIMCA-P+ 12 Software.

Bacterial culture and identification
Biliary tract tissues from the grafts were weighed and
placed in a germ-free glass homogenizer containing a
nine-fold amount of anaerobic buffer (phosphate buffered saline with 0.5 g cysteine HCl, 0.5 mL tween 80, and
0.5 g agar). They were homogenized and 50 μL of 10%
homogenate were placed on the agar base of Colombian
culture medium within 30 min, incubated for 48 h at
37 ℃. Bacterial colonies were evaluated qualitatively ac-
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Survival distribution function

bile duct hyperplasia in the SGT group showed special
pathological features that the proliferative epithelial cells
of bile duct invaded into the hepatic parenchyma without
lymphocyte infiltration (Figure 2B). However, the dead
rats in the AGT group were presented unique pathological
structures, including liver necrosis, liver infection, and severe
chronic bile duct hyperplasia. Specifically, liver necrosis was
presented the extensive destruction of hepatic structure,
and the necrosis of lots of hepatocytes (Figure 2C). Liver
infection was described as the destruction of hepatic structure, the excessive proliferation of ectogenic bacteria, and
the infiltration of lots of inflammatory cells (Figure 2D).
And severe chronic bile duct hyperplasia was expressed
by some special points that the proliferative epithelial
cells of bile duct extensively invaded into the hepatic parenchyma, and bile duct lumen was significantly extended
with the destruction of hepatic structure (Figure 2E).

Normal group (n = 8)
SGT group (n = 12)

1.00

AGT group (n = 12)
Normal group-censored
SGT group-censored
AGT group-censored

0.75

0.50

0.25

0.00
0

50

100 150

200 250

300 350 400

t /d

Figure 1 Kaplan-Meier survival curve in the different groups.

Statistical analysis
All the data were presented as mean ± SD. The survival
distribution function was evaluated by the Kaplan-Meier
survival curve and the others were determined using
Students T-test. These analysis were performed with the
statistical software SAS 9.1.3 (SAS Institute Inc., North
Carolina State University, United States), and UPLC-MS
data were analyzed by PLS-DA with the SIMCA-P+ 12
Software (Umetrics, Sweden). A P-value of less than 0.05
was considered statistically significant.

Plasma endotoxin and cytokines
Plasma endotoxin, as a critical medium to aggravate graft
injury, is a vital stimulus of CGD following allogeneic
LT. As showed in Figure 3, there was no significant difference in plasma endotoxin between the normal group
(25.38 ± 7.09 ng/L) and SGT group (33.12 ± 10.26 ng/L).
By contrast, plasma level of endotoxin in the AGT group
was remarkably increased (142.86 ± 30.85 ng/L) vs the
other two groups (P < 0.01).
Both TNF-α and IL-6 are important pro-inflammatory cytokines and can directly or indirectly cause graft
injury and CGD of recipients after LT. As shown in Figure 3 (pg/mL), compared to the normal group (225.5 ±
72.07 ng/L, 114.6 ± 36.67 ng/L) and SGT group (321.3
± 88.47 ng/L, 205.2 ± 53.06 ng/L), the levels of plasma
TNF-α and IL-6 were significantly elevated in the AGT
group (593.6 ± 171.67 ng/L, 323.8 ± 68.30 ng/L) (P <
0.01). In addition, plasma levels of both TNF-α and IL-6
in the SGT group were also increased vs those in the normal group (aP < 0.05, bP < 0.01, respectively).

RESULTS
During the surgery of LT, no complication of blood vessels or bile duct happened, and all rats in each group were
still alive in the next 2 wk.
Survival distribution function
The survival distribution function in each group was
shown in Figure 1. A total 8 rats in the normal group
were alive for more than one year. Two rats in the SGT
group respectively died of hepatic necrosis and chronic
bile duct hyperplasia on the 78th and 156th day postoperation. It was worth noting that a total of 8 rats in the
AGT group were dead: two died of hepatic necrosis on
the 25th and 26th day post-operation, respectively; two
died of abdominal infection on the 15th and 23th day
post-operation, respectively; the remaining 4 rats died of
severe chronic bile duct hyperplasia on the 25th, 34th,
35th and 51th day post-operation, respectively. Compared
to the rats in the SGT group and normal group, the
survival ratio of rats significantly decreased in the AGT
group (aP < 0.01, bP < 0.001, respectively).

Bacterial culture and identification
Bacterial translocation may participate in some physiological and pathological procedures when recipient suffers
from CGD. Samples from biliary duct tissues of hepatic
graft were cultured and results were summarized in Table 1.
There was rare bacterial colony in the 4 rats from the normal group, while bacterial culture of samples from the SGT
and AGT groups were strongly positive. Bacterial identification revealed significantly increased aerobic bacteria, such
as Escherichia coli and Enterococcus in the groups of LT. Moreover, Proteus vulgaris, Streptococcus agalactiae and Proteus mirabilis
presented remarkably positive in the AGT group, which
suggested that more kinds of bacteria translocated to biliary
duct tissues when recipients suffered from CGD following
allogeneic LT.

Hepatic graft histopathology
As shown in Figure 2, the different characteristics of
hepatic graft histology were observed in the rats of different groups. Under light microscope, rats’ livers in the
normal group showed the normal hepatic structure that
the hepatocyte cords were presented the radial distribution around the central vein without the infiltration of
inflammatory cells (Figure 2A). The rat dead of chronic
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Intestinal microflora
To determine the alterations of intestinal microflora
when recipients suffered from CGD after LT, bacterial
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Figure 2 Light micrograph of hepatic histopathology stained with hematoxylin and eosin (HE, × 400). A: The normal group showed the normal hepatic structure; B: The SGT group revealed the chronic bile duct hyperplasia; C: The AGT group presented hepatic graft necrosis; D: The AGT group showed the infectious
hepatic graft; E: The AGT group emerged severe chronic bile duct hyperplasia.

increased (both aP < 0.01, bP < 0.05, respectively). Meanwhile, compared to the normal group (9.62 ± 1.60, 9.93
± 1.10) and SGT group (8.95 ± 0.04, 9.02 ± 1.14), the
numbers of Bifidobacterium and Lactobacillus in the AGT
group (7.83 ± 0.72, 8.87 ± 0.13) were remarkably reduced
(both aP < 0.01, bP < 0.05, respectively). There were no
statistical differences in bacterial species and counts between the normal group and the SGT group.

Table 1 Bacterial culture of biliary duct tissues from hepatic
graft in the different groups
Bacterial species

SGT group (n = 2)

AGT group (n = 8)

2/2
2/2
1/2
0/2
0/2
0/2

8/8
8/8
0/8
8/8
6/8
5/8

Escherichia coli
Enterococcus
Staphylococcus aureu
Proteus vulgaris
Streptococcus agalactiae
Proteus mirabilis

UPLC-MS analysis and PLS-DA
In order to analyze the interactions between metabolic
profile and CGD, caudal vein plasma was collected
to perform metabonomics analysis by the method of
UPLC-MS and PLS-DA. As shown in Figures 4-6, the
metabolic profiles of plasma in rats from the SGT and
AGT groups were deviated from those of the normal
group gradually. We also found that metabolic alterations
were more severely deviated in the AGT group vs the
normal group, which suggested that the degree of metabolic change was positively associated with the severity
of CGD in recipients following LT.

There is rare bacterial colony in the normal group (n = 4). SGT group (n
= 2): Syngeneic transplant of BN-BN rats; AGT group (n = 8): Allogeneic
transplant of LEW-BN rats.

Table 2 Bacterial counts of colorectal contents in the
different groups (log10 CFU/g, mean ± SD)
Group
Enterococcus
Enterobacteria
Bifidobacterium
Lactobacillus

Normal group

SGT group

AGT group

7.98 ± 0.92
8.90 ± 1.44
9.62 ± 1.60
9.93 ± 1.10

8.51 ± 0.46
9.43 ± 0.69
8.95 ± 0.04
9.02 ± 1.14

8.76 ± 1.93a,d
10.18 ± 1.64a,d
7.83 ± 0.72a,d
8.87 ± 0.13a,d

CFU/g: Colony-forming unit per gram colorectal content; Normal group
(n = 8): Normal BN rats without any drug or operations; SGT group (n
= 8): Syngeneic transplant of BN-BN rats; AGT group (n = 8): Allogeneic
transplant of LEW-BN rats. aP < 0.05 vs SGT group; dP < 0.01 vs normal
group.

DISCUSSION
Organ transplantation has become the radical method
for treatment of many end-stage organic diseases[17,18].
Since the early experiences of the 1960s, liver transplant
surgery has evolved over the decades and is now the standard of care in patients with end-stage liver diseases[19-21].
Although there has been consistent improvement in
the overall survival rates for transplant recipients, organ
shortages and CGD are still two major problems which
hinder the development of organ transplantation.

species and numbers in colorectal contents were analyzed.
As shown in Table 2, compared to the normal group (7.98
± 0.92, 8.90 ± 1.44) and SGT group (8.51 ± 0.46, 9.43 ±
0.69), the numbers of Enterococcus and Enterobacteria in the
AGT group (8.76 ± 1.93, 10.18 ± 1.64) were significantly
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With the efforts in recent decades, survival after LT
is 90% at 1 year and approximately 75% at 5 years[5].
However, biliary tract complications are still the “Achilles heel” of LT[22,23]. Despite great improvements in the
surgical techniques and standardization of the method
of biliary reconstruction, the biliary tract is still the most
common site for postoperative complications. So far little
is known about alterations of biliary tract when recipients
suffer from CGD following LT. Thus, it has been indispensable to explore changes of biliary tract and relevant
mechanisms of CGD to improve survival conditions of
recipients following LT for a long time.
In our study, no rats died within 2 wk after LT since
applications of immunosuppressants and sterile surgery
in SPF-class laboratory. Life span of human is usually
60-90 years, while life expectancy of rats typically is 2-3
years, so we can define CGD of rats as loss of graft
function after about one month post-operation. During
the whole process of observation, a total of 8 rats in the
LT groups died of hepatic graft diseases, such as partial
hepatic necrosis and chronic bile duct hyperplasia, and
the other 2 rats died of abdominal infection. Notably,
5 rats in these 8 rats that died of hepatic graft diseases
died of chronic bile duct hyperplasia, which accounted
for 5/8 (62.5%). We concluded that chronic bile duct
hyperplasia was a pathological type of CGD and its occurrence frequency was closely associated with the causes
of CGD following LT. This finding is consistent with the
reports[24] that bile duct hyperplasia extending progressively is a pathology finding in a profile of auxiliary LT
with portal vein arterialization in pigs.
In order to explore influential factors and possible
mechanisms of chronic bile duct hyperplasia, as a special type of CGD following LT, we further investigated
alterations of serum endotoxin and cytokines, bacterial
translocation, intestinal microflora, and metabolic profile
in the different groups.
Endotoxin, which mainly originated from non-viable
intestinal gram-negative bacteria, is a crucial medium to
aggravate hepatic graft injury[25]. Plasma level of endotoxin
not only can reflect intestinal barrier function[26], but also
can predict the defensive ability of body and the injury degree of hepatic graft. Our research found that plasma level
of endotoxin in the AGT group remarkably increased compared to the other two groups, which suggested that intestinal barrier function was destroyed when recipients suffered
from CGD following LT. Meanwhile, we also speculated
that the elevation of plasma endotoxin was closely associated with the occurrence of CGD after LT in rats.
Inflammation plays a vital role in the progression
of liver injury[27]. TNF-α and IL-6 are important proinflammatory mediators and can directly, or by inducing
inflammatory cascades and enhancing the microvascular
dysfunction of liver and intestine, aggravate the injury of
hepatic graft[28]. Inflammatory mediators such as TNF-α,
interferon-γ (INF-γ) and interleukin (IL) have cytotoxicity, thus being considered as effectors of liver injury. Our
results revealed that plasma levels of cytokines gradually
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Figure 3 Plasma levels of endotoxin, tumor necrosis factor-α, and interleukin-6 in the different groups on the 21th day after liver transplantation.
Normal group (n = 8); SGT group (n = 8); AGT group (n = 8). aP < 0.05, bP < 0.01
vs Normal group, respectively; cP < 0.05, dP < 0.01 vs SGT group, respectively;
P not significant in the remaining parameters. TNF-α: Tumor necrosis factor-α;
IL-6: Interleukin-6.

In general, chronic hepatic allograft dysfunction is defined as the declining of hepatic graft function irreversibly and gradually, expressed by increasing or persistent
elevations in serum levels of alanine aminotransferase,
alkaline phosphatase, or bilirubin (greater than two times
the upper limit of normal)[5]. Chronic hepatic allograft
dysfunction may result from a variety of causes including
rejection[8], vascular stenosis/thrombosis, de novo or recurrent infection, biliary complications[19] including stricture
or stenosis, recurrent disease related to autoimmune
mechanisms such as that seen in primary biliary cirrhosis,
primary sclerosing cholangitis, and autoimmune chronic
active hepatitis[5]. In addition, drug hepatotoxicity and
the development of neoplasms such as a posttransplant
lymphoproliferative disorder or the recurrences of hepatocellular carcinoma are important considerations[3].
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Figure 5 The partial least squares-discriminate analysis scores plot of the different groups. According to this plot, the metabolic profiles of the SGT and AGT
groups deviated from those of the normal group gradually.

increased from the rats in the normal group to those in
the syngeneic transplant group, and even to those in the
allogeneic transplant group, suggesting that inflammatory reaction was positively associated with the severity
of CGD in recipients. Thus, our findings support the
concept that inflammation may be a component of the
pathogenesis of CGD, which is in line with the report
on inflammation and graft deterioration by Dahle et al[29].
However, the exact pathogenetic role of inflammatory
cytokines in graft failure is still elusive.
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Under certain conditions, the original bacteria in the
intestine would cross a relatively complete intestinal epithelium to reach the sites of MLN, abdominal internal
and external organs (such as liver, spleen and lung) as
well as blood, and may cause the occurrence of infection,
which is called “bacterial translocation”[30]. Normally, a
small amount of bacteria and endotoxin can go through
the intestinal wall, which may be associated with the
maintenance of normal intestinal immune response and
the activity of reticuloendothelial system[31,32]. In gen-
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plasma in recipients following LT. As a system analysis
approach, metabolomics can provide comprehensive
information on the dynamic process of postoperative
physiopathological development[15]. The systemic detection of chronic diseases can be obtained with metabolomics at an earlier stage compared to the clinical chemistry
and histopathological assessment[15]. Our results on metabonomics analysis revealed that the metabolic profile of
plasma gradually deviated from the normal parameters,
from the rats in the syngeneic transplant group to those
in the allogeneic transplant group. To some extent, this
finding suggested that the mechanism of CGD might be
explained by the alterations of plasma metabolic profile
in recipients following LT. However, further exploration
need to be taken for the accurate relationship between
metabolic changes and CGD of recipients following LT.
In conclusion, according to the observation of one
year for recipients following LT in rats, we have found
that chronic bile duct hyperplasia is a pathological type
of CGD following LT. The mechanism of this kind of
CGD is associated with the alterations of inflammation, intestinal barrier function, intestinal microflora,
and plasma metabolic profile, which will be the possible
therapeutic targets for LT.
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Figure 6 The three-dimensional partial least squares-discriminate analysis scores plot of the different groups. According to this three-dimensional
plot, the metabolic profiles of the AGT groups deviated more than those of the
SGT group from those of the normal group. PLS: Partial least squares.
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eral, three factors mainly attributed to the occurrence of
BT: the destruction of intestinal barrier, the imbalance
of intestinal microflora, and the reduction of immune
defense[33]. There was rare bacterial growth in culture medium of biliary duct in the normal group, while bacterial
counts significantly elevated in the AGT group. Bacterial
identification mainly designated aerobic bacteria, including Escherichia coli, Enterococcus, Proteus vulgaris, Streptococcus
agalactiae and Proteus mirabilis. This result suggested bacterial translocation occurred in recipients after LT under
immunosuppression, which might aggravate the severity
of CGD in some extent.
The commensal bacteria living in the human intestine
play a pivotal role in the maintenance of intestinal homeostasis in their host[34]. The normal formation of intestinal microflora contributes not only to the prevention
of enteritis caused by pathogens but also to immunological development and preservation[35]. Under physiological
circumstances, intestinal bacteria keep an ecological balance of intestinal microflora. Many researches have indicated that some extrinsic factors, such as administration
of abdominal surgery[36], hepatic I/R injury[14], gastrointestinal disorders[37] and LT[25], can cause the imbalance
of intestinal microflora. Our results also indicated that
the imbalance of intestinal microflora was expressed by
an increase in Enterococcus and Enterobacteria, and a reduction in Bifidobacterium and Lactobacillus, when recipients suffered from severe CGD in allogeneic transplant
group. Thereafter we may speculate that the occurrence
of CGD has some correlations with intestinal microflora.
In addition, we performed metabolomics analysis of
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Background

Although early mortality rates after liver transplantation (LT) have fallen dramatically, the paradox is that long-term graft survival has barely improved over
the last two decades. Chronic graft dysfunction (CGD) has become the biggest
obstacle for long-term function of allograft and better life quality of patients. The
biliary tract is still the most common site for postoperative complications. These
complications not only affect allograft survival, but also have a major impact on
the life quality for a hepatic allograft recipient.

Research frontiers

So far little is known on biliary tract variation of CGD and its influential factors
in recipients following LT. In our experimental study, according to the observation of one year for recipients following LT, we have found that chronic bile duct
hyperplasia is a pathological type of CGD following LT. The mechanism of this
kind of CGD is associated with the alterations of inflammation, intestinal barrier
function, intestinal microflora and plasma metabolic profile.

Innovations and breakthroughs

Chronic hepatic allograft dysfunction may result from a variety of causes including rejection, vascular stenosis/thrombosis, de novo or recurrent infection,
recurrent disease related to autoimmune mechanisms such as that seen in primary biliary cirrhosis, primary sclerosing cholangitis, and autoimmune chronic
active hepatitis. However, So far little is known about alterations of biliary tract
when recipients suffer from CGD following LT. Through one-year observation of recipients following LT, we found that chronic bile duct hyperplasia is a
pathological type of CGD following LT. Meanwhile, we elaborated the influential
factors of this kind of CGD mainly including inflammatory response, intestinal
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barrier function, intestinal microflora, and plasma metabolic profile. Furthermore, through the technique of ultra performance liquid chromatography-mass
spectrometry analysis and partial least squares-discriminate analysis (PLS-DA),
we explored the plasma metabonomics alterations during the period of CGD
after LT, and indicated the relevance between plasma metabonomics and CGD
after LT in rats.

14

This study provides the experimental data for the research of CGD after organ
transplantation in rats, and indicated that chronic bile duct hyperplasia is a kind
of CGD following LT in rats. The relative influence factors will be the possible
therapeutic targets to prevent or alleviate CGD after LT.

15

13

Applications

Terminology

Chronic hepatic allograft dysfunction is defined as the declining of hepatic
graft function irreversibly and gradually, expressed by increasing or persistent
elevations in serum levels of alanine aminotransferase, alkaline phosphatase,
or bilirubin (greater than two times the upper limit of normal). PLS-DA is a statistical method that can grasp the principal contradiction from the complexity,
and thereby simplify something complexity, which can generate models that are
tightly focused on the effects of interest.
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Peer review

17

This is a well designed experimental report on chronic allograft dysfunction
after LT. The topic is of some interest due to the prolonged survival now being
constantly achieved after LT. The authors described chronic bile duct hyperplasia as a type of chronic allograft dysfunction associated to inflammation of the
intestinal mucosa
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RESULTS: Four days after exposure to hepatocyte
differentiation medium, MSCs that did not express
hepatocyte markers could express α-fetoprotein, albumin, and cytokeratin 18. The results of histopathological staining, immunohistochemistry, and biochemical
analysis indicated that intravenous injection is more
effective at rescuing liver failure than other injection
modalities. DAPI-labeled cells were found around liver
lobules in all three injection site groups, but the intravenous group had the highest number of cells. PCR
and ELISA analysis indicated that interleukin-10 (IL-10)
was highest in the intravenous group, whereas il1β,
il6, tnfα and tgfβ , which can be regulated by IL10 and
are promoters of liver fibrosis, were significantly lower
than in the other groups.
CONCLUSION: MSC administration is able to protect
against liver fibrosis. Intravenous injection is the most
favorable treatment modality through promotion of
IL10 expression.

Abstract
AIM: To compare the influence of different transplant
sites in bone marrow mesenchymal stem cell (MSC)based therapy for liver fibrosis.

© 2012 Baishideng. All rights reserved.

Key words: Mesenchymal stem cells; Hepatocyte differentiation; Intravenous injection; Liver fibrosis; Interleukin-10

METHODS: MSCs isolated from Sprague Dawley (SD)
rats were induced into hepatocyte-like cells. Liver fibrosis in SD rats was induced with carbon tetrachloride.
Following hepatocyte induction in vitro , 4’,6-diamidino2-phenylindole (DAPI)-labeled MSCs were transplanted
by intravenous, intrahepatic, and intraperitoneal injection. Histopathological staining, immunohistochemistry,
and biochemical analysis were used to compare the
morphological and functional liver regeneration among
different MSC injection modalities. The expression differences of interleukins, growth factor, extracellular matrix, matrix metalloproteinases, and tissue inhibitor of
metalloproteinase were examined by real-time reverse
transcription-polymerase chain reaction (RT-PCR) and
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etic stem cells hamper their wide application to human
disease treatment[15,16]. Sato et al[17] examined the ability
of fractionated human bone marrow-component MSCs
to differentiate into hepatocytes in vivo by directly inoculating the cells into rat livers that had sustained chronic
damage from alcohol treatment. Their results indicated
that MSCs had a great ability to differentiate into hepatocytes without any evidence of fusion.
Besides treating acutely damaged tissue, MSCs also
have the potential to reduce chronic fibrogenesis through
the modulation of inflammation, collagen deposition,
and remodeling. Although numerous studies have reported that bone marrow (BM)-derived MSCs can reduce carbon tetrachloride (CCl4)-induced liver fibrosis in mice, the
mechanism by which MSCs repair the fibrosis is unclear,
and the results are controversial[18-23]. For therapeutic applications, it will be important to understand the potency
and possible repair mechanisms of MSCs. In the present
study, we aimed to find and compare the best therapeutic
effects among three different protocols of MSC engraftment (intraperitoneal, intravenous and intrahepatic transplantation) to treat CCl4-induced liver injury, as well as
to elucidate the mechanisms that explain the differences
between the effects of the cell transplant site.

INTRODUCTION
Liver injury caused by chemical damage or viral infection
often leads to liver fibrosis, which can lead to an impairment of liver function that requires medical intervention[1,2]. Although liver transplantation is by far the most
effective treatment for liver cirrhosis, extensive clinical
application of the technique is limited by the lack of
donor organ availability[3]. Thus, it is very important to
investigate different treatments and therapies for cirrhosis. Cell-based hepatocyte transplantation, a potential
interventional procedure, provides an effective strategy
and holds great promise for the treatment of impaired
livers[4]. When compared to orthotopic liver transplantation, cell transplantation has the advantages of lower
cost, lower risk, and a simpler procedure[5]. A single donor could serve multiple recipients, and excess cells could
be cryopreserved for future use. However, the type of
hepatocyte necessary for transplantation is less common
in mature liver cells because of the paucity of cadaveric
livers. Furthermore, with hepatocytes cultured in vitro, it is
difficult to obtain mature and intact hepatocytes[6]. Thus,
it is very important to investigate alternative, appropriate
therapies for liver cirrhosis.
Mesenchymal stem cells (MSCs) are adherent, fibroblast-like, pluripotent and non-hematopoietic progenitor
cells. They have been found to reside in most organs
and tissues investigated to date, including bone marrow,
adipose, dermis, muscular tissue, hair follicles, the periodontal ligament and the placenta. Previous studies[7,8]
have demonstrated that MSCs can be differentiated into
osteogenic, chondrogenic, adipogenic, myogenic, cardiomyogenic, and hematopoietic potential stromal cells.
Moreover, apart from their differentiative abilities, MSCs
play a supportive role in organ regeneration processes.
In addition, several studies[9] have suggested that the use
of MSCs in vivo should be safer than that of embryonic
stem cells due to their higher chromosomal stability and
lower tendency to form neoplasms in the recipient host.
These reports indicate that MSCs are an attractive cell
source for regenerative medicine.
A large number of in vitro studies indicate that bone
marrow-derived MSCs can express the liver-specific marker α-fetoprotein (AFP), cytokeratin 18 (CK18), and albumin. In addition, they can be involved in urea production,
show liver-specific functions of cytochrome P450 activity,
and store glycogen when co-cultured with adult liver cells
or cultured in the presence of cytokines, such as fibroblast growth factor and hepatocyte growth factor[10,11]. The
functional hepatocyte-like cells derived from MSCs might
serve as cell sources for liver-targeted cell therapy[12].
Hematopoietic stem cells (HSCs), another type of
bone marrow-derived stem cell, also have multi-potent
differentiation capabilities. The transplantation of HSCs
can act as a substitute for hepatocyte transplantation in a
murine model of tyrosinemia, and HSC transplantation
can correct this metabolic liver disease[13,14]. However,
the fusion process of hematopoietic stem cells with
hepatocytes and the difﬁculty in maintaining hematopoi-
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MATERIALS AND METHODS
Isolation and culture of MSCs
MSCs were prepared from rat bone marrow as described
previously. In brief, whole BM was flushed from the tibia
and femur of Sprague Dawley (SD) rats (six-week-old
males); cultured in Dulbecco’s Modified Eagle’s medium
(DMEM) supplemented with 10% fetal calf serum, 1%
penicillin/streptomycin, 2 mmol/L L-glutamine; and
purified for up to five passages. MSCs were grown to
confluency before being detached by trypsin/ethylenediaminetetraacetic acid treatment. After detachment,
cells were incubated with four phycoerythrin-conjugated
antibodies: CD34, a hematopoietic progenitor marker;
CD45, a leukocyte marker; CD90, which is also known
as Thy-1; and/or CD29. Fluorescence-activated cell sorting was performed on at least 10 000 cells/sample using
Cell Quest software (Beckman Coulter).
Hepatocyte differentiation
Hepatic transplantation was performed as previously described[12]. Briefly, the cultured cells were harvested from
the culture bottles with 0.25 g/L trypsin. Cultured cells
at passage 3 were seeded in six-well cell culture plates.
When the cells grew to 70% confluence, the control
group was continuously cultured in DMEM supplemented with 10 mL/L fetal bovine serum (FBS), 100
U/mL penicillin, and 100 U/mL streptomycin. The hepatocyte differentiation group was cultured in α-MEM
supplemented with 10 mL/L FBS, 20 ng/mL hepatocyte
growth factor (HGF), 20 ng/mL fibroblast growth factor (FGF)-4, 20 ng/mL epidermal growth factor (EGF),
100 U/mL penicillin and 100 U/mL streptomycin. In
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at 28 d post-implantation. At that time, liver tissues and
blood were obtained for analysis.

Table 1 Gene primers used for detection
Gene
afp

Sense

AACAGCAGAGTGCTGCAAAC
albumin ATACACCCAGAAAGCACCTC
ck18
GGACCTCAGCAAGATCATGGC
mmp2
CTATTCTGTCAGCACTTTGG
mmp9
AAATGTGGGTGTACACAGGC
timp1
ATATTCTGTCTGGATCGGC
hgf
TGGTGTTTCACAAGCAATCCAGA
pdgf
GGCCTTCTTAAAGATTGGTTCT
il1β
GCTGTGGCAGCTACCTATGTCTTG
il2
GACGCTGGAAATTTCATCAGCA
il6
CCACTTCACAAGTCGGAGGCTTA
il0
CAGACCCACATGCTCCGAGA
il13
AGGAGCTTATTGAGGAGCTGAAGCA
infγ
AGGCCATCAGCAACAACATAAGTG
tnfα
AACTCGAGTGACAAGCCCGTAG
tgfβ 1
TGCGCCTGCAGAGATTCAAG

Anti-sense

Reverse transcription polymerase chain reaction and
real-time polymerase chain reaction analysis
Total RNA was prepared using the RNeasy total RNA isolation kit (Invitrogen, United States). For cDNA synthesis,
random hexamer primers (Invitrogen, United States) were
used to prime reverse transcriptase reactions. The cDNA
synthesis was carried out using Moloney-murine leukemia virus Superscript Ⅱ reverse transcriptase (TaKaRa,
Japan) following the manufacturer’s instructions. For the
semiquantitative polymerase chain reaction (PCR) detection of AFP, ALB, and CK18, 5 µL of cDNA-template
was mixed with 2.5 µL of 10× PCR buffer, 0.5 µL of
10 mmol/L dNTPs, 0.5 µL of each primer (50 ng/µL),
and 0.5 µL of polymerase (TaKaRa, Japan) in a total volume of 25 µL for each probe. PCR was performed in a
programmable Biometra Uno-Thermobloc (Biometra,
Germany). All samples were analyzed on 1% agarose gels.
The size of the PCR fragments was estimated using a
100-base-pair ladder.
At three days post-MSC transplantation, quantitative
PCR was carried out using standard protocols with the
Quantitec SYBR Green PCR Kit (TaKaRa, Japan). The
PCR mix contained SYBR Green Mix, 0.5 µmol/L primers (Table 1), 1 ng of DNA template and nuclease-free
water to a final volume of 25 µL. PCR was performed in
an ABI Prism 7000 Detection System (Applied Biosystems, United States). The percentage of gene expression
was normalized as a function of GAPDH gene expression. Oligonucleotide primers for real-time PCR were
obtained from TaKaRa (Japan), including matrix metalloproteinases (mmp)2, mmp9, tissue inhibitor of metalloproteinase (timp)1, hgf, pdgf, il1β , il2, il6, il10, il13, infγ , tnfα
and tgfβ 1. Primer sequences are shown in Table 1.

AGGTTTCGTCCCTCAGAAAG
CACGAATTGTGCGAATG
CCACGATCTTACGGGTAGTTG
CAGACTTTGGTTCTCCAACTT
TTCACCCGGTTGTGGAAACT
GCTTCGTCACTCCTGTTT
CCGTTGCAGGTCATGCATTC
GCCTCATAGACCGCACCAAC
AGGTCGTCATCATCCCACGAG
GCTCATCATCGAATTGGCACTC
GTGCATCATCGCTGTTCATACAATC
CAAGGCTTGGCAACCCAAGTA
TGGAGATGTTGGTCAGGGAATCCA
GACAGCTTTGTGCTGGATCTGTG
GTACCACCAGTTGGTTGTCTTTGA
AGGTAACGCCAGGAATTGTTGCTA

each well, 2 mL of medium was added and changed every 4 d. The medium was stored at -20 ℃ until the albumin, AFP and urea assays were conducted. To determine
the cell phenotype, the cultured cells were stained by
anti-AFP and albumin (ALB) protein monoclonal antibodies according to the manufacturer’s protocol[17].

Biochemical analysis
Biochemical parameters including albumin, total bilirubin in serum (TBIL), and alanine aminotransferase
(ALT) were analyzed with a biochemical analyzer (Roche
Integra 800, Holliston, United States).

CCl4-induced rat liver injury model
To establish the liver-damaged rat model, 0.5 mL/kg
CCl4 was injected subcutaneously into adult male SD rats
(320 ± 20 g) twice a week for 4 wk. Control (“normal”)
animals were injected with the same volume of normal
saline. The extent of hepatic damage was evaluated by
biochemical analysis of blood samples and histopathological examination of liver tissue samples taken from
sacriﬁced rats.

Histopathological analysis and immunohistochemistry
At the time of sacriﬁce, liver tissue samples were collected and ﬁxed in 3.7% formaldehyde for two days. Tissues were then dehydrated, cleared, and inﬁltrated with
a histoprocessor for 16 h. Serial 3-µm sections were hematoxylin and eosin (HE) and Van Gieson’s (VG) stained
for histopathological analysis. For HE analysis, sectioned
samples were stained with hematoxylin solution (SigmaAldrich, Germany) for 5 min followed by eosin for 5 min.
For the VG stain, the sectioned samples were placed in
hematoxylin solution for 5 min following a 10-min water
wash, stained in VG (Biyuntian, China) solution for 3 min,
and dehydrated in succession with 85%, 95% and 100%
ethanol for 3 min.
Immunohistochemical staining was performed according to a previously reported method to evaluate

Cell transplantation
For in vivo tracking of transplanted cells, MSCs from the
SD rats were labeled with 4,6-diamidino-2-phenylindole
(DAPI). Forty-five rats that suffered liver injury induced
by CCl4 were classiﬁed into three groups: intraperitoneal
transplantation, intravenous transplantation, and intrahepatic transplantation. Each group’s hepatocyte differentiated-MSCs were resuspended in 0.1 mol/L phosphate buffer solution (PBS) at a concentration of 107 cells/mL, and
every rat was injected with 300 µL. Rats were sacriﬁced
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certain markers including alpha-smooth muscle actin
(α-SMA). After parafﬁn removal and microwave-based
antigen retrieval, the sections were treated with 0.3%
H2O2 in PBS to quench endogenous peroxidase activity and then incubated with 5% goat serum to block the
non-speciﬁc sites. α-SMA (1:100) mAb was applied and
incubated at 4 ℃ overnight (PBS was used as the negative
control), followed by incubation with peroxidase-conjugated AfﬁniPure goat anti-mouse secondary antibody
(Zhongshan Goldbridge, China) at 37 ℃ for 30 min. The
specimens were then incubated with diaminobenzidine
peroxidase substrate to obtain a brown stain and then
subsequently counterstained with hematoxylin.

days after exposure to differentiation medium, the MSCs
stained positive for the AFP and ALB hepatocyte markers (Figure 2A and B). Hepatocyte marker expression
after hepatocyte induction was further confirmed by RTPCR. In addition, AFP, ALB and CK18 gene expression
levels increased with prolonged exposure time in differentiation medium (Figure 2C). From these results, we
can conclude that the MSCs differentiated into hepatocytes, and the proportion of differentiated cells account
for approximately 70% of all induced cells.
Intravenous injection of MSCs provides better treatment
than other injection modalities
To explore cell homing, MSCs were labeled with DAPI
before transplantation. Four days after transplantation, the
number of surviving homing MSCs was highest in animals
that received an intravenous injection. Surviving homing
MSCs in animals that received an intrahepatic injection
were more numerous than those observed in animals
that received an intraperitoneal injection (Figure 3A-D).
In addition, histological staining indicated that shaminjected, CCl4-treated rats suffered serious inflammation
with non-normal liver lobules dispersed throughout the
liver. The sham group also had large areas of collagen
that were distributed along the edge of the liver lobules
(Figure 3H and L). In the intraperitoneal and intrahepatic injection groups, the morphology of liver lobules
was unclear, and collagen deposition was evident in the
liver (Figure 3F, G, J and K). In the intravenous injection
group, however, the liver lobules were normal (Figure
3E and I). Although there was mild inflammation in the
portal or sinusoid areas, collagen accumulation was minimal in the liver. Immunohistochemistry of liver sections
for α-SMA expression revealed intense staining patterns
in sham- and intraperitoneal-injected mice (Figure 3O
and P). However, α-SMA staining levels in intravenousand intrahepatic-injected mice were significantly lower
(Figure 3M and N). In addition, there were lower levels
of α-SMA staining in intravenous-injected mice than in
intrahepatic-injected mice. To further compare the functional restoration of MSCs following intraperitoneal,
intravenous, and intrahepatic injection, we quantitatively
analyzed the levels of AFP, albumin, and TBIL production. The serum from rats given CCl4 but not injected
with MSCs, and from rats given neither MSCs nor CCl4,
was used as control samples. Twenty-eight days postinjection, intravenously-injected MSCs were close to the
level observed in normal rats. However, intraperitoneally-injected MSCs had not enough effective treatment
when compared with MSCs intravenous injection group.
The observed levels in the intrahepatic injection group
fell between the other MSC-treated groups, but the levels
were still closer to the levels observed in the intravenous
injection group (Figure 4).

Enzyme linked immunosorbent assay
Blood of the MSC- and CCl4-treated rats from the three
different injection groups was collected at days 3, 7 and
14 post-transplantation. Serum samples were assayed for
IL10 production with an IL10 enzyme linked immunosorbent assay (ELISA) Quantitation kit (Invitrogen, United
States) according to the manufacturer’s recommendation.
Data analysis
Data are shown as the means and standard deviations.
The statistical differences were analyzed using Student’s
t test for normally distributed values and by the t test for
non-normally distributed values. Values of P < 0.05 were
considered signiﬁcant. The data represent mean ± SD
from at least three independent experiments.

RESULTS
Characterization of stem cell cultures
The cells were isolated by gradient density centrifugation. After approximately 3 d in culture, cells from the
stromal fraction appeared as a monolayer of broad, flat
cells (Figure 1A). As the cells approached 80% confluence, they differentiated into a more spindle-shaped,
fibroblastic morphology (Figure 2B). More than 98%
of cells expressed the MSC markers CD29 and CD90
(Figure 1C and D), and less than 5% of hematopoietic
stem cells expressed leukocyte markers CD34 and CD45
(Figure 1E and F). They were easily expanded for up to
10 passages, maintaining the spindle-shaped, fibroblastic
morphology and MSC markers of the undifferentiated
state. Adipose-derived stem cells (ADSCs) did not spontaneously differentiate during in vitro culture.
Differentiation to hepatocytes
When the cultured cells reached 70% confluence, they
were treated with hepatocyte differentiation medium
containing 20 ng/mL HGF, 20 ng/mL FGF-4, and 20
ng/mL EGF. After 4 d of hepatocyte induction, ADSCs displayed changes in cellular morphology including
shrinkage of the cytoplasm and diameter, as well as the
formation of round cells. The fibroblasts, as control
cells, did not exhibit any change in morphology after
being treated with differentiation medium. Before induction, the MSCs did not express hepatocyte markers. Four
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Comparison of cytokine expression following
intraperitoneal, intravenous and intrahepatic MSC treatment
To further explore why intravenously-injected MSC treatment was more effective than either intraperitoneal or
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Figure 1 Mesenchymal stem cell culture and identification. A: The morphology of mesenchymal stem cell (MSC) culture at 3 d (10 × 10 magnification); B: The
morphology of MSCs approached 80% confluence (10 × 10 magnification); C: Fluorescence-activated cell sorting (FACS) analysis for MSC positive cell marker
CD29; D: FACS analysis for MSC positive cell marker CD90; E: FACS analysis for MSC negative cell marker CD34; F: FACS analysis for MSC negative cell marker
CD 45. Scale bars represent 100 mm. FITC: Fluorescein isothiocyanate; PE: Phycoerythrin.
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Figure 2 Identification of mesenchymal stem cell transdifferentiation into hepatocytes. Hepatocytes were used as positive control. A: Fluorescence immunostaining
detection of α-fetoprotein (AFP) expression after 21 d induction in mesenchymal stem cells (MSCs) (10 × 40 magnification); B: Fluorescence immunostaining detection of
albumin expression after 21 d induction in MSCs (10 × 40 magnification); C: Reverse transcription polymerase chain reaction detection of hepatocyte specific protein AFP,
albumin and cytokeratin 18 (CK18) mRNA expression after 7, 14 and 21 d induction in MSCs. Scale bars represents 100 mm.
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Figure 3 Comparison of liver treatment efficacy in different mesenchymal stem cell transplanted modalities. All figures are 10 × 10 magnification. Scale
bars represent 100 mm. A, B, C and D: Fluorescence tracked 4',6-diamidino-2-phenylindole (DAPI)-labeled mesenchymal stem cells (MSCs) in liver. Blue dots are
DAPI-labeled MSCs; A: MSC intravenous injection, and many DAPI-labeled cells can also be seen distributed in liver; B: MSC intrahepatic injection, and many DAPIlabeled cells can also be seen distributed in liver; C: MSC intraperitoneal injection, and few labeled cells can be seen in liver; D: MSC non-treated liver fibrosis; E, F,
G and H: Hematoxylin and eosin (HE) analysis for detecting liver extracellular matrix (ECM) arrangement in liver fibrosis; E: MSC intravenous injection, and liver ECM
arrangement was similar to normal liver; F and G: MSC intrahepatic and intraperitoneal injection, and ECM arrangement was disordered in both groups; H: MSC nontreated liver fibrosis; I, J, K and L: Van Gieson's (VG) staining analysis for detecting collagen in liver fibrosis; I: MSC intravenous injection, and little positive staining
was detected; J and K: MSC intrahepatic and intraperitoneal injection, and a large number of collagen was deposited in liver lobules; K: MSC non-treated liver fibrosis;
M, N, O and P: Immunohistochemical analysis for detecting the expression of the marker of myofibroblasts, alpha-smooth muscle actin (α-SMA); M: MSC intravenous
injection, and there was no immunoreactivity in this group; N and O: MSC intrahepatic and intraperitoneal injection, and a large amount of positive staining can be
seen in both groups; P: MSC non-treated liver fibrosis.

and mmp9 were expressed at their highest levels in the
intravenous injection group, whereas timp1 expression
was the lowest in this group. The intraperitoneal injec-

intrahepatic injection, real-time PCR was used to quantitatively analyze the expression difference among the 3
transplant methods. As seen in Figure 5A and B, mmp2
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il1β , il6, tnfα and tgfβ were significantly lower than in
other groups, and the intraperitoneal injection group had
the highest expression of these genes (Figure 5F, H, J
and L). Interestingly, in the intravenous injection group,
il10, a key factor in the regulation of the Th1-mediated
immune response and homeostasis between matrix metalloproteinase (MMP) and the tissue inhibitors of the
MMP (TIMP), was significantly higher when compared
to the intrahepatic and intraperitoneal injection groups.
Furthermore, the blood ELISA assay also indicated that
IL10 production in the intravenous injection group was
higher than in the other two groups (Figure 6).
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DISCUSSION
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Liver ﬁbrosis results from chronic injury to the liver in
conjunction with excessive deposition of collagen and
other components of the extracellular matrix (ECM),
which is a characteristic of most types of chronic liver
diseases[1]. If not effectively treated in time, liver fibrosis
may transform into liver cirrhosis. Cirrhosis causes a
number of complicating diseases, such as portal hypertension, hepatic encephalopathy, and gastrointestinal
bleeding[2]. Thus, the discovery of a new approach to
treating this disease would provide great clinical value.
CCl4-induced hepatocyte necrosis has the ability to imitate human liver fibrosis disease in animals and has so
far been a main method used in the development of
animal treatment models[2,3]. In this study, CCl4 was used
to induce liver fibrosis in SD rats according to previous protocols. Histological staining indicated collagen
deposition in the liver, an indicator of fibrosis. Further
liver function testing revealed that ALB, TBIL and ALT
levels changed from their normal, baseline levels of 3.65
± 0.18, 0.049 ± 0.019, and 48.70 ± 9.86 to 3.02 ± 0.22,
1.018 ± 0.114, and 1458.78 ± 230.07, respectively. These
findings, in accordance with previous reports, all indicate
that liver fibrosis was induced by CCl4.
Liver transplantation is currently considered the best
treatment for liver cirrhosis caused by fibrosis. However,
there are some disadvantages that limit the expansive
use of the procedure, such as liver shortages, high risks
associated with surgery, and the risk of further postsurgery complications[3]. Although hepatocyte therapy
has been proven to improve liver function, immune rejection and hepatocyte disorder in in vitro cultures have
provided obstacles to the expansive use of this type of
therapy. MSCs, in recent years, have shown potential as
a post-transplantation fibrosis cure[24,25]. MSCs derived
from bone marrow also contain HSCs and multipotent
adult progenitor cells. Thus, fluorescence-activated cell
sorting in this study was performed to identify the type
of cultured cells obtained. More than 98% of cells
stained positive for CD29 and CD90, which is in accordance with the diagnostic characteristics of MSCs.
The cells stained negative for CD34 and CD45, which
are indicative of hematopoietic cell lines. These results
demonstrate that the cultured cells derived from the rat
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Figure 4 Quantitative analysis for hepatocyte specific protein expression
by biochemical analysis to compare the liver fibrosis treatment efficacy
of intravenous, intrahepatic and intraperitoneal mesenchymal stem cell
injection. Non-treated carbon tetrachloride (CCl4) group acted as normal
control. Rats not injected with mesenchymal stem cells (MSCs) after CCl4
processing were used as sham control. Data represent the mean ± SE, and aP
< 0.05. A: Analysis for albumin expression; B: Analysis for total bilirubin in serum
(TBIL) expression; C: Analysis for alanine aminotransferase (ALT) expression.

tion group, in contrast to the intravenous injection group,
had the lowest mmp2 and mmp9 expression and the highest timp1 expression. These results were in accordance
with the observation that the fibrosis observed in the
intravenous injection group was low relative to the two
other groups. Besides assaying mmp and timp expression,
cytokine expression was also assayed to detect whether
the immune response played a pivotal role in the differential treatment response among the three experimental
groups. The expression of hgf was slightly higher in the
intravenous injection group than in the other two groups
(Figure 5D). platelet-derived growth factor (PDGF), an
important fibrosis enhancer, was not significantly different among the three groups. Similarly, expression levels
of pdgf, infγ and il2 were not significantly different among
the three groups (Figure 5E, K and G). In the intravenous injection group, however, the expression levels of
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Figure 5 Real-time polymerase chain reaction analysis for detecting the expression difference of cytokines, growth factors and interleukin, which are
involved in liver fibrosis progression, among different mesenchymal stem cell transplanted modalities. The histogram shows the relative expression level for
intravenous, intrahepatic and intraperitoneal injections. Data represent the mean ± SE, aP < 0.05. A and I: The expression of mmp2 and il10 in intravenous injection was
significantly higher than other injection modalities; F, J, C, H and L: The expression of il1β , tnfα , timp1, il6 and tgfβ 1 was significantly lower in intravenous injection than
others; E, B, G, K and D: The expression of pdgf, mmp9, il2, hgf, infγ and hgf was not significantly different among the three mesenchymal stem cell injection modalities.

bone marrow consisted of more than 98% MSCs. HSCs
that produce all of the blood lineages and liver epithelium have been previously shown to be capable of acting as a substitute for hepatocytes in transplantation in
a murine model of tyrosinemia[26,27]. The benefits to the
regenerating liver in the transplant recipients are derived
from donor HSCs that fuse with host hepatocytes, rather
than from transdifferentiating hematopoietic stem cells
or hepatic stem cells present in bone marrow[15,16]. In a
study by Sato et al[17], unlike HSCs, MSCs grafted directly
to livers that had sustained chronic damage from allyl
alcohol treatment were more successful than MSC+ and
non-MSC/CD34- cells in differentiating into hepatocytes
without any evidence of fusion. In vitro, multiple studies,
including those of our group, indicate that MSCs can also

WJG|www.wjgnet.com

differentiate into hepatocytes when induced by cytokines,
such as HGF, FGF-4 and EGF[28]. To assay the degree
of hepatocyte differentiation of MSCs, real-time PCR
and immunofluorescence staining were performed. High
expression levels of AFP, ALB and CK18 were noted in
induced MSCs when compared to non-induced MSCs.
While some studies have examined only one marker, or a
small number of them, most published data refer to multiple markers, of which expression is assessed at both the
protein and mRNA levels. One of the most widely used
markers is albumin secretion, together with the evaluation
of AFP, metabolic enzymes, and cytoskeletal proteins[19].
AFP in the liver is a marker of immature liver cells or
oval cells in adult livers. Albumin is a typical marker of
mature hepatocytes. CK18 is expressed by several liver
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ing non-induced MSCs to treat liver fibrosis, some studies
have demonstrated that MSCs injected into rats with cirrhotic livers differentiate mainly into myofibroblasts and
hepatic stellate cells, both of which are promoters of liver
fibrosis[32,33]. In the present study, to avoid liver fibrosis
aggravation, transplanted MSCs were induced to differentiate into hepatocytes. The results of this method appear
to promote improved liver regeneration, rather than liver
cirrhosis aggravation, in CCl4-induced fibrotic rats.
In previous reports, Kuo et al[12] demonstrated that
intravenous MSC-derived hepatocyte transplantation was
more effective in rescuing liver failure than intrasplenic
transplantation. In this paper, we extended the effective
comparison of MSC-engrafted sites, including intravenous, intraperitoneal, and intrahepatic transplantation.
In agreement with the results of Kuo et al[12], intravenous
transplantation in our experiments was better at rescuing
liver fibrosis than transplantation via the other two methods. The effectiveness of intraperitoneal transplantation
was better in the non-MSC-treated groups than in the
other treated groups. The difference among the three
groups was stratified by not only liver biochemical functional differences and collagen deposition but also by the
distribution of MSC-derived hepatocytes in the recipient
liver. Although the results of the present study and those
of the Kuo group study are valuable for guiding MSC
therapy for liver disease, they do not fully elucidate the
causes of these transplant-site effectiveness differences.
Thus, we assayed for protein and mRNA expression
differences of cytokines and interleukins that play an
important role in fibrosis progression. HGF, a powerful mitotic promoter for hepatocytes, also has the ability to restrain collagen and transforming growth factor
(TGF)β1 expression, thereby suppressing hepatic stellate
cell activity[34,35]. PDGF can enhance liver fibrosis via
stimulation of hepatic stellate cells expressing collagen
and TIMP[36]. In this study, the mRNA expression of
these two factors, however, was not significantly different among the three groups. Thus, they are not the
factors leading to the observed difference caused by injection in different MSC transplant sites. Similarly, elevations of hgf, pdgf, infγ and il2 were also detected, but the
differences did not reach statistical significance. il1β , il6,
tnfα , and tgfβ were expressed at significantly lower levels
after intravenous injection than after intraperitoneal or
intrahepatic injection. The expression of il10, however,
was highest in the intravenous injection group. These
results demonstrate that IL10 expression may play a central role in mediating the superior effects of intravenously injected MSCs in ameliorating liver fibrosis. IL10 is an
inhibitor of many cytokines that stimulate tissue fibrosis,
such as IL6, tumor necrosis factor-alpha and TGFβ.
In addition, IL10 can suppress TIMP-1 expression and
thereby relieve MMP-1 to degrade liver collagen deposits[37,38]. The increased expression of timp1 following
intravenous injection is in contrast to the expression following other injection modalities, which supports such a
viewpoint (Figure 5C). According to previous reports, an
intravenous injection of MSCs can beneﬁcially modulate

IL-10

Intravenous

Intrahepatic

Intraperitoneal

injection

injection

injection

Figure 6 Enzyme linked immunosorbent assay analysis for detecting
interleukin-10 protein expression in peripheral blood after intravenous,
intrahepatic and intraperitoneal mesenchymal stem cell injection. Values
shown are mean ± SE, aP < 0.05. IL-10: Interleukin-10.

cell types, including biliary epithelial cells and hepatic
oval cells. In particular, a “cytokeratin switch” can be observed as a later process in the maturation of hepatocytes
from bipotential progenitors. In fact, bipotential hepatoblasts express both CK-18 and CK-19, while mature
hepatocytes express CK-18 alone, and CK-19 specifically
identifies cholangiocyte populations[17].
While MSCs are not the only reported adult stem
cells that can treat liver fibrosis, they have advantages
that make them more favorable for their use in clinical
treatment, such as easy accessibility, minimal invasiveness,
and fast proliferation[12]. In this study, we injected MSCs
isolated from bone marrow into SD rats at three different body regions. We found that the liver function of
the three groups was elevated compared to the control
group. These observations were made by the biochemical
analysis of ALB, TBIL and ALT and histological staining
of collagen deposition. Although there was an elevation
of liver function in all of the experimental groups, there
were also differences among the groups. The expression
of α-SMA, which plays a pivotal role in liver fibrosis,
was also significantly reduced after MSC transplantation.
These results are similar to those seen in many previous
reports and suggest that, apart from expressing specific
markers, differentiated cells are capable of carrying out
the functional activities of mature hepatocytes, which are
involved in the supportive functions needed for regenerative medicine applications. These enzymatic functions
should also be considered as more reliable “markers” of
the successful differentiation of MSCs.
So far, there are two primary methods, non-induced
and hepatocyte-induced MSC injection, for the treatment
of livers with MSCs. Although these two methods have
a potent ability to reverse liver fibrosis, the mechanism
of treatment for non-induced MSCs is still unknown.
There may be two factors by which MSCs protect against
liver fibrosis. One is that MSCs which differentiate into
hepatocytes, because of the in vivo niche, secrete numerous growth factors that promote liver regeneration[29,30].
Another possibility is that MSCs suppress hepatic stellate
cell activity and secrete MMP, thereby eliminating ECM
deposition[31]. In contrast to the primary rationale for us-
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the host immune response by increasing the release of
prostaglandin E2 from the BM-derived MSCs acting on
the EP2 and EP4 receptors of the macrophages and by
stimulating the production and release of IL10[39]. Blood
ELISA assays indicated that IL10 expression in the intravenous injection group was higher than that in other
groups. These results support the viewpoint that the
main advantage provided by MSCs transplanted via injection into the venous blood is the stimulation of IL10
release, thereby supporting this method as an effective
treatment of liver fibrosis.
In summary, MSC-derived hepatocytes are able to
protect against liver fibrosis induced by CCl4. Intravenous
injection, in contrast to the intraperitoneal and intrahepatic injection of MSCs, provides the most effective
treatment to prevent fibrosis. These results are due to the
fact that MSCs in the venous blood can stimulate IL10
release, which, in turn, can modulate the host immune
response and homeostasis between TIMP and MMP.
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Rebamipide suppresses diclofenac-induced intestinal
permeability via mitochondrial protection in mice
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content and myeloperoxidase (MPO) activity.

Lei Diao, Qiao Mei, Jian-Ming Xu, Xiao-Chang Liu, Jing Hu,
Juan Jin, Qiang Yao, Mo-Li Chen, Department of Gastroenterology in the First Affiliated Hospital of Anhui Medical University, the Key Laboratory of Digestive Diseases of Anhui Province,
Hefei 230022, Anhui Province, China
Author contributions: Mei Q, Xu JM designed the experiment
and were involved in editing the manuscript. Mei Q, Liu XC, Hu J,
Jin J, Yao Q, Chen ML performed the experiments, of which the
majority were performed by Diao L.
Correspondence to: Qiao Mei, MD, Department of Gastroenterology in the First Affiliated Hospital of Anhui Medical
University, the Key Laboratory of Digestive Diseases of Anhui
Province, JiXi Road 218, Hefei 230022, Anhui Province,
China. meiqiaomq@yahoo.com.cn
Telephone: +86-551-2922039 Fax: +86-551-3633742
Received: June 2, 2011
Revised: June 22, 2011
Accepted: July 8, 2011
Published online: March 14, 2012

RESULTS: Compared with the control group, intestinal
permeability was significantly increased in the diclofenac group, which was accompanied by broken tight
junctions, and significant increases in MDA content and
MPO activity. Rebamipide significantly reduced intestinal permeability, improved inter-cellular tight junctions,
and was associated with decreases in intestinal MDA
content and MPO activity. At the mitochondrial level,
rebamipide increased SDH and ATPase activities, NADH
level and decreased mitochondrial swelling.
CONCLUSION: Increased intestinal permeability induced by diclofenac can be attenuated by rebamipide,
which partially contributed to the protection of mitochondrial function.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Intestinal mucosal permeability; Mitochondria;
Non-steroid anti-inflammatory drugs; Oxidative damage;
Rebamipide; Tight junction

AIM: To investigate the protective effect and mechanism of rebamipide on small intestinal permeability induced by diclofenac in mice.

Peer reviewers: Julio Mayol, MD, PhD, Department of Diges-

METHODS: Diclofenac (2.5 mg/kg) was administered
once daily for 3 d orally. A control group received the
vehicle by gavage. Rebamipide (100 mg/kg, 200 mg/kg,
400 mg/kg) was administered intragastrically once a
day for 3 d 4 h after diclofenac administration. Intestinal
permeability was evaluated by Evans blue and the FITCdextran method. The ultrastructure of the mucosal barrier was evaluated by transmission electron microscopy
(TEM). Mitochondrial function including mitochondrial
swelling, mitochondrial membrane potential, mitochondrial nicotinamide adenine dinucleotide-reduced (NADH)
levels, succinate dehydrogenase (SDH) and ATPase
activities were measured. Small intestinal mucosa was
collected for assessment of malondialdehyde (MDA)
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fed a standard pellet diet and tap water ad libitum. All
experiments were performed in accordance with the
institutional and national guidelines for the care and use
of laboratory animals and were approved by the Ethics
Committee of Anhui Medical University. Rebamipide
was purchased from Zhejiang Otsuka Pharmaceutical
Corporation, Zhejiang, China. Diclofenac sodium salt,
Evans blue, rhodamine 123 and fluorescein isothiocyanate dextran (FITC-D) was purchased from Sigma
Co. Acetylcysteine was obtained from Beijing Solarbio
Science and Technology Co., Ltd, Beijing, China. Malondialdehyde (MDA), myeloperoxidase (MPO), ATPase
and succinate dehydrogenase (SDH) detection kits were
bought from Nanjing Jiancheng Institute of Biotechnology, Nanjing, China.

INTRODUCTION
It is well-known that traditional non-steroid anti-inflammatory drugs (NSAIDs) induce mucosal injuries in the
lower gastrointestinal (GI) resulting in serious damage[1-5].
However, the mechanism of NSAIDs-related small intestinal mucosal injury is not yet clear. Bjarnason et al[6]
suggested a hypothesis for the mechanism involved in
the pathogenesis of NSAIDs-related enteropathy which
was thought to be a multi-stage process, and included
mitochondrial damage, increased intestinal permeability,
decreased blood flow, and a reduction in prostaglandins.
Several basic studies have supported the idea of increased
permeability of the small intestinal mucosa as a central
mechanism. Intestinal permeability regulates penetration
of substances such as macromolecules, bile acids, bacteria and other intra-lumen toxins through the intestinal
epithelial barrier. This may lead to low-grade intestinal
inflammation by exposing the mucosa to luminal factors
and might be the driving force in converting inflammation into ulcer[7]. Therefore, increased intestinal permeability was usually seen as the early stage of intestinal mucosal damage induced by NSAIDs. Many gastrointestinal
inflammatory diseases, such as inflammatory bowel disease, can be detected through intestinal permeability tests,
which can be used as an early predictor of relapse[8-11].
However, there are no effective drugs for the treatment
of increased intestinal permeability induced by NSAIDs.
Although proton pump inhibitors and prostaglandin analogues have a preventive effect in patients with traditional
NSAIDs-induced upper GI adverse events, investigations
into the preventive effects of drugs on NSAIDs-induced
lower GI mucosal injury are inadequate.
Rebamipide is a mucosal protective agent which exerts a protective effect on NSAIDs-induced gastric injury
through its antioxidant properties[12]. It was demonstrated
that Helicobacter pylori-related macromolecular transepithelial transportation was reduced by the administration of
rebamipide[13-14], which was attributed to barrier integrity
reinforcement. Kishimoto et al[15] reported that rebamipide prevented dextran sulfate sodium-induced ulcerative
colitis in rats, which was related to mucosal barrier repair.
In addition, rebamipide was shown to have a healing effect in a patient with corticosteroid-resistant ulcerative
colitis[16]. However, few studies have evaluated the mechanism of rebamipide on intestinal permeability in NSAIDs
enteropathy.
The aim of this research was to investigate the preventive effect and mechanism of rebamipide on intestinal
permeability in a diclofenac-induced enteropathy model.

Experimental protocol
Mice were randomly divided into the following five
groups; control, diclofenac, rebamipide 100 mg/kg,
200 mg/kg, and 400 mg/kg[15]. Mice were administered
diclofenac (2.5 mg/kg)[17] dissolved in 0.2% methylcellulose daily by oral gavage for 3 d, except the control
group which received the vehicle. Rebamipide suspended
in 0.2% methylcellulose dissolved in saline was dosed
intragastrically once a day for 3 d 4 h after diclofenac administration. In the control and diclofenac groups, saline
was given orally instead of rebamipide. At the end of the
experiment, mice were sacrificed by decapitation, and the
small intestine was quickly removed.
Intestinal permeability
Small intestinal permeability was evaluated as previously
described[18]. Briefly, mice were anesthetized with ether,
the abdomen was opened and a 3 cm proximal portion
of the ileum from the ileocecal junction was ligated by
silk suture with care to prevent injury to the superior
mesenteric vessels. The ileal luminal contents were
washed out gently with 4-5 mL of phosphate buffered
saline (PBS). The ileocecal end was ligated to prepare
the ileal loop (3 cm), and then 0.2 mL of 1.5% (w/v)
Evans blue in PBS was injected into the loop. Mice were
warmed with an incandescent lamp and left undisturbed
for 60 min without any signs of pain. Sixty min later,
mice were sacrificed by decapitation. The ileal loop was
rapidly dissected out, opened, rinsed with 6 mmol/L
acetylcysteine, dried on filter paper at 37 ℃ for 24 h, and
then weighed and incubated with 3 mL of formamide at
50 ℃ for 24 h. The amount of dye eluted was estimated
using a spectrophotometer at a wavelength of 612 nm[19].
The amount of Evans blue permeating into the intestinal
wall was calculated based on the standard curve of Evans
blue in formamide.
Intestinal permeability to FITC-D with a molecular
mass of 4000 Da was determined using a method previously described by Chen et al[20] with a minor modification. Mice were anesthetized and a 5 cm segment of the
ileal loop was prepared by ligating the ileum at the 3 cm
and 8 cm proximal portions from the ileocecal junction

MATERIALS AND METHODS
Animals and reagents
Kunming mice, 6-8 wk old weighing 20 ± 2 g were provided by the Laboratory Animal Center of Anhui Medical University. The mice were housed in animal facilities
with 50% humidity and a 12:12-h light-dark cycle and
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with care to prevent injury to the superior mesenteric
vessels. Then 0.2 mL of PBS (pH 7.4) containing 25
mg/kg FITC-D was injected into the loop. After 30 min,
a blood sample (100 µL) was taken by puncture of the
portal vein under ether anesthesia and immediately diluted with 1.9 mL of 50 mmol/L Tris (pH 10.3) containing 150 mmol/L sodium chloride. The diluted plasma
was centrifuged at 3000 g for 7 min and plasma FITC-D
concentrations were determined by a fluorescence spectrophotometer at an excitation wavelength of 485 nm
and an emission wavelength of 515 nm[21-22].

cence intensity was recorded continuously at 25 ℃ for 5
min. MMP was expressed by the relative value compared
to the baseline intensity.
Measurement of mitochondrial swelling
Mitochondrial swelling was assessed by measuring the
changes in absorbance of the suspension at 520 nm (∆)
by spectrophotometry according to Halestrap et al[26].
The standard incubation medium for the swelling assay
contained 250 mmol/L sucrose, 0.3 mmol/L CaCl2 and
10 mmol/L Tris (pH 7.4). Mitochondria (0.5 mg protein) were suspended in 3.6 mL of phosphate buffer. A
quantity of 1.8 mL of this suspension was added to both
sample and reference cuvettes and 6 mmol/L succinate
was added to the sample cuvette only, and the A520 nm
scanning was started and recorded continuously at 25 ℃
for 10 min. Swelling of mitochondrial was evaluated according to decreased values in absorption at 520 nm.

Assessment of transmission electron microscopy
For transmission electron microscopy (TEM) assessment,
an ileal specimen of about 1 cm in length from the ileocecal junction to the proximal portion was excised with a
sharp scalpel and fixed in 2.5% glutaraldehyde for 4 h at
4ºC, followed by fixation in osmic acid and embedding
in Epon. Ultrathin sections were examined by a Hitachi
TEM to detect ultrastructural injuries.

Determination of mitochondrial nicotinamide adenine
dinucleotide-reduced level
The mitochondrial pyridine nucleotide, nicotinamide adenine dinucleotide-reduced (NADH), was monitored by
measuring its autofluorescence with excitation and emission
wavelengths of 360 nm and 450 nm, respectively, using a
fluorescence spectrometer according to Minezaki et al[27].
Mitochondria (2 mg protein) were added to 1.8 mL of
phosphate buffer containing 6 mmol/L succinate and
the autofluorescence of NADH was determined.

Intestinal MDA content and MPO activity
The dissected intestine was removed without any fat and
mesenteries attached, and subsequently homogenized
in physiologic saline for the detection of MDA content
and MPO activity using commercial kits following the
instruction procedures.
Preparation of liver mitochondrial and determination of
mitochondrial functions
Mouse liver mitochondria were isolated as described by
Johnson and Lardy[23], as it was exceedingly difficult to
obtain a high yield of mitochondria from intestinal tissue[24]. Briefly, the liver was rapidly removed and placed
in medium containing 250 mmol/L sucrose, 10 mmol/L
Tris and 1 mmol/L EGTA (pH 7.8) at 4 ℃. The tissue
was scissor minced and homogenized on ice. The homogenates was centrifuged at 600 g for 10 min and the resulting supernatant was centrifuged at 15  000 g for 5 min.
The resulting mitochondrial pellet was then washed with
the same medium without EGTA, and then centrifuged
at 15  000 g for 5 min. The final mitochondrial suspension contained 5 mg/mL protein determined by Lowry’s
method.

Determination of mitochondrial SDH and ATPase activity
The activities of mitochondrial SDH and ATPase were
detected using kits as described in the instruction manuals. The quantity of Pi production represented the activity
of ATPase and was measured by the active unit mmoL
Pi h mg protein. SDH activity was expressed as units/
mg.protein.
Statistical analysis
All results are expressed as mean ± SEM. Statistical comparisons were made using the one-way analysis of variance (ANOVA) test. The level of significance was set to a
P-value of 0.05. All tests were two-sided.

RESULTS

Determination of mitochondrial membrane potential
Mitochondrial membrane potential (MMP) was evaluated
from the uptake of rhodamine 123, which accumulates
electrophoretically into energized mitochondrial in response to their negative-inside membrane potential[25].
Briefly, 1800 µL of the phosphate buffer (pH 7.2) containing 250 mmol/L sucrose, 5 mmol/L KH 2PO 4, 3
mmol/L succinate and 0.3 µmol/L rhodamine 123 was
added to the cuvette, and the fluorescence was monitored
by fluorescence spectrometry with excitation and emission wavelengths of 503 nm and 527 nm, respectively.
After 30 s, the mitochondrial suspension (final concentration of 0.5 mg/mL protein) was added, and the fluores-
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Effect of rebamipide on diclofenac-induced small
intestinal permeability in mice
Non-absorbed macromolecules, such as EB and FITC-D,
are often used as probes in intestinal permeability tests.
The amount of Evans Blue which had permeated into
the intestinal wall and the plasma FITC-D concentrations
in the diclofenac group were significantly higher than
those in the control group (P < 0.01, Figure 1). These
results indicated that diclofenac damaged the small intestinal mucosal barrier, which resulted in an increase in
intestinal permeability. Rebamipide significantly reduced
Evans Blue and FITC-D permeation.
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Figure 1 Effects of rebamipide on diclofenac-induced small intestinal permeability in mice. Values are mean ± SEM of data obtained from 8 mice in each
group. bP < 0.01 compared with the diclofenac group.

A

B

C

Figure 2 Transmission electron microscopic appearances of diclofenac-induced small intestinal injuries in mice (original magnification × 20  000). A: Control group; B: Diclofenac group; C: Rebamipide group (400 mg/kg). In the diclofenac group, partial deformation of intestinal epithelial cells, intestinal microvillus reduction, disarrangement of the epithelial surface and broader junctional complexes, tight junction opening were seen. Rebamipide group showed regular and intensive
microvillus, and ameliorated tight junction when compared with the diclofenac group.

Effects of rebamipide on diclofenac-induced
ultrastructure of the intestinal barrier in mice
TEM observations showed that the intestinal mucosa in
the diclofenac group (Figure 2B) demonstrated visible
injury and a portion of the intestinal epithelial cells were
deformed, in addition, a significant reduction in intestinal microvilli, disarrangement of the epithelial surface,
broader junctional complexes, and open tight junctions
were observed when compared with the control group
(Figure 2A). In contrast, the rebamipide group displayed
nearly normal intestinal epithelial cells, regular and numerous microvilli, and clearly heightened tightness in the
tight junctions (Figure 2C).

may be related to the reduction in small intestinal injury
(Figure 3).
Effects of rebamipide on diclofenac-induced impairment
of liver mitochondrial functions, mitochondrial
membrane potential
In the control group, the fluorescence intensity was
rapidly reduced within 30 s after the mixture of mitochondria with rhodamine 123, it then began to rise and
reached a steady-state within 90 s (Figure 4). Compared
with the control group, the reduction in fluorescence
intensity in the diclofenac group decreased slightly, indicating that the uptake of rhodamine 123 in mitochondria
was smaller in the diclofenac group than in the control
group. The reduction in mitochondrial rhodamine 123
uptake was reversed in the rebamipide group indicating
that rebamipide significantly improved the impairment of
MMP.

Effects of rebamipide on small intestinal MDA content
and MPO activity
Compared with the control group, the small intestinal
MDA content and MPO activity were significantly increased in the diclofenac group (1.65 ± 0.32 vs 0.97 ± 0.28
nmol/mg protein, and 0.236 ± 0.027 vs 0.159 ± 0.025 U/
g, respectively, both P < 0.01), indicating that diclofenac
caused oxidative damage and inflammation in small intestinal mucosa. Rebamipide significantly reduced the MDA
content and MPO activity demonstrating that the antioxidative and anti-inflammatory effects of rebamipide
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Mitochondrial swelling
It has been shown that pH change and high calcium
can cause mitochondrial swelling, which is detected by a
reduction in mitochondrial absorbance at certain wavelengths. After adding the reaction buffer (at pH 7.2) or
0.3 mmol/L of CaC12, the mitochondrial absorbance at
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decrease in the diclofenac group was smaller than that in
the control group (Figure 5A and B), demonstrating that
liver mitochondrial dysfunction was induced by diclofenac administration. Compared with the diclofenac group,
the absorbance of rebamipide was significantly increased,
indicating that rebamipide improved impaired liver mitochondrial functions.
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Figure 4 Effects of rebamipide on diclofenac-induced liver mitochondrial
membrane potential. In the control group, the fluorescence intensity was
reduced within 30 s, and then began to rise and reached a steady state within
90 s. The fluorescence intensity reduction in the diclofenac group was smaller
than that in the control group, indicating that the liver mitochondrial membrane
potential was decreased by diclofenac administration. The reduction in the fluorescence intensity in the rebamipide group was greater than that in the diclofenac group indicating that rebamipide improved the impairment in mitochondrial
function induced by diclofenac.

Mitochondrial NADH levels, SDH and ATPase activities
Compared with the control group, significant decreases
in NADH levels, ATPase and SDH activities in liver mitochondrial were seen in the diclofenac group (Figure 6).
Rebamipide significantly increased these levels and activities, demonstrating that rebamipide enhanced cellular
stress response capacity and maintenance of mitochon-

520 nm declined, indicating mitochondrial swelling due
to abnormal osmotic pressure. The extent of absorbance
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Figure 5 Effects of rebamipide on diclofenac-induced liver mitochondrial
swelling in mice. A: After adding the reaction buffer, the absorbance at 520
nm in the control mitochondria declined rapidly. The decrease was smaller in
the presence of diclofenac compared with that in the control, demonstrating
that liver mitochondrial dysfunction was induced by diclofenac administration.
This reduction in absorbance was significantly increased in the presence of rebamipide, indicating that rebamipide improved impaired mitochondrial function;
B: After adding 0.3 mmol/L CaC12 reaction buffer, the absorbance at 520 nm in
the control mitochondria declined rapidly, suggesting significant swelling of mitochondria. The decrease was smaller in the presence of diclofenac compared
with that in the control, demonstrating that liver mitochondrial dysfunction was
induced by diclofenac administration. This reduction was significantly increased
in the presence of rebamipide, indicating that rebamipide improved impaired
mitochondrial function.

Diclofenac
Normal
Reb (400 mg/kg)

0

-150
-200

Figure 3 Effects of rebamipide on small intestinal malondialdehyde content and myeloperoxidase activity. Values are mean ± SEM of data obtained
from 8 mice in each group. aP < 0.05, bP < 0.01 compared with the diclofenac
group. MDA: Malondialdehyde; MPO: Myeloperoxidase.
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prevent NSAID-induced lower GI complications.
Bjarnason et al[31] advocated that an increase in the
permeability of small intestinal mucosa was an important
factor in the mechanism of NSAID-induced small intestinal injury. Increased intestinal permeability leads to large
molecules contained in food substances, bile acids, pancreatic juice, bacteria and other toxins within the lumen
passing through the intestinal epithelial barrier, causing
intestinal inflammation and injury. Therefore, the change
in small intestinal permeability could directly reflect small
intestinal mucosal integrity and barrier function, and help
to identify early damage to intestinal mucosa.
In the present study, we investigated intestinal permeability induced by diclofenac and the protective effects
of rebamipide. Because non-absorbed macromolecules,
such as EB and FITC-D, are often used as probes in
intestinal permeability tests, we investigated the amount
of Evans Blue permeating into the intestinal wall (460.6
± 89.7 vs 887.1 ± 108.3) and the significant elevation
in plasma FITC-D concentrations (5.56 ± 1.82 vs 9.77
± 1.03) (Figure 1). By using TEM technology, visible
injury, deformed intestinal epithelial cells, a significant
reduction in intestinal microvilli, disarrangement of the
epithelial surface, broader junctional complexes, and
opened tight junctions were observed in the diclofenac
group (Figure 2B). Administration of rebamipide significantly improved small intestinal mucosal permeability
and the ultrastructure changes showed more regular and
numerous microvilli, and ameliorated tight junctions
(Figure 1 and Figure 2C).
On the other hand, our results demonstrated that
small intestinal injury induced by diclofenac was associated with increased permeability, ulcers and edema
macroscopically, and small intestinal villi damage, partial
epithelial denudation, and infiltration of inflammatory
cells microscopically. Rebamipide reduced these small intestinal injuries both macroscopically and microscopically.
Administration of rebamipide prevented small intestinal
injury and histopathologic changes induced by diclofenac
(data not shown).
Matysiak et al[13], using HT29-19A intestinal epithelial
cells, reported that rebamipide may exert its protective
effect on gastric mucosa by reinforcing the epithelial barrier. Banan et al[32], using human intestinal (Caco-2) cell
monolayers, reported that rebamipide prevented oxidation of actin and led to the protection of actin cytoskeleton and intestinal barrier integrity against oxidant insult.
These two reports show that rebamipide acts in the management of tight junctions in small intestinal mucosa. It
is suggested that rebamipide improved intestinal mucosa
integrity by reducing intestinal permeability.
Rebamipide removes oxygen free radicals in epithelial cells. It has been reported to promote healing and
prevent relapse of gastric ulcers, which is attributed to
inﬂammatory cell migration into the gastric mucosa[33].
Kim et al[34] reported that rebamipide significantly inhibited upper GI mucosal damage induced by NSAIDs in a
randomized controlled trial carried out in healthy volun-
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Figure 6 Effects of rebamipide on diclofenac-induced decreases in liver
mitochondrial nicotinamide adenine dinucleotide-reduced levels, succinate dehydrogenase and ATPase activities in mice. Values are mean ±
SEM of data obtained from 8 mice in each group. bP < 0.01 compared with the
diclofenac group. SDH: Succinate dehydrogenase; NADH: Nicotinamide adenine dinucleotide-reduced.

drial energy metabolism.

DISCUSSION
Recently, several investigators have shown that the administration of NSAIDs induces small intestinal damage. Bjarnason et al[28] demonstrated that in 97 patients
who took NSAIDs for more than 2 mo these agents
caused enteropathy in 66% of these patients. Sigthorsson et al[29-30] demonstrated that intestinal adverse events,
defined as hospitalization for intestinal perforation or
hemorrhage, occurred in 72% of 286 patients who took
12 different NSAIDs. These trials showed that chronic
NSAIDs use not only causes upper GI injury, but also
lower GI injury. To date, there are no effective drugs to
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rebampide in the treatment of NSAIDs enteropathy.

teers. In addition, rebamipide was protective in NSAIDinduced lower GI injuries. Niwa et al[35] reported that
taking rebamipide plus diclofenac significantly prevented
small intestinal injury compared with placebo plus diclofenac. However, the protective mechanism of rebamipide
on intestinal mucosal injury remains unclear.
Many researchers have demonstrated that mitochondrial injury is part of the mechanism of intestinal damage
induced by NSAIDs, which also includes dissipating the
mitochondrial transmembrane potential, and inducing the
mitochondrial permeability transition pore, which liberates cytochrome c, resulting in the caspase cascade and
cellular lipid peroxidation, inducing cellular apoptosis.
The fluorescent molecular probe, rhodamine 123, can
enter the mitochondrial matrix through mitochondrial
membrane potential dependent-substrate, and can reflect
mitochondrial membrane potential by measuring the
changes in optical density[25]. Research has shown that
rebamipide exerted a protective effect on mitochondrial
membrane stability in gastric epithelial cells[36], however,
the mechanism remains unknown. In our study, as it was
exceedingly difficult to obtain a high yield of mitochondria from intestinal tissue[24], mouse liver mitochondria
were isolated to examine mitochondrial function instead of small intestinal mitochondria according to the
method of Somasundaram. We found that rebamipide
had a protective role in mitochondrial damage induced
by diclofenac, which was related to the maintenance of
mitochondrial membrane potential, an improvement in
mitochondrial function, enhanced enzyme activities in
the mitochondrial respiratory chain and the maintenance
of energy metabolism, which indicated that the protective effect of rebamipide may be related to mitochondrial
protection.
In conclusion, the administration of diclofenac in
mice induced small intestinal mucosal damage and was
associated with small intestinal hyperpermeation. Rebamipide showed a preventive effect on hyperpermeation, which was related to mitochondrial protection.

Terminology

NSAIDs enteropathy, mitochondria, rebamipide, intestinal mucosal permeability.

Peer review

This is an interesting paper investigating the effects of NSAIDs on intestinal
permeability and the protective effect of rebamipide on diclofenac-induced injury. However, for this kind of pharmacological study, a clear dose-dependency
has not been found.
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METHODS: Authors describe semiquantitative determination of 16 urinary bile acid metabolites by electrospray ionization-tandem mass spectrometry. Sample
preparation was performed by solid-phase extraction.
The total analysis time was 2 min per sample. Authors
determined bile acid metabolites in 363 patients with
suspected defects in bile acid metabolism.
RESULTS: Abnormal bile acid metabolites were found
in 36 patients. Two patients had bile acid synthesis
defects but presented with atypical presentations. In
2 other patients who were later shown to be affected
by biliary atresia and cystic fibrosis the profile of bile
acid metabolites was initially suggestive of a bile acid
synthesis defect. Three adult patients suffered from cerebrotendinous xanthomatosis. Nineteen patients had
peroxisomal disorders, and 10 patients had cholestatic
hepatopathy of other cause.
CONCLUSION: Screening for urinary cholanoids should
be done in every infant with cholestatic hepatopathy as
well as in children with progressive neurological disease
to provide specific therapy.
© 2012 Baishideng. All rights reserved.
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AIM: To investigate the clinical presentations associated

WJG|www.wjgnet.com

1067

March 14, 2012|Volume 18|Issue 10|

Haas D et al . Bile acid synthesis defects

termination of bile acid profiles in urine and plasma[12-15],
but the most useful screening test is analysis of urinary
cholanoids (bile acids and bile alcohols) by electrospray
ionization-tandem mass spectrometry (ESI-MS/MS)[2].
However, patients with severely compromised liver
function of different origin may show patterns of bile
acid metabolites resembling those of bile acid synthesis
defects and patients with disorders of bile acid synthesis
may present with atypical clinical symptoms making a
straightforward diagnosis impossible. In this study urinary bile acids of 363 patients with suspected defects in
bile acid metabolism were determined and in 36 patients
an abnormal bile acid pattern was recognized. This paper focuses on 2 groups of patients: those with proven
defects of bile acid synthesis, who present with atypical clinical symptoms and those with cholanoid profiles
pointing to a defect of bile acid synthesis who were later
shown to have a different disorder. We describe clinical
presentations, present differential diagnoses and analyze
the diagnostic pitfalls of the ESI-MS/MS method in
these patients.
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INTRODUCTION
Inborn errors of bile acid synthesis can result in potentially treatable progressive cholestatic liver disease and
neurological disease. Liver disease often presents in early
childhood with jaundice, deficiency of fat-soluble vitamins, acholic stools and hepatomegaly. Serum aminotransferases and conjugated bilirubin are usually elevated
and typically, gamma glutamyl transpeptidase activity is
normal. Progressive neurological disease usually occurs
later in childhood or early adulthood with pyramidal tract
dysfunction, cerebellar signs, sensory-motor neuropathy
and cognitive decline.
The synthesis of bile acids in the liver is the main pathway of cholesterol degradation. Many enzymes localized
in different subcellular compartments of hepatocytes interact in the conversion of cholesterol to bile acids. Thus,
defective functioning of one or more of these enzymes
results in a deficiency of the final bile acids chenodeoxycholic acid and cholic acid (Figure 1) as well as the formation of atypical sterol intermediates (Table 1) including
unusual bile acids and bile alcohols, which can be hepatotoxic or interfere with biliary secretion leading to cholestasis and malabsorption of fat-soluble vitamins. Severe liver
disease in turn gives rise to serum aminotransferases and
conjugated bilirubin levels while serum gamma glutamyl
transpeptidase activity in patients with bile acid synthesis
defects remains normal despite severe cholestasis[1]. This
contributes to the fact that glutamyl transpeptidase is
localized mainly at the luminal plasma membrane of bile
duct epithelium cells. It increases if bile acids dissolve the
glutamyl transpeptidase from this membrane. In patients
with bile acid synthesis defects (and in those with a bile
acid transporter defect) these bile acids are not produced.
Therefore no increase in glutamyl transpeptidase is seen
despite severe cholestasis[2].
At the genetic level, 9 inborn errors in the bile acid
biosynthetic pathways have been described to date: cerebrotendinous xanthomatosis, 3β-hydroxy-Δ5-C27-steroid
dehydrogenase/isomerase deficiency[3], Δ4-3-oxosteroid
5 β -reductase (5 β -reductase) deficiency [4], oxysterol
7α-hydroxylase deficiency[5], cholesterol 7α-hydroxylase
deficiency[6], as well as the peroxisomally located defects
2-methylacyl-CoA racemase (AMCAR) deficiency [7,8],
D-bifunctional protein deficiency[9,10], sterol carrier protein X (SCPx) deficiency[11]. The clinically most important
errors are depicted in Table 1.
Several analytical techniques are available for the de-
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MATERIALS AND METHODS
Ethics
This study has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical Association. Sample collection for this study was approved
by the ethics committee of the medical faculty, University
of Heidelberg, Germany (No. 071/2005).
Patients
The control population consisted of 100 healthy and
non-symptomatic children, adolescents and young adults
ranging in age from 10 d to 20 years. Urine specimens
were collected in our hospital and used to establish the
normal ranges of the 16 metabolites assayed. As positive
controls, we additionally investigated patient samples collected previously at the UCL Institute of Child Health,
London; these samples were obtained from patients with
the following confirmed defects: 3β-hydroxy-Δ5-C27steroid dehydrogenase (3β-HSD) (n = 1), 5β-reductase
deficiency (n = 1), peroxisomal biosynthesis disorders (n
= 3), and cerebrotendinous xanthomatosis (n = 3).
After establishing reference ranges urine samples of
patients with suspected bile acid synthesis defects were
investigated in the clinical routine. To date samples of
363 patients have been analyzed. Thirty-six of those
showed abnormal results and are further discussed in this
study. The remaining 327 patients had normal or nonspecific bile acid profiles. In the following, 3 clinically
especially instructive histories from patients are briefly
summarized.
Patient MD
This girl, the second child of healthy Turkish parents
who are first cousins, was born after 35 wk of an otherwise uneventful pregnancy. Shortly after birth a persistent
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Cholesterol
"Neutral pathway"

"Acidic pathway"

Sterol 27-hydroxylase
deficiency (CTX )

Cholesterol 7α-hydroxylase deficiency
7α-OH-cholesterol

27-OH-cholesterol

3β-HSD deficiency
7α,12α-diOH-cholesten-3-one

7α-OH-4-cholesten-3-one

3β-OH-5-cholestenoic acid

5β-reductase deficiency
Oxysterol
7α-hydroxylase
deficiency

7α,12α-diOH-5β-cholestan-3-one

7α-OH-5β-cholestan-3-one

5β-cholestan-3α,7α-diol

3β,7α-diOH-5-cholestenoic acid

5β-cholestan-3α,7α,12α-triol

Sterol 27-hydroxylase deficiency (CTX )
3β-HSD deficiency

5β-cholestan-3α,7α,27-triol

7α-OH-3-oxo-4-cholestenoic acid

5β-cholestan-3α,7α,12α,27-tetrol

3α,7α-diOH-5β-cholestanoic acid

3α,7α,12α-triOH-5β-cholestanoic acid

(25R)-3α,7α,12α-triOH-5β-cholestanoyl-CoA

(25R)-3α,7α-diOH-5β-cholestanoyl-CoA
Defects of peroxisomal biogenesis

AMACR deficiency
(25S)-3α,7α-diOH-5β-cholestanoyl-CoA

(25S)-3α,7α,12α-triOH-5β-cholestanoyl-CoA

3α,7α-diOH-5β-cholest-24-enoyl-CoA

3α,7α,12α-triOH-5β-cholest-24-enoyl-CoA

DBP deficiency
3α,7α,12α-triOH-5β-24-oxocholestanoyl-CoA

3α,7α-diOH-5β-24-oxocholestanoyl-CoA

SCPx deficiency
3α,7α-diOH-5β-cholanoyl-CoA

3α,7α,12α-triOH-5β-cholanoyl-CoA

Chenodeoxycholic acid

Cholic acid

Figure 1 The metabolic pathway of bile acid biosynthesis. The classical “neutral pathway” with chenodeoxycholic acid and cholic acid as end products is the main
pathway in adults. In children, the alternative “acidic pathway” with chenodeoxycholic acid as major product is more active. The end products are exported as glycine or
taurine conjugates into the bile canaliculi. Known metabolic blocks are displayed as bars and the specific defects in italic script. CTX: Cerebrotendinous xanthomatosis.

metabolic acidosis was observed, which was treated with
bicarbonate supplementation. She also had nephrocalcinosis and failure to thrive. Because phosphate excretion
was also elevated DeToni-Debré-Fanconi syndrome was
suspected. At age 6 years she developed gait ataxia, muscle weakness, and external ophtalmoplegia. A severe deficiency of fat-soluble vitamins became evident (vitamin A:
0.89 μmol/L, reference range 1.09-3.07, vitamin E: 19.89
μmol/L, reference range 25-42). Aspartate aminotransferase (AST) was 66 U/L (reference range < 39), alanine
aminotransferase (ALT) 46 U/L (reference range < 34),
gamma glutamyltransferase (GGT) 22 U/L (reference
range < 38), total bilirubin 24 μmol/L (reference range
< 17), and conjugated bilirubin 12 μmol/L (reference
range < 5). Abdominal ultrasound showed normal hepatic echotexture. Because multiple organ systems were
involved a defect of mitochondrial energy metabolism

WJG|www.wjgnet.com

was suspected but lactate concentrations in blood and
CSF (cerebrospinal fluid), determination of respiratory
chain and pyruvate dehydrogenase complexes in frozen
muscle as well as mutation analysis for pediatric mitochondrial disorders such as MERRF (myoclonic epilepsy
with “ragged red fibres”), MELAS (encephalomyopathy,
lactic acidosis, stroke-like episodes) and NARP (neuropathy, ataxia, retinitis pigmentosa) were all normal. After the
diagnosis of the bile acid synthesis disorder 3β-hydroxyΔ5-C27-steroid dehydrogenase deficiency was established
by analysis of urinary bile acid metabolites, supplementation with vitamins A, E and K normalized her vitamin A
levels but those of vitamin E remained below the normal
range. After adding ursodeoxycholic acid and chenodeoxycholic acid, vitamin concentrations normalized
quickly and remained so even after discontinuation of
vitamin supplementation. Her gait improved significantly
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Table 1 Reference ranges of bile acid metabolites which accumulate in different bile acid biosynthesis defects
Metabolite

m/z

Median

Range

3β-hydroxy-Δ5-C27-steroid dehydrogenase deficiency
HSD3B7
16p11.2-12
OMIM: 23110

Glyco-dihydroxy-5-cholenoic acid
Glyco-trihydroxy-5-cholenoic acid
Dihydroxy-5-cholenoic acid sulphate
Trihydroxy-5-cholenoic acid sulphate

526
542
469
485

0.05
0.07
0.71
0.08

0.0-0.9
0.0-0.4
0.15-8.1
0.0-2.0

Δ4-3-oxosteroid 5-β-reductase deficiency
AKR1D1
7q31
OMIM: 235555

Glyco-hydroxy-oxo-cholenoic acid
Glyco-dihydroxy-oxo-cholenoic acid
Tauro-hydroxy-oxo-cholenoic acid
Tauro-dihydroxy-oxo-cholenoic acid

444
460
494
510

0.03
0.04
0.02
0.04

0.0-0.4
0.0-2.4
0.0-0.5
0.0-5.0

Defects of peroxisomal biogenesis
Multiple
OMIM: 214100

Tauro-tri-hydroxycholestanoic acid
Tauro-tetra-hydroxycholestanoic acid

556
572

0.02
0.02

0.0-0.3
0.0-0.2

Glucuronide-5β-cholestane-tetrol
Glucuronide-5β-cholestane-pentol

611
627

0.24
0.37

0.0-1.6
0.1-4.3

Glyco-chenodeoxy-cholic acid
Glyco-cholic acid
Tauro-chenodeoxy-cholic acid
Tauro-cholic acid

448
464
498
514

0.49
0.64
0.05
0.08

0.0-5.2
0.1-14.6
0.0-0.8
0.0-8.4

Defect

Sterol 27-hydroxylase deficiency
(cerebrotendinous xanthomatosis)
CYP27A1
2q33-qter
OMIM: 213700
Cholestatic liver disease
Multiple

The disorders are listed with their Online Mendelian Inheritance in ManTM (OMIM) and their genetic defect, respectively. Reference ranges for bile acid
metabolites which are increased in different bile acid synthesis defects were established in 100 healthy children, adolescents and young adults of age 10 d
to 20 years. The metabolites are arranged to their appearance in different pathological conditions. Data are peak area ratios obtained for conjugates versus
internal standard normalized to mol creatinine. The characteristic fragment ions used for detection of the metabolites are given as the mass-to-charge ratio
(m/z).

and after a short period of treatment her muscle strength
returned to normal.

ral for liver transplantation. Segments 2 and 3 of her
mother’s liver were transplanted successfully at age 4.5
mo. Examination of the explanted liver and biliary tree
confirmed the diagnosis of biliary atresia. Several days
after transplantation she developed rejection, which was
successfully treated with immunosuppression. At age 10
mo the patient was doing well.

Patient AS
This baby girl was the first child of healthy non-consanguineous Tamil parents. At age 4 wk scleral icterus was
observed. Additionally, she developed dark urine and
pale stools, but her weight gain was within the normal
range. Laboratory investigations at age 13 wk showed
elevated AST (681 U/L, reference range < 74), ALT
(344 U/L, reference range < 60) and normal GGT (99
U/L, reference range < 160). Total bilirubin was 268
μmol/L (reference range < 21), conjugated bilirubin was
185 μmol/L (reference range < 5). The gall bladder was
not detectable in abdominal ultrasound, therefore biliary
atresia was suspected. Explorative laparotomy showed
a completely cirrhotic liver; there was no excretion of
marker dye into the bile ducts. Due to the severe cirrhosis a Kasai procedure was not attempted. A primary
liver transplantation was planned. Histological examination of a liver biopsy showed proliferating bile ducts and
no giant cells consistent with biliary atresia; however,
analysis of bile acids was suggestive of Δ4-3-oxosteroid
5 β -reductase deficiency. Subsequent DNA sequencing of the exons of the patient’s AKR1D1 gene failed
to reveal mutations, thereby excluding the diagnosis of
primary 5β-reductase deficiency. She was treated with
cholic acid and ursodeoxycholic acid but her condition
deteriorated with progressive ascites, which led to refer-
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Patient KS
This boy was the first child of non-consanguineous German parents. His mother suffered from a stroke at the
age of 20 years. Follow-up investigations were not performed. At the age of 6 years attention deficit hyperactivity disorder (ADHD) was diagnosed in patient KS and
treatment with methylphenidate was initiated. After primary school he attended a secondary school for children
with learning difficulties. His parents noted recurrent
diarrhea, especially after consuming sweets. At the age of
14 years bilateral cataracts were diagnosed. After surgery
he was referred for metabolic workup. Galactose metabolites, homocysteine and urinary oligosaccharides were
all normal. Cranial magnetic resonance imaging (MRI)
showed increased signal intensity in cerebellar white matter in T2. Analysis of urinary bile acid metabolites was
suggestive of cerebrotendinous xanthomatosis. Sterol
analysis of plasma showed a clearly elevated concentration of cholestanol (0.24 μmol/L, reference range < 0.01),
together with positive results of mutation analysis confirming the diagnosis. Treatment with chenodeoxycholic
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the four precursor ion scans are given in Table 2.
Data acquisition was carried out by Analysis 1.4.1
software. The determination of the 16 relevant analytes
in urine was semi-quantitative since only one internal
standard, D4-glycocholic acid, was used as a reference
quantity. Therefore the resulting values were given as
analyte/internal standard peak-area ratios normalized
to mol creatinine. Creatinine determination in urine was
performed on an Olympus AU 400 analyzer using the
creatinine kit (Beckman Coulter, Krefeld, Germany).

Table 2 Electrospray ionization-tandem mass spectrometry
operating parameters for bile acid intermediates
Taurine Sulfatides Glucuronides
Glycine
conjugates conjugates
(IS included)
Nebulizer gas (au)
Curtain gas (au)
Collision gas (au)
Ion spray voltage (V)
Temperature (℃)
Declustering
potential (V)
Focusing potential
(V)
Entrance potential
(V)
Prefilter (V)
Collision energy (V)
Collision cell exit
potential (V)
Daughter ion (m/z)
Scan range of
precursor ions (m/z)

11
9
5
-4100
200
-35

11
9
5
-4100
200
-35

11
9
5
-4100
200
-35

11
9
5
-4100
200
-35

-31

-31

-31

-31

-10

-10

-10

-10

23
-55
-9

23
-129
-9

23
-60
-9

23
-75
-9

74
430 to 550

80
97
490 to 590 460 to 490

Determination of 3β -hydroxy-Δ5-C27-steroid
dehydrogenase activity in fibroblasts
Patient and control fibroblasts were cultured in Dulbecco's modified eagle medium with 10% bovine serum, and
antibiotic supplements. After 5-10 passages cells were
trypsinized, washed with PBS and stored as pellets at
-70 ℃ until required.
The activity of 3β-hydroxy-Δ5-C27-steroid dehydrogenase was determined as described previously[17,18]. Briefly,
fibroblasts were thawed on ice, resuspended in potassium
phosphate buffer (0.1 mol/L, pH 7.5) and sonicated. Cell
suspensions containing 1 mg protein were preincubated
with 14C-labelled 7α-hydroxycholesterol (0.05 mmol/L
in 5 μL acetone) and buffer for 5 min in a 37 ℃ shaking
water bath. The reaction was initiated with the addition
of 50 μL of nicotinamide adenine nucleotide (NAD) (1.5
mmol/L), with a final reaction volume of 0.5 mL. After 1
hour the reaction was stopped with the addition of 2 mL
of ethanol, followed by 3 mL of water. Extractions were
performed twice with n-hexane/ethyl acetate (1:1 v/v).
Negative controls included a reaction with extract from
control fibroblasts without the addition of NAD, and an
assay with no cellular extract added.
The extracts were dried under argon, re-dissolved in
toluene/ethyl acetate (1:1 v/v) and spotted onto a thin
layer chromatography (TLC) plate, which was developed
using a mobile phase of toluene/ethyl acetate (1:1 v/v).
Visualization of sterol products was performed using a
phosphoimager according to the manufacturer’s recommendations (Fuji Medical Systems, Stamford, United States).

85
600 to 630

The mass spectrometer was operated in a negative precursor ion scan
mode with a step-size of 0.1 amu. Nitrogen was used as nebulizer, curtain
and collision gases. au: Arbitrary units; IS: D4-glycocholic acid.

acid normalized bowel movements and the sterol profile.
The patient has not developed ataxia or xanthomata. At
the age of 19 years he is an apprentice landscaper.
Analysis of bile acid conjugates
Urine samples were stored at -20 ℃ until analysis. Sample
preparation was performed by solid-phase extraction
(SPE) using a OasisTM HLB cartridge as described previously[16]. In brief, the cartridge was preconditioned with 2
× 1 mL dichlormethane/methanol (2:1, v/v) and 1 mL
purified water. To a fixed volume of 300 μL urine 10 μL
internal standard solution (100 μmol/L D4-glycocholic
acid) was added. The urine sample was then applied onto
the preconditioned cartridge and washed with 2 mL each
of purified water and n-hexane. The bile acid conjugates
were eluted with 300 μL of 700 mL/L aqueous methanol
(v/v). The eluate was directly used for injection to tandem mass spectrometer. The sample preparation time for
a series of 20 samples takes about 1.5 h.
ESI-MS/MS measurement was carried out using a
triple quadrupole IONICS EP 10+ upgraded Perkin
Elmer Sciex API 365 mass spectrometer equipped with
a turbo spray ion source. The mobile phase contained
acetonitrile/purified water (1:1, v/v). 10 μL eluate of the
SPE cartridge was directly injected. The flow rate was 80
μL/min over a total run time of 2 min.
The 16 urinary bile acid metabolites (glycine and taurine conjugates, sulfates and glucuronides) were identified with negative electrospray ionisation. Characteristic
fragment ions used to determine the bile acid metabolites
according to[17-22] are given in Table 1 as their mass-tocharge ratio (m/z). ESI-MS/MS operating parameters for
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Mutation analysis of HSD3B7 and AKR1D1 loci
Genomic DNA was extracted from cultured fibroblasts
or whole blood collected into EDTA-containing tubes
by standard methods. Individual exons together with an
average of 25 base pairs of 5’- and 3’-flanking intronic
DNA from the 3β-hydroxy-Δ5-C27-steroid dehydrogenase
gene (HSD3B7) and Δ4-3-oxosteroid 5β-reductase gene
(AKR1D1) were amplified and subjected to DNA sequence analysis as described previously[18,19].

RESULTS
Reference intervals and control ranges
Bile acid conjugates were extracted from urine and 16 metabolites (6 glycine conjugates, 6 taurine conjugates, 2 sulfates and 2 glucuronides) were determined semi-quantita-

1071

March 14, 2012|Volume 18|Issue 10|

Haas D et al . Bile acid synthesis defects

as absent gall bladder upon ultrasound and missing excretion of bile in the gut have been described previously
in patients with 5β-reductase deficiency, we performed
mutation analysis of the AKR1D1 gene, which was normal, excluding 5β-reductase deficiency. Similarly, no mutations were detected in the 3β-hydroxy-Δ5-C27-steroiddehydrogenase gene (HSD3B7).
A quite similar cholanoid profile with low amounts of
cholic and chenodeoxycholic acid conjugates was found
in another patient, MK, a 7 mo old patient with failure
to thrive and severe cholestatic liver disease (Table 3). In
this patient cystic fibrosis was confirmed by an abnormal
sweat test, abnormal ion transport in rectal epithelial
cells and heterozygosity for the mutation ΔF508 in the
CFTR gene. Supplementation with ursodeoxycholic acid,
pancreatic enzymes and fat-soluble vitamins completely
normalized the cholanoid profile.

Table 3 Peak area ratios of specific glycine and taurine
conjugates in controls, patients with cholestatic liver disease
(cholestasis) and patients AS and MK with suspected
5β-reductase deficiency
Metabolite

m/z

Glyco-hydroxyoxo-cholenoic
acid
Glycodihydroxy-oxocholenoic acid
Tauro-hydroxyoxo-cholenoic
acid
Taurodihydroxy-oxocholenoic acid
Glycochenodeoxycholic acid
Glyco-cholic acid
Taurochenodeoxycholic acid
Tauro-cholic acid

444

0-0.4

460

Controls Cholestasis
(n = 100) (n = 10)

AS

MK

MK

1-210

34

104

14

0-2.4

8-251

15

1331

1

494

0-0.5

1-26

39

6

17

510

0-5

8-133

19

779

0

448

0-5.2

2-10  754

4

9

25

464
498

0.1-14.6
0-0.8

36-2814
1-718

17
9

49
45

47
10

514

0-8.4

6-749

9

10

1

1

3β-hydroxy-Δ5-C27-steroid dehydrogenase deficiencypatient MD: Analysis of urinary bile acid metabolites in
patient MD revealed large quantities of sulphate conjugates of di- and trihydroxy-5-cholenoic acid metabolites
characterized by m/z 469 and 485, respectively. Glycine
conjugates of di- and trihydroxy-5-cholenoic acid (m/z
526 and 542) were less pronounced, but clearly increased
compared to controls (Figure 2). Peaks attributable to the
glycine and taurine conjugates of chenodeoxycholic acid
and cholic acid (m/z 448, 464, 498 and 514, respectively)
were small or present at near baseline levels. This constellation of metabolites is characteristic of 3β-hydroxy-Δ5C27-steroid dehydrogenase deficiency.
Mutation analysis of the HSD3B7 gene showed homozygosity for a single base pair mutation (c.605G > C,
GenBank Accession #AF277719)) in exon 5 resulting in
an amino acid substitution (p.G196A). This mutation has
not been described before but has not been found in >
50 control DNAs.
To examine if this mutation affected enzyme activity
we determined 3β-hydroxy-Δ5-C27-steroid dehydrogenase
activity in the patient’s fibroblasts (Figure 3) as described
in materials and methods. In control fibroblasts (C) two
clear sterols were visualised after TLC developed under
standard conditions. These sterols were identified by gas
chromatography mass spectrometry as the substrate,
7α-hydroxycholesterol and the product, 7α-hydroxy-4cholesten-3-one of the 3β-HSD enzyme. In fibroblasts of
patient MD, little or no product was formed, indicative of
severely reduced 3β-hydroxy-Δ5-C27-steroid dehydrogenase activity. As a negative control, unaffected fibroblasts
were incubated with substrate in the absence of NAD and
the reaction subjected to TLC. In this case no product
was observed on the silica plate (results not shown).

Elevation of glycine and taurine conjugates of dihydroxy-oxo-cholenoic
acid (m/z 460 and 510) and hydroxy-oxo-cholenoic acid (m/z 444 and 494)
point to 3β-HSD. Elevation of glycine and taurine conjugates of cholic acid
(m/z 448 and 464) and chenodeoxycholic acid (m/z 498 and 514) point to
cholestatic liver disease. In patient AS, 5β-reductase and 3β-hydroxy-Δ5C27-steroid dehydrogenase deficiency were excluded by mutation analysis.
The cholanoid profiles of patient MK with cystic fibrosis are in a decompensated state with severe cholestatic liver disease and 1after treatment
with ursodeoxycholic acid, pancreatic enzymes and fat-soluble vitamins.

tively by ESI-MS/MS. We established reference ranges for
these 16 metabolites studied here in 100 subjects ranging
in age from 10 d to 20 years (Table 1); no age-dependency
for any of these bile acid conjugates was found (data not
shown).
Bile acid metabolites in patient samples
Cholestatic liver disease and cholanoid profiles mimicking 5β-reductase deficiency: In patients with cholestatic liver disease analysis of urinary bile acid metabolites
showed clearly increased excretion of glycine and taurine
conjugates of cholic acid and chenodeoxycholic acid
(m/z 448, 464, 498 and 514). In a subgroup of patients
with non-specified cholestatic liver disease (n = 10) we
additionally detected elevated excretion of glycine and
taurine conjugates of dihydroxy-oxo-cholenoic acid (m/z
460, 510) and hydroxy-oxo-cholenoic acid (m/z 444, 494),
however the elevation of cholic and chenodeoxycholic
conjugates always exceeded the excretion of (di)-hydroxyoxo-cholenoic acid conjugates (Table 3).
In patient AS with suspected biliary atresia excretion
of glyco-(di)-hydroxy-oxo-cholenoic acid conjugates was
elevated (Table 3). However, conjugates of cholic acid
and chenodeoxycholic acid were very low for an infant
with cholestasis. As some aspects of biliary atresia such

WJG|www.wjgnet.com

Cerebrotendinous xanthomatosis-patient KS and others: In patient KS analysis of urinary bile acid metabolites
showed increased excretion of glucuronide-5β-cholestanepentole (m/z 627) and less pronounced excretion of
glucuronide-5β-cholestane-tetrole (m/z 611). Mutation
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Figure 2 Precursor ion spectra of urinary bile acid metabolites from patient MD with 3β-hydroxy-Δ5-C27-steroid dehydrogenase deficiency and control.
The strongest signals were identified as sulphate conjugates of di- and trihydroxy-5-cholenoic acid scanning with m/z 469 and 485. Glycine conjugates of di- and
trihydroxy-5-cholenoic acid (m/z 526 and 542) were less pronounced, but also increased.
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C

C

MD

In a previously described 45-year old patient (HPH)[11]
with dystonic head tremor, spasmodic torticollis and leukencephalopathy in MR imaging we found increased excretion of 27-nor-5β-cholestanepentol-glucuronide (m/z
613) and 27-nor-5β-cholestanehexol-glucuronide (m/z
629). This patient was found to suffer from a defect of
peroxisomal sterol carrier protein X (SCPx)[11].

P

Substrate

DISCUSSION

Product

% Conversion

14.6

18.2

0.2

Defects of bile acid synthesis can present with a wide
variety of clinical symptoms from early infancy to adulthood. Cholestatic liver disease, which is often described
as the leading symptom, may not be evident as in patient
MD in the present cohort. Instead impaired absorption of fat-soluble vitamins may result in a multisystem
disorder with predominantly neurological symptoms in
early childhood. It is likely that vitamin E deficiency contributed to the ataxia seen in MD; spinocerebellar ataxia
is a common feature of vitamin E deficiency (as seen in
untreated abetalipoproteinemia). Myopathy has also been
reported in vitamin E deficiency in both man and experimental animals.
Cataracts are often the first sign of cerebrotendinous
xanthomatosis in school children and adolescents, with
xanthomatas and ataxia usually occurring later in life.
Treatment with chenodeoxycholic acid positively influences neurological disease and avoids development of
xanthomata and arteriosclerosis[21], therefore determination of bile acid metabolites and sterols should be included in the diagnostic workup of cataract in this age group.
In patients with peroxisomal disorders determination of bile acid metabolites is helpful in distinguishing
between defects of peroxisome biogenesis versus single
enzyme deficiencies. An elevated excretion of taurotetrahydroxy-cholestanoic acid is highly suggestive of a
defect in peroxisome biogenesis whereas increased excretion of tauro-tetra-hydroxy-24-ene-cholestanoic acid and
tauro-penta-hydroxy-24-ene-cholestanoic acid point to a
D-bifunctional protein defect. It is important to note that
a normal bile acid profile does not exclude peroxisome
biogenesis disorders as some patients may present without urinary bile acid abnormalities. Importantly bile acid
analysis may elucidate peroxisomal defects with predominantly neurological presentations as in peroxisomal SCPx
or α-methyl-acyl-CoA racemase deficiencies, in which
analysis of very long-chain fatty acids is not of diagnostic
value[11].
Earlier studies[22] have indicated that non-specific
cholestatic liver disease may result in elevated excretion
of hydroxy- and dihydroxy-oxo-cholenoic acids mimicking 5β-reductase deficiency. However, non-specific
cholestatic liver disease can usually be distinguished from
5β-reductase deficiency by the finding of elevated urinary
concentrations of the primary bile acids cholic acid and
chenodeoxycholic acid. From our study cohort 2 examples of patients with elevated hydroxy- and dihydroxyoxo-cholenic acids and low primary bile acids are de-

1.8

Figure 3 3β-hydroxy-Δ5-C27-steroid dehydrogenase activity in patient
fibroblasts. In control cells (C) two sterols were observed after thin layer
chromatography. These compounds were identified by gas chromatography
mass spectrometry as the substrate, 7α-hydroxycholesterol and product,
7α-hydroxy-4-cholesten-3-one, of 3β-hydroxy-Δ5-C27-steroid dehydrogenase.
In fibroblasts of patient MD and another patient with known 3β-hydroxy-Δ5-C27steroid dehydrogenase deficiency (P), little or no 7α-hydroxy-4-cholesten-3-one
was formed.

analysis of the CYP27A1 gene revealed compound heterozygosity for c.IVS6-1A and c.1213C > T (p.R405W) (University Medical Center Nijmegen, Department of Human
Genetics, DNA-Diagnostics). These are known pathogenic
mutations for cerebrotendinous xanthomatosis[20].
Additionally we found elevated concentrations of
5β-cholestane-tetrol glucuronides (mean excretion 4,
normal < 1.6) and -pentol glucuronides (mean excretion
28, normal < 4.3) in three adults unrelated to KS and to
each other with previously confirmed cerebrotendinous
xanthomatosis.
Peroxisomal disorders
We analyzed urinary bile acid metabolites in 21 infants
with suspected peroxisome biogenesis defects. All patients had profound neurological abnormalities and clearly elevated concentrations of hexacosanoic acid (C26:0).
In 16 patients, tauro-tetra-hydroxycholestanoic (m/z 572)
was elevated, consistent with a peroxisome biogenesis
defect. Of these patients 12 additionally showed an elevation of tauro-tri-hydroxycholestanoic acid (m/z 556),
but this increase was always lower than that measured
for tauro-tetra-hydroxycholestanoic acid. In two patients
there was no elevation of tauro-tetra-hydroxycholestanoic
acid but increases of tauro-tetra-hydroxy-24-ene-cholestanoic acid (m/z 570) and tauro-penta-hydroxy-24-enecholestanoic acid (m/z 586) were detected, pointing to
D-bifunctional protein deficiency (HSD17B4 gene).
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scribed, one presenting with biliary atresia (patient AS)
and the other (patient MK) with cystic fibrosis, cholestasis and severe malabsorption.
Since one patient with 5 β -reductase deficiency
had a clinical presentation resembling biliary atresia
5β-reductase deficiency should be considered in the differential diagnosis of biliary atresia[19]. Although liver
transplantation is curative for both biliary atresia and
5β-reductase deficiency, it is crucial to define the molecular basis of the diseases in these individuals prior to
counselling of the parents regarding recurrence risk in
further pregnancies. In our patient AS, mutation analysis
of the 5β-reductase gene (AKR1D1) excluded a deficiency in bile acid synthesis leaving biliary atresia as the
most likely diagnosis, so that she subsequently underwent
successful liver transplantation.
In patient MK, the common ΔF508 mutation was detected in the CFTR gene, and this individual experienced
a normalization of her urinary cholanoid profile after
supplementation with pancreatic enzymes, vitamins and
ursodesoxycholic acid.
The mechanism underlying the aberrant cholanoid
profiles in patients AS and MK is not clear. There may be
secondary inhibition of 5β-reductase by an as yet undefined substance occurring in both conditions.
Because of the clinical variability associated with
atypical presentations, as in the patients described in this
article, the availability of a quick and reliable method for
determination of bile acid metabolites is essential in the
diagnostic work-up. The ESI-MS/MS method described
is fast and reliable. However, in some patients cholanoid
profiles suggesting 5β-reductase deficiency are obtained.
In these cases mutation analysis of the AKR1D1 gene is
necessary. If 5β-reductase deficiency is excluded cystic
fibrosis or biliary atresia should be considered in the differential diagnosis.

In the present study authors analyzed urinary bile acid metabolites in a large
number of patients, in whom bile acid synthesis defects were suspected. In patients with abnormal bile acid profiles authors performed complete biochemical
and molecular diagnostic workup. The pitfalls of the ESI-MS/MS method were
evaluated and differential diagnoses discussed.

Applications

To expand the knowledge about clinical presentation of bile acid synthesis
defects and the differential diagnoses. To be aware of pitfalls of the ESI-MS/MS
method and further diagnostic procedures to confirm or exclude defects of bile
acid synthesis.

Peer review

This work is well written. Although the group of patients with bile acid synthesis
defects is small, it is important to make the clinical diagnosis. This paper will be
particularly interesting for pediatricians.
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Evaluation of acoustic radiation force impulse imaging for
determination of liver stiffness using transient elastography
as a reference
Gerald Kircheis, Abdurrahman Sagir, Christoph Vogt, Stephan vom Dahl, Ralf Kubitz, Dieter Häussinger
as compared to FS [604/606 (99.7%) vs 482/606
(79.5%), P < 0.001]. ARFI-SWV correlated significantly
with FS-LS (r = 0.920, P < 0.001). ARFI-SWV increased
significantly with the stage of fibrosis (1.09 ± 0.13 m/s
for patients with no significant fibrosis (FS-LS < 7.6
kPa); 1.46 ± 0.27 m/s for patients with significant liver
fibrosis (7.6 < FS-LS ≤ 13.0 kPa); and 2.55 ± 0.77 m/s
for patients with liver cirrhosis (FS-LS > 13.0 kPa)).
ARFI-SWV cut-off values were identified for no significant fibrosis (1.29 m/s; sensitivity 91.4% and specificity 92.6%) and for liver cirrhosis (1.60 m/s; sensitivity
92.3% and specificity 96.5%). The optimal cut-off
value for predicting liver fibrosis (F ≥ 2) was 1.32 m/s
(sensitivity 87.0% and specificity 80.0%) and for liver
cirrhosis (F4) 1.62 m/s (sensitivity 100% and specificity 85.7%), for patients who underwent liver biopsy.
An excellent inter-and intraobserver reproducibility was
observed for ARFI-SWV determinations.
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CONCLUSION: An ARFI-SWV cut-off value of 1.29 m/s
seems to be optimal for patients with no significant liver
fibrosis and 1.60 m/s for patients with liver cirrhosis.
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Abstract

Key words: Acoustic radiation force impulse imaging;
Elastography; Fibroscan; Liver

AIM: To evaluate cut-off values and performance of
acoustic radiation force impulse imaging (ARFI) using
©
transient elastography [FibroScan (FS)] as a reference.

Peer reviewer: Yuichiro Eguchi, MD, Department of Inter-

nal Medicine, Saga Medical School, 5-1-1 Nabeshima, Saga
849-8501, Japan

METHODS: Six hundred and six patients were enrolled
in this study. All patients underwent liver stiffness measurement with FS (FS-LS) and ARFI (with shear wave
velocity quantification; ARFI-SWV) and the performance
of ARFI in comparison to FS was determined. Sixtyeight patients underwent liver biopsy.

Kircheis G, Sagir A, Vogt C, vom Dahl S, Kubitz R, Häussinger D.
Evaluation of acoustic radiation force impulse imaging for determination of liver stiffness using transient elastography as a reference. World J Gastroenterol 2012; 18(10): 1077-1084 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v18/i10/
1077.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i10.1077

RESULTS: Significantly higher success rates for the
determination of liver stiffness were found using ARFI

WJG|www.wjgnet.com

1077

March 14, 2012|Volume 18|Issue 10|

Kircheis G et al . Evaluation of ARFI

INTRODUCTION

Table 1 Characteristics of patients at the time of liver
stiffness measurement (n = 606)

Liver biopsy is currently considered the gold standard for
assessing hepatic fibrosis or cirrhosis[1]. However, it is an
invasive procedure with rare but potentially life threatening complications. In addition, the accuracy of liver biopsy for assessment of fibrosis may suffer from sampling
errors and interobserver variability[2-6]. Therefore, research
has been focused on the evaluation of non-invasive
methods for assessment of liver fibrosis, such as routine
biological and hematologic tests, surrogate serum fibrosis
markers and measurement of liver elasticity[7-11]. Considerable experience exists for transient elastography[12].
Transient elastography [FibroScan© (FS)] is a rapid, noninvasive, and reproducible method for measuring liver
stiffness (FS-LS). A strong association between FS-LS and
the degree of liver fibrosis was demonstrated in patients
with chronic hepatitis[13-15]. A cut-off value of 13 kPa has
been established for the discrimination between liver fibrosis and cirrhosis[13]. For discrimination of fibrosis from
no significant fibrosis a cut-off value of 7.6 kPa was suggested[16]. However, FS is limited in patients with ascites or
a body mass index above 28 kg/m2[17]. Further limitations
of FS have been described in several studies[18-21].
Another noninvasive tool for the detection of liver
fibrosis is the acoustic radiation force impulse (ARFI)
imaging technology[22-24]. ARFI imaging has been incorporated into a conventional ultrasonographic (US) device
(Acuson S2000; Siemens Medical Solutions, Mountain
View, CA, United States). ARFI imaging technology involves the mechanical excitation of tissue using shortduration acoustic pulses in a region of interest, producing
shear waves that spread away from the region of interest[25-27]. By recording the shear wave-front and correlating these measurements with the elapsed time, the shear
wave velocity-SWV (m/s) can be quantified (ARFI-SWV).
The SWV increases with stiffness. Thus, the measured
SWV is an intrinsic and reproducible property of the tissue[28-30]. A significant correlation between ARFI imaging,
serum fibrosis marker tests, and the histologic fibrosis
stage was reported in a few pilot studies[31-33].
In this study, we compared FS-LS with ARFI-SWV.
Using the known cut-off values of 7.6 kPa and 13 kPa
for FS we established cut-off values for ARFI-SWV for
discriminating no significant liver fibrosis from significant
liver fibrosis and significant liver fibrosis from liver cirrhosis, respectively. Furthermore, inter- and intraobserver
reproducibility was studied for ARFI.

Patients, n
Male, n (%)
Age (yr)
ALT (IU/L)
AST (IU/L)
GGT (IU/L)
AP (IU/L)
Total bilirubin (mg/dL)
Prothrombin time (% of normal)
Chronic liver diseases, n (%)
Non-alcoholic steatohepatitis
Chronic hepatitis B
Chronic hepatitis C
Alcoholic liver disease
Autoimmune hepatitis
PBC/PSC
Others
Healthy controls
Liver biopsy available, n (%)

236 (38.9%)
48 (7.9%)
97 (16.0%)
52 (8.6%)
18 (3.0%)
12 (2.0%)
14 (2.3%)
129 (21.3%)
68 (11.2%)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
γ-glutamyl-transpeptidase; AP: Alkalic phosphatases; PBC: Primary biliary
cirrhosis; PSC: Primary sclerosing cholangitis.

Liver stiffness measured by FibroScan
Details of the technical background and examination
procedure have been described previously[12]. The tip of
the probe transducer was placed on the skin between the
ribs over the right liver lobe. The measurement depth
was between 25 mm and 65 mm below the skin surface.
Ten measurements were obtained in each patient. Determination of liver stiffness was considered valid, when
a success rate of at least 60% was obtained. The results
were expressed in kPa. The median value was taken as
representative.
Acoustic radiation force impulse-shear wave velocity
determination
In all patients, ARFI imaging (Acuson S2000, Virtual
Touch Tissue Quantification mode) and transient elastography (TE; FibroScan; Echosens, Paris, France) were
performed on the same day. The examination was performed in the right lobe of the liver, through the intercostal space, at the same site as the transient elastography
measurement. A measurement depth of 2 cm below the
liver capsule was chosen to standardize the examination
for ARFI-SWV. The mean value of ten measurements
was taken as representative.
Liver histology and quantification of liver fibrosis
A subgroup of 68 patients underwent liver biopsy in the
previous six months. Patients with histological proven
liver cirrhosis in the previous two years were also included. Liver biopsy specimens were fixed in formalin
and embedded in paraffin. Liver fibrosis was evaluated
semiquantitatively according to the METAVIR scoring
system. Fibrosis was staged on a 0-4 scale as follows: F0:
No fibrosis; F1: Portal fibrosis without portal septa; F2:
Portal fibrosis with few septa; F3: Numerous septa with-

MATERIALS AND METHODS
Patients
This study was approved by the ethics committee of
Heinrich Heine University. A total of 606 patients who
had consulted the Hepatology Unit of the University
Hospital Düsseldorf, Germany were included in this study.
Aetiology of the liver disease was determined according
to standard diagnostic criteria. Patients´ characteristics and
aetiologies of liver diseases are shown in Table 1.
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606
363 (59.9%)
53 ± 17
59 ± 159
53 ± 142
104 ± 218
97 ±84
1.1 ± 0.4
96 ± 22
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5.00

n = 18

lated as the agreement between the first and the second
ARFI evaluation. The agreement of liver stiffness between the right liver lobe and left liver lobe was calculated
using the ICC. Agreement was classified as poor (ICC =
0.00 to 0.20), fair to good (ICC = 0.40 to 0.75) or excellent (ICC = 0.75).

n = 106

ARFI-SWV (m/s)

4.00

3.00

2.00

RESULTS
1.00

0.00

n = 352
0.00

A total of 606 patients were enrolled in this study. Their
characteristics at the time of the FibroScan/ARFI examination are summarised in Table 1 (http://www.ncbi.
nlm.nih.gov/pmc/articles/PMC1856085/table/tbl1/).
Aetiologies of chronic liver diseases were non-alcoholic
steatohepatitis (n = 236), hepatitis C virus (n = 97) or
hepatitis B virus infection (n = 48), alcoholic liver disease
(n = 52), primary biliary cirrhosis/primary sclerosing
cholangitis (n = 12), autoimmune hepatitis (n = 18), and
others (n = 14). In addition, another 129 patients without
any liver diseases were included in the study.

n =6
20.00

40.00
FS (kPa)

60.00

80.00

Figure 1 Correlation of acoustic radiation force impulse with FibroScan (r
= 0.920; P < 0.001).The vertical line represents the cut-off value of 13 kPa for
FS and the horizontal line represents the cut-off value of 1.60 m/s for acoustic
radiation force impulse (n = 482); using the cut-off value of 1.60 for the discrimination of liver fibrosis from liver cirrhosis for acoustic radiation force impulse
imaging shear wave velocity, 458 of the 482 patients (95.1%) were classified
correctly. Six (1.2%) patients were classified false-negative (FS-LS ≥ 13 kPa
and acoustic radiation force impulse imaging shear wave velocity < 1.60 m/s),
and 18 (3.7%) were classified false-positive (FS-LS < 13 kPa and ARFI-SWV
≥1.60 m/s. FS: FibroScan©.

Comparison of success rates for acoustic radiation
force impulse and FibroScan
FS-LS ranged from 2.3 kPa to 75.0 kPa (median 6.0
kPa) and ARFI-SWV ranged from 0.77 m/s to 4.72 m/s
(mean 1.5 ± 0.77 m/s). Mean depth of the area where
ARFI-SWV measurement was performed was 4.51 ±
0.56 cm. The overall success rate was 77.8% ± 28.5% for
FS compared to 93.3% ± 9.87% for ARFI (P < 0.001).
A liver stiffness measurement success rate of 100% was
observed in 262 (43.2%) patients by FS compared to 373
patients (61.6%, P < 0.001) by ARFI.
A valid liver stiffness determination (success rate of
at least 60%) was observed in 482/606 (79.5%) by FS
compared to 604/606 (99.7%) by ARFI (P < 0.001). This
difference was mostly due to a large distance between the
skin surface and the liver capsule, which is associated with
overweight. The success rate of FS was significantly dependent upon the distance between the skin surface and
liver capsule (success rate 0%: 3.27 ± 0.34 cm; success rate
between 1% and 59%: 2.81 ± 0.56 cm; and success rate ≥
60%: 2.41 ± 0.52 cm; P < 0.001 for all differences).
After exclusion of all patients with an invalid liver
stiffness determination (success rates below 60%) in one
of the techniques, 482 patients remained for the following analysis.

out cirrhosis; and F4: Cirrhosis.
Statistical analysis
Data were entered in SPSS (version 19.0, Inc., Munich,
Germany). A χ 2 or Fisher´s exact test (F-test) was used
to compare categorical variables, and a Mann-Whitney
test was used for the comparison of continuous variables.
The significance level was set at 0.05, and all P values
were two-tailed. A Pearson´s test was performed to study
the correlation between FS-LS and ARFI-SWV.
For no significant fibrosis (FS ≤ 7.6 kPa) and liver
cirrhosis (FS < 13.0 kPa), the diagnostic performance of
ARFI was assessed using receiver operating characteristic
(ROC) curves. The ROC curve is a plot of sensitivity
vs 1-specificity for all possible cut-off values. The most
commonly used index of accuracy is area under the ROC
curve (AUROC). AUROC-values close to 1.0 indicated
high diagnostic accuracy. ROC curves were generated
for patients with FS ≤ 7.6 kPa, and patients with FS >
13 kPa. Optimal cut-off values for ARFI were chosen to
maximize the sum of sensitivity and specificity, positive
and negative predictive values were computed for these
cut-off values. Using this analysis SWV cut-off values
were identified for patients with no significant fibrosis (FS
≤ 7.6 kPa) and patients with liver cirrhosis (FS > 13.0
kPa).
Intraobserver and interobserver agreement was analysed using the intraclass correlation coefficient (ICC)[34].
ICC values range from +1 (100% agreement; all the variability being due to patient characteristics) to -1 (100%
disagreement; all the variability being due to the rater’s
performance). Interobserver agreement was calculated as
the agreement between the first liver ARFI measurements
of the two observers. Intraobserver agreement was calcu-

WJG|www.wjgnet.com

Correlation of acoustic radiation force impulse with
FibroScan
To analyse the correlation between FS-LS and ARFISWV, a Pearson test was performed. There was a significant correlation between these two methods (P < 0.001; r
= 0.920; Figure 1)
In consideration of the cut-off values for the different stages of liver fibrosis for FS, the following frequencies were observed: 297 (61.6 %) no significant fibrosis
(FS-LS ≤ 7.6 kPa), 73 (15.2%) significant fibrosis (7.6
kPa < FS-LS ≤ 13.0 kPa), and 112 (23.2%) cirrhosis (FSLS > 13.0 kPa). Mean ARFI-SWV was 1.09 ± 0.13 m/s
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P < 0.001
P < 0.001

5

0.8
Sensitivity

4.5
ARFI-SWV (m/s)

4
3.5
3
2.5

1.0

P < 0.001

0.6
0.4

2

0.2

1.5
1

0.0
0.0

0.5
0
FS ≤ 7.6

7.6 < FS ≤ 13.0

0.4
0.6
1-specificity

0.8

1.0

0.2

0.4
0.6
1-specificity

0.8

1.0

FS > 13.0

FS (kPa)

B

Figure 2 Acoustic radiation force impulse imaging shear wave velocity for
the different stages of fibrosis. Box plots show median values with 25th and
75th percentiles of shear wave velocity determined by acoustic radiation force
impulse. (FS ≤ 7.6 kPa: No significant fibrosis; 7.6 kPa < FS ≤ 13.0 kPa: Significant fibrosis; FS > 13.0 kPa: Liver cirrhosis).

1.0

Sensitivity

0.8
0.6
0.4

(range 0.80-1.61 m/s) for patients with no significant
fibrosis (FS-LS < 7.6 kPa), compared to 1.44 ± 0.26 m/s
(range 0.98-2.03 m/s) for patients with significant liver
fibrosis, and 2.55 ± 0.77 m/s (range 1.47-4.72 m/s) for
patients with liver cirrhosis. ARFI-SWV was significantly
different between patients according to their fibrosis
stage (P < 0.001). Figure 2 shows box plots of ARFISWV for the three groups.

0.2
0.0

0.0

Figure 3 Receiver operator characteristic curve for acoustic radiation
force impulse for the prediction of no significant fibrosis and liver cirrhosis (n = 482). A: Receiver operator characteristic curve for acoustic radiation
force impulse for the prediction of no significant fibrosis (FS < 7.6 kPa); B: Receiver operator characteristic curve for acoustic radiation force impulse for the
prediction of liver cirrhosis (FS > 13.0 kPa).

Receiver operating characteristic analysis of acoustic
radiation force impulse
The diagnostic value (ROC curves) of liver stiffness measurement for patients with FS-LS < 7.6 kPa and patients
with FS-LS > 13.0 kPa is shown in Figure 3. Corresponding AUROC values and 95% confidence intervals were
0.969 (95% CI: 0.952-0.985) for FS-LS < 7.6 kPa and
0.991 (95% CI: 0.985-0.997) for FS-LS > 13 kPa. Based
on the ROC curves the optimal cut-off values for ARFI
were chosen to maximize the sum of sensitivity and
specificity. These cut-off levels were 1.29 m/s (sensitivity
91.4% and specificity 92.6% for FS-LS < 7.6 kPa) and 1.60
m/s (sensitivity 92.3% and specificity 96.5% for FS-LS >
13 kPa). The corresponding positive predictive value was
0.93 and the negative predictive value was 0.90 for FSLS ≤ 7.6 kPa. When 1.60 m/s was chosen as the cut-off
value for liver cirrhosis, the positive and negative predictive values were 0.85 and 0.98, respectively (Table 2).
Using these cut-off values for ARFI-SWV, 458 of the
482 patients (95.1%) were classified correctly. Six (1.2%)
patients were classified false-negative (FS-LS ≥ 13 kPa
and ARFI-SWV < 1.60 m/s), and 18 (3.7%) were classified false-positive (FS-LS < 13 kPa and ARFI-SWV ≥
1.60 m/s; Figure 1).
After dividing the patients according to the aetiologies of chronic liver diseases [non-alcoholic steatohepatitis (n = 157) vs others (n = 325)], the following cut-off
values for ARFI were chosen (FS-LS > 13kPa): 1.52 m/s
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0.2

for patients with non-alcoholic steatohepatitis (sensitivity 100% and specificity 96.6%; AUROC 0.990; 95% CI:
0.977-1.000) compared to 1.64 m/s for patients with liver
diseases other than non-alcoholic steatohepatitis (sensitivity 94.2% and specificity 96.2%; AUROC 0.988; 95%
CI: 0.980-0.996).
Relationship between liver stiffness and liver histology
68 patients underwent liver biopsy. A valid liver stiffness
determination (success rate of at least 60%) was observed in 59/68 (86.8%) by FS compared to 68/68 (100%)
by ARFI (P = 0.003).
Liver stiffness measurements by ARFI ranged from
0.79 m/s to 4.17m/s. For patients without significant fibrosis (F ≤ F1, n = 23), mean ARFI-SWV was 1.11 ± 0.24
m/s, 1.78 ± 0.88 m/s for patients with moderate fibrosis
(F2 and F3; n = 17), and 2.87 ± 0.76 m/s for liver cirrhosis
(F4; n = 28). Liver stiffness measured by ARFI was significantly different between patients according to their fibrosis
stage (P = 0.001 for F ≤ F1 vs F2/F3; P < 0.001 for F2/
F3 vs F4; and P < 0.001 for F ≤ F1 vs F4; Figure 4A).
AUROC values and 95% confidence intervals were
0.934 (95% CI: 0.870-0.998) for liver cirrhosis (F4) and
0.929 (95% CI: 0.870-0.987) for F ≤ F1. Based on the
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Table 2 Diagnostic accuracy of acoustic radiation force impulse imaging shear wave velocity and liver stiffness measured by
transient elastography
AUROC

Cut-off

Comparison to all patients [ARFI-SWV (n = 482)]
FS < 7.6 kPa
0.969
1.29 m/s
FS > 13.0 kPa
0.991
1.60 m/s
Comparison with liver biopsy [ARFI-SWV (n = 68) and FS-LS (n = 59)]
Non significant liver fibrosis
ARFI-SWV (n = 23)
0.929
1.32 m/s
FS-LS (n = 20)
0.920
7.6 kPa
Liver cirrhosis
ARFI-SWV (n = 28)
0.934
1.62 m/s
FS-LS (n = 24)
0.958
13.0 kPa

PPV

NPV

Sensitivity (%)

Specificity (%)

0.93
0.85

0.90
0.98

91.4
92.3

92.6
96.5

0.83
0.85

0.91
0.95

87.0
94.9

80.0
85.0

1.0
1.0

0.85
0.91

100
100

85.7
91.4

AUROC: Area under the receiver operating characteristic curves; CI: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value;
ARFI-SWV: Acoustic radiation force impulse imaging shear wave velocity; FS-LS: Liver stiffness measured by transient elastography.

A

B

P < 0.001
P < 0.001

4.5

P < 0.001
P < 0.001

80.00

4

3

FS (kPa)

ARFI-SWV (m/s)

3.5

P = 0.001

2.5

60.00

P = 0.001
40.00

2
1.5

20.00

1
0.5

0.00
F0/F1

F2/F3
Fibrosis stage

F4

F0/F1

F2/F3
Fibrosis stage

F4

Figure 4 Acoustic radiation force impulse imaging shear wave velocity and liver stiffness measured by transient elastography for the different fibrosis
stages in patients who underwent liver biopsy (F0/F1, F2/F3, and F4). A: ARFI-SWV for the different fibrosis stages in patients who underwent liver biopsy. Box
plots show median values with 25th and 75th percentiles of shear wave velocity determined by ARFI (n = 68); B: FS-LS for the different fibrosis stages in patients who
underwent liver biopsy (F0/F1, F2/F3, and F4). Box plots show median values with 25th and 75th percentiles of FS-LS (n = 59). ARFI-SWV: Acoustic radiation force
impulse imaging shear wave velocity; FS-LS: Liver stiffness measured by transient elastography.

ROC curves, the discriminating cut-off values for ARFI
were chosen to maximize the sum of sensitivity and
specificity. These cut-off levels were 1.32 m/s for F ≤
F1 (sensitivity 87.0% and specificity 80.0%) and 1.62 m/s
for liver cirrhosis (F4) (sensitivity 100% and specificity
85.7%). The corresponding positive predictive value was
0.83 and the negative predictive value was 0.91 for nonsignificant fibrosis and 1.0 and 0.85 for liver cirrhosis
(Table 2).
Liver stiffness measurements by FS ranged from 2.9
kPa to 75 kPa. For patients without significant fibrosis
(F ≤F1, n = 20), mean FS-LS was 7.6 ± 8.1 kPa, 13.8 ±
17.1 kPa for patients with moderate fibrosis (F2 and F3;
n = 15), and 42.6 ± 20.5 kPa for liver cirrhosis (F4; n =
24). Liver stiffness measured by FS was significantly different between patients according to their fibrosis stage (P
= 0.001 for F ≤ F1 vs F2/F3; P < 0.001 for F2/F3 vs F4;
and P < 0.001 for F ≤ F1 vs F4; Figure 4B).
AUROC value for non-significant fibrosis (F0/F1)
was 0.920 (95% CI: 0.841-0.998) with a sensitivity of
94.9% and specificity of 85.0% when 7.6 kPa was chosen
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as the cut-off value. AUROC value and 95% confidence
intervals were 0.958 (95% CI: 0.900-1.000) for liver cirrhosis (F4) with a sensitivity of 100% and specificity of
91.4% when 13.0 kPa was chosen as the cut-off value.
The corresponding positive predictive value was 0.85 and
the negative predictive value was 0.95 for non-significant
liver fibrosis (F0/F1) and 1.0 and 0.91 for liver cirrhosis
(F4; Table 2).
Inter- and intraobserver reproducibility; differences
between the right and left liver lobes
In order to evaluate the reproducibility of ARFI-SWV
measurements, 18 patients were examined repeatedly. For
interobserver reproducibility, the patients were examined
by two observers consecutively. An excellent agreement
between the observers was found (ICC = 0.945; 95% CI:
0.844-0.981). For intraobserver reproducibility, one observer examined the patients twice directly in series. The
intraobserver reproducibility was also excellent (ICC =
0.975; 95% CI: 0.906-0.993).
In order to study if there was a difference when ARFI
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was performed in the right liver lobe or left liver lobe, 18
patients underwent measurement of ARFI-SWV in both
liver lobes. The mean distance between skin surface and
the liver capsule for the right and left liver lobes were 2.24
± 0.52 cm and 2.54 ± 0.62 cm, respectively (P = 0.143).
ARFI-SWV did not differ significantly between the two
liver lobes (1.36 ± 0.41 m/s vs 1.51 ± 0.53 m/s, P = 0.143).
The agreement between both liver lobes, however, was
moderate (ICC = 0.589; 95% CI: 0.135-0.851).
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Liver biopsy is currently considered to be the gold standard for detection of liver fibrosis/cirrhosis, but is associated with serious complications[1]. On the other hand, cutoff values for FS-LS are available, which were evaluated
in a meta-analysis including more than 8000 patients[16].
All these patients underwent liver biopsy, and these
cut-off values were compared with the gold standard.
Therefore, we used TE as the standard to evaluate ARFI
technology. This allowed us to avoid any liver biopsyassociated complications.
The data in this study suggest that non-invasive fibrosis/cirrhosis assessed by measuring ARFI-SWV shows
an excellent agreement with the established FS-LS measurements and can be successfully employed in patients,
where FS-LS measurements were unsuccessful. Furthermore, as already reported for FS-LS determinations[35],
both intra- and interobserver variability were excellent for
ARFI-SWV measurements.
A significantly higher success rate was observed for
ARFI compared to FS (78.6% vs 99.8%, P < 0.001). A
significant inverse relationship between the success rate
by FS and the distance between the skin surface and liver
capsule was observed. ARFI is less dependent on this
factor. Another advantage is that ARFI is performed under the control of conventional B-mode sonography. The
observer can select and place the region of interest under
visual control.
Mean ARFI-SWV increased significantly with the
stage of fibrosis [1.09 ± 0.13 m/s (range 0.80-1.61 m/s)]
for patients with no significant fibrosis (FS-LS < 7.6 kPa);
1.44 ± 0.26 m/s (range 0.98-2.03 m/s) for patients with
significant liver fibrosis (7.6 < FS-LS ≤ 13.0 kPa); and 2.55
± 0.77 m/s (range 1.47-4.72 m/s) for patients with liver
cirrhosis (13.0 < FS-LS).
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Dynamics measured by FibroScan and acoustic
radiation force impulse
Fifty patients underwent liver stiffness measurement at
least twice (mean ± SD, 2.3 ± 1.2). The mean interval
between the two measurements was 73.6 ± 56.6 d. FSLS did not change in 24 patients, increased in 9 and
decreased in 17 patients. ARFI-SWV changed in parallel
to FS-LS. The behaviour of ARFI-SWV over time was
assessed in 24 patients, in which FS-LS remained constant, increased or decreased over time (8 patients in each
group) (Figure 5).
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Figure 5 Behaviour of acoustic radiation force impulse imaging shear
wave velocity over time in 24 patients, in which FS-LS remained constant,
increased or decreased over time (8 patients in each group). FS-LS: Liver
stiffness measured by transient elastography.

We defined cut-off values for patients with no significant fibrosis and patients with liver cirrhosis. They were
chosen so that the sum of sensitivity and specificity was
maximal. A cut-off value for ARFI-SWV of 1.29 m/s
was associated with a sensitivity of 91.4% and specificity
of 92.6% for patients with FS-LS < 7.6 kPa and a cutoff value of 1.60 m/s for patients with FS-LS > 13.0 kPa
with a sensitivity of 92.3% and specificity of 96.5%. Both
cut-off values indicated high diagnostic accuracy for no
significant fibrosis or liver cirrhosis, respectively. These
cut-off values were confirmed by the subgroup-analyses.
The cut-off values identified in patients who underwent
liver biopsy did not differ significantly from the cut-off
values taken from the correlation between both liver stiffness measurements (1.29 m/s vs 1.32 m/s for patients
without significant liver fibrosis; 1.60 m/s vs 1.62 m/s for
patients with liver cirrhosis).
Experience with ARFI is limited and there are only a
few published studies on small numbers of patients[31-33,36-40].
The largest study published by Palmeri et al[36] included 172
patients with non-alcoholic fatty liver disease. The present study included patients with different liver diseases
and used FS-LS cut-off values from a meta-analysis of
studies which included patients with different liver dis-
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eases[16]. In the above-mentioned studies, ARFI-SWV cutoff values between 1.30 m/s and 1.37 m/s were reported
for no significant liver fibrosis and 1.75-2.00 m/s for liver
cirrhosis[31,32,38,40]. These cut-off values differ from those
determined in our study, and may be due to differences in
the liver diseases studied, sample size and the sensitivities
and specificities chosen. In our substudy, which included
patients with non-alcoholic steatohepatitis, the cut-off
value was lower than for other patients, which may due
to the softening effect of steatosis. This effect has been
described previously[41]. While liver stiffness measurement
by FS is possible only in the right liver lobe, measurement
of liver stiffness by ARFI is practicable in both liver
lobes. Agreement of the measured liver stiffness between
both liver lobes was moderate, but should be investigated in a larger study population. Thus, at present ARFI
should be performed in the right liver lobe. Dynamics in
the liver stiffness measured by FS have been described
previously[18,19,21]. A congruent behaviour of ARFI-SWV
and FS-LS dynamics over time was observed.
In conclusion, ARFI-SWV correlated significantly
with FS-LS. ARFI can be performed in a significantly
higher proportion of patients compared to FS. The most
important advantage of ARFI over FS is the visual control by B-mode sonography and the variable depth of the
measurement. A cut-off value of 1.29 m/s seems to be
optimal for no significant fibrosis and 1.60 m/s for liver
cirrhosis. ARFI-SWV did not depend on the observer.
The sensitivity and specificity for the detection of liver
cirrhosis seems to be comparable for both methods when
liver biopsy is taken as the reference.

measuring liver stiffness. Both methods show a strong correlation between liver
stiffness and the stage of liver fibrosis. These methods did not show any dependence on the observer. These tools can reduce the number of liver biopsies
which is associated with complications.

Peer review

The authors reported the efficacy of acoustic radiation force impulse for determination of liver stiffness. The report is well written.
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Framework for assessing quality of care for inflammatory
bowel disease in Sweden
Martin Rejler, Jörgen Tholstrup, Mattias Elg, Anna Spångéus, Boel Andersson Gäre
balance between the dimensions of clinical care (CVC)
and the components of clinical outcome (Df). The
merged models create a framework of the care process
dimensions as a whole, reflecting important parts of
the IBD care delivery system in a local setting. Clinical
and organizational quality measures were adopted from
clinical experience and the literature and were integrated into the framework. Data were collected at the
yearly check-up for 481 IBD patients during 2008. The
application of the quality assessment framework was
tested and evaluated in a local clinical IBD care setting
in Jönköping County, Sweden.
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RESULTS: The main outcome was the presentation of
how locally-selected clinical quality measures, integrated into two complementary models to develop a framework, could be instrumental in assessing the quality
of care delivered to patients with IBD. The selected
quality measures of the framework noted less anemia
in the population than previously reported, provided information about hospitalization rates and the few surgical procedures reported, and noted good access to the
clinic.
CONCLUSION: The applied local quality framework
was feasible and useful for assessing the quality of care
delivered to IBD patients in a local setting.

Abstract
AIM: To create and apply a framework for quality assessment and improvement in care for inflammatory
bowel disease (IBD) patients.

© 2012 Baishideng. All rights reserved.

Key words: Quality measures; Inflammatory bowel
disease; Value compass; Donabedian; Quality improvement

METHODS A framework for quality assessment and
improvement was created for IBD based on two generally acknowledged quality models. The model of
Donabedian (Df) offers a logistical and productive perspective and the Clinical Value Compass (CVC) model
adds a management and service perspective. The
framework creates a pedagogical tool to understand the
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and utilization. Each of these factors must be addressed
before the framework can be used. Furthermore, before
the process of introducing a framework begins, insight
into the complexity of care, an understanding of the systems used, and sound professional knowledge, all coupled
with both enthusiasm and leadership, are required[8,14,15].
In this study, two generally acknowledged quality
models were used. The first, according to Df[12], has been
discussed previously by Kappelman et al[5] and testing
on IBD care was suggested. Donabedian advises that
the following questions are to be asked before using a
quality framework[12]: “who and what activities are to be
assessed”; “how are these activities supposed to be conducted”; and “what are they to accomplish?” These are all
important questions to raise and are possible to apply to
health care institutions. The model according to Donabedian derives the quality of care from the components of
structure, process, and outcome. Structure denotes the
attributes of the setting and includes the facilities, equipment, human resources, and organizational structure. Processes are defined by what is actually done in delivering
and receiving care. Furthermore, outcome denotes the effects of care on the health status of patients and populations, conveys a production management perspective, and
frames a delivery-focused approach by the organization.
The second model is the CVC[13]. It was derived from
a management customer area, and offers a flexible framework where the outcomes of health care are perceived in
four dimensions as follows: (1) functional����������������
;���������������
(2) economic��;�
(3) satisfaction with health care����������������������������
;���������������������������
and (4) clinical outcome.
The use of already existing measures is favored to avoid
add-on routines, making it possible to fulfill the intertwined assignment to both manage the patient and improve care by measuring outcomes[16].
The Df offers a logistical, productive perspective to
the studied case, and the CVC adds a management and
service perspective. The framework creates a pedagogical
tool to understand the balance between the dimensions
of clinical care (CVC) and the components of clinical
outcome (Df). Together they create a framework of the
care process dimensions as a whole, reflecting important
parts of the IBD care delivery system in a local setting.
Quality measures are valuable means of improving
clinical practice. The use of quality measures may be
defined as the process of collecting, computing, and presenting quantified constructs for the managerial purposes
of following up, monitoring, and improving organizational performance[17]. The basis of this argument is that
they play a significant role in the coordination of organizational activity[18], decision-making, prioritization[19],
comparisons, and initiation of improvement processes[20].
In every effort to measure the performance, it is important to consider the desired application of the information obtained. The application of the information may be
to control, budget, motivate, or improve the care[21]. As
part of the explorative case study, well established measures such as hemoglobin, quality of life, medication, and
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INTRODUCTION
In modern healthcare, there is often a gap between the
expected level of healthcare delivery and the actual
healthcare provided, as shown by McGlynn et al[1]. This
is also true for the care of inflammatory bowel disease
(IBD), as highlighted recently in an editorial by Siegel[2]
and previously by Reddy et al[3] as well as by the American
Gastroenterology Association[4] several years ago. There
is still no framework or general quality measures for IBD
as noted by Kappelman[5], who called for action and challenged the gastroenterology community to correct this.
IBD is a chronic disease with two primary subtypes;
Crohn’s disease (CD), and ulcerative colitis (UC)[6]. The
incidence of CD and UC in Sweden is approximately
6 and 15 per 100  000 inhabitants, respectively, and the
prevalence is approximately 150 and 300 per 100  000,
respectively[7]. Because of the early age at onset and the
absence of curative treatment, the vast majority of patients require lifelong medical care, which periodically
leads to intensive outpatient contact, hospitalizations, and
occasionally surgery. Improved quality of care aims to
minimize the symptoms of the disease, improve quality
of life, and meet the goal of delivering the best possible
value of care to the patient[8]. These targets are well captured in the Institute of Medicine’s mnemonic, stressing
the need for safe, timely, efficient, evidence-based, effective, and patient-centered care (STEEEP)[9].
During the first years of the new millennium, the
structure of care for IBD patients within the Gastroenterology Unit at the Department of Internal Medicine,
Highland Hospital, Eksjö, Sweden was significantly redesigned as previously reported[10,11]. Along with the redesign, the need to be able to monitor the changes and the
quality of care became obvious. Obvious also was the absence of any known framework and quality measures for
the assessment of quality of care for IBD. To bridge this
gap, a selection of clinical and organizational parameters
were integrated into two generally acknowledged quality
models adopted from Donabedian (Df)[12] and the Clinical Value Compass (CVC)[13], and were merged to form
a quality framework. The collection of quality measures
was accomplished as a part of the ordinary yearly check
performed by a specialist nurse or by a gastroenterologist. The selected measures were integrated and applied
to the quality framework as a means to assess the quality
of IBD care in the local setting.
A quality assessment tool may be developed in several
ways, and there are several critical steps when creating a
quality framework; these include design, implementation,
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access to care, which were practical to perform and used
in daily clinical life, were chosen after a review of relevant
literature and from clinical experience[22-24].
The aim of this study was two fold; firstly,������������
�����������
to apply a
generally acknowledged quality framework to the assessment and improvement of care for IBD, and secondly, to
study and evaluate its application in a local clinical IBD
care setting in Jönköping County, Sweden.

check-up, which was preceded by a letter including a
quality of life questionnaire and instructions for laboratory testing (hemoglobin) that could be performed at
any of the primary care centers. An important part of
the annual check-up was to remind the patient to contact the nurse by telephone with any questions or worries raised during the remainder of the year. Reinforcing
this opportunity for telephone access was aimed toward
avoiding misdirected care for IBD to other care settings
such as the Emergency Department. In the redesigned
clinical model, there was also a guarantee that access to
an unscheduled visit for acute symptoms would be available within two days at all times. Data was collected by
the specialist nurse or gastroenterologist at the time of
the check-up, and computed every quarter but presented
once a year.
In Table 1 an overview of the definitions, quality dimensions and components, purposes behind the measures,
operational definitions, and data sources of the quality measures are integrated into the two quality models together
creating the framework.

MATERIALS AND METHODS
The measures in this study originate from the Gastroenterological Unit responsible for all IBD care in the area,
which is a part of the Department of Internal Medicine
at the Highland Hospital in Eksjö, Jönköping County,
Sweden. The unit includes an outpatient clinic, an inpatient ward with 15 beds, and an affiliated unit for endoscopic examinations[11]. The Highland health care system
consists of eight health care centers for primary care,
and the 280-bed Highland Hospital responsible for secondary and acute care, in all serving 110  000 inhabitants.
The health care delivered is tax financed, and the county
council functions both as insurer and provider of the
care.
To date, no quality measures for IBD care have been
generally approved. Feasible and practical quality measures were selected in order to evaluate the quality of
care delivered within the local setting. The first act was
to organize a registry with information, including patient
addresses, diagnosis, disease duration, smoking habits,
weight, and sex. Further information about the current
prescribed medication and whether any surgical intervention had been performed was added to the files. Hemoglobin was chosen as the clinical marker to find anemia in the population, which may go undetected in many
patients[25]. Further quality measures assessing the access
to care[10] and quality of life (QoL) were chosen and integrated into the framework. Access was measured as the
n����������������������������������������������������
umber of days from the referral being sent from the
primary care physician until the patient received a scheduled consultation at the outpatient clinic, as well as the
clinic’s ability to offer an acute visit within two days after
contact by a known patient.���������������������������
QoL was measured by using
the short health scale (SHS)[26,27]. SHS is a questionnaire
consisting of four questions about symptoms, function,
worry and general health associated with the disease,
reported on a 6-point graded likert scale. Patients were
diagnosed according to clinical, endoscopic, and microscopic findings, and were sub-typed as having UC or CD.
A senior gastroenterologist confirmed the diagnosis and
registration of each patient. The status of the disease, i.e.,
subjectively experienced activity, was reported by the patients on the day of the annual check-up. Tumor surveillance colonoscopy was offered and performed according
to guidelines for more than 95% of relevant patients. At
the end of 2008, 481 patients were included in the local
registry.
During the year, all patients were offered an annual
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The ethical committee at the University of Linköping,
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RESULTS
The first main finding is the presentation regarding how
locally-selected clinical quality measures, integrated into
two complementary models to create a framework, could
be instrumental in assessing the quality of care delivered
to patients with IBD. Further, the second main finding is
the results presented in Table 2 for the local IBD population using the framework. The data describe the epidemiology of a patient population in the local care setting for
IBD. To be stressed is the fact that more than 95% of the
patients with IBD in the area are cared for by our care
unit. The incidence of IBD was slightly below the expected level according to Swedish data[7]. This is probably
explained by the older age distribution in the studied rural area. The prevalence of anemia is less than previously
reported. Medication is presented for Crohn’s disease and
ulcerative colitis. Immunosuppressive medication, cortisone and anti-TNF-alpha are prescribed more for Crohn’
s disease compared to ulcerative colitis. Further, 5-aminosalicylic acid is prescribed more for ulcerative colitis
compared to Crohn’s disease. Table 2 show good access
to care. Few surgical interventions were performed over
the year. Three patients with ulcerative colitis underwent
colectomy and three patients with Crohn’s disease underwent incisions due to fistulas or strictures. No tumor was
found in the population. Data was not processed statistically for differences between groups.
In the years before 2008, an average of 75% of the
registered patients had a complete annual check-up documented, i.e., a telephone call or a visit in combination with
QoL and/or laboratory tests. In 2008, patients without
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Table 1 Overview of the quality framework presenting definitions, purposes, data sources and operational definitions for the
adopted quality measures as well as properties of the applied models
Characteristics of measures included in the framework

Patient data

Quality
measure

Definition of measure

Data source and data
collection

Operational definition
of measure

Diagnosis

Inflammatory bowel
disease
Sex

Local gastro registry
Local gastro registry

Crohn’s disease and
ulcerative colitis
female:male

Local gastro registry

Age [mean (SD)] range
Years since time of
diagnosis [mean (SD)]
range
Cut-off points were
defined as: mean (SD)
normal ≥ 120 g/L,
anemia 100-119 g/L
severe anemia < 100
g/L missing
Prescribed medication:
5-ASA cortisone
immunosuppressive
anti-TNF-α no
medication
Type and numbers of
surgical interventions:
colectomy
hemicolectomy loop
ileostomy perianal/
fistula/ stricture
incision revision
abdominal scar
Number and type
of intestinal tumors
associated with IBD
according to diagnosis
in records as ICD code
Percent scoring 1 to 3
representing that the
goal of the care was
reached symptoms
functioning worry
wellbeing
Number of days from
the referral being
sent from the primary
care physician until
the patient received a
scheduled consultation
at the outpatient clinic
The clinic’s ability to
offer an acute visit
within two days after
contact for known IBD
patients
The ERS was searched
to find out where the
decision was either
at the ER or from the
outpatient clinic

Gender
Age
Disease
duration

Début year

Local gastro registry

Laboratory
measures

Hemoglobin

Blood sample enabling
detection of anemia
associated with chronic
disease, blood loss, or
iron deficiency

Local gastro registry
Tests were performed
at the nearest primary
care center and
reported electronically

Medication

Prescribed
medicine

Currently prescribed
preventive medication

Local gastro registry

Surgical
interventions

Incidence of
surgery

Surgical interventions ERS, searched for ICD
associated with IBD
codes for surgical
interventions and IBD
once a year

Tumor
incidence

Incidence of
Data from the national
gastrointestinal tumors
tumor registry
associated with IBD
retrieved once a year

Quality of life

The Short
Health Scale,
SHS

Access to care

Waiting time

SHS is a health
related quality of
life questionnaire
consisting of four
questions graded on a
6 point Likert scale.
Referral from primary
to secondary care

Local gastro registry

Local administrative
data base

Waiting time
for known
patients

An acute visit is used
for an urgent need
of assessment due to
deteriorating disease

Contact route
(before being
admitted to
hospital)

The place for the
ERS Contact route was
decision to admit the decided after finding
patient for inpatient
indicators such as:
care, i.e. either at the
where the note was
ER or the outpatient
written, if the note
clinic
was written by an
on call colleague or a
gastroenterologist
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Local administrative
data base
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Properties of the models
included in the framework
Quality
Quality
Purposes for
components
dimension
the measure
adapted from according to the as part of the
quality model
clinical value
Behn
of Donabedian
compass
Control,
evaluation
Control,
learning
Control,
learning
Control,
evaluation

Clinical
dimension
Clinical
dimension
Clinical
dimension
Clinical
dimension

Outcome

Control,
evaluation

Clinical
dimension

Outcome

Control,
evaluation

Clinical
dimension

Process

Evaluation

Clinical and
cost dimension

Process

Evaluation

Clinical and
cost dimension

Outcome

Evaluation

Functional
dimension

Outcome

Motivation,
budget,
learning,
evaluation,
promotion

A proxy for
the satisfaction
dimension

Process and
outcome

Motivation,
budget,
learning,
evaluation,
promote
Learning

A proxy for
the satisfaction
dimension

Process

Cost and a
proxy for the
satisfaction
dimension

Process

Structure
Structure
Outcome
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Hospitalization Hospitalization

Individual and
total numbers of
admittances for IBD
patients

ERS was searched
for ICD codes and
national data was
retrieved from the
National Board of
Health and Welfare

ERS documented
ICD code for IBD and
hospitalisation

Motivation,
budget,
evaluation

Cost dimension

Process and
outcome

IBD: Inflammatory bowel disease; ICD: International classification of diseases; ERS: Electronic record system.

Table 2 Quality framework applied to the inflammatory bowel disease care setting at the Department of Internal Medicine in
Highland Hospital, Eksjö, Jönköping County, Sweden

Patient data

Laboratory measures

Medication

Surgical
interventions

Quality of life

Access to care

Hospitalization

Quality measures from 2008

Crohn’s disease

Ulcerative colitis

Diagnosis
Gender
Female:male
Age (yr)
Mean (SD)
Range
Disease duration
Years since time of diagnosis
Mean (SD)
Range
Hemoglobin
Mean (SD)
Normal ≥ 120 g/L
Anemia 100-119 g/L
Severe anemia < 100 g/L
Missing
Prescribed medicine
5-ASA
Cortisone
Immunosuppressant
Anti-TNF-α
No medication
Incidence of surgery
Type and numbers of surgical interventions:
Colonectomy
Hemicolectomy
Loop ileostomy
Perianal/fistula/stricture incision
Revision abdominal scar
Tumor incidence
Number and type of intestinal tumors associated with IBD according to diagnosis in
records as ICD code
The Short Health Scale, SHS
Percent scoring 1 to 3 representing that the goal of the care was reached
symptoms
functioning
worry
wellbeing
Waiting time
Number of days from the referral being sent from the primary care physician until the
patient received a scheduled consultation at the outpatient clinic
Waiting time for known patients
The clinic’s ability to offer an acute visit within two days after contact for known IBD
patients
Contact route (before being admitted to hospital)
The ERS was searched to find out where the decision was either at the ER or from the
outpatient clinic
Hospitalization
ERS documented ICD code for IBD and hospitalisation

194

261

44%:56%

42%:58%

53 (± 15)
18-90

51 (± 15)
20-91

20 (± 13)
0-58

14 (± 10))
0-53

140 (± 12)
95%
4%
< 1%
16%

143 (± 13)
96%
4%
0
17%

43%
16%
34%
8%
31%

56%
4%
12%
2%
40%

1
3
1

3
1
1
1

0

0

95%
88%
91%
97%

98%
95%
94%
96%

< 3 wk

< 3 wk

<2d

<2d

50%/50%

50%/50%

29

17

Data from the annual check-up 2008. IBD: Inflammatory bowel disease; ICD: International classification of diseases; 5-ASA: 5-aminosalicylic acid; ERS:
Electronic record system; SHS: Short health scale.

complete annual check-ups were offered a new visit or
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telephone call at the end of the year. Using this approach,
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98% (471/481) of the IBD population had a documented
annual check-up during 2008. Of nine patients not receiving a check-up, four refrained from participating in the
study and five were missing. One patient (with CD) was
excluded from the study because of particularly severe
disease demanding various levels of hospitalization on a
more or less continuous basis.

1. Surgical intervention rates were low in our study, and
should be interpreted cautiously. The figures of access
and number of hospital admittances for IBD could be
used in future work as a benchmark for other clinics
and as comparisons to national trends in Sweden or in
America[34,35].
The future use of the framework is associated with
the way in which data retrieval could be improved. This
could be done in several ways. One way would be to retrieve the data directly from the electronic medical record
(EMR), and a second way would be to provide opportunities for the patient to deliver self-reported outcome
measures directly into the EMR. In order to achieve this
for additional quality measures, several steps are required.
First, the suggested framework and measures need to be
tested, discussed, and refined in a broader setting. Secondly, the measures need to be presented and followed
as “real time” data on both an individual and a group/
subgroup level in order to allow benchmarking. Thirdly,
it should be possible to correlate quality measures with
prescriptions, days off from work, and further changes
in medication and/or treatment. An example of a “feedforward” quality register[36] is already in place for patients
with rheumatoid arthritis within the Swedish Rheumatoid
Arthritis Registry (SRAR)[37,38]. In the SRAR register, it
is possible to track individual patients as well as patient
populations both locally and nationally and use this information to, for example, correlate their clinical status
with the timing of newly prescribed biological drugs and
days off from work[39]. The SRAR is regarded as one of
the best quality registries in Sweden, and can serve as a
model for future IBD registry work.
This study presents how locally-selected clinical quality measures, integrated into two complementary models
to develop a framework, could be instrumental in assessing the quality of care delivered to patients with IBD.
The selected quality measures noted less anemia in the
population than previously reported, provided information about hospitalization rates and the few surgical
procedures reported, and noted good access to the clinic.
We believe that this approach of organizing and regularly
utilizing data within our system is sustainable, and will
enable future improvement in the quality and value of
care for our IBD patients. We propose that the suggested
framework and quality measures should be further tested,
evaluated, and refined within the gastroenterological
community.

DISCUSSION
Quality improvement (QI) forms a link between the study
of disease (science) and clinical care (management)[28] and
provides better management of the planning, delivery,
and assessment of care. The need for a general assessment tool for IBD care has been emphasized several
times over a number of years[3,5]. This study is, to the best
of our knowledge, one of the first to present how two
generally acknowledged quality models[12,13] with integrated clinical quality measures can be applied as a quality framework and tested in clinical practice at a single
center in an IBD population. The intent was to evaluate
the quality of care delivered to a population of patients
with IBD in the Highland health care area, Jönköping
County, Sweden. Because there are few other frameworks
currently available, there are problems with comparing
results and usage, which needs to be done when future
research is available.
The framework offers a map of the epidemiology of
all patients affected by IBD in a local setting. This is a
prerequisite and a foundation for any further analysis and
improvement effort. Interesting results were found in the
population as presented in the framework. Anemia is a
well-known complication of IBD, caused by a combination of bone marrow suppression secondary to chronic
inflammation and blood loss from intestinal bleeding.
The reported prevalence of anemia from different IBD
care settings and patient populations ranges from 9% to
74%[29]. In this study, anemia was detected in 4% of UC
patients and 5% of CD patients, as shown in Table 1.
Less than 1% had severe anemia. However, the mean hemoglobin for all study groups was comparable to that of
a healthy control population. The detected prevalence of
anemia has even improved compared to previous findings
in the same population[10]. The clinic has used the findings
of incipient anemia to offer extra visits to the outpatient
clinic, and/or more thorough laboratory investigations to
identify the reasons behind these findings. The analysis
of hemoglobin is inexpensive, valid, and simple to perform. Treatment of anemia on an individual level is well
established. Altogether, it is a feasible and useful finding
to apply as a quality measure within a population.
Knowledge of how well guidelines for medication are implemented in an IBD patient population is
sparse. The prescription pattern presented is in line with
reports from centers in Norway[30,31] and Canada[32]. It
provides an example of how quality measures can be
directly related to guidelines and thus provides important information about the quality of care delivered[33].
The incidence and type of surgery is presented in Table
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Abstract
AIM: To investigate the correlation between autoimmune thyroid diseases (ATDs) and the prevalence of
Cag-A positive strains of Helicobacter pylori (H. pylori )
in stool samples.
METHODS: Authors investigated 112 consecutive Caucasian patients (48 females and 4 males with Graves’
disease and 54 females and 6 males with Hashimoto’s
thyroiditis HT), at their first diagnosis of ATDs. Authors
tested for H. pylori in stool samples using an amplified
enzyme immunoassay and Cag-A in serum samples using
an enzyme-linked immunoassay method (ELISA). The
results were analyzed using the two-sided Fisher’s exact
test and the respective odds ratio (OR) was calculated.

INTRODUCTION
Autoimmune thyroid diseases (ATDs) are represented,
essentially, by Hashimoto’s thyroiditis (HT) and its variants (postpartum and sporadic thyroiditis), Graves’ disease (GD) and atrophic thyroiditis[1]. A typical marker of
HT and GD is the presence of autoantibodies against
thyroglobulin (TgAbs), thyroperoxidase (TPOAbs) and
thyrotropin receptor (TRAbs)[2]. Both genetic and environmental factors are involved in the pathogenesis of
ATDs. Some bacteria and viruses are suspected of being able to mimic the antigenic profile on the thyroid

RESULTS: A marked correlation was found between
the presence of H. pylori (P ≤ 0.0001, OR 6.3) and, in
particular, Cag-A positive strains (P ≤ 0.005, OR 5.3)
in Graves’ disease, but not in Hashimoto’s thyroiditis,
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cell membrane, and play an important role in the onset
of autoimmune diseases[3-6]. Helicobacter pylori (H. pylori)
infection is found worldwide and has an incidence of up
to 50% in the population of developed countries[7]. A
cohort effect has been demonstrated for such infection,
and a higher prevalence rate is found in the elderly and
in males[8]. H. pylori is a gram-negative, motile bacterium,
which typically colonizes and infects the gastric mucosa;
the most virulent strains can usually be identified by the
presence of the cytotoxin-associated gene A (Cag-A) antigen[9]. Therefore, the microorganism is responsible for
gastric diseases such as gastritis, gastric/duodenal ulcers
and carcinomas.
Several studies[10-12] have shown a positive correlation
between the presence of H. pylori and HT, although others did not find such an association[13,14]. Moreover, we
recently demonstrated a noteworthy correlation between
H. pylori infection and GD, independent of hormonal
status[15].
The aim of this study was to investigate the prevalence of H. pylori in ATDs and, in particular, HT, to help
clarify the controversial results observed in previous studies. We detected the presence of H. pylori in fresh stool
samples from our patients using an enzyme immunoassay
method, and Cag-A positivity using a serological test.

Table 1 Clinical characteristics of the investigated groups
Group

Control 100
GD
52
HT
60
ATDs
112

Sex
Age (yr)
Smokers Ophthalmopathy
female/male (mean ± SD) yes/no
yes/no
90/10
48/4
54/6
102/10

49.0 ± 4.5
48.8 ± 3.9
50.2 ± 9.7
49.2 ± 6.9

44/56
21/31
26/34
47/65

34/18
0/60
34/112

No significant statistical differences in sex and age were present among the
different groups. ATDs: Autoimmune thyroid diseases; HT: Hashimoto’s
thyroiditis; GD: Graves’ disease.

normal TSH, FT3 and FT4 values with absent titers of
TPOAbs, TgAbs and TRAbs.
Study of the presence of H. pylori in stool samples
The tests were performed by laboratory technicians blinded to the subject’s diagnosis. Fresh stool samples were obtained and tested using an amplified enzyme immunoassay
for the detection of H. pylori antigens (Amplified IDEIA
H. pylori StAR, Oxoid, United Kingdom). This test is highly specific for H. pylori antigens (sensitivity 95%, specificity
95%), with no cross-reactivity with other microorganisms.
An absorbance value > 0.150 using a dual wavelength
(450/620 to 650 nanometers) was considered positive for
the presence of H. pylori.

MATERIALS AND METHODS

Detection of Cag-A antibodies
Fresh serum samples were tested with the enzymelinked immunoassay method (ELISA, Radim, Pomezia,
Italy, sensitivity 93.7%, specificity 100%). Anti-Cag-A
immunoglobulin-G values greater than 15 units/mL were
regarded as Cag-A positive.

ATDs patients
We studied 112 consecutive Caucasian patients (48 females and 4 males with GD and 54 females and 6 males
with HT), at their first diagnosis of ATDs, enrolled over
a period of 18 mo (from October 2008 to March 2010).
The mean age (± SD) of the ATDs patients was 49.7 ±
6.6 years (48.8 ± 3.9 years for GD patients and 50.2 ± 9.7
years for HT patients). The study inclusion criteria were
previously reported[15]. Briefly, these criteria included
the absence of other diseases, a negative anamnesis for
antimicrobial drugs use for at least three months and the
absence of dyspeptic symptoms (epigastric pain, nausea,
heartburn) or gastric diseases. The study was approved
by the ethical committee of our institution and informed
consent was obtained from each patient.
GD diagnosis was defined by hormonal hyperthyroidism [suppressed thyrotrophin (TSH), elevated FT3 and
FT4], diffuse and high iodine capture on thyroid scintigraphy, and positive titers of TPOAbs, TgAbs and TRAbs.
To eliminate possible bias between subclinical and frank
primary hypothyroidism, HT diagnosis was defined by a
cut-off value higher than 35 mU/mL TSH, low FT3 and
FT4 values, positive titers of TPOAbs and TgAbs and
hypoechogenicity pattern on echography (Table 1).

Statistical analysis
The relationship between the different studied groups, in
terms of H. pylori and Cag-A positivity, was investigated
with the two-sided Fisher’s exact test and calculation
of the respective odds ratio (OR, with 95% confidence
interval, using the approximation of Woolf, Instat 3.06,
Graphstat Software Inc., San Diego, CA, United States).
P ≤ 0.05 was considered significant.

RESULTS
Detection of H. pylori in fresh stool samples
Of 112 ATDs patients, 43/52 (82%) in the GD group
and 28/60 (46%) in the HT group were positive for
H. pylori infection, vs 43 [43.0%, P ≤ 0.0001, OR 6.3
(2.7-14.3) vs the GD group, not significant vs the HT
group] of 100 controls (Table 2).
Immunoassay testing on the stool samples confirmed
that the observed H. pylori positivity was dependent on
ongoing H. pylori presence in the gastric mucosa and not
on past infection. Furthermore, no correlation was found
between the presence of H. pylori and smoking habit in
the two groups of ATDs patients (data not shown).

Controls
The control population was composed of 100 body
mass index-, socio-economic- and inclusion criteria classmatched individuals (90 females and 10 males, mean age
49.0 ± 4.5 years, Table 1). All of these subjects showed
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investigated the association between such microorganisms and HT, however, the results are controversial. Some
investigations point to a noteworthy correlation[10,11,12],
others do not[13,14]. The use of different techniques to
assess H. pylori infection could explain these conflicting
conclusions. For instance, serological detection of H. pylori antibodies can not discriminate between past and ongoing infection. Conversely, the 13C-urea breath test and
immunoassay test on fresh stool samples can only detect
ongoing H. pylori infection, therefore these tests are currently considered the preferred not-invasive methods of
investigation[7]. Moreover, the presence of similar antigenic sites for Cag-A and TPO could cause false positive
results in the Abs titers against H. pylori, leading to a bias
in group selection of the enrolled patients[16]. In addition,
the different grade of thyroid function in HT patients,
such as subclinical or frank hypothyroidism, could be a
misleading factor.
Our results, using a stool antigen test, confirmed that
a correlation was present between H. pylori and hyperthyroid GD patients, but this correlation was not seen in
hypothyroid HT patients.
In accordance with the guidelines[7], we did not perform further invasive exams, such as gastroscopy, in consideration of the age (usually under 45 years old in the
investigated patients) and the absence of digestive symptoms in H. pylori-positive patients.
Several factors could be considered to explain the different results regarding H. pylori prevalence in GD and
HT. Usually, the onset and/or progression of ATDs are
dependent on different autoimmune mechanisms. Cellular autoimmunity with the TH1 profile of CD4 + T
helper precursor cells is predominant in HT, whereas
humoral autoimmunity (production of TRAbs or TSHreceptor blocking antibodies) with the TH2 profile is
prevalent in GD and atrophic thyroiditis[17]. These different activated profiles in ATDs induce the expression of
different panels of cytokines, such as interleukin (IL)-4,
IL-5, IL-6 and IL-10 in GD and IL-2, interferon-γ (IFN-γ)
and tumor necrosis factor-α (TNF-α) in HT[17]. Also, the
opposite thyroid function, i.e., hyperthyroidism in GD vs
hypothyroidism in HT, could be another factor leading
to the controversial results on H. pylori prevalence in GD
and HT patients.
In our study, both GD and HT show a comparable
elevated prevalence of Cag-A positive strains in H. pyloripositive patients, in agreement with previous observations in TH patients[11].
The involved factors could operate through a common pathway, such as the glycoconjugates-mediated adhesion of H. pylori to the gastric mucosa, which represents a
crucial step in the establishment of successful infection.
H. pylori glycan receptors include fucosylated ABO blood
group antigens[18,19] and glycans with charged groups, such
as sialic acid[20]or sulfate[21], and neolacto core chains[22]
Two different H. pylori adhesins have been characterized
on the basis of their interactions with the receptors: the

Table 2 The HP- and CagA-positivity in patients in the
different study groups
Group
Control
GD total
HT total
ATDs total

n

HP-

HP+

CagA+

CagA-

Overall CagA+

100
52
60
112

57
9
32
41

43
43c
281
712

21
36b
25b
61c

22
7
3
10

21/100
36c/52
25a/60
61c/112

a

P ≤ 0.05 vs control, bP ≤ 0.005, cP ≤ 0.0001. 1Not significant; 2Not
calculated.
140
120

AbantiCag-A

100
80
60
40
20
0

Ctrl

GD

HT

Figure 1 The AbantiCag-A levels are shown for the investigated groups.
The bars show the different means. No significant difference was found among
the different groups. GD: Graves’ disease; HT: Hashimoto’s thyroiditis.

Cag-A positivity in the serum of H. pylori-positive
patients
Thirty-six (83.7%) of 43 H. pylori-positive GD patients
and 25/28 (89.2%) H. pylori-positive HT patients were
positive for Cag-A antigens vs 21/43 [48.8%, P ≤ 0.005,
OR 5.3 (1.9-14.7) vs the GD group and P ≤ 0.005, OR
8.73 (2.7-33.0) vs the HT group] of infected controls.
Again, considering the overall prevalence of infection by
Cag-A-positive H. pylori in the studied groups of ATDs
patients, the results were statistically significant, [61 of
112 or 54.4% vs the controls, 21 of 100 subjects or 21%,
P ≤ 0.0001 OR 4.5 (2.4-8.2), Table 2].
Cag-A antibody levels, expressed in mU/mL [control
56 ± 24.3 (mean ± SD), GD 50.3 ± 28.6, HT 54.1 ±
22.6], were similar among the three groups of investigated subjects (Figure 1) and did not correlate with the
respective titers of TgAbs, TPOAbs or TRAbs (data not
shown).

DISCUSSION
H. pylori infection is found world wide and affects up to
50% of the population of developed countries, such as
Italy, and the most virulent strains are identified by the
presence of Cag-A antigens[9]. Recently, a significant correlation was shown between the Cag-A carrier H. pylori
strains and GD, independent of the hormonal status of
the investigated patients[15]. Moreover, other studies have
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blood group antigen-binding adhesin (BabA) is specific
for H type-1 and Lewis b antigens, admitting terminal
blood groups A and B glycan determinants, whereas the
sialic acid binding adhesin (SabA) recognizes the SialylLewis a and Sialyl-Lewis x antigens[20,23].
In particular, the potential effect of the suggested
factors, such as hyperthyroidism or the production of
cytokines induced by humoral immunity, could modify
the profile of the adhesion molecules expressed on the
gastric mucosa, increasing H. pylori binding in GD and
selecting the Cag-A positive strains in ATDs.
Regarding the pathogenetic role of HP in the onset
of ATDs, it has been postulated that viral and bacterial
infections could play a noteworthy role. Usually, elevated
levels of antibodies against some bacteria have been
found in GD patients[4-6] and, conversely, an antigen structure, such as TSH-binding protein, is described in many
gram-positive and gram-negative bacteria[24]. Moreover,
Cag-A positive H. pylori strains show some nucleotide
sequence similarity to TPO sequence[25]. A positive linear
regression between H. pylori-Abs titers and microsomal
autoantibodies[9] and a significant reduction in these antibodies after H. pylori eradication have been demonstrated[26]. Therefore, cross-reactivity of the antibodies produced against thyroid antigen structures during H. pylori
infections could potentially induce a biological effect[27], in
a similar way to that of H. pylori which triggers the onset
of autoantibodies against the H+K+-ATPase in the gastric
autoimmunity[28-29]. Moreover, the increased prevalence
of H. pylori in GD, on first diagnosis, and the observation that, usually, H. pylori infection starts during childhood[30], suggest that the bacterium could be present before the onset of the autoimmune disease. Larizza et al[31]
proposed that H. pylori infection can induce and/or
worsen the course of GD in susceptible young patients,
carrying the human leukocyte DRB1*0301 antigen. The
authors also suggested that H. pylori eradication could
prevent GD in these “at high risk” children.
Conversely, hyperthyroid GD patients could just be
more susceptible to H. pylori infection, and the presence
of the microorganism could represent an epiphenomenon, not involved in the onset of the autoimmune disease.
In conclusion, we report an increased H. pylori prevalence only in hyperthyroid GD patients, but not in hypothyroid HT patients, although the strains involved in both
GD and HT are, prevalently, carriers of Cag-A antigens.
These results suggest the execution of screening for H.
pylori in ATDs patients, taking into account either the
presence of virulent strains in autoimmune diseases and
the increased H. pylori prevalence in GD. Therefore, a
possible role of H. pylori infection might be postulated
for GD, but further studies are needed to confirm such a
hypothesis.
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Predictability of outcome of caustic ingestion by
esophagogastroduodenoscopy in children
Abdulkerim Temiz, Pelin Oguzkurt, Semire Serin Ezer, Emine Ince, Akgun Hicsonmez
week of ingestion. Esophageal stricture, which necessitated a regular dilation program developed in 13 of the
aforementioned 35 patients. There is no statistically
significant difference in the rate of development of
esophageal stricture between the patients who ingested acidic (15.3%) and alkaline (8.9%) substances (P =
0.32). Severe gastric injury was detected in 38 (18.5%)
patients. The rate of development of gastric injury was
significantly higher in the acidic group (14%) than in
the alkaline group (2.9%) (P = 0.001). Out of 149 patients with clinical findings, 49 (32.9%) patients had
no esophageal injury and 117 (78.5%) patients had no
gastric lesion. Esophageal and severe gastric injuries
were detected in 20 (35.1%) and 8 (14%) of patients
with no clinical findings respectively. Pyloric stenosis
developed in 6 patients. Pyloric obstruction improved
with balloon dilation in 2 patients. Mean hospitalization
time were 1.2 ± 0.5 d for grade 0 and 2.3 ± 5 d for
grade 1 and 6.3 ± 6.2 d for grade 2a and 15.8 ± 18.6
d for grade 2b. It was significantly longer for patients
with grade 2a and 2b injuries (P = 0.000).
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Abstract
AIM: To assess the necessity of esophagogastroduodenoscopy (EGD) to predict the outcome of caustic ingestion in children.

CONCLUSION: Endoscopy is an effective technique
for determining the presence of esophageal and gastric
damage and to avoid unnecessary treatment in patients
with no or mild injury.

METHODS: The study included 206 children who underwent EGD because of ingestion of caustic substances between January 2005 and August 2010. Retrospective analysis of data of the patients was performed.

© 2012 Baishideng. All rights reserved.

RESULTS: The male/female ratio was 1.6 and mean
age was 38.1 ± 28.8 mo. The caustic substances were
acidic in 72 (34.9%) cases, alkaline in 56 (27.2%),
liquid household bleach in 62 (30.1%), and unknown
in 16 (7.8%). Fifty-seven (27.7%) patients were symptom-free. Significant clinical findings were observed in
149 (72.3%) patients. Upper gastrointestinal endoscopy findings of esophageal injury were grade 0 in 86
(41.7%) patients, grade 1 in 49 (23.8%), grade 2a in
42 (20.4%), grade 2b in 28 (13.6%), and grade 3a in
1 (0.5%) patient. 35 patients with grade 2a, 2b, and
3a injuries underwent esophageal dilation at second
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Poley et al[4] as grade 0: normal; grade 1: mucosal edema
and hyperemia; grade 2a: hemorrhagic, bullous mucosa,
exudates, fibrinous membranes, or superficial ulceration;
grade 2b: circumferential ulceration in addition to grade
2a; grade 3: scattered small necrotic areas, and black or
brown mucosa. Grade 2a, 2b, and 3 were defined as severe lesions. Gastric injury was classified as normal (normal mucosal appearance, edematous or hyperemic mucosa) or severe (exudates, fibrinous membrane, superficial
ulceration, scattered small necrotic area and hemorrhagic,
black or brown mucosa).
Intravenous antibiotics and H2 (histamin-2) receptor blocker were discontinued in patients with grade-0
and grade-1 injuries. Patients with grade-0 and grade-1
esophageal injury without severe gastric injury were fed
orally and discharged after endoscopy. Gastric decompression and medical treatment which included steroid,
intravenous antibiotics (ampicillin-sulbactam, netilmicin,
and metronidazol) and H2 receptor blocker were given in
patients with grade 2 and 3 injuries or severe gastric injury. All patients who had grade-2 or 3 esophageal injury
without severe gastric injury were fed via nasogastric tube
after endoscopy. Enteral nutrition was not started and total parenteral nutrition (TPN) was given in patients who
had severe gastric injury which was characterized with
mucosal necrosis. A repeat endoscopy was performed
for the reevaluation of the esophageal and gastric injury,
and to start dilation within 7-13 d after caustic ingestion
in patients with high suspicion about development of
esophageal stricture and grade 2 or higher injury. Oral
nutrition was initiated after detection of esophageal and
gastric amelioration during the repeat endoscopy. Barium
meal studies were performed in all patients with severe
esophageal or gastric injuries at the end of the third week
of ingestion to determine if esophageal or pyloric stricture was present. Dilation management was started in
patients with esophageal or pyloric stricture.

copy in children. World J Gastroenterol 2012; 18(10): 1098-1103
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i10/1098.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i10.1098

INTRODUCTION
Corrosive ingestion is an important social and medical
problem due to associated early and long-term complications, including bleeding, perforation, systemic complications (renal insufficiency, hepatic dysfunction, and diffuse
intravascular coagulation), esophageal stricture, fistula,
gastric outlet obstruction, and cancer[1-4]. Corrosive injury
may also lead to economic hardship due to medical costs
and psychosocial problems in affected children, including
behavioral and educational, as well as domestic problems[5]. Although the use of child proof packages or containers is increasing, caustic ingestion is still an important
problem in children because of uncontrolled and cheaper
cleaners which have been introduced through common
uncontrolled markets in developing countries[6,7].
Several studies[8,9] indicate that clinical signs are not always helpful in predicting the degree of injury and subsequent stricture formation. esophagogastroduodenoscopy
(EGD) is the most effective method for establishing the
severity of injury and treatment planning. However the
reported studies[8-10] that investigated the role of endoscopy in caustic ingestion focused especially on esophageal injury. There are several studies with limited number
of patients which emphasizes the gastric findings with
detailed findings and results of caustic injury. The aim of
the present study is to determine significance and necessity of the EGD to predict the esophageal and gastric
outcome of caustic ingestion and its effect on planning
the treatment strategies in children.

MATERIALS AND METHODS

Statistical analysis
Statistical analysis was performed using SPSS v.11.5 software. Data were analyzed using descriptive statistical
methods. Differences between groups were analyzed using the chi square test for categorical variables and Mann
Whitney-U for continuous variables. P < 0.05 was considered statistically significant.

The study included 206 children that underwent EGD
in a single institution because of accidental caustic substance ingestion between January 2005 and August 2010.
We didn’t perform EGD in patients with questionable
history of ingestion if they were asymptomatic and
had no oropharyngeal finding. Age and gender of the
patients, chemical properties of the caustic substances,
clinical findings, endoscopic findings, treatment modalities, feeding methods, and long-term complications were
analyzed retrospectively. Hematemesis, oropharyngeal
fibrinous lesions, severe mucosal edema, vomiting, drooling, oropharyngeal hyperemia and respiratory distress
were considered positive clinical findings.
Ampicillin with sulbactam and ranitidine were routinely administered to all patients before EGD. EGD
was performed in all patients under general anesthesia
by a fiberoptic Pentax LH-150PC (Japan) endoscope.
Endoscopy was performed within 48 h of initial injury.
Endoscopic findings were graded by using a modification of the method of Di Costanza which was used by
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RESULTS
The male/female ratio was 129/77 and mean age was
38.1 ± 28.8 mo (range: 4 mo-15 years). The caustic substances were acidic in 72 (34.9%) patients, alkaline in
56 (27.2%), liquid household bleach in 62 (30.1%), and
unknown substance in 16 (7.8%) patients. Fifty-seven patients (27.7%) were symptom-free on admission. Positive
clinical findings were observed in 149 (72.3%) patients.
The median time of presentation was 1 h (range 10 min7 d) and mean time of endoscopy was 1.56 ± 1.39 d (range:
1-10 d). Endoscopy was performed within 48 h of injury

1099

March 14, 2012|Volume 18|Issue 10|

Temiz A et al . Endoscopy in caustic ingested children

normal esophageal appearance with partially improved
initial severe gastric mucosal injury by control endoscopy.
Pyloric stenosis developed in 6 patients. Five patients ingested acidic substances while one patient ingested liquid
house hold bleach. Three of them had no clinical signs
after ingestion. Endoscopy revealed grade 2a and grade
2b esophageal injuries in 2 and 4 of them, respectively.
Severe gastric injuries, especially of the antral and pyloric
areas, were observed in all 6 patients. Endoscopic balloon
dilation of the pylorus was attempted in 4 of these patients and pyloric obstruction improved with dilation in 2
of them. One month following ingestion gastrojejunostomy and Heineke-Miculicz pyloroplasty were required in
three and one remaining patients respectively.
Esophageal and gastric endoscopic findings according
to clinical findings are summarized in Tables 4 and 5. The
sensitivity and specificity of all clinical findings regarding
severe esophageal injury were calculated as 80.6% and
32.8%, respectively. However sensitivity and specificity
of all clinical findings regarding severe gastric injury were
calculated as 75.7% and 29%, respectively. Tracheal injury
was observed only in 1 patient. Duodenal injury was not
detected in any of the patients. No complications related
to endoscopy were observed in any of the patients.
TPN was required in 15 (7.3%) patients, of which
14 had severe gastric, antral or pyloric injury; six patients
developed pyloric stenosis. One patient with esophageal
injury without gastric injury required TPN because of
enteral nutrition intolerance. Mean hospitalization time
were 1.2 ± 0.5 d for grade 0 and 2.3 ± 5 d for grade 1
and 6.3 ± 6.2 d for grade 2a and 15.8 ± 18.6 d for grade
2b. It was significantly longer for patients with grade 2a
and 2b injuries (P = 0.000).

Table 1 Endoscopic findings of the patients number based on
ingested caustic substance n (%)
Esophageal
grade
Grade 0
Grade 1
Grade 2a
Grade 2b
Grade 3a

Acidic

Alkaline

14
11
25
21
1
72 (34.9)

18
20
12
6
0
56 (27.2)

Unknown
Liquid
household content
bleach
44
15
2
1
0
62 (30.1)

10
3
3
0
0
16 (7.8)

Total

86 (41.7)
49 (23.8)
42 (20.4)
28 (13.6)
1 (0.5)
206 (100)

Table 2 Esophageal stricture in relation to esophageal injury

n (%)

Grade of esophageal injury
Grade-0
Grade-1
Grade 2a
Grade 2b
Grade 3
Total

Stricture rate
0 (0)
0 (0)
6 (37.5)
9 (56.25)
1 (6.25)
16 (100)

in 185 (89.8%) patients and was performed after 48 h in
21 (10.2%) patients because of late presentation. Esophageal findings according to the type of ingested substance
are summarized in Table 1. One hundred and thirty-three
patients with no or grade 1 esophageal injury were fed and
discharged after endoscopy. Two patients who had grade
1 esophageal injury were hospitalized for 21 d and 30 d
respectively because of severe gastric injury.
A repeat endoscopy and bouginage were performed
within 7 d to 13 d after initial procedure in 35 patients
with grade 2a and grade 2b esophageal injury and high
suspicion about development of esophageal stricture.
Esophageal stricture was detected in 16 patients with
barium meal study. Thirteen of them needed more than
1 dilation. The correlation of degree of esophageal injury
and stricture formation. The stricture rate was 15.3% (11
patients) and 8.9% (5 patients) among the patients with
acidic and alkaline injuries, respectively (Table 2). No
esophageal strictures developed in patients that ingested
liquid household bleach or unknown caustic substances.
Although 63.6% of patients who developed esophageal
stricture ingested acidic substances, there is no statistically significant difference in the rate of development of
esophageal stricture between the patients who ingested
acidic and alkaline substances (P = 0.32).
Severe gastric injury was detected in 38 (18.4%) patients (Table 3). Gastroscopy could not be performed
in 2 patients that ingested acidic substances because
of severe esophageal edema. Gastric injury was more
severe than esophageal injury in 7 (3.4%) patients. The
rate of development of gastric injury was significantly
higher in the acidic group than in the alkaline group (P
= 0.001). Septicemia developed in four patients (1.9%)
after oral feeding which was started after revealing the
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DISCUSSION
Extent of injury following caustic ingestion depends on
amount, concentration and pH of substance and tissue contact time[8,11]. Alkaline injury caused liquefaction
necrosis which results in deep penetration of tissue[11].
Alkaline injury appears mostly in esophagus. However
acidic injury causes coagulation necrosis which limits
deep penetration. Acidic substance rapidly transit to
the stomach because of their low viscosity and specific
gravity. This condition results gastric injury more than
esophageal injury[11].
The late complications of caustic ingestion are closely
related to the depth and extent of the esophageal or
gastric injuries. Several clinical approaches and treatment
modalities were recommended in injured children[6,12-15].
However, to estimate the risk of stricture formation, to
begin early and appropriate treatment, and to prevent
unnecessary malnutrition and medication use, the presence of esophageal and gastric damage should be documented. Several diagnostic trials were conducted for this
purpose and included radiocontrast esophagography,
scintigraphy, and esophageal ultrasound; however, the
usefulness and prognostic value of these methods remain
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Table 3 Gastroscopic findings according to caustic substance n (%)
Total (n = 206)

Substance

Severe gastric injury

Acidic (n =72 )

Alkaline (n = 56)

Liquid household bleach
(n =62 )

Unknown content
(n = 16)

29 (14)

6 (2.9)

2 (1)

1 (0.5)

38 (18.4)

Table 4 Severity of esophageal lesions in relation to clinical findings n (%)
Clinical findings

Grade of esophageal injury

Normal (n = 57) (27.7%)
Positive clinical findings (n = 149) (72.3%)

0

1

2a

37 (17.9)
49 (23.8)

9 (4.4)
40 (19.4)

9 (4.4)
33 (16)

Normal (n = 57) (27.7%)
Positive clinical findings (n = 149) (72.3%)

Gastric injury
Normal

Severe

49 (23.7)
117 (56.8)

8 (3.9)
30 (14.6)

Gastroscopy could not be performed in 2 (1%) patients with positive
clinical findings because of severe esophageal edema.

controversial[16,17]. The predictability of esophageal injury
based on signs and symptoms, and the necessity of upper
gastrointestinal endoscopy has been addressed in previous reports[1,2,4,8,9]. Although Gaudreault et al[9] considered
vomiting, dysphagia, excessive salivation, abdominal pain,
refusal to drink, and oropharyngeal burn specific clinical signs and symptoms of caustic injury, they observed
severe esophageal burns in only 18%-33% of patients
with these findings and concluded that clinical signs or
symptoms cannot predict esophageal injury. Nonetheless,
endoscopic evaluation was suggested as a mandatory intervention in symptomatic corrosive-injured patients, but
it was not necessary for asymptomatic patients, especially
those with a questionable history[3,18]. Lamireau et al[8] reported that vomiting, drooling, and oropharyngeal lesions
were not predictors of esophageal injury; however, respiratory symptoms, hematemesis, or the presence of at least
3 symptoms were highly predictive of severe gastrointestinal injury, even though their sensitivity was low. However
none of the authors stated the gastric injury in detail and
its relation with symptoms and outcome of caustic injury.
We observed severe esophageal injury in 19.3% of
our patients that did not have symptoms on the contrary
59.7% of the patients with positive clinical symptoms
have no or grade 1 esophageal injury. Fifty percent of
patients who developed pyloric stenosis did not have any
clinical findings. We want to emphasize that clinical findings are not predictors of esophageal or gastric injury. Although sensitivity of clinical findings was relatively high;
specificity of findings was low. Therefore these results
support that the absence of any oropharyngeal lesion
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3
0
1 (0.5)

does not rule out the severe esophageal or gastric injury.
Endoscopic evaluation is the most effective and widely used technique for establishing the severity of injury.
The burned esophagus is weakest between the 7th and
21st d of injury[5]; the frequency of endoscopic complications such as fistulas, perforation, and bleeding usually
increase in patients with high-grade injury during this
period[3,5]. Early endoscopy is recommended, especially in
the first 24-48 h[1,3,18].
It is usually recommended to stop endoscopy at the
first circumferential esophageal burn because of the risk
of perforation beyond this point[19]; however; we think
that this approach might cause a more severely burned
esophagus or stomach to be missed. We observed severe
gastric injury in 18.4% patients; gastric injury was more
severe than esophageal injury in 3.4% of patients. We
performed endoscopy after 48 h of injury in 10.2% of
patients because of late presentation to the hospital. In
contrary to the ordinary knowledge, we performed complete upper gastrointestinal endoscopy to reveal gastric
injury even in patients in which severe esophageal injury
was detected through endoscopy in all patients except
two. However, there were no complications due to late or
complete EGD.
The most frequent complication of corrosive substance ingestion is esophageal stricture. The rate of
stricture formation is reported to be between 2% and
63%[5,6,9,13,20]. Baskin et al[20] reported that 4.7% of patients with grade 2a injury and 26% of those with grade
2b injury developed esophageal stricture. Huang et al[6]
reported that all patients with grade 2 and 3 injury developed esophageal stricture. Overall, incidence of esophageal stricture was 7.8% in our study. Fourteen point three
percent of our patients with grade 2a esophageal injury
developed esophageal stricture. This rate was 32.1% and
100%, respectively, in patients with grade 2b and grade 3
esophageal injuries. We think that the partially low overall
rate of esophageal stricture was related to the treatment
strategies which were directed through the findings of
EGD. Because we started early dilation within 7-13 d
after initial procedure in patients who had grade 2 and 3
esophageal injury[3]. Therefore early dilation is suggested

Table 5 Severity of gastric lesions in relation to clinical findings n (%)
Clinical findings

2b
2 (1)
26 (12.6)
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esophageal injury in 3.4% of patients in this study. Therefore complete upper
gastrointestinal endoscopy should be performed to prevent misdiagnosis.

to improve the outcome of esophageal injury and reduce
the number of patients that develop esophageal stricture
which was detected at the third week of ingestion.
We did not observe a significant statistical difference
in the rate of development of esophageal injury between
the acidic and alkaline ingestion groups in contrary to
the literature, however esophageal and gastric injury occurred less frequently in the liquid household bleach and
unknown content groups than in the acid and alkaline
groups. Although 68.7% of the patients who developed
esophageal stricture ingested acidic substances, there was
no difference in the rate of stricture formation between
the acidic and alkaline ingestion groups.
In the present study gastric injuries occurred with
greater frequency in the acidic group than in the alkaline
group [acidic (40.2%) vs alkaline (10.7%)]. Several studies[21-24] report that the overall incidence of gastric outlet
obstruction is 5%-10% and that surgical correction is the
preferred treatment modality in these patients. We observed gastric injury in 8.4% of our patients and gastric
outlet obstruction occurred in 15.7% of them. Another
advantage of EGD in patients with gastric injury is attempt of balloon dilation for pyloric stenosis.
We think that overlooking gastric injury distal to the
upper circumferential esophageal injury is prevented by
the gastroscopy which is completed even severe circumferential esophageal injury is detected. Also the widespread use of endoscopy and endoscopic dilation reduce
the necessity for surgical procedures to treat corrosiveinduced gastric outlet obstruction.
In conclusion, we think that endoscopy which is a
mandatory and effective technique should be performed
to prevent unnecessary hospitalization and medication
use, to plan initial treatment and to predict the patients
who are under the risk of developing esophageal stricture and/or gastric outlet obstruction. EGD can be
performed without complications in experienced hands.
Additionally EGD has advantages such as to establish
treatment and follow-up strategies and improving the
clinical outcome of the children with caustic ingestion.

Applications

This article provides important data about significance and necessity of the endoscopy in patients with caustic ingestion. It is important to establish the severity, penetration and extent of injury to plan the treatment strategies in children
with caustic ingestion.

Terminology

Upper gastrointestinal endoscopy and esophagogastroduodenoscopy (EGD)
are direct visual examination of mouth, esophagus, stomach and duodenum
through an endoscope. Stricture is narrowing of the lumen. Total parenteral
nutrition is defined as feeding of patient intravenously by bypassing of digestive
system.

Peer review

The manuscript is a reasonable retrospective review of 206 children who underwent EGD because of caustic ingestion. Severe gastric injury was noted in
18.5% and endoscopies proved safe even in the setting of severe esophageal
injury.
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RESULTS: All of the patients had progressed under prior chemotherapy without bevacizumab. Three patients
(7.5%) exhibited an ORR, twenty one patients (52.5%)
exhibited stable disease (SD), and fifteen patients
(37.5%) exhibited disease progression. The median
duration of the OS and PFS were 14.0 mo and 6.13 mo
respectively. The median OSs were 16.60, 14.07 and
13.00 mo for second-line, third-line and fourth- or laterline treatments, respectively. The median PFSs were
7.23, 7.30 and 3.87 mo for the second-line, third-line
and fourth- or later-line treatments, respectively.
CONCLUSION: In patients with MCRC, bevacizumab
combined chemotherapy may be beneficial during second- or later-line treatment.
© 2012 Baishideng. All rights reserved.
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Abstract

Park LC, Lee HS, Shin SH, Park SJ, Park MI, Oh SY, Kwon HC,
Baek JH, Choi YJ, Kang MJ, Kim YS. Bevacizumab as a secondor later-line of treatment for metastatic colorectal cancer. World
J Gastroenterol 2012; 18(10): 1104-1109 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i10/1104.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i10.1104

AIM: To determine the efficacy of bevacizumab in patients with metastatic colorectal cancer (MCRC) who
have failed prior chemotherapy without bevacizumab.
METHODS: Between March 2002 and June 2010, 40
patients in South Korea with MCRC who were treated
with bevacizumab plus chemotherapy as a second or
later-line treatment were analyzed retrospectively for
their overall response rate (ORR), overall survival (OS),
and progression-free survival (PFS). The tumor re-
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INTRODUCTION
Metastatic colorectal cancer (MCRC) is a common can-
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cer, and significant advances have been made in the treatment of this disease. The integration of oxaliplatin or
irinotecan chemotherapies in combination with 5-fluorouracil (5-FU) and leucovorin (LV) as a front-line therapy
for MCRC is associated with significant improvements in
the time-to-progression and overall survival (OS)[1-3].
The recent integration of bevacizumab in front-line
therapy for MCRC has resulted in an additional positive
impact on the outcome for colorectal cancer patients.
Vascular endothelial growth factor (VEGF) is a diffusible,
homodimeric glycoprotein this is produced by healthy
and neoplastic cells and is a key promoter of angiogenesis under physiologic and pathologic conditions, including tumor progression[4]. The VEGF family includes
six members [VEGF-A-E and placental growth factor
(PIGF)]. The major mediator of tumor angiogenesis is
VEGF-A[5]. Bevacizumab is a recombinant, humanized,
monoclonal antibody directed against the VEGF ligand
(VEGF-A); bevacizumab binds all isoforms of VEGF-A
with a high affinity[6]. The inhibition of VEGF with bevacizumab has been shown to result in tumor reduction of
colon cancer in xenograft models and acts in synergy with
chemotherapy[7]. The addition of bevacizumab to 5-FUbased combination chemotherapy has been shown to
result in a statistically significant and clinically meaningful
improvement in survival among patients with MCRC[8-11].
The addition of bevacizumab to the FOLFOX chemotherapy regimen, consisting of 5-FU, LV, and oxaliplatin,
provides a statistically significant and clinically meaningful improvement in OS, compared to FOLFOX alone, in
patients with advanced or metastatic disease in whom the
disease has progressed after adjuvant chemotherapy with
FOLFIRI (5-FU, LV and irinotecan)[12,13]. However, based
on the inconclusive results from multicenter studies, the
role of bevacizumab in the treatment of patients with a
disease that is refractory to 5-FU, irinotecan, and oxaliplatin is not yet known[14-16].
The present retrospective study was designed to determine the efficacy and safety of bevacizumab combined
with chemotherapy in patients with MCRC who have
failed prior chemotherapy without bevacizumab.

functions (creatinine < 1.5 mg/dL and urinary excretion
≤ 500 mg of protein per day) were required.
The exclusion criteria included the presence of clinically significant cardiovascular disease, uncontrolled
hypertension, central nervous system metastasis, major
surgery within 6 wk, pregnancy or lactation, non-healing
wounds, bleeding diatheses, the regular use of aspirin
(> 325 mg/d) or other non-steroidal anti-inflammatory
agents, pre-existing bleeding diatheses or coagulopathies,
the need for full-dose anticoagulation or prior bevacizumab therapy.
Treatment schedule and dosing
Among the 40 patients in the present study, 12 patients
received bevacizumab plus oxaliplatin-containing chemotherapy, 19 patients received bevacizumab plus irinotecancontaining chemotherapy, 8 patients received bevacizumab plus 5-FU and LV (FL), and 1 patient received
bevacizumab alone. Bevacizumab plus FOLFOX or
FOLFIRI chemotherapy was administered every 2 wk
and consisted of the following: intravenous (IV) oxaliplatin (85 mg/m2) or irinotecan (150 mg/m2) over 2 h; IV
LV (200 mg/m2) over 2 h, followed by a bolus of 5-FU
(400 mg/m2); and infusional 5-FU (600 mg/m2) over 22
h, with FL repeated on day 1. The FL chemotherapy was
administered every 4 wk [infusional 5-FU (375 mg/m2)
over 24 h, and the IV LV (20 mg/m2)] was administered
over 2 h for 5 d. Bevacizumab was administered intravenously at 5 mg/kg over 30 min to 90 min every 2 wk,
prior to FOLFOX, FOLFIRI, or FL.
Assessment
The objective of the present study was to evaluate the
overall response rate (ORR), OS, progression-free survival (PFS), and toxicity of bevacizumab in patients
who failed prior treatment. The tumor responses were
assessed using Response Evaluation Criteria in Solid
Tumors guidelines[17]. Progression was defined as a 20%
increase at the time of disease progression.
The toxicities were graded using the NCI Common
Terminology Criteria for Adverse Events (version 3.0)[18].
Radiographic assessments were performed at baseline
(within 4 wk before starting chemotherapy) and every 6 wk
to 8 wk. Radiologic evaluation consisted of a chest X-ray,
bone scan, chest computed tomography (CT) scan, and
abdominopelvic CT scan.

MATERIALS AND METHODS
Patients
Between April 2005 and June 2010, 40 patients with
MCRC were treated with bevacizumab plus chemotherapy
as a second- or later-line treatment in Busan, South Korea.
Patients who were eligible for the present study suffered
from histologically-confirmed MCRC. Other inclusion
criteria included an age of at least 20 years, and a life expectancy of > 3 mo. There were no limitations on the
number of prior therapies or on the Eastern Cooperative
Oncology Group (ECOG) performance status. However,
adequate hematologic (an absolute neutrophil count >
1500/μL, hemoglobin > 9.0 g/dL, and a platelet count >
75 000/μL), hepatic (bilirubin < 2.0 mg/dL and transaminase levels < 3 times the upper normal limit), and renal
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Statistical analysis
All of the patients who received at least three dose of
therapy were included in the PFS and OS analyses. The
OS was defined as the time elapsed between the initiation
of the study therapy to the date of death from any cause.
The PFS was defined as the time elapsed between the initiation of the study therapy to the date of the progressive
disease (PD). Patients who died without a documented
PD were considered to have had a PD at the time of
death. Patients who were removed from therapy for
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A

Table 1 Patient baseline characteristics n (%)

40
55.50 (26-76)

Overall survival

n
Age (yr), median (range)
Gender
Male
Female
Primary tumor location
Colon cancer
Rectal cancer
ECOG
0-1
≥2
Metastatic sites
Liver only
Lung only
Liver and lung only
2 sites, including liver or lung
2 sites, excluding liver and lung
≥ 3 sites
1 site, excluding liver and lung
Number of metastatic sites
1 site
≥ 2 sites
Histologic type
Well
Moderate
Poor
Unknown
Previous chemotherapy
Fluoropyrimidine + oxaliplatin
Fluoropyrimidine + irinotecan
Capecitabine combined
Fluoropyrimidine combined
Line number of bevacizumab
2nd line
3rd line
4th or later-line
Chemotherapy associated with bevacizumab
Oxaliplatin-combined
Irinotecan- combined
5-fluorouracil-combined
Bevacizumab alone

0.8

Value

22 (55.0)
18 (45.0)

0.4

0.0

31 (77.5)
9 (22.5)

0

10

20

30

40

t /mo

6 (15.0)
4 (10.0)
8 (20.0)
6 (15.0)
2 (5.0)
9 (22.5)
5 (12.5)

B

15 (37.5)
25 (62.5)
9 (22.5)
9 (22.5)
1 (2.5)
21 (52.5)

1.0
0.8
0.6
0.4
0.2
0.0
0

5

10

15

20

25

30

t /mo

31
25
15
6

Figure 1 Curves for the overall survival, and progression-free survival in
patients with metastatic colorectal cancer after bevacizumab combined
chemotherapy as a second- or later-line treatment. A: Curves for the overall survival in patients with metastatic colorectal cancer after bevacizumab
combined chemotherapy as a second- or later-line treatment; B: Curves for
progression-free survival in patients with metastatic colorectal cancer after bevacizumab combined chemotherapy as a second- or later-line treatment.

17 (42.5)
13 (32.5)
10 (25.0)
12 (30.0)
19 (47.5)
8 (20.0)
1 (2.5)

chemotherapy as a second-line treatment, thirteen (32.5%)
were treated as a third-line treatment, and ten (25.0%)
were treated as a fourth- or later-line treatment. The
majority of the patients were treated with Bevacizumab
combined chemotherapy, including oxaliplatin (30.0%),
irinotecan (47.5%), and fluoropyrimidine (20.0%). One
patient (2.5%) was treated using bevacizumab alone,
without the addition of other chemotherapy regimens.
Additional patient demographics are summarized in
Table 1.

ECOG: Performance status score.

toxicity without clinical or radiographic evidence of PD
were censored. Patients who were lost to follow-up were
censored at the last contact date. Survival curves were estimated using the Kaplan-Meier method.

Efficacy
Three patients had partial responses, resulting in an
ORR of 7.5%. Twenty-one patients exhibited a stable
disease (SD), and fifteen patients exhibited a PD. The
response rates of second-line, third-line, and fourth- or
later-line treatments were noted in Table 2.
The median duration of the OS and PFS was 14.0 mo
and 6.13 mo, respectively (Table 3 and Figure 1). The median OSs were 16.60 mo, 14.07 mo and 13.00 mo for the
second-line, third-line and fourth- or later-line treatments,
respectively. The median PFSs were 7.23, 7.30, and 3.87
mo for the second-line, third-line and fourth- or later-line
treatments, respectively.

RESULTS
Patient characteristics
The median age of the patients in the present study was
55.5 years. Forty patients received FOLFOX, FOLFIRI
or FL, plus bevacizumab or bevacizumab alone, as a
therapy. The metastatic sites were primarily located in the
liver and/or lung (45.0%). Thirty one patients had previously undergone treatment with the FOLFOX regimen,
twenty-five had undergone treatment with FOLFIRI,
fifteen had undergone treatment with capcitabine alone
and six had undergone treatment with FL. Seventeen patients (42.5%) were treated with bevacizumab combined

WJG|www.wjgnet.com

0.6

0.2

10 (25.0)
30 (75.0)

Progression-free survival

Characteristics

1.0
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Table 2 Response to treatment n (%)
Response
Overall
2nd line
3rd line
4th or later-line

Patients

CR

PR

SD

PD

Unknown

40
17
13
10

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

3 (7.5)
2 (13.3)
1 (7.7)
0 (0.0)

21 (52.5)
11 (64.7)
6 (46.2)
4 (40.0)

15 (37.5)
4 (23.5)
5 (38.5)
6 (60.0)

1 (2.5)
0 (0.0)
1 (7.7)
0 (0.0)

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease.

Table 3 Analysis of survival
End point

Median follow-up duration (range) (mo)

mOS (95% CI) (mo)

mPFS (95% CI) (mo)

23.87 (6.13-77.83)
22.37 (6.13-56.10)
20.03 (13.87-57.77)
51.12 (17.87-77.83)

14.00 (7.77-20.23)
16.60 (3.22-29.98)
14.07 (6.89-21.25)
13.00 (4.48-21.52)

6.13 (3.94-8.33)
7.23 (6.45-8.02)
7.30 (3.84-10.77)
3.87 (2.78-4.95)

Overall
2nd line
3rd line
4th and later-line

mOS: Median overall survival; mPFS: Median progression-free survival; median follow-up duration: From diagnosis to last followup date or death date. CI: Confidence interval.

Table 4 Summary of the data after bevacizumab-combined chemotherapy as second- and later-line treatment in patients with
metastatic colorectal cancer after failure of irinotecan, oxaliplatin and 5-fluorouracil
Ref.

Treatment line

Treatment regimen

Giantonio et al[12]

Second

Yildiz et al[20]
Chen et al[14]
Kwon et al[21]
Lièvre et al[22]
Kang et al[16]
Park et al

Second
Third
Third
Second or later-line
Third or later-line
Second or later-line

BV + FOLFOX4
FOLFOX4
BV
BV + Irinotecan-based therapy
BV + FU/LV
BV + FOLFIRI
BV + FOLFIRI or FOLFOX
BV + FOLFIRI or FOLFOX
BV + FOLFIRI or FOLFOX

n

ORR (%)

Median PFS
(mo)

Median OS
(mo)

287
285
234
40
100
14
31
42
40

22.7
8.6
3.3
20.0
4.0
28.5
32.2
9.5
7.5

7.3
4.7
2.7
6.0
3.7
3.9
9.7
5.3
6.13

12.9
10.8
10.2
14.0
9.1
10.9
18.4
9.5
14.0

BV: Bevacizumab; FOLFOX4: Fluoropyrimidine + oxaliplatin; FOLFIRI: Fluoropyrimidine + irinotecan; FU/LV: Fluoropyrimidine + leucovorin; OS: Overall
survival; PFS: Progression-free survival; ORR: Overall response rate.

treatment of MCRC in the second-line setting. Supporting evidence was presented by the ECOG 3200, a phase
Ⅲ study randomizing patients who progressed after firstline IFL to FOLFOX plus bevacizumab vs FOLFOX
alone[12]. In the second-line setting, another study showed
that bevacizumab plus irinotecan was an active and safe
treatment option for patients failing oxaliplatin-based
therapy[20]. The role of bevacizumab in combination
with FL as a third-line treatment was studied in a phase
Ⅱ trial of patients who failed irinotecan- and oxlaiplainbased chemotherapy regimens. Based on previous study,
the use of third-line FL plus bevacizumab in chemoresistant patients is considered an ineffective treatment[14].
However, additional reports presented different results
than this previous report after bevacizumab combined
chemotherapy as a third-lime treatment. Bevacizumab
with FOLFIRI was reported to be well tolerated and to
be a feasible treatment in patients with heavily treated advanced MCRC[21]. Two studies evaluated the efficacy and
safety of bevacizumab plus FOLFIRI or FOLFOX in
MCRC after failure with FOLFIRI and FOLFOX using a

DISCUSSION
In colorectal cancer, the use of bevacizumab has been
shown to result in an improvement in survival rates and
response rates. Bevacizumab was investigated after a randomized phase Ⅱ study in combination with FL as part
of the first-line of treatment of MCRC and resulted in
a considerable improvement in efficacy when compared
with the FL control[9,10,14]. Based on these data, phase Ⅲ
studies were conducted. Compared with irinotecan plus
5-FU/LV (IFL) alone, IFL plus bevacizumab improved
the PFS, the ORR and the OS[8]. In the TREE-2 trial,
previously untreated patients with MCRC were randomly
assigned to bevacizumab and one of the three oxaliplatin- and 5-FU-containing regimens used in the TREE
1 trial-(FOLFOX, oxaliplatin plus bolus 5-FU/LV, or
capecitabine plus oxaliplatin). The bevacizumab-containing arms resulted in an improvement in the OS compared
with the non-bevacizumab-containing groups in the
TREE-1 study[19]. The administration of bevacizumab
resulted in a superior response rate, PFS and OS in the
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retrospective analysis. These studies concluded that bevacizumab plus FOLFIRI or FOLFOX as third-line or later
treatment in patients with MCRC resulted in a modest
activity and was relatively tolerable[16,22]. A summary of
the data during bevacizumab-combined chemotherapy as
a second- or later-line treatment in patients with MCRC
is shown in Table 4.
In the present study, the ORR was 7.5% for all of the
patients, and the median duration of the OS and PFS
was 14.0 mo and 6.13 mo, respectively. We suggest that
bevacizumab combined chemotherapy as a second- or
later-line treatment is an active and tolerable treatment in
patients with MCRC after failure to response to previous
chemotherapy.

6

7

8
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BRIEF ARTICLE

Is hepatic neoplasm-related pyogenic liver abscess a
distinct clinical entity?
Siu-Tong Law, Ki Kong Li
lobulation (77.1% vs 58%, P < 0.02), gaseous cavitation
(17% vs 7.8%, P = 0.03), portal thrombophlebitis
(11.4% vs 1.8%, P < 0.01) and aerobilia (25.9% vs
5.5%, P < 0.01). Mixed bacterial growth (40% vs
15.2%, P < 0.01) and Gram-negative bacilli (22.8% vs
60.4%, P < 0.01) were dominant isolates in PLAs with
and without HN, respectively. Although incidence of the
complications was comparable between the two groups,
patients with HN had a higher mortality rate than those
without (71.4% vs 8.8%, P < 0.01). Multivariate logistic
regression analysis revealed underlying active malignancy [odds ratio (OR): 40.45, 95% CI: 14.76-111.65],
hypoalbuminemia (OR: 1.22, 95% CI: 1.14-1.38), disseminated intravascular coagulation (OR: 3.32, 95%
CI: 1.19-9.69) and acute coronary syndrome (OR: 4.48,
95% CI: 1.08-17.8) were independent risk factors associated with mortality. However, several HN cases,
presented concurrently with PLAs, were found to have
curative resectable tumors and had good prognosis after
surgery.
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Abstract
AIM: To compare the clinical characteristics of pyogenic liver abscess (PLA) in patients with and without
hepatic neoplasm (HN).

CONCLUSION: PLA associated with HN tends to form
a distinct clinical syndrome with a different extent of
clinical manifestations, radiological and microbiological
features and complications.

METHODS: Authors performed a retrospective analysis
involving patients with PLA. The demographic, clinical
features, laboratory and imaging findings, management
and outcome of patients with and without HN were
studied.

© 2012 Baishideng. All rights reserved.

RESULTS: From January 2000 to December 2009 inclusive, 318 patients (35 with HN) had PLA, and mean
age and comorbidity were comparable between the two
groups. More patients with HN experienced right upper
quadrant pain (68.6% vs 52.7%, P < 0.04), developed
jaundice (14.3% vs 5.7%, P < 0.03) and hepatomegaly
(17.1% vs 3.9%, P < 0.01), and had higher serum total
bilirubin level (43.3 μmol/L vs 30.0 μmol/L, P = 0.05).
Most patients in both groups had PLAs in the right
hepatic lobe, and biliary tract disorder was the most
common underlying cause (71.4% and 61.8%). However, more PLAs in the HN group were associated with
thicker abscess wall (37.1% vs 19.4%, P < 0.01), septal
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INTRODUCTION

Table 1 Demographic and clinical characteristics of patients
with/without hepatic neoplasm-associated pyogenic liver
abscess (mean ± SD) n (%)

Pyogenic liver abscess (PLA) has been recognized since
the time of Hippocrates[1-4]. It is the most common type
of visceral abscess; in a report of 540 cases of intraabdominal abscesses, PLA accounted for 48% of visceral
abscesses. This condition is potentially life threatening,
with a mortality rate ranging from 10% to 40%[5,6]. The
previous reports have indicated that hepatic malignancy
is the major risk and poor prognostic factor for PLA[7,8].
Clinically, it is mandatory for clinicians to rule in/out any
coexisting tumor component in the PLA, so that appropriate neoadjuvant therapy or even surgical resection if
localized can be offered promptly after treatment of the
infection. However, to the best of our knowledge, the
issue of the prediction of the presence of hepatic malignancy in PLA has never been investigated.
Thus, the aim of this study was to review the characteristics of patients with and without hepatic neoplasm
(HN)-associated PLA in the following areas: risk factors,
clinical features, characteristics features of liver abscess,
treatment and outcome.

P value

Variable

HN group
(n = 35)

Non-HN
group
(n = 283)

Age (yr)
Sex (male: female)
Comorbidity
Diabetes mellitus
Hypertension
Ischemic heart disease
Stroke
Duration of symptoms
before presentation (d)
Symptoms and signs
Fever and chill
Right upper quadrant pain
Diarrhea
Cough and sputum
Jaundice
Hepatomegaly
Right pleural effusion/
consolidation (on admission)

67.7 ± 16.2
18:17

65.4 ± 15.13
163:120

0.40

9 (25.7)
12 (34.3)
1 (2.9)
2 (5.7)
3.7 ± 2.8

81 (28.6)
78 (27.6)
23 (8.1)
31 (11.0)
4.9 ± 4.9

0.36
0.20
0.14
0.17
0.18

34 (97.1)
24 (68.6)
1 (2.9)
6 (17.1)
5 (14.3)
6 (17.1)
3 (8.6)

268 (94.7)
149 (52.7)
21 (7.5)
59 (20.8)
16 (5.7)
11 (3.9)
39 (13.8)

0.27
< 0.04
0.16
0.41
< 0.03
< 0.01
0.20

HN: Hepatic neoplasm.

MATERIALS AND METHODS
Whitney U test were used when appropriate. P ≤ 0.05
was considered statistically significant.

The records of patients discharged from Tuen Mun
Hospital in Hong Kong with a diagnosis of PLA (International Classification of Diseases code 572.0) between
January 2000 and December 2009 were reviewed. Cases
were identified through searching the hospital database
(Clinical Management System of Hospital Authority of
Hong Kong). Underestimation of actual caseload is possible because coding might not have included patients
suffering from an underlying disease.
The case definition of PLA required patients to have
one or more filling defects on liver imaging [either ultrasound or computed tomography (CT)], together with
either (1) complete resolution of radiological abnormalities following antimicrobial therapy with/without positive
blood/pus culture, or (2) histological proof of microbiological infection without underlying neoplasm.
The diagnosis of hepatic tumor abscess was based on
the presence of hepatic tumor of primary or secondary
origin plus one or both of the following: (1) positive pus
culture; and (2) partial resolution of radiological abnormalities following antimicrobial therapy.
The clinical records of these patients were retrospectively reviewed to obtain the demographic characteristics,
clinical features, laboratory, imaging findings, treatment
methods and final outcomes. Recurrence was defined as
the development of new clinical and radiological changes
subsequent to clinical and/or radiological resolution.

RESULTS
From January 2000 to December 2009 inclusive, a total
of 318 patients were diagnosed with PLA, 35 (11%) of
which were associated with HN. There were 29 cases
of hepatopancreatobiliary (HPB) malignant disease and
causes identified for the other patients were as follows:
colonic cancers in three patients, and hepatocellular,
gastric and breast cancer in one patient each. Among 29
cases of HPB neoplasms, there were 20 cases of cholangiocarcinoma (13 intrahepatic and seven extrahepatic
cholangiocarcinoma), six cases of gallbladder cancer, and
three of pancreatic cancer. In the HN group, 10 patients
had neoplasms that presented concomitantly with the
development of PLA, and they included four gallbladder cancers, two intrahepatic cholangiocarcinomas, two
cancers of the head of the pancreas, and one each of
breast and cecal cancer. Although they presented concurrently, most of them were found to be widely metastatic
by imaging, and unable to undergo curative resection.
Only four cases had localized tumors on presentation:
two cases each of intrahepatic cholangiocarcinoma and
cancer of the head of the pancreas. They remained stable
after the resection of the tumors. For the patients whose
HNs presented prior to PLAs, the median period of time
was 5 mo (range: 2-17 mo).

Statistical analysis
The data were compiled and analyzed using SPSS for
Windows version 17.0 (SPSS Inc., Chicago, IL, United
States). All continuous variables were expressed as mean
± SD. Categorical variables were reported as percentages. Student’s t test, χ 2 test, Fisher’s exact test and Mann-
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Demographic characteristics
The demographic characteristics of these patients are
shown in Table 1. There was no sex dominance in the
HN group (male to female ratio: 1.06). The mean age
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Table 3 Bacteriology, pathogenesis and confirmatory investigations of hepatic neoplasm- and non-hepatic neoplasmassociated pyogenic liver abscess n (%)

Table 2 Laboratory findings and radiological features of
patients with/without hepatic neoplasm-associated pyogenic
liver abscess n (%)
Laboratory parameters

Hemoglobin (mean, g/dL)
White cell count (mean, 109/L)
ESR (mean, mm/h)
CRP (mean, mg/L)
Albumin (mean, g/L)
Total bilirubin (mean, mol/L)
Alanine aminotransferase
(mean, U/L)
Hba1c (mean, %)
Bacteremia
Radiological features
Size (cm, mean ± SD)
Site
Right lobe
Solitary/multiple
Left lobe
Solitary/multiple
Bilobar
Echogenicity
Hypoechoic
Hyperechoic/heterogenous
Thicken wall
Rim enhancement
Septal lobulation
Aerobilia
Fluid/gaseous cavitation
Portal thrombophlebitis
Subcapsular rupture of the
abscess

P value

HN group
(n = 35)

Non-HN
group
(n = 283)

10.0
18.9
82.0
120.0
27.1
43.3
64.1

11.3
16.8
78.9
141.8
29.6
30.0
84.1

0.22
0.13
0.84
0.56
0.56
0.05
0.16

10.3
13 (37.1)

9.1
120 (42.4)

0.41
0.27

6.8 ± 3.1

6.1 ± 3.0

0.19

22 (62.9)
15 (43)/
7 (20)
7 (20)
5 (14.3)/
2 (5.7)
3 (8.6)

156 (55.1)
133 (47)/
23 (8.1)
82 (29)
73 (25.8)/
9 (3.2)
37 (13.1)

0.19

31 (88.6)
4 (11.4)
13 (37.1)
26 (74.3)
27 (77.1)
7 (25.9)
33 (94.3)/
6 (17.1)
4 (11.4)
2 (5.7)

256 (90.5)
27 (9.5)
55 (19.4)
176 (62.2)
164 (58.0)
16 (5.5)
243 (85.9)/
21 (7.8)
5 (1.8)
16 (5.6)

0.36
0.37
< 0.01
0.08
< 0.02
< 0.01
0.08/
0.03
< 0.01
0.49

Bacteriology
Gram-positive organism
Streptococcus milleri
Others
Gram-negative organism
Escherichia coli
Klebsiella spp
Others
Mixed growth
Unknown
Antibiotic resistance
Pathogenesis
Biliary tract disorder
Portal pyemia
Direct spread
Hematogenous
Cryptogenic
Not investigated

0.13

Non-HN group
(n = 283)

6 (17.2)
3 (8.6)
3 (8.6)
8 (22.8)
2 (5.7)
5 (14.2)
1 (2.9)1
14 (40.0)
7 (20.0)
10 (28.6)

23 (8.1)
18 (6.4)
5 (1.7)
171 (60.4)
27 (9.5)
135 (47.7)
9 (3.2)2
43 (15.2)
46 (16.3)
49 (17.3)

25 (71.4)
3 (8.6)
5 (14.3)
2 (5.7)
0 (0)
0 (0)

175 (61.8)
11 (3.9)
0 (0)
5 (1.8)
15 (5.3)
77 (27.2)

P value
0.04

< 0.01

< 0.01
< 0.05
0.05
0.14
0.10
< 0.01
0.07
0.08
< 0.01

1

Bacteriodes (n = 1); 2Enterobacter (n = 4), Citrobacter (n = 2), Fusobacterium (n = 2), Proteus (n = 1). HN: Hepatic neoplasm.

0.22

Laboratory and radiological features
The laboratory findings are summarized in Table 2. Anemia, leukocytosis, high erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP), hypoalbuminemia,
and elevated total bilirubin and alanine aminotransferase
were common in the two groups. The HN group tended
to have a higher serum bilirubin level (43.3 μmol/L vs
30.0 μmol/L, P = 0.05). About 40% of the patients had
positive bacterial growth in blood culture on admission.
Ultrasonography (USG) and CT of the abdomen were
performed in two (5.7%) and nine (25.7%) patients with
HN, and 81 (28.6%) and 20 (7.1%) patients without HN,
respectively. Combined imaging was performed in 24
(68.6%) and 182 (64.3%) patients with and without HN,
respectively. The characteristics of PLA found by radiological imaging are shown in Table 2. The majority of
the patients in both groups had right lobe PLA of comparable size. Most PLAs in the two groups appeared as
hypoechoic nodules on USG imaging. Both groups had
the following common features: rim enhancement, septal
lobulation and fluid cavitation in CT imaging, with greater frequency in the HN group. In contrast, more patients
in the HN group had thicker (37.1% vs 19.4%, P < 0.01)
abscess walls (i.e., thickened abscess wall is defined as
wall thickness > 1 cm[9]) than those in the non-HN group
had, but both carried a similar risk of rupture. Moreover,
aerobilia, gaseous cavitation and portal thrombophlebitis
were experienced more in the HN group, with a significant difference between the two groups (P < 0.05).

HN: Hepatic neoplasm; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate.

was 67.7 years (range: 24-91 years; median: 72 years) in
the HN group and 65 years (range: 24-97 years; median:
65 years) in the non-HN group (data not shown). There
was no significant difference in age and sex between the
two groups (P = 0.40). Major comorbidities of the two
groups were similar and included hypertension, ischemic
heart disease, diabetes mellitus and stroke.
Clinical features
The clinical features of PLA in patients with and without
HN are shown in Table 1. Patients with HN tended to
have more acute onset of symptoms than did patients
without HN. As shown in Table 1, the most common
presenting features were fever, chills and right upper
quadrant pain. The HN group experienced right upper
quadrant pain (68.6% vs 52.7%, P < 0.04), jaundice (14.3%
vs 5.7%, P < 0.03) and hepatomegaly (17.1% vs 3.9%, P <
0.01) more than did the non-HN group, with a significant
difference between them. About 20% of patients in both
groups experienced respiratory symptoms but only half
of these patients had abnormalities in chest radiography.

WJG|www.wjgnet.com

HN group
(n = 35)

Underlying etiology
The etiologies of the two groups are summarized in
Table 3. The pattern of the causative organisms was
entirely different between the two groups. Most of the
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two groups (P = 0.05). Antibiotic therapy was the only
treatment for seven and 32 patients in the HN and nonHN groups, respectively, and the reason for not performing image-guided aspiration and drainage was the small
size of the lesion (< 3 cm in diameter). Among the HN
group, USG-guided needle aspiration was performed in
27 (77.1%) patients and continuous catheter drainage in
six (17.1%). In the non-HN group, 233 (82.3%) patients
had USG-guided needle aspiration and among these,
206 (72.8%) patients had continuous catheter drainage,
with a significant difference between the two groups. A
pigtail catheter was not inserted in these 48 patients after percutaneous aspiration because the abscess was too
solid or it was completely collapsed after aspiration, thus,
further catheter drainage was not considered useful. Surgical drainage was required in one (2.9%) and 18 (6.4%)
patients with and without HN, respectively. The main
reason for laparotomy among these patients was the presentation of acute abdomen. There were no patients who
failed to respond to antibiotics with/without percutaneous drainage.
No patients with HN had detectable metastatic infections, whereas 16 (5.7%) patients without HN experienced
distant spread of the infection: urinary tract infection in
eight, endophthalmitis in three, pneumonia in two, and right
empyema, right psoas abscess and simultaneous endophthalmitis and urinary tract infection in one patient each.
Septic shock developed in 40% of patients with HN but
in only 25% of those without HN, with no significant
difference between the two groups. Other complications,
such as disseminated intravascular coagulation (DIC),
acute coronary syndrome and respiratory/renal failure
had comparable incidence between the two groups. The
intensive care unit was offered to 31 (11%) patients
without HN but only one (2.9%) patient with HN, with
no significant difference between the two groups. Recurrence rate of PLA was low in both groups. Twenty-five
(71.4%) patients with HN died during the management,
all of which was attributed to the underlying HNs, in
which all except one had the septic process under control.
Only one case died due to uncontrolled Clostridium perfringens septicemia on day 7 of hospitalization. The nonHN group had only 25 (8.8%) deaths and causes were as
follows: 17 with liver abscesses, six with hospital-acquired
pneumonia, two with cerebrovascular accident, and one
with uncontrolled bleeding duodenal ulcer, with a significant difference between the two groups (log rank test <
0.01) (Figure 1). By using multivariate logistic regression
analysis, underlying active malignancy, hypoalbuminemia,
DIC and acute coronary syndrome were independent risk
factors associated with mortality for these two groups
(Table 5). These combined risk factors accounted for
49% (Nagelkerke r2: 0.49) of the mortality risk and HN
was the most significant clinical variable in this model.

Table 4 Management and outcomes of pyogenic liver abscess
with/without hepatic neoplasm n (%)
Non-HN
group
(n = 283)

P value

27 (77.1)/
6 (17.1)
1 (2.9)

233 (82.3)/
206 (72.8)
18 (6.4)

0.23/
< 0.01
0.20

0 (0)
14 (40)
6 (17.1)
2 (5.7)
1 (2.9)
1 (2.9)
1 (2.9)
25 (71.4)

17 (5.7)
77 (27.2)
44 (15.5)
14 (4.9)
14 (4.9)
31 (11)
16 (5.7)
25 (8.8)

0.07
0.06
0.39
0.42
0.29
0.07
0.25
< 0.01

HN group
(n = 35)
Intervention
Imaging-guided aspiration ±
drainage
Surgical drainage
Complications and outcomes
Metastatic infection
Septic shock
DIC1
Acute coronary syndrome
Respiratory/renal failure
ICU care2
Recurrence
Death
1

For disseminated intravascular coagulation; 2For intensive care unit. HN:
Hepatic neoplasm.

microorganisms isolated from the HN group were mixed
growth (40%), followed by Gram-negative and Grampositive isolates, whereas Gram-negative isolates were
dominant in the non-HN group, followed by polymicrobial isolates and Gram-positive cocci. Klebsiella spp. were
the dominant Gram-negative organisms in both groups.
Biliary tract disorder was the most common cause
of disease in the two groups. In 14 (4.4%) patients PLA
was due to portal pyemia: three patients were from the
HN group and all had advanced colon cancer with multiple hepatic metastasis. The remaining 11 were from the
non-HN group: seven with colonic diverticulitis shown
by abdominal CT scan; two with active inflammatory
bowel disease; and two with a recent history of acute appendicitis. Five patients from the HN group had PLAs
caused by the direct spread of infection. One patient
developed PLA after transarterial chemoembolization for
hepatocellular carcinoma and the organism involved was
Staphylococcus aureus, thus the infection was probably due
to catheter delivery of the skin contaminant. The other
four cases had advanced carcinoma of the gallbladder
with local invasion into the liver parenchyma. Seven cases
(two from the HN group) were caused by hematogenous
spread: In the HN group, these were cases of advanced
gastric and breast cancer and both had multiple liver metastases. Causes identified in the other group were as follows: urinary tract infection in two patients, and one each
with pneumonia, right psoas abscess and continuous ambulatory peritoneal dialysis peritonitis. Lastly, > 20% of
patients in the non-HN group had not been investigated
for the underlying causes of PLA.
Management and treatment outcomes
The management and outcomes of the two groups are
summarized in Table 4. All patients received intravenous
broad-spectrum antibiotics after assessment for sepsis.
Antibiotic resistance was detected in 10 (28.6%) isolates
from the HN group, but in only 49 (17.3%) from patients
without HN, with a significant difference between the
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DISCUSSION
PLA has been recognized since the time of Hippocrates.
During recent decades, despite advances in microbiology,
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Table 5 Summary of multivariate logistic regression analysis of mortality of pyogenic liver abscess
Variable

1

2

Wald estimate

Hepatic malignancy
Hypoalbuminemia
DIC
Acute coronary syndrome
Impaired renal function
Total bilirubin
Septic shock
Surgical intervention

3

β coefficient (B)

51.5
15.2
5.2
4.3
0.1
0.3
0.9
0.11

OR (95% CI)

3.7
0.2
1.2
1.5
0
0
0.03
0.13

40.45 (14.76-111.65)
1.22 (1.14-1.38)
3.32 (1.19-9.69)
4.48 (1.08-17.80)
1.00 (0.82-1.12)
1.00 (0.71-1.51)
1.03 (0.82-2.67)
1.14 (0.71-3.90)

P value
0.00
0.00
< 0.05
0.02
0.76
0.48
0.39
0.74

Variables were entered into the model by stepwise forwards method; only those clinically interested were listed; 2Wald
estimate corresponds to the importance of the variable in the model; 3Odds ratio (OR): calculated by Exp (B). DIC: Disseminated intravascular coagulation.
1

PLA presents most acutely (3 d) if it is due to biliary tract
disorder.
The patients in both groups presented with similar
clinical features: fever, chill and right upper quadrant pain
were frequent symptoms. Because of the presence of
hepatic tumors of either primary or secondary, there was
a higher incidence of right upper quadrant pain, jaundice
and hepatomegaly on physical examination in patients
with HN.
Abnormalities in laboratory parameters were similar in
both groups, mainly anemia, leukocytosis, high ESR and
CRP, deranged liver function test, with elevated serum
bilirubin and alkaline phosphatase. However, the change
in serum alanine aminotransferase was less pronounced
in patients with HN, which may relate to the dominance
of cancer of the biliary system among the HNs, thus reflecting the probable secondary biliary cirrhotic change in
liver parenchyma. Right lobe involvement was dominant
in both groups of patients, which is consistent with prior
reports[19]. The right lobe dominance is due to its size
and propensity to receive most of the portal blood flow.
Bilobar involvement was only seen in 8.6% of the HN
group. This is because bilobar tumors are more common
in hepatic metastases of extra-HPB origin, which only
contributed five (14.3%) cases in our series.
PLAs with and without HN had several similar radiological features in our study. USG appearance of both
groups might range from hyperechoic to hypoechoic and
this variation has a close relationship to the pathological stage of PLA. During the very early stage of abscess
formation, the hepatocytes/tumor cells undergo acute
inflammation and thus the abscess might appear solid, i.e.,
hyperechoic. When these cells start to become necrotic,
the abscess liquefies with increasing fluid content and
surrounding edema. This is also the stage most patients
with PLA present clinically, and thus most PLAs, with
or without HN, are hypoechoic by USG and are fluidcontaining lesions with rim enhancement in CT contrast
studies. In contrast, our study demonstrated that PLAs
with and without HNs had several contrast features in
imaging. First, within the hepatic tumor tissue, the tumor
cells will secrete cytokine to stimulate the adjacent fibrous
stroma tissue to grow, therefore, thickened abscess wall

Risk of mortality of patients with pyogenic liver abscess
1.0

Com survival

0.8
Non tumor
Tumor
Non tumor-censored
Tumor-censored

0.6
0.4

Log rank test < 0.01

0.2
0.0
0

100

200
300
400
Time to event (d)

500

Figure 1 Kaplan-Meier estimates of overall risk of mortality of pyogenic
liver abscess in patients with and without hepatic neoplasm.

imaging-guided intervention and antibiotic therapy, PLA
is still a potential life-threatening condition with a mortality rate ranging from 10% to 40%, and one of the reasons is the increasing number of patients with primary or
secondary HNs[5-8]. In general, only 5% of malignant liver
tumors are of primary origin, whereas the rest are assumed to be metastases[10]. In fact, the liver is the second
most common site of metastasis next to lymph nodes.
Our study revealed two important findings. First, the primary HNs, instead of liver metastases, were dominant in
those PLAs associated with HN. The liver is resistant to
infection because it is one of the reticuloendothelial systems in the body and harbors numerous lymphoid cells.
Second, the primary site of the HN is also crucial for the
development of PLAs because HPB malignant disease
was dominant within the HN group.
In the present study, the mean age of the patients and
the prevalence of their comorbidity were comparable with
previous studies. Men and women were equally affected
in patients with HN, whereas there was male dominance
in patients without HN, as in most previous studies[11-17].
The duration of symptoms before admission was shorter
in the HN group than the non-HN group. This is because
a higher proportion of the cases in HN groups were due
to the biliary tract pathology. Seeto et al[18] have found that
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and septation were more commonly seen in PLAs with
HN[20]. Second, there was a higher incidence of aerobilia
and portal thrombophlebitis in patients with HN that
might be related to the high incidence of HPB malignancies in the HN group. Third, the gaseous cavitation was
more commonly seen in PLAs associated with HN. This
might be explained by the fact that the tumor cells have
high energy demand for rapid duplication, and this leads
to accumulation of lactic acid through their glycolytic
pathway. Subsequently, the acidic environment stimulates
the formic hydrogen lyase of the bacteria to produce
carbon dioxide and hydrogen through mixed acid fermentation[21]. The comparable risk of rupture of PLA
associated with/without HN might be explained by the
combined counteracting effects of the wall thickness and
the gaseous cavitation inside the abscess.
The bacteriological pattern in PLA was entirely different between the two groups in which there was a higher
incidence of polymicrobial isolates in the abscesses of
the HN group. This may be related to the mixture of microorganisms in the normal flora in the gastrointestinal
and biliary tract. There are three possible mechanisms
for the bacterial flora to develop PLA in the presence of
HN: malignant biliary obstruction caused by HPB malignancies, portal venous suppuration, which usually happens in colorectal tumor, and bacterial seeding via hepatic
artery following systemic chemotherapy[22]. Although
only some patients were investigated by colonoscopy,
endoscopic retrograde cholangiopancreatography and endoscopic ultrasound were performed, the biliary disease
was still the most common identifiable cause of PLA in
patients without HN as in other recent studies[18,23,24].
In our study, most of the patients were managed by
combination of antibiotic and imaging-guided aspiration with/without drainage. There was no difference in
the complications between the two groups during the
imaging-guided intervention. No tumor seedlings were reported in the HN group, and this might have been due to
only minute quantities of tumor cells in the central region
of the tumor mass. Thus, imaging-guided aspiration of
the hepatic tumor abscess is regarded as a relatively safe
procedure. Although both groups of patients responded
similarly in the initial phase of management, the patients
with HN tended to have a more fulminant clinical course
with a higher incidence of septic shock, DIC and acute
coronary syndrome. There was no detected metastatic
infection in patients with HN and this might be explained
by the difficulty for the bacteria to disseminate within the
tumor tissue. Surprisingly, underlying active hepatic malignancy was less likely to be associated with the recurrence
of PLA, because a considerable proportion of the patients with HN died. This would have made an apparently
negative association between malignancy and recurrence.
In the present study, the overall mortality rate of PLA
was 16%, which is comparable to other studies[25]. The
higher mortality rate of patients with HN was due to
underlying active malignancy and higher incidence of the
complications mentioned previously. Half of the deaths
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in the HN group happened within the first 12 wk. Although there were two cases each of intrahepatic cholangiocarcinoma and cancer of the head of the pancreas that
presented concurrently with PLAs, these four cases were
found to have localized tumors and thus curative resection could be performed after treatment of PLA. Thus,
it is justifiable to have early follow-up imaging with/without biopsy for those PLAs that have a suspicion of malignancy. Despite the advanced stage of the disease, early
diagnosis of the neoplastic component is warranted because neoadjuvant target therapy might modify its natural
course. In our study, the most important determinants of
mortality rate were underlying active hepatic malignancy,
hypoalbuminemia, DIC and acute coronary syndrome.
The prognostic value of underlying malignancy has been
recognized in other studies[24,26]. Hypoalbuminemia reflects the duration of the growth of the liver abscess and
the degree of impairment of hepatic synthetic function.
DIC and acute coronary syndrome may relate to the severity of the septic process.
PLA associated with HN tends to have a distinct
clinical syndrome with a different extent of clinical manifestations, radiological and microbiological features, and
complications. The initial antibiotic of choice should be
broad-spectrum with coverage of both Gram-positive
and -negative microorganisms. These PLAs can be safely
treated with image-guided aspiration with/without drainage, with negligible risk of tumor seedlings. Early followup imaging should be considered for those PLAs with
potential risk of malignancy.

COMMENTS
COMMENTS
Background

Hepatic neoplasm (HN) is a recognized cause of pyogenic liver abscess (PLA).
It is well-known that HN can mimic PLA on presentation and it is difficult to identify the coexisting hepatic tumor component in PLA, thus, PLA associated with
HN is a diagnostic challenge to clinicians. There have been few studies focused
on this subject.

Research frontiers

Due to the better understanding of carcinogenesis and the advancement of
molecular medicine, treatments based on molecular targets are being developed and these might have the potential to modify the clinical course of these
neoplasms.

Innovations and breakthroughs

PLA associated with HN tends to have a distinct clinical syndrome with a different extent of clinical manifestations, radiological and microbiological features,
and complications. Several cases, presented concurrently with PLAs, were
found to have curative resectable tumors and had good prognosis after surgery.

Applications

The initial antibiotic of choice should be broad-spectrum with coverage of both
Gram-positive and -negative microorganisms. These PLAs can be safely treated with image-guided aspiration with/without drainage, with negligible risk of
tumor seedlings. Early follow-up imaging should be considered for those PLAs
with potential risk of malignancy.

Peer review

This is a unique manuscript documenting the clinical course of liver abscess
associated with/without malignancy. The authors report differences between
two groups (liver abscess with and without malignancy) and liver abscess with
malignancy was associated with unfavorable prognosis. The viewpoint of this
manuscript is interesting, but the clinical impact of this study is not fully discussed.
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Association between gastric cancer and -1993
polymorphism of TBX21 gene
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type, the -1993CC genotype exhibited a significantly
elevated risk for gastric cancer [Odds ratio (OR) = 3.42,
95% confidence interval (CI): 1.41-8.31]. The relationship between the -1993 polymorphic genotype and the
invasive status such as lymph node and distant metastasis was found among the gastric cancer patients
(OR = 4.02, 95% CI: 1.87-8.66; OR = 7.02, 95% CI:
3.44-14.34, respectively).
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AIM: To investigate the association between the polymorphism of TBX21 gene and the risk of gastric cancer
in a Chinese population.
METHODS: The -1993 polymorphism located in TBX21
gene promoter region was identified by polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. The risk between TBX21
gene genotype and gastric cancer was determined by
multivariate logistic regression analysis in 220 gastric
cancer patients and 262 cancer-free controls matched
by age, sex and ethnicity.

INTRODUCTION
Gastric cancer is the fourth most common cancer, which
approximately accounts for 12% of all cancer deaths and
currently ranks second in global cancer mortality only
behind the lung cancer[1]. Until recently, although the
global incidence of gastric cancer has been dramatically

RESULTS: Compared with the TBX21 -1993TT geno-
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decreased in different regions, it still represents a leading
cause of death worldwide, especially in China and other
Asian countries[2]. It is estimated that more than 930  000
new cases of gastric cancer would be diagnosed each
year in the world. Although the different management
approaches were performed, a minimum of 700  000 patients would die from this malignant disease[3].
In the previous study, the dietary factors, such as
nitrates, smoked fish and salted meats, moldy foods containing aflatoxin, and the infection with Helicobactor pylori
(H. pylori), were thought to be involved in the development of gastric cancer[4], but the detailed mechanisms of
gastric carcinogenesis are still unknown. In spite the new
insight of the immune surveillance, the molecular elimination mechanism and host susceptibility to malignant
gastric cell still remained largely unsolved. The susceptibility of the host genetic factor to malignant disease is a
dynamic interactive process, which is thought to be involved in the balance between the host immune response
and the malignant cell apoptosis. Moreover, multitudinous cytokines played crucial roles against the malignant
transformation of normal cells in this process[5].
Although the genetic basis of host susceptibility to
the development of gastric cancer had not been clearly
discovered, our previous study reported that the -1661A/
G polymorphism located at cytotoxic T lymphocyte-associated
antigen-4 (CTLA-4) gene promoter might significantly increase the risk of gastric cancer development[6]. Similarly,
in the immune-regulated area, researches demonstrated
that the TBX21 gene (NCBI OMIM nos.*604895), which
encoded the transcription factor T-bet (T-box expressed
in T cells), was a key transcriptional activator to induce
the differentiation from helper T cells to Th1 cells[7].
In the previous experiments, the expression of TBX21
gene was proved to be associated with breast cancer and
the T-bet protein played a key role in natural killer (NK)
cell-mediated melanoma metastatic disease [2,8]. These
evidences indicated that the expression of TBX21 gene
was closely associated with the development of cancer
through the Th1 and NK cells pathway[9]. Moreover, the
-1993 polymorphism located in TBX21 gene promoter
region had been verified to alter the transcription factor
binding and regulating the TBX21 gene expression[10].
Hence, in this study, we systematically scrutinized the
-1993 genetic polymorphism and assessed the potent susceptibility of this TBX21 gene (SNP) to gastric cancer in
the Chinese population.

or surgical specimen. At the same time, a comparable
group of normal controls without gastric cancer or other
disease was included in this study from the two hospitals.
Two hundred and twenty eligible patients with gastric
cancer (124 males and 96 females) were enrolled in this
study. The individuals who possessed secondary, recurrent malignancies, and accepted blood transfusion were
excluded. There were eight cases of gastric cancers located in cardia, 117 in non-cardia, six in the upper third, 49
in the middle third, and 40 in the lower third. Two hundred and sixty two controls (143 males and 119 females)
proved to be free from any malignant diseases by the
physical examination were randomly and simultaneously
recruited from the two hospitals. Except for matching the
gastric cancer patients by gender and age (within 5 years),
control subjects with severe clinical symptoms, previous
diagnosis of cancer, and genetic disease were excluded.
The mean age of the gastric cancer patients was 41.14 ±
7.10 years (mean ± SD) and the control group was 41.69
± 8.83 years. There were no statistically significant differences in current smoking or drinking status, age, sex, and
race between the two groups. All participants were of
Han nationality from Northern China. The minor distinct
ethnic groups and migrants from other countries were
not included. This study protocol was approved by the
Institutional Review Boards of participating institutions,
and each participant should provide a signed informed
consent before the two mL peripheral blood sample was
collected.
DNA extraction and genotyping method
According to the standard protocol as described in a previous study[11], genomic DNA was extracted from peripheral
blood leukocytes using sodium dodecyl sulphate lysis and
proteinase K digestion followed by the standard phenolchloroform extraction. DNA samples were quantified and
subjected to specific polymerase chain reaction (PCR) amplification as described below. The -1993 polymorphism
within TBX-21 gene promoter region was identified by the
reaction-restriction fragment length polymorphism (PCRRFLP) method. The primers which were used in PCR
amplification for the promoter specific fragments were
described previously[10]. The PCR was performed in a 20
μL total reaction volume containing 2 μL 10 × PCR buffer (Qiagen Inc., Hilden, Germany), 1.5 mmol/L MgCl2,
0.5 μmol/L each primer, 0.2 mmol/L dNTP, 1.2 U Taq
polymerase (Qiagen Inc., Hilden, Germany) and 200 ng
of genomic DNA. After an initial denaturation at 95  ℃
for 5 min, the DNA was amplified by 35 cycles of 94  ℃
for 30 s, 62.0  ℃ for 40 s, and 72  ℃ for 45 s, with a final
elongation at 72  ℃ for 10 min on the Gene-Amp PCR
System 9700 (PE Applied Biosystems, Foster City, CA,
United States). PCR products were purified using a MultiScreen-PCR purifying plate (Millipore Company, Billerica,
MA, United States). Under the condition recommended
by the manufacturer’s instruction, the purified PCR products were digested by the restrictive enzyme Hha I (New
England Biolabs Beverly, MA, United States). The digest-

MATERIALS AND METHODS
Patients
This population-based case-control study was carried
out in two hospitals: Beijing Friendship Hospital, Capital
Medical University and Qianfoshan Hospital, Shandong
University, China. Followed an identical protocol, each
hospital was responsible to recruit the gastric cancer patients consecutively from 2005 through 2010. All patients
were histopathologically confirmed by endoscopic biopsy
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Table 1 Distribution of TBX21 -1993T/C allelic frequencies in cases and controls n (%)
Variables
Age (yr) (mean ± SD)
Gender
Male
Female
Smoking status
Never
Always
Drinking status
Never
Always
Family history of cancer
No
Yes
TBX21 -1993
T
C
T/T
T/C
C/C

Adjusted OR (95% CI)

P trend

Case

Control

41.14 ± 7.10

41.69 ± 8.83

0.8841

124 (56.36)
96 (43.64)

143 (54.58)
119 (45.42)

0.6952

160 (72.73)
60 (27.27)

201 (76.72)
61 (23.28)

0.3142

149 (67.73)
71 (32.27)

188 (71.76)
74 (28.24)

0.3372

181 (82.27)
39 (17.73)

240 (91.60)
22 (8.40)

0.0022

356 (80.91)
84 (19.09)
154 (70.00)
48 (21.82)
18 (8.18)

473 (90.27)
51 (9.73)
219 (83.59)
35 (13.36)
8 (3.05)

1.00
2.06 (1.44-2.96)
1.00
1.84 (1.13-3.01)
3.42 (1.41-8.31)

< 0.0012
0.0153
0.0073

Mann-Whitney U test; 2χ 2 test; 3Multivariate unconditional logistic regression model. SD: Standard deviation; CI: Confidence interval; OR: Odds ratio.

1

ed PCR products were fractionated on 4% agarose Trisborate-EDTA gel (Agarose 1000; Gibco BRL, Rockville,
MD, United States) and stained with ethidium bromide.
All assays were conducted blindly by two researchers without the knowledge of case or control status. Additionally,
about 10% of the samples were randomly selected and
retested, and the results were 100% concordant.

cant differences in age (P = 0.884) or gender distribution
(P = 0.695) between patients and controls by the MannWhitney U test or Chi-square test (Table 1). The family
cancer history in case group showed statistically significant difference from the control group (P = 0.002). The
amounts of alcohol intake and tobacco smoking were
similar between patients and controls.

Statistical analysis
The frequency distributions of demographic variables
and putative risk factors to gastric cancer, including age,
gender, smoking or drinking status, and family history
of cancer were examined in case and control groups by
Mann-Whitney U test or Chi-square test. Multivariate
unconditional logistic regression was used to determine
the statistical significance of interaction between the
certain variables and gastric cancer. Odds ratios (ORs)
were adjusted by matching the variables. The Chi-square
was used to compare the observed genotype distributions
with the expected genotype by the Hardy-Weinberg equilibrium. All calculations were performed using the SPSS/
Win statistical program (version 11.5.1 for Windows;
SPSS Inc, Chicago, IL, United States). The statistical tests
were two-sided, and the values of P < 0.05 were considered statistically significant.

Association between TBX21 -1993 polymorphism and
gastric cancer
Under the subgroup analysis stratified by the confounding factors or as a whole group analysis in the gastric cancer cases, the association between the genotype frequencies of TBX21 gene -1993T/C polymorphism and gastric
cancer is shown in Tables 1 and 2. The distribution of
the T allele at the -1993 loci was significantly different
between the control and case groups (OR = 2.06, 95%
CI: 1.44-2.96, Table 1). The -1993TC and -1993CC genotypes were associated with the risk of gastric cancer (OR
= 1.84, 95% CI: 1.13 -3.01; OR = 3.42, 95% CI: 1.41-8.31;
respectively). When the data were stratified by gender,
age, smoking or drinking status and the family history of
cancer, the stronger association was revealed in the male
patients aged less than 65 years with frequent smoking,
especially in the patients who had family histories of cancer (OR = 3.99, 95% CI: 1.06-15.03, Table 2).

RESULTS

Clinicopathological association between patients and
TBX21 -1993 polymorphism
The association between the clinicopathological characteristics of the gastric cancer and the genotype distributions is shown in Table 3. In the multivariate unconditional logistic regression analysis, the clinicopathological
parameters did not show any significant relations to
-1993TC genotype in age (P = 0.218), gender (P = 0.388),
tumor size (P = 0.369), degree of differentiation (P =

Study population characteristics
In our experiment, TBX21 gene -1993 loci within its
promoter region were found in 482 Chinese individuals
consisting of 220 gastric cancer patients and 262 controls, and the substitution of nucleotide from T to C was
detected by PCR-RFLP method. The observed -1993
T/C genotypes of TBX21 gene were in Hardy–Weinberg
equilibrium (P > 0.05). There were no statistically signifi-
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Table 2 Multivariate logistic regression analysis of TBX21 -1993T/C stratified by the selected variables
Variables

Cases/controls

Gender
Male
Female
Age (yr)
< 55
55–65
> 65
Smoking status
Never
Always
Drinking status
Never
Always
Family history of cancer
No
Yes

Adjusted OR (95% CI)

P

T/T

T/C + C/C

82/118
72/101

42/25
24/18

2.37 (1.31-4.31)
1.89 (0.95-3.76)

0.005
0.071

94/114
56/59
4/16

50/27
15/11
1/5

2.79 (1.61-4.81)
2.13 (1.36-3.31)
0.58 (0.04-7.92)

< 0.001
0.001
0.683

118/167
36/52

42/34
24/9

1.77 (1.06-2.97)
3.38 (1.31-8.71)

0.029
0.012

105/155
49/64

44/33
22/10

2.00 (1.18-3.89)
2.48 (1.04-5.90)

0.010
0.040

131/201
23/18

50/39
16/4

1.99 (1.23-3.21)
3.99 (1.06-15.03)

0.005
0.041

CI: Confidence interval; OR: Odds ratio.

Table 3 Clinicopathological characteristics analysis of 220 gastric cancer patients and TBX21 -1993T/C polymorphism n (%)
Variables
Age (yr)
≥ 60
< 60
Gender
Male
Female
Tumor size
≥ 5 cm
< 5 cm
Degree of differentiation
G1-2
G3-4
TNM stage
Stage Ⅰ/Ⅱ
Stage Ⅲ/Ⅳ
Lymph node status
N0
N1-3
Distant metastasis
M0
M1

P

All

T/T

T/C

C/C

Adjusted OR (95% CI)

26 (11.82)
194 (88.18)

21 (80.77)
133 (68.55)

3 (11.54)
45 (23.20)

2 (7.69)
16 (8.25)

1.93 (0.68-5.47)

0.218

124 (56.36)
96 (43.64)

82 (66.13)
72 (75.00)

29 (23.39)
19 (19.79)

13 (10.48)
5 (5.21)

0.70 (0.32-1.56)

0.388

123 (55.91)
97 (44.09)

84 (68.29)
70 (72.16)

30 (24.39)
18 (18.56)

9 (7.32)
9 (9.28)

0.75 (0.40-1.41)

0.369

107 (48.64)
113 (51.36)

70 (65.42)
84 (74.34)

23 (21.50)
25 (22.12)

14 (13.08)
4 (3.54)

1.64 (0.87-3.07)

0.124

67 (30.45)
153 (69.55)

47 (70.15)
107 (69.93)

13 (19.40)
35 (22.88)

7 (10.45)
11 (7.19)

0.73 (0.36-1.46)

0.370

78 (35.45)
142 (64.55)

66 (84.62)
88 (61.97)

6 (7.69)
42 (29.58)

6 (7.69)
12 (8.45)

4.02 (1.87-8.66)

< 0.001

148 (67.27)
72 (32.73)

121 (81.76)
33 (45.83)

18 (12.16)
30 (41.67)

7.02 (3.44-14.34)

< 0.001

9 (6.08)
9 (12.50)

CI: Confidence interval; OR: Odds ratio.

0.124), and the TNM stage (P = 0.370). In contrast, the
patients were dichotomized in TC + CC and TT genotypes, a significantly higher rate of pN1-3-category was
detected in TC + CC allele carriers (38.03%). It showed
that the -1993 SNP was significantly associated with the
lymph node metastasis (P < 0.001, OR = 4.02, 95% CI:
1.87-8.66; Table 3). Moreover, the eventual statistical
results revealed that the TC+CC genotype in gastric cancer patients was more closely associated with the tumor
distant metastasis with respect to the frequency of wild
genotype TT (P < 0.001, OR = 7.02, 95% CI: 3.44-14.34).

metastasis of primary tumors was extrinsically controlled by type 1 immune responses, particularly via the
cytokine interferon (IFN)-γ pathway[12-14]. The secretion
of IFN-γ was highly dependent on helper T cells, and
then the helper T cell-dependent type 1 (IFN-γ)-related
responses promoted the tumor immunogenicity and inhibited the tumor cell progression. The transcription factor T-bet (TBX21; GenBank database accession number:
AC003665) gene is a member of the T-box family, which
is located on chromosome17q21.32, and plays a critical
role in the development of type 1 helper T cells[15]. In the
T-bet gene knockout mice, it exhibited a dramatic difference from the wild-type mice in the expression of IFN-γ,
TNF-α, IL-1β, IL-12, and IL-13[16,17]. The levels of these
cytokines significantly decreased in T-bet knockout mice

DISCUSSION
In antitumor immunity, the local progression or distant
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compared with the wild-type mice. Because the infection
of H. pylori is one of the major risk factors for gastric
cancer, T-bet seemed to be important for H. pylori-induced gastric cancer in mice[18]. In mouse T-bet transgenic
adenocarcinoma model, another study demonstrated that
T-bet could affect the primary tumor incidence and lead
to a moderate decrease in the rate of tumor progression.
Meanwhile, T-bet not only possessed a moderate effect
on the primary cancers but primarily exerted a significant
suppressor capability in the metastasis of cancer[19]. These
findings strongly supported that the T-bet regulation role
in immune response was related to cancer risk and could
account for a portion of this risk in cancer metastasis[20].
This is the first epidemiologic study to evaluate the
association between -1993 variant of TBX21 gene and
gastric cancer. A positive association was observed between -1993T/C and gastric cancer. When analyzed by
genotypes, the CC genotype was strongly associated with
the gastric cancer development after adjusting for potential confounders (OR = 3.42). When stratified by gender,
age, smoking or drinking status, and the family history
of cancer, the adjusted OR was 3.38 (95% CI: 1.31-8.71)
for smokers and the adjusted OR was 3.99 (95% CI:
1.06-15.03) for the individuals with cancer family histories.
In our present experiment, when stratified by age and
gender among gastric cancer patients, no positive association was found between the -1993 polymorphism and
gastric cancer. Similarly, no clear difference was noticed
between this polymorphic site and clinicopathological
characteristics such as tumor size, degree of differentiation, and TNM stage status. Although no association
was observed between -1993TC and the progression of
gastric cancer, the invasive status of lymph node was related to the distant metastasis rate of tumor (OR = 4.02
and 7.02). The results revealed that the TBX21 -1993T/C
polymorphism played a crucial role in the process of
gastric cancer metastasis. To our best knowledge, TBX21
-1993T/C polymorphism has not been investigated in
gastric cancer. However, the SNPs have often been observed to be amplified in virus infection[21-22], systemic
sclerosis[23], asthma[24], rheumatoid arthritis[25], and systemic lupus erythematosus[26], suggesting that our results
are not by chance.
In summary, this population-based case-control study
indicated that the host TBX21 -1993T/C polymorphism
was associated with an increased risk of gastric cancer,
especially with the distant metastasis. The findings suggested that host TBX21 -1993 polymorphism might be
a potential marker to identify the individuals who were
in the risk of gastric cancer, especially in China. Because
of the limited sample size and single race for these genotypes, further replicated studies or pooled analyses are
needed to confirm our results and the interaction study
between the H. pylori infection and the genetic factors
should be conducted as well.
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Interleukin-8, a promising predictor for prognosis of
pancreatic cancer
Ying Chen, Min Shi, Guan-Zhen Yu, Xiao-Ran Qin, Gang Jin, Peng Chen, Ming-Hua Zhu
RESULTS: IL-8 and CXCR1 proteins were both overexpressed in pancreatic adenocarcinoma samples
(55.6% and 65.4%, respectively) compared with the
matched para-cancer tissues (25.9% and 12.3%, P
< 0.01), or chronic pancreatitis (0% and 25%, P <
0.05). Serum IL-8 levels in pancreatic cancer patients
(271.1 ± 187.7 ng/mL) were higher than in other digestive system tumors, such as gastric cancer (41.77 ±
9.11 ng/mL, P = 0.025), colorectal carcinoma (78.72 ±
80.60 ng/mL, P = 0.032) and hepatocellular carcinoma
(59.60 ± 19.80 ng/mL, P = 0.016). In vivo tumorigenesis analysis further proved that tumor tissues from
patients with higher serum IL-8 levels grew faster than
those with lower IL-8 levels.
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Abstract

Chen Y, Shi M, Yu GZ, Qin XR, Jin G, Chen P, Zhu MH. Interleukin-8, a promising predictor for prognosis of pancreatic cancer.
World J Gastroenterol 2012; 18(10): 1123-1129 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i10/1123.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i10.1123

AIM: To investigate the value of interleukin-8 (IL-8), a
pro-inflammatory chemokine, in predicting the prognosis of pancreatic cancer.
METHODS: Expression of IL-8 and its receptor CXCR1
was assessed by immunohistochemistry in pancreatic
cancer and chronic pancreatitis samples. Enzyme-linked
immunosorbent assay was used to detect the serum IL-8
levels in pancreatic cancer patients. Human pancreatic
cancer tissues were heterotopically transplanted to the
immune-deficiency mice to evaluate the effect of serum
IL-8 on the tumorigenesis of the cancer samples.

WJG|www.wjgnet.com

INTRODUCTION
Interleukin-8 (IL-8) is a pro-inflammatory factor, belonging to CXC chemokine family. It was initially named
neutrophil-activating peptide-1 for its potent chemotactic
activity on granulocytes in inflammatory and immune
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diseases[1,2]. Recently, it has been shown that IL-8 plays a
critical role in cancer invasion, angiogenesis and metastasis[3-6] and is considered as an important component of
tumor microenvironment[7,8]. The significance of tumor
microenvironment, which can be described as the “soil”
of cancer cells, has been emphasized, especially the cancer-stroma interaction, which has become critical determinants of cancer behavior[9]. Stromal cells can produce
IL-8 to influence the ability of invasion or metastasis of
cancer cells, and the cancer cells themselves can also secret IL-8 in an autocrine or paracrine manner, such as in
breast cancer[10], gastric cancer[4], colon cancer[11], cervical
cancer[12], pancreatic cancer[8,13] and leukemia[14,15].
Pancreatic cancer is one of the most aggressive human malignancies and often with a dismal prognosis.
The overall 5-year survival rate is only 5% or even less.
Patients with pancreatic cancer have already been at
advanced stage in their first visit to hospital. Around
15%-20% of the patients have the chance for tumor resection and the rest can only receive adjuvant therapies[16].
Although new drugs and techniques have been developed
in treating pancreatic cancer, their therapeutic effects
varied. Even the first-line anticancer drug, gemcitabine,
still has not achieved satisfactory results in improving patients’ outcome. The overall survival of pancreatic cancer
patients is quite low, it is therefore, very important to predict the prognosis of the patients so as to enable more
active treatment to prolong their lives.
Many studies[8] have revealed that pancreatic cancer
highly produces IL-8, which can promote angiogenesis
and invasion of tumors. Serum IL-8 levels were elevated
in pancreatic cancer patients[17], suggesting the feasibility
of IL-8 to be a fine marker in predicting the outcome of
the patients. The main aim of the present study is to investigate the prognostic value of IL-8 in pancreatic cancer patients. We examined the expression and secretion
levels of IL-8 in both tumor tissue and human blood.
Furthermore, we implanted the cancer tissues from patients with various serum IL-8 levels subcutaneously to
the nude mice and observed the growth of each xenograft. Based on these in vitro and in vivo analyses, we aim
to more precisely define the role of IL-8 in predicting the
prognosis of pancreatic cancer patients.

Table 1 Clinical data of patients subjected to enzyme-linked
immunosorbent assay analysis for serum interleukin-8
Groups
PDC
CP
AP
DA
GC
CRC
HCC

Age (yr)

Male

Female

Range

13
13
3
3
1
3
1

14
2
5
5
2
1
1

45-80
9-58
37-73
47-65
47-55
48-68
55-72

Median
58
40
51
58
53
63
63.5

PDC: Pancreatic ductal carcinoma; CP: Chronic pancreatitis; AP: Acute
pancreatitis; DA: Duodenal adenocarcinoma; GC: Gastric carcinoma; CRC:
Colorectal carcinoma; HCC: Hepatocellular carcinoma.

Table 2 Background information of cell lines for interleukin-8
detection
Cell lines

Cell origin

Number in cell line
library

BxPC3
CFPAC-1

Primary adenocarcinoma
Liver metastasis from
adenocarcinoma
Spleen metastasis from
adenocarcinoma
Liver metastasis from
adenocarcinoma

CRL-1687 (ATCC)
CRL-1918 (ATCC)

SW1990
Patu 8988s

CRL-2172 (ATCC)
ACC 204 (DSMZ)

ATCC: American Type Culture Collection; DSMZ: German Collection of
Microorganisms and Cell Cultures.

Those with other carcinomas from gastrointestinal system such as stomach, large bowel and liver were also investigated as controls. Diagnosis for all these patients was
pathologically confirmed by HE staining. Supernatant
from four pancreatic cancer cell lines (BxPC3, SW1990,
CFPAC-1 and Patu 8988s) was collected after the cells
were cultured for 48 h. Detailed information of these cell
lines is shown in Table 2.
Ethics
This study was approved by the Ethics Committee of the
Second Military Medical University (Shanghai, China).
Informed consent was obtained from each patient before
tissue specimen and blood samples were collected.

MATERIALS AND METHODS

Immunohistochemical analysis
Unstained 3-μm sections were cut from the paraffin blocks
and deparaffinized by routine procedures. Envision solution (K4065, DAKO, Denmark) was added to detect the
primary antibody and 3,3’-diaminobenzidine was applied
as chemicon. Sections were counterstained with hematoxylin. Primary antibodies against IL-8 (AHC0881) and
CXCR1 (AHR1522Z) were purchased from BioSource
(California, United States). In immunohistochemical (IHC)
analysis, all the focal cases were considered negative and
cases showing diffused expression were considered positive. Only the positive signals in epithelial cells were taken
into account.

Sample collection
Eighty-one pancreatic ductal adenocarcinoma (PDC) specimens with matched para-cancerous pancreas were collected during resection in the surgically treated patients.
Five cases of chronic pancreatitis (CP) served as controls. All patients with pancreatic cancer had been followed up for survival and outcome until October 2008.
Except for four patients who were alive till the end of
follow-up, the rest all died.
The clinical information of the patients is presented
in Table 1. Besides the patients with PDC, patients with
chronic and acute pancreatitis (AP) were also included.

WJG|www.wjgnet.com
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Enzyme-linked immunosorbent assay
The concentration of serum IL-8 in the patients was determined quantitatively with human IL-8 enzyme-linked
immunosorbent assay (ELISA) detection kit provided by
BioSource following the manufacturer’s instructions. The
up-limit of the test was 500 ng/mL.

Table 3 Interleukin-8 and CXCR1 expression in pancreatic
cancer, matched para-cancer tissue and chronic pancreatitis
Pancreatic cancer
differentiation
IL-8
+
CXCR1
+
-

Animal models and heterotopic implantation of human
tumor tissues
Eleven severe combined immunodeficiency (SCID) nude
mice aged 6-7 wk were housed under specific pathogenfree conditions. Animals were inoculated with subcutaneously (sc) transplanted fresh tissue cubes (1 mL) from
pancreatic cancer patients with a detected serum IL-8
level. Animals were monitored daily by general clinical
observation throughout the study period. Tumor volumes
were calculated based on the following formula: tumor
volume = (length × width2)/2. Animals were euthanized
when their tumors reached an appropriate size (0.3 cm3)
and the latent period was recorded. All experimental manipulations were undertaken in accordance with the NIH
Guide for the Care and Use of Laboratory Animals, with
the approval of the Biomedical Ethics Committee of the
Second Military Medical University (Shanghai, China).

Well

Moderate

Poor

5
11

33
22

7
3

21
60

0
5

10
6

35
20

8
2

10
71

1
4

IL-8: Interleukin-8.

A

Histological analysis of implanted tumor tissues
After implanted with human tumor tissues heterotopically,
animals with growing tumor were sacrificed by craniocervical dislocation. The mice were then weighed, and the sc
tumor tissues were excised. Part of the tumor tissues underwent routine histological examination and the rest was
stored in liquid nitrogen for future use. Histology of the
corresponding human tumor tissues was also reviewed.

B

Statistical analysis
The IHC results were analyzed by χ 2 test. And the ELISA
assay results were expressed as arithmetic mean ± SD. The
comparisons between groups of patients were made using
analysis of variance, and Fisher’s Least Significant Difference test was used for animal models. The difference was
considered significant at P < 0.05. SPSS 10.0 was applied
as a statistical tool. Survival rates were calculated by the
Kaplan-Meier method.

C

1.0

+
--Censored
+-Censored

Survival rate

0.8

RESULTS
IL-8 and CXCR1 expression in PDC
IL-8 was expressed in 55.6% (45/81) of pancreatic cancer specimens, whereas in 25.9% (21/81) of non-cancer
tissues (P < 0.01, χ 2 = 14.727) (Table 3). IL-8 immunoreactivity was absent in CP (0%, 0/5) (P = 0.016, χ 2 =
5.827) (Table 3). The positive signal was localized in the
cytoplasm of cancerous or normal ductal cells (Figure 1).
Focal stromal cells could express both IL-8 and CXCR1.
The relationship between the expression of IL-8 or
CXCR1 and the histological grading of pancreatic cancer
is shown in Table 3. The CXCR1 expression level was
significantly higher in pancreatic cancer samples (65.4%,

WJG|www.wjgnet.com

Chronic
Matched
para-cancer pancreatitis
tissue

0.6
0.4
0.2
0.0
0

10

20
30
Survival time (mo)

40

Figure 1 Interleukin-8 and CXCR1 expression in pancreatic cancer. A:
Interleukin-8 (IL-8) expression in pancreatic cancer (× 200); B: CXCR1 expression in pancreatic cancer (× 200); The positive signals of IL-8 and CXCR1
were mainly located in the cytoplasm of cancer cells. For IL-8, focal positivity
was found in the fibroblasts; C: Survival analysis of pancreatic cancer patients.
“Censored” means patients were still alive till the end of follow-up study. The
patients without IL-8 expression survived longer than those IL-8 positive.
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A

B

C

D

Figure 2 Histology of human pancreatic cancer tissue and transplanted tumor in SCID mice. A: Both vascular (arrow) and neural invasion (cross) were seen in
the original human pancreatic ductal adenocarcinoma (PDC) (× 100); B: Cancer cells were infiltrating the medium-sized vessel in human PDC tissues (× 100) (arrow).
Desmoplastic response was obvious in the human PDC tissues; C, D: Transplanted cancer tissue in SCID mice in low power (C, × 40) and in high power (D, × 200).
Cancer cells were almost clustered and poorly differentiated. In some areas, primitive gland formation could be seen (arrow). Cells grew into sheet with very less stromal reaction than the original human tissues.

= 27), AP (n = 8), CP (n = 15) and other kinds of cancer
from digestive system, such as duodenal adenocarcinoma
(DA, n = 4), gastric carcinoma (GC, n = 3), rectal colonic
carcinoma (CRC, n = 4), and hepatocellular carcinoma
(HCC, n = 2). Blood was collected before surgery in the
cancer patients. The serum IL-8 levels were significantly
higher in PDC (271.1 ± 187.7 ng/mL) than in CP (97.02
± 130 ng/mL, P = 0.002), AP (133.6 ± 162.9 ng/mL, P
= 0.041), GC (41.77 ± 9.11 ng/mL, P = 0.025), CRC (78.72
± 80.6 ng/mL, P = 0.032) or HCC (59.6 ± 19.8 ng/mL, P
= 0.016). No significant difference was observed between
PDC and DA (168.7 ± 212.4 ng/mL, P = 0.247). Two
cancer cell lines originated from metastatic site (SW1990
and Patu 8988s) showed a much high level of IL-8 secretion (Table 4).

Table 4 Interleukin-8 concentration in the supernatant of
pancreatic cancer cell lines
Cell line

IL-8 concentration (ng/mL)

BxPC3
CFPAC-1
SW1990
Patu 8988s

81.38
3.906
> 500
498.9

SW1990 and Patu8988 originated from metastatic sites showed much
higher levels of interleukin-8 (IL-8) than BxPC3 and CFPAC-1.

53/81) than in samples from the adjacent non-cancerous
pancreas (12.3%, 10/81) (P < 0.001, χ 2 = 48.026). No
statistical difference was observed between histological
grading and IL-8 or CXCR1 expression.
Overall survival analysis was performed in the patients. Most people died within 3 years after surgery and
only four were alive till the end of follow-up. The median
survival was 5 mo (range, 1-36 mo) in the IL-8 positive
group and 24 mo (range, 1-39 mo) in the IL-8 negative
group. Although IL-8 positive patients seemed to live
shorter than IL-8 negative ones, no significant difference
was observed by Kaplan-Meier method (P = 0.245).

Histology of human tumor tissues implanted into SCID
mice
Tumors subcutaneously implanted into the SCID mice
were mostly composed of strands of cells, and glandular
architectures were not very obvious (Figure 2). Intracellular vacuoles could be observed in some regions as immature or primary glands, indicating their adeno-epithelial
origin. Unlike cancers growing in human pancreas, the
desmoplastic reaction was not so remarkable and only
several fibroblastoid spindle cells appeared in the implanted cancer tissues. Nerve and vessel invasion by can-

Serum IL-8 levels in pancreatic cancer patients and
pancreatic cancer cell lines
Serum IL-8 level was measured in patients with PDC (n

WJG|www.wjgnet.com
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cer cells was easily observed in human cancer tissues, but
none was detected in transplanted cancer tissues.

evated in colon and gastric cancers, the serum IL-8 level
in pancreatic cancer was remarkably higher than in colon
and gastric cancers. Moreover, IL-8 level was even higher
in acute pancreatitis, in which IL-8 is considered to be a
reliable indicator in evaluating the severity of inflammation and necrosis[27]. These data suggest that pancreatic
cancer cells have a higher capability to produce chemokines than inflammatory cells, and function in an autocrine manner, which fulfills the composition of tumor
microenvironment.
We have no direct experimental information on
which cells are responsible for the secretion of IL-8, but
according to the IHC analysis, IL-8 expression occurred
mostly inside cancer cells, indicating that they might be
the main source of IL-8. Pancreatic cancer cell lines have
been investigated for IL-8 secretion and its mRNA expression, and quite a number of these cell lines showed
high levels of IL-8 in the supernatant and mRNA expression[28]. We also analyzed IL-8 levels in the cultured
supernatant of four pancreatic cancer cell lines, and
found that those cell lines originated from the primary
tumor site produced less IL-8 than those selected from
metastatic site. Nomura et al[29] demonstrated similar
results using two sublines of pancreatic cancer, both of
which were sequentially selected from the parental cell
line and possessed a high potential of organ metastasis,
and the high IL-8 expression was closely correlated with
the aggressive behavior of cancer cells. Besides cancer
cells, inflammatory cells in the tumor stroma is also one
of the important sources of IL-8 secretion. Neutrophils can not only promote tumor destruction[30], but
also increase the growth of tumor cells[31]. Neutrophildependent release of VEGF-A leads to subsequent recruitment of neutrophils, resulting in angiogenesis.
Our survival analysis showed that IL-8 positive pancreatic cancer patients had a lower survival than IL-8
negative ones, whereas no significant difference was
observed between the two groups possibly due to the
insufficient number of cases involved. In vivo preclinical
experiments of animal models on IL-8 have been conducted by many labs using various tumor cell lines, such
as prostate cancer, lung cancer, breast cancer and pancreatic cancer[18]. In these cell lines, a high level of IL-8 is
directly correlated with tumor growth, angiogenesis and
metastasis in nude mice. But in ovarian cancer, IL-8 was
negatively involved during tumorigenesis in animal models. Lee et al[30] demonstrated that the inverse regulation
of IL-8 on xenograft growth was mainly mediated by its
induction of neutrophil infiltration. In our animal model,
we for the first time used the clinically resected pancreatic
cancer tissues and transplanted them sc into SCID mice.
The infiltration of inflammatory cells was not as evident
as that observed by Lee et al[30] in ovarian cancer. The
growth rate of tumors was significantly correlated with
the serum level of IL-8 of the corresponding patients.
The higher serum IL-8 level in the patients, the faster the
tumor grew, indicating the more aggressive phenotype
of this tumor, the poorer prognosis of the patients. IL-8

In vivo growth of heterotopically transplanted tumor
tissues and its correlation with serum IL-8 levels
Among all the 11 cases of human tumor tissues implanted
into SCID mice, seven tumors grew subcutaneously in
animals. We set the terminal goal of growth at 0.3 cm3
and recorded the latent period. The slowest growing
period was 93 d and the fastest was 44 d. Seven animals
with tumors were divided into three groups based on the
median latent period of 61 d for analysis: group 1, failed
to form tumor, n = 4; group 2, latent period < 61 d, n =
3; and group 3, latent period ≥ 61 d, n = 4. Serum IL-8
level in group 2 (140.1 ± 33.4 ng/mL) was much higher
than in group 1 (23.4 ± 17.4 ng/mL) and group 3 (23.2
± 16.1 ng/mL) (P < 0.001). There was no significant difference between group 1 and group 3 (P = 0.998).

DISCUSSION
In this study, the expression level of IL-8 and its receptor
CXCR1 was elevated in pancreatic cancer and serum IL-8
level was significantly higher in patients with pancreatic
cancer than in those with pancreatitis and also higher
than in the patients with other kinds of tumors from
digestive system. In vivo tumor tissues from pancreatic
cancer patients with a higher serum IL-8 level grew faster
and behaved more aggressively than those with low serum IL-8 levels. Follow-up data showed that patients with
high serum IL-8 levels had a relatively lower survival than
those with low serum IL-8 levels. Due to the insufficient
number of patients involved in the follow-up analysis, no
statistical difference was achieved in the two groups.
IL-8 is a member of the CXC chemokine family and
is a chemotactic factor for T cells, neutrophils, and basophils. Besides its pro-inflammatory role, IL-8 has been
evaluated as a pro-oncogenic effector in various types of
human cancers, including leukemia, astrocytoma, melanoma, breast cancer, ovarian cancer, lung cancer, prostate
cancer, colon cancer, renal cell carcinoma, gastric cancer
and pancreatic cancer[18]. The most critical effect of IL-8
on cancer cells is its strong angiogenic potential and ability of promoting invasion and metastasis[19-21]. In vitro IL-8
can enhance the proliferation and survival of endothelial
cells and through its receptor CXCR1 can upregulate the
expression of matrix protein, MMP-2 and MMP-9[22].
IL-8 can mimic the role of vascular endothelial growth
factor (VEGF), transactivate VEGFR2 and promote angiogenesis[23]. Various signals or pathways can induce IL-8
expression in cancers[24-26] and the whole IL-8-involved
network is very complicated. It has been confirmed that
nuclear factors, NF-κB and AP-1 are the upstream regulators of transcription of IL-8 mRNA, both of which
may cooperate with each other in the production of
IL-8. In our study, a higher expression level of IL-8 and
CXCR1 was detected in pancreatic cancer tissues than
in para-cancerous pancreas. Although IL-8 could be el-
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level can be measured in the tumor tissues resected surgically and in the patients’ sera, it can also be detected in
other kinds of clinical samples, including pancreatic juice
obtained from the duodenum. Moreover, IL-8 concentration in pancreatic juice could be used to discriminate
between normal pancreas and pancreatic cancer[32].
In summary, IL-8 was highly expressed in pancreatic
cancer in both tumor tissues and blood samples. In vivo
analysis showed that IL-8 would be a sensitive marker in
predicting prognosis and monitoring disease progression
of the pancreatic cancer patients. The patients with high
serum levels of IL-8 should receive more active treatment due to the more aggressive biology of their cancer.
Besides its prognostic value, IL-8 may represent a promising target for the development of adjuvant therapy for
pancreatic cancer.

7

8

9
10
11

COMMENTS
COMMENTS

12

Background

Many studies have revealed that pancreatic cancer highly produces IL-8 and
IL-8 can promote angiogenesis and invasion of tumors. Serum IL-8 level was
elevated in pancreatic cancer patients, suggesting the feasibility of IL-8 to be a
fine marker in predicting outcomes of pancreatic cancer patients.

13

Research frontiers

The present study is to confirm the prognostic value of IL-8 in pancreatic
cancer patients. The authors examined the expression and secretion levels in
tumor tissues and human blood, respectively. Cancer tissues from patients with
various serum IL-8 levels were implanted subcutaneously into nude mice to
observe the growth of each xenograft.

14

15

Innovations and breakthroughs

ELISA was used to detect the serum IL-8 levels in pancreatic cancer patients.
Human pancreatic cancer tissues were transplanted heterotopically into immune-deficiency mice to evaluate the effect of serum IL-8 on the tumorigenesis
of cancer samples. Besides its prognostic value, IL-8 may represent a promising target for the development of adjuvant therapy for pancreatic cancer.

16
17

Peer review

This issue is of great interest and is definitely offering the opportunity to more
accurately predict prognosis of patients affected by pancreatic carcinoma and
to monitor the disease progression.

18
19

REFERENCES
1
2

3
4
5

6

Baggiolini M, Imboden P, Detmers P. Neutrophil activation
and the effects of interleukin-8/neutrophil-activating peptide 1 (IL-8/NAP-1). Cytokines 1992; 4: 1-17
Mukaida N, Harada A, Matsushima K. Interleukin-8 (IL-8)
and monocyte chemotactic and activating factor (MCAF/
MCP-1), chemokines essentially involved in inflammatory
and immune reactions. Cytokine Growth Factor Rev 1998; 9:
9-23
Iguchi H, Ono M, Matsushima K, Kuwano M. Overproduction of IL-8 results in suppression of bone metastasis by lung
cancer cells in vivo. Int J Oncol 2000; 17: 329-333
Konno H, Ohta M, Baba M, Suzuki S, Nakamura S. The role
of circulating IL-8 and VEGF protein in the progression of
gastric cancer. Cancer Sci 2003; 94: 735-740
Kuwada Y, Sasaki T, Morinaka K, Kitadai Y, Mukaida N,
Chayama K. Potential involvement of IL-8 and its receptors
in the invasiveness of pancreatic cancer cells. Int J Oncol
2003; 22: 765-771
Kozłowski L, Zakrzewska I, Tokajuk P, Wojtukiewicz MZ.
Concentration of interleukin-6 (IL-6), interleukin-8 (IL-8)
and interleukin-10 (IL-10) in blood serum of breast cancer
patients. Rocz Akad Med Bialymst 2003; 48: 82-84

WJG|www.wjgnet.com

20

21

22

23

1128

Kogan-Sakin I, Cohen M, Paland N, Madar S, Solomon H,
Molchadsky A, Brosh R, Buganim Y, Goldfinger N, Klocker
H, Schalken JA, Rotter V. Prostate stromal cells produce
CXCL-1, CXCL-2, CXCL-3 and IL-8 in response to epitheliasecreted IL-1. Carcinogenesis 2009; 30: 698-705
Matsuo Y, Ochi N, Sawai H, Yasuda A, Takahashi H, Funahashi H, Takeyama H, Tong Z, Guha S. CXCL8/IL-8 and
CXCL12/SDF-1alpha co-operatively promote invasiveness
and angiogenesis in pancreatic cancer. Int J Cancer 2009; 124:
853-861
Farrow B, Albo D, Berger DH. The role of the tumor microenvironment in the progression of pancreatic cancer. J Surg
Res 2008; 149: 319-328
Derin D, Soydinc HO, Guney N, Tas F, Camlica H, Duranyildiz D, Yasasever V, Topuz E. Serum IL-8 and IL-12 levels in
breast cancer. Med Oncol 2007; 24: 163-168
Lurje G, Zhang W, Schultheis AM, Yang D, Groshen S,
Hendifar AE, Husain H, Gordon MA, Nagashima F, Chang
HM, Lenz HJ. Polymorphisms in VEGF and IL-8 predict tumor recurrence in stage III colon cancer. Ann Oncol 2008; 19:
1734-1741
Tjiong MY, van der Vange N, ten Kate FJ, Tjong-A-Hung
SP, ter Schegget J, Burger MP, Out TA. Increased IL-6 and
IL-8 levels in cervicovaginal secretions of patients with cervical cancer. Gynecol Oncol 1999; 73: 285-291
Zhou DH, Trauzold A, Röder C, Pan G, Zheng C, Kalthoff
H. The potential molecular mechanism of overexpression of
uPA, IL-8, MMP-7 and MMP-9 induced by TRAIL in pancreatic cancer cell. Hepatobiliary Pancreat Dis Int 2008; 7: 201-209
Bauer S, Adrian N, Siebenborn U, Fadle N, Plesko M, Fischer E, Wüest T, Stenner F, Mertens JC, Knuth A, Ritter G, Old
LJ, Renner C. Sequential cancer immunotherapy: targeted
activity of dimeric TNF and IL-8. Cancer Immun 2009; 9: 2
Vinante F, Rigo A, Vincenzi C, Ricetti MM, Marrocchella R,
Chilosi M, Cassatella MA, Bonazzi L, Pizzolo G. IL-8 mRNA
expression and IL-8 production by acute myeloid leukemia
cells. Leukemia 1993; 7: 1552-1556
Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer. Lancet 2004; 363: 1049-1057
Wigmore SJ, Fearon KC, Sangster K, Maingay JP, Garden
OJ, Ross JA. Cytokine regulation of constitutive production
of interleukin-8 and -6 by human pancreatic cancer cell lines
and serum cytokine concentrations in patients with pancreatic cancer. Int J Oncol 2002; 21: 881-886
Xie K. Interleukin-8 and human cancer biology. Cytokine
Growth Factor Rev 2001; 12: 375-391
Matsuo Y, Sawai H, Funahashi H, Takahashi H, Sakamoto M,
Yamamoto M, Okada Y, Hayakawa T, Manabe T. Enhanced
angiogenesis due to inflammatory cytokines from pancreatic
cancer cell lines and relation to metastatic potential. Pancreas
2004; 28: 344-352
Miyamoto M, Shimizu Y, Okada K, Kashii Y, Higuchi K,
Watanabe A. Effect of interleukin-8 on production of tumorassociated substances and autocrine growth of human liver
and pancreatic cancer cells. Cancer Immunol Immunother 1998;
47: 47-57
Li M, Zhang Y, Feurino LW, Wang H, Fisher WE, Brunicardi
FC, Chen C, Yao Q. Interleukin-8 increases vascular endothelial growth factor and neuropilin expression and stimulates
ERK activation in human pancreatic cancer. Cancer Sci 2008;
99: 733-737
Li A, Dubey S, Varney ML, Dave BJ, Singh RK. IL-8 directly
enhanced endothelial cell survival, proliferation, and matrix
metalloproteinases production and regulated angiogenesis. J
Immunol 2003; 170: 3369-3376
Petreaca ML, Yao M, Liu Y, Defea K, Martins-Green M.
Transactivation of vascular endothelial growth factor receptor-2 by interleukin-8 (IL-8/CXCL8) is required for IL-8/
CXCL8-induced endothelial permeability. Mol Biol Cell 2007;
18: 5014-5023

March 14, 2012|Volume 18|Issue 10|

Chen Y et al . IL-8 and pancreatic cancer
24

25

26

27
28

Chelouche-Lev D, Miller CP, Tellez C, Ruiz M, Bar-Eli M,
Price JE. Different signalling pathways regulate VEGF and
IL-8 expression in breast cancer: implications for therapy.
Eur J Cancer 2004; 40: 2509-2518
Grzesiak JJ, Smith KC, Burton DW, Deftos LJ, Bouvet M.
Integrin-mediated laminin-1 adhesion upregulates CXCR4
and IL-8 expression in pancreatic cancer cells. Surgery 2007;
141: 804-814
Fong YC, Maa MC, Tsai FJ, Chen WC, Lin JG, Jeng LB, Yang
RS, Fu WM, Tang CH. Osteoblast-derived TGF-beta1 stimulates IL-8 release through AP-1 and NF-kappaB in human
cancer cells. J Bone Miner Res 2008; 23: 961-970
Pooran N, Indaram A, Singh P, Bank S. Cytokines (IL-6, IL-8,
TNF): early and reliable predictors of severe acute pancreatitis. J Clin Gastroenterol 2003; 37: 263-266
Bellone G, Smirne C, Mauri FA, Tonel E, Carbone A, Buffolino A, Dughera L, Robecchi A, Pirisi M, Emanuelli G. Cytokine expression profile in human pancreatic carcinoma cells

29

30

31
32

and in surgical specimens: implications for survival. Cancer
Immunol Immunother 2006; 55: 684-698
Nomura H, Nishimori H, Yasoshima T, Hata F, Tanaka
H, Nakajima F, Honma T, Araya J, Kamiguchi K, Isomura
H, Sato N, Denno R, Hirata K. A new liver metastatic and
peritoneal dissemination model established from the same
human pancreatic cancer cell line: analysis using cDNA macroarray. Clin Exp Metastasis 2002; 19: 391-399
Lee LF, Hellendall RP, Wang Y, Haskill JS, Mukaida N, Matsushima K, Ting JP. IL-8 reduced tumorigenicity of human
ovarian cancer in vivo due to neutrophil infiltration. J Immunol 2000; 164: 2769-2775
Albini A, Sporn MB. The tumour microenvironment as a
target for chemoprevention. Nat Rev Cancer 2007; 7: 139-147
Noh KW, Pungpapong S, Wallace MB, Woodward TA, Raimondo M. Do cytokine concentrations in pancreatic juice
predict the presence of pancreatic diseases? Clin Gastroenterol
Hepatol 2006; 4: 782-789
S- Editor Gou SX

WJG|www.wjgnet.com

1129

L- Editor Ma JY E- Editor Zheng XM

March 14, 2012|Volume 18|Issue 10|

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i10.1130

World J Gastroenterol 2012 March 14; 18(10): 1130-1136
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Quantification of choline concentration following liver cell
1
apoptosis using H magnetic resonance spectroscopy
Zhi-Wei Shen, Zhen Cao, Ke-Zeng You, Zhong-Xian Yang, Ye-Yu Xiao, Xiao-Fang Cheng, Yao-Wen Chen, Ren-Hua Wu

vivo . T1 and T2 relaxation time of water and choline

Zhi-Wei Shen, Zhen Cao, Ke-Zeng You, Zhong-Xian Yang,
Ye-Yu Xiao, Xiao-Fang Cheng, Ren-Hua Wu, Department of
Medical Imaging, The Second Affiliated Hospital, Shantou University Medical College, Shantou 515041, Guangdong Province, China
Yao-Wen Chen, Central Laboratory, Shantou University, Shantou 515041, Guangdong Province, China
Ren-Hua Wu, Provincial Key Laboratory of Medical Molecular Imaging, Shantou 515041, Guangdong Province, China
Author contributions: Shen ZW, Cao Z, Chen YW, Wu RH
designed the research; Shen ZW, You KZ, Yang ZX and Xiao
YY performed the research; You KZ did the pathological analysis; Shen ZW compared the MRS findings with the pathological
reports; Shen ZW wrote the paper and Cheng XF revised the
paper; Wu RH supervised the study and revised the paper.
Supported by Grants from Medical Scientific Research Foundation of Guangdong Province, China, No. B2008128; National
Natural Science Foundation of China, No. 30930027 and No.
60971075, in part
Correspondence to: Ren-Hua Wu, MD, PhD, Professor, Department of Medical Imaging, The Second Affiliated Hospital,
Shantou University Medical College, Shantou 515041, Guangdong Province, China. rhwu@stu.edu.cn
Telephone: +86-754-88915674 Fax: +86-754-88915674
Received: April 14, 2011
Revised: July 27, 2011
Accepted: October 14, 2011
Published online: March 14, 2012

was measured separately in the livers of three healthy
rabbits and three selenite-treated rabbits. Hematoxylin
and eosin and dUTP-biotin nick end labeling (TUNEL)
staining was used to detect and confirm apoptosis.
Choline peak areas were measured relative to unsuppressed water using LCModel. Relaxation attenuation
was corrected using the average of T1 and T2 relaxation time. The choline concentration was quantified
using a formula, which was tested by a phantom with
a known concentration.
RESULTS: Apoptosis of hepatic cells was confirmed
by TUNEL assay. In phantom experiment, the choline
1
concentration (3.01 mmol/L), measured by H-MRS,
was in good agreement with the actual concentration
(3 mmol/L). The average T1 and T2 relaxation time of
choline was 612 ± 15 ms and 74 ± 4 ms in the control
group and 670 ± 27 ms and 78 ± 5 ms in apoptotic
livers in vivo , respectively. Choline was quantified in 10
rabbits, once before and once after the injection with
sodium selenite. The choline concentration decreased
from 14.5 ± 7.57 mmol/L before sodium selenite injection to 10.8 ± 6.58 mmol/L (mean ± SD, n = 10) after
treatment (Z = -2.395, P < 0.05, two-sample paired
Wilcoxon test).
CONCLUSION: 1H-MRS can be used to quantify liver
choline in vivo using unsuppressed water as an internal reference. Decreased liver choline concentrations
are found in sodium selenite-treated rabbits undergoing liver cell apoptosis.

Abstract
AIM: To evaluate the feasibility of quantifying liver
choline concentrations in both normal and apoptotic
1
rabbit livers in vivo , using H magnetic resonance spec1
troscopy ( H-MRS).

© 2012 Baishideng. All rights reserved.

1

METHODS: H-MRS was performed in 18 rabbits using
a 1.5T GE MR system with an eight-channel head/neck
receiving coil. Fifteen rabbits were injected with sodium selenite at a dose of 10 μmol/kg to induce the liver
cell apoptosis. Point-resolved spectroscopy sequencelocalized spectra were obtained from 10 livers once
before and once 24 h after sodium selenite injection in
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concentrations of healthy and apoptotic livers with in vivo
1
H-MRS using the unsuppressed water signal as the internal reference, and to correct the relaxation attenuation,
and (2) to compare the observed changes of choline with
our previous in vitro results.

Shen ZW, Cao Z, You KZ, Yang ZX, Xiao YY, Cheng XF, Chen
YW, Wu RH. Quantification of choline concentration following
liver cell apoptosis using 1H magnetic resonance spectroscopy.
World J Gastroenterol 2012; 18(10): 1130-1136 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i10/1130.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i10.1130

MATERIALS AND METHODS
Ethics
This study was approved ethically by the Animal Ethics
Committee of Shantou University Medical College.

INTRODUCTION
Cell apoptosis is a form of programmed cell death. Compared with necrosis, cell apoptosis does not damage the
neighboring cells. Primary tumors are thought to be a
result of inadequate apoptosis[1]. Through detecting apoptosis, the progression of a tumor can be evaluated and
drug effects can be determined so as to adopt appropriate therapies[2]. It is, therefore, essential to develop a noninvasive method that can be used to assess apoptosis of
tissues in vivo.
Proton magnetic resonance spectroscopy (1H-MRS)
is a powerful tool which can be used for non-invasive
measurement of compounds in vivo. Several previous
studies[3-6], evaluated the role of 1H-MRS in characterization of apoptosis with lipid signals. The most important
non-lipid signals are from the choline-containing compounds at 3.2 ppm. However, changes in these signals
were not universal, at least in the early stages of apoptosis[7]. One of our previous studies, using in vitro 9.4T
high resolution magnetic resonance spectroscopy, has
shown decreased total choline compounds and free choline in the rat apoptotic liver tissues as compared with
the healthy rats[8].
The liver is a particularly suitable and interesting organ
for metabolic studies using in vivo magnetic resonance
spectroscopy due to its rich metabolic activities and location at the body surface[9]. However, difficulties in measurement may mostly come from respiratory movement,
which leads to limited spectral resolution, especially in the
clinical environment. Several previous in vivo studies[10,11]
focused on choline-to-lipid ratios in liver tumors. These
studies have shown increased choline-to-lipid ratios with
the progression of hepatocarcinogenesis[10], and decreased
choline-to-lipid ratios after treatment[11]. However, quantitative results are more suitable for horizontal and vertical
comparison. Two preliminary reports[12,13] have quantified
the choline concentrations in human hepatic tumors using
separate reference standards of an external phantom and
internal water signal. Tissue water reference method has
been used for quantification of the choline level in 1H-MR
spectra of brain[14], breast, muscle[15], and ovary[16], and is
considered as a simple and practical approach in the clinical environment. Fischbach et al[17] applied LCModel to
quantify choline relative to water, although the relaxation
attenuation was not corrected. Accurate quantification
requires correction for the relaxation attenuation, especially for point-resolved spectroscopy sequence (PRESS)
sequence[18,19].
The aim of this study was to use an in vivo rabbit
model (1) to evaluate the feasibility of quantifying choline

WJG|www.wjgnet.com

Phantom and animal
A standard spectroscopy phantom provided by GE Medical Systems (25-cm-diameter MRS HD sphere; General
Electric Company) was used. The metabolites in the
phantom are 3.0 mmol/L choline chloride, 10.0 mmol/L
creatine hydrate, 12.5 mmol/L N-acetylaspartic acid, 7.5
mmol/L myo-inositol, 12.5 mmol/L L-Glutamic acid and
5 mmol/L lactate, containing 0.1% sodium azide, 0.1%
Magnavis, 50 mmol/L potassium dihydrogen phosphate
and 56 mmol/L sodium hydroxide. This phantom was
used in previous studies in the brain[20] and liver[13] as the
quantification standard.
New Zealand white rabbits (n = 18) weighing 1.9 ± 0.3
kg were used in this study. In the control group, rabbits (n
= 3) were injected with saline and were sacrificed for the
liver histological analysis after the 1H-MRS measurement.
In the experimental group, the rabbits (n = 15) were
injected with sodium selenite at a dose of 10 μmol/kg.
Spectra were obtained once before and once 24 h after
sodium selenite injection, and the rabbits were sacrificed
after MRS. Prior to the MRS, rabbits were fasted for six
hours and anesthetized with 1 mL/kg sodium pentobarbital through ear vein injection. Shen et al[21] observed
that Se was able to induce apoptosis in in vitro HepG2
cells and found that selenite-induced apoptosis was both
time- and dose-dependent[22]. The duration and dose of
sodium selenite were determined according to their studies. All the rabbits were supplied from the Laboratory
Animal Center of Shantou University Medical College.
Magnetic resonance imaging and MRS
All studies were performed on a 1.5-T HDxt MR scanner (Signa Systems, GE Healthcare) using an eightchannel head/neck receiving coil. At first, the phantom
was used for the regular system stability check and served
as a test to confirm the quantification strategy in vivo. For
the phantom measurement, magnetic resonance imaging
(MRI) consisted of axial and coronal localizer sequences
for positioning the single voxel (20 mm × 20 mm × 20
mm) within the phantom solution. For in vivo measurement, rabbits were placed in the prone position and the
liver region was situated in the center of the coil. The
abdomen was immobilized with cushions to reduce respiratory movement. MRI consisted of images followed
by the Propeller fast spin echo T2-weight sequence (TE/
TR: 110 ms/6000 ms; field of view: 20 cm × 20 cm;
slice thickness: 4 mm; slice space: 0.5 mm) to define the
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position of volume of interest (VOI).
Proton MRS was performed using a PRESS (TE/TR:
35 ms/1500 ms; total scan number: 128; VOI: 15 mm ×
15 mm × 15 mm). Water suppression was obtained with
chemical shift selective saturation. The volume saturation suppression (VSS) pulse was oblique and placed on
the edge of the voxel for shimming and reducing motion
artifact. T1 and T2 relaxation time of choline and water
was separately measured in the phantom, three rabbits
in the control group, and three selenite-injected rabbits.
For T1 measurement, the TE was kept constant at 35
ms and the TR varied from 1130 ms to 3000 ms for five
measurements. For T2 measurement, the TR was kept
constant at 1500 ms and the TE varied from 30 ms to
135 ms for five measurements.

MRS. Livers were removed and washed with physiological saline. Macroscopic examination followed by visual
inspection was performed, and representative sections
were taken. Formalin fixed samples were embedded in
paraffin and 2-mm thin sections were cut. Samples were
stained with hematoxylin and eosin and examined under
light microscopy to identify apoptotic characteristics of
vacuolated hepatocytes and the degree of lipid deposition
in the parenchyma.
Shen et al[21] found that selenite-induced apoptosis
could be evaluated by dUTP nick end labeling (TUNEL)
assay and in vitro HepG2 cell morphological changes.
The apoptotic cells were observed and analyzed in this
study according to the reported methods. After the homogenized liver tissue was filtered through a 40 μm cell
strainer, the cells were washed with PBS and then were
centrifuged at 1500 r/min for 5 min to remove cell debris. After this procedure was repeated three times, the
cells were fixed with 4% paraformaldehyde for 30 min.
Apoptotic cells were stained with transferase-mediated
TUNEL using a One Step TUNEL Apoptosis Assay Kit
(Beyotime, China). The TUNEL reaction took place with
the addition of reaction mixture (containing nucleotides
and TdT enzyme), which was incubated for 60 min at
37 ℃ in the dark. After wash with phosphate buffer solution (PBS), cells were finally resuspended in PBS for flow
cytometry analysis (XL MCL, Beckman Coulter, United
States). The data obtained from flow cytometry were analyzed using Expo32 ADC Analysis software for calculating the percentage of apoptotic cells in each group.

Data analysis
The raw spectral data were input into a SAGE software
package (GE Healthcare). The peak amplitudes of the
unsuppressed water signal at 4.7 ppm and choline compound signals at 3.2 ppm were measured with SAGE.
The T2 relaxation time of MR-visible water and choline
was measured in SAGE using the macro T2 fit. T1 time
was obtained by fitting the data to a mono-exponential
model as a function of TR, and TE to a mono-exponential model with an in-house program. The average T1 and
T2 values for Cho and water were used for correcting the
relaxation attenuation with the following equation.
Choline was quantified using commercially available
LCModel (version 6.2-2B) software, according to Dr.
Provencher[17], which is suitable for fitting the spectra collected by PRESS sequence (TE = 35 ms) in a GE 1.5T
scanner. The mode of only-choline-2 was selected for
phantom analysis. Using the prior knowledge incorporated
into the spectral fitting, phase and baseline correction were
automatically processed with LCModel. The control parameters were adjusted according to the LCModel manual.
Spectra were discarded if the reported signal-to-noise
ratio (SNR) from LCModel was less than 15, or if the SD
of choline was more than 20%. The ratio of the choline
resonance area to the unsuppressed water resonance area
was acquired. These ratios were converted to approximate
mmol/L units by setting the concentration of water in
the phantom as 55 556 mmol/L according to the manual.
This ratio was measured in vivo using the analysis mode
of liver-6. The water concentration was assumed to be
47 778 mmol/L for an 86% water content of the liver.
The absolute concentration of choline was measured by
the following formula modified from the reference[15].

Statistical analysis
All data were presented as a mean ± SD. Statistical significance was calculated using two-sample relative Wilcoxon test and was accepted at P ≤ 0.05. The relationship
between the percentage of apoptotic cells and choline
concentration was investigated using the linear regression
analysis. All analyses were performed using SPSS version
13.0 (SPSS Inc, United States).

RESULTS

fT 1( H 2O )
fT 2( H 2O )
×
× CFLipid
fT 1(Cho )
fT 2(Cho )

Phantom studies
T1 and T2 relaxation time of choline was 1129 ms and
236 ms, respectively, while T1 and T2 relaxation time of
water was 3172 ms and 206 ms. The fitted data was acceptable for the low SD of choline (9%). The calculated
choline concentration was 3.01 mmol/L, which was in
agreement with the known choline concentration in the
phantom (3 mmol/L).

Histopathology
All animals were sacrificed under anesthesia after the

In vivo studies
Choline spectra were obtained from all rabbits in the
control group and 10/14 selenite-treated rabbits. Among
the four failures in experimental group, one rabbit died
during the model-making process, two failed in MRS
after injection of sodium selenite due to prescan failure,
and one spectrum was rejected after the injection of so-

[Cho ] = ACho/H 2O ×

n H 2O
nCho

×

Where ACho/H2O = the area ratio of choline to unsuppressed
water, nH2O = 2, nCho = 9 (from three CH3 groups), fT1 = 1 exp(-TR/T1), and fT2 = exp(-TE/T2). CFLipid represents a
correction factor that is equivalent to AH2O/(AH2O + ALipid)
measured from the non-suppressed water.
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Lipid

Table 1 Summary of data quality related parameters (n =
10, mean ± SD)
SD of choline (%) SNR of spectra FWHM (Hz) WS (%)
Before injection
After injection

8.5 ± 4.1
10.5 ± 4.6

46.4 ± 19.4
26.9 ± 14.3

12.6 ± 2.0
11.8 ± 7.0

94.3 ± 2.8
95.4 ± 2.5

Standard deviation (SD) of choline and signal-to-noise ratio (SNR) of spectra were produced by LCModel. Full-width at half-maximum (FWHM) and
water suppression (WS) was provided by the magnetic resonance machine.

A
Choline

4

3

Lipid

2
Frequency (ppm)

1

0

Figure 2 1H magnetic resonance spectra from a rabbit liver before (green
line) and after injection of sodium selenite (black line). The decreased choline peak was observed at 3.2 ppm. However, the choline peak from the liver
after injection of sodium selenite was too weak, with a choline SD > 20%.

The average T1 and T2 relaxation time of choline was
612 ± 15 ms and 74 ± 4 ms in the control group (n = 3)
and 670 ± 27 ms and 78 ± 5 ms in apoptotic livers (n = 3).
The average T1 and T2 relaxation time of water was 653
± 23 ms and 48 ± 3 ms in the control group (n = 3), and
719 ± 37 and 50 ± 5 ms in apoptotic livers (n = 3).
PRESS-localized single-voxel 1H-MR spectra from the
liver of one rabbit before and after injection of sodium
selenite can be well fitted using LCModel (Figure 1). A decreased choline peak was observed at 3.2 ppm (Figure 2).
The calculated average T1 and T2 relaxation time of
choline and water in both normal and apoptotic livers
were used to calculate the choline concentrations. Decreased choline concentrations ranged from 14.5 ± 7.6
mmol/L (n = 10) before injection of sodium selenite to
10.8 ± 6.6 mmol/L (n = 10) 24 h after that treatment (Z
= -2.395, P < 0.05, two-sample relative Wilcoxon test),
although increased choline was also found in one rabbit (Figure 3). The calculated concentrations of choline
varied from 5.5 mmol/L to 28.1 mmol/L in normal liver
and 4.1 mmol/L to 26.4 mmol/L in apoptotic liver after
injection of sodium selenite.

3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -1.6 -1.8

Chemical shift (ppm)

B

3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -1.6 -1.8

Chemical shift (ppm)

Figure 1 LCModel output of point-resolved spectroscopy-localized singlevoxel 1H magnetic resonance spectra from the liver of one rabbit before (A)
and after injection of sodium selenite (B). The locations of the spectroscopic
volume of interest are indicated by the squares in the Propeller FSE T2W image. The decreased choline-to-water area was observed.

Histopathology
Histological differences between two groups were observed by hematoxylin and eosin staining. Normal liver
had no observable effects on the microscopic distribution of vacuolated hepatocytes in liver tissues (Figure 4A
and B). Apoptosis of hepatic cells in both groups was
confirmed by TUNEL assay and the increased ratio of
apoptotic to normal cells was detected by flow cytometry (Figure 4C and D). The average ratio was 2.1% ± 0.5%
(n = 3) vs 10.3% ± 7.6% (n = 10), respectively. However,
the linear regression analysis revealed no significant linear relationship between choline concentration and the

dium selenite with a full-width at half-maximum (FWHM)
> 20 and there was no metabolite resonance peak within
a range from 0 ppm to 4.0 ppm. One spectrum of liver
cell apoptosis induced by sodium selenite was excluded
due to a higher choline SD (> 20%). The spectra from
ten rabbits before and after the injection with sodium
selenite were finally adopted (Table 1).
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The percentage of apoptotic cells (%)
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Figure 4 Light microscopy of representative hematoxylin and eosin
stained histological sections of liver (A and B, x 200) and flow cytometry
of liver apoptotic cells stained by dUTP-biotin nick end labeling assay (C
and D). A, C: Normal rabbits; B, D: Rabbits injected with sodium. The elevated
apoptotic cell peak labeled by A was observed.

percentage of apoptotic cells (R = 0.369, F = 1.734, P >
0.05) (Figure 5).

DISCUSSION
Noninvasive quantitative measurement of choline by
proton MRS is important for the assessment of tumor
characterization, grading, and post-treatment evaluation.
The data in this study showed the feasibility of measuring
choline concentration in rabbit liver in vivo using 1.5T MR
by appropriate acquisition and quantification methods.
Choline spectra were obtained from three healthy
rabbits and 10/14 selenite-treated rabbits. Phase and frequency shifts were found in some liver spectral frames.
We deduced that this may be due to respiratory motion,
which could also lead to inhomogeneous B0 and B1
fields and result in broadening of the spectral resonanc-
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Figure 5 Scatter diagram shows the correlation between the percentage
of apoptotic cells and choline concentration in the control group (Δ) and
the experiment group after injection of sodium selenite (ο). The linear
regression analysis revealed no significant linear relationship between variables
(R = 0.369, F = 1.734, P > 0.05).
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Figure 3 Barplot shows the choline concentration of livers from 10 rabbits
before and after injection of sodium selenite. The two-sample Wilcoxon test
revealed significant differences between the groups (Z = -2.395, P < 0.05).
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es. According to the data quality, the FWHM and water
suppression of spectra in selenite-treated rabbits were
better than those in normal rabbits due to decreased
SNR and SD of choline. The possible reason is that rabbits injected with sodium selenite were quieter and therefore had reduced movement of the tissue. However,
liver tissue necrosis may cause signal non-uniformity and
worsen the effect of shimming, even leading to pleural
effusion after injection of sodium selenite.
It is very important to make optimal choices about
the spectroscopic sequence and parameters. The PRESS
technique was used for its higher SNR and non-sensitivity to movement. The quality of MR spectra also relies
on adequate technics, such as effective water suppression
and prescan adjustment, such as the position of the VOI
and adequate anesthetic dose. The VSS pulse was used
to reduce the voxel misregistration leading to outer voxel
contamination, and to improve the effect of shimming.
Although it is a time-consuming process, it is of importance to obtain good quality spectra that allow for more
accuracy of metabolite identification and quantification.
Absolute quantification remains a challenge due to
the lack of relatively stable metabolites used as the standard. Therefore, metabolite concentrations were reported in terms of metabolite ratios such as choline/lipid
under the assumption of constancy of the reference
compound[23,24]. Unfortunately, variations in choline and
lipid must be taken into account. The use of the lipid
peak as an internal reference was not considered for this
study, as the range of lipids is very variable[25].
LCModel software is widely used in the field of
quantitative analysis. Compared with other fitting programs, phase and baseline correction can be automatically processed and overlapping spectra can be better
resolved. In this study, unsuppressed water was used as
an internal reference to acquire the metabolite area ratio
of choline to water. However, accurate choline quantification requires additional correction for some factors,
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anti-proliferative effects against cancer cells[21]. Choline is
a nutrient essential for the normal function of cells and
is usually considered as a marker of cell growth[28,29]. The
data in our study support that choline concentrations are
decreased with the elevated number of apoptotic liver
cells. This result is consistent with the results of Blankenberg[30] and our results in vitro[8]. However, it is insufficient
to use choline as a possible apoptosis biomarker in this
study. High concentrations of selenite can induce oxidative
stress and make tissue undergo necrosis, which also leads
to a decreased choline concentration. Therefore, it is essential to confine the time window to early apoptosis in future
studies. The increased choline after injection of sodium
selenite may be caused by the experimental control. This
phenomenon might be related to individual diversities.
In conclusion, this work demonstrates the feasibility
of noninvasive measurement of liver choline concentrations using in vivo 1.5T clinical MR. Although there are
limitations as outlined above, this method has the potential to characterize liver lesions and determine therapeutic responses. Moreover, it lays a foundation for future
investigations of cell apoptosis in vivo[8,9,31].

such as the concentration and relaxation attenuation of
tissue water as well as the relaxation attenuation of choline. Otherwise, the measurement can only be presented
as concentrations in arbitrary institutional units (a.u.).
T1 and T2 relaxation time of choline and water in
vivo was measured in this study. A number of studies reported the relaxation time of human hepatic tumor metabolites. At 3T, T1 and T2 values of water in the phantom were measured by Li et al[13] to be 3420 ms and 370
ms, respectively, and choline T2 relaxation time in HCC
patients ranged from 88 ms to 161 ms. These values are
similar to the T1 and T2 relaxation time of water (3172
and 206 ms) and T2 relaxation time of choline (78 ± 5
ms in apoptotic liver) in the present study. In the study
by Goldberg et al[26] T1 and T2 relaxation time of water
in solid lesions was 1004 ± 234 ms and 80 ± 18 ms at 1.5T
by MRI. These values are higher than our data (719 ±
37 ms and 50 ± 5 ms in cell apoptotic livers). The differences of T1 and T2 relaxation time may be attributed to
the magnetic field strength, subjects, and measurement
methods. Enhanced field strength led to increase in T1
and minor decrease in T2. Moreover, this procedure
was subject to failure caused by the movement. Due to
individual differences, variable relaxation time should be
taken into consideration.
The liver choline concentration in vivo seems not universal. In the report by Fischbach et al[12], it was 7.7 ± 7.3 a.u. in
normal liver parenchyma of volunteers and 7.3 ± 4.3 a.u. in
normal-appearing liver parenchyma of patients with hepatic
tumors using LCModel at 3T. However, Li et al[13] reported
that the choline concentrations in four patients ranged
from 3.4 mmol/L to 14.0 mmol/L, and in healthy volunteers 1.3 ± 0.9 mmol/L. It was 1.0 ± 0.7 a.u. in the normal liver tissues of rats and 5.6 ± 1.5 a.u. in tumor tissues reported by Chen et al[27]. The choline concentration
in our study (14.5 ± 7.6 mmol/L in normal and 10.8 ±
6.6 mmol/L in apoptotic livers) is higher than the above
values. In addition to field strength and different subjects
as well as the quantification method, the assumed tissue
water concentration may be the main reason leading to
our higher values. The water concentration was assumed
to be 47 778 mmol/L for an 86% water content of liver.
This value may be slightly higher for including parts of
MR-invisible water. However, the real water concentration of liver is hard to measure in vivo and might vary
between individuals.
The basis set is another important issue in quantification with LCModel. It included the metabolites of choline and lipid as well as glycogen in analysis mode of liver-6. Therefore, the above metabolites can be measured
in our study. Nevertheless, a choline compound consists
of glycerophosphorylcholine, phosphorylcholine and
free choline, which can be resolved in vitro at 9.4T[8] . As
for the much poorer spectral resolution and SNR of in
vivo MRS, only choline is included in the basis set.
Se-induced apoptosis has been studied in a number
of cancer cells in vitro and the results generally suggest
the involvement of apoptosis in Se-induced cytotoxic and
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Through detecting apoptosis, the progression of a tumor can be evaluated and
drug effects can be determined. It is, therefore, essential to develop a noninvasive method that can be used to assess apoptosis of tissues in vivo. The
liver is a particularly suitable and interesting organ for metabolic studies owing
to its rich metabolic activities and location at the body surface. However, the difficulties in measurement in vivo may occur due to respiratory movement.

Research frontiers

Changes in choline-containing compounds at 3.2 ppm seem not to be universal,
at least in the early stages of apoptosis. In this study, the decreased choline
concentrations were observed in the sodium selenite-induced rabbit liver cell
apoptosis in vivo.

Innovations and breakthroughs

Several previous in vivo studies focused on the choline-to-lipid ratios in liver
tumors. This may be the first study to attempt to quantify the metabolite concentrations of both normal and apoptotic rabbit livers in vivo using single-voxel
1H-magnetic resonance spectroscopy (MRS) with unsuppressed water signal
as the internal reference, and to correct the relaxation attenuation.

Applications

This study demonstrates the feasibility of noninvasive measure of liver choline
concentrations in vivo in a 1.5T clinical MR environment. Moreover, it lays a
foundation for future investigations of cell apoptosis in vivo.
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The authors have tried to evaluate the feasibility of quantifying liver choline
concentrations in both normal and apoptotic rabbit livers in vivo using 1H MRS.
Based on the in vitro study using a phantom model and an in vivo study using
18 rabbits, the authors conclude that MRS can be used to quantify choline in
rabbit liver in vivo using unsuppressed water as an internal reference. This is an
interesting animal study and the authors needed to be lauded for their efforts.
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Large-vessel thrombosis in intestinal Behçet’s disease
complicated with myelodysplastic syndrome and trisomy 8
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with trisomy 8. The most unusual finding was that multiple large vessel thrombi developed during follow-up.
Previous studies have suggested that trisomy 8 in MDS
leads to concurrent intestinal Behçet’s disease. Moreover, the inflammatory and immune genes related to
thrombus formation are overexpressed in cases of MDS
with trisomy 8. Trisomy 8 must play a role in thrombosis. Further studies are needed to help clarify the pathophysiology and pathogenesis of these disorders.
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Abstract

Chen HC, Chiu YM. Large-vessel thrombosis in intestinal
Behçet’s disease complicated with myelodysplastic syndrome
and trisomy 8. World J Gastroenterol 2012; 18(10): 1137-1140
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i10/1137.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i10.
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Behçet’s disease is characterized by recurrent oral ulcers,
genital ulcers, uveitis and skin lesions. Myelodysplastic
syndrome (MDS) is characterized by problems due to
ineffective hematopoiesis. Several studies have identified a relationship between MDS and Behçet’s disease,
especially intestinal Behçet’s disease. Trisomy 8 seems
to play an important role in these disorders as well. The
present case was a 24-year-old woman who had a huge
tonsil ulcer with initial symptoms of odynophagia and
intermittent fever. We also noted folliculitis on her upper
back. Five days later, she began to experience diarrhea
and abdominal pain. Abdominal computed tomography
and subsequent surgery revealed ileum perforation and
enterocolitis with multiple ulcers. Later, she was admitted again for a vulvar suppurative ulcer and suspicious
Bartholin’s cyst infection. The patient’s clinical presentations met the criteria for Behçet’s disease. Six months
after the bowel perforation event, we noted the development of pancytopenia in a routine laboratory examination. All the examinations led to the diagnosis of MDS
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INTRODUCTION
Behçet’s disease is a multisystem inflammatory disease
characterized by recurrent oral ulcers, genital ulcers, uveitis, and skin lesions. Many other systems can be involved,
such as the gastrointestinal tract, central nervous system
and cardiovascular system; the disease can also cause arthritic joints.
Myelodysplastic syndrome (MDS) is a blood disease
that easily converts to acute leukemia. It is characterized
by stem cell disorders, multi-lineage dysplasia, and pancytopenia due to ineffective hematopoiesis.
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Behçet’s disease and MDS are two different disease
entities. However, an association between the two diseases has been reported in an increasing number of cases.
Most of the patients who suffer from the two diseases
have intestinal ulcers. Some previous studies have also
identified a statistically significant relationship between
trisomy 8 and intestinal Behçet’s disease with MDS.
We report the case of a patient with trisomy 8 who
was diagnosed with intestinal Behçet’s disease and MDS.
We incidentally found multiple thrombi in the major
veins.

CASE REPORT

Figure 1 Ileum perforation and multiple transmural ulcers.

A 24-year-old woman was admitted to our hospital due to
odynophagia and intermittent fever for 1 wk. The initial
findings were a huge tonsil ulcer with a pus-like coating.
We also noted several spots of folliculitis on her upper
back. The laboratory examination revealed the following:
white cell count 12.5 × 103/mm3, red blood cell count 3.80
× 106/mm3, hemoglobin 14.1 g/dL, platelet count 150 ×
103/mm3, alanine aminotransferase 24 IU/L, creatinine
0.9 mg/dL, Na 141 mEq/L and K 3.3 mEq/L. She was
initially treated for acute suppurative tonsillitis. However,
the symptoms persisted after the administration of antibiotics. Five days later, she began to experience diarrhea,
abdominal pain and dyspnea. We arranged for abdominal
computed tomography (CT), and the results showed ileus, edematous bowels, right-side colon dilation, ascites
and free air. She then underwent an operation, and ileum
perforation and enterocolitis with multiple ulcers were
found (Figure 1). The pathology report identified multiple ulcers with transmural necrotizing inflammation in
the colon and ileum.
About 2 mo later, the patient returned to our hospital
due to increased vaginal discharge, itching and pain. Fever and chills followed these symptoms. She was admitted again for a vulvar suppurative ulcer and a suspicion
of Bartholin’s cyst infection. After antibiotic treatment,
these symptoms improved, and she then received outpatient clinical follow-up care.
The patient’s clinical presentations met the International Study Group’s criteria for Behçet’s disease; these
include recurrent oral ulcers (> 3 times in a year), frequent genital ulcers (twice in the past 3 mo), folliculitis
on the upper back and multiple bowel ulcers with perforation.
Three months after the second hospitalization, the
patient was admitted again due to adhesion ileus. Unexpectedly, abdominal CT found thrombi in the patient’s
bilateral internal iliac vein, common iliac vein and inferior
vena cava (Figure 2); the multiple thrombi were not noted
in the previous CT scan.
Six months after the bowel perforation event, we noted the development of pancytopenia in a routine laboratory examination. The initial hemogram showed the following: white cell count 1.0 × 103/mm3, red blood cell count
1.45 × 106/mm3, hemoglobin 5.8 g/dL and platelet count
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Figure 2 Abdominal computed tomography image shows a dilated bowel
loop and a large thrombus (arrow) in the inferior vena cava.

13 × 103/mm3. The differential count of the white blood
cells was as follows: neutrophil-seg 18%, neutrophil-band
13%, lymphocytes 62%, monocytes 1%, eosinophils 2%,
metamyelocytes 2% and atypical lymphocytes 62%. Bone
marrow biopsy was performed for further evaluation and
revealed profound hypocellularity of the marrow with a
marked decrease of trilinear hematopoietic elements and
focal aggregates of lymphoplasmacytic cells. Cytogenetic
analysis demonstrated the presence of two cell lines: 48,
XX, +8, +9 (11)/46, XX (9). Of the 20 cells examined, 11
showed an abnormal female karyotype with extra 8 and 9
chromosomes, and the remaining nine cells had normal,
complete sets of chromosomes. These findings led to the
diagnosis of MDS and refractory anemia. The overall picture was compatible intestinal Behçet’s disease with MDS
and chromosomal abnormality.

DISCUSSION
Behçet’s disease is characterized by recurrent oral ulcers,
genital ulcers, uveitis, and skin lesions. Other systems can
be involved, such as the gastrointestinal tract, central nervous system and cardiovascular system, and the disease
can lead to arthritic joints. The exact etiology and pathogenesis of Behçet’s disease are still being investigated.
From previous studies, we know that genetic factors play
key roles in its pathogenesis. MDS, however, is character-
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ized by stem cell disorders, multi-lineage dysplasia and
pancytopenia due to ineffective hematopoiesis.
Behçet’s disease is generally considered to be an immunological disease. MDS is related to many immunological abnormalities, and presently, several types of immunomodulatory therapies, such as antithymocyte globulin
and cyclosporin A[1], have been used to treat MDS. These
two diseases are currently thought to share some immunological characteristics. For example, extensive intramedullary cell death in an MDS patient is proposed
to be strongly related to tumor necrosis factor (TNF)-α.
In addition, the concentration of TNF and soluble TNF
receptors is increased in the serum of patients with active
Behçet’s disease[2]. We conclude that some correlation exists in the pathogenesis of the two diseases.
The co-occurrence of Behçet’s disease and MDS has
been reported in an increasing number of cases[3]. Most
of the patients who suffer from the two diseases have
intestinal ulcers. In light of the previous literature, intestinal Behçet’s disease is believed to be partly derived
from MDS[4-7], and most of these patients have trisomy 8.
Kimura et al[6] have identified a statistically significant relationship between trisomy 8 and intestinal Behçet’s disease
with MDS.
Chromosomal abnormalities are observed in about
40% of patients with MDS, but trisomy 8 is found in
only about 5% of the MDS population[8]. The high frequency of trisomy 8 in cases of intestinal Behçet’s disease
complicated with MDS suggests that trisomy 8 plays an
important role in the pathogenesis of intestinal ulcers in
the context of Behçet’s disease.
Most cases of trisomy 8 with intestinal Behçet’s disease complicated with MDS have been reported in Japan.
A single case or a few cases have been reported in Italy,
Korea, the United States, Germany, Spain, Israel and
the United Kingdom[3]. We reported the case of a young
woman who was diagnosed with intestinal Behçet’s disease
with MDS and trisomy 8. There are many compositions
of trisomy 8; our patient was 48, XX, +8, +9, which is
one of the karyotypes reported previously.
The most unusual finding in our reported case was
that multiple large vessel thrombi developed during
follow-up. Thrombosis related to Behçet’s disease usually occurs in veins, and involvement of the arteries is
less common[9]. Our patient developed thrombi in the
bilateral internal iliac veins, common iliac veins and inferior vena cava. Thrombosis related to Behçet’s disease is
found more frequently in men[9], although our patient was
a young woman.
Kimura et al[6] have found that MDS patients with
trisomy 8 tend to develop thrombosis and intestinal ulcers, but no definite cause for the vessel thrombus has
been identified. Other researchers have noted neutrophil
function abnormality and inflammatory cytokine overproduction in cases of MDS[10,11]. These immunological
disorders, particularly cytokine overproduction, may lead
to injury and inflammation of the endothelium.
Chen et al[12] have found that inflammatory and im-
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mune genes, such as transforming growth factor (TGF)-β,
TGF-β receptor, interleukin (IL)-10, IL-7 receptor and
vascular cell adhesion molecule (VCAM)-1, are overexpressed in MDS patients with trisomy 8. The exact role
of TGF-β is controversial. Some researchers have suggested that it exacerbates neointima formation by inhibiting endothelial regeneration and promoting fibrosis, and
some have shown that it protects against lipid lesion formation in atherosclerosis[13]. IL-10 and IL-7 are thought
to contribute to the formation of atherosclerosis[14,15].
VCAM-1 has the ability to facilitate thrombus formation.
These previous studies have suggested that the presence of trisomy 8 in MDS leads to the patient having
concurrent intestinal Behçet’s disease. Moreover, the inflammatory and immune genes related to thrombus formation are overexpressed in cases of MDS with trisomy
8. Trisomy 8 must play a role in blood vessel thrombosis.
We therefore hypothesize that trisomy 8 induces the
activation of an abnormal inflammatory process and
immune gene expression, eventually leading to or even
aggravating blood vessel injury and thrombus formation.
This may explain why our patient, with Behçet’s disease
complicated with MDS and trisomy 8, developed multiple
vessel thrombi. In the near future, trisomy 8 may become
a helpful predictor of Behçet’s disease prognosis or outcome, especially in the case of intestinal ulcers or blood
vessel thrombosis. Further studies are needed to help
clarify the pathophysiology and pathogenesis of these
disorders.
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There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.

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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).

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
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Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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.
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uniform legends for the same subjects. For example: Figure 1
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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
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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
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English journal article (list all authors and include the PMID where applicable)
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Notes in tables and illustrations
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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 la-
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No author given
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No volume or issue
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eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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 dis-
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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
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
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EDITORIAL

Genetically modified mouse models for the study of
nonalcoholic fatty liver disease
Perumal Nagarajan, M Jerald Mahesh Kumar, Ramasamy Venkatesan, Subeer S Majundar, Ramesh C Juyal
the treatment of NAFLD. Ideal animal models for NASH
should closely resemble the pathological characteristics
observed in humans. To date, no single animal model
has encompassed the full spectrum of human disease
progression, but they can imitate particular characteristics of human disease. Therefore, it is important that
the researchers choose the appropriate animal model.
This review discusses various genetically modified animal models developed and used in research on NAFLD.

Perumal Nagarajan, Subeer S Majundar, Ramesh C Juyal,
Small Animal Facility, National Institute of Immunology, New
Delhi 110067, India
M Jerald Mahesh Kumar, Animal House, Centre for Cellular
and Molecular Biology, Hyderabad 500007, India
Ramasamy Venkatesan, Animal House, JNU, New Delhi
110067, India
Author contributions: Nagarajan P drafted and wrote the article; Mahesh Kumar MJ and Venkatesan R collected literature
and references; Nagarajan P, Majumdar SS and Juyal RC revised the manuscript critically.
Correspondence to: ����
Dr. ������������������
Perumal Nagarajan, Small Animal
Facility, National Institute of Immunology, New Delhi 110067,
India. naga73@yahoo.com
Telephone: +91-11-26703709 Fax: +91-11-26742125
Received: July 6, 2011
Revised: September 19, 2011
Accepted: October 28, 2011
Published online: March 21, 2012

© 2012 Baishideng. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Steatosis;
Steatohepatitis; Knockout; Animal models
Peer reviewer: Po-Shiuan Hsieh, MD, PhD, Department of

Physiology and Biophysics, National Defense Medical Center,
Taipei 114, Taiwan, China
Nagarajan P, Mahesh Kumar MJ, Venkatesan R, Majundar SS,
Juyal RC. Genetically modified mouse models for the study of
nonalcoholic fatty liver disease. World J Gastroenterol 2012;
18(11): 1141-1153 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i11/1141.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i11.1141

Abstract
Nonalcoholic fatty liver disease (NAFLD) is associated
with obesity, insulin resistance, and type 2 diabetes.
NAFLD represents a large spectrum of diseases ranging from (1) fatty liver (hepatic steatosis); (2) steatosis
with inflammation and necrosis; to (3) cirrhosis. The
animal models to study NAFLD/nonalcoholic steatohepatitis (NASH) are extremely useful, as there are
still many events to be elucidated in the pathology of
NASH. The study of the established animal models has
provided many clues in the pathogenesis of steatosis
and steatohepatitis, but these remain incompletely understood. The different mouse models can be classified
in two large groups. The first one includes genetically
modified (transgenic or knockout) mice that spontaneously develop liver disease, and the second one
includes mice that acquire the disease after dietary or
pharmacological manipulation. Although the molecular mechanism leading to the development of hepatic
steatosis in the pathogenesis of NAFLD is complex,
genetically modified animal models may be a key for
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) represents
a histological spectrum of liver disease associated with
obesity, diabetes and insulin resistance that extends from
isolated steatosis to steatohepatitis and cirrhosis. Besides
being a potential cause of progressive liver disease, steatosis has been shown to be an important cofactor in the
pathogenesis of many other liver diseases. Mouse models
have been developed and the different mouse models can
be classified in two major groups. The first one includes
genetically modified (transgenic or knockout) mice that
spontaneously develop liver disease, and the second one
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includes mice that acquire the disease after dietary or
pharmacological manipulation. NAFLD and nonalcoholic steatohepatitis (NASH) are increasing due to the
prevalence of the metabolic syndrome linked to visceral
adiposity, insulin resistance, dyslipidemia and type two
diabetes. In this context, research has been undertaken
using animals models for human steatosis and NAFLD
to NASH disease progression. Most of the animal
models develop a fatty liver and many develop aspects
of steatohepatitis. However, spontaneous development
of fibrosis is very rare. Because it is highly unlikely that
NAFLD in the human population is monogenic, study
of animals with deletion or over-expression of a single
gene may not mimic etiology of the human disease at
the molecular level. Likewise, choice of experimental diet
may not mimic the human diets associated with development of NAFLD in man. Although rodent models of
hepatic steatosis and/or insulin resistance do not always
perfectly reproduce the human pathology of NAFLD,
the use of transgenic, knockout, and knockdown mouse
models have helped over the past years to better our understanding of the molecular determinants of NAFLD.
This literature review describes different genetically
modified mouse models that exhibit histological evidence
of hepatic steatosis or, more variably, steatohepatitis.

patic steatosis. These mice readily develop symptoms of
NASH upon induction with a second hit, such as feeding
with an MCD diet[8]. These mice have normal or elevated
levels of leptin but are resistant to its effects. Studies have
shown that the db gene encodes the leptin receptor (OB-R)
which is structurally similar to a class I cytokine receptor[9,10]. There are two isoforms; the short OB-Ra isoform
has not been shown to have any signaling activity. In
contrast, the OB-Rb isoform has a long intracytoplasmic
region that contains signal transduction motifs which activate the JAK/STAT protein kinase signal transduction
cascade[11]. db/db mice carry a sequence insertion at the
3’ end of the mRNA transcript exactly where the OB-Ra
and OB-Rb transcripts diverge. This insertion contains
a stop codon that leads to the premature termination of
the OB-Rb long intracellular signaling domain, loss of
function and consequently leptin resistance[12].
Yellow-obese agouti (Ay) mice
KK-Ay mice are a cross-strain of diabetic KK mice[13]
and lethal yellow (Ay) mice, which carry mutation of the
agouti(a) gene on mouse chromosome 2[14]. KK-Ay mice
develop maturity-onset obesity, dyslipidemia, and insulin
resistance, in part because of the antagonism of melanocortin receptor-4 by ectopic expression of the agouti protein[14]. Importantly, these mice present hyperleptinemia
and leptin resistance without defects in the ObR gene,
and the expression of adiponectin is conversely downregulated[15,16]. The phenotype of KK-Ay mice, including
altered adipokine expression, quite resembles metabolic
syndrome in humans indicating the potential usefulness of this strain as a model of metabolic syndrome
NASH[17,18]. In fact, KK-Ay mice are more susceptible to
experimental steatohepatitis induced by MCD diet.

GENETIC MODELS FOR NAFLD
ob/ob mice
The ob/ob mice carry a spontaneous mutation in the
leptin gene (leptin-deficient). These mice are hyperphagic, inactive, extremely obese and are severely diabetic,
with marked hyperinsulinemia and hyperglycemia. ob/ob
mice develop NASH spontaneously[1], but unlike human
NAFLD, ob/ob mice do not spontaneously progress from
steatosis to steatohepatitis. ob/ob mice require a ‘second
hit’ to be administered in order to trigger progression
to steatohepatitis. This may be provided by exposure to
small doses of lipopolysaccharide (LPS) endotoxin, ethanol exposure or hepatic ischemia-reperfusion challenge
which all provoke a severe steatohepatitis and frequently
acute mortality[2-5]. ob/ob mice require other stimuli such
as a methionine choline deficient (MCD) diet or a high
fat diet to trigger progression to steatohepatitis. The effects of leptin deficiency on several aspects of physiology increase the complexity of studies while using this
strain[6]. Similarly, the limited fibrotic capacity of a leptindeficient model means that it is best suited to studies
investigating the mechanisms behind the development
of steatosis and the transition to steatohepatitis. Recent
work demonstrates that the apparent flaws in this model
can be turned to advantage, providing new insights into
stellate cell function and the progression to fibrosis.

CD36-/- mice
A valuable model for the study of the effects of alteration in fatty acid (FA) utilization on insulin responsiveness is the recently generated CD36-deficient mouse[19,20].
CD36, also known as fatty acid translocase (FAT)[21], is a
multispecific, integral membrane glycoprotein[22,23] that has
been identified as a facilitator of FA uptake. Its function
in binding and transport of FA was documented in vitro
by affinity labeling with FA derivatives and by cell transfection studies[23,24]. The CD36-deficient mouse exhibits
greater than 60% decrease of FA uptake and utilization
by heart, skeletal muscle, and adipose tissues and thereby
increases FA delivery to liver and exhibits increased plasma free fatty acid (FFA) and triglyceride (TG) levels[20].
The pathogenic role of FAT/CD36 in hepatic steatosis
in rodents is well-defined[25].
Phosphoenolpyruvate carboxykinase-sterol
regulatory-element binding protein 1a-mice
Sterol regulatory-element binding protein (SREBP) family
members have been established as transcription factors
regulating the transcription of genes involved in cholesterol and FA synthesis. In vivo studies have demonstrated that

db/db mice
The db/db mice have a natural mutation in the leptin receptor (Ob-Rb) gene[7]. These mice are obese with insulin
resistance, and are able to develop macrovesicular he-
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of leptin[36] or by transplanting normal adipose tissue[37].
By contrast, transplantation of adipose tissue from ob/ob
mice did not reverse the phenotype of the A-ZIP/F-1
mice indicating that leptin deficiency strongly contributes to the metabolic complications in lipodystrophy[38].

SREBP-1 plays a crucial role in the dietary regulation of
most hepatic lipogenic genes[26,27]. Physiological changes
of SREBP-1 protein in normal mice by dietary manipulation such as placement on high carbohydrate diets, polyunsaturated FA-enriched diets, and fasting-refeeding regimens has been reported[28,29]. SREBP-1a transgenic mice,
under the control of liver specific Phosphoenolpyruvate
carboxykinase promoter (TgSREBP-1a), show a massively
enlarged liver and atrophic peripheral white adipose tissue,
and develop steatosis[30].

Peroxisome proliferator-activated receptor alpha-/- mice
Peroxisome proliferator-activated receptor alpha (PPARα)
is expressed in the liver and other metabolically active tissues including striated muscle, kidney and pancreas[39,40].
Many of the genes encoding enzymes involved in the mitochondrial and peroxisomal FA beta-oxidation pathways
are regulated by PPARα. In wild-type mice, peroxisome
proliferators are compounds that induce lipid catabolism
and an associated intracellular increase in peroxisome
number and enzymatic activity. PPARα mutated mice
exhibit alterations of intracellular lipid processing, particularly in response to peroxisome proliferators. Mice
deficient in PPARα exhibit severe hepatic steatosis when
subjected to fasting for 24-72 h, indicating that a defect
in PPARα-inducible FA oxidation accounts for severe
FA overload in liver, causing steatosis, in contrast to the
wild-type mice[41,42].

aP2-NSREBP-1c mice
Leptin has similar effects in lipodystrophic rodents, most
notably in aP2-nSREBP-1c transgenic mice. These animals express a truncated, constitutively active form of
the SREBP-1c transcription factor under the control of
the adipose tissue specific aP2 promoter and develop
lipodystrophy with very low plasma leptin levels. These
mice are also hyperphagic and have massive fat accumulation in peripheral tissues with hyperglycemia and hyperinsulinemia[31,32]. This mouse model has markedly reduced
body fat and develops liver steatosis, profound insulin
resistance, and increased levels of triglycerides[31,32].
aP2-diptheria toxin mice
The aP2/DTA mice have low serum leptin levels and are
hyperphagic. These mice when fed a control diet are hyperlipidemic, hyperglycemic, and have hyperinsulinemia
indicative of insulin-resistant diabetes. These mice are
born normally and initially lack any distinguishing phenotypic features, but develop atrophy and necrosis of
the adipose tissue at five to six months resulting in the
complete absence of subcutaneous or intra-abdominal
adipose tissue at eight to nine months of age[33]. This late
onset of adipose tissue loss is associated with reduced
leptin levels, increased food consumption, hyperlipidemia, hyperglycemia and insulin resistance. Monosodium
glutamate-treated aP2/DTA mice develop gross hepatomegaly as a result of severe fatty changes in the liver[33].

Galactin-3 knockout mice
Galectin-3, a beta-galactoside-binding animal lectin, is
a multifunctional protein. Galectin-3 plays a role in the
regulation of hepatic stellate cell (HSC) activation in vitro
and in vivo, thereby identifying galectin-3 as a potential
therapeutic target in the treatment of liver fibrosis. This
model plays a role in investigating liver carcinogenesis
based on a natural history of NAFLD [43]. Previous
studies have also suggested that galectin-3 may play an
important role in inflammatory responses. The livers
of gal3(-/-) male mice at six months of age displayed
mild to severe fatty change. The liver weight per body
weight ratio, serum alanine aminotransferase levels, liver
triglyceride levels, and liver lipid peroxide in gal3(-/-)
mice were significantly increased compared with those in
gal3(+/+) mice. Furthermore, the hepatic protein levels
of advanced glycation end-products (AGE), receptor for
AGE, and PPARγ were increased in gal3(-/-) mice relative to gal3(+/+) mice[43,44].

A-ZIP/F-1 mice
The A-ZIP/F-1 mice express a dominant negative version of the C/EBPα leucine zipper domain that potently interferes with adipocyte differentiation[34]. The
A-ZIP/F-1 mouse (A-ZIPTg/+) is a model of severe
lipoatrophic diabetes and is insulin resistant, hypoleptinemic, hyperphagic, and shows severe hepatic steatosis.
This mouse has essentially no white adipose tissue, reduced brown fat and severe metabolic phenotype with
a reduced life span. These mice display massive hepatomegaly causing increased body weight, liver steatosis,
severe diabetes (hyperglycemia, hyperinsulinemia, hyperphagic, polydipsia and polyuria), and are hypertensive[35].
They have increased triglycerides and FFA levels, alveolar
foam cells and reduced leptin levels. These mice are unable to sustain glucose levels during fasting. The insulin
resistance and much of the liver steatosis in the A-ZIP/
F-1 mice can be reversed by transgenic over-expression
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Acetyl CoA oxidase-/- mice
Acyl-coenzyme A oxidase (AOX) is the rate-limiting
enzyme in peroxisomal FA β-oxidation for the preferential metabolism of very long-chain FAs. AOX null
(AOX-/-) mice have defective peroxisomal β-oxidation
and exhibit steatohepatitis. Microvesicular fatty change
in hepatocytes is evident at 7 d. At 2 mo of age, livers show extensive steatosis and they have clusters of
hepatocytes at periportal areas with abundant granular
eosinophilic cytoplasm rich in peroxisomes. At 4-5 mo
there is increased PPARα, cytochrome P450, Cyp 4a10,
and Cyp4a14 expression. By 6 to 7 mo, however, there is
a compensatory increase in FA oxidation and reversal of
hepatic steatosis resulting from hepatocellular regenera-
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tion[45,46]. The AOX-/- mice proceed to develop adenomas and carcinomas by 15 mo of age[46,47].

strain may be useful in studies of fatty liver and insulin
signaling. Piguet et al[61] have investigated the effects of
hypoxia in the PTEN-deficient mouse, a mouse model
that develops NAFLD. The authors also showed that a
short period (7 d) of exposure to hypoxia aggravates the
NAFLD phenotype, causing changes in the liver that are
in keeping with NASH, with increased lipogenesis and
inflammation.

Aromatase (CYP 19)-deficient mice
Aromatase P450 (CYP19) is an enzyme catalysing the
conversion of androgens into estrogens[48]. These models present dyslipidemia, central obesity, hypercholesterolemia, hyperinsulinemia, hyperleptinemia, and hypertriglyceridemia[49], and importantly the male mice have hepatic steatosis. Aromatase knockout (ArKO) mice have a
similar phenotype to that of estrogen receptor null mice
with increased gonadal fat pad weight[50]. Only ArKO
males have elevated hepatic triglyceride levels leading to
hepatic steatosis partly due to an increase in expression
of enzymes involved in de novo lipogenesis and transporters involved in FA uptake[51-53].

Methionine adenosyl transferase 1A -/- mice
Mice deficient in methionine adenosyl transferase 1A (the
enzyme responsible for SAM synthesis in the adult liver)
have a decrease in hepatic SAM levels and spontaneously
develop steatosis, NASH, and hepatocellular carcinoma
(HCC)[62]. By three months of age, these mice have hepatomegaly with macrovesicular steatosis. These mice also
have increased mRNA levels of CYP2E1 and UCP2, and
levels of glutathione. Also, these mice have changes in the
expression of genes involved in cell proliferation of lipid
and carbohydrate metabolism[63]. These mice are predisposed to liver injury and have impaired liver regeneration
after partial hepatectomy[64].

MTP-/- mice
Mitochondrial β-oxidation of FAs is the major source
of energy for skeletal muscle and the heart, and it plays
an essential role in intermediary metabolism in the liver
and impairment of mitochondrial β-oxidation in pathogenesis of NAFLD. The fetuses of Mtpa-/- mice accumulate long chain FA metabolites and have low birth
weight compared with the Mtpa+/- and Mtpa+/+ littermates. Mtpa-/- mice suffer neonatal hypoglycemia and
sudden death 6-36 h after birth. Analysis of the histopathological changes in the Mtpa-/- pups revealed rapid
development of hepatic steatosis after birth and, later,
significant necrosis and acute degeneration of the cardiac and diaphragmatic myocytes. However, studies by
Ibdah et al[54] indicated that aged but not young MTPa+/mice developed hepatic steatosis with elevated alanine
aminotransferase (ALT), basal hyperinsulinemia, and
increased insulin compared with MTPa+/+ littermates.
Significant hepatic steatosis and insulin resistance developed concomitantly in the MTPa+/- mice at 9-10 mo of
age. The cause resides in heterozygosity for β-oxidation
defects that predisposes to NAFLD and insulin resistance in aging mice[55].

Adiponectin null mice
Adiponectin is an adipokine abundantly produced from
adipocytes [65,66]. Adiponectin is an anti-inflammatory
adipocyte-derived plasma protein known to alleviate steatosis and inflammation in NAFLD[65-67]. Two adiponectin
receptors (adipoR1 and adipoR2) have been identified
and found to be expressed in various tissues[68]. AdipoR1
is abundantly expressed in skeletal muscles, whereas adipoR2 is present predominantly in the liver, suggesting a
role of adipoR2 in hepatic adiponectin signaling[68,69]. The
physiological roles of adipoR1 and adipoR2 have recently
been investigated by several laboratories in adipoR1/2
knockout mice. Both adipoR1 and adipoR2 knockout mice
exhibit mild insulin resistance[70]. In adipoR1/R2 double
knockout mice the binding and actions of adiponectin are
abolished, resulting in increased tissue triglyceride content,
inflammation oxidative stress[70-73] and mice exhibit impaired liver regeneration and increased hepatic steatosis.

Phosphatase and tensin homologue -/- mice
Phosphatase and tensin homologue (PTEN) is a multifunctional phosphatase whose substrate is phosphatidylinositol-3,4,5-triphosphate and which acts as a tumor
suppressor gene that downregulates phosphatidyl inositol kinases[56,57]. Hepatocyte-specific PTEN-deficient
mice spontaneously develop steatosis, steatohepatitis,
and hepatocellular carcinoma[58,59]. By 10 wk of age, these
mice have increased concentrations of triglyceride and
cholesterol esters, and a histological analysis displays micro- and macrovesicular lipid vacuoles. At 40 wk of age,
they have macrovesicular steatosis, mallory bodies, ballooning degeneration, and sinusoidal fibrosis[59-60]. Mice
that are homozygous for this allele are viable, fertile,
and normal in size and do not display any gross physical
or behavioral abnormalities. When crossed to a strain
expressing Cre recombinase in liver, this mutant mouse
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Bid null mice
The protein Bid is a participant in the pathway that leads
to cell death (apoptosis), mediating the release of cytochrome from mitochondria in response to signals from
“death” receptors known as tumor necrosis factor (TNF)
receptor 1/Fas on the cell surface. Genetic inactivation
of Bid, a key pro-apoptotic molecule that serves as a link
between these two cell death pathways, significantly reduced caspase activation, adipocyte apoptosis, prevented
adipose tissue macrophage infiltration, and protected
against the development of systemic insulin resistance
and hepatic steatosis independent of body weight[74,75].
These mice can be used in research based on adipocyte
apoptosis which is a key initial event that contributes to
macrophage infiltration into adipose tissue, insulin resistance, and hepatic steatosis associated with obesity.
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Fas adipocyte-specific (AfasKO) null mice
Fas (CD95), a member of the TNF receptor super family, is a major contributor to apoptosis in many cells.
Fas activation may contribute to obesity-induced insulin
resistance, since mice lacking Fas in adipocytes were
partly protected from developing insulin resistance. In
particular, Fas activation led to increased release of proinflammatory cytokines, and reduced insulin-stimulated
glucose uptake in 3T3-L1 adipocytes[75]. Fas-deficient
(Fas-def) mice show increased insulin-stimulated glucose
incorporation when compared to wild type (WT) with
higher expression levels of Akt[76,77].

flanked Nemo[87] or Ikk2[88] alleles with Alfp-cre transgenic
mice that mediate efficient Cre recombination in liver
parenchymal cells, including hepatocytes and biliary epithelial cells, but not in endothelial or Kupffer cells[89].
NEMOLPC-KO mice were born and reached weaning age at
the expected Mendelian frequency[90]. These mice showed
efficient ablation of the respective proteins in whole-liver
extracts and NF-κB activity in the liver was completely
abolished[91,92]. Hepatocytes are LPS sensitive. When fed a
high-fat diet, mice had reduced β-oxidation and upregulated PPAR-γ, SReBP1 and FA synthase causing increased
de novo lipid synthesis and macrovesicular steatosis with
increased HCC occurrence[91,92].

Interleukin-6 KO mice
Interleukin-6 (IL-6) is an adipocytokine associated with
NALFD and obesity that is secreted in larger amounts
by visceral fat compared to subcutaneous fat in obese
adults[78]. Increased systemic IL-6 is associated with increased inflammation and fibrosis in NAFLD patients[79].
Expression of IL-6, a major proinflammatory cytokine,
is increased in animal models of NAFLD. Hepatic IL-6
production may also play an important role in NASH
development, as well as in systemic insulin resistance
and diabetes. IL-6 is elevated in the plasma and peripheral blood monocytes of patients with fatty diseases,
including alcoholic liver disease and non-alcoholic steatohepatitis, and elevation of IL-6 correlates with the
progression and severity of liver disease, suggesting that
IL-6 may be involved in the pathogenesis of fatty liver
disease[80,81]. Studies using Il6-/- mice show these animals
display obesity, hepatosteatosis, liver inflammation and
insulin resistance when compared with control mice on
a standard chow diet[82].

Jun N-terminal kinase 1 null mice
Jun N-terminal kinase (JNK) 1 null mice have less hepatic inflammation and fibrosis when fed a cholinedeficient, l-amino acid-defined (CDAA) diet due to the
absence of JNK1 in immune cells. As JNK is activated
by oxidants and cytokines and regulates hepatocellular
injury and insulin resistance, this kinase may mediate
the development of steatohepatitis. JNK promotes the
development of steatohepatitis as MCD diet-fed JNK
null mice have significantly reduced levels of hepatic triglyceride accumulation, inflammation, lipid peroxidation,
liver injury, and apoptosis compared with wild-type and
JNK2 -/- mice[93,94]. Hence JNK1 is responsible for JNK
activation that promotes the development of steatohepatitis in the MCD diet model[93]. JNK1 KO produces
lean, male JNK1 KO mice which have decreased body
weights, fasting blood glucose levels, and fasting blood
insulin levels compared to their wild‐type controls[94].
This model can be used to study a combination of genetic and dietary challenges that constitute the disease
etiology for NASH development and mimic more closely the pathogenesis of human NAFLD/NASH.

TNF alpha KO mice
TNF-α appears to play a central role in the development
of hepatic steatosis. TNF-α, by mechanisms not completely defined, is over expressed in the liver of obese
mice and is an important mediator of insulin resistance
in both diet-induced and ob/ob models of obesity[83,84].
Data from animal and clinical studies indicate that
TNF-α mediates not only the early stages of fatty liver
disease but also the transition to more advanced stages
of liver damage[85,86]. Mice homozygous for the TNF targeted mutation are viable and fertile. Further, male mutant mice at 28 wk old display lower insulin, triglyceride,
and leptin levels compared to wild type controls.

Toll-like receptor 9 KO mice
Development of NASH involves the innate immune
system and is mediated by Kupffer cells and HSCs. Tolllike receptor 9 (TLR9) is a pattern recognition receptor
that recognizes bacteria-derived cytosine phosphate
guanine-containing DNA and activates innate immunity.
Mice deficient in TLR9 have reduced steatohepatitis
and fibrosis[95]. Hence this model can be used to study
NAFLD involving innate immunity.
LDLR KO and farnesoid X receptor KO mice
Farnesoid X receptor (FXR) is essential for regulating
bile-acid synthesis and transport. Mice with FXR deficiency have severe impairment of bile-acid homeostasis
and manifest systemic abnormalities including altered
lipid and cholesterol metabolism features known to be
associated with the metabolic syndrome and NASH.
Kong et al[96] studied LDL receptor knockout (LDLr-/-)
mice fed with a high-fat diet for 5 mo, and checked
whether FXR deficiency contributed to NASH development. Both high-fat diet and FXR deficiency increased

NEMOLPC-KO mice
The IκB kinase (IKK) subunit NEMO/IKKγ is essential
for activation of the transcription factor nuclear factor
kappa B (NF-κB), which regulates cellular responses to
inflammation. NEMO-mediated NF-κB activation in
hepatocytes has an essential physiological function to prevent the spontaneous development of steatohepatitis and
hepatocellular carcinoma. These mice were generated with
liver parenchymal cell-specific knockout of these subunits
(NEMOLPC-KO, IKK2LPC-KO) by crossing mice carrying loxP-
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serum ALT activity, whereas only FXR deficiency increased bile-acid and ALP levels. FXR deficiency and
high-fat feeding increased serum cholesterol and triglycerides. Although high-fat diet led to macrosteatosis
and hepatocyte ballooning in livers of mice regardless
of genotype, no inflammatory infiltrate was observed
in the livers of LDLr-/- mice. In contrast, in the livers
of LDLr-/-/FXR-/- mice, foci of inflammatory cells
were observed when they were fed with control diet
and were greatly increased when fed with the high-fat
diet[96,97]. This model can be used to study a combination
of genetic and dietary challenges that constitute the disease etiology for NASH development and mimic more
closely the pathogenesis of human NAFLD/NASH.

is a 130-kDa transmembrane glycoprotein expressed
on blood and vascular cells. Goel et al[104] demonstrated
that genetic deficiency of PECAM-1 potentiates the
development and progression of NASH. After 3 wk on
an atherogenic diet, these mice developed mild microvesicular steatosis predominantly in hepatic parenchymal
cells in the centrilobular region. At 9 and 18 wk on the
atherogenic diet, more severe steatosis with lobular and
sinusoidal inflammation developed in the livers, which
are consistent with the typical histological features of
steatohepatitis[104].
ApolipoproteinB 38.9 mutant mice
Fatty liver is prevalent in apolipoproteinB (apoB)-defective familial hypobetalipoproteinemia (FHBL). Similar
to humans, mouse models of FHBL produced by gene
targeting (apoB+/38.9) manifest low plasma cholesterol
and increased hepatic TG even on a chow diet due to
impaired hepatic VLDL-TG secretive capacity. These
mice will be useful to study the genetic and molecular
mechanism of apoB defects and lipid metabolism/liver
fat accumulation, the relationship between hepatic steatosis and insulin resistance, and the progression of advanced NAFLD and atherosclerosis[105].

Myd88 KO mice
Chemokines, strongly induced by TLR stimulation, play
an important role in the development of metabolic syndrome including NAFLD. TLR4- and MyD88-deficient
mice, which are resistant to metabolic syndrome, show
reduced chemokine production compared with WT
mice[98,99]. MyD88 is a key molecule in the development
of metabolic syndrome including NAFLD[98,99]. MyD88,
an adaptor protein for all TLRs except for TLR3, is
required for the expression of various inflammatory
cytokines and chemokines[100]. MyD88-deficient mice
are protected from metabolic syndrome as well as atherosclerosis[98,99] and from liver injury induced by bile
duct ligation or carbon tetrachloride[101,102]. Miura et al[100]
demonstrated that MyD88-deficient mice on a CDAA
diet show less steatohepatitis with less insulin resistance
compared with wild type mice. Inflammatory cytokines
and fibrogenic factors are also significantly suppressed
in MyD88-deficient mice compared with wild type mice
fed a CDAA diet[100].

Cystathionine-synthase deficient mice
Cystathionine-synthase (CBS) deficiency causes severe
hyperhomocysteinemia, which confers diverse clinical manifestations, notably liver disease. Robert et al[106]
reported that CBS-deficient mice showed inflammation, fibrosis, and hepatic steatosis. These mice also had
pathological resemblance to steatohepatitis and a pattern
of perivenous and pericellular hepatic fibrosis around
lipid-laden hepatocytes. CBS KO mice develop hepatic
steatosis more tardily than inflammation and fibrosis at
8-32 wk old.
In addition to the above KO animals, Postic et al[107]
has demonstrated a few animal models modulating enzymes in FA synthesis.

Fatty liver dystrophy knockout mice
Fatty liver dystrophy (fld) is a spontaneous point mutation
in Lpin1 which occurred on C3H/HeJ in 1994. An unstable gait and tremor at 3 wk of age was initially observed
in these mice. The pups from these mice have a fatty liver
before reaching weaning age. Mice carrying mutations in
the fld gene have features of human lipodystrophy, a genetically heterogeneous group of disorders characterized
by loss of body fat, fatty liver, and hypertriglyceridemia
and insulin resistance[103]. Homozygous fld mice have an
enlarged, fatty liver and hypertriglyceridemia that resolve
to normal during the weaning transition. However, decreased overall size, decreased lipid in the fat pads and
a peripheral neuropathy persist throughout the lifespan.
This peripheral neuropathy manifests as a tremor and an
unsteady gait shortly after 10 d of age and worsens with
age. As with the original mutation of fld, homozygous
females will breed and raise their litters but homozygous
males do not breed.

Acc2KO mice
Acetyl-CoA carboxylase (ACC) catalyzes the synthesis of
malonyl-CoA, the metabolic intermediate between lipogenesis[108] and β-oxidation[109]; this lipogenic enzyme has
garnered significant attention over recent years. In mammals, two ACC isoforms exist, each with distinct tissue distribution and physiological roles: ACC1 is highly expressed
in liver and adipose tissue, whereas ACC2 is predominantly
expressed in heart and skeletal muscle and, to a lesser
extent, in liver[110]. It is believed that only ACC1, but not
ACC2, is committed to de novo lipogenesis in liver. Targeting
ACC has beneficial effects on both hepatic steatosis and
insulin resistance. ACC1-knockout mice (Acc1-/- mice and
ACC2-/- mice) have been developed to study the effect.
SCD KO mice
SCD1 has recently become a target of interest for the
reversal of hepatic steatosis and insulin resistance[111].

Platelet endothelial cell adhesion molecule-1 null mice
Platelet endothelial cell adhesion molecule-1 (PECAM-1)
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occurred despite hepatic steatosis and marked obesity
in Elovl6-/- mice[116]. While these results are somewhat
surprising given the role of palmitate as a potent inducer
of insulin resistance (at least in primary cultures of hepatocytes)[117], they are also interesting since they indicate
that the hepatic FA composition, and particularly the
conversion of palmitate to stearate, is crucial for insulin
sensitivity. It should be noted that the reduced SCD1
expression observed in livers of Elovl6-/- mice could have
also contributed to the amelioration of insulin resistance
in these mice[116].

Table 1 Potential candidate genes in fatty liver disease
Category of genes

Examples

ADIPOQ, AKT2, ENPP1, IRS1,
PPARG, HFE, resistin
Genes affecting hepatic lipid synthesis DGAT2, SLC25A13, ACC,
and uptake
ELOVL6, SCD1, GPAT, SREBP1
Genes affecting hepatic lipid uptake
APOC3
Genes affecting hepatic triglyceride
PNPLA2, CGI-58, LIPA
hydrolysis
Genes affecting hepatic lipid export
APOB, MTTP, PEMT
Genes affecting hepatic oxidative
GCLC, NOS2, SOD2, HFE, UCP2,
stress
MAT1A, GST, GSH-Px
Genes affecting immune regulation
ADIPOQ, ADIPOR1, ADIPOR2,
STAT3, TNFα , IL10, IL6, CTLA-4,
IL-4, IL-18
Genes influencing disease progression TGF-β 1, 3, PPARα , DDX5,
and fibrosis
CPT1A, angiotensin Ⅱ
Genes influencing response to
CD14, TLR4, NOD2
endotoxin
Genes affecting insulin resistance

ChREBP knockdown mice
ChREBP knockdown led to the expected inhibition of
L-PK, ACC, FAS and SCD1 as well as GPAT. While a
carbohydrate-response element was previously identified
in the promoter region of the GPAT gene[118], its expression was found to be unaffected in the liver of ChREBPknockout mice upon refeeding[119]. It is possible that the
nutritional regulation of GPAT may be more sensitive to
insulin via SREBP-1c than to glucose via ChREBP. Nevertheless, following ChREBP knockdown, a resultant
decrease in lipogenic rates was observed in shChREBPRNA-treated ob/ob mice, leading to a 50% reduction in
hepatic and circulating TG concentrations[120]. ChREBP
knockdown not only affected the rate of de novo lipogenesis but also had consequences for β-oxidation. Therefore, similarly to the liver-specific knockout of SCD1
(LKO mice)[121], the coordinated modulation in FA synthesis and oxidation in liver led to an overall improvement of lipid homeostasis in ChREBP-deficient mice.
The decrease in lipogenic rates observed in LKO mice
was at least partially attributed to a decrease in ChREBP
nuclear protein content[122]. Clearly, ChREBP needs now
to be considered as a key determinant of the molecular
regulation of the lipogenic pathway.

ADIPOQ: Adiponectin; AKT: Beta serine/threonine-protein kinase;
ENPP1: Ectonucleotide pyrophosphatase/phosphodiesterase 1; IRS-1:
Insulin receptor substrate 1; PPARG: Peroxisome proliferator-activated
receptor gamma; HFE: Hemochromatosis gene; DGAT2: Diacylglycerol
acetyltransferase-2; SLC25A13: Solute carrier family 25 Member 13 (citrin);
ACC gene: Acetyl-CoA carboxylase alpha; ELOVL6: Elongation of very
long chain fatty acids; SCD1 gene: Stearoyl-CoA desaturase gene; GPAT:
Glycerol-3-phosphate acyltransferase; SREBP1: Sterol regulatory elementbinding transcription factor 1; APOC3: Apolipoprotein C-Ⅲ; PNPLA2:
Patatin-like phospholipase domain containing 2; CGI58: Comparative gene
identification-58; LIPA: Lipase A; APOB: Apolipoprotein B; MTTP: Microsomal triglyceride transfer protein; PEMT: Phosphatidylethanolamine
N-methyltransferase; GCLC: Glutamate-cysteine ligase, catalytic subunit;
NOS2: Nitric oxide synthases2; SOD2: Superoxide dismutase-2; UCP2:
Uncoupling protein 2; MAT1A: Methionine adenosyltransferaseⅠalpha;
GST: Glutathione S-transferase; ADH: Alcohol dehydrogenase; ALDH: Aldehyde dehydrogenase; CTGF: Connective tissue growth factor; CTLA-4:
Cytotoxic T-cell associated antigen-4; GSH-Px: Glutathione peroxidase;
STAT3: Signal transducer and activator of transcription 3; IL: Interleukin;
PPAR: Peroxisomal proliferator activated receptor; SCD-1: Stearoyl CoA
desaturase-1; TLR: Toll-like receptor; TNFR: TNF-α receptor; DDX5: DEAD
box protein 5; CPT1A: Carnitine palmitoyltransferase 1A (liver); NOD2:
Nucleotide-binding oligomerization domain containing 2.

CLASSIFICATION OF SOME ANIMAL

SCD1 catalyzes the synthesis of monounsaturated FAs,
particularly oleate (C18:1n-9) and palmitoleate (C16:1n-7),
which are the major components of membrane phospholipids, TGs, and cholesterol esters. Mice with SCD1KO (Scd1-/- mice) show decreased lipogenic gene expression and increased β-oxidation and are protected from
diet-induced obesity and insulin resistance when fed a
HC/HF diet[112,113]. Inhibition of SCD1 using an ASO
strategy (targeting SCD1 in both liver and adipose tissues) prevents many of the HF/HC-diet metabolic complications, including hepatic steatosis and postprandial
hyperglycemia[114,115].

MODELS WITH DISRUPTION OF GENES
INVOLVED IN NAFLD
Table 1 presents a number of candidate genes that are
involved in the pathogenesis of NAFLD and a few are
discussed below.
Genes affecting lipid metabolism
Pemt KO animals: Pemt-/- mice have two selectively
disrupted alleles of the Pemt-2 gene at exon 2[123], which
encode PEMT, and do not express any PEMT activity in
liver. Therefore these mice completely depend on dietary
choline intake to meet daily choline requirements. When
fed a diet deficient in choline and insufficient in methionine, Pemt-/- mice develop decreased PtdCho concentrations in hepatic membranes, leading to severe liver damage
and death; a choline supplemented diet prevents this[124]
and, if provided early enough, can reverse hepatic damage.

ELOVL6 KO mice
Elovl6 -/- mice are protected against the development
of hepatic insulin resistance when fed a HF/HC diet,
despite the accumulation of palmitate concentrations.
Improvement in insulin signaling (as evidenced by the
restoration in insulin-mediated Akt phosphorylation)

WJG|www.wjgnet.com

1147

March 21, 2012|Volume 18|Issue 11|

Nagarajan P et al . Genetic mouse models for NAFLD

triglyceride concentrations in familial hyperlipidemia[137].

DGAT2 mice: DGAT2, an isoform of the enzyme acylCoA: diacylglycerol acyltransferase, catalyses the final
stage of triglyceride synthesis in the liver[125]. Overexpression of DGAT2 in mice led to a 2.4-fold increase in
hepatic triglyceride content, but no effect on production
of VLDL triglyceride or apoB[126]. In addition, mice on a
high-fat diet that overexpress DGAT develop fatty liver
but not glucose or insulin intolerance[127], showing that
hepatic steatosis can occur independently of insulin resistance. Interestingly, antisense therapy reducing DGAT
improves hepatic steatosis, but not insulin sensitivity[128].

Genes affecting oxidative stress
Glutamate-cysteine ligase: Glutamate-cysteine ligase
(GCLC) is the first and rate-limiting enzyme in the synthesis of glutathione, the major antioxidant in the liver. Liverspecific deletion of GCLC in mice rapidly leads to hepatic
steatosis and progressive severe parenchymal damage[138].
Nitric oxide synthase: Yoneda et al[139], who studied associations of PPARγC1α, also examined the influence
of SNPs in the inducible nitric oxide synthase (NOS2)
gene on their NAFLD cohort. iNOS is expressed as part
of the inflammatory response and in the presence of
superoxide radicals forms peroxynitrite, which can cause
endoplasmic reticulum stress and cell death[140]. iNOSdeficient mice develop NASH with high fat diets[141].

Apolipoprotein C-Ⅲ: Apolipoprotein C-Ⅲ (apoC-Ⅲ)
is the most abundant C apolipoprotein in human plasma,
where it is present as an 8.8-kDa mature protein on chylomicrons, VLDL and HDL. ApoC-Ⅲ is synthesized
in the liver and in minor quantities by the intestine[129].
Several lines of evidence have implicated apoC-Ⅲ as
contributing to the development of hypertriglyceridemia in the human population. Investigation in apoC3-/mice supports the concept that apoC-Ⅲ is an effective
inhibitor of VLDL TG hydrolysis and reveals a potential
regulating role for apoC-Ⅲ with respect to the selective
uptake of cholesteryl esters[130].

Superoxide dismutase-2: Elevated hepatic reactive
oxygen species play an important role in pathogenesis of
liver diseases, such as alcohol-induced liver injury, hepatitis C virus infection, and nonalcoholic steatohepatitis.
Satoshi et al[142] observed significant increases in lipid
peroxidation and TG in the liver of Sod1 KO and double
KO mice but not in the liver of Sod2 KO mice.

Genes affecting insulin resistance/sensitivity
IRS 1: Studies on mice with targeted disruption of the
Irs genes lend some support to both situations. Irs1
knockout (Irs1-/-) mice show significant embryonic and
postnatal growth retardation, suggesting that IRS-1 plays
a key role in relaying the growth-stimulating effects of
insulin and insulin-like growth factor. IRS-1-deficient
mice also have insulin resistance and mild glucose intolerance, but do not develop diabetes[131,132].

Genes affecting immune regulation
Signal transducer and activator of transcription 3:
Signal transducer and activator of transcription 3 (STAT3)
is an acute-phase transcription factor; after hepatic necrosis it activates pathways associated with liver regeneration and acute inflammation[143]. STAT3 is also implicated in nutrient metabolism and developing metabolic
syndrome. Transgenic mice with hepatic deficiency of
STAT3 develop insulin resistance and disturbed glucose
homeostasis; whereas the constitutive liver specific expression of STAT3 in diabetic mice reduces blood glucose and plasma insulin concentrations and downregulates gluconeogenic gene expression[144].

Ecto-nucleotide pyrophosphate phosphodiesterase:
Ecto-nucleotide pyrophosphate phosphodiesterase (ENPP1)
has been shown to negatively modulate insulin receptor
and to induce cellular insulin resistance when over-expressed in various cell types. Systemic insulin resistance
has also been observed when ENPP1 is over-expressed
in multiple tissues of transgenic models and is largely
attributed to tissue insulin resistance induced in skeletal muscle and liver. In the presence of a high fat diet,
ENPP1 over-expression in adipocytes induces fatty liver,
hyperlipidemia and dysglycemia, thus recapitulating key
manifestations of the metabolic syndrome[133].

CONCLUSION
Inbred strains of mice provide convenient tools to study
the pathogenesis of NAFLD because they provide the
opportunity to control genetic and environmental factors that might influence the natural history of NAFLD.
Various genetic alterations or environmental stressors
producing a similar phenotype prove that many different immunological, neuronal and hormonal factors are
involved in the pathogenesis of NAFLD[145,146]. Transgenic mouse models also represent gene mediation to
NAFLD. Therefore, any one of these animal models
could be used to clarify how altered cross talk among
immune cells, neurons and endocrine cells promote
NAFLD. In contrast to human genetic studies, animal
studies have found genes that consistently produce
disease-like phenotypes, and the underlying genetic basis for the phenotypes in these models have often been

Transcription factor 7-like 2: Transcription factor 7-like
2 (TCF7L2) is a receptor for β-catenin and regulates
the expression of a multitude of genes involved in cellular metabolism and growth. Various studies[134-136] have
linked TCF7L2 variation with impaired insulin secretion
and risk of diabetes, possibly mediated by altered β-cell
glucose response. In addition, it regulates adipokine secretion and triglyceride metabolism through effects on
PPAR-γ, CCAAT/enhancer-binding protein, and lipoprotein lipase; TCF7L2 SNPs are associated with serum
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elucidated. Animal studies on NAFLD frequently reveal
significant single-locus effects that can be reproduced
across species and/or strains. Such ‘‘disease genes’’ in
animal models can be found relatively easily using linkage mapping techniques in crossed inbred lines. Similarly,
transgenic animals or genetically manipulated animals
for NAFLD can reveal significant effects of candidate
alleles in well-defined genetic backgrounds. This review
has explored some of the advantages and disadvantages
of a few genetically modified mouse models of NAFLD
that would be useful in understanding the connections
between lipid metabolism, host defences, environmental
triggers, genetic variability, inflammatory recruitment,
and fibrogenesis. These models will also serve as important platforms for assessing therapeutic strategies, which
is an essential area of study.
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INTRODUCTION
Gastrointestinal (GI) bleeding involves any bleeding in the
GI tract from the mouth, oesophagus, stomach, small intestines, large intestines, to the anus. The degree of bleeding can range from microscopic levels detected only by
lab tests, to perceptible amounts of bleeding that can be
seen in the stool or vomit. However, any level of bleeding can lead to serious problems. Microscopic levels of
bleeding can lead to anaemia over time, and more massive amounts of bleeding can lead to death.
How to manage these instances more effectively and
to prevent the happening of the co-incident adverse would
be discussed by colleagues whom I invited to carry out this
task. But in this review, I am going to assess how practically these haemorrhagic instances could be avoided.

Abstract
Bleeding from the gastrointestinal tract and its management are associated with significant morbidity and
mortality. The predisposing factors that led to the occurrence of these hemorrhagic instances are largely linked
to the life style of the affected persons. Designing a new
strategy aimed at educating the publics and improving
their awareness of the problem could effectively help in
eradicating this problem with no associated risks and in
bringing the mortality rates down to almost zero.

TRENDS ON GASTROINTESTINAL
BLEEDING AND MORTALITY

© 2012 Baishideng. All rights reserved.

Upper GI bleeding involves bleeding from the mouth
to the duodenum (common causes of upper GI bleeding are listed in Table 1). But lower GI bleeding involves
bleeding from the small intestines to the anus and can
be caused by haemorrhoids, cancer, polyps and colitis,
among other causes (Table 2). Upper GI bleeding has
been estimated to account for up to 20 000 deaths annually in the United States (international records are not
available). The overall incidence of acute upper GI haemorrhage has been estimated to be 50 to 100 per 100 000
persons per year. The trends of hospitalization for GI
bleeding in the United States in 1998 and in 2006 have
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Table 1 Causes of acute upper gastrointestinal bleeding

Table 2 Causes of acute lower gastrointestinal bleeding

Common

Common

Less common

Rare

Gastric ulcer
Duodenal ulcer
Esophageal varices
Malory-Weiss tear
Gastric erosive/gastropathy
Esophagitis
Cameron lesions
Dieulatory lesion
Telangiectasias
Portal hypertensive gastropathy
Gastric antral vascular ectasia (watermelon stomach)
Gastric varices
Neoplasms
Esophageal ulcer
Erosive duodenitis
Aortoenteric fistula
Hemobilia
Pancreatic disease
Crohn's disease

Colonic diverticula
Angioectasia
Less common Colonic neoplasms (including post polypectomy bleeding)
Inflammatory bowel disease
Colitis
Ischemic
Raditation
Unspecified (infectious or non specific)
Haemorrhoids
Small bowel source
Upper gastrointestinal source
Rare
Dieulatory lesion
Colonic ulcerations
Rectal varices

improvement in liver function in patients with alcoholic
liver disease who abstain from alcohol is associated with
a decreased risk, and sometimes even disappearance of
the varices[5]. It has been estimated that up to 25% of the
patients with newly diagnosed varices would bleed within
two years[4]. The risk of bleeding in patients with varices
less than 5 mm in diameter is 7% by two years, and in patients with varices greater than 5 mm in diameter is 30%
by two years[4]. Mortality rates in the setting of surgical
intervention for acute variceal bleeding are high[6]. Associated abnormalities in the renal[7], pulmonary[7], cardiovascular[8], and immune systems in patients with oesophageal
varices contribute to 20%-65% of mortality[9]. In Western
countries, alcoholic and viral cirrhosis are the leading
causes of portal hypertension and oesophageal varices.
Thirty percent of patients with compensated cirrhosis
and 60%-70% of patients with decompensate cirrhosis
have gastroesophageal varices at presentation[9]. The de
novo rate of development of oesophageal varices in patients with chronic liver diseases is approximately 8% per
year for the first 2 years and 30% by the sixth year[9]. A
recently published survey[10] on consumption of alcohol
by teenagers in the North West of England revealed
that almost 90% of the participant school children (aged
15 and 16) drink alcohol at least occasionally. Of those,
38.0% usually binge drink (5+ drinks in one session),
24.4% are frequent drinkers (drinking two or more times
a week) and 49.8% drinks in public settings (such as bars,
clubs, streets and parks). It is worth to note that excessive drinking by young people, for example, has seen a
20% rise in hospital admissions in England over the last
five years. The number of people taken to Accident and
Emergency with alcohol-related injuries has also doubled
to 148 477 a year. Alcohol-related conditions such as liver
disease have doubled in less than a decade, to 262 844 a
year as well.
But in developing countries, hepatitis B is endemic in
the Far East and Southeast Asia, particularly, as well as
South America, North Africa, Egypt and other countries
in the Middle East. Schistosomiasis is an important cause
of portal hypertension in Egypt, Sudan and other African
countries[8]. Those that have been affected with bilharsiasis, they almost have additional complications from hepa-

been summarised in Table 3.
And the hospitals’ discharge rates of the admitted subjects for different causes of GI haemorrhage in 1998 and
2006 in the United States have also been listed (Table 4).
The incidence rate for upper GI bleeding appears
to be, in general, decreasing (Table 3). This may be due
to the prescription of proton pump inhibitors and the
skilled efforts to eradicate Helicobacter pylori infections (Table 4). But, the risk of upper GI bleeding appears to be
increasing in particular groups of patients, such as those
with a history of oesophageal varices (Table 5).
Regarding bleeding from the lower GI tract, it appears that haemorrhage from rectum and anus and the
incidences of diagnosis of occult blood in stool are increasing (Table 5).
When the total number of discharges for cases of
GI bleeding was investigated per age of the discharged
patient, it appeared that incidences of GI bleeding are
increasing in certain subgroups. The incidences of GI
haemorrhage was, for example, found increasing in those
who were less than 20 years old (Table 3).
Oesophageal varices form less than 10% of the all
causes of GI haemorrhages. However, patients with variceal haemorrhage have a mortality rate of at least 30%
during their initial hospitalization, with a one year mortality rate approaches 60%[1]. Patients who have bled once
from oesophageal varices have a 70% chance of rebreeding, and approximately one third of further bleeding episodes are fatal[2]. The risk of death is maximal during the
first few days after the bleeding episode and decreases
slowly over the first 6 wk. Oesophageal varices are present in approximately 40% of patients with cirrhosis and
in as many as 60% of patients with cirrhosis and ascites[3].
In cirrhotic patients who do not have oesophageal varices
at initial endoscopy, new varices will develop at a rate of
approximately 5% per year. In patients with small varices
at initial endoscopy, progression to large varices occurs
at a rate of 10%-15% per year and is related chiefly to
the degree of liver dysfunction[4]. On the other hand,
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Table 3 Trends of hospitalization for gastrointestinal bleeding in the United States in 1996 and 2006

By bleeding site
Upper
Lower
Unspecified
By age (yr)
< 20
20-29
30-44
45-64
65-84
> 85
By sex (%)
Female
Male

Total number of discharges per 100 000 persons
(principal diagnosis)

Total number of discharges per 100 000 persons
(all diagnosis)

1998

2006

1998

2006

189

182

390

375

96
43
50

82
44
56

170
75
156

146
82
158

7.4
25
65
187
859
2207

7.5
23
59
181
806
1871

23
55
139
399
1731
4257

25
59
140
396
1596
4375

259 808 (51)
252 060 (49)

276 663 (51)
268 589 (49)

Percent changes (%)
-3.8
-14
+2
+11
+1.5
-7
-8.3
-3.4
-5.6
-15.2

Inpatient death number
20 013
Inpatient death number/100 000
7
Inpatient death rate (%)
By bleeding site
Upper
3.5
Lower
3.5
Unspecified
5
By sex
Male
4
Female
3.8
By age (yr)
< 20
20-29
30-44
1.6
45-64
2.7
65-84
4.1
> 85
6.4

2006
16 344
5

Percentage change
(%)
-18
-26

2.7
2.9
3.6

-23
-17
-28

3
3

-25
-21

1.1
2.2
3
5.2

-31
-19
-27
-19

titis B and C[11-14]. The instances of acute lower GI bleeding are mainly self-limited and affected patients do not
require hospitalization care, approximately 21 per 100 000
adults in the United States require hospitalization for severe lower GI bleeding every year[15] (international records
are not available). The hospitalization rate for lower GI
bleeding is approximately one third of that for upper GI
bleeding[16] and in a survey by the American College of
Gastroenterology, lower GI haemorrhage accounted for
24% of all GI bleeding occasions[17]. It has been estimated that detection of occult blood in stools formed 7% of
all instances of GI bleeding in the United States in 2007.
But it is expected that the incidence rates of detection of
occult blood in the stools of patients in developing countries exceed this figure by many times. Helminthic infestation is a common cause for occult blood in stools in
developing countries (Table 6). It has been estimated that
80% of the population of most countries in Asia, Africa
and south America are infected with helminths, such as

WJG|www.wjgnet.com

-3.7
-14
+8
+1
+8.6
+6.1
+0.6
-0.9
-7.8
-18.4

Ascaris and widespread infection has been demonstrated
throughout Europe, Particularly, Romania, Hungry, Portugal and Turkey[18]. When 312 children in the age group
of 4-15 years were examined for different intestinal helminths in three schools located in rural areas in Kupwara,
Kashmir, India[19], 222 of 312 (71.15%) tested positive for
various intestinal helminths[20]. The various helminth parasites included Ascaris lumbricoides, Trichuris trichiura,
Enterobius vermicularis and Taenia saginata. The highest
frequency of 69.23% (216/312) was noted for Ascaris
lumbricoides followed by Trichuris trichiura 30.76%
(96/312), Enterobius vermicularis 7.69% (24/312) and
Taenia saginata 7.69% (24/312). Single infection was
found in 33.65% (105/312) and mixed infection was seen
in 37.5% (117/312) children. Again, Chandrasekhar MR
and others in 2003[21] collected faecal samples from 1000
children below 6 years of age. Six hundred and eighty
children (68.0%) were detected to have intestinal helminthic infection. The incidence of intestinal helminthiasis
in urban group of children was 56.8% (284 out of 500
tested) while in rural group of children was 79.2% (396
out of 500 tested) both in rural and urban population
Ascaris lumbricoides was the single predominant species,
whereas a combination of A. Lumbricoides and Trichuris
trichiura was common multiple infection. All cultures
of faecal samples were positive for hook worm ova. In
Pakistan, out of 200 children examined, 132 (66%) were
found positive for various intestinal helminths infestation[22]. There were 6 different types of helminths found
in the specimens examined.
It has become visible from the above review that the
main causes for the occurrence of haemorrhage from
the GI tract are strongly linked to the life style of the affected persons. Educating the public is thus expected to
solve this problem. However, when the effect of health
education in the control of bilharzias is assessed the results were disappointing. In 2001, Garba et al[23] carried
out a survey on two groups of endemic villages in the
Niger. In one group of villages, there were health educa-

Table 4 Death rates for gastrointestinal bleeding inpatients
1998

Percent changes (%)
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Table 5 Underlying conditions of gastrointestinal in 1998 and 2006 n (%)
Underlying condition

1998

2006

23 007 (4)

35 058 (6)

156 29 (31)

131 225 (24)

54 310 (11)

44 104 (8)

9237 (2)

14 679 (3)

16 466 (3)

21 230 (4)

9117 (2)

10 066 (2)

Haemorrhage of rectum and anus

12 084 (2)

21 456 (4)

Diverticulosis and diverticulitis of the
colon and haemorrhage
Diverticulosis and diverticulitis of the
small intestine and haemorrhage
Unspecified GI bleeding (blood in
stool)
Haemorrhage of GI tract (unspecified)

80 007 (16)

83 927 (15)

15 369 (3)

16 259 (3)

31 044 (6)

38 284 (7)

104 991 (21)

129 164 (24)

Upper GI: oesophageal varices, ulcer,
perforation and other haemorrhages
Gastric, duodenal ulcers, gastrojejinal
uklcers or perforation
Gastritis or duiodenitis and
haemorrhage
Angiodysplasia of stomach and
dudodenum with haemorrhage
Haematemesis
Perforation of the large intestine

Discharge percentage
change (principal diagnosis)
52% and 38% after
population adjustment
-16% and -24% after
population adjustment
-19% and -27% after
population adjustment
59% and 43% after
population adjustment
29% and 16% after
population adjustment
10% and -0.3% after
population adjustment
78% and 60% after
population adjustment
5% and -5% after
population adjustment
6% and -5% after
population adjustment
23% and 11% after
population adjustment
23% and 11% after
population adjustment

1998
84 382 (8)

2006
103 381 (9)

215 912 (20) 179 032 (16)
118 333 (11)

90 635 (8)

15 061 (1)

23 032 (2)

58 955 (6)

72 655 (6)

26 200 (2)

33 246 (3)

52 974 (5)

85 592 (7)

101 000 (10) 104 516 (9)
26 933 (3)

27 433 (2)

283 440 (27) 325 035 (29)
283 440 (27) 325 035 (29)

Discharge percentage
change (all diagnosis)
23% and 11% after
population adjustment
-17% and -25%after
population adjustment
-23% and -31%after
population adjustment
53% and 38% after
population adjustment
23% and 11% after
population adjustment
27% and 15% after
population adjustment
56% and 41% after
population adjustment
3% and -7% after
population adjustment
2% and -8% after
population adjustment
15% and 4% after
population adjustment
15% and 4% after
population adjustment

GI: Gastrointestinal.

haviour continued in about 2/3 of interrogated people.
Only 33% of persons of the project area declared having
adopted at least a single good behaviour. This means that
changes of behaviour may take time to have effect.
In addition, areas endemic for helminthic infestation
worldwide suffer from poor economic growth, poor sanitation and lack of appropriate toilet facilities.
Multiple studies demonstrated that in endemic areas
re-infection is exceedingly common and mass chemotherapy alone is insufficient to prevent the spread of these
diseases[24].
Relatively little attention has been focused on the impact of personal attitude on the development of haemorrhagic episodes from the GI tract. This review emphasizes on the importance of designing a new strategy aimed
at preventing the happening of these episodes.
The occurrence of GI bleeding and its management
are associated with significant harm; however, educating
the publics through properly designed long term program
and improving the general surrounding conditions are
free from risk.

Table 6 Causes of occult gastrointestinal bleeding
Mass lesions
Inflammatory lesions

Vascular lesions

Infection

Carcinoma (any site)
Large > 1.5 cm adenoma (any site)
Erosive oesophagitis ulcer (any site)
Cameron lesion
Erosive gastropathy
Celiac sprue
Ulcerative colitis
Crohn's disease
Non specific colitis
Caecal ulcer
Angiodysplasia (any site)
Portal hypertensive gastropathy (colonpathy)
Gastric antral vascular ectasia
Hemangioma
Dieulatory lesion
Hockworm
Whipworm
Stronyloidosis
Ascariosis
Tuberculous enterocolitis
Amoebiasis
Cytomegalo virus
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Management of non-variceal upper gastrointestinal tract
hemorrhage: Controversies and areas of uncertainty
Eric P Trawick, Patrick S Yachimski
with evidence of UGIH for both diagnostic and therapeutic purposes. With rising healthcare cost paramount
in today’s medical landscape, the ability to appropriately
triage UGIH patients is of increasing value. Upper endoscopy in conjunction with the clinical scenario allows
for accurate decision making concerning early discharge
home in low-risk lesions or admission for further monitoring and treatment in higher-risk lesions. Concomitant
pharmacotherapy with non-steroidal anti-inflammatory
drugs (NSAIDs) and antiplatelet agents, such as clopidogrel, has a major impact on the etiology, severity, and
potential treatment of UGIH. Long-term PPI use in patients taking chronic NSAIDs or clopidogrel is discussed
thoroughly in this review.
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Abstract

Key words: Hemorrhage; Proton pump inhibitors; Helicobacter pylori ; Prokinetic agents; Hemostasis; Thieno-

Upper gastrointestinal tract hemorrhage (UGIH) remains
a common presentation requiring urgent evaluation and
treatment. Accurate assessment, appropriate intervention and apt clinical skills are needed for proper management from time of presentation to discharge. The
advent of pharmacologic acid suppression, endoscopic
hemostatic techniques, and recognition of Helicobacter
pylori as an etiologic agent in peptic ulcer disease (PUD)
has revolutionized the treatment of UGIH. Despite this,
acute UGIH still carries considerable rates of morbidity
and mortality. This review aims to discuss current areas
of uncertainty and controversy in the management of
UGIH. Neoadjuvant proton pump inhibitor (PPI) therapy
has become standard empiric treatment for UGIH given
that PUD is the leading cause of non-variceal UGIH, and
PPIs are extremely effective at promoting ulcer healing.
However, neoadjuvant PPI administration has not been
shown to affect hard clinical outcomes such as rebleeding or mortality. The optimal timing of upper endoscopy
in UGIH is often debated. Upon completion of volume
resuscitation and hemodynamic stabilization, upper endoscopy should be performed within 24 h in all patients
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INTRODUCTION
Fundamental changes have occurred over the past several
decades in the management of upper gastrointestinal
tract hemorrhage (UGIH). Pharmacologic gastric acid
suppression, recognition of Helicobacter pylori (H. pylori)
as a causative agent in peptic ulcer disease, and the wide-
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INITIAL ASSESSMENT

Table 1 Sensitivity, specificity, positive predictive value and
negative predictive value for death and rebleeding using 6
common upper gastrointestinal tract hemorrhage scoring
systems
Scoring system
Pre-endoscopy Rockall risk score
Sensitivity
Specificity
PPV
NPV
Post-endoscopy Rockall risk score
Sensitivity
Specificity
PPV
NPV
Blatchford scoring system
Sensitivity
Specificity
PPV
NPV
Forest classification
Sensitivity
Specificity
PPV
NPV
Cedars-Sinai Medical Center
predictive index
Sensitivity
Specificity
PPV
NPV
Baylor College scoring system
Sensitivity
Specificity
PPV
NPV

Death

Rebleeding

100 (43.8-100)
18.5 (14.8-22.9)
1.0 (0.4-3)
100 (94.4-100)

69.6 (49.1-84.4)
17.5 (13.8-22.0)
5.5 (3.4-8.8)
89.2 (79.4-94.7)

33.3 (6.1-79.2)
29.6 (25.1-34.6)
0.4 (0.1-2.2)
98.1 (93.4-99.5)

87.0 (67.9-95.5)
31.1 (26.4-36.3)
8.1 (5.3-12.1)
97.2 (92.0-99.0)

100 (83.89-100)
1.83 (0.71-4.61)
8.51 (5.58-12.79)
100 (51.01-100)

94.29 (81.40-98.42)
0.98 (0.27-3.50)
14.04 (10.17-19.06)
50.00 (15.00-85.00)

85.00 (63.96-94.76)
50.23 (43.66-56.79)
13.49 (8.6-20.54)
97.35 (92.49-99.10)

71.43 (54.95-83.67)
50.49 (43.68-57.28)
19.84 (13.81-27.65)
91.15 (84.77-95.12)

95.00 (76.39-99.11)
41.55 (35.22-48.17)
12.93 (8.44-19.31)
98.91 (94.09-99.81)

80.00 (64.11-89.96)
41.67 (35.12-48.53)
19.05 (13.52-26.15)
92.39 (85.12-96.26)

87.50 (52.91-97.76)
58.49 (45.09-76.74)
24.14 (12.22-42.11)
96.88 (84.26-99.45)

30.77 (12.68-57.63)
47.92 (34.47-61.67)
13.79 (5.50-30.56)
71.88 (54.63-84.44)

By definition, UGIH originates proximal to the ligament
of Treitz. UGIH accounts for the preponderance of all
gastrointestinal hemorrhage; estimated at 4-6 times more
common than lower gastrointestinal (GI) hemorrhage[7].
Initial assessment of the pace and acuity of the bleeding
episode has major bearing on the initial management of
UGIH. For patients presenting with UGIH and evidence
of hemodynamic compromise, the fundamental goal of
initial management is adequate and appropriate volume
resuscitation. Additional stratification of patients into
high- and low-risk categories may be based on clinical
and endoscopic criteria[2]. Predictors of poor prognosis
include: age > 65 years, shock, poor overall health, comorbid conditions, low initial hemoglobin/hematocrit,
active bleeding (red blood per rectum or hematemesis),
sepsis, and elevated creatinine or serum transaminases[2,8,9]. Several scoring systems have been created and/or
validated for this purpose, including APACHE Ⅱ, Forrest Classification, Blatchford, pre-endoscopic Rockall,
Baylor College, Cedars-Sinai Medical Center and Rockall
indexes (Table 1 compares 6 commonly used scoring systems)[10,11]. Some of these may be cumbersome (APACHE
Ⅱ) or require data not immediately available based on
initial clinical assessment (the Rockall Scoring System, for
instance, requires endoscopic data) and therefore may be
of limited utility in the acute setting[12].
The role of nasogastric tube placement and aspirate
inspection in the initial assessment of UGIH has fallen
out of favor in many emergency room and acute care
settings. In theory, the presence of bright red blood via
nasogastric aspirate suggests active UGIH and should
prompt urgent esophagogastroduodenoscopy (EGD)[3].
The absence of blood on nasogastric aspirate, however,
does not exclude the presence of a culprit UGIH source.
In a study by Aljebreen et al[13], 15% of patients with
UGIH and clear or bilious nasogastric aspirate were ultimately found to have an underlying high risk lesion during EGD.

95% confidence intervals are recorded in parentheses. PPV: Positive pre
dictive value; NPV: Negative predictive value.

spread dissemination of flexible endoscopy and endoscopic hemostatic techniques have contributed to a paradigm shift in the treatment of complicated peptic ulcer
disease, in particular, from predominantly surgical to predominantly endoscopic management. At the same time,
an increasing proportion of patients presenting with
UGIH are older or elderly patients[1], and a significant
number of patients with UGIH consume non-steroidal
anti-inflammatory drugs (NSAIDs) and/or antiplatelet
therapy to treat other medical comorbidities. Given the
confluence of these factors, UGIH continues to have a
considerable impact with respect to patient morbidity and
mortality, as well as health care resource utilization. The
annual incidence of UGIH has been estimated as low as
48 and as high as 165 cases per 100 000 population, and
the mortality rate remains high somewhere between 7%
and 14%[2-6]. UGIH accounts for > 300 000 annual hospitalizations in the United States, with an estimated cost
of $2.5 billion[3,5]. This article aims to review the management of UGIH, with an emphasis on discussion of areas
of controversy or uncertainty in current practice.

WJG|www.wjgnet.com

PHARMACOLOGIC THERAPY PRIOR TO
ENDOSCOPY
Pharmacologic gastric acid suppression has changed the
face of peptic ulcer disease (PUD) treatment, both by favoring hemostasis in the short term (platelet aggregation
and clot formation are impaired at acidic gastric pH[14]),
and enabling ulcer healing and remission over the longer
term[3]. Proton pump inhibitors (PPIs) covalently bind to
and inhibit the H-K ATPase pump of the gastric parietal
cells, thus inhibiting the final common pathway of acid
secretion. PPIs offer more durable and sustained acid
suppression than histamine receptor antagonists, which
are prone to tachyphylaxis[15]. For these reasons, PPIs
have become the dominant acid suppressive therapy used
in the treatment of UGIH.
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An emerging area of importance is the optimal dose,
route of administration, and timing of PPI therapy in patients presenting with UGIH. Administration of neoadjuvant PPI, prior to diagnostic endoscopy or endoscopic
therapy, has become widespread, and this practice recommendation has been supported by consensus guidelines[2].
This approach may be particularly reasonable in instances
when access to prompt EGD and/or availability of
endoscopic therapeutic expertise is limited. Otherwise,
however, it is uncertain whether neoadjuvant PPIs confer
benefit with respect to meaningful clinical outcomes. In a
controlled prospective study of patients with UGIH randomized to intravenous PPI vs placebo prior to endoscopy[16], patients in the PPI arm were less likely to have
active bleeding at the time of endoscopy and to require
endoscopic hemostatic therapy. There was no difference
in transfusion requirements, rates of rebleeding, requirement for surgery, or 30-d mortality when comparing
patients receiving PPIs to those receiving placebo. A systematic meta-analysis, based on published controlled data
in the medical literature, reported no benefit of neoadjuvant (pre-endoscopic) PPI therapy on rates of rebleeding,
salvage surgery for failures of endoscopic hemostasis, or
mortality[17].
Adjuvant PPI therapy, administered following diagnostic and/or therapeutic EGD, has been proven effective, as well, leading to a decrease in recurrent PUD
bleeding, need for blood transfusion, need for surgery,
and duration of hospital stay[3,18,19]. Despite these major impacts, studies have not demonstrated an impact
of PPIs on mortality due to UGIH[3,20,21]. Furthermore,
whether in the neoadjuvant or adjuvant setting, the optimal dosing, route of administration, and duration of
post-endoscopy PPI has not been clearly established.
Current guidelines recommend the use of high-dose
intravenous PPI therapy for 3 d following successful endoscopic hemostasis[2]. In many studies, high-dose PPI
therapy is defined as an initial bolus (omeprazole 80 mg)
followed by continuous infusion (omeprazole 8 mg/h)
for up to 72 h. However, there has been limited direct
comparison of this high-dose intravenous regimen in
comparison to alternative regimens. Whether continuous
intravenous infusion of PPIs is clearly superior to intermittent bolus dose is uncertain; similarly, whether intravenous PPIs are clearly superior to highly bioavailable oral
PPIs in patients able to take oral medications is uncertain.

In theory, the availability both of on-call physicians
proficient in endoscopic hemostasis and on-call support
staff with technical expertise in usage of endoscopic devices enable performance of EGD on a 24-h/7-d basis.
Several studies have examined the timing of upper endoscopy and resultant impact on both patient outcomes and
resource utilization. In a study by Sarin et al[23], a retrospective review of > 500 patients who underwent upper endoscopy for non-variceal UGIH, the timing of endoscopy
was stratified into three categories: < 6 h, 6-24 h and > 24 h.
There was no significant difference in mortality or need
for surgery between the < 6 h and 6-24 h groups. However, there was a difference between the two < 24 h groups
and the > 24 h group. These findings were supported by
a more recent retrospective review in 2007 that examined
169 patients with acute non-variceal UGIH with either
systolic blood pressure < 100 mmHg or heart rate > 100
beats/min on presentation. Patients were divided into
two groups: those who received endoscopy within 6 h
vs 6-24 h. Again, there were no significant differences
between the groups in any of the primary outcomes, including rebleeding, need for surgery, in-hospital mortality,
or hospital readmission within 30 d[24].
In a variation on this theme, Dorn et al[25] have examined the difference in clinical outcomes among patients
admitted for UGIH on either a weekday or a weekend.
Those admitted on a weekend had a slight but significant increase in mortality (hazard ratio of 1.09), hospital
length of stay, and hospitalization cost. Although the
weekend patients waited longer for EGD than their
weekday counterparts, the entire effect on patient outcomes could not be accounted for by the delay in endoscopy timing alone. Further study is needed to elicit other
potential causes of this weekend effect. Our practice is to
perform EGD as soon as is feasible following hemodynamic resuscitation and stabilization of the patient, and
within 12 h of clinical presentation.
In addition to offering hemostatic techniques to prevent continued or recurrent bleeding, a major benefit
of endoscopy is the ability to risk stratify the lesion and
triage patients to those who require inpatient or more intensive monitoring, vs those who are candidates for early
hospital discharge. With respect to peptic ulcer hemorrhage, lesions at high risk for recurrent bleeding include
ulcers > 2 cm, or ulcers with active bleeding, a visible
vessel, or adherent clot. Such lesions warrant both endoscopic therapy, when feasible, and inpatient monitoring
post-endoscopy. Conversely, clean-based ulcers or ulcers
with flat pigmented spots are considered low risk and do
not require endoscopic therapy[26], and patients found to
have such low-risk lesions may be candidates for early discharge, even from an emergency room setting.
Much improvement in current management of UGIH
and resource allocation for treatment of UGIH could be
achieved in this area. Numerous studies have shown that
early endoscopy is not often followed by early discharge
of appropriate low-risk patients. Bjorkman et al[27] have
shown that EGD within 6 h of presentation to the emergency department versus 48 h did not change hospital
utilization of resources, the study’s primary endpoint. In

TIMING OF ENDOSCOPIC EVALUATION
Endoscopic evaluation is an essential part of UGIH management. Urgent EGD has been proposed as the standard
of care in patients with high-risk lesions, although the
precise timing of urgent EGD has been variably defined.
American Society for Gastrointestinal Endoscopy practice guidelines for the treatment of non-variceal UGIH
suggest that early endoscopy (within 24 h) maximizes the
impact on hospital length of stay and transfusion requirements, yet do not make formal recommendations regarding the optimal time for performing EGD within this
24-h window[22].
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Table 2 Areas requiring further investigation
Pharmacologic therapy prior to endoscopy
Timing of endoscopic evaluation
Prokinetic agents as endoscopic adjuncts
Long-term PPI management
PPI and thienopyridines
H. pylori and UGIH

Determine optimal route and dosage of PPI in UGIH
(continuous infusion vs intermittent IV bolus vs oral dosing)
Defining optimal timing of initial endoscopy,
implementation of early discharge in low risk patients
Clearly define the role for prokinetics in UGIH with randomized controlled trials,
specifically define the optimal agent, dose and timing prior to endoscopy
Clarification of potential long-term sequelae of PPI including:
osteoporosis, c. difficile infection and community-acquired pneumonia
Consensus on the clinical importance of this interaction,
a complete randomized controlled trial to support the truncated COGENT trial data
H. pylori testing that allows accurate test results in the setting of acute UGIH

PPI: Proton pump inhibitor; H. pylori: Helicobacter pylori; UGIH: Upper gastrointestinal tract hemorrhage; IV: Intravenous; COGENT:
Clopidogrel and the optimization of gastrointestinal events trial.

a recently published study, Chaparro et al[28] have formulated an early discharge algorithm using retrospective data
and then examined this algorithm in a prospective cohort.
Even at their institution using their algorithm, only 13/29
(45%) low-risk patients were discharged early. In view
of these data, there is much room for improvement in
clinical practice surrounding implementation of practice
guidelines concerning early hospital discharge of low-risk
UGIH patients and achieving the potential health care
cost savings. Table 2 illustrates other areas in need of further investigation and improved recommendations.

and reviews, endoscopic therapy is usually reserved for
high-risk lesions (active bleeding and visible vessels). Jensen et al[31] have additionally defined a role for removal of
adherent clots in the treatment of PUD bleeding. In one
study, removal of adherent clot and treatment with a second endoscopic intervention resulted in lower rebleeding
rates when compared to not removing the adherent clot
(35% vs 0%).
Even when endoscopy fails to provide durable and
definitive hemostasis, endoscopy may provide a beneficial
role in localization of the bleeding lesion to target salvage
non-endoscopic intervention. Repeat endoscopy can assist both interventional radiology and/or surgery in the
event that bleeding continues or recurs and alternative
management is necessitated. Second-look endoscopy has
also been shown to improve rebleeding rates in certain
clinical situations, but without improvement in the need
for surgery or mortality[3]. Current guidelines do not support routine use of second-look endoscopy.

CHOICE OF ENDOSCOPIC HEMOSTATIC
TECHNIQUE
Endoscopic therapies employed in the treatment of
UGIH include: (1) pharmacologic therapies, including
injection of epinephrine, sclerosants and even normal
saline; (2) coagulation therapies, including monopolar or
bipolar cautery and argon plasma coagulation; and (3)
mechanical tamponade, including hemoclips and bands.
Each of these therapies has demonstrated efficacy in different clinical settings. Often, the choice of which endoscopic therapy to employ is a clinical judgment based on
provider preference and expertise.
Available data suggest that epinephrine injection plus
a second endoscopic intervention is superior to epinephrine injection alone. Calvet et al[29] completed a systematic
review and meta-analysis in 2004 which included 16 studies and > 1600 patients with UGIH secondary to PUD,
and who underwent endoscopic therapy with epinephrine
alone or epinephrine plus a second hemostatic modality. Adding an adjunct therapy reduced the rebleeding
rate from 18.4% to 10.6% [odds ratio (OR): 0.53, 95%
CI: 0.40-0.69], reduced the need for emergency surgery
from 11.3% to 7.6% (OR: 0.64, 95% CI: 0.46-0.90), and
reduced mortality from 5.1% to 2.6% (OR: 0.51, 95% CI:
0.31-0.84). Vergara et al[30] have confirmed these findings
in a recent Cochrane review (2008). Rebleeding, need
for surgical intervention, and mortality were all lower in
groups receiving dual therapy. Additionally, there was
no increased risk of significant complications or adverse
events when dual therapy was used. In the above studies
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PROKINETIC AGENTS AS ENDOSCOPIC
ADJUNCTS
The presence of retained blood in the UGI tract can limit
the ability to identify definitively a bleeding source and/or
deliver endoscopic hemostatic therapy. Prokinetic agents
may promote UGI tract motility and facilitate gastric
emptying of retained blood prior to endoscopy; however,
the use of such agents may be highly physician dependent. American Society for Gastrointestinal Endoscopy
guidelines[22] indicate that the use of erythromycin, when
administered intravenously prior to EGD, may improve
mucosal visibility. A recent meta-analysis published in Gastrointestinal Endoscopy[32] has shown that either erythromycin
or metoclopramide given prior to endoscopy significantly
reduced the need for repeat endoscopy to identify the
bleeding source. However, use of a prokinetic agent led to
no identifiable impact on total units of blood transfused,
hospital stay, or need for surgical intervention[33]. As was
germane to the discussion of pre-endoscopic PPI therapy,
if there is a role of prokinetic agents in the endoscopic
diagnosis and management of UGIH, the optimal agent,
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dose and timing prior to endoscopy have not been defined.
Metoclopramide has been assigned a “black box warning”
by the United States Food and Drug Administration (FDA)
due to risk of neurologic side effects, and caution should
therefore be advised with use of this agent.

pirin study measured vasodilator-stimulated phosphoprotein phosphorylation; a measure of the inhibitory effect
of clopidogrel on platelets in vivo. Patients taking both
75 mg ASA and 75 mg clopidogrel daily were randomized to either 20 mg omeprazole or placebo daily. One
hundred and twenty-four patients were included and the
results showed an 11.6% decrease in platelet inhibition by
clopidogrel among those randomized to omeprazole, but
no clinical outcomes were measured[38]. The TIMI Study
Group at Brigham and Women’s Hospital in Boston have
attempted to clarify the link between in vitro interactions,
measures of platelet function, and clinical outcomes
in patients on either of the thienopyridines and PPIs
through the analysis of two trials: prasugrel in comparison to clopidogrel for inhibition of platelet activation and
aggregation-TIMI 44, the primary endpoint of which was
inhibition of platelet aggregation at 6 h, and trial to assess improvement in therapeutic outcomes by optimizing
platelet inhibition with prasugrel-TIMI 38, with a primary
composite endpoint of cardiovascular death, myocardial
infarction or stroke. The first study demonstrated a reduction in the inhibitory effect of thienopyridines on platelet
aggregation in patients taking PPIs after loading doses
of either clopidogrel (12% decrease) or prasugrel (7.1%
decrease). However, in the second trial, > 13 000 patients
with acute coronary syndrome were randomized to prasugrel or clopidogrel, of which 33% of 4500 patients were
on PPIs at randomization. PPI was continued without
change in dosing or frequency. There was no association
between PPI use and the primary endpoint, a composite
cardiovascular event[39]. Additionally, when the data were
assessed by specific PPI (omeprazole, lansoprazole, pantoprazole or esomeprazole), there was no correlation.
Most recently, the only prospective randomized controlled trial to address this important clinical question,
the Clopidogrel and the optimization of gastrointestinal
events trial (COGENT) Trial, was published in the New
England Journal of Medicine. COGENT randomized patients with an indication for dual antiplatelet therapy to
clopidogrel 75 mg plus omeprazole 20 mg daily or clopidogrel alone. In addition, every patient was given either
81 or 325 mg enteric coated aspirin. The primary cardiovascular endpoint was a composite of death from cardiovascular causes, non-fatal myocardial infarction, revascularization, or stroke. Over 3700 patients were included in
the final analysis of events at 180 d after randomization.
There were 109 cardiovascular events; 4.9% in the clopidogrel plus omeprazole arm, and 5.7% in the clopidogrel
plus placebo arm (HR: 0.99; 95% CI: 0.68-1.44). The primary gastrointestinal endpoint was a composite of overt
or occult bleeding, symptomatic gastroduodenal ulcers or
erosions, obstruction or perforation. There were 51 gastrointestinal events; 1.1% in the clopidogrel plus omeprazole group, and 2.9% in the clopidogrel plus placebo arm
(HR: 0.13; 95% CI: 0.03-0.56)[40]. These data suggest no
association between omeprazole and clinically meaningful
adverse cardiovascular outcomes when used in conjunction with clopidogrel. However, there was a significant
reduction in adverse gastrointestinal events in patients receiving omeprazole. A significant limitation of this study

LONG-TERM PPI MANAGEMENT
PPIs are recommended for 6-8 wk following UGIH and/
or endoscopic treatment of PUD to allow for full mucosal healing. Several studies have shown a therapeutic benefit of PPIs in patients using NSAIDs chronically and/or
patients with confirmed H. pylori infection[34,35]. After initial mucosal healing has been achieved, is there a benefit
to long-term PPI use for secondary prophylaxis? Studies
have shown that in patients who have PUD complicated
by bleeding, there is a 33% risk of rebleeding in 1-2 years.
Furthermore, there is a 40%-50% rebleeding risk over
the subsequent 10 years following the initial episode of
bleeding[13]. Randomized prospective trials have demonstrated a benefit to long-term acid-suppression therapy in
two settings: chronic NSAID users and H. pylori-infected
patients. As demonstrated in a 2001 New England Journal of Medicine article by Chan et al[34], in patients taking
NSAIDs other than acetylsalicylic acid (ASA) who were
concomitantly infected with H. pylori, omeprazole provided added protection above bacterial eradication alone.
Although beneficial in both treatment and prevention of UGIH, PPI therapy is not without potential risks.
Chronic PPI therapy has been associated with Clostridium
difficile infection, community-acquired pneumonia, and
calcium malabsorption resulting in osteoporosis and
increased fracture risk[36]. These associations have originated largely from observational studies and no strong
data exist to link PPI therapy directly as a causative factor
in any of these outcomes. However, given these potential sequelae, long-term PPI therapy should only be used
when justified by a clear medical indication[2].

PPIS AND THIENOPYRIDINES
Much recent attention has surrounded the concomitant
use of PPIs and thienopyridines, particularly clopidogrel.
This has included an FDA warning regarding combined
use of these medications[36]. In vitro studies have suggested that omeprazole, which is metabolized predominately
through the CYP2C19 isoenzyme of cytochrome P450,
inhibits conversion of clopidogrel, a prodrug, to its active
form, thus reducing its therapeutic margin[37]. Most of
the original data were specific to omeprazole and subsequent experiments using pantoprazole, lansoprazole and
esomeprazole have not shown an equal class effect[3,37,38].
Additionally, although a measurable change in platelet
function occurred in patients concomitantly taking PPIs
and clopidogrel, the data were mixed with regards to
clinically significant cardiovascular outcomes.
Subsequent retrospective reviews and observational
studies have attempted to define the true impact of PPIs
on the therapeutic index of thienopyridines, but with
mixed results. The French Omeprazole CLopidogrel As-
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was premature study termination due to loss of funding,
thereby attenuating the statistical power of the study.
The ambiguity of this matter is further demonstrated
in the following consensus statements. The American
College of Cardiology Foundation/American College of
Gastroenterology (ACG)/American Heart Association
(AHA) joint guidelines released in 2008 state, “In the interest of patient safety, the AHA/ACC and the ACG advise
that patients who are currently taking these medications
should not change their medication regimen unless advised
by their healthcare provider”. A revised joint statement was
released in December 2010 stating, “Pharmacokinetic and
pharmacodynamic studies, using platelet assays as surrogate
endpoints, suggest that concomitant use of clopidogrel and
a PPI reduces the antiplatelet effects of clopidogrel. The
strongest evidence for an interaction is between omeprazole
and clopidogrel. It is not established that changes in these
surrogate endpoints translate into clinically meaningful differences. Observational studies and a single randomized
clinical trial have shown inconsistent effects on (cardiovascular) outcomes of concomitant use of thienopyridines and
PPIs. A clinically important interaction cannot be excluded,
particularly in certain subgroups, such as poor metabolizers of clopidogrel. The roles of either pharmacogenomic
testing or platelet function testing in managing therapy with
thienopyridines and PPIs has not yet been established”[41].

CONCLUSION
UGIH requires early and accurate assessment, triage and
resuscitation, in addition to well-coordinated care between generalist and sub-specialist to maximize patient
outcomes. All patients with UGIH need upper endoscopy
within 24 h of presentation to characterize further and
potentially treat the bleeding source. Epinephrine plus a
second modality of endoscopic therapy has proven superior to epinephrine alone. H. Pylori infection should be
confirmed and treated when present. Negative H. pylori
test in the acute setting should be followed by repeat testing to avoid false-negative results and minimize the risk of
recurrent bleeding. Appropriate duration of PPI therapy is
of critical importance to allow mucosal healing and to prevent rebleeding in the high-risk patient. Current data do
not support a meaningful clinical interaction between PPIs
and thienopyridines. Future clinical and research attention
to the issues addressed in this review may serve to resolve
current areas of uncertainty and controversy, and optimize
clinical outcomes for patients presenting with UGIH.
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Ahmed Mahmoud El-Tawil, MSc, MRCS, PhD, Series Editor

Treatment of portal hypertension
Khurram Bari, Guadalupe Garcia-Tsao
care for acute variceal hemorrhage consists of vasoactive drugs, endoscopic band ligation and antibiotics
prophylaxis. Transjugular intrahepatic portosystemic
shunt (TIPS) is reserved for those who fail standard of
care or for patients who are likely to fail (“early TIPS”).
Prevention of recurrent variceal hemorrhage consists
of the combination of b-blockers and endoscopic band
ligation.
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Abstract
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Portal hypertension is the main complication of cirrhosis
and is defined as an hepatic venous pressure gradient
(HVPG) of more than 5 mmHg. Clinically significant
portal hypertension is defined as HVPG of 10 mmHg or
more. Development of gastroesophageal varices and
variceal hemorrhage are the most direct consequence
of portal hypertension. Over the last decades significant
advancements in the field have led to standard treatment options. These clinical recommendations have
evolved mostly as a result of randomized controlled trials and consensus conferences among experts where
existing evidence has been reviewed and future goals
for research and practice guidelines have been proposed. Management of varices/variceal hemorrhage is
based on the clinical stage of portal hypertension. No
specific treatment has shown to prevent the formation of varices. Prevention of first variceal hemorrhage
depends on the size/characteristics of varices. In patients with small varices and high risk of bleeding, nonselective b-blockers are recommended, while patients
with medium/large varices can be treated with either
b-blockers or esophageal band ligation. Standard of
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INTRODUCTION
Portal hypertension is the increase in porto-systemic pressure gradient in any portion of the portal venous system.
Although portal hypertension could result from pre-hepatic abnormalities (e.g., portal or splenic vein thrombosis),
post-hepatic abnormalities (e.g., Budd-Chiari syndrome)
or intrahepatic non-cirrhotic causes (e.g., schistosomiasis, sinusoidal obstruction syndrome), cirrhosis is by far
the most common cause of portal hypertension and, as
such, has been the most widely investigated. In cirrhosis,
the portosystemic gradient is assessed by measuring the
wedged hepatic venous pressure (a measure of sinusoidal
hepatic pressure) and subtracting the free hepatic venous
pressure (systemic pressure) thus obtaining the hepatic
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venous pressure gradient (HVPG). A normal HVPG is
3-5 mmHg. An HVPG above 5 mmHg defines portal
hypertension, however an HVPG of 10 mmHg or greater
defines clinically significant portal hypertension as this
pressure gradient predicts clinical course in patients with
cirrhosis including development of varices[1], clinical decompensation (i.e., development of ascites, variceal hemorrhage and encephalopathy)[2], decompensation or death
after liver resection[3], and hepatocellular carcinoma[4].
The complications that most directly result from
portal hypertension are the development of varices and
variceal hemorrhage. This review summarizes the current
standard management for varices and variceal hemorrhage in the context of cirrhotic portal hypertension.
Over the last decades, research on animal models and
clinical trials have evolved and have led to our current
management recommendations. The field has moved forward in large part through consensus conference among
experts where events and endpoints have been defined
and the existing evidence has been carefully reviewed
leading to practice recommendations. The first such con
ference took place in 1986 in Groningen, the Netherlands and since then consensus conferences have been
alternating between Europe (Baveno conference) and the
United States [American association for the study of liver
diseases (AASLD) or AASLD single topic conference
(STC)], and are briefly summarized below (Table 1).

did not tolerate b-blockers. Endoscopic sclerotherapy was
not recommended in the prevention of first hemorrhage.
Treatment of acute hemorrhage was mainly based on endoscopic therapy, terlipressin was deemed the most effective of the vasoactive agents, with somatostatin showing
some efficacy. The transjugular intrahepatic portosystemic
shunt (TIPS) was recommended in case of treatment failure of endoscopic and pharmacologic therapy. The recommendations to prevent recurrent hemorrhage included
b-blockers or endoscopic variceal ligation (EVL) that had
been shown to be better than sclerotherapy[7]. TIPS and
surgical shunts were to be used only for patients with frequent repeated episodes of variceal hemorrhage.
In June 1996, the AASLD STC took place in Reston,
Virginia, United States, with the objective of identifying important areas in the treatment of variceal hemorrhage and future research[8]. Guidelines for initial variceal
screening and follow-up endoscopy were described in detail depending on severity of liver disease and the size of
varices on first endoscopy. Areas of further research were
identified as the role of sequential portal pressure measurements and their timing, and defining new predictors
of first hemorrhage. Primary prophylaxis recommendations were the same as in the Baveno Ⅱ conference, with
b-blockers as the mainstay of treatment and EVL requiring further studies. Vasoactive drugs in combination with
endoscopic treatment (sclerotherapy or EVL) became the
established treatment for acute hemorrhage, recognizing
the advantage of initiating vasoactive therapy prior to diagnostic endoscopy[9]. For secondary prophylaxis EVL or
b-blockers were recommended. TIPS or surgical shunts
were considered acceptable therapies for failure to control acute hemorrhage or recurrent hemorrhage despite
standard treatments.
The Baveno Ⅲ conference was held in April 2000[10],
and introduced the concept of clinically significant portal hypertension (CSPH) which was defined as HVPG
of 10 mmHg or more. The presence of varices, variceal
hemorrhage or ascites is indicative of the presence of
CSPH. Non-selective b-blockers remained the treatment
of choice to prevent first hemorrhage from large/medium varices, while EVL required further assessment.
The goals of therapy with b-blockers were defined (25%
reduction in baseline heart rate or a heart rate of 55 beats/
min). ISMN, previously recommended as an alternative
to b-blockers, was no longer recommended[11]. For treatment of acute hemorrhage, the early administration of
vasoactive drugs and continued use for up to 5 d along
with endoscopic therapy (EVL or sclerotherapy) were
considered standard. Additional measures included use of
antibiotics to prevent bacterial infection[12], and lactulose
to treat hepatic encephalopathy. With regard to prevention of rebleeding, b-blockers were considered first-line
therapy[13] as was EVL, with TIPS reserved for treatment
failures. The complications of treatment of portal hypertension were also defined for use in clinical settings and
in research trials.
The Baveno Ⅳ conference was held in April 2005[14],
and some of the key criteria (failure to control bleeding,

HISTORY OF CONSENSUS CONFERENCES
ON PORTAL HYPERTENSION
Baveno is a small town in Northern Italy located on the
west shore of Lake Maggiore. It has become the epicenter of the portal hypertension consensus workshops
aimed to reach a consensus on the definitions of key events
related to portal hypertension and variceal bleeding and
to provide guidelines for future research as well as reviewing the evidence, eventually leading to clinical practice guidelines. The first Baveno consensus workshop was
held in April 1990[5] in which significant advances in diagnosis and management of varices and variceal bleeding
including vasoactive drugs and endoscopic sclerotherapy
were reviewed. In addition to defining certain terms including size of varices, clinically significant bleeding and
rebleeding; this workshop also provided recommendations on diagnostic modalities, imaging and directions for
future clinical trials. The therapeutic recommendations
included b-blockers for primary prophylaxis of large
varices, sclerotherapy and vasoactive drugs for acute
hemorrhage and endoscopic sclerotherapy, b-blockers or
surgical shunt to prevent recurrent hemorrhage.
The Baveno Ⅱ workshop was held in April 1995[6].
Definitions of key clinical events were revised and new
definitions were proposed. Based on multiple randomized
controlled trials, non-selective b-blockers (NSBB) were
recommended to be the treatment of choice for primary
prophylaxis of variceal hemorrhage, while isosorbide-5
mononitrate (ISMN) was recommended in patients who
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Table 1 Portal hypertension consensus conferences in the last two decades
Title

Year

Venue

21st meeting of the European association for the study of liver
Definitions, methodology and therapeutic strategies in portal hypertension. A consensus development workshop
Developing consensus in portal hypertension
Portal hypertension and variceal bleeding. AASLD single topic symposium
Updating consensus in portal hypertension. Reports of the Baveno Ⅲ consensus workshop on definitions,
methodology and therapeutic strategies in portal hypertension
Evolving consensus in portal hypertension. Report of the Baveno Ⅳ consensus workshop on methodology of
diagnosis and therapy in portal hypertension
Portal hypertension and variceal bleeding-unresolved issues. Summary of an AASLD and European association
for the study of the liver single-topic conference
Revising consensus in portal hypertension: Report of the Baveno V consensus workshop on methodology of
diagnosis and therapy in portal hypertension

1986
1990
1995
1996
2000

Groningen, The Netherlands
Baveno, Italy
Baveno, Italy
Virginia, United States
Baveno, Italy

2005

Baveno, Italy

2007

Atlanta, United States

2010

Baveno, Italy

AASLD: American association for the study of liver diseases.

ure of secondary prophylaxis[26]. Primary prophylaxis for
small varices was the same as recommended in the 2007
AASLD STC. There was no significant change in the
recommendations for primary prophylaxis of medium
to large varices (b-blockers or EVL) with the choice of
therapy dictated by local resources, expertise and patient
preference[27]. The recommendations on the treatment
of acute variceal bleeding were unchanged except that
a stronger recommendation was made to consider early
TIPS (within 72 h) in patients with high risk of treatment
failure[28]. Recommendations for the prevention of recurrent hemorrhage, as in the AASLD STC, consisted of the
combination of b-blockers and EVL.
Evidence-based guidelines endorsed by the AASLD[29]
and the American College of Gastroenterology[30] as well
as a recent comprehensive review[31] on the treatment of
portal hypertension have been heavily based on these
consensus conferences. These guidelines and review form
the bases of the current recommendations that are described in the following section in which the advantages
(pros) and disadvantages (cons) of these therapies are
also discussed.

failure of secondary prophylaxis) were revised. For primary prophylaxis, b-blockers remained the treatment of
choice but endoscopic band ligation emerged as an excellent alternative for patients with medium or large varices,
and contraindications or intolerance to b-blockers[15,16].
Isosorbide mononitrate as a single agent therapy was not
recommended even in a combination of pharmacological
therapies[17]. Primary prophylaxis of small varices could
only be considered if they were high risk (red wale sign
or Child C)[18]. There was no significant change in the
recommendations of acute variceal hemorrhage from
Baveno Ⅲ. Small changes included the use of vasoactive
drugs for at least 5 d, and the use of balloon tamponade
only in massive bleeding as a temporary bridge until definitive treatment could be instituted. EVL was declared
superior to sclerotherapy and as the endoscopic procedure of choice in the control of acute hemorrhage[16,19].
Secondary prophylaxis should be initiated 6 d after the
index variceal bleed, and included the combination of
EVL and b-blockers[20,21]. TIPS or surgical shunts were reserved for patients with failure of secondary prophylaxis.
The second AASLD STC was held in 2007 in Atlanta,
Georgia[22]. The objective of this conference was to make
clinical recommendations in areas that did not require
further investigation and to identify research directions
for the remaining areas. Compensated and decompensated cirrhosis were identified as separate entities to be
studied separately both in clinical practice and in research[23]. The main differences compared with Baveno
Ⅳ included the emergence of capsule endoscopy as a
non-invasive alternative to esophagogastroduodenoscopy
(EGD) for assessment of varices, a firm recommendation
regarding use of b-blockers for primary prophylaxis of
small varices with high-risk features, and consideration of
[24]
b-blockers for small varices and no high-risk features .
EVL was considered as effective and safe as b-blockers
for primary prophylaxis of medium to large sized varices.
Early TIPS emerged as an option in patients at high risk
of rebleeding[25], but required further investigation.
The Baveno Ⅴ conference in May 2010 revised the
definitions of failure to control variceal bleeding, and fail-
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CURRENT STANDARD TREATMENT OF
PORTAL HYPERTENSION IN ADULTS
Therapy of varices and variceal hemorrhage in the adult
patient with cirrhosis needs to be stratified depending on
the different clinical stages in the natural history of portal hypertension: (1) the patient with cirrhosis and portal
hypertension who has not yet developed varices and in
whom the goal is to prevent the formation of varices
(pre-primary prophylaxis); (2) the patient with gastroesophageal varices who has never had bleeding from
them, and in whom the goal is to prevent their rupture
(primary prophylaxis); (3) the patient with acute variceal
hemorrhage in whom the goal is to stop the hemorrhage
and prevent its early recurrence; and (4) the patient who
has survived an episode of acute variceal hemorrhage, in
whom the goal of therapy is to prevent late recurrence
of hemorrhage (secondary prophylaxis).
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Prevention of formation of varices (pre-primary
prophylaxis)
Every patient with a new diagnosis of cirrhosis should
have an EGD to look for the presence and size of varices. In patients who do not have gastroesophageal varices,
a large multicenter, randomized, controlled trial showed
no differences between placebo and b-blockers in the
prevention of varices[1]. Therefore, no specific treatment
for portal hypertension is recommended in this setting.
The main focus at this stage is to treat the underlying
cause of cirrhosis which will reduce portal hypertension
and may therefore prevent the development of clinical
complications.

important effect and therefore it is essential that NSBB
(as opposed to selective b-blockers) be used. Advantages
of NSBB include low cost, ease of administration and no
requirement for specific expertise. As they act by decreasing portal pressure, NSBB may also reduce other complications of cirrhosis such as bleeding from portal gastropathy, ascites and spontaneous bacterial peritonitis[37,38].
In fact, a significant reduction in portal pressure has been
related to an improvement in survival[38,39]. Additionally,
once the patient is on NSBB there is no need for repeat
EGD.
EVL has the advantage that the procedure can be
done at the same time as screening endoscopy, although
in some centers a screening EGD time slot will not allow
for the performance of EVL, and a separate therapeutic
EGD time slot is required. Also, there are relatively few
contraindications to EVL and it has been associated with
a lower incidence of side-effects compared with NSBB[15].

Prevention of first variceal hemorrhage (primary
prophylaxis)
First variceal hemorrhage occurs at an annual rate of
about 15% and although current mortality from an episode of variceal hemorrhage is lower than in the past
two decades, it still carries a significant mortality of
7%-15%[32-34], and is still associated with significant morbidity and healthcare costs. Prevention of first hemorrhage, therefore, is an important part of treatment of
portal hypertension. The size of varices, red wale signs
on varices (visualized on EGD), and severity of liver disease (Child class C) identify the patients with highest risk
of variceal hemorrhage[18]. Therefore, within this stage,
patients need to be stratified by the risk of hemorrhage
into (1) high-risk patients, i.e. ,those with medium/large
varices or those with small varices that have red wale
signs, or a Child C patient; and (2) low risk patients, i.e.,
those with small varices without red wale signs or occurring in a Child A or B patient.
In patients with medium/large varices, quality trials
have shown that non-selective b-blockers (propranolol,
nadolol) are as effective as EVL in preventing first variceal hemorrhage[35,36], and the recommendation is to use
therapy based on local resources, expertise and patient
preference.
In patients with high-risk small varices the mainstay
of treatment is NSBB because technically performing
EVL in these varices may be challenging (although there
is no clear evidence for this).
In patients with low-risk small varices, there is limited
evidence that shows that their growth may be slowed by
the use of NSBB[24]. Therefore, the use of NSBB in this
setting is considered optional and should be discussed
with the patient.
The doses are shown in Table 2, with therapeutic
goals and follow-up procedures for each of the recommended therapies.

Cons
The main inconvenience of NSBB is that approximately
15% of patients may have absolute or relative contraindications to therapy, and that another 15% require dosereduction or discontinuation due to its common sideeffects (e.g., fatigue, weakness, shortness of breath) that
resolve upon discontinuation but discourage patients
from using these drugs[27].
EVL requires specific expertise. The risks include
that of the endoscopic procedure and conscious sedation
(bleeding, aspiration, perforation and reaction to medications), plus the risk of bleeding from ligation-induced
ulcers. In fact, although the quantity of side-effects is
greater with NSBB than with EVL[15], the severity of
side-effects is greater with EVL. While no lethal side-effects have been reported with the use of NSBB[16], three
deaths resulting from EVL-induced bleeding ulcers have
been reported[15,16].
Recommendation
The issue of which is the best treatment for primary pro
phylaxis (NSBB or EVL) has not yet been settled, and
there are centers that perform predominantly EVL while
others prefer the more rational approach of starting with
NSBB and switching to EVL if there is intolerance to
NSBB. Carvedilol is a NSBB with an added vasodilatory
effect through anti-a-1 adrenergic activity that has recently been shown to be more effective than EVL in preventing first variceal hemorrhage[40]. Although considered a
promising alternative, further research is necessary before
it can be widely recommended.

MANAGEMENT OF ACUTE VARICEAL
HEMORRHAGE

Pros
NSBB decrease portal pressure through a reduction in
portal blood flow. Their mechanism of action involves
decreasing cardiac output via b-1 receptors and causing
splanchnic vasoconstriction by blocking b-2 receptors,
resulting in unopposed a-1 activity. The latter is the most
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Acute variceal hemorrhage is a medical emergency requiring intensive care. The basic medical principles of airway,
breathing and circulation are followed to achieve hemodynamic stability. Blood transfusion is done conservative
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Table 2 Primary prophylaxis and secondary prophylaxis of variceal hemorrhage
Therapy

Starting dose

Therapy goals

Propranolol (1) 20 mg orally twice a day;
(2) Adjust every 2-3 d until treatment goal is achieved;
(3) Maximal daily dose should not exceed 320 mg
Nadolol

EVL

Maintenance/follow-up

(1) Maximum tolerated dose; (1) At every outpatient visit make sure
(2) Aim for resting heart rate that patientis appropriately b-blocked;
of 50-55 beats per minute
(2) Continue indefinitely;
(3) No need for follow-up EGD
As for propranolol
As for propranolol

(1) 40 mg orally once a day;
(2) Adjust every 2-3 d until treatment goal is achieved;
(3) Maximal daily dose should not exceed 160 mg
Every 2-4 wk until the obliteration of varices

Propranolol (1) 20 mg orally twice a day;
(2) Adjust every 2-3 d until treatment goal is achieved;
(3) Maximal daily dose should not exceed 320 mg
Nadolol
(1) 40 mg orally once a day;
(2) Adjust every 2-3 d until treatment goal is achieved;
(3) Maximal daily dose should not exceed 160 mg
ISMN
(1) Only to be used in conjunction with propranolol or nadolol;
(2) 10 mg orally at night every day;
(3) Adjust every 2-3 d by adding 10 mg in am and then pm;
(4) Maximal dose is 20 mg twice a day
EVL
Every 2-4 wk until the obliteration of varices

Obliteration of varices;
Eradication of new varices
following initial obliteration
(1) Maximum tolerated dose;
(2) Aim for resting heart rate
of 50-55 beats per minute
As for propranolol

First EGD performed 1-3 mo after obliteration and every 6-12 mo thereafter

(1) Maximal tolerated dose;
(2) Systolic blood pressure
remains over 95 mmHg

Continue indefinitely

Obliteration of varices;
Eradication of new varices
following initial obliteration

First EGD performed 1-3 mo after obliteration and every 6-12 mo thereafter

(1) At every outpatient visit make sure
that patient is appropriately b-blocked;
(2) Continue indefinitely
As for propranolol

Either one of the three therapies shown in the table are recommended. EGD: Esophagogastroduodenoscopy; EVL: Endoscopic variceal ligation; ISMN:
Isosorbide-5-mononitrate.

ly for a target hemoglobin level between 7-8 g/dL[41],
because excessive blood volume restitution can increase
portal pressure[42,43]. There are no definite recommendations on management of coagulopathy and thrombocytopenia, as randomized controlled trials of recombinant
factor Ⅶa have not shown any advantages[44,45]. Antibiotic
prophylaxis is provided by quinolones with consideration
of iv ceftriaxone in patients with advanced cirrhosis or
previous therapy with quinolones[12,46]. Safe vasoactive
drugs are started as soon as possible, prior to diagnostic endoscopy. Endoscopy is done as soon as possible
and not more than 12 h after presentation. If a variceal
source is confirmed, EVL is the procedure of choice, but
sclerotherapy is an option when EVL is technically difficult. TIPS is recommended in patients who fail standard
combination therapy with endoscopic and pharmacological therapy, however salvage TIPS is accompanied by a
very high mortality. Predictors of failure are Child class C,
HVPG > 20 mmHg and active bleeding at endoscopy[47].
The use of early (pre-emptive) TIPS (within about 48 h
of admission) in patients at high risk of failing standard
therapy has been shown to reduce mortality[28]. These
patients are specifically those who are Child C (score of
10-13 points) or are Child B with active hemorrhage (at
the time of diagnostic endoscopy), and constitute < 20%
of the patients admitted for variceal hemorrhage. In these
patients it is recommended to consider early preemptive TIPS. All others should continue standard therapy
with vasoactive drugs continued for 2-5 d depending on
control of bleeding and severity of liver disease. Vasoactive drugs can be discontinued once the patient has been
free of bleeding for at least 24 h. Balloon tamponade is
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only used as a temporary measure (inflated for 12 h or
less) to control bleeding while a definitive therapy (TIPS
or endoscopic therapy) is planned. A new self-expanding
esophageal stent is being tested that may replace balloon
tamponade[48].
Although there are pros and cons for each of these
first-line therapies (pharmacological and endoscopic),
the current recommendation is to use them jointly in the
control of acute hemorrhage.
Pros
Vasoactive agents improve the control of variceal hemorrhage when combined with endoscopic therapy and
when compared to endoscopic therapy alone[49]. However
there appears to be no significant difference among the
different vasoactive agents regarding control of hemorrhage and early rebleeding. Vasopressin, a powerful vasoconstrictor, is associated with more adverse events[50],
and should not be considered a first-line vasoactive drug.
Terlipressin is the only agent that, in small studies and
when compared to no treatment, improved survival[50]. In
practice, the choice of pharmacological agent is usually
based on availability and cost. Octreotide, a somatostatin analogue, is the only safe vasoactive drug available in
the United States. Doses and schedules for the different
vasoconstrictors are shown in Table 3. Except for vasopressin that must be administered with nitroglycerin,
the administration of these agents does not require any
special procedure or expertise and can be started in the
emergency room setting.
Endoscopic therapy in the acute setting is very effective in controlling variceal hemorrhage, particularly when
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Table 3 Vasoactive agents used in the management of acute hemorrhage
Drug

Standard dosing

Duration

Somatostatin

Initial iv bolus 250 μg (can be repeated in the first hour Up to 5 d
if ongoing bleeding); continuous iv infusion of 250 to
500 μg/h
Octreotide (somatostatin Initial iv bolus of 50 μg (can be repeated in first hour if Up to 5 d
analogue)
ongoing bleeding); continuous iv infusion of 50 μg/h
Vapreotide (somatostatin Bolus: 50 μg; continuous iv infusion of 50 μg/h
Up to 5 d
analogue)
Vasopressin +
0.2-0.4 units/min continuous iv infusion intravenously, Maximum of
nitroglycerine
may titrate to a maximum of 0.8 units/min; always use 24 h at lowest
in combination with nitroglycerine
effective dose
Terlipressin (vasopressin Initial 48 h: 2 mg iv every 4 h until control of bleeding; Up to 5 d
analogue)
maintenance: 1 mg iv every 4 h to prevent re-bleeding

a spurting varix is observed. However, in a meta-analysis
comparing sclerotherapy vs vasoactive drugs, no differences in efficacy were observed between treatments, with
more side-effects with sclerotherapy[51]. EVL has replaced
sclerotherapy as the endoscopic procedure of choice due
to more effective control of bleeding, obliteration of
varices in fewer treatment sessions, a lower rebleeding
rate, and lower mortality[19,33]. How EVL compares with
vasoactive drugs alone remains to be determined. There
is no added benefit of a combination of EVL and sclerotherapy over band ligation alone.

Inhibits vasodilator hormones like glucagon causing
splanchnic vasoconstriction and reduced portal blood
flow
Same as somatostatin, longer duration of action
Similar to somatostatin with higher metabolic stability
Causes direct vasoconstriction on splanchnic
circulation resulting in decreased portal blood flow
Splanchnic vasoconstriction; the active metabolite
lysine-vasopressin is gradually released over several
hours thus decreasing typical vasopressin side effects

effects), however the choice is dependent on availability
and cost. Octreotide is the only vasoactive drug available
in the United States. The endoscopic therapy of choice is
EVL.
Recommendations may vary depending on the severity
of liver disease. In patients who are Child C (or Child B
with active hemorrhage), the risk of failing recommended
treatment (vasoactive drugs and EVL) is high and therefore proceeding to a “rescue” therapy (i.e., TIPS) before
failure occurs should be considered. In patients who are
Child A, mortality with the treatment of choice is essentially nil[32,34], and these patients may respond to vasoactive
therapy alone, although this requires further exploration.

Cons
Vasoactive drugs often require placement of central lines
and require close monitoring for ischemic complications.
Vasopressin is the most potent vasoconstrictor, but its
use is limited by multiple side-effects related to splanchnic vasoconstriction (e.g., bowel ischemia) and systemic
vasoconstriction (e.g., hypertension, myocardial ischemia).
Terlipressin is an analogue of vasopressin that, although
safer, is still accompanied by more side-effects than somatostatin[52]. The main side effects of the somatostatin
analogs octreotide and vapreotide are sinus bradycardia,
hypertension, arrhythmia, and abdominal pain.
Endoscopic therapy during acute hemorrhage carries
the usual risks of endoscopic procedures, with increased
risk of aspiration due to active bleeding and the emergency nature of the procedure. In the setting of active
hemorrhage, the band ligator limits the visibility, and it
becomes technically difficult to maneuver the endoscope
back into the stomach. Elastic bands can slip or can cause
ulcers that can result in rebleeding. As mentioned previously, EVL has less side-effects than sclerotherapy and is
the endoscopic therapy of choice.

PREVENTION OF RECURRENT VARICEAL
HEMORRHAGE (SECONDARY
PROPHYLAXIS)
The risk of rebleeding in patients who survive an episode of variceal hemorrhage is high (median rebleeding
rate 60%), with a mortality of up to 33%. Prevention of
rebleeding is therefore an essential part of the management of the patient with variceal hemorrhage. Patients
who had a TIPS performed during the acute episode do
not require specific therapy for portal hypertension or
for varices but should be referred for transplant evaluation. TIPS patency should be checked through Doppler
ultrasound every 6 mo. For the majority (patients who
do not have a TIPS performed during the acute episode),
secondary prophylaxis with NSBB should be started as
soon as the intravenous vasoactive drug is discontinued.
NSBB significantly reduce the risk of recurrent hemorrhage[13]. Although the addition of ISMN to NSBB has
a greater portal pressure-reducing effect[53], in clinical trials the combination of NSBB and ISMN is no different
from NSBB alone regarding the rate of overall rebleeding or mortality, but has a higher rate of side-effects[54].
Sclerotherapy decreases rebleeding rates and mortality, but
is associated with serious complications (e.g., esophageal
strictures, bleeding from ulcers). Sclerotherapy has been
replaced by EVL, since it has significantly better outcomes

Recommendation
The specific treatment of choice for acute variceal hemorrhage is the combination of vasoactive drugs (started
prior to EGD) and emergency endoscopic therapy (at the
time of initial diagnostic EGD). The pharmacological
therapy of choice is terlipressin (lower mortality in small
placebo-controlled studies) or somatostatin (fewer side-
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(rebleeding, mortality and side-effects) compared with
sclerotherapy. Studies comparing pharmacological therapy (NSBB plus ISMN) vs EVL show no differences in
recurrent hemorrhage, but there is a suggestion of a beneficial effect on survival with pharmacological therapy in
the long term[54,55]. The combination of pharmacological
(NSBB alone or NSBB + ISMN) plus EVL is associated
with lower rebleeding rates than either therapy alone[31,56],
and constitutes the treatment of choice.
In patients who experience recurrent variceal hemorrhage despite the combination of pharmacologic and endoscopic treatment, TIPS with polytetrafluoroethylenecovered stents[57] or, where expertise is available, surgical
shunts[58] should be provided.
Table 2 presents the doses, therapeutic goals and followup procedures for the recommended therapies. The pros
and cons of each of these first-line therapies (pharmacological and endoscopic) are the same as those described
for primary prophylaxis, with some additional considerations described below.

HVPG-guided therapy would appear rational, a small trial
showed that outcomes with HVPG-guided therapy are
no different from those in patients treated with combined
pharmacological and endoscopic therapy[62]. Until the best
treatment for non-responders is settled, larger clinical
trials are performed, and HVPG measurements are standardized across centers, HVPG-guided therapy cannot be
currently recommended[63].
As mentioned above, EVL is associated with bleeding
from EVL-induced ulcers. Treatment with proton pump
inhibitors post ligation reduces the size of these ulcers,
with a trend towards a lower risk of bleeding[64], and can
be considered in this setting.
Recommendation
The treatment of choice to prevent rebleeding is the combination of pharmacological therapy (NSBB ± ISMN)
and EVL. Contrary to other clinical stages, risk stratification has not been tested in this setting. The main predictor of recurrent bleeding and death is the Child classification. It is conceivable that patients who are Child A
would only require one or other therapy, while patients
who have more advanced disease require the combination
therapy. Patients who fail this therapy should be considered for TIPS placement and, in centers where expertise
is available, for a surgical shunt. Patients with recurrent
variceal hemorrhage are in a category of “further decompensation” of cirrhosis and, as such, should be evaluated
for liver transplantation.

Pros
Pharmacologic agents provide protection against rebleeding during the initial phase after index hemorrhage while
esophageal varices are being obliterated by EVL. NSBB
alone or in combination with ISMN should be used. The
choice will depend on patient tolerability. Patients who
are not candidates for EVL should receive combination
NSBB + ISMN.
The lowest rates of recurrent variceal hemorrhage (ap
proximately 10%) are observed in individuals who have a
hemodynamic response to pharmacologic therapy, defined
as a decrease in HVPG to < 12 mmHg or a decrease of >
20% from baseline levels[39,59]. The more rational approach
would thus be to guide therapy based on hemodynamic
response and, in those who achieve a hemodynamic response, endoscopic therapy would not be necessary. However there are cons (see below) to this approach.
Patients who are intolerant or have contraindications
to pharmacological therapy should receive EVL alone.

CURRENT STANDARD TREATMENT OF
PORTAL HYPERTENSION IN CHILDREN
The most common causes of portal hypertension in children are biliary atresia and portal vein thrombosis. Data
regarding the prevalence of esophageal varices in children with portal hypertension is very limited and to date
there have been no randomized controlled trials comparing different treatments for primary and secondary prophylaxis[65].
Regarding primary prophylaxis, there is currently no
recommended treatment[22,66]. In a recent gathering of experts at the AASLD annual meeting, it was concluded that,
before a randomized trial could be performed in children,
pediatric research should focus on addressing questions
of the natural history and diagnosis of varices, prediction
of variceal bleeding, optimal approaches to b-blocker and
ligation therapy, and alternative study designs to explore
therapeutic efficacy in children[65].
Regarding acute variceal hemorrhage, management
in children is based on limited data comparing EVL and
sclerotherapy[67], and expert pediatric opinion based on
adult Baveno Ⅳ guidelines[66]. These include vasoactive
agents, antibiotic prophylaxis and endoscopic variceal ligation.
EVL is also recommended for secondary prophylaxis
of variceal hemorrhage but it has not been compared
with b-blockers[22,66]. In children with portal vein throm-

Cons
A recent study suggests that NSBB are associated with
a poorer survival in patients with refractory ascites[60], a
condition that may be present in patients in this clinical
stage. However, the study is retrospective and the groups
were disparate at baseline, with patients on NSBB having
more advanced disease as shown by a higher prevalence
of varices and variceal hemorrhage, and there is evidence
that indicates the contrary, that is, that NSBB may be
beneficial for these patients[13,61]. Therefore, unless stronger evidence arises, the use of NSBB in patients with
refractory ascites should not be contraindicated.
The combination of NSBB + ISMN has a higher incidence of side effects because of the added ones associated
with ISMN, specifically headache and lightheadedness. As
mentioned above, the lowest rebleeding rates are in patients who experience a hemodynamic response. Although
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bosis, meso-rex bypass appears to be the best option for
secondary prophylaxis[22,66].

11

CONCLUSION
In the last two decades significant advances in the field
of portal hypertension have improved the clinical care
and survival of patients with cirrhosis and portal hypertension. In addition to better treatment strategies and
improved therapeutic options, the issue of risk stratification has become more important so that, within each
clinical stage, different patient subpopulations have been
identified that require a different management. Clearly,
further research is necessary to explore new pharmacological options that would allow a majority of patients to be
hemodynamic responders, thereby foregoing the need for
HVPG measurements and even the need for endoscopic
therapy. The identification of different risk populations
within each stage also requires further definition. It is expected that future trials and Baveno and AASLD conferences will continue to advance the field.
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INTRODUCTION
Normal portal pressure is between 5 and 10 mmHg. Once
portal pressure rises to 12 mmHg or greater, complications such as varices and ascites may occur.
The portal system drains the capillaries of the mesenteric and splenic veins and ends in the hepatic capillaries. The portal vein supplies partially oxygenated blood
to the liver, supplementing the highly oxygenated blood
of the hepatic artery to the liver. Blood flow to the liver
is finely tuned; any disturbance of the flow in one of
these vessels can be offset to a certain degree by increased flow through the other vessel. This is known as
the arterial buffer response. Blood from both the portal
venous system and the hepatic arterial systems combine
within the sinusoids.
Portal hypertension occurs when there is increased
portal resistance and/or increased portal blood flow.
Generally, the portal venous system has a low baseline
portal pressure of 7-10 mmHg and the hepatic venous
pressure gradient (HVPG) ranges from 1 to 4 mmHg.
Portal hypertension is defined as a portal pressure greater
than 10 mmHg or gradient greater than 4 mmHg. Pressure gradients above 10 mmHg have been associated with
esophageal varices formation, and those above 12 mmHg
are associated with ascites and variceal bleeding in adults[1].
To measure the portal pressure gradient, a catheter can
be wedged into the hepatic vein via the femoral or transjugular approach and a wedged hepatic venous pressure
(WHVP) measurement obtained. If the catheter is then
retracted into a free flowing hepatic vein, a free hepatic
venous pressure (FHVP) can be measured. The HVPG
is the difference between the WHVP and the FHVP. The
cause of portal hypertension can be suggested by the
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Portal hypertension can be caused by a wide variety of
conditions. It frequently presents with bleeding from
esophageal varices. The approach to acute variceal
hemorrhage in children is a stepwise progression from
least invasive to most invasive. Management of acute
variceal bleeding is straightforward. But data on primary prophylaxis and long term management prevention of recurrent variceal bleeding in children is scarce,
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upper respiratory infection, fever, or aspirin ingestion[8].
The combination of factors including increased abdominal pressure from coughing or sneezing, increased cardiac output from fever, and ulceration from medications
such as nonsteroidal antiinflammatory drugs or aspirin
contribute to the rupture of varices. Prolonged gastroesophageal reflux can contribute to erosions over the
varices that could result in bleeding.
Triger et al[9] followed 44 children aged 12 years for a
mean follow-up of 8 years. At the time of portal venous
obstruction diagnosis, no child had either abnormal liver
enzymes or abnormal liver function. The actuarial probability of bleeding was 49% at age 16 years and 76%
at 24 years of age. If the child bled before 12 years of
age, the probability of bleeding was higher than in those
who had not bled before aged 12. Further, there was no
evidence of variceal regression over time. Instead, progression of varices occurred in the majority of children
suggesting that the previous hypothesis that variceal
bleeding decreased in adolescence due to development
of spontaneous porto-systemic collaterals was incorrect.

HVPG value. In pre-sinusoidal obstruction, the HVPG is
normal but the WHVP is raised, whereas in cirrhosis both
HVPG and WHVP are increased.

HEMODYNAMIC CHANGES
Clinically, portal hypertension causes splenomegaly with
resulting hypersplenism and the formation of a collateral
circulation. Despite formation of a significant collateral
network, portal hypertension persists. This is a result
of an increase in cardiac output (result from increased
venous return and diminished afterload); and a decrease
in splanchnic arteriolar tone (mediated by several factors including glucagon and nitric oxide). Retention of
sodium and water via a hepato-renal reflex increases the
circulating blood volume. There is also production of
vasodilatory factors that cause arterial vasodilation of
the splanchnic circulation. Increases in the intrahepatic
resistance are due to hepatocyte swelling, fibrosis and
inflammation within the portal tracts. Clinical studies
and animal models have demonstrated the hemodynamic
events that occur; however, most of these investigations
have not been performed in children or in pediatric
models. The hyperdynamic circulatory state has not been
well characterized in any cohorts of children.

SPLENOMEGALY
Splenomegaly is the second most common finding in
children with portal hypertension after gastrointestinal
bleeding. In many instances, an enlarged spleen is first
discovered on routine physical examination. Many children will admit to a vague fullness in the left upper quadrant for many years prior to the diagnosis. Occasionally,
manifestations of hypersplenism including thrombocytopenia, leukopenia, petechiae, or ecchymoses will prompt
evaluation, leading to the discovery of portal hypertension. Hematologists should consider a biochemical liver
profile and a Doppler ultrasonographic examination in
the evaluation of any child with thrombocytopenia, especially if leukopenia is also present. Rarely will associated cytopenias lead to clinically relevant disease. Although
splenomegaly is a common finding in patients with
portal hypertension, splenic size does not correlate well
with portal pressure[10,11]. Hypersplenism rarely requires
surgical intervention. Exceptions include symptoms of
symptomatic anemia and severe physical discomfort[12].

GASTROINTESTINAL BLEEDING
The clinical presentation of portal hypertension can be
dramatic because it may be the first symptom of longstanding silent liver disease. In several large series of
children with portal hypertension, approximately two
thirds presented with hematemesis or melena, usually
from rupture of an esophageal varix[2]. Gastrointestinal
hemorrhage also may be associated with bleeding from
portal hypertensive gastropathy, gastric antral vascular
ectasia, or gastric, duodenal, peristomal, or rectal varices.
Variceal hemorrhage is the result of increased pressure
within the varix, which leads to changes in the diameter of the varix and increased wall tension. When the
wall tension exceeds the variceal wall strength, physical
rupture of the varix occurs. The majority of patients
reported in the series had splenomegaly at the time of
hemorrhage; thus, the combination of gastrointestinal
bleeding and splenomegaly suggests portal hypertension
until proven otherwise. The sentinel bleeding episode
in children may occur in a wide range of ages, starting
as early as 2 mo of age[3]. The risk of first-time bleeding
from studies in children with cirrhosis is 22%, but rises
to 38% in children with known varices over a 5 year period[4]. Bleeding occurs in 15%-25% of patients with biliary atresia in long term follow up[5,6]. The age of bleeding is dependent on the underlying etiology of cirrhosis.
Patients who have surgically corrected but progressive
biliary atresia bleed for the first time at a mean age of 3
years while children with cirrhosis due to cystic fibrosis
bleed at a mean age of 11.5 years[7].
Variceal bleeding in children often follows an acute
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ABDOMINAL VENOUS PATTERNING
Specific cutaneous vascular patterns are observed with
portal hypertension. Prominent vascular markings on
the abdomen are the result of porto-collateral shunting through subcutaneous vessels. The direction of
flow through these veins may be indicative of the site
of obstruction. When the inferior vena cava is occluded, drainage is usually cephalad, but caudad below
the umbilicus if the inferior vena cava is patent. Portal
hypertension decompression through the umbilical vein
results in prominent periumbilical collaterals, referred to
as caput medusae. An audible venous hum (CruveilhierBaumgarten murmur) may occasionally be heard. Caput
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tial pressure of oxygen is less than 50 mmHg on 100%
oxygen, a poorer outcome may be expected.
Portopulmonary syndrome eventually leads to rightsided heart failure. Histologically there is pulmonary arteriopathy with concentric laminar intimal fibrosis consistent with a vasoconstrictive etiology. Pediatric cases have
been reported[24,25]. The condition is defined by a pulmonary arterial pressure greater than 25 mmHg at rest and
above 30 mmHg with exercise, raised pulmonary vascular
resistance with pulmonary arterial occlusion pressure, or
a left-ventricular end-diastolic pressure of less than 15
mmHg[26]. The most common symptom of pulmonary
hypertension is exertional dyspnea. Other symptoms include fatigue, palpitations, and syncope or chest pains.

Table 1 Initial manifestation of portal hypertension
Reference
Patients
% Presenting with
Hemorrhage
Splenomegaly
Ascites

Mitra et al[60] Pinkerton et
(1978)
al[62] (1972)
70
33
80
99
17

97
24
21

Spence et
al[33] (1984)
27
85
100
8

Howard et
al[61] (1988)
152
46
94
7

medusae are rare in children, partly because of the high
prevalence of portal vein obstruction associated with
umbilical vein obliteration. Rectal varices are more common in children[13]. In children with short bowel syndrome, stomal varices which are a site of low resistance,
are often present and a common site for hemorrhage[14].

THERAPY
Therapy of portal hypertension is primarily directed at
the management of its most dramatic manifestation,
variceal hemorrhage. Variceal bleeding is a life threatening medical emergency, and patients with chronic liver
disease should be instructed to seek immediate medical
attention for any signs or symptoms of bleeding. The
management can be divided into preprimary prophylaxis,
prophylaxis (primary) of the first episode of bleeding,
emergency therapy, and prophylaxis (secondary) of subsequent bleeding episodes. As with many other aspects
of portal hypertension, almost all the modes of therapy
are based on adult trials (Figure 1). Many of the trials are
well-controlled randomized double-blinded studies, and
comprehensive meta-analysis of these trials have been
performed[27-30]. The literature on the management of
variceal hemorrhage in children is predominantly descriptive and anecdotal. There have been few randomized trials of therapy for portal hypertension in children[31,32].

ASCITES
Ascites arises when the hydrostatic and osmotic pressures within the hepatic and mesenteric capillaries result
in a net transfer from blood vessels to lymphatics at a
rate that overcomes the drainage capacity of the lymphatics. It is the presenting sign of portal hypertension
in 7%-21 % of children (Table 1).
In patients with portal hypertension, increased sodium retention and raised portal pressure may cause
accumulation of fluid within the abdomen. Impaired
lymphatic drainage compounds the situation. Treatment
includes salt and fluid restriction and the use of diuretics. Albumin infusions can be used to increase intravascular osmotic pressure, followed by diuretic dosing to
facilitate urination. Paracentesis has been used safely in
children and is reserved for use when the ascites is difficult to control resulting in respiratory compromise or if
peritonitis is suspected for cell count and culture[15,16].

Preprimary prophylaxis
The concept is that early treatment of portal hypertension has the potential to delay or prevent the development of esophageal varices or other manifestations of
portal hypertension. In a S. mansoni mouse model of
portal hypertension, the administration of propranolol 5
wk into the infection resulted in a significant reduction
in the development of portal hypertension, portosystemic shunting, and portal venous inflow[34]. A randomized
controlled trial of timolol, a non-selective beta blocker,
on the development of varices in adults did not show a
significant benefit[35]. Currently, preprimary prophylaxis
remains an interesting concept that is not applicable in
clinical practice.

PULMONARY COMPLICATIONS
Hepatopulmonary syndrome (HPS) and portopulmonary hypertension are undoubtedly underdiagnosed in
children. Barbé et al[17] reported on the presence of HPS
in 29 pediatric patients of which 26 had cirrhosis and 3
had an extrahepatic cause of portal hypertension. HPS
progresses more rapidly in patients with biliary atresia
associated with polysplenia[18]. Patients with HPS have
a higher incidence of dyspnea, cyanosis, clubbing and
spider nevi[19-21]. There are two forms of HPS. In typeⅠ,
the vessels enlarge such that the red blood cells traveling
through the center of the vessel do not have significant
contact time with the oxygen-rich alveoli. In type Ⅱ
HPS, the diffusion-perfusion mismatch is presumed to
be due to arteriovenous communications completely
bypassing alveoli[22,23]. HPS is thought to occur as a result
of shunting of vasodilatory mediators from the mesentery away from the liver in portal hypertension. Liver
transplantation reverses HPS in greater than 80% of
patients. If large shunts are present and the arterial par-
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Primary prophylaxis
The issue of prophylaxis of the first episode of variceal
bleeding in children is controversial and is predicated
on experience with adults who primarily have alcoholic
cirrhosis. Surveillance endoscopy in children with liver
disease and stigmata of portal hypertension is justified
if the clinician anticipates recommending a prophylactic
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Portal hypertension

Gastrointestinal bleeding

Asymptomatic

Endoscopy showing no
varices or low risk

Endoscopy showing
high risk varices

Monitor for progression

Prophylactic β-blocker
and/or variceal obliteration

Resuscitation

Hemodynamically stable

Hemodynamically unstable

Endoscopy

Pharmacologic therapy

Non-variceal source

Variceal source

Appropiate therapy

Endoccopic sclerotherapy
or banding with or without
pharmacologic therapy

If bleeding continues,
balloon tamponade

Once bleeding controlled repeat
EST or EVL;
Chronic pharmacologic therapy

If bleeding continues,
TIPS or emergency shunt
surgery

Once bleeding under control
EST or EVL

Figure 1 Portal hypertension. EST: Endoscopic sclerotherapy; EVL: Endoscopic variceal band ligation; TIPS: Transjugular intrahepatic portosystemic shunt.

regimen. Prophylaxis may also be valuable in patients
who live in remote areas far from emergency medical
care. Given the unpredictable timing of the first episode
of variceal bleeding, primary prophylaxis regimens need
to be associated with relatively low morbidity and mortality. As such, beta blockade has been more extensively
used in this setting. The improved risk-benefit ratio of
endoscopic ligation therapy relative to sclerotherapy has
led to reassessment of its role in primary prophylaxis[36,37].
Uncontrolled preliminary pediatric experience of variceal
hemorrhage using beta blockade has recently been reported[38-40]. Beta blocker use in children has reduced the
frequency of bleeding episodes, and in some trials has
improved long-term survival in patients with esophageal
varices. Initial randomized trials demonstrated efficacy
in patients who had a previous bleeding episode[41]. Subsequently, propranolol was shown to be effective in patients with varices who had never bled. In a study of 230
subjects randomized to propranolol or placebo, the incidence of bleeding and mortality over a 14 mo period was
reduced by almost 50%[42]. Several meta-analyses have
demonstrated the success of propranolol[43-50]. It is clear
that a goal of at least 25% reduction in resting heart rate
needs to be achieved to realize these effects. In patients
in whom HVPG drops below 12 mmHg, subsequent
variceal bleeding is unlikely. Achieving such a large reduction in resting heart rate and achieving a HVPG below 12
mmHg may be problematic in children in whom baseline
measurements may be difficult. A wide range of dosing
(0.6-0.8 mg/kg per day) divided into two to four doses
of propranolol has been required in children in order to
observe a “therapeutic effect”.
Unfortunately, propranolol often does not reduce
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HVPG below 12 mmHg, therefore a combination of
beta blockade and vasodilatation therapies are now under
investigation. Isosorbide-5-mononitrate, a long-acting
vasodilator, may potentiate the effects of propranolol on
the HVPG[51]. Combination pharmacologic agents, such
as carvedilol, may have enhanced efficacy[52]. Unfortunately, there is little if any prospective data in children
on the safety and effectiveness of beta blockade with or
without vasodilators in patients with portal hypertension.
Endoscopic band ligation therapy has been used with
greater frequency in adults with high risk varices[53,54]. As
with beta blockade, endoscopic band ligation therapy
cannot be recommended for routine use in children with
varices. In fact, a small randomized trial of prophylactic
endoscopic sclerotherapy in children showed no survival
benefit[55].
Emergency therapy of variceal bleeding
The initial management of variceal bleeding is stabilization of the patient. Vital signs, particularly tachycardia or
hypotension, can be especially helpful in assessing blood
loss. Patients on beta blocker therapy may not manifest
the usual compensatory tachycardia and are at higher
risk of developing significant hypotension. Fluid resuscitation in the form of crystalloid initially, followed by red
blood cell transfusion, is critical. One needs to administer these carefully to avoid overfilling the intravascular
space and increasing portal pressure. Optimal hemoglobin levels in adults with variceal hemorrhage are between
7 and 9 g/dL[56]. Nasogastric tube placement is safe and
may be an essential part of the management of these
patients. It allows documentation of the rate of ongoing bleeding and removal of blood, a protein source that
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may precipitate encephalopathy. In addition, blood in
the stomach increases splanchnic blood flow and could
aggravate portal hypertension and ongoing bleeding.
Platelets should be administered for levels less than 50 ×
109/L, and coagulopathy corrected with vitamin K and
fresh frozen plasma. There may be a value to the use of
recombinant factor Ⅶa in severe coagulopathy as the
fluid requirements may be diminished[57]. Intravenous antibiotic therapy should be considered for all patients with
variceal bleeding in light of the high risk of potentially
fatal infectious complications[58,59]. Once the patient is
stabilized, endoscopy should be performed to document
that hemorrhage is indeed from variceal rupture. Continued bleeding at the time of endoscopy is a finding that
portends poor prognosis. A significant percentage of
both adults and children with chronic liver disease will
have a source of bleeding other that varices, including
duodenal or gastric ulceration[58]. Pharmacotherapy of
acute hemorrhage should not be withheld until endoscopy can be performed. In fact, it may facilitate the procedure. At the time of initial endoscopy, management
can begin in the form of sclerotherapy or band ligation.
Bleeding that lasts more than 6 h or requires more than
one red blood cell transfusion necessitates further investigation. A wide variety of therapeutic options exist in
adults. Documentation of their efficacy in adults is fairly
convincing, but data in children is scarce

ministration of a bolus. New longer-acting somatostatin
analogues are currently under investigation[59].
Endoscopy
Approximately 15% of children will have persistent
hemorrhage despite conservative management plus some
form of splanchnic vasoconstriction. The most common secondary approach is endoscopic sclerotherapy
or endoscopic band ligation. Endoscopic therapy is
very effective in controlling bleeding, although it may
be technically challenging. An extensive experience with
emergency sclerotherapy exists in children, and it’s rare
for additional therapy to be required. A variety of agents
have been used (sclerosants, chemically irritating compounds such as ethanolamine/tetradecyl sulfate). These
sclerosants are injected either intra-or para-variceal,
until bleeding has stopped. In the setting of emergency
sclerotherapy it is important to be aware of the significant incidence of associated bacteremia and to consider
antibiotic prophylaxis in most patients.
Endoscopic band ligation of varices may be a preferable approach because it is easier and safer. A randomized trial of band ligation versus sclerotherapy in adults
demonstrated similar control of active bleeding and
recurrence of hemorrhage with significantly lower overall complications and mortality). A potential concern of
this technique in children (whose esophageal wall is thinner than adults), is entrapment of the full thickness of
the esophageal wall by the rubber band with subsequent
ischemic necrosis and perforation.

Pharmacology
The pharmacologic therapy of variceal bleeding usually
consists of vasopressin or somatostatin (or their analogs)
infusions. Vasopressin has the longest history of usage
and acts by increasing splanchnic vascular tone and thus
decreasing portal blood flow. Its use is often limited by
the side effects of vasoconstriction, which include left
ventricular failure,, bowel ischemia, angina, and chest/
abdominal pain[53]. In a study of 215 children with acute
variceal hemorrhage, 184 had bleeding arrested by the
combined use of fluid support and vasopressin. Vasopressin has a half-life of 30 min and is usually given as a
bolus followed by continuous infusion. The recommended dose for children is 0.33 U/kg as a bolus over 20 min,
followed by an infusion of 0.2 U/1.73 m2 per minute (may
be increased up to 3 times the initial rate). These recommendations are empiric, based on clinical practice, and
derived from extrapolation of adult dosages. Terlipressin, a long-acting synthetic analogue of vasopressin, has
shown similar effects and does not require continuous infusion[57]. Side effects appear to be reduced compared to
vasopressin, but prospective data in children are lacking.
Alternatives to vasopressin have been investigated
because of its poor side effect profile. Somatostatin and
its synthetic homologue octreotide also have been shown
to decrease splanchnic blood flow. Their effects on
acute variceal hemorrhage appear to be similar to those
of vasopressin, with fewer side effects[58,59]. Continuous
infusion of 1-5 µg/kg per hour of octreotide appears
to be effective but may need to be initiated by the ad-
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Mechanical
The Sengstaken-Blackmore tube (SSBT) was designed to
stop hemorrhage by mechanically compressing esophageal and gastric varices. The device consists of a rubber tube with at least two balloons. It is passed into the
stomach, where the first balloon is inflated and pulled up
snug against the gastroesophageal junction. Once the tube
is secured in place, the second balloon is inflated in the
esophagus at a pressure (60-70 mmHg) that compresses
the varices without necrosing the esophagus. A channel
in the rubber tube allows gastric contents to be sampled
for evidence of bleeding. This therapy is very effective
in controlling acute bleeding. Unfortunately, it is associated with significant number of complications and high
incidence of re-bleeding when the tube is removed. Most
patients find the treatment uncomfortable, and its use in
children requires significant sedation. Use of the SSBT
increases the risk of aspiration pneumonia, which can
be a life threatening complication in a patient with liver
failure. Re-bleeding has been reported in 33%-60% of
patients. Given these problems it is reserved for severe
uncontrollable hemorrhage and generally serves as a temporizing measure until a more definite procedure can be
performed.
Surgical and interventional radiology
Surgical therapy is usually a last resort approach to acute
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temic shunting procedures have been described, all with
their own advantages and disadvantages.

Table 2 Major complications of endoscopic sclerotherapy in
[61]
children
(%)
Bleeding before treatment
Esophageal ulceration
Stricture formation
Recurrent varices

Sclerotherapy and ligation therapy: Sclerotherapy and
band ligation therapy work by physical obliteration of
esophageal varices. Bleeding may occur during the several weeks required to complete the obliteration. Most importantly the principal problem of portal hypertension
is not addressed. Despite these problems, endoscopic
therapy has been a mainstay of the treatment of esophageal varices, and there is significant amount of clinical
experience with these therapies in children.
The effectiveness of sclerotherapy has been studied
for both prevention of initial and subsequent bleeding episodes. Scleroptherapy, which has in general been
supplanted by band ligation, with the exception of very
young or small children in which band ligation may not
be feasible. Intravariceal, paravariceal, and some combination injection protocols have been used. A wide variety of sclerosing agents have been used without a clear
cut difference in their efficacy or adverse side effects. A
meta analysis of seven studies and 748 patients revealed
mortality rates of 47% in the sclerotherapy group and
61% in the conservatively managed group. A variety of
complications have been reported (Table 2).
Retrosternal pain, bacteremia, and fever post treatment are common. Esophageal ulceration may occur
after sclerotherapy, and the associated symptoms may be
ameliorated with sucralfate slurry therapy.
The range of complications associated with sclerotherapy has prompted the development of alternative
endoscopic methods such as band ligation. This technique involves suctioning of a varix into the end of an
endoscope so that a rubber band can be placed around
the varix leading to thrombosis. Direct comparisons of
endoscopic sclerotherapy and variceal ligation in adult
patients have yielded results in favor of ligation. Similar
results have been reported in children by Zargar et al.
The major advantage of variceal ligation is avoidance
of needle injection of varices, which appears to reduce
the rate of complications. In addition, variceal ligation
appears to lead to obliteration in fewer sessions and is
associated with lower rate of rebleeding.

39
29
16
8

variceal hemorrhage. The reluctance to perform emergency surgery partly stems from its associated high mortality but also from concerns of an increased incidence
of encephalopathy and greater difficulty for subsequent
liver transplantation. The surgical procedures available
can be divided into transection, devascularization, and
portosystemic shunting. The first two techniques are
rarely used and work by interrupting blood flow through
the esophagus. Liver transplantation may be an effective means of treating esophageal variceal bleeding if
an acceptable organ can be procured quickly enough.
Variceal embolization via a percutaneous transhepatic
or transsplenic approach has been advocated by some
hepatologists as another method of controlling acute
hemorrhage. Transjugular intrahepatic portosystemic
shunt (TIPS) placement may be the optimal approach
for intractable bleeding since it does not require surgery
or puncture of an organ that is predisposed to hemorrhage. A catheter is inserted into the jugular vein and is
advanced into the hepatic vein where a needle is used
to form a tract between the portal vein and the hepatic
vein. This tract is expanded with a balloon angioplasty
catheter, and a stent is then placed forming a permanent
portosystemic shunt. The experience in children is limited. Size limitations and local expertise may be limiting
factors in some cases, but given the high risk associated
with emergency surgery or the use of SSBT, TIPS may
be the treatment of choice in the emergent setting, especially when liver transplantation is imminent.
Secondary prophylaxis: The long term management
of portal hypertension in children with a previous episode of variceal bleeding is complex. One must take into
consideration several factors; first the natural history;
as discussed earlier, there are significant differences in
the setting of minimal and inactive versus active and
progressive hepatic disease. As a result, certain individuals may have the possibility of outgrowing their portal
hypertension through the development of spontaneous
portosystemic shunts, whereas other might be expected
to develop end-stage liver disease and ultimately be candidates for liver transplantation. The second issue stems
from the great diversity in therapeutic modalities. The
physiologic goal of pharmacologic therapy varies from
program to program (i.e, change in heart rate, hepatic
portal venous gradient pressures, etc). Sclerotherapy may
be administered with a wide variety of agents and by
two different techniques (i.e, intra or para variceal). Endoscopic band ligation offers an important and generally
safer alternative. Finally, at least six different portosys-
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Portosystemic Shunting: A variety of procedures have
been used to divert portal blood flow and decrease portal blood pressure: (1) Mesocaval Shunts: formed with
the insertion of a graft between the superior mesenteric
vein and the inferior vena cava; (2) Portacaval Shunts:
formed by side-to-side anastomosis of the portal vein
and the inferior vena cava; and (3) Distal Splenorenal
Shunt: formed by end-to-side anastomosis of the splenic
vein and the left renal vein.
The portacaval shunt diverts nearly all the portal
blood flow into the subhepatic inferior vena cava. This is
very effective decompressing the portal system, but also
diverts a significant amount of blood from its normal
hepatic metabolism, predisposing to the development
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procedural modifications must be undertaken in small
children. Long term shunt occlusions limit the overall
application of this efficacious therapy, although newer
data with coated stents may improve long-term patency
rates for TIPS.

[63,64]

Table 3 Results of portosystemic shunting in children
Type of portal hypertension No. of patients
Extrahepatic
Intrahepatic

292
76

Rebleeding

Mortality

45%
50%

5%
53%

CONCLUSION

of hepatic encephalopathy. Decreased hepatic blood
flow theoretically also may lead to worsening of underlying liver disease. An intermediate shunt can be made
by placing a graft between the mesenteric or portal vein
and the vena cava. This decompresses the portal system
while allowing a greater amount of portal blood flow
into the liver. The use of grafts unfortunately is associated with increased risk of thrombosis and many times
with worsening retrograde flow.
Another approach involves diversion of splenic blood
flow into the left renal vein, which can be done nonselectively (central) or semiselectively (distal splenorenal shunt).
A substantial pediatric experience with surgical portosystemic shunting has been accumulated over the past
20 years. The results are clearly different in patients with
extra-or intrahepatic portal hypertension (Table 3).
An alternative shunting procedure for children with
extrahepatic portal vein thrombosis is the meso-Rex
bypass, this procedure involves the placement of an autologous venous graft from the mesenteric vasculature
to the left intrahepatic portal vein. One of the major
advantages of this approach is the restoration of normal
portal blood flow, which eliminates the risk of hepatic
encephalopathy and should preserve hepatic function.
The selection of patients for this procedure is not clear
both from a clinical indication and surgical feasibility,
and some have advocated that this procedure be considered in all children with portal vein thrombosis. Standard
diagnostic imaging may not clearly indicate whether
there is patency of the intrahepatic portal vein, and the
potential in this group of children for hypercoagulable
states must be kept in mind.
In stark contrast to the excellent results in portal vein
thrombosis, there are generally poor results of portosystemic shunts in children with decompensated liver
disease. The incidence of recurrent bleeding and death
approaches 50%. Hepatic encephalopathy is a frequent
and serious complication of portosystemic shunting in
decompensated liver disease, and studies have failed to
show improvement in long-term survival in patients with
intrahepatic disease.
Overall, surgical portosystemic shunting is an excellent approach to the long-term management of children with intractable variceal bleeding in the setting of
compensated cirrhosis. In addition, significant gastric
variceal hemorrhage in children may be an indication to
consider surgical shunting. TIPS may be an alternative
shunting procedure for children with refractory bleeding and serves as an effective bridge to transplantation. The procedure is typically feasible, with published
success in children as small as 14 kg, although special
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The approach to acute variceal hemorrhage in children
is a stepwise progression from least invasive to most invasive. Surveillance endoscopy is predicated on the availability of an efficacious primary prophylactic therapy.
Beta-blocker therapy is accepted primary prophylactic
therapy in adults, and endoscopic ligation therapy is
also gaining acceptance. Preliminary data in children
appear to indicate that this approach is feasible, but
further studies are needed before a wide-spread recommendation for children can be endorsed. Therefore,
surveillance endoscopy and primary prophylaxis are not
generally be indicated in children with portal hypertension who have not had a variceal bleed. Special medical
and or social circumstances in which an initial bleeding
episode may be particularly dangerous could justify this
approach.
Management of acute variceal bleeding is more
straightforward. Initial interventions should include
stabilization of the patient, placement of a nasogastric
tube, and institution of antibiotic therapy. Diagnostic
and/or therapeutic endoscopy should be scheduled as
soon as it is safe and feasible. In the interim, pharmacologic treatment with either a vasodilator or octreotide is
indicated and may facilitate endoscopic therapy. Intractable and severe hemorrhage should be treated by TIPS.
The long term approach to prevention of recurrent
variceal bleeding in children must be adapted for the
etiology of portal hypertension, the needs of the specific patient, and the particular skills of the institution.
The approach to extrahepatic portal vein obstruction
is evolving. In general, the unpredictability of the timing of the sentinel bleeding episode and the low incidence of mortality associated with that episode make
prophylactic therapy inadvisable. Enthusiasm for the
utilization of the meso-Rex shunt is increasing because
of the physiologic nature of the procedure, and should
be considered for children with extrahepatic portal vein
thrombosis and cavernous transformation and a normal
liver. The long term management of portal hypertension
in the child with biliary atresia is more complex. In patients with incomplete bile drainage, liver transplantation
appears to be inevitable and should be the major focus
of therapeutic intervention. Temporizing measures for
these children may include band ligation therapy and
TIPS. Biliary atresia patients who have a more successful
response to Kasai portoenterostomy, have a more favorable long term outlook. Variceal hemorrhage may be
followed by a relatively long term survival with medical
intervention. Recurrent bleeding might be amenable to
portosystemic shunting as opposed to transplantation.
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The approach to patients with more slowly progressive
intrahepatic disease is more difficult to generalize.
Well-conceived multicenter trials are required to determine whether the principals that have been developed
in adults can be extrapolated to children.
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Pros and cons of colonoscopy in management of acute
lower gastrointestinal bleeding
Dekey Y Lhewa, Lisa L Strate
in the hospitalization, can decrease hospital length of
stay, rebleeding and the need for surgery. However,
results from available small trials are conflicting and
larger, multicenter studies are needed. Compared to
other management options, colonoscopy is a safe procedure with complications reported in less than 2% of
patients, including those undergoing urgent examinations. The requirement of bowel preparation (typically
4 or more liters of polyethylene glycol), the logistical
complexity of coordinating after-hours colonoscopy,
and the low prevalence of stigmata of hemorrhage
complicate the use of colonoscopy for LGIB, particularly in urgent situations. This review discusses the above
advantages and disadvantages of colonoscopy in the
management of acute lower gastrointestinal bleeding
in further detail.
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Abstract

Key words: Colonoscopy; Acute lower gastrointestinal
bleeding; Management; Diagnostic yield; Therapeutic
intervention; Outcomes; Colon preparation; Stigmata
of hemorrhage

Acute lower gastrointestinal bleeding (LGIB) is a frequent gastrointestinal cause of hospitalization, particularly in the elderly, and its incidence appears to be
on the rise. Endoscopic and radiographic measures
are available for the evaluation and treatment of LGIB
including flexible sigmoidoscopy, colonoscopy, angiography, radionuclide scintigraphy and multi-detector
row computed tomography. Although no modality has
emerged as the gold standard in the management of
LGIB, colonoscopy is the current preferred initial test
for the majority of the patients presenting with hematochezia felt to be from a colon source. Colonoscopy
has the ability to diagnose all sources of bleeding from
the colon and, unlike the radiologic modalities, does
not require active bleeding at the time of the examination. In addition, therapeutic interventions such as
cautery and endoclips can be applied to achieve hemostasis and prevent recurrent bleeding. Studies suggest
that colonoscopy, particularly when performed early
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row CT scanning (MDCT) has shown promising results
with localization of bleeding in 50%-100% of select cases[16,18,19]. Angiography is less sensitive than radionuclide
or MDCT scan and therefore is infrequently utilized as a
front line test. In a collected series of 247 patients reported by Browder et al[20], angiography demonstrated a bleeding site in 72% of patients whereas a retrospective chart
review study by Cohn et al[21] yielded only 35% positive
angiographic findings. In addition, it is important to note
that colonoscopy is generally required following radiographic tests, whether positive or negative, to confirm the
source of bleeding and to exclude colorectal malignancy
or other serious diagnoses. Therefore, colonoscopy is
the most efficient initial test for the majority of patients
with LGIB who can be stabilized and can undergo colon
preparation.
Few studies have directly compared colonoscopy to
radiographic interventions. In a study by Jensen et al[22],
emergency colonoscopy and upper endoscopy as well as
emergency angiography were performed in 22 patients
with severe bleeding. In the 17 patients with lower intestinal sources of bleeding, the diagnostic yield of colonoscopy was 82% vs 12% for angiography[22]. Similarly, in
a retrospective study by Strate et al[23], initial colonoscopy
within 24 h of admission offered a diagnostic yield of
85% vs 45% for initial scintigraphy and angiography.
The timing of colonoscopy also may have an effect
on diagnostic and therapeutic outcomes. Several studies
indicate that urgent colonoscopy, or colonoscopy within
12-24 h of presentation, may improve the diagnostic and
therapeutic yield of colonoscopy in LGIB. In a prospective study, Jensen et al[6] identified stigmata of hemorrhage in approximately 20% of patients with diverticular
bleeding undergoing urgent colonoscopy. Subsequent
endoscopic treatment significantly reduced the rate of
rebleeding and surgery compared to historical controls.
In a trial by Green et al[7] of colonoscopy following bowel
preparation within 12 h vs elective colonoscopy (within
74 h), a definitive bleeding source was identified in 42%
of patients undergoing urgent colonoscopy vs 22% in
those undergoing elective colonoscopy. Most recently,
in a trial of colonoscopy within 12 h vs colonoscopy in
36-60 h, Laine et al[24] found no differences in outcomes
including the number of diagnoses. However, 78%
of colonoscopies were diagnostic in the urgent group
compared to 67% in the elective group, and the only 2
stigmata of hemorrhage were both identified in patients
with diverticulosis undergoing urgent colonoscopy[24].
For patients undergoing colonoscopy, once a diagnosis is made, endoscopic hemostasis can be carried out
depending on the source. Epinephrine or saline injection, thermal contact, argon plasma coagulation, clipping
and band ligation are available therapeutic modalities. A
review of published series by Strate et al[12] showed that
endoscopic therapy was applied to 10% to 40% of patients undergoing colonoscopy for LGIB and the most
common intervention was thermal contact plus injection. Their review of 71 cases of diverticular bleeding
treated with endoscopically placed hemoclips showed

INTRODUCTION
Acute lower gastrointestinal bleeding (LGIB) is a disorder frequently encountered by gastroenterologists,
surgeons and internists. Hospitalization for LGIB in the
1990s was estimated to occur at an incidence of 20.5 per
100 000 person-years[1]. The incidence of LGIB may be
rising concomitant with the aging of our population and
the increasing use of aspirin/non-steroidal anti-inflammatory drugs and anticoagulants[2]. LGIB is associated
with significant mortality, health care costs and increased
length of hospitalization, emphasizing the need for effective evaluation and treatment[2-4].
Currently, physicians managing LGIB have a number
of different diagnostic and therapeutic options to choose
from, ranging from radiographic interventions such as
radionuclide scintigraphy and angiography to colonoscopy and flexible sigmoidoscopy. Although no modality
has emerged as the gold standard in the management of
LGIB, colonoscopy has several advantages and is generally regarded as the preferred initial test in the majority
of cases. The advantages are as follows: (1) ability to
identify bleeding source regardless of rate or presence
of bleeding; (2) multiple therapeutic possibilities; (3) efficiency given diagnostic and therapeutic potential; (4)
irrespective of initial testing, colonoscopy is required for
definitive diagnosis; and (5) safety. Disadvantages are as
follow: (1) requirement for colon preparation; (2) need
for sedation, experienced staff and endoscopy facilities;
(3) low prevalence of stigmata of hemorrhage; (4) invasive nature; and (5) rare but serious complications.
This article will explore the advantages and disadvantages of colonoscopy in the management of LGIB.

PROS OF COLONOSCOPY
Potential for diagnosis and therapeutic intervention
A major advantage of colonoscopy over other management options is the potential for diagnosis and therapeutic intervention even in the absence of ongoing bleeding.
This is important given the often intermittent nature of
LGIB and slow bleeding from diffuse mucosal sources
such as colitis. In contrast, the radiographic alternatives
including angiography, radionuclide scintigraphy and
computed tomography (CT) require active bleeding at
the time of the examination in order to identify and treat
the source of bleeding, and are useful only in a subset
of patients with severe ongoing bleeding. It is therefore
not surprising that the diagnostic yield of colonoscopy
exceeds that of the radiographic modalities.
Studies have shown a diagnosis is made in 74%-100%
of patients with LGIB undergoing colonoscopy (Table 1)[5-11].
A pooled analysis by Strate et al[12] of six recent studies of
colonoscopies following bowel preparation for LGIB
found a composite diagnostic yield of 91% for colonoscopy. In comparison, in radionuclide scanning, a commonly
used radiological diagnostic modality in LGIB, scans were
positive in 40%-70% of patients with accuracy ranging
from 35%-100%[13-17]. In small case series, multidetector
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Table 1 Comparison of management options for lower gastrointestinal bleeding (%)
Procedure

Diagnosis

Therapy

Early rebleeding

Major complications

Colon preparation

Requires active bleed

Colonoscopy[5-8]
Sigmoidoscopy[9-11]
Angiography[20,21,26-29]2
Radionuclide scan[13-15]
Multi-detector CT scan[16,18,19]

74-100
About 10
23-72
40-73
24-94

8-37
0-20
14-100
N/A
N/A

0-241
0
1-57
N/A
N/A

0-2
Rare
0-60
Rare
0%-11%

Yes
Minimal
No
No
No

No
No
Yes
Yes
Yes

N/A: Not available; CT: Computed tomography. 1Early rebleeding in patients who had undergone endoscopic therapy for diverticular bleeding; 2Therapy,
rebleeding and complications refer to superselective embolization only. It is difficult to determine the frequency of superselective embolization use because
most series only report patients who receive therapy.

particular promise with a homeostasis success rate of
100% and with no complications.

copy was associated with a shorter length of stay [hazard
ratio (HR) 2.02, 95% CI: 1.5-2.6, P < 0.0001] even when
adjusted for other factors. Similarly, Schmulewitz et al[30]
also showed that having a colonoscopy was associated
with reduced hospital length of stay (HR 1.54, 95% CI:
of 1.2-1.8), and mean length of hospital stay was significantly shorter in patients undergoing colonoscopy
within 24 h compared to more than 24 h (5.4 d vs 7.2
d, P < 0.008). Since hospital days are a major source of
charges in LGIB this could have a significant economic
impact. In a cost analysis study, Jensen et al[31] estimated
that urgent colonoscopy was associated with an average
savings of $10 065 per patient compared with medical,
angiography and surgical management; although this
number likely overestimates the degree of cost savings
due to other trends in care such as shorter hospital stay,
and a recent randomized trial found no difference in
hospital charges in patients undergoing urgent vs elective
colonoscopy[24]. Overall, colonoscopy, particularly when
performed early in the hospital course, has the potential
to improve outcomes such as rebleeding, surgery and
length of stay, but larger randomized trials are needed to
better define its efficacy.

Improved outcomes
It is important to note that in most cases, diagnosis
needs to be followed by therapeutic maneuvers in order
to alter outcomes in patients with LGIB. Early colonoscopy has shown particular promise in this regard in
patients with diverticular bleeding. In a study by Jensen
et al[6], patients undergoing endoscopic hemostasis for
diverticular stigmata with epinephrine plus/minus thermocautery had significantly lower rates of rebleeding
and surgery when compared to historical controls who
did not receive endoscopic treatment. Indeed, none of
the endoscopically treated patients experienced re-bleeding. In addition, length of hospital stay was significantly
shorter in the colonoscopy treatment group (P < 0.001).
Subsequent randomized trials for all sources of severe LGIB have yielded less positive results. However,
these trials were small and the lack of significant findings
may have been the result of inadequate power or other
methodological issues. In the Green et al[7] trial, patients
were randomized to urgent colonoscopy within 8 h or
standard of care which was elective colonoscopy within
4 d of admission. As noted above, the diagnostic yield
was superior in the urgent colonoscopy group. Other
outcomes such as rebleeding, surgery and number of
blood transfusions showed a trend in the favor of urgent
colonoscopy but did not reach statistical significance.
Also of note, only 36% of colon preparations were
noted to be “excellent”, which may also have affected
the efficacy of urgent colonoscopy. Laine et al[24] also
did not find that urgent colonoscopy improved major
outcomes compared to delayed colonoscopy. In addition
to the small number of patients in their study (the study
was stopped early with only 36 patients in each arm vs
the planned 134 patients), patients in the urgent colonoscopy arm also appeared to have more severe bleeding
which may have made it more difficult to detect a favorable difference.
A number of observational studies indicate that
urgent colonoscopy reduces hospital length of stay. In
a retrospective study of patients admitted with LGIB,
Strate et al[25] looked at the impact of time to colonoscopy on hospital length of stay in patients presenting with
LGIB. They found that earlier performance of colonos-
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Safety
Colonoscopy with or without intervention for LGIB is
considered a safe procedure. In a review of 4 studies
with 664 patients, there were 2 perforations for an overall complication rate of 0.3% for colonoscopy and 0.6%
for colonoscopy performed urgently[12]. Other potential
risks in addition to bowel perforation include congestive
heart failure secondary to volume overload, electrolyte
abnormalities and aspiration pneumonia. Also of note,
in a review of 137 cases of endoscopic treatment for
diverticular hemorrhage using a variety of modalities,
there were no reported complications [12]. Complications are noted more frequently in patients undergoing
angiography. The risks of bowel ischemia and cardiac
arrhythmia seen with vasopressin infusions have been
ameliorated with newer superselective embolization
techniques. However, in a review of 20 studies utilizing superselective embolization for control of LGIB,
minor complications were seen in 26% of patients and
major complications requiring surgery or resulting in
death were seen in 17%[12]. Another significant concern
for both angiography and MDCT is renal compromise
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secondary to contrast dye load. In the small amount of
literature on MDCT there have been 2 reports of renal
failure in patients with diabetes who also underwent angiography[19].

tions for LGIB.
Sedation, experienced staff and procedure facilities
Colonoscopy generally requires sedation given by trained
professionals in a monitored location such as an intensive care unit or an endoscopy suite. Specialized support
staff is also helpful to aid the gastroenterologist with
the colonoscopy. These factors add to the complexity of
coordinating the procedure, particularly on nights and
weekends. However, angiography also requires sedation,
an interventional radiologist, support staff and a specialized procedure suite. Indeed, in their study of utilization
of early colonoscopy vs radiography in severe lower intestinal bleeding, Strate and Syngal found that the median times from admission to colonoscopy or angiography
were similar (median of 17 h for colonoscopy vs 14 h for
angiography)[23].

CONS OF COLONOSCOPY
Colon preparation
Cleansing the colon of stool and blood prior to colonoscopy for management of LGIB is imperative, difficult to
accomplish, and unique to endoscopic interventions for
LGIB. Colonoscopy preparation is necessary for complete examination to the cecum. Studies of unprepped
colonoscopy in LGIB report examinations to the cecum
in only 55%-70% of cases[32-34]. Unprepped colonoscopy
may increase the risk of perforation due to poor visualization. The identification of subtle bleeding sites, which
are often among multiple lesions as is the case in diverticular hemorrhage, the most common source of LGIB,
is contingent on removal of excess debris. In a prospective study by Jensen et al[6] on urgent colonoscopy in
severe diverticular bleeding, active bleeding was detected
in 21% of cases in the urgent colonoscopy arm and endoscopic hemostasis was achieved in 100% of the cases.
The excellent results may have been due, in part, to their
aggressive bowel preparation regimen. This regimen
required 5-6 liters of sulfate purge over 3-4 h with 33%
receiving the purge through a nasogastric tube. However, achieving consistently excellent bowel preparations,
particularly in the urgent setting for LGIB, is difficult.
The 4 or more hour time frame required for preparation may delay colonoscopy examinations until afterhours when nursing support and endoscopic facilities
are not available. Thus, colon preparation makes urgent
colonoscopy logistically complicated. Even under highly
regulated study situations, colon preparations have been
suboptimal in a high percentage of patients. In Green
et al[7]’s study, endoscopic view was rated poor to fair in
62%-64% of patients (62% in elective arm and 64% in
urgent arm). Laine et al[24] did not comment on the quality of the colon prep in their study but did report that
7% of their patients required a second colonoscopy due
to poor bowel prep (2 in the urgent arm and 3 in the
elective arm). In these two studies poor colon preparation has been cited as a reason for the lack of significant
findings in favor of the colonoscopy arm[35,36].
As mentioned above, aggressive bowel preparation
requires a large volume of bowel preparation, often up
to 6-8 liters. Rarely, this can lead to volume overload and
electrolyte abnormalities such as hyponatremia[37]. There
is also the risk for aspiration, especially when the prep is
rapid or the patient is at risk for aspiration. The need for
colon preparation makes colonoscopy for LGIB more
complicated than esophagogastroduodenoscopy (EGD)
for upper gastrointestinal bleeding, and is likely one of
the main reasons it has not been equally embraced. Also,
the need for colon prep clearly sets colonoscopy for
management of LGIB apart from radiological interven-
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Urgent vs delayed performance of colonoscopy
The optimal timing of colonoscopy remains an area of
controversy. As noted above, some studies suggest that
performing colonoscopy within the first 12-24 h of hospital admission aids in the identification and treatment
of the bleeding source. However, the two published randomized controlled trials of LGIB showed no difference
in important clinical outcomes such as rebleeding and
surgery[7,24]. Unfortunately, none of these studies was adequately powered to detect a statistically significant difference in important clinical outcomes, and the utility of
urgent colonoscopy remains uncertain. The conflicting,
albeit flawed, evidence paired with the practical issue of
colon preparation make it difficult for clinicians to embrace urgent colonoscopy. Based on available literature,
there is no specific time threshold for colonoscopy, but
rather colonoscopy should be performed after a thorough bowel preparation, and more urgently in patients
with signs of significant or ongoing bleeding as stigmata
are rarely identified in delayed examinations[7,24].
Low prevalence of stigmata of hemorrhage
The identification and treatment of the bleeding source
is the goal of urgent interventions for GI bleeding particularly when severe. Diagnostic interventions alone are
unlikely to alter significant outcomes such as rebleeding
and need for surgery. However, stigmata are infrequently
identified in the colon. Studies report stigmata of hemorrhage in 7.7% to 43% of cases [5,30]. The colon has
a large and complex surface area, often with multiple
potential sources. In addition, bleeding tends to be intermittent in nature and it can be difficult to differentiate
fresh blood from old blood and stool. Therefore, the
effort entailed in orchestrating an urgent colonoscopy
may be perceived as great in relation to the gain. Decision aids and predictive models have the potential to
improve the utility of urgent colonoscopy for LGIB by
identifying patients who are most likely to have ongoing
bleeding and stigmata of hemorrhage and hence benefit
from intervention. Three studies to date have aimed at
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identifying high risk patients with LGIB with reasonable
accuracy[38-40]. However, the use of these tools in routine
practice has not been studied and they have not been
widely embraced.
In addition to the low prevalence of stigmata, a
substantial subset of patients (up to 20%) presenting
with hematochezia and presumed LGIB will ultimately
be found to have bleeding from the upper or small
bowel[22,24]. An EGD or nasogastric lavage is necessary in
briskly bleeding patients to begin to exclude these possibilities. In small bowel bleeding, colonoscopy and upper endoscopy serve only to exclude these areas of the
bowel as bleeding sources, and these patients generally
require a number of procedures for diagnosis[41].

nuclide scan. Albeit imperfect, current data indicate that
colonoscopy offers more advantages than other management options and should be the initial modality in the
majority of patients with LGIB. Further prospective
randomized studies are needed to more clearly define
the optimal timing of colonoscopy in LGIB and its role
relative to other available options including radionuclide
scanning, angiography and MDCT scanning.
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Abstract
Although most cases of acute nonvariceal gastrointestinal hemorrhage either spontaneously resolve or
respond to medical management or endoscopic treatment, there are still a significant number of patients
who require emergency angiography and transcatheter
treatment. Evaluation with noninvasive imaging such
as nuclear scintigraphy or computed tomography may
localize the bleeding source and/or confirm active
hemorrhage prior to angiography. Any angiographic
evaluation should begin with selective catheterization
of the artery supplying the most likely site of bleeding,
as determined by the available clinical, endoscopic and
imaging data. If a hemorrhage source is identified, superselective catheterization followed by transcatheter
microcoil embolization is usually the most effective
means of successfully controlling hemorrhage while
minimizing potential complications. This is now wellrecognized as a viable and safe alternative to emergency surgery. In selected situations transcatheter
intra-arterial infusion of vasopressin may also be useful
in controlling acute gastrointestinal bleeding. One must
be aware of the various side effects and potential complications associated with this treatment, however, and
recognize the high re-bleeding rate. In this article we

WJG|www.wjgnet.com

Walker TG, Salazar GM, Waltman AC. Angiographic evaluation
and management of acute gastrointestinal hemorrhage. World J
Gastroenterol 2012; 18(11): 1191-1201 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i11/1191.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i11.1191

INTRODUCTION
Most cases of acute nonvariceal gastrointestinal hemorrhage resolve spontaneously and of those that do not,
the majority respond to conservative medical management measures such as fluid resuscitation, correction
of any coagulopathy and administration of blood
products[1]. In those cases that are refractory to medical
management, endoscopy is the mainstay for diagnosis
and treatment. However, there is a subset of patients
in whom endoscopic management is ineffective, and
imaging evaluation with an accompanying alternative
intervention is necessary for bleeding control because
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of recurrence or massive hemorrhage[1]. Localization and
characterization of the bleeding source are important in
determining the appropriate intervention, as treatment
options range from minimally invasive catheter-directed
therapy to extensive surgical resection. Although there
has generally been a decline in the number of patients
who present with acute gastrointestinal hemorrhage requiring angiography and/or transcatheter intervention,
there are still patients who are unresponsive to either
medical or endoscopic management and thus require
emergency angiographic evaluation and possible transcatheter treatment.
The alimentary system is subdivided into the upper
and lower gastrointestinal tracts and thus gastrointestinal
hemorrhage is subcategorized according to the location
of bleeding. The upper gastrointestinal system extends
from the esophagus to the ligament of Treitz, while the
latter includes the small bowel, colon and rectum. The
distinction is important, as there are some characteristics
that are relatively unique to each location and these may
affect and determine the therapeutic approach to the
particular bleeding source. Thus establishing the specific
location of the bleeding as well as the etiology is critical
to the treatment of patients with massive or recurrent
gastrointestinal hemorrhage. Unfortunately the diagnosis
can often be challenging because of the intermittent nature of gastrointestinal bleeding.

A

B

Figure 1 Example of a bleeding colonic diverticulum. A: Arterial phase
of a superior mesenteric artery arteriogram, obtained in a patient with acute
lower gastrointestinal (GI) bleeding and a prior history of diverticulitis shows
a rounded contrast collection (white arrow) arising from a branch of the right
colic artery; B: In the later arterial phase the collection (white arrowhead) has
increased in size but maintains the rounded configuration. The extravasated
contrast medium is pooling in a colonic diverticulum, indicating that diverticular
hemorrhage is the etiology of the lower GI bleeding.

PATIENT EVALUATION AND
MANAGEMENT
The initial management of a patient with acute gastrointestinal hemorrhage should be directed at stabilization
through administration of fluids and blood products,
correction of coagulation abnormalities, placement of
appropriate intravenous access lines and insertion of
a nasogastric tube if needed. The vital signs should be
closely monitored for signs of active bleeding that may
manifest as tachycardia, hypotension and potential hypoxemia. Although persistent melena, hematochezia or
hematemesis may provide direct clinical evidence of active hemorrhage, hemodynamic instability despite vigorous resuscitation is the best indicator of active bleeding
that may be angiographically demonstrable.
Acute gastrointestinal hemorrhage far more frequently involves an upper than a lower gastrointestinal source,
with the former most commonly due to either peptic
ulcer disease or gastritis. The most common etiology of
lower gastrointestinal hemorrhage, in young adults, is
inflammatory bowel disease, while in patients older than
50 years, the cause is diverticulitis (Figure 1) and to a
lesser extent, angiodysplasia. The colon is the source of
lower gastrointestinal hemorrhage in 80% of individuals,
with the bleeding site originating in the ascending colon
in one-third, the transverse colon in another one-third,
and the remainder in the descending colon and rectosigmoid. A small bowel source of lower gastrointestinal
hemorrhage occurs in only 20% of patients.
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If an upper gastrointestinal bleeding source seems
most likely, endoscopy should be the initial diagnostic
study, as the source can usually be identified and treated
by the endoscopist. Unfortunately the endoscopic detection and treatment success rates in patients with lower
gastrointestinal hemorrhage are generally less than with
an upper source, particularly if rapid and significant
bleeding is present.

IMAGING PRIOR TO ANGIOGRAPHY
If a bleeding site cannot be identified endoscopically,
or if a catheter-based intervention is being considered
as a treatment option, obtaining imaging studies may be
helpful. In order to successfully demonstrate bleeding by
angiography, there must be active ongoing hemorrhage
at the time of the examination. Bleeding rates of 0.5-1.0
mL/min have traditionally been considered necessary in
order to angiographically demonstrate contrast extravasation[2], but digital subtraction angiography (DSA) may
be far more sensitive in detecting active extravasation
than was previously thought[3]. Given the well-recognized
intermittent nature of gastrointestinal bleeding, many
advocate obtaining other imaging before proceeding
directly to angiography unless there is massive ongoing
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Figure 2 A radionuclide Tc99m-labeled red blood cell scan obtained in a patient with acute lower gastrointestinal hemorrhage shows radioisotope accumulation in the left abdomen at 25 min (black arrow), which by 35 min has a small bowel location (black arrowhead) and by 50 min has distributed throughout
much of the small intestine (short black arrows). The study demonstrates that the bleeding source is in the small bowel, and thus serves to appropriately direct
either angiography or surgery.

hemorrhage or the patient is hemodynamically unstable.
Thus a patient may be first evaluated with a radionuclide
technetium99m-tagged red blood cell scan, as the nuclear
scintigraphy study can demonstrate active bleeding at
rates as low as 0.1 mL/min[4-6]. An arteriogram can be
obtained following a positive bleeding scan (Figure 2), as
a positive scintigram increases the likelihood of a positive angiogram from 22% to 53%[7]. The potential disadvantage of first obtaining a radionuclide study while
there is clinical evidence of active bleeding is that prior
to angiography the bleeding may cease during the delay
necessitated by the nuclear medicine scan. A potentially
useful algorithm to consider is to immediately perform
angiography in hemodynamically unstable patients, and
to first obtain nuclear medicine imaging in hemodynamically stable patients. This approach may potentially decrease the negative angiography examination rate.

trointestinal hemorrhage should begin with the selective
catheterization of the artery supplying the most likely
site of bleeding, as determined by the available clinical,
endoscopic and imaging data. Thus for suspected upper
gastrointestinal hemorrhage, the celiac artery should first
be evaluated (Figure 3), followed by the superior mesenteric artery (SMA), as the latter may contribute to a site
of upper gastrointestinal hemorrhage through the pancreaticoduodenal arcade. The lower gastrointestinal tract,
however, is the primary territory within the distribution
of the SMA. It supplies the small bowel and the ascending and transverse portions of the colon, while the inferior mesenteric artery (IMA) supplies the splenic flexure,
descending and sigmoid colonic segments as well as the
rectum and anus. An additional arterial supply to the
rectosigmoid and anus arises from the internal iliac arteries and this may become a dominant vascular pathway
if there is IMA occlusion. The SMA becomes another
collateral pathway in the presence of IMA occlusion and
may provide the entire arterial supply to the descending
and sigmoid colon via either the Arc or Riolan or the
marginal artery of Drummond. One should be aware of
the numerous mesenteric circulatory variations that may

ANGIOGRAPHIC EVALUATION OF ACUTE
GASTROINTESTINAL HEMORRHAGE
Any angiographic evaluation of a patient with acute gas-

WJG|www.wjgnet.com
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A

B

C

D

Figure 3 Angiographic diagnosis and transcatheter treatment of duodenal hemorrhage. A: Celiac digital subtraction angiography (DSA) arteriogram obtained in
a patient with copious bleeding seen endoscopically in the duodenum shows focal contrast extravasation (black arrow) arising from the gastroduodenal artery (GDA); B:
An image slightly later in the arterial phase of the DSA shows increasing extravasation (black arrow); C: The GDA was successfully coil embolized using microcoils (black
arrowheads) through a microcatheter; D: An superior mesenteric artery DSA arteriogram was performed after the coil embolization in order to exclude any additional
contribution to the duodenal hemorrhage from the pancreaticoduodenal arcade, as the duodenum has a rich collateral blood supply.

colonic arterial supply, particularly in the presence of
negative SMA and IMA arteriograms. If SMA, IMA, celiac, and internal iliac arteriography fail to either localize
active hemorrhage or to demonstrate all the mesenteric
vascular segments, then variant anatomy must be considered. There are known anomalous vessels that may arise
directly from the abdominal aorta, such as an anomalous
ileocolic artery or a middle mesenteric artery.
The classic angiographic finding denoting active gastrointestinal bleeding is extravasation of contrast material (Figure 5). Extravasation signifies a breach in the integrity of the arterial wall that permits the angiographic
contrast to freely exit from the vessel. Extravasated
contrast, therefore, does not have the typical tubular appearance of a vascular structure but instead distributes
irregularly and often without a pattern. It may sometimes pool within the gastric rugae or within bowel folds
or haustra so that the contrast assumes the appearance
of a vein, the “pseudo-vein sign” (Figure 6). This may
be differentiated from a true venous structure by the
unusual location and appearance, as well as by the persistence beyond the venous phase of the contrast injection.
Extravasation must also be differentiated from entities
that mimic its appearance, such as a hypervascular bowel
mucosa, adrenal gland vascular blush and DSA misregistration artifacts from bowel peristalsis or respiratory
motion. There are also angiographic findings other than
contrast extravasation that may be seen in certain patho-

LEFT

Figure 4 Inferior mesenteric artery digital subtraction angiography arteriogram shows the marginal artery of Drummond (black arrowheads),
which courses along the mesenteric border of the colon. There is retrograde filling of the left branch of the middle colic artery (black arrow), which
arises from the dorsal pancreatic artery (white arrow) as an anatomic variant.
There is also filling of pancreatic branches (long white arrows) along with partial
opacification of the splenic and hepatic arteries.

occur in the presence of occlusive disease. Furthermore,
congenital variant vascular anatomy must be considered
during the angiographic evaluation of gastrointestinal
bleeding. For example, the entire middle colic artery may
originate from the dorsal pancreatic artery in up to 2%
of patients (Figure 4). If this situation exists, a celiac
arteriogram may be required when investigating lower
gastrointestinal bleeding, in order to fully evaluate the

WJG|www.wjgnet.com

1194

March 21, 2012|Volume 18|Issue 11|

Walker TG et al . Angiography and management of acute GI hemorrhage

A

A

B

B

Figure 5 Contrast extravasation demonstrating location of lower gastrointestinal bleeding. A: Superior mesenteric artery arteriogram shows an amorphous contrast collection (black arrow) arising from the left branch (long black
arrow) of the middle colic artery; B: Later in the arterial phase the collection has
increased and is layering dependently in the colon, assuming the configuration
of the haustra. This extravasated contrast medium denotes the site of lower
gastrointestinal bleeding.

Figure 6 The pseudovein sign in gastrointestinal hemorrhage. A: Superior
mesenteric artery arteriogram shows a branching contrast collection (black arrows), overlying the gastric air shadow. The collection has the appearance of a
vascular structure such as a vein; B: A later image in the arterial injection shows
that the collection (black arrowhead) has a more amorphous appearance, and
represents extravasation. The former appearance is an example of the “pseudovein sign”.

logic conditions and are suggestive of the cause and/or
source of the gastrointestinal bleeding. In peptic ulcer
disease, for example, small contrast collections may be
seen within an ulcer crater, or may outline the gastric or
duodenal mucosa. The angiographic demonstration of a
gastric ulcer usually requires subselective catheterization
of celiac arterial branches such as the left gastric artery,
although the bleeding source may also potentially arise
from the right gastric artery, the short gastric artery, or
either the left or right gastroepiploic arteries. Additionally, the gastroduodenal artery may supply a bleeding
pyloric or duodenal ulcer.
Arterial pseudoaneurysm is another angiographic
abnormality that may be identified as a source of gastrointestional hemorrhage. These occur most frequently in
patients who have chronic pancreatitis. Hemosuccus pancreaticus refers to bleeding through the pancreatic duct,
and may be caused by an arterial pseudoaneurysm that
has resulted from chronic exposure of the arterial wall to
the inflammatory effects of the pancreatic digestive enzymes[8]. The weakened arterial wall may permit the intermittent bleeding that characterizes hemosuccus pancreaticus, or the pseudoaneurysm may catastrophically rupture
and cause acute massive, life-threatening intra-abdominal
hemorrhage. Contrast enhanced computed tomographic
angiography can be very effective in demonstrating these

characteristic pseudoaneurysms (Figure 7) and thus has an
increasingly important role in the diagnosis of acute gastrointestinal hemorrhage that is secondary to pancreatitis,
while angiographic transcatheter therapy provides the
best treatment option in these patients (Figures 8 and 9).
Given both the diffuse nature of the inflammatory process seen in pancreatitis, and the pancreatic arterial supply
from both the celiac artery and SMA, pseudoaneurysms
may be present involving either or both of these arteries
or their branches. The angiographic evaluation must thus
include both the celiac and SMA and transcatheter treatment may involve multiple sites. Surgical intervention is
very difficult in these patients because of the extensive
inflammatory process that characterizes this cause of
bleeding (Figure 10).
Arterial pseudoaneurysms may also be seen in patients
with chronic occlusive disease of the celiac artery, and involve the pancreaticoduodenal arteries (Figure 11). These
pseudoaneurysms are rupture-prone and may cause massive acute upper gastrointestinal hemorrhage. Because of
the occlusion of the origin of the celiac artery, the angiographic evaluation involves the selective catheterization
of the SMA, in order to image the pancreaticoduodenal
arcade. Any intervention, such as coil embolization, must
typically also be performed via an SMA access, although
there are cases in which a percutaneous route has been
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Figure 7 Upper gastrointestinal hemorrhage from pancreatitis related
pseudoaneurysm. A: Axial contrast-enhanced computed tomography (CECT)
scan, obtained in a patient who presented with hematemesis, shows pancreatic
calcifications (long black arrows) indicating chronic pancreatitis and an enhancing mass (black arrows) in the pancreatic tail; B: Coronal CECT shows the
rounded enhancing mass (black arrow) with surrounding inflammatory changes.
This is suspicious for a pancreatitis-related pseudoaneurysm as the source of
the upper gastrointestinal hemorrhage.

Figure 8 Transcatheter treatment of a pancreatitis related pseudoaneurysm. A: Selective splenic artery digital subtraction angiography arteriogram
shows that the pseudoaneurysm (white arrow) arises directly from the splenic
artery; B: Coil embolization of the pseudoaneurysm (black arrow) and of the
splenic artery (black arrowheads) both proximal and distal to the pseudoaneurysm was successful in controlling the hemorrhage. Arterial pseudoaneurysms
associated with pancreatitis have a significant risk of rupture; if this occurs there
is an extremely high mortality rate.

used to treat such an abnormality.
Angiodysplasia and arteriovenous malformations
(AVMs) of the bowel are characterized by the early and
prolonged opacification of a draining vein, accompanied by an abnormal tangle of vessels that may appear
as a blush (Figure 12). The simultaneous filling of the
feeding artery and the draining vein may give a characteristic “tram-track” sign. Although up to 80% of
angiodysplastic lesions are in the right colon, other parts
of the gut, particularly the lower small intestine, may be
affected. Angiodysplasia is relatively common in older
patients, aged 60 to 80 years, and may be an asymptomatic incidentally noted lesion identified at colonoscopy.
Because the dilated vessels are superficial, however, they
may bleed spontaneously and patients can either present
acutely with overt hemorrhage or insidiously with iron
deficiency anemia. Once bleeding has begun, recurrent
episodic hemorrhage or persistent iron deficiency anemia requiring repeated transfusion is not uncommon.
Symptomatic lesions may be effectively treated endoscopically with laser or heat coagulation or with sclerotherapy. These procedures are not risk-free in the thin
cecal wall and have been known to cause serosal irritation and post-treatment bleeding. For patients with repeated bleeding from intestinal vascular malformations,

pharmacological treatment using estrogens (e.g., 0.05
mg ethinyl estradiol and 1 mg norethisterone) can be effective in reducing transfusion requirements. Although
transcatheter arterial embolization of colonic angiodysplasia can be an effective treatment in emergencies[8-11], it
carries a significant risk of inducing colonic ischemia[12].
Definitive and curative treatment usually requires surgical resection.
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ANGIOGRAPHIC MANAGEMENT
OF ACUTE GASTROINTESTINAL
HEMORRHAGE
Transcatheter a��������
���������
rterial e�����������
������������
mbolization
Transcatheter arterial embolization is an effective means
of interrupting blood flow to the bleeding source, while
maintaining bowel viability. Although there is a risk of
bowel ischemia and/or infarction, the coaxial catheter
systems and the variety of available embolic agents that
are now used for embolotherapy allow for very selective and precise treatment, and thus have decreased the
incidence of these complications. Additionally, the gastrointestinal tract has a rich collateral blood supply, with
extensive vascular arcades that permit safe embolization
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Figure 10 Life-threatening hemorrhage from pancreatitis related pseudoaneurysm. A: Celiac digital subtraction angiography arteriogram obtained in a
patient with intermittent upper gastrointestinal bleeding and a history of chronic
pancreatitis shows an irregular caliber to the splenic artery (black arrows) and
a small pseudoaneurysm (white arrow). No intervention was performed at the
time of this examination; B: Two weeks after the celiac arteriogram the patient
presented with acute onset of severe abdominal pain and profound hypotension. Repeat angiography showed brisk contrast extravasation (black arrows)
from the splenic artery. Note the marked vasoconstriction (white arrows) of the
hepatic and splenic arteries due to the life-threatening hemorrhage.

Figure 9 Treatment of ruptured pseudoaneurysm with covered intravascular stent. A: Digital subtraction angiography arteriogram obtained in a patient
with upper gastrointestinal bleeding and a history of pancreatitis shows irregular
dilatation of the proximal superior mesenteric artery (black arrows) and contrast
extravasation (black arrowhead) consistent with pseudoaneurysm rupture; B:
The hemorrhage was successfully controlled with covered stent (white arrows)
placement.

if certain principles are observed. The objective of embolization therapy is to achieve a compromise between
selective arterial inflow reduction and maintenance of
collateral arterial blood flow. Arterial inflow must be sufficiently decreased to allow for hemostasis, but not to an
extent that causes complete devascularization. Achieving
a superselective embolization[11] in the presence of an
intact coagulation cascade is key to attaining a successful
outcome using this form of treatment.
In most of the early literature, embolization was
performed proximally in the visceral arteries because microcatheters facilitating superselective embolization were
not yet available. The technique that is currently used
for transcatheter arterial embolization involves the initial
placement of a larger caliber diagnostic catheter (4 or 5
Fr) into the main trunk of the feeding artery, followed
by coaxial introduction of a microcatheter. The latter is
the crucial step in modern embolization and requires the
superselective catheterization of the target artery using
a 3-Fr coaxial microcatheter over a 0.018 inch or 0.014
inch guidewire. The guidewire tip must be carefully advanced under fluoroscopic monitoring in a smooth and
controlled fashion in order to avoid vasospasm, dissection, or vessel perforation. Vasodilators such as verapamil (100-200 µg) or nitroglycerin (100-300 µg) may
be used to treat any vasospasm that may be induced by
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guidewire and/or microcatheter passage. Using the wire
as a guide, the catheter should travel closely behind and
eventually engage the target vessel.
The optimal level of embolization varies according
to the bleeding site. In general, embolization should not
be routinely attempted unless a microcatheter has been
advanced close to the bleeding point so that the embolic
agent can be deployed as selectively as possible. The risk
of infarction is related to both the embolic agent and the
proximity of embolization. In the colon, for example,
ischemia and infarction may result from embolization
of proximal branches supplying a large area of bowel or
embolization of multiple distal arteries that do not have
sufficient collateral flow. Submucosal collateral blood
flow may be preserved only when arteries to a short segment of bowel are embolized, so one should attempt to
occlude arteries to as limited a segment of bowel as possible. One must be aware that embolization in the setting
of prior gastrointestinal surgery or radiation therapy may
impose a greater risk of infarction because of the associated interruption of collaterals.
Various agents may be used for transcatheter embolization. The most commonly used agents include pledgets
of absorbable gelatin sponge (Gelfoam®, Pfizer, Inc., NY,
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microcoils. Gelfoam is a temporary agent and often cannot easily be deployed superselectively. A disadvantage
of the particulate agents is that small diameters may
reach the intramural circulation distal to the collaterals,
thereby risking bowel infarction, or may reflux into nontarget arteries.
The liquid embolic agents n-butyl cyanoacrylate,
known by the proprietary name Trufill® (Cordis Neurovascular, Miami Lakes, FL, United States), and liquid
polyvinyl alcohol copolymer (Onyx®, ev3 Neurovascular,
Irvine, CA, United States) have also been used successfully in treating gastrointestinal hemorrhage[13,14]. An advantage of liquid agents is that they may be used effectively
in very small caliber vessels. However, the operator must
be very familiar with the use of these agents, in order to
achieve optimal outcomes and minimize complications.

Figure 11 Digital subtraction angiography obtained with the catheter tip
(long black arrow) in the superior mesenteric artery shows tortuous and
dilated inferior pancreaticoduodenal arteries with at least two small pseudoaneurysms (black arrows). There is retrograde filling of the celiac arterial
branches via the inferior pancreaticoduodenal arteries arcade, because the celiac origin is occluded (white arrow). The pseudoaneurysms are at risk of rupture.

Technical �����������
c����������
hallenges ���
of �����������������������
t����������������������
ranscatheter a��������
���������
rterial e������������
�������������
mbolization
Because of the intermittent nature of gastrointestinal
hemorrhage, arteriography fails to demonstrate a distinct bleeding site in a considerable number of patients,
and thus embolization is not possible. Furthermore, a
negative arteriogram fails to guide emergency surgery
and delays operative decision-making. In such circumstances, some investigators have advocated provocation
of bleeding with vasodilators, anticoagulants, and/or
thrombolytics in association with tagged red blood cell
scans or angiography[15,16]. This may be appropriate for a
patient who has undergone multiple blood transfusions
and a prior exhaustive work-up that has failed to localize
the occult bleeding site. Additionally there must be no
contraindications to the administration of a thrombolytic agent. If provocative angiography is undertaken,
one should arrange for surgical backup in the event that
uncontrollable bleeding occurs.
Different methods of inducing bleeding and different rates of success have been reported. An optimal
protocol has yet to be established and the procedure has
also yet to become accepted by clinicians as part of the
evaluation of gastrointestinal bleeding. The technique
continues to evolve as experience and comfort with the
use of thrombolytic agents in the setting of nonlocalized
bleeding increases. One reported protocol used a combination of intravenous heparin, intra-arterial tolazoline,
and intra-arterial tissue-type plasminogen activator (t-PA)
to provoke bleeding. Doses used included 3000-10  000
U heparin, 25-100 mg intra-arterial tolazoline, and 10-50
mg intra-arterial t-PA (mean, 20.3 mg). The investigators
also noted that more patients had bleeding provoked after smaller rather than larger doses of t-PA[16]. Tolazoline
(Priscoline) was formerly used for a vasodilatory effect,
but was withdrawn from the United States market in
2002 by Novartis Pharmaceuticals, the sole manufacturer of this drug. Alternative intra-arterial vasodilators
that may be used include verapamil (100-200 µg) and
nitroglycerin (100-300 µg), with the former showing the
greater vasodilatory effects. In the authors’ practice, we
have occasionally used a similar transcatheter regimen, in

Figure 12 Magnified view from a superior mesenteric artery arteriogram
shows an area of abnormal vascularity (white arrowhead) in the cecal area,
with an early draining vein (long white arrow) paralleling the arterial inflow
(white arrow). This simultaneous filling of the feeding artery and draining vein is
known as the “tram-track” sign and is characteristic of angiodysplasia.

United States), particulate agents such as polyvinyl alcohol (e.g., Bead BlockTM, Biocompatibles
������������������������������
International,
Farnham, United Kingdom) ���������������������������
and other spherical agents
(e.g., Embospheres® BioSphere Medical, Inc., Rockland,
MA, United States; EmbozeneTM microspheres CeloNova BioSciences, Inc., Newnan, GA, United States)
and microcoils of various sizes and configurations.
Microcoils have the advantage of good radiopacity that
allows for a precise deployment permitting reduction of
the arterial perfusion pressure to the bleeding site while
preserving sufficient collateral flow. The wide range of
coil sizes allows one to appropriately match the coil to
the target vessel diameter. Each microcoil is delivered sequentially, until hemostasis has been achieved. Intra-arterial microcoil placement is analogous to placement of a
surgical ligature. The coil physically occludes the vascular
lumen and causes a decreased perfusion pressure, while
the attached synthetic fibers maximize thrombogenicity.
Gelfoam pledgets and particulate agents may also be
used successfully, but are more difficult to control than
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A

ily localized at surgery if an embolization coil has been
placed distally in the arterial branch that supplies the lesion, so that it is palpable or visible to the surgeon[18].

B

Results of t����������������������
�����������������������
ranscatheter a��������
���������
rterial e�����������
������������
mbolization
The current technique of embolization in the treatment
of acute gastrointestinal hemorrhage successfully controls
bleeding in about 80%-90% of patients[19-23]. Recurrent
hemorrhage is infrequent, with the exception of angiodysplasia, AVMs and inflammatory lesions. Recurrences can
usually be angiographically re-evaluated and, if a bleeding
source is identified, treated with repeat embolization.
C

Complications of t����������������������
�����������������������
ranscatheter a��������
���������
rterial e�����������
������������
mbolization
Transcatheter arterial embolization for the treatment
of acute gastrointestinal hemorrhage is safe, with major
adverse events occurring in less than 2% of patients.
A fraction of patients embolized superselectively will
develop minor, asymptomatic and self-limited ischemic
changes such as small ulcers that can only be detected
incidentally via objective follow-up methods such as
endoscopy, pathologic surgical specimen or by a radiographic imaging examination. Additionally, superselective
microcoil embolization is unlikely to result in delayed infarction. If major bowel ischemia occurs several months
to years later, it is more likely to be attributable to a new
and acute insult such as thromboembolic disease affecting the mesenteric arterial bed.
Non-target embolization with microcoils is rare, as
the coils are introduced only after a microcatheter has
been successfully negotiated into the target vessel. One
must carefully choose appropriate sized microcoils however, as a coil that is oversized relative to the target vessel
may displace the microcatheter from its superselective
position. This could lead to deployment of the microcoil
in a non-target location (Figure 13). Similarly, undersized
coils may fail to adequately occlude the target vessel or
may lodge distal to the lesion that is to be treated.

Figure 13 Example of nontarget embolization during treatment of lower
gastrointestinal bleeding. A: Superior mesenteric artery arteriogram obtained
in a patient with lower gastrointestinal bleeding shows a focal contrast collection
(black arrow) arising from a branch of the ileocolic artery; B: A microcatheter
was introduced and was subselectively positioned with the tip (long black arrow)
immediately proximal to the focal extravasation and a microcoil (black arrow)
was placed; C: While attempting to place a second microcoil, the microcatheter
tip was displaced proximally resulting in coil placement in a nontarget location
(black arrowhead). Repeat digital subtraction angiography shows that the second coil is nonocclusive and the initially placed coil has successfully controlled
the bleeding source.

which a vasodilator and a dose of 5000 U intra-arterial
heparin and 5-10 mg intra-arterial t-PA were administered, with resultant provocation of bleeding that allowed
for subsequent successful transcatheter embolization.
Superselective embolization of the arterial supply
to the bleeding source may be technically demanding,
particularly in older patients who may have significant
atherosclerotic disease. The mesenteric vasculature and
the various arterial arcades are often tortuous, and the
smaller arteries are prone to vasospasm and care must be
taken to avoid dissection.
An arterial bleeding site may receive a dual blood
supply as a result of the rich collateral arcades that characterize the mesenteric circulation. One must therefore
catheterize and inject both potential sources of perfusion
to the lesion and be prepared to embolize two separate
vessels if necessary. Although this dual approach will
control the hemorrhage, it will also increase the risk of
bowel ischemia[17].
While angiodysplasia and AVMs may initially respond
to embolization, recurrent hemorrhage is frequent and, as
noted, surgical resection of the involved bowel segment
is often required. A small bowel AVM is much more eas-
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Vasopressin i���������������
����������������
nfusion t������
�������
herapy
Vasopressin (Pitressin) is a naturally occurring hormone
that causes constriction of both the mesenteric arteries
and of the smooth muscle of the bowel wall. The intraarterial transcatheter infusion of vasopressin proximal to
a mesenteric arterial bleeding site will reduce blood flow,
thereby lowering the perfusion pressure and permitting
clot formation at the lesion (Figure 14). There are several situations in which this form of treatment for gastrointestinal bleeding should not be used. These include
bleeding that originates from a large diameter artery
such as the gastroduodenal, splenic or proximal SMA
or which occurs at a site with a dual blood supply such
as the duodenum. It is also contraindicated in patients
who have severe coronary artery disease, extreme hypertension, limb ischemia or cardiac arrhythmias. Superselective embolotherapy is now used preferentially over
vasopressin infusion for treating gastrointestinal hemorrhage because embolization poses fewer risks and can
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Results of v�����������
������������
asopressin ����������������
i���������������
nfusion t������
�������
herapy
This form of therapy is particularly effective in controlling diverticular and gastric mucosal hemorrhage, with
initial success rates ranging from 60%-90%[24-27]. As previously noted, however, there is a very high rate of rebleeding that may be up to 50%.

A

Complications of v�����������
������������
asopressin ����������������
i���������������
nfusion t������
�������
herapy
Mild abdominal pain may occur at the initiation of the
infusion and should be closely monitored, as persistence and/or worsening can be an indicator of bowel
ischemia. If side effects develop during treatment, the
vasopressin can be tapered to a lower dose or may need
to be discontinued. Additional side effects and potential
complications of vasopressin therapy include angina,
myocardial infarction, hypertension, volume overload,
abdominal cramps, and mesenteric ischemia. Some of
the potential adverse effects may be treated or even
pretreated. The simultaneous administration of intravenous, sublingual or transdermal nitroglycerin may prevent or reverse the cardiotoxic side effects of vasopressin infusion[28].

B

CONCLUSION
Technical refinements and advances both in diagnostic
angiography and in transcatheter arterial embolization
have strengthened these options for the evaluation and
management of acute gastrointestinal hemorrhage that
is refractory to medical and endoscopic therapy. Highly
sensitive noninvasive imaging modalities such as nuclear
scintigraphy and contrast-enhanced computed tomography are extremely useful adjuncts to angiography as
they often can localize and characterize the bleeding
source, confirm active hemorrhage and aid in planning
an appropriate transcatheter intervention. Superselective catheterization using a coaxial system that allows for
microcoil embolization is an effective and safe alternative to emergency surgery. Other embolic agents such as
gelatin sponge, spherical particles and liquids also have
a role in transcatheter management of gastrointestinal
bleeding as do transcatheter therapies such as covered
stent placement and vasopressin infusion.

Figure 14 Vasopressin infusion therapy for lower gastrointestinal hemorrhage. A: Inferior mesenteric digital subtraction angiography arteriogram shows
contrast extravasation (black arrow) in the rectosigmoid colon, arising from a
branch of the superior hemorrhoidal artery (white arrow); B: Following transcatheter arterial vasopressin infusion, there is no longer any evidence of active
bleeding from the superior hemorrhoidal (white arrow) arterial distribution.

be completed more rapidly than a vasopressin infusion
protocol. Vasopressin may still be useful in certain situations, despite the numerous side effects and the high rebleeding rates. One may consider using vasopressin for
treating lesions that are inaccessible to a microcatheter,
for diffuse mucosal oozing, and for controlling multiple
sites of hemorrhage in high-risk surgical patients.
Technique of vasopressin infusion therapy
Vasopressin is typically infused into the central vessel
(e.g., celiac artery, SMA or IMA) that supplies the bleeding site via a catheter that has been placed proximally; to
avoid bowel ischemia and potential infarction, a distal
infusion should not be attempted. Vasopressin (100 U)
is mixed in 500 mL of normal saline and the infusion is
started at 0.2 U/min for 20 min using an arterial infusion pump set at 60 mL/min. If there is no cessation
of bleeding, the dose is increased by 0.1 U/min up to
a maximum of 0.4 U/min; each dosage change is followed by a repeat angiogram 20 to 30 min later to assess
the effectiveness[24]. If the bleeding stops, the catheter is
left in place for a 24-h infusion at the effective dosage,
with monitoring in the intensive care unit. After another
repeat angiogram shows control of bleeding, the vasopressin infusion is gradually reduced over 24 to 48 h and
then vasopressin is replaced with an infusion of normal
saline or 5% dextrose in water for 6-12 h.
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Abstract
Acute upper gastrointestinal bleeding (UGIB) is a gastroenterological emergency with a mortality of 6%-13%.
The vast majority of these bleeds are due to peptic
ulcers. Nonsteroidal anti-inflammatory drugs and Helicobacter pylori are the main risk factors for peptic
ulcer disease. Endoscopy has become the mainstay
for diagnosis and treatment of acute UGIB, and is recommended within 24 h of presentation. Proton pump
inhibitor (PPI) administration before endoscopy can
downstage the bleeding lesion and reduce the need for
endoscopic therapy, but has no effect on rebleeding,
mortality and need for surgery. Endoscopic therapy
should be undertaken for ulcers with high-risk stigmata, to reduce the risk of rebleeding. This can be done
with a variety of modalities. High-dose PPI administration after endoscopy can prevent rebleeding and
reduce the need for further intervention and mortality,
particularly in patients with high-risk stigmata.
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INTRODUCTION
Acute upper gastrointestinal bleeding (UGIB) is the most
common gastroenterological emergency and has a considerable morbidity and mortality. Management strategies
have changed dramatically over recent decades due to
the introduction of acid suppressive therapy [histamine-2
receptor antagonists and especially proton pump inhibitors (PPIs)] and endoscopic therapy. This review deals
with the current standards and future perspectives in
management of acute nonvariceal UGIB.

EPIDEMIOLOGY
The incidence rates of UGIB demonstrate a large geographic variation ranging from 48 to 160 cases per
100  000 population, with consistent reports of higher
incidences among men and elderly people[1-5]. Possible
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Table 1 Mortality rates in patients with upper gastrointestinal bleeding in various studies
Czernichow et al
Country
Year of publication
No. of patients
Mortality rate total (%)
Varices (%)
Peptic ulcer (%)

[5]

Paspatis et al

France
2000
2133
14.3
22.8
13.3

[4]

Van Leerdam et al

Greece
2000
353
5.6
21.4
2.6

The Netherlands
2003
769
13
16
14

%
31-67
7-31
4-20
3-12
4-8
2-8
2-8
3-19

explanations for the reported geographic variation in incidence are differences in definition of UGIB in various
studies, population characteristics, prevalence of ulcerogenic medication, in particular aspirin and nonsteroidal
anti-inflammatory drugs (NSAIDs), and Helicobacter pylori
(H. pylori) prevalence. Some but not all time-trend studies
have reported a significant decline in incidence of acute
UGIB, especially peptic ulcer bleeding, in recent years[1,3,6].
This decline is likely due to a combination of factors,
including decreasing prevalence of gastric colonization
with H. pylori[1], the use of eradication therapy in patients
with ulcer disease, and the increased use of PPI therapy,
both in general and in patients using aspirin and NSAIDs
in particular.
Despite the introduction of therapeutic endoscopy
and acid-suppressive therapy, the overall mortality of
UGIB has remained stable over recent decades and is
still 6%-14% in most studies (Table 1)[1,3-5,7]. The majority of deaths do not directly result from exsanguination,
but are related to poorly tolerated blood loss and resultant shock, aspiration, and therapeutic procedures. As
such, mortality from UGIB is strongly associated with
advanced age and presence of severe comorbidity. The
risk of mortality increases with rebleeding, which is thus
another major outcome parameter[5]. The incidence of
rebleeding in patients with UGIB shows a wide range
from 5% to more than 20%, depending on several factors[3,4]. These firstly include the etiology of the bleeding,
with rebleeding being more common in patients with
variceal bleeding (25%) and uncommon in patients with
small mucosal lesions such as Mallory-Weiss lesions. A
second factor that determines the frequency of rebleeding is the timing and use of adequate endoscopic therapy. There is strong evidence that the risk of rebleeding
is highest in the initial period of admission, and a 24-h
time frame for endoscopic therapy is internationally
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Di Fiore et al
France
2005
453
7.2
15.2
5

[7]

Theocharis et al
Greece
2008
353
6.5
9
4.2

[1]

Hearnshaw et al

[10]

United Kingdom
2010
6750
7.4
15
8.7

recommended as the optimal window of opportunity[8,9].
Mortality amongst those with recurrent bleeding is considerably higher, therefore, rebleeding must be prevented
whenever possible[8].
Peptic ulcer bleeding (PUB) is the most common
cause of UGIB, accounting for 31%-67% of all cases,
followed by erosive disease, variceal bleeding, esophagitis, malignancies and Mallory-Weis tears (Table 2)[1,3-5,7,10].
In 2%-8% of cases, uncommon causes such as Dieulafoy’s lesion, hemobilia, angiodysplasia, vasoenteric fistula, and gastric antral vascular ectasia have been found.
In the remainder of this paper, we mainly focus on
PUB, yet the approach to and treatment of any patient
with nonvariceal UGIB is for the most part comparable.
Possible differences will be discussed in the section on
endoscopic therapy.
In the subgroup of patients with PUB, bleeding
from duodenal ulcers is slightly more frequent than from
gastric ulcers[1,4]. NSAID use and H. pylori infection are
independent risk factors for UGIB, especially PUB[8,11].
The prevalence of H. pylori infection in PUB patients
varies between 43 and 56%[12-14], and treatment of H. pylori significantly reduces the rebleeding rate according to
some randomized controlled trials[15,16].

Table 2 Causes of upper gastrointestinal bleeding according
[1,3-5,7,10]
to recent epidemiological studies

Peptic ulcer
Erosive
Variceal bleeding
Oesophagitis
Mallory-Weis
Neoplasm
Other
None

[3]

PRE-ENDOSCOPIC MANAGEMENT
Initial resuscitation and risk stratification
Patients with UGIB can present with various symptoms
such as hematemesis, hematochezia, melena, or progressive anemia. Immediate evaluation and appropriate resuscitation is of major importance in these patients. Stratification of patients in low- and high-risk categories for
rebleeding and mortality can be done using the Blatchford and initial Rockall scores (before endoscopy), or
complete Rockall score (after endoscopy) (Table 3)[17,18].
The Blatchford score is more focused on clinical symptoms and laboratory results, whereas the Rockall score
considers age as a parameter.
Resuscitation includes intravenous administration of
fluids, and supplemental oxygen, correction of severe
coagulopathy, and blood transfusion when needed. The
threshold for blood transfusion depends on the underlying
condition, rate of bleeding, and vital signs of the patient,
but is generally set at a hemoglobin level of ≤ 70 g/�
L[19].
A recent meta-analysis regarding outcomes following red
blood cell transfusion in patients with UGIB, however,
suggests that red blood cell transfusion is associated with
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respectively, OR: 0.68; 95% CI: 0.50-0.93). However, no
effect on clinically important outcome measures such as
rebleeding, mortality and need for surgery was seen[22].
Another pharmacotherapeutic approach includes
the use of prokinetics before endoscopy, in particular,
erythromycin or metoclopramide. A meta-analysis of
five studies assessing a total of 316 patients with acute
UGIB has found a significant reduction in the need for
repeated endoscopy (OR: 0.55; 95% CI: 0.32-0.94) in the
prokinetic treatment group compared to the reference
group (placebo or no treatment). The groups did not
differ in the need for blood products, hospital stay, and
need for surgery[23]. Therefore, prokinetics are not routinely recommended, but can be useful in patients who
are suspected of having substantial amounts of blood in
the stomach[9]. Administration of PPIs and prokinetics
should however not delay endoscopy.

Table 3 Comparison of Blatchford and Rockall risk scoring
systems
Risk factor

Blatchford score
Score

Age (yr)

Parameter
100-109
90-99
< 90

1
2
3

> 100
Melena
Syncope
Hepatic disease

1
1
2
2

Cardiac failure

2

Systolic blood
pressure (SBP)
(mmHg)
Heart rate (bpm)
Clinical
presentation
Comorbidity

Blood urea,
18.2-22.3 (6.5-7.9)
mg/dL (mmol/L) 22.4-27.9 (8-9.9)
28-69.9 (10-24.9)
≥ 70 (≥ 25)
Hemoglobin,
F: 10-11.9
g/dL (mmol/L)
(6.2-7.4)
M: 12-12.9 (7.5-8)
M: 10-11.9
(6.2-7.4)
F/M: < 10 (< 6.2)
Endoscopic
diagnosis

-

Evidence of
bleeding

-

Initial Rockall score

2
3
4
6
1

Parameter
60-79
≥ 80
< 100

Score
1
2
2

> 100 with SBP ≥ 100
-

1

CHF, IHD, major
comorbidity
Renal or liver failure,
or disseminated cancer
-

2
3

ENDOSCOPY

-

Time to endoscopy
Endoscopy has become a valuable and indispensable
tool for diagnosis and treatment of UGIB[24,25]. It allows
for identification of the bleeding source and application
of treatment in the same session. The optimal timing for
endoscopy remains under debate. Emergency endoscopy
allows for early hemostasis, but can potentially result in
aspiration of blood and oxygen desaturation in insufficiently stabilized patients. In addition, extensive amounts
of blood and clots in the stomach can hinder targeted
treatment of the bleeding focus, which results in repeated endoscopic procedures. International consensus
guidelines recommend early endoscopy within 24 h of
presentation, because it significantly reduces the length
of hospital stay and improves outcome[19]. Very early endoscopy (< 12 h) has so far not been shown to provide
additional benefit in terms of reduction of rebleeding,
surgery and mortality, compared with later endoscopy
(within 24 h) [26-29]. However, emergency endoscopy
should be considered in patients with severe bleeding.

3
6

Complete Rockall score
Non-malignant,
1
non-Mallory-Weis
diagnosis
Upper GI tract
2
malignancy
Blood, adherent clot,
2
active bleeding

M: Male; F: Female; CHF: C���������������������������������������������
����������������������������������������������
ongestive heart failure; IHD: ���������������
I��������������
schemic heart
disease.

higher mortality and rebleeding rate. The conclusions of
this study were limited by the small size of the studies and
the large volume of missing data. In addition, the possibility that patients who present with more severe and active
bleeding are more rapidly transfused, acted as a potential
major confounder in these analyses[20]. This means that
prospective studies need to be done with strict predetermined transfusion protocols, and that for now, the
risks and benefits of blood transfusion must be carefully
weighed individually.

Endoscopic therapy for PUB
The aim of therapeutic endoscopy is to stop any ongoing bleeding and prevent rebleeding. Several techniques,
including injection therapy, ablative therapy and mechanical therapy have been studied over recent decades[24,30,31].
Depending on the appearance of the bleeding focus
and the related risk for persistent or recurrent bleeding,
a suitable technique should be chosen. In PUB, patients
with active bleeding ulcers or a nonbleeding visible vessel in an ulcer bed are at highest risk of rebleeding and
therefore need prompt endoscopic hemostatic therapy
(Figures 1 and 2)[32]. Patients with low-risk stigmata (a
clean-based ulcer or a pigmented spot in an ulcer bed)
do not require endoscopic therapy.
The role of endoscopic therapy for ulcers with adherent clots has been a topic of debate[19]. The risk of
rebleeding depends on underlying lesions, so that clot re-

Pre-endoscopic pharmacotherapy
Administration of PPIs before endoscopy has become
common practice in patients suspected with PUB. A
strongly acidic environment leads to inhibition of platelet aggregation and plasma coagulation as well as to
lysis of already formed clots[21]. PPIs quickly neutralize
intraluminal gastric acid, which results in stabilization
of blood clots. In the longer term, antisecretory therapy
also promotes mucosal healing. A recent systematic
review has shown that pre-endoscopic PPI administration significantly reduces high-risk stigmata at index
endoscopy (37% vs 46% respectively, OR: 0.67; 95% CI:
0.54-0.84) and need for endoscopic therapy (9% vs 12%
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bolization.
A new promising endoscopic application is the
use of a chemical compound which, when sprayed as
nanopowder on active bleeding, can lead to immediate
hemostasis, with coverage of the bleeding ulcer with a
powder layer. In a pilot study of 15 patients with active
ulcer bleeding treated with this nanopowder, immediate
hemostasis was achieved in 93%, and one patient had
recurrent bleeding. No adverse events were reported
during the 30-d follow-up[37]. Further studies with this
product are ongoing and will elucidate if application is
also beneficial for other causes of nonvariceal UGIB.
Figure 1 Ulcer with visible vessel.

Endoscopic therapy for other causes of nonvariceal UGIB
Treatment and prevention of (bleeding from) erosions
depends upon the cause (e.g., drug-induced, mechanical,
or inflammatory). Most cases respond well to PPIs. The
offending agent should be discontinued whenever possible and, if present, H. pylori should be eradicated. Acute
bleeding sometimes needs endoscopic therapy, similar to
that for PUB[38].
Hemorrhage due to neoplastic lesions is often difficult to manage because of the diffuse character of the
bleeding and vulnerability of the mucosa. Primary endoscopic therapy is recommended, but additional surgical
consultation is sometimes necessary. In cases with diffuse tumor bleeding in a palliative setting, radiotherapy is
often the treatment of choice.
Most bleeding from Mallory-Weiss tears stops spontaneously. Patients with stigmata of active bleeding,
however, might require interventional endoscopy [39].
Endoscopic therapy is the first choice in bleeding Dieulafoy’s lesions and is usually performed with clipping or
banding of the lesion[40].
The current standard for endoscopic treatment of
bleeding angiodysplasia consists of coagulation therapy.
Sometimes, pharmacological agents such as estrogen and
progesterone, octreotide or thalidomide are given, but
their effects remain controversial.
Gastric antral vascular ectasia responds best to endoscopic ablation of the lesion.

Figure 2 Ulcer with visible vessel after hemoclip placement.

moval should be attempted by vigorous irrigation. Stigmata revealed after clot removal are of high risk in about
70% of cases[33]. In a meta-analysis including 240 patients from six different studies, comparing endoscopic
vs medical therapy for peptic ulcers with adherent clots,
rebleeding was significantly lower in the endoscopic
therapy group compared with the control group (8% vs
25%, P = 0.01)[34]. Another meta-analysis, however, has
shown no benefit of endoscopic therapy for bleeding
peptic ulcers with adherent clots[35]. These discrepancies
could be attributed to inclusion of different studies and
heterogeneity in statistical analysis. At present, endoscopic therapy should be considered, although intensive
PPI therapy alone might be sufficient in ulcers with adherent clots[19].
Epinephrine injection therapy promotes initial hemostasis by a combination of vasospasm and local tamponade. This effect declines after 20 min, and requires
additional treatment with a more durable technique. In
several meta-analyses, no superiority of one specific
technique was proven; in particular, hemoclip placement,
thermocoagulation (e.g., heater probe), and electrocoagulation (e.g., Gold probe, BICAP probe) all seem equivalent alternatives[24,30,31,36]. Patients with recurrent bleeding
can usually be managed by endoscopic therapy. However, emergency surgery or angiographic embolization is
required on occasion. There have been no randomized
trials that have compared surgery and angiographic em-
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POSTENDOSCOPIC MANAGEMENT
Antisecretory therapy
Pharmacotherapy plays a second major role in the treatment of UGIB. PPI therapy is superior over histamine-2
receptor antagonists[19]. PPIs can be administered orally
or intravenously depending on the rebleeding risk. In a
randomized placebo-controlled trial of 767 multiethnic
PUB patients treated with endoscopic therapy because
of high-risk stigmata, high-dose intravenous PPI (80 mg
esomeprazole bolus, 8 mg/h continuous infusion for 72 h)
significantly reduced rebleeding (5.9% vs 10.3%, P = 0.03)
and the need for endoscopic retreatment[41]. Similar results
were found by meta-analysis; high-dose intravenous PPI
after endoscopic therapy significantly reduced rebleeding
[relative risk (RR): 0.40; 95% CI: 0.28-0.59], need for sur-
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gery (RR: 0.43; 95% CI: 0.24-0.58) and mortality (RR: 0.41;
95% CI: 0.20-0.84) compared with placebo/no therapy[35].
These data support the guideline recommendation to give
high-dose continuous intravenous PPI therapy to patients
with PUB with high-risk stigmata.
Additionally, all patients with PUB should be discharged with a prescription for a single-daily-dose oral
PPI to reduce the risk of recurrent bleeding. The duration and dose of the PPI depend on the underlying etiology and additional medication use[19].
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RESULTS: HER2 receptor protein was absent in adenomas and in normal gallbladder epithelium. On the
contrary, there was intense staining for HER2 on the
basolateral membrane of epithelial cells of intestinal
metaplasia (22/24; 91.7%) and carcinoma in situ (9/10;
90%), the lesions that displayed a significantly high
proliferation index. Protein up-regulation of HER2 in
the epithelium with metaplasia or carcinoma in situ was
not accompanied by HER2 gene amplification. A similar
result was observed in invasive carcinomas (0/12). The
B1R distribution pattern mirrored that of HER2 except
that B1R was additionally observed in the adenomas.
The B1R appeared either as cytoplasmic dots or labeling
on the apical cell membrane of the cells composing the
epithelia with intestinal metaplasia (24/24; 100%) and
carcinoma in situ (10/10; 100%) and in the epithelial
cells of adenomas. In contrast, both HER2 (4/12; 33%)
and B1R (1/12; 8.3%) showed a low expression in invasive gallbladder carcinomas.
CONCLUSION: The up-regulation of HER2 and B1R
in precursor lesions of gallbladder carcinoma suggests
cross-talk between these two receptors that may be
of importance in the modulation of cell proliferation in
gallbladder carcinogenesis.

Abstract
AIM: To determine the expression of HER2 and bradykinin B1 receptors (B1R) in the two pathogenic models
of gallbladder cancer: the metaplasia-dysplasia-carcinoma and the adenoma-carcinoma pathways.

© 2012 Baishideng. All rights reserved.

Key words: Bradykinin B1 receptor; HER2; Gallbladder
adenoma; Gallbladder dysplasia; Intestinal metaplasia;
Gallbladder cancer

METHODS: Receptor proteins were visualized by immunohistochemistry on 5-μm sections of paraffin-embedded tissue. Expression of both receptors was studied in biopsy samples from 92 patients (6 males and
86 females; age ranging from 28 to 86 years, mean 56
years). High HER2 expression in specimens was additionally investigated by fluorescence in situ hybridiza-
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previously investigated in invasive gallbladder cancer[13], so
far no studies appear to have examined its expression in
the putative precursor lesions of gallbladder carcinoma.
The B1R belongs to the family of G protein-coupled
rhodopsin-like receptors which, upon stimulation by analogues that lack the Arg9 from the carboxy terminus of
the bradykinin molecule, trigger several second messenger signaling systems that control cell differentiation, proliferation and/or migration[14,15]. The kinin B1R agonists
belong to a family of bioactive peptides produced locally
and with paracrine activity, that are formed from precursor molecules by the proteolytic action of enzymes called
kallikreins (kininogenases)[14,15]. So far, only a few studies
have evaluated the role of B1R as well as the underlying
molecular mechanisms that trigger its activation in cancer
cells. Recent reports have suggested that the B1R is an
important player in lung, prostate and breast cancer by
regulating tumoral growth, migration and invasion[7,16,17].
In addition, some of the cellular actions of B1R stimulation are a consequence of EGFR transactivation[7]. However, the status of B1R in other neoplastic disorders such
as gallbladder carcinoma has not been investigated previously. Thus, the primary aim of our study was to perform
a comprehensive evaluation of the expression values for
HER2 and B1R in the metaplasia-dysplasia-carcinoma
and adenoma-carcinoma pathways.

Toledo C, Matus CE, Barraza X, Arroyo P, Ehrenfeld P, Figueroa
CD, Bhoola KD, del Pozo M, Poblete MT. Expression of HER2
and bradykinin B1 receptors in precursor lesions of gallbladder carcinoma. World J Gastroenterol 2012; 18(11): 1208-1215
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i11/1208.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i11.1208

INTRODUCTION
Gallbladder carcinoma is an aggressive cancer of the gastrointestinal tract with incidence three times greater in the
female population of Chile, India and Japan when compared to men[1,2]. The most common type of gallbladder
cancer is adenocarcinoma. However, early diagnosis is
difficult because most of the cases are detected only at an
advanced stage following laparotomy.
Successive bouts of inflammation cause continuous
and long lasting damage to the gallbladder epithelium,
which thereby transforms into an architecturally abnormal regenerative epithelium very similar to low grade
dysplasia. Injury and repair are also related to well known
metaplastic changes of the mucosa, such as pyloric and
intestinal metaplasia, and to other rare types of metaplasia[3]. Intestinal metaplasia usually develops into dysplasia
and is frequently observed adjacent to carcinoma. Pyloric
and intestinal metaplasias are associated with gallbladder
carcinoma, but intestinal metaplasia show a greater relationship with malignancy[4,5]. Analysis of serial sections
indicates the presence of microinvasion foci in the lamina
propria next to carcinoma in situ and also that dysplasia
and carcinoma in situ occur close to areas of intact mucosa
in nearly all invasive carcinomas[6].
Among the pathogenic models that explain the neoplastic transformation of gallbladder epithelium are the
metaplasia-dysplasia-carcinoma and the adenoma-carcinoma pathways[5]. Morphological and molecular studies have
shown that these two entities correspond to independent
biological events. Therefore, we have used representative
gallbladder samples of both putative pathways to investigate the expression of two receptor molecules involved
in cell proliferation, namely the HER2 and bradykinin B1
receptors (B1R). The HER2 (c-erbB-2) receptor is recognized to be of clinical importance because of its prognostic value in determining progression of some types of
breast tumors. Similarly, B1R has recently been shown to
induce the proliferation of estrogen-sensitive breast cancer cells by turning on the transactivation of the epidermal
growth factor receptor (EGFR), a signal-transduction
pathway involved also in the activation of HER2[7]. As
with breast cancer, expression of HER2 in gallbladder
carcinoma has been associated with progression of malignancy and linked to poor patient survival[8-11]. Furthermore, constitutive expression of HER2 in transgenic mice
causes adenocarcinoma of the gallbladder[12] suggesting a
key role for this member of the EGFR family in such neoplasia. Although the expression levels of HER2 have been
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MATERIALS AND METHODS
Ethics
This study was performed in accordance with the Declaration of Helsinki of the World Medical Association.
The designated experiments were approved by the Ethical Committees of Hospital Base Valdivia, Universidad
Austral de Chile and the National Fund for Development
of Science and Technology in Chile (FONDECYT) that
included guidelines for the protection of human subjects.
Patient tissue
The study was performed on 92 routinely resected gallbladders retrieved from the surgical pathology archive of
the Servicio de Patologia, Hospital Base Valdivia, Chile. Of
the 92 specimens, 6 were from males, and 86 were from
females; the patients ranged in age from 28 to 86 years
(mean, 56 years). The data on age, sex of patients bearing
adenomas, gallbladder adenocarcinomas and their putative precursor lesions are summarized in Table 1. The
following categories were recorded: (1) normal mucosa (n
= 5), gallbladders that were resected due to lithiasis and
elective surgery; (2) pyloric-type adenoma (n = 15); (3)
intestinal-type adenoma (n = 6); (4) pyloric metaplasia (n
= 20); (5) intestinal metaplasia (n = 24); (6) carcinoma in
situ (n = 10); and (7) invasive carcinoma (n = 12) (Table 1).
Invasive adenocarcinomas examined histologically were
classified into well-differentiated with a papillary pattern
of growth (8 cases), poorly differentiated (2 cases), mucinous well-differentiated (1 case) and signet ring (1 case)
adenocarcinomas.
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HER2 was performed on 3-μm thick tissue sections according to the protocol of HER2 FISH PharmDx™ Kit
(Dako). Hybridization was performed with a mixture of
HER2-Texas Red and cen-17 labeled with fluorescein isothiocyanate. A breast cancer sample classified as HER2
(+3) was used as positive control. For each condition
at least two samples were analyzed using a fluorescence
Nikon Labophot-2, and at least 50 nuclei were visualized
in each sample.

Table 1 Clinical and pathological data of patients with gallbladder adenomas, adenocarcinoma and its putative precursor
lesions
Lesion

Sex

Normal mucosa (n = 5)
Pyloric adenoma (n = 15)
Intestinal adenoma (n = 6)
Pyloric-type metaplasia (n = 20)
Intestinal metaplasia (n = 24)
Carcinoma in situ (n = 10)
Invasive carcinoma (n = 12)

F (5)
F (13)/M (2)
F (6)
F (20)
F (24)
F (9)/M (1)
F (9)/M (3)

Age (yr,
mean ± SD)
54.6 ± 9.0
55.2 ± 3.5
68.5 ± 1.7
51.5 ± 3.2
50.0 ± 3.4
65.8 ± 2.5
66.0 ± 3.8

Statistical analysis
Differences in the occurrence of immunolabeling were
evaluated using Fischer’s exact probability test with the
aid of the software JMP Statistical Discovery Software
8.0 (SAS Institute, Cary, NC, United States). Probability
values less than 0.05 were considered to be statistically
significant.

According to WHO classification. F: Female; M: Male.

Each gallbladder was fixed in 10% buffered formalin and embedded in paraffin according to conventional
protocols. Sections from each block were stained with
hematoxylin and eosin for precise histopathological classification before immunostaining. In all cases, two to four
blocks were used for immunohistochemical evaluation.

RESULTS
Histopathological features
Normal, non-metaplastic epithelium was comprised of
regular segments of tall columnar cells with basal nuclei
and sporadic small apical vacuoles. Pyloric-type adenomas showed their typical morphology that was comprised
of tightly packed pyloric or antral-type mucous glands
similar to mucous glands of the stomach (Figure 1).
Intestinal-type adenomas consisted of papillary structures lined by columnar epithelium with elongated and
pseudostratified nuclei (Figure 1). Pyloric-type metaplasia
was distinguished by glands lined by columnar cells with
vacuolated cytoplasm and flattened nuclei located basally;
the glands formed small lobular structures throughout
the lamina propria. Epithelium with intestinal metaplasia
was composed of tall columnar cells with a brush border
and variable proportions of goblet cells. This type of
metaplasia was often seen adjacent to invasive adenocarcinoma. Carcinoma in situ was characterized by the
presence of epithelial cells that showed frequent mitosis
and marked alterations in the size and shape of the nuclei
such as hypercromasia, overlapping and crowding.

Immunohistochemistry
This method was performed as previously described by
Molina et al[7]. Briefly, paraffin sections were incubated
with primary antibodies overnight at 22 ℃ in a water
bath that was used as a moist chamber. The primary antibody sources, dilutions, antigen retrieval and incubation
conditions are listed in Table 2. Bound primary antibodies were localized by the biotin/streptavidin immunoperoxidase technique using the LSAB+ kit (Dako, Carpinteria, CA, United States). Peroxidase was developed
with diaminobenzidine and hydrogen peroxide. Sections
were counterstained with Harris hematoxylin. Negative
controls included omission of primary antibody and its
replacement by non-immune immunoglobulins of the
same species or isotype matched immunoglobulins under
identical conditions.
Immunolabeling was scored as positive (presence of
staining) or negative (absence of staining) and then expressed as percentage of total number of normal mucosa,
metaplasia, carcinoma in situ and invasive carcinoma cases
examined. Staining was considered positive when over
30% of the gallbladder epithelium was immunostained.
Only cell membrane immunoreactivity was considered
positive for HER2 staining. Cell proliferation index was
determined by recording the immunolabeled Ki-67 antigen in gallbladder carcinoma and its putative precursor
lesions. For this purpose, nuclei were counted at x40 magnification in three different fields selected at random. The
procedure was repeated twice by two independent observers for each lesion and the counts were averaged. The
Ki-67 cell proliferation index was derived by dividing the
average Ki-67 count by the average total number of nuclei
in one field.

Expression of HER2
No immunolabeled HER2 receptor was visualized in
normal gallbladder epithelium and no significant expression of the protein was visualized in adenomas of either
pyloric- or intestinal-type (Table 3; Figures 1 and 2). In
contrast, an intense immunoreactivity was observed in
the epithelium with intestinal metaplasia (22/24) and carcinoma in situ (9/10), with decreased staining in invasive
carcinomas (4/12) (Table 3; Figure 2) and none in pyloric
metaplasia and non-epithelial tissues (not shown). The
HER2 immunolabeling was confined to the basolateral
cell membrane region of all metaplastic epithelial cells,
whereas the luminal membrane was devoid of staining
(Figures 2 and 3). At a higher magnification, the boundary between the two segments was clearly delineated by
the different immunoreactivity of the cells in the apical

Fluorescence in situ hybridization
Fluorescence in situ hybridization (FISH) technique for

WJG|www.wjgnet.com

1210

March 21, 2012|Volume 18|Issue 11|

Toledo C et al . Precursor lesions of gallbladder carcinoma
Table 2 Primary antibody sources, dilutions, antigen retrieval and incubation conditions
Antibody

Source

Dilution/incubation

Microwave antigen retrieval

HER2
Bradykinin B1R

Novocastra, NCL-CBE-356
Santa Cruz, sc-25484
Merck
Dako, A0047

1:200/overnight
1:300/overnight
1:500/overnight
1:200/overnight

No
90 ℃/7 min, Tris-HCl buffer pH 10
No
90 ℃/15 min, Citrate buffer pH 6

Ki-67

Table 3 Expression of immunoreactive HER2, bradykinin B1 receptor and Ki-67 in gallbladder adenomas and in adenocarcinoma
and its putative precursor lesions (%)
Receptor/marker
HER2
Bradykinin B1R
Ki-671
1

Normal epithelium

Pyloric adenoma

Intestinal adenoma

Intestinal metaplasia

Carcinoma in situ

Invasive carcinoma

0/5
0/5
0.05 ± 0.005 (1.1)

0/14
10/15 (67)a
0.05 ± 0.01 (5.1)

1/6 (17)
6/6 (100)a
0.10 ± 0.01 (10.8)

22/24 (91.7)a
24/24 (100)a
0.36 ± 0.03b (36.7)

9/10 (90)a
10/10 (100)a
0.37 ± 0.05b (37.5)

4/12 (33)
1/12 (8.3)
0.42 ± 0.03b (42)

Proliferation index estimated as immunoreactivity to Ki-67 antigen. aP < 0.05, bP < 0.01 vs normal epithelium. B1R: B1 receptor.

Bradykinin B1R

Pyloric adenoma

Intestinal adenoma

HER2

Figure 1 Expression of immunoreactive HER2 and bradykinin B1 receptor in pyloric- and intestinal-type adenomas. Tissue sections were incubated with each
antibody and then the biotin/streptavidin-peroxidase technique was followed. B1R: B1 receptor.

On the contrary, a clear amplification of HER2 gene was
observed in HER2 (+3) breast cancer samples that were
used as positive controls (Figure 3G).

membrane when compared to those of the basolateral
cell membrane (Figure 3). Loss of polarity in the epithelia
with carcinoma in situ resulted in a complete membrane
staining of some of the neoplastic epithelial cells. With
FISH staining, HER2 gene appeared as two red signals
in normal and metaplastic epithelia and two to four
signals in carcinoma in situ and invasive carcinoma, accompanied by the corresponding green signals pointing
out the chromosome 17 centromeres (HER2/CEN-17
< 1.8) that indicated lack of amplification (Figure 3C-F).

WJG|www.wjgnet.com

Expression of bradykinin B1R
The B1R protein also followed a cell membrane distribution pattern. Immunolabeled B1R was visualized only in
one case of the invasive carcinomas (Table 3). In contrast,
samples with intestinal metaplasia and carcinoma in situ
showed an intense staining for B1R that appeared as cy-
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HER2

Normal

Carcinoma in situ

Intestinal metaplasia

Invasive carcinoma

Bradykinin B1R

GC

GC

Figure 2 Immunoreactive HER2 and bradykinin B1 receptor receptors in normal gallbladder, invasive carcinoma and in epithelia with intestinal metaplasia
and carcinoma in situ. Biotin/streptavidin-peroxidase technique. B1R: B1 receptor; GC: Goblet cell.

toplasmic dots or labeling in the apical cell membrane
region of metaplastic cells and in the epithelium with carcinoma in situ (Figures 2 and 3). Furthermore, B1R immunolabeling was observed in epithelial cells of pyloric- and
intestinal-type adenomas, including the surface epithelium
of adenomas (Figure 1 and Table 3).

with intestinal metaplasia. Absence of HER2 staining
in normal gallbladder epithelium is in agreement with
previous studies performed using normal breast tissue[20].
Two previous reports failed to demonstrate expression
of HER2 protein in gallbladder dysplasia[13,21]. The discrepancy between these findings and our results may be
explained by the use of different immunostaining procedures (e.g., monoclonal vs polyclonal antibodies and
sensitivity of the technique), time of fixation, preservation of antigenic sites and number of samples analyzed.
In our study, HER2 receptor protein stained intensely
along the basolateral plasma membrane of the metaplastic and carcinoma in situ cells. A similar pattern of
staining has been observed in apocrine metaplasia of the
breast where HER2 immunoreactivity appeared restricted
to the basolateral plasma membrane of the metaplastic
cells[22]. It is well known that tight junctions morphologically divide cell membranes of non-neoplastic polarized
epithelial cells into two regions: an apical one which faces
the lumen and often has specialized features such as cilia
or a brush border of microvilli; and a basolateral region,
which covers the rest of the cell[23]. Further, tight junctions prevent proteins and lipids from diffusing between
the basolateral and apical regions, so that not only the
protein but also the lipid composition of the two membrane regions is different[23]. Therefore, the HER2 immunoreactivity, observed in the basolateral cell membrane
domain of metaplastic gallbladder epithelium, is not
comparable to that scored by the Hercep TestTM staining
protocol, which is based on the immunoreactivity present on the cell membrane of invasive breast cancer cells
that are not supported by a basement membrane, i.e.,
neoplastic non-polarized cells. Despite over-expression

Ki-67 cell proliferation marker
By using Ki-67, we confirmed that the observed cell
proliferation was significantly higher in epithelia with
metaplasia, carcinoma in situ and in cells of invasive gallbladder carcinomas than in normal epithelium and in epithelial cells of both pyloric- and intestinal-type adenomas
(Table 3).

DISCUSSION
Two pathogenic models designated as adenoma-carcinoma and metaplasia-dysplasia-carcinoma have been used
to explain neoplastic transformation of the gallbladder
epithelium. However, intestinal metaplasia is considered
as the major precursor lesion that later progresses into
carcinoma in situ and invasive adenocarcinoma. The
question of whether expression of receptors such as
HER2, a tyrosine kinase orphan receptor, and the B1R,
a G protein-coupled receptor, are enhanced in such carcinogenic changes of the gallbladder epithelium formed
[
the focus of the current study 7,15,16,18,19].
Remarkably, the expression of HER2 and bradykinin
B1R followed a similar pattern of distribution in invasive
carcinoma and in its putative precursor lesions. Both receptors were absent in the normal epithelium but were
strongly expressed in carcinoma in situ and the epithelia

WJG|www.wjgnet.com
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A

B

C

D

E

F

G

Figure 3 High magnification of gallbladder metaplastic epithelium showing immunoreactivity for HER2 (A) and bradykinin B1 receptor receptor (B). Arrows
show the limit between apical and basolateral cell membrane domains. C-G: Fluorescence in situ hybridization for HER2. Tissue sections were hybridized with a mixture of HER2-Texas Red and cen-17 labeled with fluorescein isothiocyanate. C��: �������
Normal ������������������������
gallbladder epithelium��; ���
D��: ����������������������������������������������������
���������������������������
Epithelium with intestinal ������������
metaplasia���������������
;��������������
E������������
���: ����������
Carcinoma
in situ; ���
F��: ��������������������
Invasive carcinoma��; ���
G��: ����������������������������������������������������������������������������
Positive control corresponding to a breast cancer sample classified as HER2 +�� 3.
��

of HER2 receptor protein in metaplastic epithelia and
carcinoma in situ, our results using FISH revealed that
this event was not accompanied by HER2 gene amplification suggesting that this change may not be relevant
for gallbladder cancer. Studies using FISH, but restricted
to invasive carcinomas of the gallbladder, have shown
amplification of the HER2 gene only in approximately
10% of the cases investigated[8]. Absence of HER2 gene
amplification in our tissue samples with invasive carcinoma may be due to our low number of cases compared
with other published studies[8]. Some authors suggest that
HER2 over-expression is due to gene deregulation rather
than gene amplification because in some reports there is
no strict correlation between receptor protein expression
and gene amplification[24]. The HER2 receptor seems to
be a key player since its constitutive expression leads to
the development of gallbladder adenocarcinoma in 100%
of transgenic mice[12]. Moreover, increased HER2/EGFR
(erbB-1) heterodimer formation, hyperphosphorylation
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of tyrosine residues of both HER2 and EGFR (but
not erbB-3 or erbB-4) and activation of the mitogenactivated protein kinases (MAPK) signaling pathway were
observed in the gallbladder epithelium of the transgenic
mice[12]. Over-expression of the HER2 receptor protein,
detected immunohistochemically in nearly all breast
specimens showing carcinoma in situ of high grade, has
been interpreted as an expression of rapid growth since
its presence is related to cellular proliferation[25,26]. Our
results show that the epithelia with intestinal metaplasia
and carcinoma in situ display the higher values for Ki-67
cell proliferation marker. The fact that the HER2 gene
shows amplification only in 10% of the invasive gallbladder carcinomas[8] contrasts with the high levels of
protein expression observed by us in intestinal metaplasia
and carcinoma in situ, and suggests that major activity
of HER2 may occur in these precursor lesions. Further,
the expression of HER2 in other invasive tumors of the
gastrointestinal tract such as gastric cancer has revealed
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that less than 10% of all invasive tumors showed HER2
expression and that there is no relationship between its
expression, patient survival or TNM stage[27].
Members of the EGFR family are activated not only
by direct binding of their corresponding ligands but
also by transactivation triggered after stimulation of G
protein-coupled receptors such as the B1R[15,19]. We have
recently reported B1R binding sites in breast carcinoma
and showed that B1R stimulation induces the proliferation of MCF-7 and ZR-75 breast cancer cells, an effect
that depends on the transactivation of the EGFR and the
subsequent activation of the MAPK signaling pathway[7].
Moreover, stimulation of the B1R increases the release
of metalloproteases-2 and -9 from breast cancer cells[28].
Both metalloproteases are considered key enzymes for
tumor invasion and metastasis, because they have the
capacity to degrade type IV collagen, the major protein
component of basement membranes. Here, we have described, for the first time, the expression of B1R in precursor lesions of gallbladder carcinomas (i.e., intestinal
metaplasia and carcinoma in situ), conditions in which its
expression is maximal and associated with high proliferation rates of the epithelial cells.
The kinin B1R agonists are short-lived peptides that
exert most of their actions in a paracrine fashion for
which the presence of kallikreins, kinin precursors and
expression of the appropriate receptor is required[14]. In a
previous report, we showed that both tissue kallikrein and
the kinin precursors are present in the human gallbladder
suggesting that kinin formation is feasible in this tissue[29].
Tissue kallikrein (KLK1/hK1, kininogenase) is expressed
by gallbladder epithelial cells whereas the kininogens,
substrates of hK1, diffuse from submucosal blood vessels to fill the interstitial space between epithelial cells[29].
A further source of tissue kallikrein is the neutrophil that
infiltrates the inflamed gallbladder during acute episodes
of cholecystitis and thereby releases hK1 in the vicinity
of epithelial cells[29]. Additionally, the natural B1R agonist
induces migration of glioma cells via up-regulation of cyclooxygenase-2 expression[30]; whether the B1R produces
a similar effect in gallbladder cancer cells remains to be
investigated using gallbladder cancer cell lines.
The identical pattern of expression observed for B1
and HER2 receptors in precursor lesions of gallbladder
carcinoma suggests a cooperative relationship, orientated
towards promoting functional cell signaling that may
result in an increased proliferation of the gallbladder epithelium.
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Background

Gallbladder carcinoma is an aggressive malignancy of the gastrointestinal tract,
and its early diagnosis is difficult, because most of the cases are detected at
an advanced stage at laparotomy. It is well known that the HER2 receptor is
involved in the carcinogenesis of many malignancies. Further, recent reports
show that the bradykinin B1 receptor (B1R) stimulates the proliferation of breast
cancer cells. It is not known whether HER2 and B1R are overexpressed in precursor lesions of gallbladder carcinoma and whether they serve as biomarkers
for early neoplastic transformation of gallbladder epithelium.

Research frontiers

Most studies related to HER2 and gallbladder cancer have been focused on
advanced stages of the disease, but not in their precursor lesions. So far, there
have been no investigations on the expression levels of B1R in this neoplasm.
Because HER2 has a low expression in invasive gallbladder cancer, it has been
proposed by some authors that it is not relevant to gallbladder carcinoma.

Innovations and breakthroughs

The novel finding of high expression of HER2 and B1R in precursor lesions of
gallbladder carcinoma suggests that they enhance cell proliferation and play a
significant role in gallbladder carcinogenesis.

Applications

Because of the high HER2 and B1R expression data in precursor lesions of
gallbladder carcinoma, and the therapeutic efficacy of anti-HER2 treatments in
breast tumors, future studies should focus on HER2 and B1R as biomarkers for
the detection of early neoplastic transformations in the gallbladder epithelium.

Terminology

The HER2 is a tyrosine kinase receptor, member of the epidermal growth factor
receptor family. Growth factors bind to receptors and initiate cell proliferation,
migration, invasion, resistance to apoptosis and angiogenesis. B1R belongs to
the family of G protein-coupled receptors, which upon stimulation by analogues
trigger cell proliferation and secretion of metalloproteases in cancer cells: proteases that assist cancer cells to invade normal human tissue. The results clearly
indicate that both HER2 and the B1R play a significant role in transformation of
epithelial cells through the metaplasia-dysplasia-carcinoma pathway.

Peer review

This article has very well explored the HER2 and B1R in gallbladder carcinoma.
While HER2 and B1R are scarcely expressed in invasive gallbladder carcinoma, their expression is upregulated in precursor lesions of this neoplasm which
may help in early diagnosis and also provide some pathways of carcinogenesis.
This study is worthy.
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Proteomic analysis of gastric cancer and immunoblot
validation of potential biomarkers
Nina Kočevar, Federico Odreman, Alessandro Vindigni, Snježana Frković Grazio, Radovan Komel
were chosen for further validation by immunoblotting.
Our results show that gastrokine-1, 39S ribosomal protein L12 (mitochondrial precursor), plasma cell-induced
resident endoplasmic reticulum protein, and glutathione S-transferase mu 3 were significantly underexpressed in gastric adenocarcinoma relative to adjacent
non-tumor tissue samples. On the other hand, septin-2, ubiquitin-conjugating enzyme E2 N, and transaldolase were significantly overexpressed. Translationally
controlled tumor protein was shown to be differentially
expressed only in patients with cancer of the gastric
cardia/esophageal border.
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CONCLUSION: This work presents a set of possible
diagnostic biomarkers, validated for the first time. It
might contribute to the efforts of understanding gastric
cancer carcinogenesis.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To search for and validate differentially expressed
proteins in patients with gastric adenocarcinoma.
METHODS: We used two-dimensional gel electrophoresis and mass spectrometry to search for differentially expressed proteins in patients with gastric
adenocarcinoma. A set of proteins was validated with
immunoblotting.

Kočevar N, Odreman F, Vindigni A, Grazio SF, Komel R. Proteomic analysis of gastric cancer and immunoblot validation of potential biomarkers. World J Gastroenterol 2012; 18(11): 1216-1228
Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i11/1216.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i11.1216

RESULTS: We identified 30 different proteins involved
in various biological processes: metabolism, development, death, response to stress, cell cycle, cell communication, transport, and cell motility. Eight proteins
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chemical and/or western blot analyses, in order to fulfill
the criterion of a systematic investigation of the protein
biomarkers in GC.
In this study, we used 2-DE and MS to search for differentially expressed proteins in patients with gastric adenocarcinoma: a total of 30 different protein alterations
were found. Gastrokine-1 precursor (GKN1), 39S ribosomal protein L12 (mitochondrial precursor) (MRPL12),
plasma cell-induced resident endoplasmic reticulum protein (PACAP), glutathione S-transferase mu 3 (GSTM3),
septin-2 (SEPT2), ubiquitin-conjugating enzyme E2 N
(UBE2N), transaldolase (TALDO1), and translationally
controlled tumor protein (TPT1) were further validated
with the immunoblot analysis, making them a set of possible biomarkers for gastric adenocarcinoma.

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
worldwide[1]. However, incidence rates have steadily declined; this is largely determined by trends in the fundus
and distal stomach[1]. Gastric cardia cancer, on the other
hand, is on the increase, and is usually of the diffuse
histological type[2]. However, despite declining incidence
rates, GC is still the second leading cause of cancer
death and thus remains a major health problem[1]. Radical surgery still offers the only chance of a cure for GC
that invades the muscular layer, but only half of patients
qualify for this at the time of their diagnosis[2]. The majority of patients are diagnosed at an advanced stage,
where a systemic spread of the tumor cells has to be anticipated. The 5-year survival rate is very low and despite
consistent improvements the prognosis remains poor[3].
On the other hand, the 5-year survival rate exceeds 90%
for patients in an early stage of the disease[4].
A definitive diagnosis of GC requires a gastroscopic
or surgical biopsy[5], which means there is a need for a
non-invasive test, e.g., the detection of serum/plasma
biomarkers. The most widely investigated serum markers
include carcinoembryonic antigen, carbohydrate antigen (CA) 19.9, CA 72.4, cytokeratins and the β subunit
of human chorionic gonadotropin. However, their low
sensitivity and specificity precludes their use in screening
and early diagnosis. Therefore, a search for more appropriate biomarkers is necessary.
One possible source of potential new biomarkers is
the proteome. As opposed to static genomic data, the
proteome is necessary for understanding the dynamic
processes in cells[6]. It is also more complex, e.g., due to
alternative splicing and post-translational modification,
and the protein levels often do not correlate with the
mRNA[7]. Proteomics is a rapidly developing field and is
now applied to all areas of the life sciences[8]. Gel-based
approaches, for example, belong to the most frequently
used assays in protein separation and analysis[9]. Two-dimensional gel electrophoresis (2-DE) is still the method
of choice for complex protein samples, although, due
to its limitations with hydrophobic and large proteins,
alternative or complementary methods based on mass
spectrometry (MS) are gaining popularity.
2-DE, dating back to the 1970s[10,11], in conjunction
with MS, has allowed the identification of differentially
expressed proteins in various diseases, including GC[12-17].
However, the process of translating basic proteomic
discoveries to the clinic is very time consuming and expensive, and despite all the efforts put into biomarker
research, very few diagnostic protein biomarkers have
been approved by the United States Food and Drug
Administration[8]. The lack of specific and sensitive biomarkers thus creates a persistent need for the expedited
development of biomarkers and their use in improving
the diagnosis and treatment of cancer. Furthermore, the
validity of potential biomarkers, as found by proteome
analysis, needs to be investigated and incorporated as
the second step of the research, e.g., by immunohisto-
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MATERIALS AND METHODS
Subjects and tissues
A total of 32 pairs of gastric adenocarcinoma tissues and
adjacent control tissue from 32 patients were obtained from
the tissue bank of the Institute of Oncology Ljubljana after
the National Medical Ethics Committee’s approval. They
were stored at -70 ℃ until further use. The patients’ and
tumors’ parameters are listed in Table 1.
Sample preparation
The tissues were ground with a mortar and pestle in the
presence of liquid nitrogen and then lysed with 7 mol/L
urea, 2 mol/L thiourea, 40 g/L 3-[ (3-cholamidopropyl)dimethylammonio]-1-propane sulfonate (CHAPS), 20
mmol/L dithiothreitol (DTT) and a protease inhibitor
cocktail (Sigma-Aldrich, St. Louis, MO, United States).
For every 10 mg of tissue, 50 µL lysis buffer was added.
After sonication on ice, three times for 10 s, the samples
were incubated for 1 h on ice with occasional vortexing
and then centrifuged for 1 h at 20 000 × g at 4 ℃. The
supernatant was collected and the protein concentration
was determined according to a commercial Bradford
reagent (Thermo Fisher Scientific, Waltham, MA, United
States) with bovine serum albumin as the standard.
2-DE
2-DE was conducted on 12 pairs of tissues and repeated
in triplicate. For the isoelectric focusing, 100 μg protein
was diluted in 450 μL rehydration solution (7 mol/L
urea, 2 mol/L thiourea, 20 g/L CHAPS, 20 mmol/L
DTT, 0.5% immobilized pH gradient (IPG) buffer, pH
4-7), loaded by in-gel rehydration onto IPG strips with
an acidic pH range of 4-7 (GE Healthcare, Stockholm,
Sweden), and focused in an Ettan IPGphor Ⅱ isoelectric focusing system (GE Healthcare) to a total of 63.5
kVh. Next, the IPG strips were equilibrated for 15 min
in 6 mol/L urea, 30% glycerol, 20 g/L sodium dodecyl
sulfate (SDS), 50 mmol/L Tris-HCl, pH 8.8, with 10 g/L
DTT, and for another 15 min in the same solution with
DTT replaced by 25 g/L iodoacetamide. The strips were
then transferred to 12% polyacrylamide gels and the
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least three patients, and statistical significance.

Table 1 Patient and tumor characteristics
Characteristics
Sex
Male
Female
Lauren’s classification
Intestinal
Diffuse
Mixed
Location
Corpus
Antrum
Cardia/gastroesophageal border
Several parts
Grade
Well-differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated
pT
pT1b
pT2a
pT2b
pT3
pN
pN0
pN1
pN2
pN3

In-gel digestion
The enzymatic digestion of the excised spots was performed using a Progest robot (Genomic Solutions,
Holliston, MA, United States). Briefly, the protein spots
were excised from the gel, placed into 96-well plates and
washed with 50 μL acetronitrile (CH3CN) for 3 min and
then with 50 μL 25 mmol/L ammonium bicarbonate
(NH4HCO3) for 3 min. This washing step was repeated
three times to eliminate SDS, Tris and glycine. After the
washing procedure, the excised spots were treated with
100 μL 10 mmol/L DTT for the reduction step and the
reaction was left to proceed at 57 ℃ for 1 h. After DTT
removal, 100 μL 55 mmol/L iodoacetamide was added
for the cysteine carbamidomethylation and the reaction
was left to proceed at room temperature (RT) for 1 h.
After removal of the supernatant, the washing procedure
was repeated three times and the gel slices were dried
with a SpeedVac (5 min). Based on the gel-slice volume,
5-10 μL 12 ng/μL Porcine Trypsin (Promega, Madison,
W, United States) was added. The enzyme was freshly
diluted in 25 mmol/L NH4HCO3 and the digestion was
performed overnight at RT. Trypsin was the protease of
choice for the MS protein identification because of its
reliability and its substrate specificity, yielding peptides
with C-terminal basic residues (Arg and Lys), which
facilitated positive ionization and subsequent MS detection. Finally, 10 µ L of 39% H 2O/60% CH 3CN/1%
HCOOH was added and the samples were left for 3 h at
RT to favor the extraction of peptides from the gel.

n (%)
19 (59.4)
13 (40.6)
20 (62.5)
11 (34.4)
1 (3.1)
8 (25)
7 (21.9)
10 (31.2)
7 (21.9)
2 (6.2)
12 (37.5)
12 (37.5)
6 (18.8)
1 (3.1)
5 (15.6)
15 (46.9)
11 (34.4)
8 (25)
16 (50)
6 (18.8)
2 (6.2)

second dimension was carried out in an Ettan DALTsix
electrophoresis unit (GE Healthcare) under constant
power in a Laemmli buffer system until the bromophenol blue reached the end of the gel.

MS and database search
Trypsin-generated peptide mixtures were analyzed by
matrix-assisted laser desorption ionization coupled with a
time-of-flight analyzer (MALDI-TOF) (Voyager, Applied
Biosystems, Carlsbad, CA, United States). Samples that
provided an ambiguous identification with MALDI-TOF
were analyzed by tandem MS (MS/MS) using nanoliquidchromatography electrospray ionization coupled with the
quadrupole and time-of-flight analyzer (nanoLC-ESI-QTOF) (nanoAcquity, Q-TOF Premier; Waters, Milford,
MA, United States).
For MALDI-TOF MS, the peptide extracts (0.5 µL)
were mixed with an equal volume of 2,5-dihydroxybenzoic acid (10 mg/mL; Sigma-Aldrich) dissolved in
20% CH3CN. Trypsin-digested ovalbumin was used for
external calibration. Crystals were obtained using the
dried-droplet method on a 100-spots metallic plate and
approximately 500 MALDI mass spectra were averaged
per spot to optimize the signal-to-noise ratio. The laser
fluency was adjusted to the threshold to achieve the best
resolution and mass accuracy. The MS measurements
were carried out at a maximum accelerating potential of
20 kV, in the positive reflectron mode. The acquisition
range was set to m/z 800-3500 with a low-mass gate at
m/z 700. For m/z values of about 1500, the mean mass
resolution was 15 000.

Silver staining
The gels were silver stained according to Mortz et al[18].
Briefly, they were fixed overnight in 50% methanol, 12%
acetic acid, and 0.05% formalin, washed for 2 × 20 min
with 35% ethanol and sensitized for 2 min with 0.02%
sodium thiosulfate. Next, they were washed for 3 × 5
min with water and stained for 20 min in 0.2% silver nitrate and 0.076% formalin. Then they were washed again
for 2 × 1 min with water and developed with 6% sodium
carbonate, 0.05% formalin and 0.0004% sodium thiosulfate. The reaction was stopped with 50% methanol and
12% acetic acid and the gels were left in 1% acetic acid
until the scanning.
Image acquisition and analysis
The gels were scanned with an ImageScanner Ⅱ (GE
Healthcare) at 300 dpi and analyzed with an ImageMaster 2D Platinum v7 (GE Healthcare). The spots were detected, matched and quantified by relative volume. The
normalization of the spot values (relative spot volumes)
was based on the total spot volume. Next, the data were
analyzed with Excel. The spots of interest were determined using a pair-by-pair comparison. The spots were
considered to be differentially expressed if they matched
the following criteria: at least a twofold change in the
relative spot volume, the occurrence of this change in at
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Proteins were identified by peptide mass fingerprinting with two search programs: Mascot and ProFound.
The following search parameters were applied: SWISSPROT and NCBI were used as the protein-sequence
databases; a mass tolerance of 50 ppm and one missed
cleavage were allowed; the alkylation of cysteine by carbamidomethylation was considered complete; while the
oxidation of methionine was considered as a possible
modification.
For nanoLC-ESI-Q-TOF MS/MS analysis, peptide
mixtures were SpeedVac-treated for 10 min to eliminate CH3CN, then 25 mmol/L NH4HCO3 was added
before injection into the nanoAcquity/Q-TOF system
equipped with a trapping column (Symmetry C18, 180
μm × 20 mm, 5 μm particle size) and an analytical column (BEH130 C18, 75 μm × 100 mm, 1.7-μm particle
size) (Waters). The aqueous solvent (buffer A) was 0.1%
formic acid and the organic phase (buffer B) was acetonitrile with 0.1% formic acid. A 2%-40% B gradient
was set for 25 min. The MS parameters were as follows:
positive ion mode; capillary voltage, 3 kV; cone voltage,
40 V; ion-source block temperature, 80� ℃; and collision
energy ramping from 15 to 40 eV. For the exact mass
measurements, the glufibrinopeptide reference (m/z =
785.8426) was continuously supplied during the nanoLCMS/MS experiments using the lockspray device. The
peptide mass measurements were corrected by the PLGS
software (ProteinLynx Global Server; Waters) during data
processing. Peak lists were generated by PLGS and the
processed data were submitted to Mascot searching using
the following parameters: data bank, NCBI; peptide tolerance, 15 ppm; fragment tolerance, 0.1 Da; number of
missed cleavages, one; variable modifications, oxidation;
and fixed modifications, carbamido methylation.

at 1:10 000 (111-035-003; Jackson ImmunoResearch).
The proteins were detected chemiluminescently with
an LAS-4000 CCD camera (Fujifilm, Tokyo, Japan) at
10-s intervals. The blots were then quantified with Multi
Gauge software (Fujifilm) and the intensity values were
exported to Excel. Differential expression was determined after normalization to Ponceau S-stained membranes for loading and transfer differences and statistical
significance was assessed.
Statistical analysis
To assess the statistical significance of differential protein expression (tumor vs non-tumor) in 2-DE as well as
in immunoblotting, Wilcoxon signed-rank test was used.
The test was double-sided and values with P < 0.05 and
a 95% CI were considered to be statistically significant.
To assess the correlation of the differential protein expression from immunoblotting with the histopathological parameters, repeated-measures analysis of variance
was used. The values with P < 0.05 and a 95% CI were
considered to be statistically significant. Bonferroni posttest was used to narrow down where the differences
were significant. All analyses were performed using
Microsoft Office Excel 2007 (Microsoft Corporation,
Redmond, WA, United States) and GraphPad Prism 5
(GraphPad Software, Inc., La Jolla, CA, United States).

Results
Subject parameters
Altogether, we used 32 pairs of human gastric adenocarcinoma and adjacent normal tissue samples from 32
patients. The mean age of the patients was 68.3 ± 10.5
(range 40-84) years. The subject group contained predominantly males (59.4%). According to Lauren’s classification, the majority of tumors were intestinal (62.5%)
and the largest part was located in the cardia/gastroesophageal border (31.2%). The tumors were mainly
moderately (37.5%) and poorly (37.5%) differentiated.
According to the TNM classification, most were pT2b
(46.9%) and pN1 (50%). The data on pM were only
available for some patients and were thus not included in
any further analysis. For more details, refer to Table 1.

Immunoblot analysis
To validate the differential expression from the 2-DE
gels, an immunoblot analysis was performed on an expanded number of samples, on 27 pairs. For TPT1, additional four pairs of cardia/gastroesophageal border
adenocarcinoma were used. A total of 30 µg protein per
sample was loaded on 12% or any kD gels (Bio-Rad,
Hercules, CA, United States), transferred onto PDVF
membranes (Millipore, Billerica, MA, United States),
and blocked in 50 g/L skimmed milk overnight at 4 ℃.
Primary antibodies were used in the following dilutions:
anti-GKN1 at 0.5 µ g/mL (WH0056287M1; Sigma–
Aldrich), anti-MRPL12 at 1 µg/mL (WH0006182M1;
Sigma-Aldrich), anti-PACAP at 1:1000 (ab96308; Abcam,
Cambridge, United Kingdom), anti-GSTM3 at 0.75 µg/
mL (ab74749; Abcam), anti-SEPT2 at 1 µg/mL (ab88657;
Abcam), anti-UBE2N at 0.5 µg/mL (ab25885; Abcam),
anti-TALDO1 at 1:1000 (ab67467; Abcam), and antiTPT1 at 1 µ g/mL (WH0007178M1; Sigma-Aldrich).
Horseradish-peroxidase-conjugated secondary antibodies
were used in the following dilutions: goat anti-mouse at
1:5000 (115-035-062; Jackson ImmunoResearch, Newmarket, Suffolk, United Kingdom) and goat anti-rabbit

WJG|www.wjgnet.com

2-DE and MS
To determine the differentially expressed proteins in
the gastric adenocarcinoma patients, we first performed
2-DE on 12 pairs of human gastric tissue samples. For
good resolution we used large (24 cm) IPG strips with an
acidic pH gradient (4-7). We performed the experiments
in triplicate, which produced well-resolved spots and reproducible 2-DE patterns. On average, 1197 ± 150 spots
per gel were detected after silver staining. Figure 1 shows
a typical image of a tumor- and a non-tumor-samplederived gel. In the lower part of the figure, one can see
differentially expressed spots from the tumor/non-tumor
pairs, obtained from a pair-by-pair comparison.
After the proteolytic digestion of 32 excised spots,
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Figure 1 Results of two-dimensional gel electrophoresis from gastric adenocarcinoma patients. A: Examples of silver-stained two-dimensional gel electrophoresis gels for non-tumor and tumor tissue; B: Examples of differentially expressed spots (circled) for the non-tumor and tumor tissue that were chosen for immunoblot
validation. MW: Molecular weight; GKN1: Gastrokine-1 precursor; MRPL12: 39S ribosomal protein L12 (mitochondrial precursor); PACAP: Plasma cell-induced resident endoplasmic reticulum protein; GSTM3: Glutathione S-transferase mu 3; SEPT2: Septin-2; UBE2N: Ubiquitin-conjugating enzyme E2 N; TALDO1: Transaldolase;
TPT1: Translationally controlled tumor protein.

Figure 2 An example of mass spectrometry identification results for septin-2.

Bioinformatics Institute (http://www.ebi.ac.uk/integr8/
GOAnalysisPage.do?orgProteomeID=25). These groups
were: metabolism (HPGD, ECHS1, MRPL12, ACADS,
NDUFV2, PBLD, PACAP, ATP5H, GSTM3, PGK1,
ACTB, HSPA1, CBX3, UBE2N, TALDO1, MTPN,
ENO1, NNMT, EIF2S1, NME1), development (HPGD,
NDUFV2, GSTM3, SEPT2, SERPINB5, ACTB, NGFR,
MTPN, NME1), death (PACAP, PKM2, NGFR, CTSD,
ANXA4, TPT1, ANXA5, NME1), response to stress
(ACTB, HSPA1, UBE2N, ENO1, EIF2S1, ANXA5),
cell cycle (GKN1, HPGD, SEPT2, NGFR, HSPA1,
NME1), cell communication (GSTM3, ACTB, NGFR,
ANXA4, ANXA5), transport (ATP5H, TTR, SEPT2,
TPT1), and cell motility (SERPINB5, ACTB).

we identified 30 different proteins by MALDI-TOF MS
or nanoLC-ESI-Q-TOF MS/MS. Eleven proteins were
found to be underexpressed, while 19 were found to be
overexpressed in the gastric adenocarcinoma relative to
adjacent non-tumor tissue samples. These results are
summarized in Table 2 and an example of the MS identification is shown in Figure 2.
The identified differentially expressed proteins could
be classified into eight groups according to the biological
process in which they are involved (Figure 3), by information from the GO Classification for Homo sapiens from
European Molecular Biology Laboratory - European

Immunoblot analysis
In order to validate the results from the 2-DE and to investigate the possibility of the identified proteins becoming relevant biomarkers, we performed an immunoblot
analysis on an expanded group of samples: 11 that were
used for 2-DE as well as an additional 16 (n = 27). The
selection of proteins subjected to the analysis was based
on their putative relevance. GKN1 was the most abundantly underexpressed protein and was already validated
at the protein level[19], so it was chosen as a general control in our 2-DE and immunoblot experiments. MRPL12
has, to the best of our knowledge, not yet been found

% Intensity

Septin-2

Porcine

(Q15019.1)
trypsin
100 1045.58
301.2
[M+H+]
[M+H+]
90
1203.61
1045.58
80
1352.74
2211.10
1603.87
70
1513.82
1203.61
1750.88
1603.87
60
1750.88
50
1352.74 1513.82
1759.99
40
1759.99
30
20
10
0
0
1021.0 1279.4
1537.8
1796.2
2054.6 2313.0
Mass (m/z)
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Table 2 Results of mass spectrometry identification
Protein name

Gene name Swiss-Prot ID pI/MW

Down-regulated
Gastrokine-1 precursor
15-hidroxyprostaglandin dehydrogenase isoform 1
Enoyl CoA hydratase, mitochondrial precursor
39S ribosomal protein L12, mitochondrial precursor
Acyl-CoA dehydrogenase
NADH dehydrogenase (ubiquinone) flavoprotein 2,
mitochondrial precursor
Phenazine biosynthesis-like domain-containing protein
isoform a
Plasma cell-induced resident endoplasmic reticulum
protein
ATP synthase subunit d, mitochondrial
Glutathione S-transferase mu 3
Transthyretin
Up-regulated
Septin-2
Maspin
Phosphoglycerate kinase 1
Pyruvate kinase, muscle
Actin, cytoplasmic 1
Tumor necrosis factor receptor superfamily member 16
precursor
Heat shock 70 kDa protein 1A/1B
Heterochromatin-like protein 1
Ubiquitin-conjugating enzyme E2 N
Transaldolase
Cathepsin D precursor
Annexin A4
Myotrophin
Enolase 1 variant
Nicotinamide N-methyltransferase
Eukaryotic translation initiation factor 2 subunit 1
Translationally-controlled tumor protein
Annexin A5
Nucleoside diphosphate kinase A isoform a

Frequency

1

GKN1
HPGD
ECHS1
MRPL12
ACADS
NDUFV2

Q9NS71
P15428
P30084
P52815
P16219
P19404

5.3/21.0
5.6/25.2
5.8/27.9
5.1/20.6
6.1/39.9
5.7/24.2

PBLD

P30039

6.1/31.8

50% (6/12)

PACAP

Q8WU39

5.2/22.0

ATP5H
GSTM3
TTR

O75947
P21266
P02766

SEPT2
SERPINB5
PGK1
PKM2
ACTB
NGFR
HSPA1
CBX3
UBE2N
TALDO1
CTSD
ANXA4
MTPN
ENO1
NNMT
EIF2S1
TPT1
ANXA5
NME1

Fold

2

75% (9/12) 15.17
66% (8/12)
3.85
66% (8/12)
3.38
58.3% (7/12) 10.95
58.3% (7/12)
4.94
50% (6/12)
2.26

P value Coverage3 No. of pep.4
0.000
0.016
0.001
0.016
0.005
0.027

16%
23%
49%
16%
12%
58%

6
5
15
4
5
16

3.60

0.007

25%

5

41.6% (5/12)

4.41

0.042

39%

5

5.2/20.5
5.3/26.3
5.4/16.4

41.6% (5/12)
33.3% (4/12)
25% (3/12)

2.40
3.35
2.74

0.012
0.042
0.027

26%
29%
53%

5
4
7

Q15019
P36952
P00558
P14619
P60709
P08138

6.0/41.0
5.6/40.2
6.0/40.1
6.0/38.8
4.8/32.2
5.2/35.5

75% (9/12)
58.3% (7/12)
58.3% (7/12)
58.3% (7/12)
58.3% (7/12)
50% (6/12)

4.58
4.99
6.46
5.25
7.77
3.94

0.009
0.007
0.016
0.021
0.005
0.002

34%
14%
22%
20%
44%
17%

7
5
6
8
12
5

P08107
Q13185
P61088
P37837
P07339
P09525
P58546
P06733
P40261
P05198
P13693
P08758
P15531

5.1/36.9
5.2/22.0
5.7/16.4
5.9/38.5
5.3/28.4
5.6/31.3
5.1/13.5
5.5/42.6
5.4/28.5
4.9/33.5
4.8/20.7
5.0/32.4
5.7/19.0

50% (6/12)
4.77
50% (6/12)
4.12
41.6% (5/12)
4.94
41.6% (5/12)
3.12
41.6% (5/12)
3.49
41.6% (5/12) 13.31
41.6% (5/12)
2.45
41.6% (5/12)
3.95
41.6% (5/12)
4.24
41.6% (5/12)
6.61
25% (3/12)
2.50
25% (3/12)
3.24
25% (3/12)
3.11

0.009
0.027
0.001
0.003
0.034
0.027
0.000
0.034
0.000
0.042
0.002
0.005
0.016

14%
19%
40%
18%
27%
54%
22%
19%
9%
24%
18%
70%
33%

8
3
5
5
11
26
4
7
3
8
4
25
5

1

Frequency shows the number of patients where the protein was differentially expressed in two-dimensional gel electrophoresis analysis; 2Fold stands for the average fold change in the relative spot volume between non-tumor and tumor (downregulated) or tumor and non-tumor (upregulated) tissue; 3Coverage stands
for the sequence coverage in mass spectrometry (MS) analysis; 4No. of pep. stands for the number of matched peptides in MS analysis. MW: Molecular weight.

Development 15%

associated with gastric adenocarcinoma, but were not
previously validated at the protein level.
Our results (Figure 4) show that GKN1 (P = 0.0007),
MRPL12 (P = 0.0033), PACAP (P = 0.0015), and
GSTM3 (P = 0.0002) were significantly underexpressed
in gastric adenocarcinoma. SEPT2 (P = 0.0001), UBE2N
(P = 0.0017), and TALDO1 (P = 0.0006), on the other
hand, were significantly overexpressed. The immunoblot
results confirmed our results from the 2-DE analysis.
TPT1, on the other hand, did not appear as generally differentially expressed in the tumor samples compared to
the non-tumor samples. However, we also checked for a
correlation of the differential expression with the histopathological parameters. We observed (Figure 5) significant differences in the MRPL12 expression and tumor
location (P = 0.017), as well as in TPT1 expression and
tumor location (P = 0.011). TALDO1 expression was observed to correlate with pN status (P = 0.036). A higher
rate of MRPL12 overexpression was found in the antrum
(P < 0.001) and a higher rate of TPT1 overexpression

Metabolism 34%

Cell communication
8%

Cell cycle 10%

Transport 7%

Response to stress 10%
Cell motility 3%

Death 13%

Figure 3 Distribution of differentially expressed proteins according to the
biological processes in which they are involved.

to be associated with gastric cancer, while SEPT2 (as the
most abundantly overexpressed), UBE2N, TALDO1,
TPT1, PACAP, and GSTM3 were already found to be
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Figure 4 Examples of immunoblotting results on four pairs of non-tumor and tumor tissue for eight differentially expressed proteins (A) and densitometric
results from immunoblotting for the same eight proteins (B). The x-axis represents non-tumor (N) and tumor (T) tissues and the y-axis represents relative band
density. The P values are from the Wilcoxon signed-rank test. GKN1:
��������������������������������������������������������������������������������������������������
Gastrokine-1 precursor; MRPL12: 39S ribosomal protein L12 (mitochondrial precursor); PACAP:
Plasma cell-induced resident endoplasmic reticulum protein; GSTM3: Glutathione S-transferase mu 3; SEPT2: Septin-2; UBE2N: Ubiquitin-conjugating enzyme E2 N;
TALDO1: Transaldolase; TPT1: Translationally controlled tumor protein.
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Figure 5 Densitometric results from immunoblotting for three proteins describing potential associations of differential protein expression and clinical
parameters. The x-axis represents different clinical parameters and the y-axis represents relative band density. The P values are from the repeated measures
analysis of variance. aP < 0.01 and bP < 0.05 are from the Bonferroni post-test. �����������������������������������������������������������������������������������
MRPL12: 39S ribosomal protein L12 (mitochondrial precursor); TPT1: Translationally
controlled tumor protein; TALDO1: Transaldolase; ������������������������
N: Non-tumor; T: Tumor.

was found in the cardia/gastroesophageal border (P <
0.01). A higher rate of TALDO1 overexpression was
found in pN0 (P < 0.05) and pN3 (P < 0.01) tumors.
Due to the interesting results of TPT1 and cardia/
gastroesophageal border correlation, we used additional
tissue samples from four patients with cardia/gastroesophageal border adenocarcinoma to confirm it. The
trend remained the same: TPT1 was upregulated. When
combining tissues from all 10 patients with cardia/gas-
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troesophageal border adenocarcinoma (six from before
and four additional), Wilcoxon signed-rank test confirmed the differential expression (Figure 6).

DISCUSSION
General observations
Using a gel-based proteomic approach, we aimed to find
and validate the differentially expressed proteins in a set
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cosal integrity and mediate repair after injury[33]. The
protection of the mucosal barrier is thought to be due to
the ability of GKN1 to alter the distribution of specific
tight-junction proteins and to stabilize perijunctional
actin[34]. It was later demonstrated to bind with F-actin in
smooth muscle cells, suggesting a role in cell–cell adhesion and the assembly of actin stress fibers[35]. Recently,
GKN1 has been shown to be a modulator of apoptotic
signals[36]. It has been confirmed as a secreted protein
and as being present in native and metaplastic gastric
epithelium, but absent from the gastric carcinoma and
the precursor lesion of intestinal metaplasia, making it a
possible tumor suppressor in gastric carcinogenesis[37].
GKN1 expression is downregulated in Helicobacterpylori-positive patients [38]. In another study, a loss of
GKN1 occurred, especially in the diffuse-type tumor,
but was associated with a significantly worse outcome in
the intestinal type[39]. It has been found to be downregulated in GC, using 2-DE[20,23,25,27], and these results have
been validated at the protein and mRNA levels[19]. Consistently, we found that GKN1 was underexpressed in
tumor tissue, using 2-DE, and we also validated the results by immunoblotting. Our result is in agreement with
other reports and, like other research groups, we were
also unable to find any correlation with histopathological
parameters at the protein level. The overlapping of both
steps of the biomarker identification with a number of
other studies in this case contributed to the confidence
in the approach for the analysis of additional biomarkers
found in our proteomic analysis.
MRPL12 is the first cloned and characterized mammalian mitochondrial ribosomal protein encoded by
the nucleus[40]. It accumulates in cells at the mRNA and
protein levels upon growth-factor stimulation. The enhanced expression later contributes to transcriptional
activation[41]. MRPL12 mRNA levels have been detected
in different organs, being especially high in the colon
and skeletal muscle[41]. Besides being a component of the
mitochondrial ribosome (its dimers bind the large ribosomal unit), MRPL12 binds to mitochondrial RNA polymerase and enhances transcription in vitro[42]. It has been
speculated that it may either directly couple transcription
and translation by binding simultaneously to polymerase
and ribosomes, or alone bind to polymerase and activate
its transcriptional activity in some way[43]. However, Litonin et al[44] have observed no such stimulation, so further
experiments are necessary to clarify the possible role of
this protein in transcription.
MRPL12 is differentially expressed, and it has previously been observed by 2-DE to be overexpressed in
prostate cancer[45] and in hepatitis B virus (HBV)-associated hepatocellular carcinoma[46]. This is not in accordance with our results because we showed that MRPL12
was downregulated in gastric adenocarcinoma. We also
observed it correlation with location: higher rates of underexpression were found in the antrum. In the context
of cancer, the knockdown of MRPL12 decreases mitochondrial activity, increases glycolysis and accelerates

TPT1

0.020

P = 0.0039
0.015

0.010

0.005

0.000

N

T

Figure 6 Densitometric results from immunoblotting of 10 pairs of nontumor and tumor tissue from cardia/gastroesophageal border adenocarcinoma patients. The x-axis represents non-tumor (N) and tumor (T) tissues and
the y-axis represents relative band density. The P value is from the Wilcoxon
signed-rank test. TPT1: Translationally controlled tumor protein.

of gastric adenocarcinoma patients. A total of 30 different proteins were identified in the study. They belonged
to different biological processes, including metabolism,
development, death, response to stress, cell cycle, cell
communication, transport, and cell motility. The largest
group, metabolism, contained 20 proteins with at least
some role in cell metabolism.
A set of these proteins has already been found in
similarly conducted experiments for GC. Among those
downregulated in the tumor, enoyl CoA hydratase, mitochondrial precursor[20,21], acyl-CoA dehydrogenase[22],
NADH dehydrogenase (ubiquinone) flavoprotein 2,
mitochondrial precursor [22], phenazine biosynthesislike domain-containing protein isoform a[22], and ATP
synthase subunit d, mitochondrial[23] have been reported
with the same alterations as in our study. In contrast to
our observation, ATP synthase subunit d was reported
to be upregulated in another study[22]. Among the proteins upregulated in the tumor, phosphoglycerate kinase
1[19], pyruvate kinase isozymes M1/M2[24,25], heat shock
70 kDa protein 1A/1B[24,25], cathepsin D precursor[22,24,26],
annexin A4[26], alpha-enolase[24,25], nicotinamide N-methyltransferase[20,27,28], annexin A5[20,29], and actin, cytoplasmic 1 in rat GC metastases[30] have been found elsewhere
with the same trend as in our study. However, other
studies have reported that pyruvate kinase [22], alphaenolase[26], and actin[26,31] have the opposite expression
patterns compared to our results. This discrepancy could
perhaps result from the heterogeneity that is often present in studies of human tumor tissue. In this paper, we
present and discuss eight putative biomarkers for gastric
carcinogensis that were identified in our study, among
which seven were validated for the first time by means
of immunoblotting.
Specific protein alterations
GKN1 has already been identified as a downregulated
gene in GC[32]. It is suggested to maintain gastric mu-
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tumor growth[47]. We speculate that it may also be the case
in gastric adenocarcinoma.
PACAP was found as an expressed sequence tag from
a microarray analysis where it exhibited downregulation
in intestinal-type GC[48]. The protein was found in the
endoplasmic reticulum of lymphocytes, where it exhibited
upregulation in the course of B-cell differentiation[49,50]. It
was found to assist in the oxidative folding of Ig domains;
however, both research groups were uncertain as to
whether it acted as an oxidoreductase or as a chaperone.
In a very recent report[51], PACAP was described as helping to diversify peripheral B-cell functions by regulating
Ca2+ stores, antibody secretion and integrin activation.
A patent application[52] has disclosed the use of PACAP
as a universal marker of different types of cancer, GC included. However, they claim that increased concentrations
of the protein and/or its fragments are associated with
cancer, whereas we discovered just the opposite for GC.
The same was reported by Huang et al[31] in a 2-DE experiment (although this was without validation), by Hasegawa
et al[48] and Katoh et al[53]. However, in the latter two cases,
this was at the non-protein level. We validated our results
by immunoblotting. Due to its downregulation in the tumor, we strongly support the previous speculation that
PACAP might be a candidate tumor-suppressor gene[53].
GSTM3 is a glutathione S-transferase (GST) that belongs to the mu class[54]. It is rather unusual; it is not only
about 70% identical in its protein sequence to the other
mu-class transferases, but it is also considerably shorter
and transcribed in the reverse orientation[55].
Several polymorphisms have been found in GSTs,
which can alter the susceptibility to carcinogens and toxins and influence the toxicity and efficacy of drug treatment[54]. They have been studied in relation to several cancers, GC included. For example, Martinez and colleagues
have found no association with the GSTM3 genotype and
GC risk[56], whereas Tatemichi and co-workers have described a possible association between GSTM3 polymorphisms and Ig titer levels in serum against H. pylori[57].
GSTM3 is found in several normal tissues, including
the stomach[58]. A comparison of the differential GSTM3
expression in cancers is made rather difficult by the fact
that many studies have focused on the whole GST family
or class, but not on individual isoforms. For instance, antral GST enzyme activity has been found to be significantly
lower in the stomach of H. pylori-infected patients[59], but
the contributions of separate isoforms has not been studied. For GSTM3 specifically, the gene is highly expressed
in a subgroup of patients with head and neck squamous
cell carcinoma[60]. The protein is upregulated in neuroblastoma[61] and in polycystic ovary syndrome[62]. We found
that GSTM3 was downregulated in gastric adenocarcinoma. Our results are in agreement with a study reporting
downregulation in the seminomatous germ cell tumor,
where the changes were also reflected at the transcriptional
level[63]. This reduced expression could be indicative of the
decreased detoxification capacity of tumor cells[59].
Septins belong to a family of conserved GTP-binding
proteins[64]. They have been implicated in many cellular
processes. SEPT2 is thought to be involved in cytokinesis,
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as well as chromosome congression and segregation[65,66].
Its fibers appear to contact actin bundles and focal adhesion complexes physically, thereby linking it to a functional interaction with actin-based cytoskeletal systems in
interphase cells[65]. It has also been found in the microtubule spindle during metaphase and is proposed to form a
mitotic scaffold for different effectors to coordinate cytokinesis with chromosome congression and segregation[66].
Several other binding partners and functions have been
proposed for SEPT2, such as the DNA damage response,
the regulation of the efficiency of vesicular transport, and
FCγR-mediated phagocytosis[64]. Recently, it has been reported that SEPT2 is part of a diffusion barrier between
the primary cilia and the cell and it is essential for retaining receptor-signaling pathways in primary cilia[67]. Also, in
response to physiological and pathological stimuli, SEPT2
redistributes and its interaction with actin increases, which
allows for the dynamic modulation of the airway epithelial
barrier function[68]. Despite all the progress, the exact molecular mechanisms, cellular, and physiological functions
of septins are still poorly understood and interactome
studies could help[69].
Septins have been linked to diseases such as neurodegeneration and cancer[70]. It is proposed that altered SEPT2
expression can lead to disordered chromosomal dynamics
and underlie the development of the aneuploidy common
to cancers[66]. SEPT2, among others, has been found to
be a fusion partner of the mixed lineage leukemia (MLL)
gene in therapy-related acute myeloid leukemia[71]. Such
fusion is associated with downregulation of SEPT2 and
MLL in myeloid neoplasia[72]. It has also been shown to
be downregulated in glioblastoma[73]. On the other hand, it
has been identified as upregulated in hepatoma carcinoma
cells, where its phosphorylation on Ser218 by casein kinase
2 has been determined as crucial for hepatoma carcinoma
cell proliferation[74]. In a 2-DE experiment, SEPT2 was, in
agreement with our results, determined to be upregulated
in GC[22]; however, no validation was carried out. The
same expression pattern was found in renal cell carcinoma[75] and in late-stage human colon cancer tissue[76], and it
is abundantly expressed in several brain tumors and braintumor cell lines[77]. Taken as a whole, these results suggest
its possible role as an oncogene.
Ubiquitination is a post-translational modification carried out in several steps[78], one of them being conjugation
of an activated ubiquitin to an ubiquitin-conjugating enzyme (E2) via a highly conserved catalytic cysteine residue.
By directly influencing the type of lysine used to label the
substrates, they influence the fate of the substrates. One
of the E2s is UBE2N, which acts as part of a complex
that enables the formation of the non-canonical Lys63mediated polyubiquitin chains[79]. As opposed to Lys48mediated ones, these do not target proteasome degradation but mediate other processes. Among other functions,
it has been shown that UBE2N in a complex with Mms2
functions via Lys63-mediated polyubiquitination in DNA
repair, whereas in a complex with Uev1A, it functions in
activating nuclear factor-κB signaling[78,80]. Both of the
partner proteins, however, are dispensable for the RNF8dependent propagation of DNA damage signals via ubiq-
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uitination[81], although there are some questions as to the
importance of this activity[82].
UBE2N is differentially expressed between different
types of leukemia and lymphoma cell lines[83]. It has significantly lower transcriptional expression levels in non-smallcell lung cancer and is correlated with pN and the stage of
the disease[84]. In a breast-cancer metastatic model using
iTRAQ technology, UBE2N was downregulated when
comparing cells with the most metastatic potential and
non-metastatic cells[85]. On the other hand, it was observed
in a 2-DE experiment to be overexpressed in HBV-associated liver cancer[46], which is consistent with our results.
It has already been shown to be differentially expressed in
GC[86]; however, it has not been validated whether it is upor downregulated. UBE2N-dependent Lys63-mediated
polyubiquitination regulates processes that often enhance
cell survival in response to certain forms of stress[87], therefore, our result supports its implication in the regulation of
similar processes in gastric cancerogenesis.
TALDO1 is an almost ubiquitous cofactor-less enzyme of the pentose phosphate pathway[88]. Its activity is
tissue specific and, in the brain, it is selectively expressed
in oligodendrocytes, thus connecting it to different autoimmune diseases, such as multiple sclerosis[89]. Its expression is developmentally controlled[88].
TALDO1 is the rate-limiting enzyme of the nonoxidative part of the pentose phosphate pathway[88] that
catalyzes the reversible transfer of a three-carbon unit
between various sugar phosphates (from ketose to aldose
sugar phosphates). It has a role in regulating the balance
between the two branches of the pentose phosphate pathway and its overall output, as measured by NADPH and
glutathione production, and thus influences the sensitivity
to cell-death signals[90].
When comparing tumor and normal TALDO1, its
activity is increased in neoplastic liver[91]. Its gene is highly
expressed in a subgroup of patients with squamous cell
carcinoma of the head and neck[60]. Furthermore, it is upregulated in late-stage human colon-cancer tissue[76] and
in the sera of colorectal cancer patients[92]. In metastatic,
compared to non-metastatic GC cell lines[93] and in GC
tissue[86], TALDO1 was overexpressed, as shown by 2-DE.
However, in both studies, again, no validation was performed. All these studies are consistent with our results,
which were also validated by immunoblotting. We also
found that TALDO1 correlated with pN status at stages
pN0 and pN3. A higher TALDO1 expression in the tumor tissue could reflect an increased metabolism of glucose for the synthesis of nucleic acids in malignant cells[92].
TPT1 is a ubiquitously expressed and highly conserved
protein. It is associated with various cellular processes,
such as cell-cycle progression, release of histamine and
various interleukins, apoptosis, malignant transformation,
and tumor reversion[94,95]. Very recently, it was also discovered as a glucose-regulated protein, important for the
survival of pancreatic beta cells[96].
It has been implicated in cancer, although it is not
tumor-specific. It is upregulated in various tumor tissue
cell lines when compared to normal tissue cell lines[97],
in breast[98] and colon cancer[99]. As for the gastric tissue,
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TPT1 has been reported as cDNA present in libraries
only from normal gastric tissues[100]. In our study, TPT1
was not validated as generally differentially expressed in
the whole group of samples. Instead, its expression was
location-correlated; TPT1 was upregulated in gastric adenocarcinoma from the cardia/gastroesophageal border.
In contrast to the general worldwide decline of GC rates,
an increasing incidence of gastric cardia cancer has been
observed in several countries[1]. This suggests that it is
a distinct clinical entity[26]. Therefore, it is possible that
TPT1 is implemented only in gastric cardia/gastroesophageal border carcinogenesis.
Comparison of tumor and adjacent, non-tumor gastric
tissues by means of proteome analysis, including differential 2-DE coupled to MS analysis, revealed 30 protein
alterations. Some of the differentially expressed proteins
had already been observed in GC in previous studies,
which supports the reliability of our analysis. Several other
proteins were found with the same trend of differential
expression in other types of cancer, which could suggest
that they are commonly involved in carcinogenesis. The
high mortality rate from GC is due to delayed detection
and surgical resection at advanced stages of the disease.
A breakthrough in the early diagnosis of GC has not occurred yet and there are currently very few markers that
are clinically in use; however, advances in proteomic research are facilitating the identification of novel diagnostic, prognostic, or therapeutic biomarkers. It is apparent
that a collection of protein biomarkers will be necessary
for reliable cancer detection and monitoring, as single
biomarkers often have an inadequate predictive value[101].
There is, therefore, a need for the expedited development of new, validated biomarkers to be added to the
list of clinically relevant tumor-associated proteins in the
proteome databases of gastric tissue and cell lines. To the
best of our knowledge, we are the first to observe aberrant expression of MRPL12 in gastric adenocarcinoma,
and, in addition, aberrant expression of PACAP, GSTM3,
SEPT2, UBE2N, TALDO1 and TPT1 for the gastric
cardia/esophageal border were validated in gastric adenocarcinoma, also for the first time. Future experiments are
planned to use these biomarkers in the design of a combinatory microarray and to translate the obtained results to
blood samples, so the proteins would ultimately be useful
as biomarkers for early detection.
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COMMENTS
Background

Gastric cancer (GC) is the fourth most common cancer worldwide. Despite declining incidence rates, it is still the second leading cause of cancer death and
thus remains a major health problem. The majority of patients are diagnosed at
an advanced stage when the 5-year survival rate is very low.

Research frontiers

Current diagnosis is invasive, whereas blood biomarkers lack sensitivity and
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specificity. This study investigated proteome changes in gastric cancerous vs
non-cancerous tissue in the hope of discovering new biomarker candidates. It
reports the validation of seven aberrantly expressed proteins, one of them being reported as a novel candidate biomarker.

14

Innovations and breakthroughs

This is believed to be the first study that reports aberrant expression of 39S ribosomal protein L12 in gastric adenocarcinoma, and for the first time, validates
aberrant expression of plasma cell-induced resident endoplasmic reticulum
protein, glutathione S-transferase mu 3, septin-2, ubiquitin-conjugating enzyme
E2 N, transaldolase, and translationally controlled tumor protein for the cardia/
gastroesophageal border at the protein level.

15

Applications

16

Future work will be focused on using the validated biomarkers in the design of a
diagnostic protein microarray and on translating the research to blood samples,
so that the proteins would ultimately be useful as biomarkers for early detection. By showing their differential expression, this work might contribute to the
efforts to understand GC carcinogenesis, as well as present a set of possible
diagnostic biomarkers for gastric adenocarcinoma.
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Peer review

18

Proteomic analysis was done in the present study. And several potential biomarkers were selected as an important protein for gastric cancer carcinogenesis. These fields are very important for further developments of the clinical
treatment in patients with various malignancies including gastric cancer.
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BRIEF ARTICLE

High-dose infliximab for treatment of pediatric ulcerative
colitis: A survey of clinical practice
Roy Nattiv, Janet M Wojcicki, Elizabeth A Garnett, Neera Gupta, Melvin B Heyman
treating >100 patients with UC; 91% had prescribed infliximab (IFX) 5 mg/kg for UC; 72% had prescribed IFX
10 mg/kg for UC. Using a 5-point Likert scale, factors
that influenced the decision not to increase IFX dosing
in patients with UC included: “improvement on initial
dose of IFX” (mean: 3.88) and “decision to move to colectomy” (3.69). Lowest mean Likert scores were: “lack
of guidelines or literature regarding increased IFX dosing” (1.96) and “insurance authorization or other insurance issues” (2.34). “Insurance authorization or other
insurance issues” was identified by 39% as at least
somewhat of a factor (Likert score ≥ 3) in their decision not to increase the IFX dose. IFX 10 mg/kg was
more commonly used for the treatment of pediatric UC
among responders based in the United States (75/100)
compared to non-United States responders (6/13, P =
0.047). Induction of remission was reported by 78%
of all responders and 81% reported maintenance of
remission with IFX 10 mg/kg. One responder reported
one death with IFX 10 mg/kg.
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CONCLUSION: IFX 10 mg/kg is more commonly used
in the United States to treat pediatric UC. Efficacy and
safety data are required to avoid insurance barriers for
its use.

Abstract
AIM: To assess attitudes and trends regarding the use
of high-dose infliximab among pediatric gastroenterologists for treatment of pediatric ulcerative colitis (UC).

© 2012 Baishideng. All rights reserved.

Key words: Immunosuppression; Inflammatory bowel
disease; Ulcerative colitis; Children; Pharmacology

METHODS: A 19-item survey was distributed to subscribers of the pediatric gastroenterology (PEDSGI)
listserv. Responses were submitted anonymously and
results compiled in a secure website.

Peer reviewer: Wojciech Blonski, MD, PhD, University of
Pennsylvania, GI Research-Ground Centrex, 3400 Spruce St,
Philadelphia, PA 19104, United States
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RESULTS: A total of 113 subscribers (88% based in
the United States) responded (101 pediatric gastroenterology attendings and 12 pediatric gastroenterology
fellows). There were 46% in academic medical institutions and 39% in hospital-based practices. The majority
(91%) were treating >10 patients with UC; 13% were
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IFX 5 mg/kg (Crohn’s, UC, inflammatory bowel diseaseunspecified (IBD-U) or other)?” Responders were then
asked, “Have you ever prescribed IFX at 10 mg/kg?”
Those that responded positively were again asked, “What
were the diagnoses for those patients receiving IFX 10
mg/kg (Crohn’s, UC, IBD-U or other)?” Responders
who listed UC as a diagnosis were subsequently asked to
specify all indications for which they prescribed IFX 10
mg/kg (steroid refractory UC, mild-to-moderate UC for
induction or maintenance of remission, moderate-tosevere UC for induction or maintenance of remission,
severe UC for induction or maintenance of remission).
Difficulty in achieving dose escalation was evaluated
by asking those with experience in prescribing IFX 5 mg/
kg: “… was an increase in IFX dosing considered at any
point?” Responders who answered positively were subsequently asked: “…was an increase in IFX dose achieved?”
To further evaluate barriers to IFX dose escalation,
a 5-point Likert scale was created whereby responders
were asked to rank (scale of 1-5) factors that may have
influenced their decision not to increase IFX to 10 mg/
kg. The factors listed included: (1) patient improvement
on the initial dose of IFX; (2) patient improvement on
alternate medical therapy; (3) decision to move to colectomy; (4) lack of guidelines or literature regarding dose
escalation; and (5) insurance authorization or other insurance issues. Responders were also asked to list other
reasons that may have influenced their decision not to
increase IFX dosing.
To evaluate the variation in administration of concomitant immunosuppressive medications, responders
were asked to specify all medications instituted prior to
IFX 10 mg/kg. In a separate question, responders were
asked to specify all medications instituted concomitant
with IFX 10 mg/kg for the treatment of UC. Answer
choices included: corticosteroids, aminosalicylates, azathioprine (AZA), 6-mercaptopurine (6-MP), and methotrexate. Responders were also asked to specify any other
medications that were not listed.
Methods for administration of IFX 10 mg/kg such
as dosing interval and continuous or episodic treatment
were not surveyed.
Responders were also asked to select any adverse
events their patients experienced as a result of IFX 10
mg/kg. Answer choices included: worsening UC, headache, arthralgia, profound anemia, infection, oncologic
process, neurologic event, antibodies against IFX or
other autoimmune antibodies and infusion reactions. Responders were asked to specify any other adverse event
that was not listed.
Finally, responders were asked to list all outcomes
their patients experienced as a result of IFX 10 mg/kg
(clinical remission, maintenance of remission, colectomy,
continued or worsening colitis, death). Again, responders
were asked to specify any other unlisted outcome.
Response frequencies were tabulated and expressed
as percentages of total responses. Differences among
groups with regard to frequency and Likert scale variables were assessed for significance using a Wilcoxon

INTRODUCTION
In the last decade, infliximab has become an alternative
treatment for moderate to severe ulcerative colitis (UC).
The landmark ACT1 and ACT2 trials in adults showed
that infliximab (IFX) successfully induced remission in
patients with corticosteroid sensitive and corticosteroid
resistant UC[1]. More recently, the Pediatric Inflammatory
Bowel Disease Collaborative Research Group showed that
children with corticosteroid-dependent or corticosteroidrefractory UC treated with IFX have a significant decrease
in corticosteroid dependency and avoidance of colectomy
in 72% after 1 year and 61% after 2 years of treatment[2].
The Food and Drug Administration (FDA) has approved the use of IFX for treatment of moderate to
severe UC for adult patients at a dose of 5 mg/kg[3]. However, in patients who lose responsiveness, the dose of IFX
is commonly increased up to 10 mg/kg. The ACT1 and
ACT2 trials demonstrated a response at this higher dose[1].
No studies have documented a benefit at this higher dose
in pediatric patients.
Given the increased use of IFX for treatment of
UC and the ongoing issues regarding efficacy, safety and
insurance approval, we conducted a survey of pediatric gastroenterologists to collect information regarding
dosing practices of IFX for the treatment of UC in the
pediatric population. The results of this survey provide a
glimpse into the attitudes of pediatric gastroenterologists
regarding the use of high-dose IFX for pediatric UC.

MATERIALS AND METHODS
An anonymous survey was created using the web-based
survey software SurveyMonkey.com® (Portland, OR).
The survey was distributed to all United States based and
international pediatric gastroenterologists participating in
the pediatric gastroenterology (PEDSGI) listserv with the
approval of the listserv administrator. This survey included an electronic consent form and was free of identifiers.
In addition, the survey forms were secured using secure
sockets layer encryption to maintain the Health Insurance
Portability and Accountability Act compliance. An “Opt
Out” link was available at any point during the survey.
This survey was approved by the University of California, San Francisco Committee on Human Research.
Demographic information was obtained by asking
responders to provide data regarding their specialty (pediatric gastroenterology attending, pediatric gastroenterology trainee, or other specialty), practice type (academic,
private, hospital based or other), practice size (< 10,
10-50, 51-100, 101-200 or > 200 patients) and location
(Western United States, Midwest United States, Northeast United States, South United States, Europe, Middle
East, Asia or “Other”).
To determine the extent of IFX use among pediatric
gastroenterologists, responders were asked, “Have you
ever prescribed IFX at 5 mg/kg?” Those pediatric gastroenterologists that responded positively were asked,
“What were the diagnoses for those patients receiving
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Table 1 Indication for initiation of infliximab 10 mg/kg
Answer options
Steroid refractory UC
Severe UC for maintenance of remission
Moderate-to-severe UC for maintenance of remission
Severe UC for induction of remission
Moderate-to-severe UC for induction of remission
Mild-to-moderate UC for maintenance of remission
Mild-to-moderate UC for induction of remission
Other

Table 2 Therapies introduced prior to infliximab 10 mg/kg

Percentage (n )

Answer options
Corticosteroids
Infliximab 5 mg/kg
Aminosalicylates
Azathioprine1
6-mercaptopurine1
Methotrexate
Other
None

70.5 (55)
64.1 (50)
62.8 (49)
55.1 (43)
38.5 (30)
9.0 (7)
2.6 (2)
6.4 (5)

96.2 (75)
92.3 (72)
89.7 (70)
76.9 (60)
70.5 (55)
25.6 (20)
14.1 (11)
1.3 (1)

1

78 respondents. UC: Ulcerative colitis.

Reported use by physicians included either azathioprine or 6-mercaptopurine in different patients. 78 respondents.

Rank Sum test for comparing two groups, or a KruskalWallis test for more than two groups as the data were
not normally distributed. Differences between categorical variables were tested using χ 2 and Fisher exact tests.
Differences were considered significant for P ≤ 0.05.

to use IFX 10 mg/kg to treat UC (75/100) compared
with non-United States responders (6/13, P = 0.047).
However, the indication for initiation of IFX 10 mg/kg
for UC did not differ between these two groups.
Increasing the IFX dose
Pediatric gastroenterologists will often increase IFX
dosing in patients that respond poorly to IFX 5 mg/kg.
Respondents who had prescribed IFX 5 mg/kg for the
treatment of UC were subsequently asked, “Have you
ever considered an increase in IFX dosing above 5 mg/
kg?” Overwhelmingly, 87.4% (90/103) of those using
IFX had at least considered an increase in IFX dosing.
Using a 5-point Likert scale, respondents were asked
to rank factors that may have influenced their decision
not to increase IFX dosing in patients with UC (Figure 1).
Among the 82 respondents, “improvement on initial dose
of IFX” and “decision to move to colectomy” had the
highest mean Likert scores (3.88 and 3.69, respectively).
“Lack of guidelines or literature regarding increased IFX
dosing” and “insurance authorization or other insurance
issues” had the lowest mean Likert scores (1.96 and 2.34,
respectively). Of note, however, 39.0% (32/82) identified
“insurance authorization or other insurance issues” as at
least somewhat of a factor (Likert score ≥ 3) in their decision not to increase the IFX dose in patients with UC.
Respondents were asked to list all medical therapies
that may have been instituted prior to IFX 10 mg/kg (Table 2). Many of the respondents selected all the alternative
medical therapies listed, and only one reported prescribing IFX 10 mg/kg without attempting any prior medical
therapy. “Other” medications that were specified included
tacrolimus, probiotics, metronidazole and other antibiotics.
Respondents were also asked what therapies they had
instituted concurrently with IFX 10 mg/kg (Table 3).
Most used corticosteroids with IFX 10 mg/kg. In addition, aminosalicylates were commonly administered with
IFX 10 mg/kg. Conversely, fewer prescribed AZA or
6-MP along with IFX 10 mg/kg. A small minority administered IFX 10 mg/kg alone. Methotrexate was also
noted to be used concurrently with IFX 10 mg/kg.
No significant differences in practice patterns with
regards to medications initiated prior to and concurrent
with IFX 10 mg/kg were observed between those in

RESULTS
Demographics
Our survey yielded 113 responders (5.7%) out of a total
of 1993 subscribers to the PEDGI listserv. Of those responders, 101 were pediatric gastroenterology attendings
and 12 were trainees in pediatric gastroenterology programs. Most responders identified themselves as based
in an academic medical institution (46.0%) or a hospitalbased practice (38.9%). A minority of respondents identified themselves as working in a private practice (12.4%).
Most responders also identified themselves as practicing
within the United States (88.5%). Ninety-one percent of
responders reported practices that treat at least 10 patients with UC, 23.0% reported 50 to 100 patients, and
13.3% reported over 100 patients with UC.
Initiation of IFX
Ninety-one percent (103/113) of respondents had prescribed IFX 5 mg/kg for treatment of UC, while 71.7%
(81/113) had prescribed IFX 10 mg/kg for treatment
of UC. The indications for prescribing IFX 10 mg/kg
are listed in Table 1. A large majority of respondents selected steroid refractory UC as an indication for IFX 10
mg/kg (70.5%). In addition, a majority of respondents
listed severe UC for induction and maintenance of remission as an indication for prescribing IFX 10 mg/kg
(55.1% and 64.1%, respectively). A large number of respondents had also used IFX 10 mg/kg for treatment of
moderate-to-severe UC, both for induction and maintenance of remission (38.5% and 62.8%, respectively).
The overall use of IFX 10 mg/kg to treat UC did
not differ significantly when comparing responders in
academic and non-academic practices. However, more
responders working in non-academic practices had prescribed IFX 10 mg/kg for maintenance of remission
for severe UC (29/39) compared with those in academic
practices (19/39, P = 0.034).
Responders based in the United States were more likely
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Mean Likert score (��
±�����
����
1SD)

Insurance authorization or other insurance issues
Lack of guidelines or literature regarding increased IFX dosing
Decision to move to colectomy
Patient improvement on alternate medical therpy
Patient improvement on intial dose of IFX
1.00
Not a factor

2.00

3.00
4.00
Somewhat of a factor

5.00
Significant factor

Figure 1 Factors that influenced pediatric gastroenterologists to not increase infliximab dosing depicted as a 5-point Likert scale. IFX: Infliximab.

Table 3 Therapies instituted with infliximab 10 mg/kg
Answer options

Table 5 Side effects and adverse reactions

None
Antibodies to infliximab
Infusion reaction or delayed hypersensitivity reaction
Worsening ulcerative colitis
Infection
Headache
Arthralgia
Development of autoimmune antibodies
(e.g., antinuclear antibodies, anti-dsDNA antibodies)
Other
Profound anemia
Oncologic process
Neurologic event (e.g., neuritis, neuropathy)

70.5 (55)
61.5 (48)
39.7 (31)
34.6 (27)
44.9 (35)
11.5 (9)
6.7 (5)
1.3 (1)

1

Reported use by physicians included either azathioprine or 6-mercaptopurine for different patients. 78 respondents.

Table 4 Outcomes reported using infliximab 10 mg/kg
Answer options
Maintenance of remission
Clinical remission
Colectomy
Continued or worsening colitis
Other
Mortality

64.1 (50)
17.9 (14)
16.7 (13)
14.1 (11)
12.8 (10)
9.0 (7)
9.0 (7)
5.1 (4)
2.6 (2)
1.3 (1)
0 (0)
0 (0)

78 respondents.

Percentage (n )

with this dose (63/78, 80.8%). Over half of the surveyed pediatric gastroenterologists who used 10 mg/kg
IFX had patients who continued to suffer worsening
colitis (40/78, 51.3%) or who moved to colectomy
(47/78, 60.3%).
Most pediatric gastroenterologists (50/78, 64.1%)
reported no adverse effects of the higher dose (Table 5).
The most common adverse events reported by prescribers were antibodies to IFX (14/78, 17.9%) and infusion
reactions (13/78, 16.7%); 14.1% (11/78) respondents reported discontinuing IFX 10 mg/kg as a result of these
adverse reactions. No oncologic or major neurologic
events were reported as a consequence of administering
IFX 10 mg/kg. However, a single respondent reported
one death while using IFX 10 mg/kg.

80.8 (63)
78.2 (61)
60.3 (47)
51.3 (40)
2.6 (2)
1.3 (1)

78 respondents.

academic and non-academic practices.
A larger number of United States based responders
had prescribed 6-MP prior to instituting IFX 10 mg/kg
to treat UC (54/75, 72.0%) compared with non-United
States based responders (1/6, 16.7%, P = 0.012). In addition, more United States based responders had prescribed
5-aminosalicylates concurrently with IFX 10 mg/kg
(47/75, 62.7%) compared with non-United States responders (1/6, 16.7%, P = 0.039). Similarly, antibiotics
was more commonly prescribed concurrently with IFX
10 mg/kg among United States responders (35/75,
46.7%) compared with non-United States responders
(0/6, P = 0.034).

DISCUSSION
This survey was designed to understand the attitudes and
driving forces of pediatric gastroenterologists regarding
the use of high-dose IFX for the treatment of UC. In
our sample, a majority of the pediatric gastroenterologists surveyed had experience treating pediatric UC with
IFX 10 mg/kg.
One of the strengths of this study is that the respondents were evenly split between academic institutions
and non-academic practices, capturing the major practice
settings of pediatric gastroenterologists.

Outcomes with high-dose IFX
Table 4 lists the outcomes reported by respondents as
a result of using IFX 10 mg/kg. A majority of pediatric gastroenterologists surveyed reported either clinical
remission (61/78, 78.2%) or maintenance of remission
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One of the weaknesses of this study is the low response rate, which may represent a non-response bias.
However, it should be noted that a large number of
the 1993 PEDSGI listserv subscribers are not pediatric
gastroenterologists. Many of the listserv subscribers are
surgeons, pathologists, nurse practitioners and other
healthcare professionals. Although the exact number of
pediatric gastroenterologists that subscribe to the listserv is unknown, the response rate is likely much higher
among this particular group. According to the American
Board of Pediatrics, at the time this survey was conducted, 974 board certified pediatric gastroenterologists were
registered in the United States[4]. Based on these numbers, our survey results represent the opinions of 9.3%
(91/974) of the registered pediatric gastroenterologists
practicing within the United States.
In addition, the results of this survey study are subject to recall bias. Respondents who have experienced
more extreme outcomes with IFX or difficulty with insurance approval for higher doses of IFX are more likely
to respond in an exaggerated manner.
While the results of this uncontrolled study are subject to various biases, they may also be indicative of the
trends regarding the use of high-dose IFX among pediatric gastroenterologists.
IFX is effective for both induction and maintenance
of remission for steroid-refractory and steroid-dependent
UC[1,2,5]. Predictably, most of the pediatric gastroenterologists surveyed indicated steroid refractoriness as an
indication for prescribing IFX 10 mg/kg. In addition,
nearly all pediatric gastroenterologists surveyed indicated
that both corticosteroids and IFX 5 mg/kg had been
employed prior to increasing the IFX dose to 10 mg/kg.
IFX 10 mg/kg may also be a corticosteroid-sparing
agent as reflected in the response that fewer pediatric
gastroenterologists reported using corticosteroids after
the 10 mg/kg dose was instituted.
While nearly three-quarters of pediatric gastroenterologists surveyed have prescribed 6-MP or AZA therapy
prior to instituting IFX, only about one-third of pediatric gastroenterologists surveyed have administered 6-MP
or AZA concurrently with IFX 10 mg/kg. This practice
may be in flux, as recent reports suggest improved disease responsiveness and lower risk of antibodies to IFX
with concomitant immunomodulators, despite concerns
of hepatosplenic T-cell lymphoma[6-10]. In our survey, no
oncologic or serious neurologic adverse outcomes were
reported. Future studies should further clarify the risk vs
benefits of concomitant immunomodulator therapy.
Our results also suggest that pediatric gastroenterologists in the United States are more likely to prescribe
IFX 10 mg/kg to treat UC compared with those working outside the United States. The only difference found
for responders in academic compared with non-academic settings was an increased use of high-dose IFX for
maintenance of remission for severe UC among nonacademic pediatric gastroenterologists.
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These differences highlight the lack of universal
guidelines and need for further studies regarding the optimal use of IFX 10 mg/kg for the treatment of UC.
The most common reported side effects were antibodies to IFX and infusion reactions. Infections were
also reported by 12.8% of responders. One respondent
reported death as an adverse outcome. The events that
lead to this death are not known. It is thought, however,
that this fatality was not a result of oncologic, neurologic
or infectious complications as the same respondent did
not report experiencing any of these adverse effects
while using IFX 10 mg/kg.
Most pediatric gastroenterologists surveyed reported
improved outcome as a result of prescribing IFX 10
mg/kg, documenting a benefit of the higher dose in
pediatric UC. However, over half of the respondents
reported worsening disease and the need for colectomy,
possibly due to loss of responsiveness, or in some cases
a lack of any response to the increased dose.
IFX is approved by the FDA for the treatment of
moderate to severe UC at a dose of 5 mg/kg[3]. Insurance companies have often rejected appeals for reimbursement for increased doses of IFX due to lack of
published data showing efficacy and safety for pediatric
patients with UC. Despite this, however, our survey suggests that insurance approval or other insurance issues
did not uniformly prevent pediatric gastroenterologists
from prescribing IFX 10 mg/kg.
Insurance approval for higher doses of IFX is achieved
via an exception process or appeal process. An exception
process involves an initial request for a health plan to consider coverage for a prescribed medication therapy or to
reevaluate the possible benefits. An appeal is a request for
an insurance carrier to reconsider a coverage decision that
was initially denied[11]. The exception and appeal processes
require letters of support from the prescribing physician.
The time-consuming processes to initiate higher doses
of IFX provide some patients with potentially lifesaving
therapy. On the other hand, this litigious process is often
unsuccessful and may delay alternative intervention for
some patients.
Modification of UC treatment often becomes necessary in patients who lose responsiveness to an initial dose
or standard maintenance regimen of IFX. Modification
may consist of an increase in dose, decrease in dosing
interval (not queried here), or addition of alternative
medical or surgical therapy[12]. Treatment strategies with
IFX should optimize drug pharmacokinetics to maximize dose response and minimize the development of
antibodies to IFX. This may delay the need to increase
IFX dose and reduce the risk of complications. Among
pediatric gastroenterologists who prescribe IFX, IFX
10 mg/kg has a recognized role and perceived benefit
in the treatment of some pediatric UC patients. Future
prospective controlled clinical trials using high-dose IFX
and other anti-tumor necrosis factor-α antibody agents,
and testing of specific dose increases may provide more
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standardized guidelines for the treatment of pediatric
patients with UC.
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BRIEF ARTICLE

Polymorphisms of the TLR2 and TLR4 genes are associated
with risk of gastric cancer in a Brazilian population
Juliana Garcia de Oliveira, Ana Elizabete Silva
genotypes was significantly higher (P < 0.01 and P =
0.01, respectively) in the cancer group (33.4% and
11.5%, respectively) than in the control group (16.9%
and 4.5%, respectively). It was also observed that
the G-C haplotype of the TLR4 +896A/G+1196C/T (P
= 0.02) and the combination of variant alleles of the
TLR2 /TLR4 +896G (P = 0.02) are associated with susceptibility to gastric cancer. In addition, the multiple
logistic regression showed that male gender [odds
ratio (OR) = 2.70; 95% CI: 1.66-4.41; P < 0.01], alcohol intake (OR = 2.93; 95% CI: 1.76-4.87; P < 0.01),
TLR2 -196 to -174 del (OR = 2.64; 95% CI: 1.56-4.44;
P < 0.01) and TLR4 +896G (OR = 3.19; 95% CI: 1.347.61; P < 0.01) polymorphisms were associated with a
higher susceptibility to developing this neoplasm.

Juliana Garcia de Oliveira, Ana Elizabete Silva, Department
of Biology, UNESP- São Paulo State University, São José do
Rio Preto Campus, 15054-000 SP, Brazil
Author contributions: de Oliveira JG performed the research,
analysed the data and drafted the article; Silva AE conceived
and designed the research, and critically revised the manuscript.
Supported by The São Paulo State Research Foundation, No.
2010/00507-0; and CNPq, No. 471908/2010-0
Correspondence to: Ana
���������������������
Elizabete Silva, PhD,
����� Department
of Biology, UNESP- São Paulo State University, Rua Cristóvão
Colombo, 2265, São José do Rio Preto Campus, 15054-000 SP,
Brazil. anabete@ibilce.unesp.br
Telephone: +55-17-32212384 Fax: +55-17-32212390
Received: November 29, 2010 Revised: May 7, 2011
Accepted: February 27, 2012
Published online: March 21, 2012

CONCLUSION: Our data indicate that TLR2 -196 to
-174 del and TLR4 +896G may increase the risk of gastric cancer in a Brazilian population.

Abstract
AIM: To investigate toll-like receptor 2 (TLR2 ) -196 to
-174 del, and TLR4 (+896A/G rs4986790 and +1196C/
T rs4986791) polymorphisms at risk of chronic gastritis
and gastric cancer in a Brazilian population and association of gastric lesions with risk factors such as smoking, alcohol intake and Helicobacter pylori infection.
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METHODS: In this case-control study, polymorphism
at TLR2 -196 to -174 del was investigated by using the
allele-specific polymerase chain reaction (PCR) method, while the PCR-restriction fragment length polymorphism technique was carried out to identify the TLR4
(rs4986790 and rs4986791) genotypes in 607 Brazilian
individuals (208 with chronic gastritis-CG, 174 with
gastric cancer-GC and 225 controls -C).
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RESULTS: The single nucleotide polymorphisms
TLR4 +1196C/T was not associated with risk of chronic
gastritis or gastric cancer and the homozygous genotypes TLR4 +896GG and TLR4 +1196TT were absent
in the studied population. However, the frequency of
TLR2 -196 to -174 ins/del + del/del and TLR4 +896AG
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susceptibility[21]. The specific polymorphism TLR2 -196
to -174 del/del genotype has been reported to show
decreased transcriptional activity of the TLR2 gene[22].
Such fact aroused the interest for this polymorphism,
and previous studies in the Japanese population demonstrated its association with increased susceptibility to
non-cardia gastric cancer[23] and intestinal metaplasia[24].
Likewise, the TLR4 presents some polymorphisms
implicated in increased susceptibility to various diseases
such as atherosclerosis[25], asthma[3], malaria[26], and also
infection with the H. pylori associated with gastric cancer and its precursors[27]. Two SNPs in TLR4+896A/G
(rs4986790) and +1196C/T (rs4986791) have received
special attention in some studies, although the results are
still controversial[6,28,29].
Therefore, the aim of this study was to evaluate the
influence of the 22-bp nucleotide deletion -196 to –
174 del, in the promoter region of the gene TLR2 and
+896A/G and +1196C/T polymorphisms (Asp299Gly
and Thr399Ile) respectively in TLR4 gene on the risk of
chronic gastritis and gastric cancer in a Brazilian population and whether there is an association of gastric lesions with risk factors such as smoking, alcohol intake
and H. pylori infection.

INTRODUCTION
Gastric cancer is one of the most serious health problems
in many countries, including Brazil, which ranks third in
incidence and mortality, and with an estimated incidence
in 2010 of about 21 500 new cases, with an incidence of
14.25 per 100 000 males and 7.70 per 100 000 females[1].
The Helicobacter polori (H. pylori) is the major etiological
risk factor for this malignancy, which progresses through
a multi-step process, developing from gastritis, to gastric
atrophy, intestinal metaplasia, dysplasia, and finally to
carcinoma[2]. It is widely accepted that chronic H. pylori
infection induces a gastric atrophy and hypochlorhydria,
which are precursors of all pathophysiological changes
of gastric carcinogenesis[3]. However, colonization with
H. pylori can lead to various outcomes. Nearly all H. pylori
positive subjects have chronic gastritis, and only 1%-2%
development of stomach cancer among infected [4] .
Hence, other factors are likely to be involved in gastric
tumorigenesis such as host genetic factors, as well as the
diversity of H. pylori virulence genes.
Host genetic factors, as polymorphisms in inflammatory and immune response genes, are mainly related
to the recognition of the bacteria by the immune system
and the variation in the level of cytokine response[5].
Among host factors, several inflammatory proteins including cytokines, growth factors, and chemokines have
been known to control immune response against H. pylori
infection[6,7]. Therefore, many studies have focused on the
analyses of polymorphisms in genes associated with the
inflammatory response in the gastric mucosa and risk for
malignancy[8-11]. Other mediators also have polymorphic
variants that modulate the innate immune response pattern, as the toll-like receptors (TLRs), which provide first
line of host defense against harmful pathogens[12].
Among the TLRs, it has been reported that the
TLR2, lipoproteins bacterial receptor and the TLR4, the
lipopolysaccharide (LPS) receptor, are involved in the
response to infection by H. pylori on gastric epithelial
cells[3,13-15]. Both the TLR2 and the TLR4 promote transcription of genes involved in immune activation including nuclear factor kappa B (NF-κ B) and also mintageactivated protein (MAP) kinase pathways[16]. TLR4 is
up regulated in gastric epithelial cell lines infected with
H. pylori and in macrophages and expression of TLR4
protein has been demonstrated in chronic active gastritis,
in precancerous lesions, and also in gastric tumor cells.
TLR2 activates NF-κB in epithelial cells, in response to
H. pylori infection, causing the expression of interleukin (IL)-8, macrophage inflammatory protein-3α and
growth-regulated oncogene alpha[7]. Thus, it is conceivable that functionally relevant polymorphisms in TLR
genes can alter the host immune response to pathogens
as infection induced by H. pylori.
Single nucleotide polymorphisms (SNPs) in TLR2
have been associated with susceptibility to various infectious and inflammatory diseases such as leprosy[17], increased risk of Gram-negative sepsis[18], asthma[19], recurrent bacterial infections[20] and sporadic colorectal cancer
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MATERIALS AND METHODS
Subjects
This was a case-control study on chronic gastritis and
gastric cancer, in which a total of 607 DNA samples from
peripheral blood leukocytes were genotyped. The case
groups comprised 208 individuals (102 men and 106
women) with a histopathologically confirmed diagnosis of chronic gastritis - CG (Sidney System)[30], with a
mean age of 52.8 + 14.5 years (range 19 to 84 years),
and 174 individuals (134 men and 40 women) with a histopathologically confirmed diagnosis of gastric cancer GC (Lauren’s classification)[31], with a mean age of 62.2
± 12.2 years (range 28 to 93 years). All subjects were
recruited from the Hospital de Base in São José do Rio
Preto, SP, and from the Pio ⅩⅡ Foundation in Barretos,
SP, Brazil. H. pylori infection was histologically established either by the Giemsa staining technique or by the
urease test, performed at the Pathology Services of the
Hospital de Base and the Pio ⅩⅡ Foundation. Results
of H. pylori infection were obtained for the available cases. The cancer-free control group (C) with no previous
history of gastric disease was composed of 225 healthy
individuals (112 men and 113 women), mainly blood donors, with a mean age of 56.5 + 18.1 years (range 20 to
93 years). Epidemiological data on the study population
were collected using a standard interviewer-administered
questionnaire, with questions about current and past occupation, smoking habits, alcohol intake and family history of cancer. All the individuals were ethnically classified on their visual appearance as Caucasians in the three
groups evaluated. The few cases of African descent were
excluded from the study (about 10%).
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Table 1 Primer sequences, restriction enzymes and fragment sizes for toll-like receptor 2 and toll-like receptor 4 gene polymorphisms and interleukin-1β gene
Primers

Enzyme T°/time

Fragment (bp)

Ref.

TLR2
del -196 to -174

Genes

F: 5’-CACGGAGGCAGCGAGAAA-3’
R: 5’-CTGGGCCGTGCAAAGAAG-3’

-

[24]

TLR4+896A/G
rs4986790

F: 5’-AGCATACTTAGACTACCACCTCGATG 3’
R: 5’-GTTGCCATCCGAAATTATAAGAAAAG 3’

BstXI
37 ℃, 1 h

TLR4+1196C/T
rs4986791

F: 5’-GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA-3’
R: 5’-ACCTGAAGACTGGAGAGTGAGTTAAATGCT-3’

HinfI
37 ℃, 1 h

F: CATGTGACCTGCTCGTCAGT
R: CCCTAGGGATTGAGTCCACA
F: 5’-CACGGAGGCAGCGAGAAA-3’
R: 5’-CTGGGCCGTGCAAAGAAG-3’

HinfI
37 ℃, 1 h
BstXI
37 ℃, 1 h

286
ins/ins: 286
ins/del: 286, 264
del/del: 264
131
A/A: 131
A/G: 131, 108
G/G: 108
407
C/C: 407
C/T: 407, 378
T/T: 378
370
195, 175
286
188, 98

IL1-β
TLR2

[34]

[33]

[47]
[24]

TLR: Toll-like receptor; IL: Interleukin; To: Temperature.

The National Research Ethics Committee approved
this work, and written informed consent was obtained
from all individuals.

detection by ethidium bromide staining.
In order to confirm the veracity of the results, one
confirmed polymorphic case was used as positive control
for every RFLP procedure, to attest the good functioning of the restriction enzyme. For the TLR4+896A/G
(rs4986790) and +1196C/T (rs4986791) polymorphisms,
we also used other fragments of the TLR2 and IL-1β
gene that was known to have the enzyme recognition site
to verify the correct functioning of the enzymes BstXI
and HinfI (Table 1), considering we did not detect any
polymorphic homozigous subjects.

Genotyping
About 5 mL of whole blood were collected from all
study participants in sterile EDTA-coated vacutainers.
DNA was extracted according to a previous report[32],
and stored at -20 ℃ until use for genotyping.
Polymorphism at TLR2 -196 to -174 del was investigated using the allele-specific polymerase chain reaction (PCR) method[24], and the PCR-restriction fragment
length polymorphism (RFLP) technique was carried out
in order to identify the TLR4 (rs4986790 and rs4986791)
genotype[33,34] in cases and control groups. In brief, the
procedure was carried in a total reaction volume of 25
μL, containing 2.5 μL 10 × PCR buffer, 2 μL deoxyribonucleotide triphosphatess (1.25 μmol/L), 0.5 μL
MgCl2 (25 mmol/L), 1.25 μL of each primer (25 mmol/
L, Sigma-Aldrich, United States), 15.3 μL dH2O, 2 μL
DNA (100 ng/μL), and 0.2 μL Taq DNA polymerase
(5 U/μ L, Invitrogen, United States). PCR for TLR2
-196 to -174 del was as follows: initial denaturation step
at 95 ℃ for 5 min, amplification was carried out by 35
cycles at 95 ℃ for 30 s, at 60 ℃ for 40 s, and at 72 ℃ for
40 s, followed by a final elongation cycle at 72 ℃ for 7
min (Table 1). PCR for both TLR4 polymorphisms were
as follows: after an initial denaturation step at 94 ℃ for
3 min, amplification was carried out by 30 cycles at 94 ℃
for 30 s, at 62 ℃ for 30 s, and at 72 ℃ for 30 s, followed
by a final elongation cycle at 72 ℃ for 7 min. Then, 10
μL of TLR4 +896 A/G and TLR4 +1196 C/T polymorphism PCR products were digested with 0.5 μL (5
U/μL) of the BstXI and HinfI specific enzymes, respectively in a 10 μL volume including 2.5 μL 10 × buffer 1
(New England Biolabs, United States) and 7.0 μL dH2O
(Table 1). The products were then electrophoresed on a
3% agarose 1000 (Invitrogen, United States) gel, to allow
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Statistical analysis
Fisher’s exact test was used to compare the groups regarding genotype and allele frequencies, and the chisquare test for determining Hardy-Weinberg equilibrium.
Multiple logistic regression models were used to determine the effects of the variables in gastric cancer and
chronic gastritis. The models included age (reference: <
61 and 53 years old - median of the groups), gender (reference: female), smoking habits (reference: nonsmokers),
drinking habits (reference: nondrinkers), and H. pylori
infection (reference: H. pylori-negative). The results are
shown as odds ratio (OR), showing 95% CI. ORs were
calculated using a dominant model due to low frequency
of polymorphic homozygous (i.e., combining heterozygous and homozygous for the minor allele vs homozygous for the major allele) for all SNPs. The haplotype
frequencies of TLR4 were inferred by Haploview program (4.0 version). Statistical analyses were performed
using the GraphPad Instat, and SPSS (11.5 version)
computer software programs. A probability level (P) of
less that 0.05 was adopted as a significance criterion.

RESULTS
The samples of the 607 subjects were genotyped for the
TLR2 -196 to -174 del and TLR4 (+896A/G rs4986790
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A

Table 2 Genotype and allele frequencies of toll-like receptor
2 (-196 to -174 del ) and toll-like receptor 4 (rs4986790
and rs4986791) polymorphisms in gastric cancer, chronic
gastritis and control groups
Genotypes/alleles
TLR2 -196 to -174
ins/ins
del/ins
del/del
OR (95% CI)
P value
Alleles
ins
del
OR (95% CI)
P value
TLR4 +896A/G
(rs4986790)
AA
AG
GG
OR (95% CI)
P value
Alleles
A
G
OR (95% CI)
P value
TLR4 +1196C/T
(rs4986791)
CC
CT
TT
OR (95% CI)
P value
Alleles
C
T
OR (95% CI)
P value

GC

C

CG

n = 174 (%)

n = 225(%)

n = 208 (%)

286 bp
264 bp

116 (66.6)
189 (84.0)
160 (76.9)
50 (28.7)
34 (15.1)
41 (19.7)
8 (4.7)
2 (0.9)
7 (3.4)
2.62 (1.63-4.22)
1.57 (0.97-2.54)
< 0.01
0.06
81.0
19.0

91.5
8.5
2.53 (1.65-3.88)
< 0.01

TLR2 del

M

B

TLR4 +896 A/G

M

188 bp
131 bp
108 bp
98 bp

87.0
13.0
1.65 (1.06-2.55)
0.02

C

TLR4 +1196 C/T

M

154 (88.5)
215 (95.5)
187 (89.9)
20 (11.5)
10 (4.5)
21 (10.1)
0
0
0
2.79 (1.27-6.13)
2.41 (1.10-5.25)
0.01
0.02
94.0
6.0

97.0
3.0
2.68 (1.23-5.81)
0.01

407 bp
378 bp
195 bp
175 bp

95.0
5.0
2.33 (1.08-5.02)
0.02

Figure 1 Eletrophoretic pattern of fragments generated by polymerase
chain reaction-allele specific and polymerase chain reaction-restriction fragment length polymorphism for the polymorphisms. A: Toll-like receptor (TLR)2
-196 to -174 del: ins/ins = 286 bp; ins/del = 286 + 264 bp; del/del = 264 bp; B:
TLR4 + 896A/G: A/A = 131 bp; A/G = 131 + 108 bp and positive control of enzyme
BstXI, TLR2 gene fragment of 286 bp with the enzyme cutting site: 188 + 98 bp (last
lane); C: TLR4 + 1196 C/T: C/C = 407 bp; C/T: 407 + 378 bp and positive control
of enzyme HinfI, interleukin-1β gene fragment of 370 bp with the enzyme cutting
site: 195 + 175 bp (last lane). M: Molecular weight marker of 100 bp.

165 (94.8)
219 (97.3)
202 (97.1)
9 (5.2)
6 (2.7)
6 (2.9)
0
0
0
1.99 (0.69-5.70)
1.08 (0.34-3.41)
0.28
1.00
98.0
2.0

99.0
1.0
1.96 (0.69-5.57)
0.29

98.0
2.0
1.08 (0.34-3.38)
1.00

Table 3 Toll-like receptor 4 haplotype frequency distribution
between gastric cancer, chronic gastritis and control groups
Haplotypes

TLR4

OR: Odds ratio; GC: Gastric cancer; CG: Chronic gastritis; C: Control.

A-C
G-C
A-T

and +1196C/T rs4986791). The genotype and allele
frequencies for these polymorphisms are presented in
Table 2. The genotype and allele frequency distribution of the three polymorphisms complied with HardyWeinberg equilibrium in both cases and control groups
(data not shown). The banding patterns of these SNPs
are represented in Figure 1.
For TLR2 -196 to -174 del, the genotype (ins/del
and del/del) and allele (del) frequencies were increased
statistically (P < 0.01) in gastric cancer group (33.4% and
19% respectively) than in control group (16.0% and 8.5%
respectively). In addition, among the groups of chronic
gastritis (13.0%) and control (8.5%), the allele frequencies (del) was statistically significant (P = 0.02).
Similarly, for TLR4+896A/G (rs4986790), the genotypes (A/G) and allele (G) frequencies were increased
statistically in gastric cancer group (11.5% and 6.0%,
respectively; P = 0.01) and chronic gastritis (10.1% and
5.0%, respectively; P = 0.02) than in control group (4.5%
and 3%, respectively). This results due to the higher
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GC (%) C (%)

+896/+1196
91.4
63.0
21.0

95.7
31.0
11.0

χ2

P

value

6.802 < 0.01
5.247 0.02
1.461 0.22

CG (%) C (%)
94.0
46.0
NF

95.7
31.0
NF

χ2
1.361
1.598
NF

P

value
0.24
0.20
NF

Haplotype G-T not found. NF: Not found; GC: Gastric cancer; CG: Chronic
gastritis; C: Control.

frequency of polymorphic allele (TLR4 +896G) in the
gastric cancer and chronic gastritis groups.
In contrast, for TLR4+1196C/T (rs4986791), no
significant difference was found between gastric cancer
and control group (Table 2). Homozygous genotypes
TLR4+896GG and TLR4+1196TT were absent in the
studied population. We also compared the genotype and
allele frequencies between gastric cancer and gastritis
groups and no significant difference was found for the
polymorphisms studied (data not shown).
The TLR4 haplotype analysis (Table 3) demonstrated
higher frequency of both wild alleles (haplotype A-C)
in control subjects compared with gastric cancer (95.7%
and 91.4%, respectively; P < 0.01). However, the opposite was observed for frequency of variant haplotype
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Table 4 Combined effect of toll-like receptor 2 (-196 to -174 del ) and toll-like receptor 4 (rs4986790 and rs4986791) polymorphisms on risk of gastric cancer and chronic gastritis
Groups
Risk genotype
Neither
TLR2 ins/del or del/
del/TLR4+896 AG
TLR2 ins/del or del/
del/TLR4+1196 CT
TLR4+896 AG/
+1196 CT

GC
C
OR (95% CI)
(n = 174) (n = 225)
P value
113
10

187
4

4

1

1

1

1.00 (reference)
4.13 (1.26-13.50)
0.02
6.61 (0.73-59.99)
0.07
1.65 (0.10-26.73)
1.00

CG
C
(n = 208) (n = 225)
160
11

187
4

1

1

3

1

OR (95% CI)
P value

GC
(n =174)

CG
(n = 225)

1.00 (reference)
3.21 (1.00-10.29)
0.06
1.16 (0.07-18.84)
1.00
3.50 (0.36-34.05)
0.34

113
10

160
11

4

1

1

3

OR (95% CI)
P value
1.00 (reference)
1.28 (0.52-3.13)
0.64
5.66 (0.62-51.37)
0.16
0.47 (0.04-4.59)
0.64

C: Control group; OR: Odds ratio; GC: Gastric cancer; CG: Chronic gastritis; TLR: Toll-like receptor.

Table 5 Distribution of risk factors, genotypes of toll-like receptor 2 (-196 to -174 del ) and toll-like receptor 4 (rs4986790 and
rs4986791), and odds ratios for gastric cancer, chronic gastritis and control groups
Variables

F (GC/C) %

Gender
Female
23/49.7
Male
77/50.3
Age (yr)
< 61
40.9/56.0
59.1/44.0
≥ 61
Smoking
Nonsmokers
30.5/34.3
Smokers
69.5/65.7
Alcohol
Nondrinkers
46.6/74.3
Drinkers
53.4/25.7
TLR2
ins/ins
66.6/84.0
ins/del
33.4/16.0
del/del
TLR4 +896A/G (rs4986790)
AA
88.5/95.5
AG
11.5/4.5
TLR4 +1196C/T (rs4986791)
CC
94.8/97.3
CT
5.2/2.7

OR (95% CI)

P value

F (CG/C) %

OR (95% CI)

P value

Reference
2.70 (1.66-4.41)

< 0.01

51.0/50.3
49.0/49.7

Reference
0.99 (0.66 -1.48)

0.96

Reference
1.26 (0.81-1.98)

0.30

52.8/43.5
47.2/56.5

(< 53 yr) Reference
(≥ 53 yr) 0.64 (0.43-0.95)

0.03

Reference
0.67(0.39-1.13)

0.13

44.8/34.3
55.2/65.7

Reference
0.57 (0.37-0.87)

0.01

Reference
2.93 (1.76-4.87)

< 0.01

68.2/74.3
31.8/25.7

Reference
1.54 (0.97-2.44)

0.06

Reference
2.64 (1.56-4.44)

< 0.01

76.9/84.0
23.1/16.0

Reference
1.39 (0.84 -2.28)

0.18

Reference
3.19 (1.34-7.61)

< 0.01

89.9/95.5
10.1/4.5

Reference
2.29 (1.02-5.13)

0.04

Reference
1.33 (0.41-4.33)

0.63

97.1/97.3
2.9/2.7

Reference
0.93 (0.28-3.05)

0.91

F: Frequency of individual (%); OR: Odds ratio; GC: Gastric cancer; CG: Chronic gastritis; C: Control; TLR: Toll-like receptor.

G-C, which was higher in the gastric cancer group compared with control group (63.0% and 31.0%, respectively; P = 0.02).
In another statistical analysis, which evaluated the
combined effect between the three polymorphisms
(TLR2 -196 to -174 del, TLR4+896A/G and +1196C/T),
the combination of variant alleles of the polymorphisms
TLR2 ins/del and del/del with TLR4 +896 AG showed
a higher risk of gastric cancer compared to healthy individuals (OR = 4.13; 95% CI: 1.26-13.50; P = 0.02). The
other combinations of variant alleles did not show any
significant difference (Table 4). The combination of the
three variant alleles was found in only one individual of
the group of chronic gastritis (data not shown).
The potential associations between the distributions
of TLR2 -196 to -174 del and TLR4 (+896A/G and
+1196C/T) genotypes adjusting for risk factors for gastric cancer and chronic gastritis in comparison of con-
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trol group are presented in Table 5.
In the gastric cancer group, the multiple logistic regression shows that male gender (OR = 2.7; 95% CI:
1.66-4.41; P < 0.01), alcohol intake (OR = 2.93; 95% CI:
1.76-4.87; P < 0.01), TLR2 -196 to -174 ins/del+del/del
(OR = 2.64; 95% CI: 1.56-4.44; P < 0.01) and TLR4
+896AG (OR = 3.19; 95% CI: 1.34-7.61; P < 0.01) were
associated with a higher susceptibility to developing this
neoplasm. The comparison between gastritis and control
group showed that only TLR4+896AG polymorphism
was associated with risk of chronic gastritis (OR = 2.29;
95% CI: 1.02-5.13; P = 0.04), while age above 53 years
(OR = 0.64; 95% CI: 0.43-0.95; P = 0.03) and smoking
(OR = 0.57; 95% CI: 0.37-0.87; P = 0.01) were negatively
associated with the development of gastritis. In another
multiple logistic regression analysis considering also the
individuals tested for H. pylori infection (95 with gastric
cancer and 177 with gastritis), there was no statistically
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significant association (OR = 0.73, 95% CI: 0.29-1.78;
P = 0.49, data not shown in Table 5). There was also no
association of three polymorphisms with H. pylori when
evaluated negative and positive individuals within a group
of gastric cancer and gastritis (data not shown).

tion or protein interaction, and decreased responsiveness
to lipopolysaccharide, disrupting transport of TLR4 to
the cell membrane[13,37]. This change leads to an exaggerated inflammatory response with severe tissue destruction, likely due to a failure in stimulating regulatory cells
and production of IL-10 cytokine[38]. Arbour et al[13] were
the first to report that individuals having either the Asp299Gly and/or Thr399Ile polymorphisms had a blunted
response towards inhaled LPS. Thus, during the cascade
of progression of gastric carcinogenesis, the subjects
with this polymorphism can have an increased risk of
severe inflammation followed by development of hypochlorhydria and gastric atrophy, which are regarded as
important precursor alterations of gastric cancer[12].
Both SNPs in TLR4 are presented in about 10% of
Caucasian and African populations and are reported to
have a positive correlation with susceptibility to infectious diseases, whereas studies in Asian populations have
shown the absence of these polymorphisms[26,39]. However, in our study with a Southeastern Brazilian population, we found that both SNPs TLR4 (+896A/G and
+1196C/T) were present in heterozygous in about 4.5%
to 11.5% and 2.7% to 5.2% respectively in the gastric
cancer and control groups. Other studies in the Brazilian
population found similar frequencies of heterozygous
TLR4+896A/G polymorphism in Chagas disease (5.6%),
ulcerative colitis (7.1%) and Crohn’s disease (7%)[40,41].
But, to the best of our knowledge, there are not studies
on TLR2 and TLR4 polymorphisms in gastric cancer of
Brazilian population.
With regards to TLR4+896A/G and +1196C/T
polymorphisms, Garza-Gonzalez et al[29] showed no association with the risk of gastric cancer in the Mexican
population, while Trejo de la O et al[7] observed that both
SNPs in TLR4 had an association with duodenal ulcer
and gastric cancer also in Mexican patients. Yet, other
studies have demonstrated association with only one of
these polymorphisms and risk of gastric cancer and precancerous lesions, either TLR4+1196C/T (Thr399Ile)[6,42]
or TLR4+896A/G (Asp299Gly) polymorphisms[3] are
associated with susceptibility to gastric carcinogenesis.
In addition, in this study in Caucasian population[3], homozygous polymorphic TLR4+896 GG was not found,
corroborating our results.
Concerning H. pylori infection, we evaluated the association between TLR2 and TLR4 polymorphisms in the
case groups with the available information in their medical records (95 with gastric cancer and 177 with gastritis)
and no association was found. The reduced number of
samples available for statistical analysis may have harmed
these results. Rad et al[8] studied the role of various TLRs
(2/4/7 and 9) in response to H. pylori using mice mutants lacking these receptors. The results demonstrated
the importance of the TLR2 in response to this bacterium, unlike the TLR4. TLR4-receptor lacking mice had
little or no change in response to H. pylori compared
with controls. Although the role that the effect of polymorphism in TLR2 in the activity of this receptor in

DISCUSSION
TLRs participate in H. pylori bacterium recognition in
gastric mucosa, and SNPs in TLRs are associated with
impaired immune response, inducing a potent inflammatory response. Therefore, it is relevant to carry out studies on host genetic factors that can be associated with
susceptibility of gastric diseases. Hence, we investigated
whether TLR2 -196 to –174 del and TLR4 (+896A/G
rs4986790 and +1196C/T rs4986791) polymorphisms
affect the risk of developing gastric cancer and chronic
gastritis in a Brazilian population. Our results have demonstrated for the first time in this population, an association of TLR2 -196 to -174 del and of TLR4+896 G
polymorphisms with susceptibility to gastric cancer. The
polymorphism TLR4+1196 T was not associated with
risk to the gastric lesions evaluated, and the homozygous
genotypes TLR4+896GG and TLR4+1196TT were absent in the studied population.
Some studies that investigated the association of
TLR2 -196 to -174 del polymorphisms at risk of developing diseases related to an inflammatory process have
shown conflicting results. For instance, del allele or del/
del genotype of TLR2 -196 to-174 polymorphism was
significantly associated with cervical cancer susceptibility[35] and risk of non-cardia gastric cancer in a Japanese
population, but not for gastritis, gastric ulcer and duodenal ulcer[23], while TLR2 -196 to -174 ins allele was associated with more severe intestinal metaplasia in older
patients[24]. However, Wang et al[36] failed to show association of TLR2 -196 to -174 del/del and ins/del carriers
with ulcerative colitis.
The -196 to -174 del polymorphism in TLR2 gene
located on chromosome 4, causes a 22-bp nucleotide
deletion that alters the promoter activity of gene. The
TLR2 del/del genotype is reported to show decreased
transcriptional activity this gene [22]. In our study, we
observed significantly higher frequencies of genotypes
TLR2 ins/del and del/del in the gastric cancer group
compared to the healthy individuals, emphasizing its role
in the gastric carcinogenesis.
The TLR4 gene is mapped on chromosome 9 and
consists of three exons. In exon 3, two non-synonymous
SNPs TLR4+896A/G and +1196C/T allows the substitution of amino acids Asp299Gly and Thr399Ile, respectively. In the analysis by Haploview, the frequencies
of TLR4 G-C (299Gly-399Thr) and G allele were higher
in patients with gastric cancer indicating an association
of this haplotype with increased risk of gastric cancer to
its carriers. The substitution of Asp299Gly amino acids
disrupt the normal structure of the extracellular region
of the TLR4 and may cause decreased ligand recogni-
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gastric cells is not fully understood, this deletion is likely
to alter their activity. Since TLR2 has an important role
in immune response against the H. pylori bacterium, the
change of its function becomes relevant in carcinogenesis of the stomach[8].
Besides the influence of the H. pylori, other risk factors as gender, age, smoking and alcohol intake were analyzed. There are statistically significant results for male
gender and alcohol intake in the gastric cancer group
compared with the control group. According to the National Cancer Institute the highest incidence of gastric
cancer occurs in men around age 70 years, and about
65% of patients diagnosed with this type of cancer were
over 50 years[1]. Another risk factor well established in
the literature in relation to gastric carcinogenesis is the
excessive consumption of alcohol[43-45]. Really, ethanol
oxidation generates acetaldehyde, which presents carcinogenic effects, since it interferes with many DNA synthesis and repair sites, leading to tumor development[46].
In conclusion, our findings indicate a significant
role of both TLR2 -196 to -174 del and TLR4+896G
(Asp299Gly) polymorphic variant with susceptibility
to gastric cancer in the Southeastern Brazilian population evaluated, whereas no association was observed
for TLR4 +1196T polymorphism. Thus, it is feasible to
highlight that host genetic factors as the interaction of
polymorphisms in genes of toll-like receptors can play
an important role in gastric carcinogenesis.
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METHODS: Consecutive patients with colonic adenomas identified at index colonoscopy were retrospectively selected if they had undergone three or more
complete colonoscopies, at least 24 mo apart. Patients
who had any first-degree relative with colorectal cancer
were excluded. Data regarding number of adenomas
at each colonoscopy, their location, size and histological classification were recorded. The monthly incidence
density of adenomas after the index examination was
estimated for the study population, by using the person-years method. Baseline adenomas were excluded
from incidence calculations but their characteristics
were correlated with recurrence at follow-up, using the
χ 2 test.
RESULTS: One hundred and fifty-six patients were included (109 male, mean age at index colonoscopy 56.8
± 10.3 years), with follow-up that ranged from 48 to
232 mo. No significant correlations were observed between the number, the presence of villous component,
or the size of adenomas at index colonoscopy and the
presence of adenomas at subsequent colonoscopies (P
= 0.49, 0.12 and 0.78, respectively). The incidence of
colonic adenomas was observed to decay from 1.4%
person-months at the beginning of the study to values
close to 0%, at 12 years after index colonoscopy.
CONCLUSION: Our results suggest the sporadic formation of adenomas occurs within a discrete period
and that, when these adenomas are removed, all neoplasia-prone clones may be extinguished.
© 2012 Baishideng. All rights reserved.
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Abstract

Colon and Rectal Surgery, Department of Surgery, Madigan
Army Medical Center, Fort Lewis, WA 98431, United States

AIM: To investigate whether, under the influence of pol-
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possibility of only a limited time window for sporadic
adenoma expression, we aimed to study the temporal
trend for adenoma formation, in a standard-risk population under colonoscopic surveillance. According to
our hypothesis, which stated that a discrete number of
mutated clones were scattered in the colon, we expected
the adenoma incidence to decrease under the effect of
polypectomy.

Rosa I, Fidalgo P, Soares J, Vinga S, Oliveira C, Silva JP , Ferro
SM, Chaves P, Oliveira AG, Leitão CN. Adenoma incidence decreases under the effect of polypectomy. World J Gastroenterol
2012; 18(11): 1243-1248 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i11/1243.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i11.1243

INTRODUCTION

MATERIALS AND METHODS

It has long been believed that initiation of sporadic colorectal cancer (CRC) increases over time, due to toxicity
or loss of fidelity of DNA replication. Therefore, it is
believed that the risk of adenoma formation is a function of age[1], which justifies lifelong colonoscopy surveillance. However, current evidence has started to challenge these perceptions.
The data that have suggested that incidence of adenoma increases with age were mostly collected from
autopsy studies[2,3]. Although relevant, these studies are
prone to bias because the age-specific incidence rates
do not adequately represent the time trend for newly
formed lesions after removal of index lesions. Moreover,
the rather important information of family aggregation
of CRC was lacking in all of them.
More recent studies, based on surveillance colonoscopies [4-6], have been mainly limited by short followup (3-5 years), which may lead to the inclusion, as new
adenomas, of polyps that were missed at a previous
examination. These time intervals are also likely to be
too short to predict the lifelong dynamics of adenoma
formation.
The notion that the formation of colon adenomatous polyps peaks at a certain age and then rapidly
declines was first presented in 1975 by Henry et al[7]. He
stated that: “some undefined stimulus to continuous
polyp formation persists for up to 4 years in about onethird of patients who develop a colonic polyp. Thereafter, either the stimulus to neoplasia is no longer present,
or the colonic mucosa adapts so that polyp formation
does not persist.” We propose that this undefined stimulus corresponds to the presence of a limited number of
mutated clones that are scattered in the colonic epithelium and evolve through cumulative critical gene events
selected over several decades. This sequence of events
ends at a specific time window, in which most adenomas
become endoscopically detectable and after which its incidence declines.
A study in Germany[8] has shown that individuals
with negative findings at colonoscopy had a reduced risk
of CRC for at least 20 years. Furthermore, when the examination was performed at 55-64 years of age and older, the risk of CRC was even lower. Additionally, according to the latest Guidelines for Colonoscopy Surveillance
after Polypectomy issued by the American Gastroenterological Association (AGA)[9], age is not considered to be
a reliable predictor of subsequent advanced adenomas.
Taking these data into account and considering the

WJG|www.wjgnet.com

Patients and procedures
Consecutive patients from three Portuguese hospitals (a
tertiary oncology center, a tertiary general hospital and
a regional hospital) with colonic adenomas who were
identified at an index colonoscopy were retrospectively
reviewed. These patients were included if they had undergone three or more complete colonoscopies that
were at least 24 mo apart. The index colonoscopies were
performed between 1978 and 2000, for screening or diagnostic purposes. The subsequent colonoscopies were
performed according to the assistant physicians’ choice,
based on surveillance guidelines that changed during the
time of the study (data were collected until 2007). Only
colonoscopies reaching the cecum, with adequate bowel
preparation and complete removal of all of the identified
polyps were considered for inclusion in the present study.
The patient files were reviewed, and the patients
were excluded if they had a previous history of CRC
or adenomas, inflammatory bowel disease, hereditary
non-polyposis CRC, familial adenomatous polyposis
syndrome, a family history of CRC in any first-degree
relative, or CRC at the index colonoscopy.
The location and size of all of the polyps had been
recorded and the specimens had been sent for pathological evaluation and were classified according to the
criteria of the World Health Organization[10]. All of the
colonoscopies were performed by certified gastroenterologists, and sedation using intravenous midazolam (with
or without pethidine association) or intravenous propofol
(performed by an anesthesiologist) was administered on a
case-to-case basis. The bowel preparation methods varied
among the centers and over time, but were based on oral
solutions that contained polyethylene glycol or senna.
The endoscopic and pathological reports were reviewed by the authors, for the results of the index colonoscopy, and of each colonoscopy reported thereafter.
The left colon was defined as the splenic flexure and the
segment distal to it.
The baseline adenoma characteristics were recorded
and correlated with recurrence of adenomas at followup. However, these adenomas were specifically excluded
from incidence ratio evaluation, because the time frame
for their formation was unknown.
Data analysis
The data regarding number of adenomas observed at
each colonoscopy, along with their location, size and
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Table 1 Outcomes of first four colonoscopies
Outcomes

Mean

Table 2 Correlation between baseline adenoma characteristics and presence of adenomas in the second colonoscopy
SD

Index colonoscopy: 156 patients studied
Adenomas
1.68
1.01
Tubular adenomas
1.49
1.13
Tubulo-villous/villous adenomas
0.14/0.05 0.35/0.22
Size of the larger adenoma (mm)
15.51
10.36
Adenomas in the left colon/remaining colon
1.34/0.35 0.93/0.69
Second colonoscopy: 156 patients studied (41.6 ± 21.0 mo since the first)
Adenomas
0.54
0.86
Tubular adenomas
0.51
0.85
Tubulo-villous/villous adenomas
0.02/0.01 0.14/0.11
Size of the larger adenoma (mm)
8.02
7.39
Adenomas in the left colon/remaining colon
0.36/0.17 0.67/0.49
Third colonoscopy: 156 patients studied ( 83.7 ± 27.7 mo since the first)
Adenomas
0.47
0.92
Tubular adenomas
0.46
0.92
Tubulo-villous/villous adenomas
0.02/0.0
0.18/0.0
Size of the larger adenoma (mm)
6.19
4.22
Adenomas in the left colon/remaining colon
0.21/0.26 0.47/0.71
Fourth colonoscopy: 44 patients studied (116.9 ± 34.1 mo since the first)
Adenomas
0.32
0.74
Tubular adenomas
0.32
0.74
Tubulo-villous/villous adenomas
0.0/0.0
0.0/0.0
Size of the larger adenoma (mm)
5.78
1.92
Adenomas in the left colon/remaining colon
0.16/0.16 0.43/0.48

Index colonoscopy
> 1 adenoma

39
14
8
5
13
67

≥ 3 adenomas
≥ 1 TV adenoma
≥ 1 villous adenoma
≥ 1 TV or V adenoma
≥ 1 adenoma > 1 cm

28
10
14
3
17
42

χ 2 test
P = 0.24
P = 0.57
P = 0.004
P = 0.95
P = 0.01
P = 0.43

TV: Tubulo-villous; V: Villous.

index colonoscopy was 56.8 ± 10.3 years. No procedural
complications were recorded. All 156 patients underwent
three colonoscopies and 44 of them underwent a fourth
examination. The outcomes of these colonoscopies are
summarized in Table 1. The index colonoscopy was performed for screening in 31 patients and for diagnostic
purposes in the remaining patients (and the symptoms
were considered to be unrelated to the adenomas in the
majority of cases).
The total number of adenomas and the numbers of
each adenoma subtype (according to the histology or location) declined over the course of the four colonoscopies.
Additionally, 12 patients underwent a fifth examination
(162.3 ± 32.7 mo after the first), and two of these had a
sixth examination (211.5 ± 20.5 mo after the first). No
adenomas were found in any of these last examinations.
Of the initial 156 patients, who underwent three
colonoscopies, 107 presently have scheduled colonoscopies, in agreement with the latest guidelines for surveillance after polypectomy; 27 patients have been released
from follow-up due to advanced age or significant comorbidity; two patients have died of unrelated causes;
and 20 have been lost from follow-up.
There was no significant correlation between the
number of adenomas at the index colonoscopy and the
presence or absence of adenomas at the second or all
subsequent colonoscopies (P = 0.68 for the second colonoscopy, P = 0.49 for all subsequent colonoscopies). The
presence of three or more adenomas at the index colonoscopy did not correlate with the presence of adenomas
at the subsequent colonoscopies (P = 0.57 for the second, P = 0.21 for all subsequent colonoscopies), nor did
the presence of adenomas > 1 cm at the index colonoscopy (P = 0.43 for the second colonoscopy, P = 0.78 for
all subsequent colonoscopies). The presence of adenomas with a villous component at the index colonoscopy
correlated with the presence of adenomas at the second
colonoscopy (P = 0.01), but there was no significant correlation when all of the subsequent colonoscopies were
considered together (P = 0.12) (Tables 2 and 3).
The presence of adenomas of the left colon at the
index colonoscopy did not predict recurrence in the same
segment in the second or all subsequent colonoscopies,
and the same was true for the right colon (data not shown).
The incidence of colonic adenomas was found to

histological classification were recorded. The analysis of
adenoma incidence over time was based on the personyears method. We assumed that the incidence rate of
adenomas was constant between two consecutive colonoscopies in each individual and, in that time interval,
the monthly incidence of adenomas in each patient was
estimated by dividing the number of adenomas found at
colonoscopy by the number of months that had elapsed
since the previous examination. The incidence of adenomas in a given month after the index colonoscopy was
determined for the entire sample by summing the incidence for that month across all of the patients that had
been observed up to that time. The monthly incidence
density of adenomas was then obtained by dividing the
estimated incidence in that month by the population that
was still at risk.
The statistical analysis was performed using Excel
XP (Microsoft Inc) and Stata 10.0 (Stata Corporation,
College Station, TX, United States). The baseline adenoma characteristics were correlated with recurrence at
follow-up using the χ 2 test.
Ethics
The present study was a retrospective observational study,
in which no experimental intervention was used, and all
of the data were kept anonymous. Therefore according to
the local regulations, no approval by the Ethics Committee was necessary. All of the patients signed an informed
consent document before each endoscopic examination.

RESULTS
The present study included a total of 156 patients (109
male and 47 female). The mean age at the time of the
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Incidence %

Table 3 Correlation between baseline adenoma characteristics and presence of adenomas in all subsequent colonoscopies
Index colonoscopy

Subsequent colonoscopies
0 adenomas (n ) ≥ 1 adenoma (n )

> 1 adenoma
≥ 3 adenomas
≥ 1 TV adenoma
≥ 1 villous adenoma
≥ 1 TV or V adenoma
≥ 1 adenoma > 1 cm

31
9
7
4
11
53

36
15
15
4
19
56

1.6

65

48

96

Number of patients on follow-up
37
19

1.4

χ 2 test

1.2
1.0

P = 0.5
P = 0.2
P = 0.08
P = 0.97
P = 0.12
P = 0.78

0.8
0.6
0.4
0.2

TV: Tubulo-villous; V: Villous.

0.0

0

144

192

240

mo

decline from 1.4% person-months, at the beginning of
the study, to values close to 0%, 12 years after the index
examination (Figure 1).
Eight years after the index colonoscopy (with 65 patients evaluated), a peak in the incidence of adenomas
was observed, that approached the baseline values, which
was then followed by a steady decline until the end of
follow-up (with 37 patients evaluated at 10 years and 19
patients evaluated at 12 years).
There were no reports of flat lesions of the colon in
any of these examinations, and there were no colorectal
adenocarcinomas reported in these patients during the
study period.

Figure 1 Variation of colonic adenomas monthly incidence (person-month
percentage) with time, since the index colonoscopy.

then the concept of a field carcinogenic defect, which
progresses with continuous adverse environmental
exposure and/or failure of the tight controls that assure DNA replication fidelity, should be replaced by a
concept of limited colonic mosaicism. When the endoscopically visible neoplastic expression of this limited
mosaicism is removed, the putative carcinogenic impulse
no longer compromises colonic epithelia homeostasis.
Our study was limited mainly by its retrospective nature and by the small number of patients reaching longer
follow-up. However, this sample was probably representative of the population at risk for sporadic CRC, because
it included both symptomatic and asymptomatic individuals who had no relevant family histories, who underwent
initial colonoscopy mostly during the sixth decade of life,
and who were followed for at least 4 years.
In contrast to traditional beliefs, we did not observe a
correlation between baseline adenoma characteristics and
the risk of recurrence at follow-up. Although the AGA
still takes baseline predictors of future adenomas or cancer into consideration, in their latest Guidelines for Colonoscopy Surveillance After Polypectomy[9], several limitations of the available evidence have been raised. van Stolk
et al[20] have reported a study in which the number of adenomas at first colonoscopy was a significant predictor
of having recurrent adenomas; however, these authors
noted that missed polyps were a possible explanation for
this relationship. Furthermore, that previous study only
included 4 years of follow-up, and the presence of a
family history of CRC was not taken into account at all.
In another study, by Martínez et al[21], multiple adenomas
at baseline, large adenomas (> 1 cm) or adenomas in the
proximal colon were predictors of recurrence. However,
the maximum follow-up of that study was 2 years, and
the baseline colonoscopy was not the first examination
for several of the patients. In addition, and although this
relationship was not statistically significant, a family history of CRC in first-degree relatives was associated with
a higher risk of recurrence in the study population. The
initial National Polyp Study also included a follow-up of
only 3 years, and investigated the incidence of colorec-

DISCUSSION
To explain the predominant CRC expression in the sixth
and seventh decades of life, a necessary sequence of 4-7
known mutations fits a model of a stable mutation clock
that ends in full-blown neoplasia at consistent time-intervals. The predominant molecular pathway responsible
for CRC begins with the selection of cells with an APC
gene loss or a β-catenin mutation, which is followed by
the cumulative selection of subsequent critical events in
other genes. Estimations of the time taken to acquire
such a sequence of mutations suggest that full-blown
neoplasia can take several decades to occur. According
to recent estimations, to obtain the necessary sequence
of mutations, the first event may need to occur at an
early age[11-13]; most likely during the exponential phase
of embryonic development, when APC is well known to
play a key role[14].
In 2007, human colon cancer stem cells were identified by two separate research groups[15,16]. More recently,
the location of normal colon stem cells, at the crypt
base, has also been demonstrated[17], and these cells seem
to be the origin of colon cancer stem cells[18]. It has been
proposed that mutations in stem cells are much more
likely to occur during the exponential phase of early
growth, as opposed to later in life[19].
Accordingly, the results of the present paper strongly
suggest that the sporadic formation of adenomas occurs
during a limited time period and, when these adenomas
are removed, virtually all of the neoplasia-prone clones
may be extinguished. If this model is shown to be true,
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tal cancer but not adenoma[2,22]. The authors included
patients regardless of their family history (other than
established genetic syndromes)[2] and they admitted that,
as a result of the short follow-up, three of the diagnosed
cancers may have been missed polyps[23]. A more recent
study, by Martinez et al[24], has revealed that the age of
the patient and the number and size of prior adenomas
were associated with the risk of advanced colorectal
neoplasia after polypectomy. However, that study was
also limited by a median follow-up of only 4 years and
a maximum follow-up of < 6 years[24]. Our study had
the advantages of a minimum follow-up of 4 years and
exclusion of patients with any family history of CRC in
first-degree relatives. This might explain why we did not
find that baseline adenoma characteristics were predictive of recurrence, and why we were able to show a decreasing incidence of adenomas with time, after an age
peak and under the influence of polypectomy.
At Digestive Disease Week 2007, Zauber et al presented new data regarding the National Polyp Study
population indicating that, after a mean follow-up of 14
years, CRC mortality was markedly reduced in all of the
patients with adenomas at baseline, when compared to
the general population. This was observed even when
patients who refused follow-up were considered in the
analysis. This finding supports the hypothesis that the
major benefit is derived from the first colonoscopy and
also brings into question the notion of increasing recurrence of adenomas over time.
With regard to the unexpected second peak that was
observed for the incidence of adenomas in our study,
after 8 years, we may speculate whether this peak is related to the type of the second hit in the APC gene. It
has been reported that, when the first hit happens close
to codon 1300, the second hit is most likely loss of heterozygosis, a faster and more efficient mutation process.
In all other cases, point mutation is the most common
mechanism for the second hit, thus driving a more sluggish development [25]. This confers different selective
advantages to each colonic adenoma, according to the
specific first hit-second hit combination and may explain
why some adenomas appear earlier and why others are
only apparent towards the end of the adenoma time
window. We acknowledge that, during a limited period
of embryonic development, a small number of stem
cells may acquire different first mutations, and that these
mutations are expressed along incidence waves during a
restricted time window.
The results of the present study reinforce the importance of colonoscopy with polypectomy during the fifth
to sixth decades of life, and the feasibility of increasing
the time for re-examination after a normal examination.
Furthermore, our study indirectly supports the concept
of a relatively stable mutation clock, which is possibly initiated during the developmental phase of embryogenesis.

tuto Português de Oncologia de Lisboa Francisco Gentil, EPE and Dr. Celeste Fátima Viveiros, from Serviço
de Gastrenterologia, Hospital do Espírito Santo - Évora,
EPE for assisting with the acquisition of data.
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analysis revealed that CCL7 and CCL21 overexpression
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Abstract
AIM: To investigate how a complex network of CC
chemokine ligands (CCLs) and their receptors influence
the progression of tumor and metastasis.

INTRODUCTION

METHODS: In the present study, we used immunohistochemistry to examine the expression of CCL7, CCL8
and CCL21 in 194 gastric cancer samples and adjacent
normal tissues. We analyzed their correlation with tumor metastasis, clinicopathologic parameters and clinical outcome.

Chemokine ligands (CCLs) belong to the small molecule
chemoattractive cytokine family and are grouped into
CC and CXC chemokines ligands on the basis of the
characteristic presence of four conserved cysteine residues[1-3]. Chemokines mediate their chemical effect on
target cells through G-protein-coupled receptors, which
are characterized structurally by seven transmembrane
spanning domains and are involved in the attraction and
activation of mononuclear and polymorphonuclear leukocytes. CCLs and their receptors play an important role

RESULTS: We found that the higher expression of CCL7
and CCL21 in cancer tissues than in normal tissues
was significantly correlated with advanced depth of
wall invasion, lymph node metastasis and higher tumor

WJG|www.wjgnet.com

1249

March 21, 2012|Volume 18|Issue 11|

Hwang TL et al . CCL in gastric cancer

in angiogenesis and tumor growth, however the role of
CCLs in metastasis has only recently been explored[4,5].
CCL7 promoted the invasion and migration of oral
squamous cell carcinoma [4]. CCL21 was significantly
highly expressed in breast tumor cells with lymph node
metastasis and prognosis[5].
Gastric cancer is one of the commonest malignant
tumors of the alimentary tract and is characterized by late
clinical presentation, rapid progression, and poor survival[6]. The reason for this poor prognosis is that, at the
time of diagnosis, gastric cancer usually shows extensive
local tumor invasion and frequent spread to metastatic
sites, particularly lymph nodes. Spread of malignant tumors is a multistep process and many of the stages of
tumor invasion require degradation or breakdown of the
extracellular matrix and connective tissue surrounding tumor cells[7,8]. The matrix metalloproteinases (MMPs) are a
family of zinc containing enzymes which are involved in
the degradation of different components of the extracellular matrix, and there is considerable evidence to indicate
that individual MMPs have important roles in tumor invasion and tumor spread[9-11]. A recent study showed that
increased levels of CCL recruit immature myeloid cells
that carry the chemokine ligand receptor (CCR) from
the blood to the tumor invasion front. These immature
myeloid cells produced MMP9 and MMP2 and help the
tumor cells to migrate and invade[12].
In the present study, we used immunohistochemistry
to examine the expression of CCL7, CCL8 and CCL21
in 194 gastric cancer samples and adjacent normal tissues. We analyzed their correlation with tumor metastasis, clinicopathologic parameters and clinical outcome.

the histopathology records from CGMH. Final pathology
was determined by consensus and review if necessary.
Immunohistochemistry
The tissue blocks were constructed according to the method of Schraml et al[13] and the best representative morphological areas of tumors were used in this study. The
specimen sections were deparaffinized, treated with 3%
hydrogen peroxide and microwaved after pretreatment in
10 mmol/L citric acid to retrieve antigenicity. The sections
were incubated with blocking solution containing phosphate buffered saline and 1% bovine serum albumin for 20
min at room temperature, and then incubated overnight at
4 ℃ with an anti-CCL7 antibody (1:100, R and D), an antiCCL8 monoclonal antibody (1:50, R and D), or an antiCCL21 monoclonal antibody (1:50, R and D), respectively.
After washing 4 times with Tris Buffered Saline, the sections were incubated with biotinylated secondary antibody
(Santa Cruz Biotechnology). The immuno-complex was visualized by the immonoglobulin enzyme bridge technique
using the DAKO LSAB 2 System, HRP kit (DAKO corp.
Carpinteria, CA) with 3,3’ diaminobenzidine tetrachloride
as a substrate. The sections were counterstained with hematoxylin, dehydrated with graded alcohols, cleared with
xylene and mounted with a coverslip.
Scoring of the immunohistochemical staining
The immunostaining results were scored as follows, according to a previous report[14]. The immunostaining
reaction was evaluated by subjective assessments of the
median staining intensity (0, no stain; 1, weak; 2, moderate; and 3, strong stain) and by the fraction of stained
cells in percentage categories (0, 0%-9%; 1, 10%-49%; 2,
50%-89%; and 3, ≥ 90%). This scoring system was previously shown to be reproducible[15]. The scores of 0 to 3
were obtained as follows: percentage categories and staining were each ranked as indicated above. The ranks for
percentage and staining intensity were multiplied by each
other, divided by 3, and rounded up to the nearest whole
number[15]. The results of immunostaining in tumor and
normal tissues were divided into three groups, higher (rank
of tumor tissue > rank of normal tissue), equal (rank of
tumor tissue = rank of normal tissue), and lower (rank of
tumor tissue < rank of normal tissue) (Figures 1-3).

MATERIALS AND METHODS
Patients and specimens
A consecutive series of 194 tissue specimens were collected from patients with gastric cancer who received
subtotal or total gastroectomy resection in Chang Gung
Memorial Hospital (CGMH) in Taiwan. All operations
were performed between January 2001 and December
2002. Written informed consent was obtained before
sample collection and this study was approved by the
Institutional Review Board of CGMH. There were 114
males and 80 females with a mean age of 62 years (range,
24-90 years). The age and gender of patients, tumor
location, tumor size, cell differentiation, depth of wall
invasion, status of lymph node metastasis, vascular invasion, lymphatic invasion and desmoplastic reaction were
obtained from histopathology records. Stage of gastric
cancer was described according to the 1997 tumor node
metastasis (TNM) classification of malignant tumors by
the American Joint Committee on Cancer. All patients
were followed until December 2007 with a minimum 5
years of follow-up. All tissue specimens were formalinfixed and paraffin-embedded. Formalin fixed tissue sections were stained with haematoxylin and eosin and classified by a pathologist. These results were compared with
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Statistical analysis
χ 2 or Fisher’s exact test was used to test for an association between CCL7, CCL8 and CCL21 expression and
patient clinicopathologic parameters. Disease-free survival was defined as the time from surgery to the first relapse of cancer, occurrence of a second primary tumor,
or death from any cause. Univariate survival analysis was
assessed by the Kaplan-Meier method and significance
of difference between groups was analysed using log
rank test or log rank test for trend. Stepwise multivariate
survival analysis was performed by the Cox proportional
hazards model. All reported P values were two-sided and
a P value < 0.05 was considered significant.
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Figure 1 Immunohistochemistry of chemokine ligand 7 in gastric cancer and
adjacent normal tissues.
Chemokine ligand 7 (CCL7)
staining is higher in the cytoplasm of gastric cancer cells
(A) than in the cytoplasm of
adjacent normal cells (B);
CCL7 staining is equal in the
cytoplasm of gastric cancer
cells (C) and in the cytoplasm
of adjacent normal cells (D);
CCL7 staining is lower in the
cytoplasm of gastric cancer
cells (E) than in the cytoplasm
of adjacent normal cells (F).
(magnification, × 400).

mor location (P = 0.025) and tumor size (P = 0.001). The
overexpression of CCL7 was significantly higher in gastric
cancer with advanced depth of wall invasion (P = 0.001),
lymph node metastasis (P = 0.020), desmoplastic reaction
(P = 0.006) and higher TNM stage (P = 0.008), but was
not correlated with age, gender, differentiation, vascular
invasion or lymphatic invasion (Table 1).
The overexpression of CCL8 was significantly correlated with age (P = 0.026) and tumor location (P = 0.004),
but not with gender, tumor size, differentiation, depth of
wall invasion, lymph node metastasis, vascular invasion,
lymphatic invasion, desmoplastic reaction or TNM stage.
The overexpression of CCL21 was significantly higher
in females than in males (P = 0.041) and was correlated
with tumor location (P = 0.026), tumor size (P = 0.043)
and lymphatic invasion (P = 0.006). As with CCL7, the
overexpression of CCL21 was significantly higher in gastric cancer with an advanced depth of wall invasion (P <
0.0001), lymph node metastasis (P = 0.003), desmoplastic
reaction (P < 0.0001) and higher TNM stage (P < 0.0001),
but was not correlated with age, differentiation or vascular

RESULTS
CCL7, CCL8 and CCL21 expression in gastric cancer
and adjacent normal tissues
The percentages of the higher expression of CCL7, CCL8
and CCL21 in cancer tissues than in normal tissues were
42.3% (82 of 194), 29.9% (58 of 194) and 44.8% (87 of
194), respectively (Figures 1-3 and Table 1). The percentages of the equal expression of CCL7, CCL8 and CCL21
in cancer tissues and in normal tissues were 35.6% (69 of
194), 33% (64 of 194) and 32.5% (63 of 194), respectively
(Figures 1-3 and Table 1). The percentages of the lower
expression of CCL7, CCL8 and CCL21 in cancer tissues
than in normal tissues were 22.2% (43 of 194), 37.1% (72
of 194) and 22.7% (44 of 194), respectively (Figures 1-3
and Table 1).
CCL7, CCL8 and CCL21 overexpression in relation to
clinicopathologic parameters
The overexpression of CCL7 in cancer tissues compared
with normal tissues was significantly correlated with tu-
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Figure 2 Immunohistochemistry of chemokine ligand 8 in gastric cancer and
adjacent normal tissues.
Chemokine ligand 8 (CCL8)
staining is higher in the cytoplasm of gastric cancer cells
(A) than in the cytoplasm of
adjacent normal cells (B);
CCL8 staining is equal in the
cytoplasm of gastric cancer
cells (C) and in the cytoplasm
of adjacent normal cells (D);
CCL8 staining is lower in the
cytoplasm of gastric cancer
cells (E) than in the cytoplasm
of adjacent normal cells (F).
(magnification, × 400).

invasion (Table 1).

tissues than in normal tissues was significantly correlated
with advanced depth of wall invasion, lymph node metastasis and higher TNM stage. The mechanism for chemokine ligand promotion of tumor invasion and metastasis
is not clear. Using a model of colorectal tumor progression, Kitamura et al[12] showed that tumor-stromal interaction could promote tumor invasion. The colonic tumor
can promote the production of CCL9. Increased levels
of CCL9 recruited immature myeloid cells that carry the
CCL9 receptor CCR1 from the blood to the tumor invasion front. The immature myeloid cells produce MMP2
and MMP9 and help the tumor epithelium to migrate and
invade into the stroma. Jung et al[4] also showed the importance of tumor-stromal crosstalk in invasion of oral squamous cell carcinoma (OSCC) via CCL7[4]. To identify key
molecular regulators expressed by carcinoma-associated
fibroblasts (CAF) that promote cancer cell invasion, Jung
et al[4] used microarrays to compare cocultured OSCC and
CAF with monoculture controls. Microarray and realtime polymerase chain reaction analysis identified marked
upregulation of CCL7 in cocultured CAF. Enzyme-linked

Prognostic implications of CCL7, CCL8 and CCL21
overexpression in gastric cancer
CCL7 and CCL21 overexpression was correlated with a
poor prognosis (P = 0.002 and 0.001, Table 2 and Figure 4A and C). CCL8 overexpression was not correlated
with survival (Table 2, Figure 4B). Other significant prognostic factors were tumor location, tumor size, differentiation, depth of invasion, lymph node metastases, vascular
invasion, lymphatic invasion, marked desmoplastic reaction and higher TNM stage. In multivariate analysis, depth
of invasion, lymph node metastasis and desmoplastic reaction were independent prognostic factors (Table 3).

DISCUSSION
In this study, CCL7, CCL8 and CCL21 expression levels
were examined in 194 cases of gastric cancer for correlation with patient clinicopathologic factors. We found
that the higher expression of CCL7 and CCL21 in cancer
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CCL7 expression
Higher (n = 82)
Equal (n = 69)
Lower (n = 43)
P = 0.002
0

12

24 36 48 60 72 84
Months after operation

96

1.0
0.9
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0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

C
Cumulative survival rate (100%)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Cumulative survival rate (100%)

Cumulative survival rate (100%)

A

Figure 3 Immunohistochemistry of chemokine ligand
21 in gastric cancer and
adjacent normal tissues.
Chemokine ligand 21 (CCL21)
staining is higher in the cytoplasm of gastric cancer cells
(A) than in the cytoplasm of
adjacent normal cells (B);
CCL21 staining is equal in the
cytoplasm of gastric cancer
cells (C) and in the cytoplasm
of adjacent normal cells (D);
CCL21 staining is lower in the
cytoplasm of gastric cancer
cells (E) than in the cytoplasm
of adjacent normal cells (F).
(magnification, × 400).

CCL8 expression
Higher (n = 58)
Equal (n = 64)
Lower (n = 72)
P = 0.269
0

12

24 36 48 60 72 84
Months after operation

96

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

CCL21 expression
Higher (n = 87)
Equal (n = 63)
Lower (n = 44)
P = 0.001
0

12

24 36 48 60 72 84
Months after operation

96

Figure 4 Kaplan-Meier survival curves for disease-free survival of 194 patients with gastric cancer. A: Categorized by chemokine
���������� ligand
������� 7�� (CCL7) �������������
��������������������
expression,
survival was significantly worse for patients with higher CCL7 expression than those with equal or lower CCL7 expression (P = 0.002); B: Categorized by CCL8
expression, no significant difference was observed among the three groups (P = 0.269); C: Categorized by CCL21 expression, survival was significantly worse for
patients with higher CCL21 expression than those with equal or lower CCL21 expression (P = 0.001).

immunosorbent assay showed an elevated level of CCL7
secretion from CAF stimulated by coculture with OSCC
cells. CCL7 promoted the invasion and migration of

WJG|www.wjgnet.com

OSCC cells, and the invasiveness was inhibited by treatment with CCL7 neutralizing antibody.
However, other studies have shown that CC chemokine
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Table 1 Association of chemokine ligand 7, chemokine ligand 8 and chemokine ligand 21 expression with the clinicopathologic parameters
CCL-7 expression
Factors

Cases

Higher

Equal

Lower

CCL-8 expression

P value

n = 82 n = 69 n = 43
Age (yr)
83
≤ 60
> 60
111
Gender
Male
114
Female
80
Tumor location
Upper
22
Middle
40
Lower
124
Whole
8
Tumor size (cm)
95
≤3
>3
99
Differentiation
Well
18
Moderate
55
Poor
52
Signet ring cell
69
Depth of wall invasion
T1
47
T2
37
T3
101
T4
9
Lymph node metastasis
N0
88
N1
47
N2
23
N3
36
Vascular invasion
No
168
Yes
26
Lymphatic invasion
No
104
Yes
90
Desmoplastic reaction
None
28
Mild
64
Moderate
75
Marked
27
TNM stage
64
Ⅰ
44
Ⅱ
38
Ⅲ
48
Ⅳ

Higher

Equal

Lower

CCL-21 expression

P value

n = 58 n = 64 n = 72

Higher

Equal

Lower

P value

n = 87 n = 63 n = 44

31
51

31
38

21
22

0.449

17
41

28
36

38
34

0.026

34
53

24
39

25
19

0.101

52
30

40
29

22
21

0.412

36
22

40
24

38
34

0.429

47
40

45
18

22
22

0.041

10
10
58
4

6
17
46
0

6
13
20
4

0.025

4
10
42
2

6
6
48
4

12
24
34
2

0.004

8
13
60
6

9
11
43
0

5
16
21
2

0.026

29
53

36
33

30
13

0.001

24
34

28
36

43
29

0.068

34
53

35
28

26
18

0.043

6
27
25
24

8
22
15
24

4
6
12
21

0.177

5
17
19
17

6
23
13
22

7
15
20
30

0.422

7
30
27
23

7
18
12
26

4
7
13
20

0.130

12
8
58
4

19
18
29
3

16
11
14
2

0.001

8
13
35
2

15
12
31
6

24
12
35
1

0.070

9
9
64
5

18
18
24
3

20
10
13
1

< 0.0001

30
16
13
23

36
16
7
10

22
15
3
3

0.020

21
16
7
14

29
17
6
12

38
14
10
10

0.488

28
20
13
26

33
17
5
8

27
10
5
2

0.003

70
12

60
9

38
5

0.800

50
8

58
6

60
12

0.561

71
16

57
6

40
4

0.163

37
45

39
30

28
15

0.086

27
31

34
30

43
29

0.325

36
51

38
25

30
14

0.006

6
22
43
11

14
20
25
10

8
22
7
6

0.006

5
18
23
12

6
21
30
7

17
25
22
8

0.071

7
17
44
19

9
26
24
4

12
21
7
43

< 0.0001

16
17
20
29

27
17
12
13

21
10
6
6

0.008

14
13
13
18

20
14
14
16

30
17
11
14

0.427

13
18
24
32

26
18
8
11

25
8
6
5

< 0.0001

CCL: Chemokine ligand; TNM: Tumor node metastasis.

ligands promote T cells to kill the tumor cells. Wu et al[16]
investigated the effect of exogenous CCL21 expressed in
breast cancer MCF-7 cells on human monocyte-derived
dendritic cells (DCs). Stimulation of CCL21-transfected
MCF-7 cells prompted DC function: migration, antigen
uptake and presentation. The stimulated DCs facilitated
Th 1 type cytokine production, perforin-forming CD8+
T cell transformation and final T cell-associated clearance
of MCF-7 cells. Wetzel et al[17] showed that human CCL7
can reduce tumorigenicity and augment infiltration of
dendritic cells and neutrophils toward mouse mastocytoma; it also inhibits mouse melanoma growth through
activation of T lymphocytes and natural killer cells.

WJG|www.wjgnet.com

The differences between the expression of CCL7
and CCL21 correlated with clinicopathologic parameters
were gender and lymphatic invasion. The overexpression of CCL7 in gastric cancer was not correlated with
gender and lymphatic invasion, but that of CCL21 was
correlated with these two parameters. The overexpression of CCL21 was significantly higher in females than
in males. The reason for the significance is not clear and
more studies are necessary to clarify the significance.
The overexpression of CCL21 was also correlated with
lymphatic invasion. Recently, metastatic gastric carcinoma cells have been shown to express the receptor for
chemokine CCL21, chemokine receptors CCR7, a prop-
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Table 2 Univariate analysis of the clinicopathologic parameters influencing the disease-free survival of 194 gastric cancer
patients undergoing gastrectomy
Factors

Cases

Age (yr)
83
≤ 60
> 60
111
Gender
Male
114
Female
80
Type of gastrectomy
Total
41
Subtotal
153
Tumor location
Upper
22
Middle
40
Lower
124
Diffuse
8
Margin
Negative
173
Positive
21
Tumor size (cm)
95
≤3
>3
99
Differentiation
Well
18
Moderate
55
Poor
52
Signet ring cell 69
Depth of invasion
T1
47
T2
37
T3
101
T4
9
Lymph node metastasis
N0
88
N1
47
N2
23
N3
36
Vascular invasion
No
168
Yes
26
Lymphatic invasion
No
104
Yes
90
Perineural invasion
No
109
Yes
84
Desmoplastic reaction
None
28
Mild
64
Moderate
75
Marked
27
TNM stage
64
Ⅰ
44
Ⅱ
38
Ⅲ
48
Ⅳ
CCL-7
Higher
82
Equal
69
Lower
43
CCL-8
Higher
58
Equal
64
Lower
72
CCL-21
Higher
87
Equal
63
Lower
44

Mean survival
(mo)

95% CI
of mean

57.33
53.34

50.22-64.44
46.93-59.76

60.2
56.1

0.516

57.90
51.09

51.74-64.05
43.61-58.56

62.2
51.7

0.174

31.85
60.21

23.28-40.43
55.14-65.48

33.5
64.5

< 0.0001

26.01
69.22
56.56
23.41

15.81-36.21
61.15-71.29
50.70-62.43
7.46-39.36

27.3
77.0
59.5
25.0

< 0.0001

57.71
27.41

52.73-62.68
17.26-37.56

62.3
12.6

0.0001

70.94
39.02

65.97-75.92
32.23-45.81

80.7
34.6

< 0.0001

65.58
43.11
37.91
62.16

59.43-71.73
35.16-51.06
30.28-45.54
54.89-69.43

94.4
54.4
33.6
67.9

< 0.0001

79.53
71.92
40.04
10.57

75.46-83.60
64.56-79.28
33.53-46.54
5.94-15.21

95.7
80.6
35.4
0.0

< 0.0001

73.64
57.67
31.61
15.39

69.17-78.11
47.75-67.59
21.57-41.65
10.83-19.95

83.8
64.9
23.9
0.0

< 0.0001

60.36
17.74

55.48-65.23
11.39-24.08

65.4
4.4

< 0.0001

70.58
36.48

65.84-75.33
29.43-43.53

79.2
32.1

< 0.0001

67.57
37.36

62.27-72.88
30.70-44.02

76.3
34.1

< 0.0001

67.55
70.20
41.99
36.67

56.87-78.24
64.03-76.37
34.35-49.62
24.49-48.85

78.6
78.7
38.8
36.7

< 0.0001

78.86
66.55
46.52
14.71

75.66-82.07
58.17-74.92
36.06-56.98
10.94-18.48

92.1
74.2
45.7
0.0

< 0.0001

45.62
60.09
63.28

37.97-53.28
52.62-67.57
54.24-72.32

43.6
64.7
71.8

0.002

51.05
51.89
59.97

42.41-59.70
43.39-60.39
52.60-67.34

50.0
57.4
64.6

0.269

44.96
56.60
70.58

37.83-52.10
48.30-64.90
63.24-77.93

45.8
59.5
79.2

0.001

Table 3 Cox’s proportional hazards analysis
Factors

5-year
P value
survival (%)

Depth of invasion
T2/T1
T3/T1
T4/T1
Lymph node metastasis
N1/N0
N2/N0
N3/N0
Desmoplastic reaction
Mild/none
Moderate/none
Marked/none
CCL-7
CCL-8
CCL-21

95% CI
upper-lower

P value

7.850
23.200
65.052

1.454-42.390
4.733-113.716
10.830-390.730

0.017
0.000
< 0.0001

1.856
3.520
7.227

0.865-3.982
1.597-7.758
3.349-15.596

0.112
0.002
< 0.0001

3.663
3.623
4.926

1.272-10.638
1.304-10.101
1.590-15.152

0.016
0.014
0.006
0.801
0.620
0.084

CCL: Chemokine ligand.

erty that may allow them to access the lymphatic system
and spread to regional lymph nodes[18]. Thus the “chemoattraction” theory of metastasis may be reflected by
malignant cells expressing functional chemokine receptors that can respond to organ-specific chemoattractant
molecules and migrate directionally along chemokine
gradients to set up site-specific metastases in the target
organs. Such chemotactic migration of tumors would
mirror the physiologic mechanisms of lymphocyte homing into lymphoid organs.
Kaplan-Meier survival analysis revealed that CCL7
and CCL21 overexpression in cancer tissues was correlated with poor prognosis. If tumor-infiltrating leukocytes
are able, in some instances, to promote cancer, then the
local production of chemokines that attract leukocytes
could be a poor prognostic sign. This is the case in human breast cancer, where levels of CCL5 and CCL2 correlate with tumor progression and there is a positive correlation between the extent of the macrophage infiltrate,
lymph-node metastasis and clinical aggressiveness[19-21]. In
esophageal squamous cell carcinoma, CCL2 expression
has been associated with the extent of macrophage infiltration, tumor cell invasion and tumor vascularity[22].
In conclusion, the higher expression of CCL7 and
CCL21 in gastric cancer tissues than in normal tissues
was significantly correlated with advanced depth of wall
invasion, lymph node metastasis and higher TNM stage.
Moreover, Kaplan-Meier survival analysis revealed that
CCL7 and CCL21 overexpression in cancer tissues was
correlated with poor prognosis. These results suggest that
overexpression of these two CC chemokine ligands is associated with tumor metastasis and serves as a prognostic
factor in patients with gastric cancer.

COMMENTS
COMMENTS
Background

Gastric cancer is one of the commonest malignant tumors of the alimentary
tract and is characterized by late clinical presentation, rapid progression, and

CCL: Chemokine ligand; TNM: Tumor node metastasis.
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poor survival. The reason for this poor prognosis is that, at the time of diagnosis, gastric cancer usually shows extensive local tumor invasion and frequent
spread to metastatic sites, particularly lymph nodes. Spread of malignant
tumors is a multistep process and many of the stages of tumor invasion require
degradation or breakdown of the extracellular matrix and connective tissue surrounding tumor cells.

8
9
10

Research frontiers

The matrix metalloproteinases (MMPs) are a family of zinc containing enzymes
which are involved in the degradation of different components of the extracellular matrix, and there is considerable evidence to indicate that individual
MMPs have important roles in tumor invasion and tumor spread. A recent study
showed that increased levels of chemokine ligand (CCL) recruit immature
myeloid cells that carry chemokine ligand receptor from the blood to the tumor
invasion front. These immature myeloid cells produced MMP9 and MMP2 and
help the tumor cells to migrate and invade.

11
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13

Innovations and breakthroughs

In the present study, the authors used immunohistochemistry to examine the
expression of CCL7, CCL8 and CCL21 in 194 gastric cancer samples and
adjacent normal tissues. The authors analyzed their correlation with tumor metastasis, clinicopathologic parameters and clinical outcome. They found that the
higher expression of CCL7 and CCL21 in cancer tissues than in normal tissues
was significantly correlated with advanced depth of wall invasion, lymph node
metastasis and higher tumor node metastasis (TNM) stage. Moreover, KaplanMeier survival analysis revealed that CCL7 and CCL21 overexpression in cancer tissues was correlated with poor prognosis.

14

15

Applications

These results suggest that overexpression of CCL7 and CCL21 is associated
with tumor metastasis and serves as a prognostic factor in patients with gastric
cancer.
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Peer review

The authors used immunohistochemistry to examine the expression of CCL7,
CCL8 and CCL21 in 194 gastric cancer samples and adjacent normal tissues.
They found that the higher expression of CCL7 and CCL21 in cancer tissues
than in normal tissues was significantly correlated with advanced depth of wall
invasion, lymph node metastasis and higher TNM stage. Moreover, KaplanMeier survival analysis revealed that CCL7 and CCL21 overexpression in cancer tissues was correlated with poor prognosis.
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Bacterial flora concurrent with Helicobacter pylori in the
stomach of patients with upper gastrointestinal diseases
Yuan Hu, Li-Hua He, Di Xiao, Guo-Dong Liu, Yi-Xin Gu, Xiao-Xia Tao, Jian-Zhong Zhang
the predominantly acid resistant species reported previously in healthy volunteers. The prevalence of non-H.
pylori bacteria was higher in non-ulcer dyspepsia group
than in gastric ulcer group (100% vs 42.9%, P < 0.001).
Six bacterial species with urease activity (Staphylococ-
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cus epidermidis, Staphylococcus warneri, Staphylococcus capitis, Staphylococcus aureus, Brevibacterium spp.
and Klebsiella pneumoniae ) were also isolated.

CONCLUSION: There is a high prevalence of the
non-H. pylori bacteria concurrent with H. pylori infection, and the non-H. pylori bacteria may also play important as-yet-undiscovered roles in the pathogenesis
of stomach disorders.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the non-Helicobacter pylori (H. pylori ) bacterial flora concurrent with H. pylori infection.
METHODS: A total of 103 gastric biopsy specimens
from H. pylori positive patients were selected for bacterial culture. All the non-H. pylori bacterial isolates were
identified by matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS).
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Bacterial flora concurrent with Helicobacter pylori in the stomach of patients with upper gastrointestinal diseases. World J
Gastroenterol 2012; 18(11): 1257-1261 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i11/1257.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i11.1257

RESULTS: A total of 201 non-H. pylori bacterial isolates
were cultivated from 67 (65.0%) of the 103 gastric
samples, including 153 isolates identified successfully
at species level and 48 at genus level by MALDI-TOF
MS. The dominant species were Streptococcus, Neisseria, Rothia and Staphylococcus , which differed from
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Bacterial culture and polymerase chain reaction
detection for H. pylori
After biopsies were taken, the samples were dispersed
using a homogenizer. Each homogenate was inoculated
onto three plates, two Columbia blood agars (CM0331,
OXOID) and a Campylobacter agar (CM0935, OXOID)
supplemented with 5% sheep blood, polymyxin B, vancomycin, trimethoprim, and amphotericin B. One of the
Columbia blood agar was incubated under aerobic condition at 37 ℃, the other one and the Campylobacter agar
were incubated under microaerophilic condition at 37 ℃.
The H. pylori status was assessed with culture and
polymerase chain reaction (PCR) detection. Small (0.5 to 2
mm) translucent colonies were selected to gram-strain and
tested for urease, catalase and oxidase activity. Microscopy
of gram-stained smears with curved gram-negative rods
resembling Helicobacter, together with positive in all the tree
enzyme activity tests were identified as H. pylori.
H. pylori culture-negative samples were further detected by ureA, vacA and cagA PCR analysis, using the
primers described previously [8,9]. H. pylori status was
defined as negative only if all the three PCR detections
were negative.

INTRODUCTION
Stomach is generally regarded as an environment that is
not conducive to bacterial colonization. A notable exception is Helicobacter pylori (H. pylori), which may cause
chronic gastritis, peptic ulcer and is correlated with gastric adenocarcinoma[1,2]. However, gastritis also occurs in
H. pylori negative human subjects or mouse models, suggesting that H. pylori is just one of the organisms causing
gastritis.
With the reduced level of acid induced by H. pylori
dissipates or antiulcer medications, the stomach becomes more susceptible to the colonization of other
organisms[3], which may complicate the development of
gastric disorders. In recent years, considerable interest
has emerged in the interactions among H. pylori, non-H.
pylori bacteria and acid-suppressive therapy. Some studies
have shown that the co-infection of H. pylori and non-H.
pylori bacteria enhances the development of atrophic
corpus gastritis[4]. But up till now, there are only a limited number of studies regarding the stomach bacterial
flora and all are based on a small size of a few patients
or volunteers. The aim of this study was to investigate
the non-H. pylori bacterial flora concurrent with H. pylori
infection.
Matrix-assisted laser desorption ionization-time-offlight mass spectrometry (MALDI-TOF MS) is a new
technology for bacterial identification[5]. Its performance
has been evaluated in different studies, and a higher accuracy was obtained compared with phenotypic methods[6,7].

Mass spectrometry identification of non-H.pylori bacteria
Preparation of samples: Appropriate amount (5-10
mg) colony was scraped by inoculating loop and suspended in 300 μL distilled water, and 900 μL ethanol
was added and mixed. Then the sample was centrifuged
at 12 000 r/min for 2 min, and the pellets were dried.
Fifty μL formic acid (70% in water) was added to the
dried bacterial pellet and mixed thoroughly, and then
added with 50 μL acetonitrile. After centrifugation at
12 000 r/min for 2 min, 1 μL of the supernatant containing the bacterial extract was transferred onto the
MSP 96 target ground steel plate (Bruker Daltonics, Bremen, Germany) and dried, then 1 μL of matrix solution
(satured solution of a cyano-4-hydroxycinnamic acid in
50% acetonitrile + 2.5% trifluoroacetic acid) was added
and crystallized by air-drying at room temperature. Each
isolate was analyzed on the day of isolation.

MATERIALS AND METHODS
Patients and materials
A total of 104 patients，who underwent upper gastrointestinal endoscopy because of dyspeptic symptoms
and yield positive results in rapid urease test (RUT), were
selected for the further H. pylori detection and bacterial
examinations. Among the 104 patients, 103 were H. pylori
positive and ultimately entered into this study, including
63 from Jiangxi Province and 40 from Beijing, China.
No subject had received anti-secretory drugs, antibiotics, or probiotics two wk prior to entry into this study
and no one had H. pylori eradication history. Diseases
included gastritis (n = 23), gastric ulcer (n = 21), duodenal ulcer (n = 42), reflux esophagitis (n = 4), and nonulcer dyspepsia (NUD) (n = 13). There were 81 (78.6%)
patients aged less than 50 years. The study was reviewed
and approved by the Ethics Committee of the National
Institute for Communicable Disease Control and Prevention. Each subject gave informed oral consent before
entering into the study.
Upper gastrointestinal endoscopy was performed
after an overnight fast in all patients. Mucosal samples
were taken from the greater curvature of gastric antrum
and corpus using sterile disposable biopsy forceps. All
the samples were placed into sterile brain-heart infusion
broth for transport to the cultural laboratory.
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Measurement with spectrometer: Measurement was
performed with Microflex LT mass spectrometer (Bruker
Daltonics) equipped with a 200 Hz smart-beam laser.
The parameter settings were as follows: delay 320ns; ion
source 20 kV; ion source 18.5 kV; lens voltage 8.5 kV;
and mass range 2-15 kDa. Each run was validated with
an E. coli control sample where the presence of 10 specific proteins insured that the spectrometer was set properly. Raw spectra of the strains were analyzed by MALDI Biotyper 2.0 software (Bruker Daltonics) using the
default settings. A list of peaks up to 100 was generated.
The threshold for peak acceptance was a signal-to-noise
(S/N) ratio of 3. After alignment, peaks with a mass-to
charge (m/z) ratio difference of less than 250 ppm were
considered to be identical. The peak lists generated were
used for matches against the reference library, by directly
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using the integrated pattern matching algorithm of the
software. All parameters were the same regardless of
the bacteria analyzed. Spectra were obtained in the positive linear mode after 500 shots. A score was attributed
to each identification. When this score was > 2.00, the
identification was considered correct at the species level;
between 1.7 and 1.999, the identification was considered
correct at the genus level; and < 1.7, the identification
was not similar enough to draw a conclusion.

Table 1 Non-Helicobacter pylori bacterial cultures of gastric
biopsies
1

Micro-organism
Streptococcus
Streptococcus
pneumoniae
Streptococcus salivarius
Streptococcus anginosus
Streptococcus oralis
Streptococcus cristatus
Streptococcus gordonii
Streptococcus vestibularis
Streptococcus spp.
Neisseria
Neisseria flavescens
Neisseria perflava
Neisseria macacae
Neisseria sicca
Neisseria spp.
Rothia
Rothia mucilaginosa
Rothia dentocariosa
Rothia aeria
Rothia spp.
Staphylococcus
Staphylococcus
epidermidis
Staphylococcus aureus
Staphylococcus capitis
Staphylococcus warneri
Staphylococcus cohnii
Staphylococcus
haemolyticus
Staphylococcus spp.
Lactobacillus
Lactobacillus salivarius
Lactobacillus oris
Lactobacillus fermentum
Lactobacillus spp.
Corynebacterium
Corynebacterium
argentoratense
Corynebacterium
propinquum
Kingella
Kingella denitrificans
Kingella spp.
Others
Capnocytophaga ochracea
Haemophilus
parainfluenzae
Acinetobacter lwoffii
Klebsiella pneumoniae
Cardiobacterium sp
Actinomyces spp.
Micrococcus luteus
Weissella confusa
Aerococcus spp.
Bacillus spp.
Brevibacterium spp.
Total

Culture condition
Ⅰ

Ⅱ

3

10

10

9
3
2

Ⅲ

Colonized Urease Gram
3
2
patients (n ) activity stain
(54)
11

1
4

7

3

3

16
3
2
1
2
1
18
(32)
23
3
1
1
4
(29)
15
4
1
9
(21)
5

3

4
3
1
2
1

5
3
3
2
1

2

1
2
1
10
11
2
1
3
6

2

13
16
1
1

11
1

1
10
3

1

2

1

2
(9)
4
2
1
2
(4)
3

1

1

1

1

1

4
2
1
1

G+

3
1
3

GG-

1
1
1
30

A total of 92 (88.5%) samples were H. pylori culture
positive. Only one of the 12 culture-negative cases was
PCR negative. As result, 103 H. pylori positive patients
were eventually enrolled into the analysis.

G+

3
2

1

RESULTS

G+

3
1

1

Statistical analysis
Continuous data were described with mean (minimum,
maximum), categorical data with number and proportions. Difference between the groups for age and sex was
analyzed using analysis of variance and χ 2 test. Fisher
exact test was conducted to compare non-H. pylori prevalence data. Post hoc tests were conducted by the Bonferroni method. P < 0.05 was considered as statistically
significant. All analyses were performed with SPSS 12.0
software.

5

G-

2

1
99

G+

(3)
2
1

2
1
1
2
1
1
1
1
1
168

Urease activity test of non-H. pylori bacteria
Each non-H. pylori bacterial culture was subjected to
urease test. The medium used for the test was urea broth
containing dipotassium hydrogen phosphate, 9.5 g/L;
potassium dihydrogen phosphate, 9.1 g/L; urea 20 g/L;
phenol red, 0.01 g/L; and yeast extract, 0.1 g/L, final pH
6.8. Any change in the indicator from pale yellow to pink
in 24 h was taken as positive.

G-

2
1

2
1

72

G+

1

1

Non-H. pylori bacteria isolation
A total of 201 non-H. pylori bacterial isolates were cultivated from gastric samples of 67 (65.0%) of the 103
H. pylori positive patients. All the isolates were identified
by mass spectrometry, including 153 identified at species level and 48 at genus level (Table 1). Some species
isolated from more than two culture plates were shown
in Table 1. A total of 168 isolates was obtained with the
exception of the repeat identification of the same patient,
and 39 patients harbored more than 2 non-H. pylori species. Overall, a total of 18 non-H. pylori bacterial genera
(43 species) were isolated from the stomach biopsy
specimen (Table 1), most of them were gram-positive
bacteria (73.8%). The dominant bacterial species were
Neisseria flavescens (13.7%), Streptococcus salivarius (9.5%),
Rothia mucilaginosa (8.9%) and Streptococcus pneumonia
(6.6%). Twelve gram-negative bacilli isolates (7.14%)
belonged to 6 genera obtained in this study, which were
discovered from 10 patients (9.7% of all the patients and
14.9% of the non-H. pylori positive patients). Concurrent colonization by gram-positive and/or gram-negative

GGGG+
G+
G+
G+
G+
G+

1

The number of bacterial strains isolated inⅠ: Columbia blood agar incubated under aerobic condition; Ⅱ: Columbia blood agar incubated under
microaerophilic condition; Ⅲ: Campylobacter agar under microaerophilic
condition; 2The number of patients colonized by the same genus is shown
in parentheses; 3The number of bacterial isolates with urease activity.
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study were upper respiratory tract microflora, which was
in agreement with other researches[10]. The major species
were Streptococcus, Neisseria, Rothia and Staphylococcus, that
was different from the previous reports of healthy volunteers, which was predominantly acid resistant species Veillonella sp, Lactobacillus sp, and Clostridium sp[11].
Gram-negative bacilli are uncommon in the upper
gut of healthy individuals, but in patient populations
with gastric hypochlorhydria, gram-negative bacilli are
recovered in a minor proportion [12,13]. Gram-negative
bacilli were discovered in 9.7% of the patients in this
study. Concurrent colonization by gram-positive and/or
gram-negative coccus occurs in 10 of the 12 gram-negative bacilli. Acinetobacter lwoffii was the only gram-negative
bacilli species that was found as the only non-H. pylori
bacteria in the patients. The two A. lwoffii carriers were
a 42-year-old male patient with duodenal ulcer and a
25-year-old female patient with non-ulcer dyspepsia.
A. lwoffii has been proved to cause the same histologic
gastritis as H. pylori infection in a murine model[14]. And
outer membrane protein (OmpA-like protein) of A.
lwoffii was reported to activate interleukin 8 and gastrin
promoter activity in vitro[15]. Moreover, a case of A. lwoffii bacteremia associated with acute gastroenteritis was
reported recently[16], which stimulate more interest in the
contribution of A. lwoffıi to gastrointestinal diseases.
It has been well known that gastric acid secretion
declines with age which may increase the sensitivity of
the stomach to the bacterial colonization. Surprisingly, a
higher non-H. pylori prevalence was found in the younger
age group (less than 50 years old, P = �������������������
0.048). The result
must be interpreted with caution.
The pathogenesis of NUD was not well understood
and a number of hypotheses have been proposed. The
role of H. pylori infection in NUD remains controversial
too[17]. A high prevalence of non-H. pylori bacteria in
NUD group observed in this study gave us a new clue
that non-H. pylori bacteria may play a role in the pathogenesis of NUD.
Urease is a major virulent factor for H. pylori, which
aids in neutralizing hydrochloric acid and allows H. pylori
to colonize the gastric mucosa. Some rapid methods for
H. pylori diagnosis, [13C]urea breath test (UBT) and RUT,
were also based on the urease activity. But H. pylori is not
the only bacteria which can produce urease. It has been
reported that the colonization and overgrowth of urease-producing bacteria other than H. pylori induced falsepositive UBT results[18,19]. All the 104 patients were RUTpositive, but one of them was H. pylori-negative based
on the further detection and no urease-positive non-H.
pylori bacteria was isolated. So role of the urease-positive
non-H. pylori bacteria to cause false-positive results in
RUT was not definite in this study.
Overall, a high prevalence of non-H. pylori bacteria
obtained in this study, the major of which were Streptococcus, Neisseria, Rothia and Staphylococcus, differed from the
previous report of healthy volunteers. It should be noted
that this study only examined cultured bacteria. But not
all flora can be cultivated due to the harsh culture condi-

Table 2 Demographic, non-Helicobacter pylori bacterial colonization and clinical characteristics of 103 patients
Gender
Colonized
Enrolled
1
Age (yr)
(male:female) patients
patients (n )

Diseases
Duodenal ulcer
Gastric ulcer
Gastritis
Non-ulcer dyspepsia
Reflux esophagitis
Total
P value

42
21
23
13
4
103

39 (20-56)
42 (20-62)
39 (10-75)
34 (22-57)
52 (41-63)
39 (10-75)
0.0792

2:1
0.75:1
0.44:1
0.63:1
1:1
0.96:1
0.0743

28 (66.7%)
9 (42.9%)
13 (56.5%)
13 (100%)a
4 (100%)
67 (65.0%)
0.00284

1

Data are expressed as median (range); 2By analysis of variance; 3By χ 2
test; 4By Fisher exact test; aP = 0.00006 vs gastric ulcer group by Bonferroni
method.

coccus occurs in 10 of them.
The demographic and relevant clinical characters of
the patients are described in Table 2. The patients were
subdivided into five groups based on the clinical diseases.
There were no significant intergroup differences in age
and sex ratio, but the prevalence of non-H. pylori flora
was significantly different (P = 0.0028) among different
clinical diseases, as shown in Table 2. Post hoc tests were
conducted and statistical difference was found between
the gastric ulcer group (42.9%) and the NUD group
(100%) (P = 0.00006). In addition, significant difference
was also presented between the 50-plus age group and
the younger age (< 50 years old) group (45.5% vs 69.1%,
2
χ test, P = 0.048).
Urease activity of non-H. pylori isolates
All the 201 non-H. pylori isolates were screened for urease activity, 14 isolates belonged to 6 species (S. epidermidis, S. warneri, S. capitis, S. aureus, Brevibacterium spp. and
K. pneumoniae) and were urease positive (Table 1), which
could benefit in the bacterial overgrowth in the stomach.
Interestingly, not all the isolates of the 6 species were
urease-positve except S. warneri. Especially in a 26-yearold patient with non-ulcer dyspepsia, two Staphylococcus
epidermidis isolates were isolated under aerobic and microaerobic conditions, respectively, but only the microaerobic isolate was urease-positive.

DISCUSSION
It has been suggested that non-H. pylori bacteria and
their by-products may act as a persistent antigenic stimulus, and thereby augment the inflammatory response
induced by the H. pylori infection[4]. The current study
documented a high prevalence (65.0%) of the non-H. pylori bacterial flora in the H. pylori positive patients, which
indicate that the upper gastrointestinal disorders may
enable non-Helicobacter bacteria to survive and colonize
in the human stomach. Further studies should be done
to elucidate the role of the co-infection of the stomach
with H. pylori and non-H. pylori bacteria in the pathogenesis process.
Most of the non-H. pylori bacteria isolated in this
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tion, so the prevalence of the non-H. pylori bacteria may
underestimate here. The remained question is whether
these non-H. pylori species contribute to the pathogenesis of gastric disorders. Further studies should be done
to elucidate it in the future.

4

5
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Gastric cancer incidence and mortality in Zhuanghe, China,
between 2005 and 2010
Jing-Jing Jing, Hui-Yuan Liu, Jin-Kuan Hao, Li-Na Wang, Yun-Ping Wang, Li-Hua Sun, Yuan Yuan
age-standardized rates, their sex and age distribution
and temporal trends were assessed. The method of
annual percentage change (APC) was used to estimate
the trends of GC.
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RESULTS: Altogether 2634 new cases of GC and 1722
related deaths were registered, which accounted for
21.04% and 19.13% of all cancer-related incidence
and deaths, respectively. The age-standardized incidence rate steadily decreased from 57.48 in 2005
5
to 44.53 in 2010 per 10 males, and from 18.13 to
5
14.70 per 10 females, resulting in a APC of -5.81%
for males and -2.89% for females over the entire period. The magnitude of APC in GC mortality amounted
to -11.09% and -15.23%, respectively, as the agestandardized mortality rate steadily decreased from
5
42.08 in 2005 to 23.71 in 2010 per 10 males, and
5
from 23.86 to 10.78 per 10 females. Females had a
significantly lower incidence (a male/female ratio 2.80,
P < 0.001) and mortality (a male/female ratio 2.30,
P < 0.001). In both genders, the peak incidence and
mortality occurred in the 80-84 years age group. The
age-standardized mortality/incidence ratio also decreased from the peak of 0.73 in 2005 to 0.53 in 2010
for males, and from 1.32 to 0.73 for females.
CONCLUSION: Encouraging declines of incidence and
mortality of GC were observed in Zhuanghe region
between 2005 and 2010, possibly due to the economic
development and efficient GC control strategies.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Gastric cancer; Incidence; Mortality; Trend;
High-risk areas

AIM: To investigate the incidence and mortality of gastric cancer (GC) in Zhuanghe region, northeast China
and the influencing factors for their changing trends.

Peer reviewer: Ki-Baik Hahm, MD, PhD, Professor, Gachon

Graduate School of Medicine, Department of Gastroenterology,
Lee Gil Ya Cancer and Diabetes Institute, Lab of Translational
Medicine, 7-45 Songdo-dong, Yeonsu-gu, Incheon 406-840,
South Korea

METHODS: All new cancer cases and deaths registered
from 2005 to 2010 in Zhuanghe County were reviewed.
The annual GC cases, constituent ratio, crude rates,
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influence the changing trends, in an attempt to establish
future general and specific strategies for the prevention
and control of cancers.

Jing JJ, Liu HY, Hao JK, Wang LN, Wang YP, Sun LH,
Yuan Y. Gastric cancer incidence and mortality in Zhuanghe,
China, between 2005 and 2010. World J Gastroenterol 2012;
18(11): 1262-1269 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i11/1262.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i11.1262

MATERIALS AND METHODS
Cancer registry
The preliminary cancer surveillance was conducted in
Zhuanghe as a high-risk GC research base in 1984. However, previous cancer data were obtained from limited populations and sample surveys. Over the past two decades, a
cancer registry was developed along with an expanding research scope, with coverage of only several villages initially
in the 1980s which increased to 70 villages in the 1990s.
Since 2001, a population-based cancer registry has been
gradually established, in collaboration with the Cancer
Registration Office of Liaoning Province, China that has
collected information on all deaths and all cancer cases in
Zhuanghe County and has functioned well since 2005.
The framework of this registry consisted of three
parts: village clinics that served as basic units, rural administration units, and Center of Disease Prevention
and Control (CDC) of Zhuanghe County. Village clinic
doctors were required to report each new case of cancer
using a standard card to the rural administration unit. The
cards were then submitted to the CDC of Zhuanghe, registered and processed on a regular basis. These cards were
checked, analyzed, coded and stored at the CDC. All data
were coded according to the manual “National Criteria of
Cancer Registry in China”, which describes the cancer inclusion and exclusion criteria, and provides definitions and
coding for cancer cases. The accuracy of the data was assured through the comprehensive training of doctors and
registrars by the Cancer Registration Office of Liaoning
Province, and by computerized consistency checks. At the
end of each year, a sample survey was conducted to check
the quality of the registration. The cancer occurrence data
were compared one by one with the death registry database data to supplement cases of cancer death which were
not registered for cancer occurrence.

INTRODUCTION
Gastric cancer (GC) is one of the most frequently occurring cancers globally; a total of 989 600 new GC cases
and 738 000 deaths are estimated to have occurred in
2008, accounting for 8% of the total cases and 10% of
total cancer-related deaths, respectively[1]. The geographical distribution of GC exhibits wide international variation and over 70% of new cases and deaths occur in
developing countries[1,2]. Although a notable decreasing
trend has been recently observed in the developed countries, the incidence of GC is still high[3] and it remains
an important public health burden in China. Moreover,
there is a significant regional disparity in the distribution of GC in China. People in rural areas are supposed
to have a higher risk of GC than those in cities[4], thus,
strategy of GC control in China should be implemented
specifically based on the different distribution patterns.
Zhuanghe is a county of northern China with a total
population of approximate 900 000, of whom approximately 87.2% are agricultural residents. It is located
along the coast of the Huanghai Sea and occupies an
area of approximately 4034 km2[5]. Zhuanghe has been
recognized for its high GC mortality since 1984, the
mortality rate being 49.55/105 in males and 22.23/105
in females[6]. The high risk of GC in this region aroused
the interest of researchers, and a series of investigations
regarding the potential risk factors and corresponding
etiological intervention methods and screening measures
were conducted in representative villages [7]. To date,
the population in Zhuanghe County has been surveyed
through census for 28 years. Various risk factors, such as
salted pork, Helicobacter pylori (H. pylori) infection with a
specific strain, and genetic polymorphisms in the etiology of GC in local residents have been found to play a
role[8-12]. In addition, several pilot surveys regarding incidence and mortality were also conducted. The GC mortality rates fluctuated between 63.29/105 and 38.98/105
during the period of 1996-2003 and the incidence rate
was 35.42-41.03/105 from 1998 to 2004[7,13,14].
Despite some epidemiological surveys in pilot areas,
a population-based investigation concerning the incidence and mortality of GC in Zhuanghe has not been
previously reported. Monitoring and studying the incidence as well as mortality provides important information, enabling effective assessment of potential cancer
prevention and control. Therefore, the aim of the present study is to examine the GC patterns and temporal
trends of incidence and mortality at the population level
in Zhuanghe region and to elucidate the factors that
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Data collection
Annual GC cases data were provided by the CDC of
Zhuanghe County. All data were coded and checked for
eligibility and validity prior to analysis. Data collected on
each patient included demographics and native origins,
primary cancer site/type, morphology, and pathological
diagnosis confirmation, stage of the disease, and active
patient follow-up. The 10th revision of International Classification of Diseases (ICD-10) was used for cancer classification. Data concerning age and sex in the Zhuanghe
population were provided by the local police station.
Statistical analysis
All of the data were checked and analyzed by SPSS 13.0
software (SPSS, Chicago, Illinois, United States). Incidence and mortality rates were calculated as the mean
annual number per 100 000 residents. Age-standardized
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Table 1 The top ten malignant tumors for incidence in Zhuanghe area, 2005-2010
Rank
1
2
3
4
5
6
7
8
9
10

Cancer
LC
GC
HCC
CRC
BC
EC
TC
BLC
PC
CNC
Total

Total
ICD-10
Cases
C33-34
C16
C22
C18-21
C50
C15
C73
C67
C25
C70-72

2673
2634
1488
1211
636
364
317
286
253
246
10108

CR %
21.35
21.04
11.89
9.67
5.08
2.91
2.53
2.28
2.02
1.97
80.74

Cancer
GC
LC
HCC
CRC
EC
BLC
PC
CNC
PRC
KC
Total

Males
ICD-10
Cases
C16
C33-34
C22
C18-21
C15
C67
C25
C70-72
C61
C64

1950
1605
1093
719
322
246
151
135
85
83
6389

CR%

Cancer

26.41
21.74
14.80
9.74
4.36
3.33
2.05
1.83
1.15
1.12
86.53

LC
GC
BC
CRC
TC
CC
EMC
CNC
OC
PC
Total

Females
ICD-10
Cases
C33-34
C16
C50
C18-21
C73
C53
C54
C70-72
C56
C25

1068
684
617
492
234
212
135
111
105
102
3760

CR %
20.80
13.32
12.02
9.58
4.56
4.13
2.63
2.16
2.05
1.99
73.24

CR: Constituent ratio; ICD-10: The 10th revision of International Classification of Diseases; GC: Gatric cancer; LC: Lung cancer; HCC: Liver cancer; CRC:
Colon/rectum cancer; BC: Breast cancer; EC: Esophageal cancer; TC: Thyroid cancer; BLC: Bladder cancer; PC: Pancreatic cancer; CNC: Cancers of brain
and nervous system; PRC: Prostate cancer; KC: Renal cancer; CC: Cervical cancer; EMC: Endometrial carcinoma; OC: Ovarian cancer.

incidence rates (ASRs) and age-standardized mortality
rates (ASMRs) were calculated using a direct method[15]
by weighting age-specific incidence and mortality rates in
accordance with the World Standard Population (World
Health Organization, published in 2000) and the China
Standard Population (2000). The Chi-squared test was
used to determine whether the differences between sexes
were statistically significant, and the test was also used to
examine trends of annual change in crude rates.
The average annual percent change (APC)[16,17] was
estimated by fitting a regression line to the natural logarithm of the rates using the calendar year as the regression variable, i.e., y = mx + b in which y = ln (rate) and
x = calendar year. The estimated APC = 100 (em-1) and
95% CI of APC = 100 (em ± SEm-1), where the standard
error of m (SEm) was obtained according to the fit of
the regression line. To test the hypothesis that the APC
equals zero is equivalent to the hypothesis that the slope
of the regression line is zero, the t-distribution of m/
SEm was used. The number of degrees of freedom is
equivalent to the number of calendar years minus two.
This calculation assumes that the rate increased/decreased at a constant rate over the entire period. Statistical significance was assessed by the two-sided Student’s t
test, and P < 0.05 was considered statistically significant.

GC ranked first among all types of cancers in males,
whereas it ranked the second among females and both
sexes combined. The ten most common types of cancer
in the Zhuanghe population were lung, stomach, liver,
colon/rectum, breast, esophageal, thyroid, bladder, pancreatic cancers, and cancer of brain and nervous system.
These cancers comprised 80.74% of all cases of cancer.
The five predominant primary cancer sites in males were
stomach, lung, liver, and esophagus; whereas in females,
the leading sites were lung, stomach, breast, colon/rectum, and thyroid.
The incidence rate of GC occurring over different
years was analyzed. We initially calculated the annual
crude incidence rate according to sex. The average crude
incidence rate of GC in males was 70.23/105, which was
2.80-fold higher than in females (25.12/105). The difference was statistically significant (χ 2 = 584.31, P < 0.001).
Over the past 6 years, no obvious increasing or decreasing trend was observed concerning crude incidence (P =
0.404 in males, 0.061 in females and 0.101 in both sexes)
(Table 2).
To adjust for the effect of age differences over different time periods, age-standardized incidence rates
were calculated in accordance with the China Standard
Population (ASR1) and World Standard Population
(ASR2). As shown in Figure 1, over the past 6 years, the
incidence rate of GC has gradually decreased. For both
genders, the ASR2 decreased from 37.67 to 29.83 per 105
with an APC of -4.82% (95% CI: -3.58% to -6.04%; P
= 0.019) and for males the rate decreased from 57.48 to
44.53 per 105 with an APC of -5.81% (95% CI: -4.67%
to -6.94%; P = 0.008). The ASR2 decreased from 18.13
to 14.70 per 105 with an APC of -2.89% (95% CI: 0.06%
to -5.75%) in females; however, the change had no statistical significance (P = 0.383) (Table 2).
In both genders, GC was very rare among populations younger than 20 years, but the rate rose sharply to
a peak at approximately 80 years of age, and it declined
afterwards. The median age of GC patients was 67 years
and the average age was 65.78 years. The cases above 50

Ethical consideration
Ethical approval for this study was obtained from the
Human Ethics Review Committee of China Medical
University (Shenyang, China). Written informed consents were obtained from the participants in accordance
with the Declaration of Helsinki and its later revisions.

RESULTS
Incidence
From 2005 to 2010, a total of 2634 new cases of GC
were registered in Zhuanghe, including 1950 males and
684 females. We analyzed the constituent ratios for incidence according to various types of cancer (Table 1).
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Table 2 Time trends for incidence rates of gastric cancer in Zhuanghe population, 2005-2010 (/100 000)
Year
2005
2006
2007
2008
2009
2010
Total
χ2 trend test
APC

Total
Cases

Crude

409
44.74
437
47.62
411
44.60
474
51.36
476
51.98
427
47.03
2634
47.89
χ 2 = 2.693, P = 0.101
APC = -4.82%, P = 0.019

ASR1

ASR2

33.41
34.89
32.88
31.65
30.55
26.84
31.25

37.67
40.12
37.77
35.30
34.04
29.83
35.10

Males
Crude
ASR1

Cases

312
67.51
323
69.63
314
67.42
346
74.26
337
72.97
318
69.55
1950
70.23
χ 2 = 0.696, P = 0.404
APC = -5.81%, P = 0.008

ASR2

47.92
48.01
46.89
42.69
39.58
38.46
43.28

57.48
60.06
57.86
51.05
47.66
44.53
51.95

Cases

Females
Crude
ASR1

97
21.46
114
25.12
97
21.28
128
28.01
139
30.63
109
24.18
684
25.12
χ 2 = 3.519, P = 0.061
APC = -2.89%, P = 0.383

16.97
19.30
16.68
18.53
19.53
13.67
17.17

ASR2
18.13
20.66
18.17
19.60
20.30
14.70
18.26

Crude: The crude incidence rate; ASR1: The age standardized incidence of Chinese population in 2000; ASR2: The age standardized incidence of the world
population in 2000; APC: Average annual percent change of incidence rates.

Table 3 The top ten malignant tumors for mortality in Zhuanghe area, 2005-2010
Rank
1
2
3
4
5
6
7
8
9
10

Cancer
LC
GC
HCC
CRC
EC
CNC
PC
LK
BC
LNC
Total

Total
ICD-10
Cases
C33-34
C16
C22
C18-21
C15
C70-72
C25
C91-95
C50
C77

2683
1722
1623
544
290
289
252
251
185
151
7990

CR %

Cancer

29.81
19.13
18.03
6.04
3.22
3.21
2.80
2.79
2.06
1.68
88.77

LC
GC
HCC
CRC
EC
CNC
PC
LK
BLC
LNC
Total

Males
ICD-10
Cases
C33-34
C16
C22
C18-21
C15
C70-72
C25
C91-95
C67
C77

1560
1207
1180
305
245
158
143
133
95
93
5119

CR %

Cancer

27.89
21.58
21.10
5.45
4.38
2.82
2.56
2.38
1.70
1.66
91.52

LC
GC
HCC
CRC
BC
CNC
LK
PC
EMC
LNC
Total

Females
ICD-10
Cases
C33-34
C16
C22
C18-21
C50
C70-72
C91-95
C25
C54
C77

1123
515
443
239
179
131
118
109
101
58
3016

CR%
32.95
15.11
13.00
7.01
5.25
3.84
3.46
3.20
2.96
1.70
88.48

CR: Constituent ratio; ICD-10: The 10th revision of International Classification of Diseases; GC: Gastric cancer; LC: Lung cancer; HCC: Liver cancer; CRC:
Colon/rectum cancer; BC: Breast cancer; EC: Esophageal cancer; BLC: Bladder cancer; PC: Pancreatic cancer; CNC: Cancers of brain and nervous system;
EMC: Endometrial carcinoma; LK: Leukemia; LNC: Secondary malignant tumors of lymph nodes.

ASR2 (per 100 000)

60
50

ASMR2 (per 100 000)

Total
Male
Female

70

40
30
20
10
0
2005

2006

2007

2008

2009

2010 Year

45
40
35
30
25
20
15
10
5
0
2005

Total
Male
Female

2006

2007

2008

2009

2010 Year

Figure 1 World standardized incidence rates of gastric cancer in Zhuanghe County during 2005-2010. ASR2: The age standardized incidence of the
world population in 2000.

Figure 2 World standardized mortality rates of gastric cancer in Zhuanghe County during 2005-2010. ASMR2: The age standardized mortality of the
world population in 2000.

years old accounted for 88.65% of all GC cases.

GC in Zhuanghe was 31.31 per 105; 43.47 per 105 in
males and 18.91 per 105 in females. The difference in
sex-specific incidence rates was statistically significant
(χ 2 = 264.82, P < 0.001); a higher rate was observed in
males than in females with a ratio of 2.30. A decreasing
trend in crude mortality rate was observed over the past
6 years (P < 0.001 in both sexes; P = 0.046 in males, P <
0.001 in females) (Table 4).
A progressive decrease in the world age-standardized
mortality rate was noted in both genders (Figure 2 and
Table 4): ASMR2 decreased steadily from 42.08/105 in

Mortality
There were a total of 1722 GC deaths between 2005 and
2010 in Zhuanghe, including 1207 males and 515 females. Table 3 shows the constituent ratio of malignant
tumors leading to death, in which GC accounted for
19.13% (21.58% in males and 15.11% in females) of the
total cancer deaths, making it the second leading cause
of cancer death.
The crude mortality rate during this period due to
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Table 4 Time trends for mortality rates of gastric cancer in Zhuanghe population, 2005-2010 (/100 000)
Year

Cases

Crude

Total
ASMR1

2005
352
38.51
2006
293
31.93
2007
276
29.95
2008
268
29.04
2009
272
29.71
2010
261
28.74
Total
1722
31.31
χ 2 trend test χ 2 = 12.949, P < 0.001
APC
APC = -12.23%, P = 0.001

ASMR2

27.94
23.11
21.79
17.06
16.20
14.92
19.54

32.74
27.00
25.78
19.61
18.74
17.28
22.65

Cases

Males
Crude
ASMR1

224
48.47
204
43.97
202
43.37
199
42.71
202
43.74
176
38.50
1207
43.47
χ 2 = 3.965, P = 0.046
APC = -11.09%, P = 0.002

33.31
30.16
29.26
23.22
21.82
18.86
25.42

ASMR2
42.08
38.67
38.55
29.02
28.07
23.71
32.18

Cases

Females
Crude
ASMR1

128
28.32
89
19.62
74
16.24
69
15.10
70
15.42
85
18.86
515
18.91
χ 2 = 12.736, P < 0.001
APC =-15.23%, P = 0.015

ASMR2

21.75
14.55
12.50
9.54
8.99
9.92
12.35

23.86
15.91
13.54
10.32
9.52
10.78
13.32

Crude: The crude mortality rate; ASMR1: The age standardized mortality of Chinese population in 2000; ASMR2: The age standardized mortality of the
world population in 2000; APC: Average annual percent change of mortality rates.

Table 5 Age-specific incidence and mortality of gastric cancer
in Zhuanghe population (/100 000)
Age (yr)
0-4
5��
-�9
10���
-��
14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Males

0.61
2.49
2.15
12.08
23.34
35.80
70.78
130.08
169.90
280.88
369.88
474.45
573.56
341.65

Incidence
Females

0.57
1.97
5.01
5.49
9.93
12.46
28.85
50.15
62.55
87.94
123.30
128.06
183.05
129.97

Total

Males

0.59
2.23
3.54
8.85
16.65
24.15
50.01
91.74
119.25
186.18
245.56
296.01
367.92
224.60

0.68
0
0.99
2.15
3.02
11.32
14.61
29.64
57.05
85.33
169.55
245.76
373.28
453.11
414.00

Mortality
Females

0
0
0.99
3.19
3.53
4.97
8.43
21.18
29.10
35.50
56.15
80.57
116.57
206.25
175.46

Table 6 Mortality to incidence ratio of gastric cancer
Year

Total

2005
2006
2007
2008
2009
2010
Total

0.33
0
0.99
2.65
3.27
8.15
11.52
25.45
43.65
61.82
113.89
162.48
241.04
323.12
282.10

0.87
0.67
0.68
0.56
0.55
0.58
0.65

0.73
0.64
0.67
0.57
0.59
0.53
0.62

1

1.32
0.77
0.75
0.53
0.47
0.73
0.73

1

The age-standardized mortality to incidence ratio was computed according to ASR2 and ASMR2. ASR2: The age standardized incidence of the
world population in 2000; ASMR2: The age standardized mortality of the
world population in 2000.

females in 2010 (Table 6).

DISCUSSION
GC is one of the most common cancers worldwide.
There is substantial geographic variation regarding the
incidence and mortality of GC. Studies specifically examining the population in high-risk areas should be very
useful in potentially controlling this disease. Zhuanghe
County, which is situated in the coastal area of the eastern Liaoning peninsula, is a rural area exhibiting a high
GC mortality in north China. A series of epidemiological
investigations and comprehensive preventive measures
for GC have been conducted since 1984. Surveillance
of cancer incidence and mortality rates has provided a
guideline to identify the etiology and aid in the evaluation of the impact of intervention on the population.
Our previous sampling data indicated the initial effects
of GC intervention. However, the lack of an overall picture of GC remains due to the unavailability of cancer
registry data covering the entire region prior to 2005. In
this study, we reviewed the data regarding the incidence
and mortality of GC in Zhuanghe County during the
period of 2005-2010 based on the population-based
registry in order to analyze the changing trends and to
elucidate the underlying causes.
The results about the organ distribution of all can-

2005 to 23.71/105 in 2010 for males, and from 23.86/105
to 10.78/105 for females, with an average reduction of
-11.09% for males (95% CI: -9.65% to -12.50%; P =
0.002) and -15.23% for females (95% CI: -11.71% to
-18.62%; P = 0.015) per year. In general, ASMR2 decreased from 32.74 to 17.28 per 105 with an APC of
-12.23% (95% CI: -10.94% to -13.90%; P = 0.001).
The minimum age group for GC death was 15-20
years. With increasing age, the mortality rate increased
sharply, reaching a peak at approximately 80 years of
age and declining thereafter. The median age was 71.00
years and the average age was 69.17 years. The cases in
subjects over 50 years of age accounted for 91.70% of
all deaths (Table 5).
In addition, we calculated the age-standardized mortality-incidence ratio (M/I ratio: ASR2/ASMR2) during
different time periods. The M/I ratio decreased from
0.87 to 0.58 over a 6-year period. The worst ratio was
recorded in 2005: 0.73 for males and 1.32 for females,
followed by a steady decrease over the subsequent years
with the M/I ratio falling to 0.53 for males and 0.73 for
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tus of the population and dietary habits[22-24]. In the past,
residents in Zhuanghe had a low standard of living and
were accustomed to eating highly salted food. However,
currently, with economic development and increased
knowledge regarding tumor prevention, residents have
changed their dietary habits, and this potentially plays an
important role in the descending trends of the disease.
In 2010, Gross Domestic Product of Zhuanghe average
per capita reached 54 348 RMB yuan - a 5.2-fold increase
since 2000. Meanwhile, the rural health investment including environmental sanitation for water and housing
has been increased by 23.8 times in the past decade[25],
and the consequentially improved sanitary conditions
may help reduce the prevalence of H. pylori infection,
and the risk of GC development. Therefore, further research regarding preventive factors, such as eating habits,
foods, prevalence of H. pylori infection, environmental
factors, etc.[26-28] is warranted.
In addition to the above causes for the decreasing
trends in GC, prevention and control measures were also
taken in Zhuanghe, and these measures also play an important role in the encouraging declines of GC incidence
in our study. In Zhuanghe, comprehensive control and
etiological intervention through mass behavior interference and chemoprophylaxis in the high-risk populations
have been conducted in pilot villages for many years by
a research group from the First Affiliated Hospital of
China Medical University (FAHCMU). With professional
guidance by the researchers, knowledge of prevention
and treatment of GC was disseminated for general residents by means of broadcasting, video, brochures and
face-to-face conversation. In addition, the targeted highrisk population was treated promptly with antibiotics,
Chinese herbal medicine and nutritional therapy based
on H. pylori detection and gastroscopic and pathological
examinations[29]. Our previous pilot survey demonstrated
that these strategies are feasible and cost-effective for
the treatment of gastric premalignant lesions and carcinoma in early stages, and a decrease in the mortality
rate was observed in the intervened population at the
initial period of prevention. The average mortality rate
in the intervention groups (34.97/105) during the postintervention period (1997-2000) was significantly lower
than (59.31/105) in the pre-intervention period (1996) (P
< 0.05)[30]. In the present study, we focused on trends at
the population level. Interestingly, the same downward
trend seen in the intervention groups was observed in
the entire population. This study demonstrates that the
preventive activities potentially contributed to alleviating
the adverse effects of GC on the health and life of patients, even in the population as a whole.
Despite declines in both incidence and mortality of
GC, we noted a dissociation phenomenon, i.e., an APC
decrease was greater for mortality compared with incidence. It was hypothesized that early diagnosis and
early treatment would play an important role in the dissociation phenomenon between incidence and mortality.
The data suggested the need for further promotion of
GC screening to enable early diagnosis. In this study,

cers in Zhuanghe indicated that 80.74% of new cases
originated from ten primary organ sites, the two major
sites being lung (21.35%) and stomach (21.04%). Moreover, the ten major cancers accounted for 88.77% of all
cancer-related deaths, with lung and stomach as the top
two positions (29.81% and 19.13%). GC was the most
common type of cancer in males and the second most
common in females in the Zhuanghe region, and was
the second leading cause of cancer death for both genders. All of the data indicated that GC remained a major
health burden for the local population.
Globally, the incidence rate of GC is nearly twice as
high in males as in females[1]; the male-to-female incidence ratio in Zhuanghe county was 2.80 (χ 2 = 264.82,
P < 0.001), and the mortality of GC in males was 2.30
times higher than in females (χ 2 = 584.31, P < 0.001).
There were gender differences in many types of cancer,
which may be related to the different risk level for exposure to diet, smoking, drinking and occupation[18]. Investigation of genetic factors together with other intrinsic
and extrinsic differences between the genders could
potentially help reveal the relevant factors in oncogenesis, and lead to more effective prevention measures and
disease control.
Regarding age-specific incidence and mortality, we
found an overall increasing trend that corresponded with
increasing age, peaking at age 80-84 years, and a declining trend for older men and women during this period.
According to the data collected from 2001 to 2003, the
peak in GC incidence and mortality occurred earlier[13]
and the median and the average age were also increased.
These differences were hypothesized to be related to
preventive measures as well as the change of population
composition such as population growth and aging.
In our study, we specifically analyzed the changing trends in GC rates in Zhuanghe, China, and found
encouraging declines in both incidence and mortality.
Between 2005 and 2010, GC incidence decreased with
an APC of 4.82% in Zhuanghe. Moreover, a similar but
more noticeable trend was observed in mortality (APC
= -12.23%). The decreasing trends were in concordance
with the results from various other reports in China.
Wang et al[19] found that the estimated annual percentage change in GC incidence in Yangzhong was -2.96%
in males and -2.86% in females. The APC change for
GC incidence in Changle was reported to be -3.44% in
men and -2.21% in women[20]. The report by Cui et al[21]
demonstrated an APC of GC mortality in Kaifeng of
approximately -2.92% in males and -3.37% in females.
Although similar trends were observed, the amplitudes
of the declines were not similar to those demonstrated
by our data, which indicated a far more significant decrease among the comparable studies.
The descending trends of GC rates in other regions
were mostly reported to be attributed to the “unplanned
triumph” of improvement in sanitation, fresh fruit and
vegetable consumption, and reduced H. pylori infection.
It is commonly accepted that the incidence and mortality
of GC in a region are related to both the economic sta-
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we also analyzed the M/I ratio in Zhuanghe. The M/I
ratio, which compares the number of deaths attributed
to a specific cancer and the number of incident cases in
the same time period, can be interpreted as an indirect
indicator of general survival if registration is complete
and there are no marked temporal changes in incidence
rates [31]. The age-standardized M/I ratio steadily decreased in both genders, which indicated a prolonged
survival; hence the decrease in mortality was not caused
by the fall in incidence rate alone, but by other factors,
including earlier diagnosis or improved treatment. Since
1997, more than 15 000 people have received GC screening by the research group from FAHCMU through a
two-round GC screening strategy, and this large-scale
population screening program extensively covered 70
villages of Zhuanghe region. Through unremitting efforts for years, the detection rate of early GC reached
60%-80% and has been increasing yearly. The GC patients screened with pathological confirmation will be
sent to hospitals for treatment, and their postoperative
five-year survival rate was above 90%[7]. Thus, such a
population screening program may contribute to the
above-mentioned dissociation phenomenon and prolonged survival of the patients. Furthermore, the agestandardized M/I ratio was lower in the male population,
suggesting that the survival rate was higher in males than
in female patients after treatment.
This study describes the changes in incidence and
mortality rates in the entire population of Zhuanghe
over the past 6 years, which may not fully reflect broader
population trends; however, our observations of the
short-term changes potentially form the basis for future
analysis. In concert with our previous studies, we described a general picture of GC patterns and changing
trends in Zhuanghe. In addition, despite a significant
declining trend, the age-standardized incidence (ASR1:
26.84/105 vs 17.06/105) and mortality (ASMR1: 14.92/105
vs 11.67/105) remained higher than the national level in
China[32,33]. Therefore, in future studies, continuous monitoring over a longer period of time is needed to not only
identify whether the declining trends persist, but also to
acquire a more comprehensive understanding of GC in
this region. Accordingly, effective prevention and treatment strategies would be further developed, which will
greatly benefit the residents in high-risk areas. Moreover,
researches regarding the impact of genetics, the environment, and their interaction are warranted to fully elucidate the disease etiology.

in China, however, most of which were established in the affluent big cities rather than in the poor rural counties. In this study, the data regarding the incidence
and mortality of GC in Zhuanghe County, a rural area of China, were reviewed
based on the population-based registry, which provided a general picture of the
GC distribution in a rural high-risk area.
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CASE REPORT

Esophageal duplication cysts: Endosonographic findings in
asymptomatic patients
Anna Wiechowska-Kozłowska, Ewa Wunsch, Marek Majewski, Piotr Milkiewicz
and required no treatment. As the true prevalence
of esophageal cysts is unknown, it is very likely that
in many patients, like in these four described by us,
they may cause no symptoms, remain undetected and
require no intervention. Increasing availability of new
diagnostic modalities such as endoscopic ultrasonography may change the current view regarding the prevalence of esophageal duplication cysts and prove that
they may, in fact, not be such rare findings.
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Abstract
Esophageal duplication cysts are rare inherited lesions
usually diagnosed in early childhood. Most of them are
found in the mediastinum and manifest themselves as
separate masses along or in continuity with the native
esophagus. Their prevalence remains unknown and
they are treated either surgically or endoscopically. In
this report we describe a series of four adult patients
in whom esophageal duplication cysts were localised
intramurally as masses pressing on the esophageal
lumen and who were diagnosed with endoscopic ultrasonography. All patients were initially referred to
other centres for upper gastroduodenoscopy due to
non-specific dyspeptic symptoms. After finding suspicious lesions in the esophagus their endoscopists
referred them for endoscopic ultrasound examination
at our centre. In two of the cases lesions mimicked
esophageal varices and the other two submucosal tumours. In all four patients endoscopic ultrasonography
has shown esophageal duplication cysts. Patients had
no symptoms suggesting disease of the esophagus
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INTRODUCTION
Esophageal duplication cysts are congenital anomalies
of the foregut resulting from aberration of the posterior
division of the embryonic foregut at 3-4 wk gestation[1].
They represent either simple epithelial-lined cysts, or
true esophageal duplication, which is a duplication of
the muscularis mucosa and externa without epithelial
duplication.
Esophageal cysts are considered rare, usually described
in single case reports, and their true prevalence remains
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unknown[2]. Up to 80% of cases are diagnosed during
childhood[1-5]. Most of them are found in the mediastinum
and manifest themselves as separate masses along or in
continuity with the native esophagus. Intramural esophageal cysts are considered very uncommon in adults[6,7].
Symptoms are caused by compression or displacement of surrounding mediastinal structures and comprise dysphagia, respiratory distress, failure to thrive and
retrosternal pain[7,8]. Malignant progression is considered
extremely rare[9]. Diagnosis is usually made by computed
tomography scan or endoscopic ultrasonography (EUS).
Treatment of symptomatic esophageal cysts can be
either surgical or endoscopic. Surgical resection of the
cyst is usually carried out in childhood or in adults, in
cases of lesions impossible to treat endoscopically. Surgical treatment is currently moving from thoracotomy
to less-invasive procedures, such as video-assisted thoracoscopic surgery[7] and to endoscopic treatments which,
however, still remain challenging interventions[10].
We present a series of 4 patients with esophageal cysts
which caused no symptoms and required no intervention.

A

B

C

D

E

F

G

H

CASE REPORT
All patients were initially referred to other centres for
upper gastroduodenoscopy due to non-specific, dyspeptic symptoms. They gave no history of dysphagia. After
finding suspicious lesions in the esophagus their endoscopists referred them for EUS examination. Written
informed consent was obtained from each patient.
Case 1
A 60-year old female: On endoscopy, multiple impressions, covered with normal mucosa and localized to the
middle and lower third of the esophagus were seen (Figure 1A). They could be easily passed by the endoscope.
No other abnormality was found on endoscopy. On
EUS multiple cystic fluid-filled intramural lesions were
detected (Figure 1B). They were avascular on Doppler
study and their size varied from 3 mm × 5 mm to 11
mm × 25 mm.

Figure 1 Endoscopic and endosonographic images of described patients.
A: Multiple impressions to middle and lower third of esophagus seen in endoscopy; B: Multiple cystic fluid-filled intramural lesions detected on endoscopic
ultrasonography (EUS); C: On endoscopy multiple impressions, covered with
normal mucosa, localized in the lower third of esophagus; D: On EUS multiple
cystic, fluid-filled, intramural lesions; E: Solitary impression, localized 25 cm
from the incisor teeth and covered with unchanged mucosa seen in endoscopy;
F: On EUS a cluster of unechoic fluid-filled intramural lesions; G: On EUS an
unechoic fluid-filled intramural lesion 24 x 12 mm large; H: Aspiration of the fluid
with 19G needle. Small arrows show duplication cysts in D, F and G and big arrow shows the biopsy needle in H.

Case 2
A 51-year old male: Endoscopy revealed multiple impressions, covered with normal mucosa and localized in the
lower third of the esophagus (Figure 1C). The prepyloric
area showed features of atrophic gastritis subsequently
confirmed with histology. On EUS, multiple cystic, fluidfilled, intramural lesions were detected (Figure 1D). Their
size varied from 4 mm × 6 mm to 8 mm × 16 mm. They
showed no vascular pattern on Doppler examination.

vascular pattern on Doppler examination (Figure 1F).

Case 3
A 57-year old female: Endoscopy showed a solitary
impression, localized 25 cm from the incisor teeth and
covered with unchanged mucosa (Figure 1E). Examination was otherwise unremarkable. EUS revealed a cluster
of unechoic fluid-filled intramural lesions showing no
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Case 4
A 47-year old male: Endoscopy revealed a solitary lesion,
size approximately 25 mm localized 30 cm from the incisor
teeth and covered with unchanged mucosa (Figure 1G).
No other abnormality was found on endoscopy. EUS
demonstrated an unechoic fluid-filled intramural lesion
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24 mm × 12 mm large. The lesion showed no vascular
pattern on Doppler examination (Figure 1H). Aspiration
with 18G needle revealed a clear fluid with no malignant
or suspicious cells.

REFERENCES
1

DISCUSSION

2

In this paper we describe a series of 4 patients who were
referred to our centre for further investigation of esophageal lesions found on routine gastroduodenoscopy. In
two cases, where there were multiple lesions, referring
doctors suspected unusual looking varices or vascular
lesions. In view of our interest in EUS of portal hypertension[11-13] a more detailed study of both the lesions
and intrinsic para- and peri-esophageal circulation was
performed. However, these patients had no clinical,
laboratory or imaging features suggesting liver cirrhosis
or portal hypertension. In the other two cases the initial
diagnosis was submucosal tumours. These findings were
expected to be confirmed using EUS. All these patients
turned out to have esophageal duplication cysts.
Esophageal cysts do not usually communicate with
the esophageal wall but occur as a separate malformation
along or in continuity with the native esophagus. In the
presented cases they were localized intramurally as a mass
pressing on the esophageal lumen and this is why they resembled esophageal varices or submucosal tumours.
Treatment of esophageal duplication cysts in asymptomatic patients is controversial with no clear clinical
guidelines. As all our patients remained asymptomatic we
arbitrarily decided to schedule them for follow up EUS/
gastroduodenoscopy in a period of 2 years. An earlier intervention will be performed if they become symptomatic.
As the true prevalence of esophageal cysts is unknown[2], it is very likely that in many patients, like in
these four described by us, they cause no symptoms,
remain undetected and require no intervention at all. Increasing availability of new diagnostic modalities such as
EUS may change the current view regarding the prevalence of esophageal duplication cysts and prove that
they are not rare findings.

3
4

5
6
7

8
9
10
11

12

13

Eichmann D, Engler S, Oldigs HD, Schroeder H, Partsch CJ.
Radiological case of the month. Denouement and discussion: congenital esophageal duplication cyst as a rare cause
of neonatal progressive stridor. Arch Pediatr Adolesc Med
2001; 155: 1067-1068
Wootton-Gorges SL, Eckel GM, Poulos ND, Kappler S,
Milstein JM. Duplication of the cervical esophagus: a case
report and review of the literature. Pediatr Radiol 2002; 32:
533-535
Arbona JL, Fazzi JG, Mayoral J. Congenital esophageal
cysts: case report and review of literature. Am J Gastroenterol
1984; 79: 177-182
Danzer E, Paek BW, Farmer DL, Poulain FR, Farrell JA,
Harrison MR, Albanese CT. Congenital diaphragmatic hernia associated with a gastroesophageal duplication cyst: a
case report. J Pediatr Surg 2001; 36: 626-628
Markert DJ, Grumbach K, Haney PJ. Thoracoabdominal duplication cyst: prenatal and postnatal imaging. J Ultrasound
Med 1996; 15: 333-336
Diaz de Liaño A, Ciga MA, Trujillo R, Aizcorbe M, Cobo F,
Oteiza F. Congenital esophageal cysts--two cases in adult
patients. Hepatogastroenterology 1999; 46: 2405-2408
Cioffi U, Bonavina L, De Simone M, Santambrogio L, Pavoni G, Testori A, Peracchia A. Presentation and surgical
management of bronchogenic and esophageal duplication
cysts in adults. Chest 1998; 113: 1492-1496
Harvell JD, Macho JR, Klein HZ. Isolated intra-abdominal
esophageal cyst. Case report and review of the literature.
Am J Surg Pathol 1996; 20: 476-479
Singh S, Lal P, Sikora SS, Datta NR. Squamous cell carcinoma arising from a congenital duplication cyst of the esophagus in a young adult. Dis Esophagus 2001; 14: 258-261
Will U, Meyer F, Bosseckert H. Successful endoscopic treatment of an esophageal duplication cyst. Scand J Gastroenterol
2005; 40: 995-999
Wiechowska-Kozłowska A, Białek A, Raszeja-Wyszomirska J, Starzyńska T, Milkiewicz P. Ligation of oesophageal
varices may increase formation of “deep” gastric collaterals.
Hepatogastroenterology 2012; 57: 262-267
Wiechowska-Kozlowska A, Raszeja-Wyszomirska J,
Wasilewicz MP, Bialek A, Wunsch E, Wójcicki M, Milkiewicz P. Upper gastrointestinal endosonography in patients
evaluated for liver transplantation. Transplant Proc 2009; 41:
3082-3084
Wiechowska-Kozłowska A, Białek A, Milkiewicz P. Prevalence of ‘deep’ rectal varices in patients with cirrhosis: an
EUS-based study. Liver Int 2009; 29: 1202-1205
S- Editor Gou SX

WJG|www.wjgnet.com

1272

L- Editor O’Neill M E- Editor Li JY

March 21, 2012|Volume 18|Issue 11|

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i11.1273

World J Gastroenterol 2012 March 21; 18(11): 1273-1278
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.
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Tumors with macroscopic bile duct thrombi in non-HCC
patients: Dynamic multi-phase MSCT findings
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tumor, and both of them showed the same enhancement patterns on dynamic contrast-enhanced computed
tomography scan: early enhancement in the hepatic
arterial phase and a quick wash-out of contrast agent in
the portal and equilibrium phases. Macroscopic BDTT in
non-HCC patient is rare, dynamic enhanced MSCT scan
may be valuable in the diagnosis of non-HCC with BDTT.
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Abstract
Non-hepatocellular carcinoma (non-HCC) with macroscopic bile duct tumor thrombus (BDTT) formation is
rare, few radiological studies have been reported. In
this case report, we retrospectively analyzed the imaging findings of three cases of non-HCC with macroscopic
BDTT on dynamic enhanced multislice computed tomography (MSCT) scan. One case of primary hepatic
carcinosarcoma was presented as a solitary, large welldefined tumor with significant necrotic changes. One
case of liver metastasis from colon cancer was presented as a lobulated, large ill-defined tumor. One case
of intraductal oncocytic papillary neoplasm involved the
entire pancreas, presented as a cystic and solid mass
with multilocular changes (the individual loculi were less
than 5.0 mm in diameter). The bile duct was dilated due
to expansible growth of the BDTT in all three patients.
The BDTT was contiguous with hepatic or pancreatic
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INTRODUCTION
Hepatocellular carcinoma (HCC) associated with bile
duct invasion and subsequent bile duct tumor thrombus
(BDTT) formation occurs in only 0.79%-4% of patients
with primary HCC[1,2]. Because HCC is one of the most
prevalent malignant tumors, HCC with BDTT is not
uncommonly encountered in clinical practice and its
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clinical characteristics have been well described[3]. NonHCC liver tumor can also invade the biliary tree, such as
combined hepatocellular and cholangiocellular carcinoma
and liver metastasis[4-10]. However, only few cases of nonHCC with BDTT have been reported in the radiological
literatures[5-7]. In this study, we report three cases of macroscopic BDTT: one case of primary hepatic carcinosarcoma, one case of liver metastasis from colon cancer,
and one case of intraductal oncocytic papillary neoplasm
(IOPN) of the pancreas. The cases of primary hepatic
carcinosarcoma or IOPN of the pancreas associated with
macroscopic BDTT have not been previously reported.

(normal range: ≤ 11 µmol/L), and tumor marker CA19-9
was 953.4 U/mL (normal range: ≤ 35 U/mL). A well-defined tumor with a size of 10.8 cm × 6.9 cm in the middle
hepatic lobe (Segments Ⅳ, Ⅴ and Ⅷ) was revealed on
CT scan. The tumor showed hypo-attenuation (relative to
normal liver parenchyma) on pre-contrast CT scan, early
rim enhancement in the HAP images and hypo-attenuation in the PVP and EP images. A large necrotic area was
noted in the tumor, and showed no enhancement after
contrast administration. A tumor thrombus was revealed
in the dilated left and right hepatic duct and the common
hepatic duct, which was contiguous with the hepatic tumor. No bile duct wall invasion was noted. The enhancement pattern of the intraductal mass was consistent with
intrahepatic tumor on dynamic enhanced CT scan. Biliary
tree dilation was seen distal to the intraductal mass. The
patient underwent left trisectionectomy and right posterior hepatic bile duct-jejunum anastomosis, and intraductal
mass was removed through resection of the extrahepatic
bile duct. The intrahepatic tumor was not encapsulated.
The intraductal mass was not adhered to the bile duct
wall, and was easily removed. Primary hepatic carcinosarcoma with BDTT was pathologically confirmed. The
carcinomatous and sarcomatous elements were HCC and
fibrosarcoma, respectively. The immunohistochemical results revealed that the sarcomatous elements were Vimentin positive, and negative results for cytokeratin, epithelial
membrane antigen, hepatocyte, CD34, AFP, AAT, S-100,
actin and CD117 (Figure 1). The patient died two months
after surgery due to hepatorenal syndrome.

CASE REPORT
Patients
All three non-HCC patients with macroscopic BDTT
were treated in our hospital. They had jaundice on admission. Liver function tests showed that aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl
transpeptidase and alkaline phosphatase were elevated.
Total serum bilirubin (TBil) was significantly increased
mainly due to direct bilirubin (DBil). Serum markers of
hepatitis B and hepatitis C and tumor markers alpha-fetoprotein (AFP), carcino-embryonic antigen (CEA) and
CA125 were all normal. However, CA19-9 was elevated
in a patient with primary hepatic carcinosarcoma and a
patient with IOPN of the pancreas. All three cases of
non-HCC with macroscopic BDTT were pathologically
confirmed. We retrospectively analyzed the dynamic enhanced multislice computed tomography (MSCT) findings in these three cases.

Case 2
A 75-year-old woman was admitted on November 19,
2010 with epigastric pain and progressive jaundice for
seven days. The patient underwent radical resection of
colon cancer six years ago. Laboratory results showed significantly elevated serum TBil (196.5 μmol/L) and DBil
(131.3 μmol/L). The tumor markers AFP, CEA, CA125
and CA19-9 were all in the normal range. A large lobulated tumor of 8.7 cm × 9.5 cm was displayed on CT scan in
the left hepatic lobe with an ill-defined margin. The tumor
demonstrated hypo-attenuation on precontrast CT scan,
early mild enhancement in the HAP images and inhomogeneous hypo-attenuation in the PVP and EP images. An
intraductal tumor thrombus was seen extending from the
dilated left intrahepatic bile duct to the upper common
bile duct, and was contiguous with intrahepatic tumor.
The intraductal thrombus showed similar enhancement
patterns with intrahepatic tumor on dynamic enhanced
CT scans. Intrahepatic ductal dilation was found distal to
the intraductal mass. Tumor thrombi were also seen in
the inferior vena cava, the middle hepatic vein and the left
hepatic vein. No enlarged lymph node was observed. The
patient received percutanoeus transhepatic biliary drainage instead of surgery due to poor liver reserve. However, jaundice was not effectively relieved, thus palliative
thrombectomy through choledochotomy was performed.
The intraductal tumor thrombus was easily removed as it
was not adhered to the bile duct wall. Resection specimen

Computed tomography imaging protocols
The computed tomography (CT) examination was performed using a 64-slice spiral CT scanner (Sensation 64,
Siemens Medical Solutions), the technical parameters
were as follows: 120 kVp tube voltage, 200 effective mAs,
64 mm × 0.6 mm beam collimation, pitch of 0.9, rotation time of 0.5 s, 5 mm reconstruction slice thickness.
After acquisition of unenhanced images, nonionic iodinated contrast agent (iodipamide, 370 mg I/mL, Bracco)
was injected through a dual-head injector at a rate of 3.5
mL/s and followed by a 20-mL saline flush, with a dose
of 2.0 mL/kg body weight. To determine the timing for
the hepatic arterial phase (HAP) scanning, a bolus-tracking technique was used with a region of interest in the
descending aorta. After achieving enhancement of the
descending aorta up to 100 HU, the HAP images were
acquired with the scanning delay of 5 s. Portal venous
phase (PVP) and equilibrium phase (EP) images were obtained with a delayed time of 30 s and 120 s, respectively.
Case 1
A 41-year-old man was admitted to our hospital on November 18, 2010 with a history of jaundice and right
upper abdominal discomfort for one month. Laboratory
examination showed that serum TBil was 282.1 µmol/L
(normal range: 5-24 µmol/L), DBil was 221.4 µmol/L
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Figure 1 A 41-year-old man with primary hepatic carcinosarcoma. A large hypodense tumor in the hepatic middle lobe appears on precontrast computed tomography (CT) scan (A), which shows early rim enhancement in the hepatic artery phase (B) and a low density in the portal phase with large areas of necrosis (C). The bile
duct tumor thrombus (BDTT) (arrow) shows similar enhancement patterns with the intrahepatic tumor on pre-contrast CT scan (D), hepatic artery phase (E) and portal
phase scan (F). Coronal reconstruction image in the portal phase shows that BDTT (arrows) is contiguous with the intrahepatic tumor (G). The resected hepatic tumor (H)
and BDTT (I) specimens. The sarcomatous component of the primary hepatic carcinosarcoma is vimentin positive on the immunohistochemical staining (J), × 200.

revealed to be metastatic adenocarcinoma pathologically,
and was positive for CDX2 and CEA, and negative for
hepatocyte, AFP, HBsAg, and CD34 on immunohistochemical staining (Figure 2). The patient was still alive 10
months after the operation.

larged lymph node was detected. Thrombectomy through
choledochotomy and pancreatic-duodenal resection was
performed in this patient. IOPN of the pancreas with
BDTT formation was confirmed pathologically. Tumor
invasion was only observed in the lower segment of the
common bile duct wall (Figure 3). The patient was still
alive 21 mo after the operation.

Case 3
A 43-year-old woman was admitted on December 29,
2009 with a history of jaundice for 10 d. The laboratory
results showed a high level of serum TBil (174.6 μmol/L)
and DBil (141.3 μmol/L). The tumor marker CA19-9
was slightly elevated, with a level of 36.5 U/mL. CT scan
showed enlargement of the pancreas which consisted of
a mixed solid and cystic tumor. The solid components
showed hypo-attenuation on precontrast CT scan, early
enhancement on the HAP images and hypo-attenuation
on the PVP and EP images. The cystic components were
multilocular, with the loculi less than 5.0 mm in diameter,
and showed no enhancement after contrast administration. The main pancreatic duct was mildly dilated and
communicated with pancreatic tumor. An intraductal tumor thrombus appeared in the dilated right hepatic duct
and the common bile duct on CT scan, and it was contiguous with the pancreatic tumor. The enhancement patterns of the intraductal thrombus were consistent with
pancreatic tumor on dynamic enhanced CT scans. No en-

WJG|www.wjgnet.com

DISCUSSION
Macroscopic BDTT secondary to liver tumors is not
commonly seen clinically and may occur in HCC, combined hepatocellular and cholangiocellular carcinoma and
hepatic metastasis[4-10]. The mechanism of tumor thrombus formation in the bile duct is unclear. It is widely accepted that hepatic tumors (primary or secondary) can
directly invade the bile duct, even extrabiliary malignant
tumors can directly metastasize to the bile duct[10]. Consequently, tumors can develop along the bile duct and
form intraductal thrombus. However, Peng et al[11] indicated that the tumor cells in HCC with BDTT might be
originally derived from the canals of Hering and hepatic
stem cells or primitive progenitor cells. We retrospectively analyzed three cases of BDTT secondary to primary
hepatic carcinosarcoma, hepatic metastasis from colon
cancer and IOPN of the pancreas and reviewed their
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Figure 2 A 75-year-old woman with liver metastasis from colon cancer. A lobulated, ill-defined hypodense tumor in the left hepatic lobe is noted on pre-contrast
computed tomography (CT) scans (A), which shows early enhancement in the hepatic artery phase (B) and a low density in the portal phase (C). The bile duct tumor
thrombus (BDTT) (arrow) shows similar enhancement patterns with the intrahepatic tumor on precontrast CT scan (D), hepatic artery phase (E) and portal phase
scan (F). The coronal reconstruction image in the portal phase shows that BDTT (arrows) is contiguous with the intrahepatic tumor (G). Intraductal tumor thrombus is
proved to be metastatic adenocarcinoma pathologically (H), hematoxylin and eosin stain, × 100.
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Figure 3 A 43-year-old woman with intraductal oncocytic papillary neoplasm of the pancreas. An inhomogeneous hypodense tumor involving the entire pancreas is noted on precontrast computed tomography (CT) scan (A), which shows early enhancement in the hepatic artery phase (B) and a low density in the portal
phase with mild dilation of the pancreatic duct (arrows) and multilocular changes (C). The bile duct tumor thrombus (BDTT) (arrow) shows similar enhancement patterns with the pancreatic tumor on precontrast CT scans (D), hepatic artery phase (E) and portal phase scan (F). The coronal reconstruction image in the portal phase
shows that BDTT (arrows) is contiguous with the pancreatic tumor (G). Resected pancreatic tumor specimen shows multilocular changes with papillary growth in the
loculi (H). Pancreatic tumor is proved to be intraductal oncocytic papillary neoplasm pathologically (I), hematoxylin and eosin stain, × 100.
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clinical and imaging findings.
World Health Organization defined primary hepatic
carcinosarcomas as tumors containing both carcinomatous (either hepatocellular or cholangiocellular) and
sarcomatous components and without obvious transition
zone between them[12]. Primary hepatic carcinosarcoma
is extremely rare and aggressive. To our knowledge, only
about 20 cases have been reported in the English literature, and the pathogenesis is still controversial[12,13]. This
tumor occurs between 34 and 84 years of age and presented no specific clinical manifestations[12,13]. More than
half of the patients had a background of hepatic cirrhosis
or fibrosis[12-14]. Elevated serum AFP and CA19-9 could
be observed in some cases[14]. Patients usually have poor
prognosis due to the highly invasive and metastatic features of the tumors[14].
The CT characteristics of primary hepatic carcinosarcomas reported in the literature include a solitary mass
with central necrosis and myxoid changes, round, oval or
lobulated in shape, and without capsule formation. They
show iso-attenuation or hypo-attenuation on precontrast
CT scan. Dynamic enhanced CT scan revealed early rim
or peripheral ring enhancement in the HAP images, hypoattenuation in the PVP images and iso-attenuation in the
EP images[12,13,15]. If the sarcomatous components were
osteosarcoma or chondrosarcoma, dense rocky calcifications or bone formations may be presented within the
mass radiologically[15]. The case of primary hepatic carcinosarcoma described here has similar CT findings as
reported in the literature. Interestingly, this case was also
associated with BDTT, which has not been previously
reported. The BDTT grew expansively without invasion
of the bile duct wall, and was contiguous with the hepatic
carcinosarcoma. Both of them showed the same enhancement pattern on dynamic enhanced CT scan as they
shared the same blood supply. We found similar phenomena in HCC with BDTT, i.e., the enhancement pattern of
BDTT was the same as HCC on dynamic enhanced CT
scan, intraductal tumor thrombus was continuous with the
main intrahepatic HCC mass, no thickened bile duct wall
adjacent to the thrombus was observed[16]. The differential
diagnosis of primary hepatic carcinosarcoma with BDTT
from HCC with BDTT is difficult. In the presence of
large amounts of tumor necrosis, tumor calcification or
ossification and negative serum AFP, hepatic carcinosarcoma should be considered in the differential diagnosis.
Macroscopic intrabiliary tumor growth is a peculiar
mode of intrahepatic spread in patients with colorectal
liver metastasis. Metastatic hepatic tumors from colorectal cancer demonstrated macroscopic BDTT in approximately 5.8%-12.1% of resected tumors[6,8,9]. The growth
of BDTT included two components: intraluminal and intraepithelial extension[8]. The diagnosis of metastatic hepatic tumors from colorectal cancer associated with macroscopic BDTT is important because macroscopic BDTT
is an independent indicator of favorable prognosis in
such patients. Aggressive surgical treatment can improve
the chances of long-term survival[8,9]. Currently, there are
few radiological studies about hepatic metastasis from
colorectal cancer with bile duct invasion[5-7]. Okano et al[6]
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reported the following radiological findings on CT scan
in detecting the presence of intrabiliary tumor growth in
patients with liver metastases from colorectal cancer: intrahepatic bile duct dilatation, thickened portal tract and
wedge-shaped area with enhancement. A thickened portal tract around the tumor corresponded to intrabiliary
thrombus itself, and the presence of this sign depended
on the length of the intraductal thrombus. If the length
of the thrombus is larger than 30 mm, thickened portal
tract will likely be observed[6]. However, in our cases and
in 8 cases of hepatic metastasis with BDTT from colon
cancer reported by Lee et al[5], no such sign was observed.
This discrepancy was likely due to the use of an obsolete
CT scanner as reported by Okano et al[6], which was limited by low spatial resolution and thicker slice scanning (7-10
mm), thus the intraductal thrombus itself could not be
clearly detected. The wedge-shaped area with enhancement is assumed to be caused by reduced portal flow and
a compensatory increase in arterial blood flow caused by
tumor compression or arterioportal shunt in the involved
portal venous branch[6]. Jinzaki et al[7] reported four cases
of liver metastasis from colorectal cancer with intraductal
invasion. Two of the cases revealed hypo-dense hepatic
tumors with bile duct dilation on an enhanced CT scan
without presence of intraductal thrombus, while in the
other two cases, intraductal thrombus itself appeared on
CT scans, which were contiguous with the main intrahepatic tumors. The intraductal thrombus was isodense
on unenhanced and enhanced CT compared with the
main intrahepatic tumor. In our case of liver metastasis
from colon cancer with macroscopic BDTT, the BDTT
showed similar expansible growth pattern, and was contiguous with the hepatic metastatic tumor. Both of them
showed the same enhancement pattern on CT scan as
they shared a common blood supply.
In clinical practice, it is important to differentiate
metastatic tumor from primary intraductal cholangiocarcinoma in patients with a history of colorectal cancer when
an intraductal mass is presented in the bile duct. The
expansible growth of intraductal mass and its direct connection with hepatic tumors are very valuable features in
the differential diagnosis[5]. The diagnosis of liver metastasis with BDTT should also be differentiated from HCC
with BDTT. Hepatic cirrhosis background and a rise in
AFP level may aid in the diagnosis of HCC[16].
The term “intraductal oncocytic papillary neoplasm”
was proposed by Adsay et al[17] in 1996 to describe a rare
type of pancreatic tumor. Currently, only about 20 cases
of IOPN of the pancreas have been reported, but the
accurate incidence and etiology of these cases are still unknown[18,19]. One of the distinguishing features of IOPN
of the pancreas is the abundant, finely granular, eosinophilic cytoplasm of the cells. The tumors usually form
complex, branching, and arborizing papillaries[17,18]. IOPN
of the pancreas is often found in the elderly (mean age,
63.9 years), with no gender predilection and specific clinical features[18]. Tumors mainly involve the main pancreatic
duct. They are more commonly observed in the head of
the pancreas although they can occur in any part of the
pancreas. Multiple sites involved have also been reported
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in the literature[17-20]. In general, IOPN of the pancreas
usually presents as either unilocular or multilocular cystic
tumor with individual loculi ranging from 0.2 to 4.0 cm.
The cystic loculi are filled with mucin and have prominent
papillary growth. Cystic tumors usually communicate with
the pancreatic duct system[17-20]. Most IOPNs of the pancreas exhibit severe dysplasia histopathologically to warrant
the term intraductal oncocytic papillary carcinoma, and
therefore they should be surgically resected completely[17].
Radiologically IOPN of the pancreas can be presented as a well-defined mass with unilocular or multilocular
cystic changes and with mural or solid nodules. The tumors always communicated with the dilated pancreatic
duct [18-20]. Mural nodules or solid tumor components
may show enhancement on CT or magnetic resonance
imaging imaging[19,20]. Adsay et al[17] reported one case of
IOPN of the pancreas with common bile duct involvement, and Fischer et al[19] reported one case of IOPN
of the pancreas with dilation of the common bile duct
and intrahepatic ducts. However, no further description
has been mentioned in both cases. Currently, no case
of IOPN of the pancreas with macroscopic BDTT has
been reported. The case we reported here has the following features: tumor involved the entire pancreas with
multilocular, mixed cystic and solid changes, and the individual loculi were less than 5.0 mm in diameter. The pancreatic tumor invaded the lower segment of the common
bile duct, and hence intraductal thrombus was formed,
extending upward along the bile duct with expansible
growth pattern. On dynamic enhanced CT scans, pancreatic tumor and BDTT have the same enhancement patterns, which might be due to direct connection of BDTT
with main pancreatic tumor, and both sharing the same
blood supply. Intraductal papillary mucinous neoplasm
(IPMN) of pancreas has similar radiological features as
IOPN. A fluorodeoxyglucose (FDG) positron emission
tomography scan can help differentiate between IOPN
and IPMN of the pancreas. A strong uptake of FDG
was reported in IOPN of the pancreas, which suggested
high glucose metabolic activity of tumor cells[19,20].
In conclusion, non-HCC with macroscopic BDTT is
a rare clinical entity. All three cases in this study shared
the following imaging features: expansible growth of
the BDTT; the intrahepatic tumor or pancreatic tumor
contiguous with the BDTT, and both showing the same
enhancement patterns on CT scans; and intrahepatic bile
duct dilation distal to the BDTT. MSCT may be a valuable modality in the diagnosis of non-HCC with BDTT.
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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
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Neurogastroenterology and Motility
Meeting
Bologna, Italy

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

September 6-8, 2012
2012 Joint International



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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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)

homogeneous 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 Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 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 from to evaluate the statistical method
used in the paper, including t-test (group or paired comparisons),
chi-squared 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
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for important intellectual content; and (3) final approval 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/1007-9327office. 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 for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in WJG,
reviewers of accepted manuscripts will be announced by publishing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor XinWei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

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.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.

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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).

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.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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. Immunolog-

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 la-
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ic 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]
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]

eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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
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Risk for gastric neoplasias in patients with chronic atrophic
gastritis: A critical reappraisal
Lucy Vannella, Edith Lahner, Bruno Annibale
CAG incidence from superficial gastritis, its prevalence
in different clinical settings and possible risk factors associated with the progression of this condition to gastric
neoplasias are important issues. This editorial intends
to provide a brief review of the main studies regarding
incidence and prevalence of CAG and risk factors for the
development of gastric neoplasias.
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Abstract
Chronic atrophic gastritis (CAG) is an inflammatory condition characterized by the loss of gastric glandular
structures which are replaced by connective tissue
(non-metaplastic atrophy) or by glandular structures
inappropriate for location (metaplastic atrophy). Epidemiological data suggest that CAG is associated with
two different types of tumors: Intestinal-type gastric
cancer (GC) and type Ⅰ gastric carcinoid (TⅠGC). The
pathophysiological mechanisms which lead to the development of these gastric tumors are different. It is
accepted that a multistep process initiating from Helicobacter pylori -related chronic inflammation of the gastric
mucosa progresses to CAG, intestinal metaplasia, dysplasia and, finally, leads to the development of GC. The
TⅠGC is a gastrin-dependent tumor and the chronic
elevation of gastrin, which is associated with CAG,
stimulates the growth of enterochromaffin-like cells
with their hyperplasia leading to the development of
TⅠGC. Thus, several events occur in the gastric mucosa before the development of intestinal-type GC and/
or TⅠGC and these take several years. Knowledge of
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INTRODUCTION
Chronic atrophic gastritis (CAG) is an inflammatory condition characterized by the loss of gastric glandular structures which are replaced by connective tissue (non-metaplastic atrophy) or by glandular structures inappropriate
for location (metaplastic atrophy) [1]. Epidemiological
data suggest that CAG is associated with two different
types of tumors: Intestinal-type gastric cancer (GC) and
type Ⅰ gastric carcinoid (TⅠGC). The pathophysiological mechanisms which lead to the development of these
gastric tumors are different. It is accepted that a multistep
process initiating from Helicobacter pylori (H. pylori)-related
chronic inflammation of the gastric mucosa progresses to
CAG, intestinal metaplasia, dysplasia, and finally leads to
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the development of GC[2]. TⅠGC is a gastrin-dependent
tumor and the chronic elevation of gastrin, which is associated with CAG, stimulates the growth of enterochromaffin-like (ECL) cells with their hyperplasia leading to
the development of TⅠGC[3-5].
Considering that several events occur in the gastric mucosa before the development of GC and/or of TⅠGC,
and that these events take several years, the knowledge of
CAG incidence from superficial gastritis, its prevalence
in different clinical settings and possible risk factors associated with the progression of this condition to gastric
neoplasias are important issues.

phic involvement such as corpus-atrophic gastritis or a
multifocal atrophic gastritis (i.e., patchy areas of atrophicmetaplastic changes in the antral and corpus mucosa), because it is maintained that only corpus atrophic changes
can lead to the development of gastric cancer.

ATROPHIC GASTRITIS AND GASTRIC
CANCER
Nowadays, GC represents one of the most challenging
tumors due to the fact that its diagnosis is often late and,
in the advanced stage, the therapeutic options are scarce
with consequent high rate of mortality[24]. In fact, althou
gh a reduction of global incidence for this neoplasm is
reported, it remains the second cause of cancer-related
death. The knowledge of precursor lesions for the development of intestinal-type GC could contribute to anticipating GC diagnosis at an early stage when surgery or
chemotherapy offers a better prognosis. Several studies
have estimated the risk of GC in patients with CAG[25-33].
Although the vast majority of these were performed on
small numbers of patients and were based on older his
tological classifications, the progression rate of CAG to
GC fluctuates from 0% to 10% with annual incidence
(person-year) lower than 1% (Table 2). It is interesting
to observe that, although the incidence rate of CAG in
patients with superficial gastritis is higher in populations
with higher risk of GC (Table 1), the progression rate of
CAG towards GC is similar irrespective of different geographic areas.
Some studies have attempted to identify risk factors
linked with the progression of precancerous lesions (CAG
or intestinal metaplasia) towards GC to select those patients who should undergo endoscopic surveillance.

EPIDEMIOLOGY OF CHRONIC ATROPHIC
GASTRITIS
A recent systematic review was performed with the aim
of evaluating the CAG incidence in patients free of CAG
at moment of inclusion in the study[6]. From published
studies, the authors selected only 14 follow-up studies in
which CAG diagnosis was carefully made by histology
(12 studies) or by serum pepsinogen (PG) levels (2 studies). The CAG incidence rates ranged from 0% to 10.9%
per year. This wide CAG incidence range is explained
by the particular settings in which the CAG diagnoses
were made. In fact, the lowest incidence rates (0%) were
found in patients with reflux esophagitis[7] and in patients
successfully treated for H. pylori infection[8]. The highest
incidence rate was observed in an older study conducted
on patients who underwent vagotomy because of ulcer
disease[9]. Regarding H. pylori infection, the CAG incidence rate was higher in H. pylori-positive patients than in
H. pylori-negative ones[7,10-13] and the meta-analysis on the
association between H. pylori infection and CAG incidence presented a rate ratio of 5 (95% CI: 3.1-8.3).
The prevalence of CAG was evaluated by serological screening using surrogate markers of gastric function
(PG Ⅰ or PG I/PG Ⅱ ratio) or by gastroscopy/histology.
In the vast majority of cases, the serological and histological screenings were both made in a general population.
Serological studies reported CAG prevalence rates between 3% and 7%, which were lower than those reported
by histological ones. Studies on CAG prevalence subdivided on the basis of diagnostic tools used for CAG diagnosis (histology or serology) are shown in Table 1[14-23].
The observed differences between serological and histological studies could be explained by the fact that it is
likely that symptomatic patients accepted more easily to
undergo gastroscopy. Higher rates of CAG prevalence
found in the Asian countries may be justified by the fact
that these areas are at higher risk of GC and by the fact
that the definition of CAG diagnosis may be different
between Western and Asian countries. In studies reporting from Asian countries, CAG diagnosis included all
atrophic lesions irrespective of the atrophy localization
in the gastric mucosa (antrum and/or corpus); in the vast
majority of the studies conducted in Western countries,
CAG diagnosis included only patients with a corpus atro-
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Age
Age has been identified as a possible risk factor in several
studies. In the study by Leung et al[40], H. pylori-positive
patients with intestinal metaplasia were followed up for
5 years to evaluate the progression or the improvement
of histological lesions after H. pylori eradication treatment compared with placebo. At multivariate analysis, the
presence of age > 45 years showed an approximate twofold increased risk of progression of intestinal metaplasia
compared to younger subjects[40]. This same age limit had
already been identified in a screening survey performed
on 3386 subjects from a rural Chinese population that
showed an approximate three-fold increased risk of progression to GC[28]. In a large cohort study, increasing age
at initial diagnosis was associated with higher hazard ratio
(HR) for the progression to GC (for age > 55 years, HR
> 2.38)[32]. In a recent work, patients with CAG who were
aged > 50 years at the moment of initial diagnosis presented HR = 8.8 for the progression to gastric neoplastic
lesions[33].
Pernicious anemia
Although the vast majority of the older studies on CAG
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Table 1 Prevalence of chronic atrophic gastritis
Author
Serology
Sipponen et al[14]
Green et al[15]
Weck et al[16]
Telaranta-Keerle et al[17]
Histology
Oksanen et al[18]
Borch et al[19]
Asaka et al[20]
Redéen et al[21]
Storskrubb et al[22]
Zou et al[23]

Year

Country

Study type

Patients

2003
2005
2007
2010

Finland
New Zealand
Germany
Finland

General population
General population
General population
General population

2000
2000
2001
2003
2008
2011

Finland
Sweden
Japan
Sweden
Sweden
China

Endoscopic cohort
General Population
General Population
General Population
General Population
General Population

Age (yr)

12 252 (men)
466
9444
4256
207
501
2455
488
976
1022

CAG (%)

51-65
> 65
50-74
18-92

5.2
6.7
6
3.5

19-83
35-85
< 20 to > 70
37-85
20-80
18-80

131
9.42
55.53
9
6.64
63.83

1

This percentage refers to patients (n = 27) with atrophic body gastritis; 2this percentage refers to patients (n = 47) with atrophic
pangastritis and corpus- predominant (gastritis; 3these percentages included chronic atrophic gastritis (CAG) diagnosis irrespective of the atrophy localization in the gastric mucosa (antrum and/or corpus); 4this percentage refers to patients (n = 54)
with multifocal atrophic gastritis and atrophic corpus- limited gastritis.

Table 2 Incidence of gastric cancer in patients with chronic atrophic gastritis or pernicious anemia
Author

Year

Country

Patients with chronic atrophic gastritis
Walker et al[25]
1971
Australia
Ectors et al[26]
1986 United Kingdom
Tatsuta et al[27]
1993
Japan
You et al[28]
1999
China
Whiting et al[29]
2002 United Kingdom
Dinis-Ribeiro et al[30] 2004
Portugal
Lahner et al[31]
2005
Italy
de Vries et al[32]
2008
Netherlands
Vannella et al[33]
2010
Italy
Patients with pernicious anemia
Borch et al[34]
1986
Sweden
Kokkola et al[35]
1998
Finland
Sjöblom et al[36]
1993
Finland
Armbrecht et al[37]
1990 United Kingdom
Bresky et al[38]
2003
Spain
Ye et al[39]
2003
Sweden
Vannella et al[33]
2010
Italy

Study type

Patients

Age, median
or range (yr)

GC

Annual incidence of
GC, person-year (%)

Retrospective
Retrospective
Retrospective
Prospective
Prospective
Retrospective
Prospective
Retrospective
Retrospective

40
225
654
20821
1042
1771
106
84 0722
300

40-64
35-64
> 40
22-74
65.7
18-78

4 (10)
3 (1.3)
22 (3.4)
19 (0.9)
12 (11.5)
4 (2.2)
1 (0.9)
1035 (1.2)
3 (1)

0.6
0.1
0.2
0.2
1.1
0.7
0.1
0.2
0.2

Prospective
Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective

61
62
56
27
68
21 265
129

20-73
27-78
26-81
74.3
23-74

0
2 (3.2)
2 (3.5)
0
0
177 (0.8)
2 (1.5)

0
1.10
1.20
0
0
0.10
0.30

1

This number refers to biopsies taken in 144 patients and includes chronic atrophic gastritis (CAG) with type Ⅰ, Ⅱ, Ⅲ intestinal metaplasia; 2this number refers to CAG patients with or without intestinal metaplasia. GC: Gastric cancer.

included patients with pernicious anemia, the risk of GC
in this particular clinical setting seems to be generally low
(Table 2). In fact, this clinical condition is often associated with corpus-restricted gastritis and, as a consequence,
with less extensive atrophy in the gastric mucosa. In a recent study, the presence of atrophic pangastritis increased
the risk of progression to gastric neoplastic lesions by 4.5
times, in keeping with previous works[33,41,42]. The apparent contrast between older and more recent works about
pernicious anemia can be explained by the difficulty in
comparing studies with methodological differences linked
to adopted gastritis classification or small number series.
It is interesting to underline the fact that studies on the
relationship between pernicious anemia and GC are lacking in Asian countries where the risk of GC is higher,
thus it remains to be established whether pernicious ane-
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mia has low prevalence in the Asian geographic area or if
this condition is overlooked.
Intestinal metaplasia
Parallel with more extensive atrophy in the gastric mucosa, the extensive replacement of this by intestinal metaplasia is considered a hallmark of severity of CAG. In the
literature, the intestinal metaplasia extension was widely
related to a higher risk of GC[32,33,40,42]. In particular, type
Ⅲ intestinal metaplasia was associated with an increased
risk of GC in some studies[43,44], but subsequent studies
showed conflicting findings[45,46], thus the clinical utility of
different subtyping of intestinal metaplasia is limited.
Helicobacter pylori
The role of H. pylori infection in progression from CAG
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to GC is controversial. In the Leung study, H. pylori-positive patients who had not undergone eradication therapy
had a progression rate of intestinal metaplasia higher than
cured patients[40]. However, in this study, the vast majority
of patients had only a superficial gastritis at baseline and,
after 5 years of follow-up, the rate of patients with intestinal metaplasia increased significantly. It is maintained that
the effect of eradication therapy on the progression to
GC in patients with precancerous lesions is limited. A previous large prospective study demonstrated that H. pylori
eradication may be beneficial in arresting the progression
to GC only in patients without CAG or intestinal metaplasia[47]. Two recent meta-analyses showed a beneficial
long-term effect of H. pylori eradication therapy on atrophic gastritis, but not on intestinal metaplasia[48,49]. Up till
now, although the possibility of histological improvement
of CAG is accepted after H. pylori cure, the efficacy of H.
pylori eradication in reducing GC incidence needs to be
demonstrated.

1397 patient-years, 2 new cases of TⅠGC were reported
in hospital registries among the initial group of patients.
This figure should correspond to an annual incidence
rate of 0.1%, but in this study only 70 patients (35.7%)
underwent gastroscopy and the incidence rate can only
be obtained indirectly. Furthermore, although there are
small fluctuations in the reported incidence rates, only a
small group of CAG patients develop TⅠGC showing
that factors other than gastrin are necessary for the progression of ECL cells to TⅠGC.
Few studies have attempted to identify risk factors
associated with the development of TⅠGC. In a recent
work, we found higher baseline levels of gastrin and
chromogranin A in CAG patients with TⅠGC compared
to those without TⅠGC. However, all patients with CAG
present high plasma values of chromogranin A[62] and
gastrin, thus these markers have limited clinical utility because of low specificity[63].
An accepted risk factor for TⅠGC is the presence of
ECL dysplasia, which is often associated with TⅠGC.
This lesion is considered as the true gastric carcinoid precursor lesion and it can represent the sign of a concomitant carcinoid lesion[56,64]. CAG patients with a diagnosis
of ECL cell dysplasia could benefit from a shorter endoscopic follow-up time to exclude concomitant TⅠGC
lesions or to identify newly arisen lesions in the gastric
mucosa.
Although TⅠGC lesions can also be present on flat
mucosa, in the vast majority of cases they are associated with the presence of body polyps. In CAG patients,
hyperplastic or adenomatous polyps are very common;
however, the presence of body polyps increases the risk
of having a TⅠGC[60]. Unfortunately, no feature of endoscopic appearance of the gastric polyps (size, number,
sessile/pedunculated presentation) seems useful to differentiate histology of polyps, thus all polyps should be
removed and histologically examined[65,66].

ATROPHIC GASTRITIS AND TYPEⅠ
GASTRIC NEUROENDOCRINE TUMOR
TⅠGC derives from ECL cells which are localized in the
gastric fundus and corpus. ECL cells are specialized in
the secretion of histamine that, in turn, stimulates acid
secretion by parietal cells[50]. Gastric carcinoids have been
classified into three subgroups, type Ⅰ to type Ⅲ, with
different outcomes[51-53]. Type Ⅰ lesions are associated
with atrophic gastritis and constitute up to 80% of all
gastric carcinoids[54]. Gastrin, released by G-cells in the
gastric antrum, stimulates the release of histamine and
produces trophic effects upon ECL cells[3]. In CAG, the
loss of appropriate glands in the body leads to achlorhydria, and the consequent chronic hypergastrinemia stimulates ECL hyperplasia and sometimes the development
of TⅠGC[4,5].
The prevalence rate of TⅠGC in patients with CAG
is reported to be between 1% and 12.5% in different
studies[36,37,55-58]. The wide range of the prevalence rates of
TⅠGC among several studies can be explained by different settings where patients were selected, such as type of
hospital (secondary, tertiary center) or symptoms/signs
of presentation. CAG can have a wide range of clinical
presentations such as dyspepsia, iron deficiency anemia
or pernicious anemia[59]. In particular, in a recent observational study in which the TⅠGC incidence and prevalence were evaluated, pernicious anemia was present in
almost 50% of patients, while previous studies included
exclusively patients with this condition[60].
Long-term observational studies assessing incidence
of TⅠGC in CAG patients are scarce[35,56,61]. We recently
followed up a cohort of CAG patients for 1463 personyears reporting an annual incidence rate (person-year)
for TⅠGC of 0.4%[60]. An old study by Kokkola et al[35]
reported an annual incidence of 2%, observing 8 new
cases of TⅠGC in 416 patient-years. Sjöblom et al[61]
studied 196 patients with pernicious anemia and after

WJG|www.wjgnet.com

CONCLUSION
The risk of development of GC or TⅠGC appears
higher in CAG patients with respect to the general population. In geographic areas with low risk of GC, a surveillance program for all CAG patients may be not costeffective considering that the vast majority of CAG patients will not develop a gastric neoplasm[67]. A subset of
CAG patients at higher risk for GC should be identified
allowing the selection of those CAG patients in whom
gastroscopic/histologic surveillance may be warranted.
Recently, an international consensus developed evidencebased guidelines on the management of precancerous
conditions and lesions of the stomach, recommending
an endoscopic surveillance every 3 years after diagnosis
in all patients with extensive atrophy and/or intestinal
metaplasia in the antrum and corpus[68]. New systems
for histopathological staging (OLGA, OLGIM) have
been developed with the aim of combining pathological
findings with the risk of GC for the patient and to iden-

1282

March 28, 2012|Volume 18|Issue 12|

Vannella L et al . Risk for gastric neoplasias in atrophic gastritis

tify a subgroup of those at higher risk[69,70]. The OLGA
system includes gastritis grading and staging[69]. Grading
measures the severity of acute and chronic inflammatory
infiltrate in the antrum and body. Staging refers to the extent of atrophy with or without intestinal metaplasia. The
OLGIM system is based on intestinal metaplasia which
is considered a more reproducible histopathological diagnosis with respect to atrophy diagnosis. Further studies
are necessary to validate these new classifications and
to establish their real clinical value. Regarding TⅠGC,
although risk factors for its development have not been
identified, ENETS guidelines suggest an endoscopic
follow-up every 6-12 mo after TⅠGC diagnosis. This
interval allows the identification of recurrent lesions or
new lesions (incidence-case) at an early stage when they
can easily be removed by polypectomy without complications[71]. This approach seems safe for TⅠGC, a neoplasm with an excellent outcome[60,72].
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Mouse models of pancreatic cancer
Marta Herreros-Villanueva, Elizabeth Hijona, Angel Cosme, Luis Bujanda
ing mutations in KRas, or TGFb and/or inactivation of
tumoral suppressors such as p53, INK4A/ARF BRCA2
and Smad4 are the most common drivers to pancreatic
carcinogenesis and have been used to create transgenic mice. These mouse models have a spectrum of
pathologic changes, from pancreatic intraepithelial neoplasia to lesions that progress histologically culminating
in fully invasive and metastatic disease and represent
the most useful preclinical model system. These models
can characterize the cellular and molecular pathology
of pancreatic neoplasia and cancer and constitute the
best tool to investigate new therapeutic approaches,
chemopreventive and/or anticancer treatments. Here,
we review and update the current mouse models that
reproduce different stages of human pancreatic ductal
adenocarcinoma and will have clinical relevance in future pancreatic cancer developments.
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Abstract
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Pancreatic cancer is one of the most lethal of human
malignancies ranking 4th among cancer-related death
in the western world and in the United States, and potent therapeutic options are lacking. Although during
the last few years there have been important advances
in the understanding of the molecular events responsible for the development of pancreatic cancer, currently
specific mechanisms of treatment resistance remain
poorly understood and new effective systemic drugs
need to be developed and probed. In vivo models to
study pancreatic cancer and approach this issue remain
limited and present different molecular features that
must be considered in the studies depending on the
purpose to fit special research themes. In the last few
years, several genetically engineered mouse models of
pancreatic exocrine neoplasia have been developed.
These models mimic the disease as they reproduce
genetic alterations implicated in the progression of
pancreatic cancer. Genetic alterations such as activat-
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INTRODUCTION
Infiltrating ductal adenocarcinoma of the pancreas (PDAC)
accounts for over 85% of all pancreatic malignancies and
has a poor prognosis as less than 5% of patients survive 5
years after diagnosis with a median survival period of 4-6
mo[1-3]. During the last few years there have been important
advances to better understand the molecular mechanisms
regulating the development of PDAC[4,5]. However, prog-
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ress in prevention, early diagnosis and treatment needs
major advances[6].
Some of the recent advances have been possible by
employing mouse models which have provided an important model system to better understand the molecular
mechanism underlying pancreatic cancer. However, in
stark contrast to the successful murine models of most
common human tumors, the generation and use of appropriate mouse models of pancreatic cancer has remained an area of significant frustration and not always
well established. Currently, there are several different
genetically modified mouse tumors and xenograft models
available that offer the possibility of experimental and
preclinical model systems to evaluate different strategies
for targeting this disease, early detection, chemoprevention, treatment and finally improve the outcome for pancreatic cancer patients[7].
These models use a variety of approaches to target the
expression of mutant or endogenous specific genes and
as a result they develop a broad spectrum of pathologic
changes, some of them mimic human disease while others
are not equivalent to human pancreatic neoplasia. According to the cancer progression model postulated by Fearon
and Volgestein[8] in 1990, at least 4-5 genetic events are
required for the progression from normal epithelium to
carcinoma. Since, the genetic basis of pancreatic ductal
adenocarcinoma was revealed, with activation of Kras
and inactivation of the p16INK4a, p53 and Smad4 tumor
suppressors[9], several mouse models of invasive pancreatic cancer have been developed and modified. Also, regarding the role of pancreatic intraepithelial neoplasia (PanIN)
as a direct noninvasive neoplastic precursor to human
pancreatic cancer[10], different mouse models are currently
available, some of these models reproduce only PanIN
lesions and others progress to invasive pancreatic carcinoma. Most of these models were previously presented and
evaluated at the International Workshop sponsored by
the National Cancer Institute and the University of Pennsylvania in 2004. Twelve genetically engineered mouse
models were included and have been considered models
for the study of pancreatic disease including PanINs and
carcinomas[11-18]. Since then, several new models have been
introduced in the basic and translational research fields
and previous models have been re-evaluated. Here, we will
focus only on pancreatic cancer mouse models as PanIN
lesions are considered preinvasive.
Since an activating mutation of the Kras oncogene is
the most frequent genetic alteration associated with pancreatic cancer, having been identified in up to 90% of all
pancreatic adenocarcinomas[19-21], most
������������������������
of the genetically
engineered mouse models are based on the Kras oncogene. As mice expressing mutant Kras develop early and
advanced forms of the most common pancreatic cancers
in humans, these Kras-based models provide preclinical
model systems to analyze the molecular biology of this
disease and measure the benefit of new therapies[7,22].
In these review, we update and describe the most
common genetically engineered mouse and xenograft
models of PDAC that could be useful for assessing the
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role of genes and pathways, environmental conditions,
co-morbidities and response to new adjuvant, neoadjuvant and anti-metastatic therapies.

TRANSGENIC MOUSE MODELS
As Kras mutations are not sufficient to induce progression to the invasive stage of pancreatic adenocarcinoma,
different transgenes have been used to generate combin
ed models that progress to invasive PDAC and metastatic
disease.
The common genetically engineered models are based
on Kras mutations and also include PDX-1-Cre/LoxStop-Lox (LSL)-Kras or p48/LSL-Kras mice which have
been modified with deletions or mutations of Ink4[23],
p53[24], Mist[25], Smad4[26] or TGFβ[27] (Table 1).
These Kras-mutated models can be induced using in
ducible alleles of Cre recombinase, such as estrogen rece
ptor-Cre fusion genes (CreER or CreERT) and cyclineresponsive Cre expression alleles (TRE-Cre) which are
temporally expressed and initiate the expression in adult
pancreata reflecting the somatic mutation as it occur in humans[28,29]. Also, some models that only develop PanIN lesions are available as Ela-LSL- KrasG12D[12], Nestin-Cre, LSLKrasG12D[30], PDX-1-CREERT, LSL-KrasG12D, R26NotchNIC[31]
and PDX-1-CRE, LSL-KrasG12D, Tif1βflox/flox[32], however,
these are not the purpose of our review.
PDX1-Cre, LSL-KrasG12D and P48+/-Cre, LSL-KrasG12D
transgenic model
After different studies identified PDX-1 and p48 as cri
tical transcription factors in the developmental program
of the pancreas[21,33], these genes have been used in almost all transgenic mouse models to study pancreatic
cancer. It is well known that the first identifiable pancreatic progenitor cell in the pancreas arises in the dorsal and
ventral endoderm at embryonic day 8 in the fetal mouse:
expression of PDX-1 occurs around E8.5[34] and P48 is
expressed slightly later and is required to commit cells to
a pancreatic fate[35].
In addition, Ptf1a, a component of the pancreas transcription factor 1 complex (Ptf1) which plays an important role in mammalian pancreatic development has been
used in some mouse models. Pdf1a determines whether
cells allocated to the pancreatic buds continue towards
pancreatic organogenesis or revert to duodenal fates[36,37].
To target the expression of oncogenic Kras in pancreatic
progenitor cells, a conditionally expressed allele was constructed as previously described by Jackson et al[38].
Briefly, the targeting vector contains genetic elements
inhibiting transcription and translation flanked by functional LoxP sites. This Lox-Stop-Lox (LSL) construct was
inserted into the mouse genomic Kras locus upstream of
locus 1 to contain G-A transition in codon 12 (G12D).
This transition mutation results in a glycine to aspartic
acid substitution in the expressed protein that activates
constitutive downstream signaling of Ras effector pathways and is one of the most common mutations found
in human pancreatic tumors.
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Table 1 Mouse models of pancreatic adenocarcinoma
Genotype (reference)

Time of
expression

Time to tumor
development (mo)

PDX-1-Cre; LSL-KrasG12D[22]

E8.5

6

P48+/-Cre; LSL-KrasG12D[22]

E9.5

8

PDX-1-Cre; LSL-KrasG12D; LSL-Trp53R172H/-[8]

E8.5

2-3

Mist1KrasG12D/+[9]

E10.5

2

KPCBwt/wt[25]
KPCBTr/wt[25]
KPCBTr/∆11[25]
CKBwt/∆11[24]
CKBwt/wt[24]
CPB∆11/∆11[24]
Pdx1-Cre; KrasG12D Ink4a/Arfflox/flox[7]

E8.5
E8.5
E8.5
E8.5
E8.5
E8.5
E8.5

2-3
3
1.5
6
6
3-5
2

Pdx1-Cre; KrasG12D Smad4flox/flox[32]
Ptf1acre/+; LSL-KrasG12D/+; Tgfbr2flox/flox[11]

E8.5
E9.5

2-3
1

Pancreatic cancer phenotype
PDAC; penetrant PanIN; age dependent increase
severity; occasionally PDAC with long latency
PDAC; penetrant PanIN; age dependent increase
severity; occasionally PDAC with long latency
PDAC
Accelerated PanIN; well differentiated PDCA
Accelerated development of acinar-derived PanIN;
mixed subtypes pancreatic cancer
PDAC
PDAC
PDAC; mixed
PDAC
PDAC
PDAC; mixed
PDAC; accelerated development of PanIN; poorly
differentiated PDAC
IPMN; PDAC
PDAC; accelerated PanIN; PDAC development

Survival
(mo)
16
16
5-6
10.8
5.6
4.8
2.8
12
13.5
10
2-3
2-6
2

PDAC: Ductal adenocarcinoma of the pancreas; PanIN: Pancreatic intraepithelial neoplasia; IPMN: Intraductal papillary mucinous neoplasia.

Hingorani et al[39] developed a mouse model expressing a Cre-activated KrasG12D allele inserted into the endogenous Kras locus, and these mice were crossed with
mice expressing Cre recombinase in pancreatic tissue, either by virtue of a PDX-1 promoter-driven transgene or
by Cre knockin at the Ptf1-p48 locus. Prior lineage studies suggest that both of these lines express Cre in a common endocrine/exocrine precursor cell during development, while expression in adults is retained in mature islet
cells in the case of PDX-1-Cre transgenics and in mature
acinar cells in the case of the Ptf1-p48+/Cre knockin[35].
The subsequent recombination resulted in interbreeding LSL-KrasG12D mice with animals that express Cre recombinase from the pancreatic-specific promoters PDX-1
or P48 is a heterozygous mutant condition (KRAS+/G12D).
Note that only genomic DNA isolated from pancreata
and not from tails evidence the recombination. The mutant mice PDX-1-Cre, LSL-KrasG12D and P48+/-Cre, LSLKrasG12D have increased Kras oncogenic protein and their
pancreata are larger than their wild type littermate controls.
The pancreata of compound mutant mice develop
ductal lesions identical to all three stages of human PanINs. PanIN-1A lesions are observed in compound mutant
mice as young as 2 wk old. As the mice age, higher-grade
PanINS were observed with increasing frequency and in
many of the older mice, the pancreata contained extensive
ductal lesions and the acinar parenchyma was replaced
by stromal or desmoplastic fibroblasts and inflammatory
cells. This fibroinflammatory reaction is highly reminiscent of that seen in human pancreatic cancers. PanIN lesions show evidence of histologic progression and it has
been demonstrated that these PanINs activate quiescent
pathways such as Notch. These mice have increased Hes1
and Cox2, components of the prostaglandin pathway
involved in the inflammatory response and increased ma-
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trix metalloproteinase-7. Finally, at low frequency these
mice progress to invasive and metastatic ductal adenocarcinoma within one year. In these mice, profuse hemorrhagic ascites was noted, the pancreas was large, firm
and fibrotic and nodular densities were observed in liver,
diaphragm, pleural surfaces and adrenal cortex.
This model developed by Hingorani et al[39] shows
progressive PanIN lesions and low-frequency progression to invasive and metastatic adenocarcinoma following
activation of oncogenic K-Ras in mouse pancreas. The
physiopathology and the sites of metastases observed
in these mice are precisely found in human pancreatic
ductal adenocarcinoma and further underscore the applicability of this model to study the human disease.
PDX-1-Cre, LSL-KrasG12D, LSL-Trp53R172H/- transgenic model
This mouse model was generated based on the previously
described PDX-1-Cre, LSL-KrasG12D mouse. Using similar methods, Hingorani et al[24] generated a conditionally
expressed point mutant allele of the Li-Fraumeni human
ortholog, Trp53R175H[40]. Activation of both the KrasG12D
and the Trp53R172H alleles occurs in tissue progenitor cells
of the developing mouse pancreas through interbreeding with PDX-1-Cre transgenic animals. The presence
of each rearranged, activated allele can be detected in the
pancreata but not in tails. Thus, tissues not expressing
Cre recombinase (non-pancreatic tissue) remain functionally heterozygous for these loci.
Four to six weeks old mice PDX-1-Cre, LSL-KrasG12D,
LSL-Trp53R172H/- present early PanIN lesions similar to
what it is observed in single PDX-1-Cre, LSL-KrasG12D
mice. A significant disease burden is observed in animals
by ten weeks of age at the earliest and the full spectrum
of preinvasive lesions is apparent. Histological analyses
reveal a predominant moderately well-differentiated to
well-differentiated morphology organized as is observed
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in the human disease. The carcinomas express CK19 and
frequently contain mucin. Metastasis to the liver and lungs
are similar to the pancreatic primaries. Finally, PDX-1-Cre,
LSL-KrasG12D, LSL-Trp53R172H/- mice have dramatically
shortened median survival of approximately 5 mo, significantly less than wild type, PDX-1-Cre, LSL-Trp53R172H/and PDX-1-Cre, LSL-KrasG12D.
The triple mutant mice succumb earlier than PDX-1Cre, LSL-KrasG12D animals which spontaneously develop
PDA with a proscribed latency after manifesting preinvasive neoplasia. These triple mutant animals develop
cachexia, abdominal distension, and hemorrhagic ascites.
They also present metastasis in the liver, diaphragm and
adrenals and all of them die before 12 mo.

and chronic inflammatory infiltrate is less severe and frequent[41]. The mouse model combining Brca2F11 and LSLRasG12D (K) shows that CKB2∆11/∆11, CKB2∆11/∆11 and CKB2wt/wt mice display normal development although CKB2wt/∆11 and CKB2wt/wt present PanINs and metaplastic
lesions at 8 mo but not CKB2∆11/∆11. This mouse model
showed that the loss of Brca2 tumor suppressor inhibits
the development of premalignant lesions and pancreatic
tumors that are induced by activated Kras. Only 13% of
CKB2∆11/∆11 mice develop tumors, whereas 66% of CKB2wt/∆11 and 61% of CKB2wt/wt develop pancreatic tumors
with an average latency of 366 and 406 d, respectively[41].
Skoulidis et al[42] described a mouse model PDX-1-CreKrasG12D with two distinct mutant alleles of Brca2. The
first encodes a germline truncating allele Brca2Tr (Tr), that
mimics Brca2 human mutations in pancreatic cancer, and
the second is a conditional deletion (F11) in which LoxP
sites flank Brca2 exon 11 and emulates the loss of heterozygosity observed in human cancers.
Homozygous Brca2 inactivation in KPCB2Tr/∆11 mice
displays pancreatic cancer in high penetrance with rapid
and predictable clinical decline. The median survival was
84 d compared with the KPCB cohort whose median
survival was 168 d. Mice with germline heterozygosity
for Brca2Tr display pancreatic carcinogenesis, as even
KCBTr/wt mice with wild type Trp53 and mutant KrasG12D in which pancreatic cancer is reported to develop
less readily[39]. There is a reduction in PDAC-free survival
of KCBTr/wt mice in comparison with KCB controls with
wild type Brca2. The pancreatic tumors observed in these
mice display histological features similar to human pancreatic cancers with desmoplastic stroma. These tumors
evolved with pancreatic intraepithelial neoplasia and
metastatic behavior.
Interestingly, the KPCBTr/∆11 mice which carry biallelic Brca2 mutations uniquely develop an acinar cell
carcinoma component in 18% of cases, not observed in
the other cohorts with Brca2 heterozygosity. This model
shows that Brca2 inactivation promotes Kras-driven pancreatic malignancies[42].

PDX-1-Cre, Brca2F11, LSL-KrasG12D, Trp53 F2-10
transgenic model
This transgenic mouse is a conditional Brca2F11, LSL-Kras
G12D
, Trp53 F2-10 and PDX-1-Cre and has been used as a
model of pancreatic cancer, although the role of Brca2 in
pancreatic cancer development is still unclear[41,42]. Brca2
plays a key role in the maintenance of genomic integrity,
particularly through regulation of DNA repair by homologous recombination repair[43], a process that is also
controlled by another tumor suppressor protein, Brca1[44].
However, the significance of Brca2 in pancreatic cancer is
not clear[45].
While Rowley et al[41] demonstrated that the inactivation of Brca2 promotes Trp53-associated but inhibits
KrasG12D-dependent pancreatic cancer development in
mice, Skoulidis et al[42] showed that Brca2 heterozygosity
promotes KrasG12D-driven carcinogenesis in the murine
model of familial pancreatic cancer. In this model, the
mouse expressed a functional wild type Brca2 gene, in
which exon 11 of Brca2 is flanked by loxP sites (B2F11).
Conditional rearrangement of this allele in the developing pancreas in response to PDX-1-Cre expression results in the deletion of Brca2 exon 11, and the generation
of a functionally null Brca2 allele (B2∆11). These authors
crossed CB2∆11/∆11 mice with conditional Trp53F2-10/
F2-10 (P) mice, in which exons 2 and 10 are flanked by
loxP sites to generate Trp52 null CPB2∆11/∆11, CPB2wt/∆11
and CPB2wt/wt mice.
CPB2∆11/∆11 mice develop pancreatic cancer at high frequency and their median survival is 300 d, showing substantially reduced pancreatic cancer-free survival relative to
CB2wt/∆11. However, in contrast, CB2∆11/∆11, CB2wt/∆11 and
CB2wt/∆11 mice expressing wild type Trp53 alleles failed to
develop pancreatic cancer.
This mouse model shows that the inactivation of
Brca2 alone does not promote pancreatic cancer, but the
disruption of Trp53 signaling in combination with the
inactivation of Brca2 promotes pancreatic cancer formation. CPB2∆11/∆11 mice display severe acinar cell dysplasia
and a reduced number of islets. The pancreas is atrophic
with acini replaced by mature adipose tissue, inflammatory infiltrates and little evidence of fibrosis. In contrast,
in CPB2wt/∆11 and CPB2wt/wt mice the dysplasia, atrophy
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Mist1KrasG12D/+ transgenic model
To generate this transgenic model, Tuveson et al[25] used
homologous recombination to target the expression of
KrasG12D to the Mist1 locus, a gene known to be expressed
at earlier stages of pancreatic exocrine development. Mist1
is a basic helix-loop-helix transcription factor that is expressed at low levels in the embryonic pancreas at day
10.5[43,46,47] and in the adult, Mist protein is restricted to
mature pancreatic acinar cell and is not found in ductal or
islet cells[48,49]. Mist1KrasG12D/+ mice have a diminished median survival of 10.8 mo compared with 24.2 mo in control
wild type mice. Newborn mice show acinar hyperplasia
with an increased proliferative index and acinar adenomas
at 2 mo known as “acinar-ductal metaplasia’’. Metaplastic
ductal structures with mucinous cytoplasm that resemble
murine PanIN-IA are found in the pancreas in close association with metaplastic acini. These metaplastic ducts are
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characterized by the presence of CK19 and acidic mucin
staining with alcian blue. At three months of age they
become cachectic with pancreatic tumors and metastasis.
Most of these tumors are acinar although some of them
are cystic papillary neoplasms with acinar differentiation.
Surprisingly, these mice also develop early and advanced
hepatocellular carcinoma and some of them succumb
before invasive pancreatic carcinoma. Mist1KrasG12D/+ mice
die of advanced pancreatic exocrine carcinoma.

of tumors resembling intraductal papillary mucinous
neoplasia (IPMN), a precursor to PDAC in humans. The
SMAD4 tumor suppressor gene encodes a transcription
factor that is a central effector of transforming growth
factor-β (TGF-β)[30] and inactivating mutations in this
gene are common in PDAC[54]. Bardeesy et al[55] generated a conditional knockout allele of Smad4 (Smad4lox)
harbouring loxP sites flanking exons 8 and 9 in the mouse
germline. They crossed Smad4lox homozygous mice to
either the PDX1-Cre or Ptf1a-Cre transgenic mice. Mice
with a homozygous deletion of Smad4 in the pancreas
showed no evidence of any gross anatomic or physiological abnormalities, and exhibited normal pancreatic cytoarchitecture and differentiation.
In contrast, LSL-KrasG12D-Smad4lox/lox mice showed
low-grade PanINs and acinar-ductal metaplasia from 4
wk of age, an abdominal mass between 7 and 12 wk and
reached terminal morbidity between 8 and 24 wk of age
and a tumor-free survival of 13-15 wk. The pancreatic
tumors were positive for cytokeratin 19, Shh, Hes1, phospho-stat3, mucin, Muc1, Muc4 and Muc5AC, but lacked
acinar (amylase) and islet (insulin) marker expression.
Mice showed palpable abdominal masses between 7 and
12 wk of age, and reached terminal morbidity between 8
and 24 wk of age.
Since the combination of KrasG12D expression and
Smad4 deletion showed a rapid onset of IPMN and advanced PanIN lesions, but exhibited only moderate pancreatic malignant progression, and since SMAD4 loss occurs with concurrent INK4A loss and Kras activation in
human PDAC, the authors developed a transgenic mouse
PDX1-Cre, KrasG12D Ink4a/Arflox/lox Smad4lox/lox. These
mice have significantly reduced survival, around 8 wk associated with PDAC and a small number of them also
have IPMN and liver metastasis.

PDX1-Cre, KrasG12D, Ink4a/Arfflox/flox transgenic model
As the loss of function of the G1 cyclin-dependent kina
se inhibitor, INK4A, appears to be a near universal event
in pancreatic adenocarcinoma when there is an alternate
reading frame or distinct first exon in the INK4A/ARF
locus[50-52], transgenic mice with this modification have
been studied.
It was shown that mice with a constitutive deletion of
both or either component of the Ink4a/Arf locus do not
develop spontaneous pancreatic cancer[53]. Aguirre et al[23]
demonstrated the cooperative interaction between Ink4
and Kras using mice engineered with Cre-mediated activation of mutant Kras (KrasG12D) and the deletion of a
conditional Ink4/Arf tumoral suppressor allele.
In this model, the LSL-KrasG12D allele is expressed at
the endogenous level after Cre mediates the expression
of a transcriptional stopped element. The conditional
Ink4a/Arf allele (Ink4/Arfflox) was engineered to sustain
Cre-mediated excision of exon 2 and 3, thereby eliminating p16Ink4 and p19Arf proteins. The double engineered
mouse expressed the KrasG12D allele and lack of both
copies of the conditional Ink4/Arf allele specifically in
the pancreas after using the PDX-1-Cre transgene. Between 7 and 11 wk of age, PDX-1-Cre, KrasG12D Ink4a/
Arfflox/flox mice show weight loss, ascites, jaundice and
pancreatic tumors ranging in diameter from 4 to 20 mm.
These pancreatic tumors are highly invasive, frequently
involving the duodenum, stomach and spleen but no
liver or lung metastasis. Furthermore, invasion of the
lymphatic and vascular system is detected, an observation
suggestive of metastatic potential of these neoplasms.
Consistent with a ductal phenotype, the tumors are
positive for CK-19, DBA lectin and show stromal collagen deposition. In contrast, they do not show reactivity
for amylase and insulin.
In conclusion, KrasG12D expression in combination
with Ink4a/Arf deficiency resulted in an earlier appearance of PanIN lesions and these neoplasms progressed
rapidly to highly invasive and metastatic cancers, resulting
in death in all cases by 11 wk.

Ptf1acre/+, LSL-KrasG12D/+, Tgfbr2flox/flox transgenic model
TGF-β signaling plays an important role in PDAC progression, as indicated by the fact that Smad4, which encodes a central signal mediator downstream from TGF-β,
is deleted or mutated in 55% of human PDAC[54,56-58].
Pancreas-specific Tgfbr2 knockout mice have also been
generated, alone or in the context of active KrasG12D expression. Ijichi et al[27] crossed the LSL-KrasG12D/+ mice
with Tgfbr2 knockout mice[59] (previously developed) and
generated mice of the genotype Ptf1acre/+, LSL-KrasG12D/+,
Tgfbr2flox/flox. These mice had active KrasG12D expression plus Tgfbr2 knockout both in a pancreas epitheliumspecific manner.
Ptf1acre/+, Tgfbr2flox/flox mice did not have pancreas development effects or discernable pancreatic cancer phenotype during 1.5 years.
In contrast, Ptf1acre/+, LSL-KrasG12D/+, Tgfbr2flox/flox mice
had abdominal distension due to ascites, weight loss, and
jaundice at 6-7 wk of age. Finally, these mice developed
well-differentiated PDAC with 100% penetrance and a
median survival of 59 d. Tumors are always accompanied
by a whole panel of mPanINs and acinar-ductal metapla-

PDX1-Cre, KrasG12D, Smad4flox/flox transgenic model
Although selective SMAD4 has no discernable impact on
pancreatic development or physiology, when combined
with the activated KRASG12D allele, SMAD4 deficiency
enabled rapid progression of KrasG12D-initiated neoplasms
including pancreatic tumors. The combination of KrasG12D
and SMAD4 deficiency resulted in the rapid development
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of response[64].
Different studies have used tumor engraftment in nude
mice to study the possible response to chemotherapy
treatment such as gemcitabine[65] or new pharmacological
blocking agents[66] obtaining good results and suggesting
new potential treatment options for pancreatic cancer.
One of the disadvantages of the heterotopic model is
that it was observed that drug regimens that are curative
in these models often do not have a significant effect on
human disease as the subcutaneous microenvironment is
not relevant to that of the organ site of primary or metastatic disease. Additionally, subcutaneous tumor models
rarely form metastases. These observations suggest that
heterotopic tumor models that do not represent appropriate sites for human tumors are not predictive when
used to test responses to anti-cancer drugs[60,67,68].

sia lesions from 3.5 wk and mice frequently have liver and
lung metastases, direct invasion to the duodenum, and
peritoneal dissemination.
While Ptf1acre/+, LSL-KrasG12D/+, Tgfbr2flox/+ mice show
normal pancreas histology, tumors from Ptf1acre/+, LSLKrasG12D/+, Tgfbr2flox/flox mice exhibited uniformly welldifferentiated glandular architecture, which occupied the
entire pancreas, resulting in almost complete loss of normal pancreatic tissue. Tumoral cells show positive ductal
markers, CK19 and mucin, and are negative for the acinar
and islet markers, amylase and insulin, indicating ductal
adenocarcinoma. In addition, these tumors are rich in
stromal component, positive for vimentin and smooth
muscle actin staining.
In conclusion, Tgfbr2 knockout mice combined with
KrasG12D expression developed well-differentiated PDAC
with 100% penetrance and a median survival of 59 d.
Moreover, a distinct and important feature of this mouse
model is that the Ptf1acre/+, LSL-KrasG12D/+, Tgfbr2flox/flox
tumors did not show sarcomatoid architecture, which was
seen in one-third of the KrasG12D, Ink4a/Arf knockout
model[23].

Orthotopic xenograft model
Orthotopic tumors are transplanted to the appropriate
organ in the mouse. For example, human pancreatic cancer cells are injected into the mouse pancreas and not into
the skin on the mouse’s back. Advantages of orthotopic
models include use of the relevant site for tumor-host
interactions, the development of metastases, the ability to
study site-specific dependence of therapy, organ-specific
expression of genes and the clinical scenario can be replicated. Major disadvantages are that orthotopic tumor
xenograft generation is labor intensive, technically challenging, expensive, requires longer healing and recovery
time and that monitoring tumor volume requires relatively lower throughput imaging methods[67]. Nonetheless,
orthotopic tumor models are emerging as the preferred
model for cancer research due to the increased clinical
relevance.
To study pancreatic cancer, the standard procedure
uses anesthetized mice 6-8 wk old. The abdominal skin
and muscle are incised just off the midline and directly
above the pancreas to allow visualization of the pancreatic lobes; the pancreas is gently retracted and positioned
to allow direct injection of tumoral cells. The pancreas is
replaced within the abdominal cavity; and both the muscle and skin layers are closed with surgical glue. Following
recovery from surgery, mice are monitored and weighed
daily to evaluate the tumor or response to treatment[61].
These models have been employed to study gene expression profiling of liver metastases and tumour invasion
in pancreatic cancer[69] in basic research. In translational
medicine, ortothopic models have been used to evaluate
the antitumor efficacy of gemcitabine plus emodin[70].
In conclusion, different in vivo models of pancreatic
cancer have been developed for the evaluation of multiple chemotherapeutic drugs and to study the molecular
mechanisms implicated in resistance to different treatments.
These models are now available to investigate basic and
translational aspects, but multiple considerations should
be kept on mind for model selection depending on the
purpose. The optimal model system should investigate

XENOGRAFT MOUSE MODELS
Tumor xenograft mouse models have been commonly
used in preclinical studies for the last few years[60-62]. Human tumor xenograft models are created by the injection
of human tumor cells grown from culture into a mouse
or by the transplantation of a human tumor mass into
a mouse. The xenograft may be readily accepted by immunocompromised mice such as athymic nude mice or
severely compromised immunodeficient mice[63]. Xenografts show different advantages as they mimic genetic
and epigenetic abnormalities that exist in tumors, can
be used in the development of individualized molecular
therapeutic approaches and can be implanted into the
same organ to reproduce the organ microenvironment or
the tumor[63].
There are two main types of human xenograft mouse
models used for pancreatic cancer research, heterotopic
and orthotopic, defined by the location of the implanted
xenograft.
Heterotopic xenograft model
For heterotopic subcutaneous models, the xenograft is
implanted between the dermis and underlying muscle
and is typically located on the flank, on the back or the
footpad of the mice. For many years, the subcutaneous
xenograft model has been the most widely used preclinical mouse model for cancer research because it is rapid,
inexpensive, reproducible, and has been considered sufficiently preclinical to test anti-cancer drugs. The subcutaneous model also has the advantages of providing visual
confirmation that mice used in an experiment have tumors prior to therapy; and provides a means of assessing
tumor response or growth over time, compared to intracavitary models where animal survival is the sole measure
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Table 2 Comparison of mouse models for the clinical approach in pancreatic cancer
Mouse model

Cost

Transgenic engineered ++++
Xenograft heterotopic
+
Xenograft orthotopic
++

16

Time
Clinical
Clinical
consuming approach reproducibility
(human disease)
++++
+
++

+
++++
+++

++++
+
++

17

+: Low; ++: Medium; +++: High; ++++: Very high.

18

invasiveness or metastasis, the criteria for assessing response and altered molecular pathways, expression of
markers and time expression and tumor development are
some of the most important factors (Table 2).

19
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Magnifying endoscopy in upper gastroenterology for
assessing lesions before completing endoscopic removal
Ning-Li Chai, En-Qiang Ling-Hu ,Yoshinori Morita, Daisuke Obata, Takashi Toyonaga, Takeshi Azuma, Ben-Yan Wu
methods provide a strong indication of early lesions and
are very useful in determining treatment options before
ESD or EMR. However, to date, there is no comparable
classification equivalent to “Kudo’s Pit Pattern Classification in the colon”, for the upper GI, there is still no
clear internationally accepted classification system of
magnifying endoscopy. Therefore, in order to help unify
some viewpoints, here we will review the defining optical imaging characteristics and the current representative classifications of microvascular and microsurface
patterns in the upper GI tract under ME-NBI, describe
the accurate relationship between them and the pathological diagnosis, and their clinical applications prior to
ESD or en bloc EMR. We will also discuss assessing the
differentiation and depth of invasion, defying the lateral
spread of involvement and targeting biopsy in real time.
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Abstract

Chai NL, Ling-Hu EQ, Morita Y, Obata D, Toyonaga T, Azuma
T, Wu BY. Magnifying endoscopy in upper gastroenterology for
assessing lesions before completing endoscopic removal. World
J Gastroenterol 2012; 18(12): 1295-1307 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i12/1295.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i12.1295

Any prognosis of gastrointestinal (GI) cancer is closely
related to the stage of the disease at diagnosis. Endoscopic submucosal dissection (ESD) and en bloc endoscopic mucosal resection (EMR) have been performed
as curative treatments for many early-stage GI lesions
in recent years. The technologies have been widely accepted in many Asian countries because they are minimally invasive and supply thorough histopathologic evaluation of the specimens. However, before engaging in
endoscopic therapy, an accurate diagnosis is a precondition to effecting the complete cure of the underlying
malignancy or carcinoma in situ . For the past few years,
many new types of endoscopic techniques, including
magnifying endoscopy with narrow-band imaging (MENBI), have emerged in many countries because these
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INTRODUCTION
Gastrointestinal (GI) cancer is a major medical and economic burden worldwide. Esophageal and gastric cancers
remain a considerable source of morbidity and mortality
in Asian countries. For instance, in Linxian, Henan province (China), cancer of the upper GI tract is endemic.
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Mortality rates for esophageal cancer in Linxian exceed
the American average (for white men) one hundredfold[1].
The prognosis of GI cancer is closely related to the stage
of disease at diagnosis, and most cases are still detected at
advanced stages and result in a relevantly poor outcome[2].
Early detection of these neoplasms or their precursors
may be the only chance to reduce this high mortality.
Early GI cancers - such as Barrett’s esophagus (BE)
with high-grade dysplasia and early gastric cancer (EGC)whose invasion is limited to the mucosa or submucosa
regardless of the size or the presence of regional lymphnode and distant metastasis[3], confer a survival rate of
greater than 90% in 5 years in many centres[4,5].
The screening program for gastric cancer in Japan
indicates that 53% of diagnosed gastric cancers are localized lesions. Additionally, the accumulated clinical experience and formal outcome studies have shown that the
majority of early-stage neoplastic lesions is localized with
a low risk of lymph node metastasis. Recent data from
3261 patients who underwent gastrectomy with meticulous D2-level lymph node dissection over a 30-year period show that lymph node invasion was observed in only
2.7% of mucosal tumors and 18.6% of EGC invading
the submucosa[6]. Clinical experience suggests that complete resection of the cancer is possible, and a cure can
be achieved as long as the potential for metastatic spread
is definitively excluded[7,8].
Based on the above knowledge, the doctors began to
try to use endoscopes for local excision with GI early tumors in situ, invading lamina propia or submucosa. More
than a decade ago, endoscopic mucosal resection (EMR)
technique emerged first in Japan as a critical tool in the
management of patients with both high-grade dysplasia
and superficial carcinomas[9]. But the indication of EMR
is generally limited to mucosal tumors less than 2 cm in
size even with the series of improvements that have been
most widely used in recent years, such as using a transparent cap-fitted endoscope to suck targeted lesions into
the cap and resect them with a snare (EMR-C) or a ligation device (EMR-L). All above EMR technologies are
difficult to resect en bloc tumors larger than 2 cm in size,
which is required for accurate and reliable pathological
examination. However, though some endoscopists adopt
piecemeal EMR techniques in order to cure the larger
lesions, further investigation has revealed it involves pro
blems such as remnants or high recurrent rates due to
incomplete resections[10]. Thus, to overcome the problem
of EMR techniques, a recent key issue in the field of
therapeutic endoscopy is the development of a new therapeutic strategy for early GI cancers using endoscopic
submucosal dissection (ESD). In this procedure, submucosal dissection is carried out by using an electrocautery
knife to acquire a single-piece specimen, which is the
gold-standard technique for offering en bloc resection of
large superficial tumors in the GI tract, especially when
R0 resection cannot be performed with other resection
techniques. Within only a few years, ESD has become
widespread in Asian countries - such as Japan, Korea and
China - where there is a large volume of early upper GI

WJG|www.wjgnet.com

lesions that need endoscopic treatment. However, there
are hardly any reports about long-term results after ESD,
and the procedure involves a much higher complication
rate and requires much higher skills[11,12].
The two endoscopic local procedures are increasingly
accepted by many patients and doctors mainly because
they ��������������������������������������������������
(�������������������������������������������������
1) provide new alternatives for minimal invasiveness��;��������������������������������������������������
(������������������������������������������������
�������������������������������������������������
2) are perhaps the first approximations to true
intraluminal resection of superficial malignant GI neoplasms��;��������������������������������������������������
and
�������������������������������������������������
���������������������������������������������
(��������������������������������������������
3) yield results that are comparable to surgery. They also result in lower morbidity rates, lower costs
and better quality of life than traditional surgery because
of tissue preservation. But the difficulty lies in achieving en bloc or R0 resection and getting improved survival
that precisely assesses resection margins and the depth
of malignant invasion prior to performing EMR or ESD.
The lesions with undifferentiated histology, lymphatic or
vascular involvement and submucosal invasion were excluded due to possible lymph node metastases[3].
Therefore, a thorough preoperative endoscopic examination is considered necessary for selecting the appropriate therapeutic modality. Due to this requirement, endoscopic equipment has improved markedly with respect to
resolution in recent years. However, in 1967, Okuyama
et al[13] produced a magnification endoscope for viewing
the gastric mucosa. At present, magnification endoscopes
have the ability to enlarge the image from 1.5 × to 150 ×
and produce images that have pixel densities as high as
850 000, allowing the discrimination of objects that are
only 10-71� µm in diameter[14]. The newest magnification
endoscopes permit magnification without loss of resolution[15]. Nevertheless, it was reported recently that some
GI disorders, such as intestinal metaplasia, often appear
translucent when observed with magnification endoscopy
alone. Thus, the mucosal surface cannot be easily examined without staining[16]. Methylene blue, Lugol’s iodine,
and indigo carmine are several topical stains or pigments
that have been used in conjunction with magnification
endoscopy to improve tissue localization, characterization, or diagnosis during endoscopy[17]. The technique
known as magnification chromoendoscopy (MCE) has
been applied in a variety of clinical settings and throughout the GI tract for more than 10 years. In addition, other
newer technologies, including narrow band imaging (NBI),
that have proved particularly helpful during gastrointestinal endoscopic examinations have been developing in
recent years. This shows that the two techniques have a
similarly high sensitivity for detecting early neoplasia in
the upper GI tract[18,19]. However, compared with MCE,
the “electronic dyeing endoscopy,” such as NBI, that
are based upon the phenomenon that the depth of light
penetration depends on its wavelength, are more userfriendly because their filters can be manually enabled and
disabled during endoscopy, making it easy to switch them
between the standard mode and the “electronic dyeing”
mode, and no staining agents are required. Beyond these
practical advantages, NBI reveals the superficial capillary
network with a high contrast due to absorption of the
blue light by hemoglobin, whereas the vascular pattern is
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often less visible in chromoendoscopy[20]. When magnifying endoscopy is combined with narrow band imaging
(ME-NBI), the combination has been shown to enhance
visualization of the micromucosal and microcirculatory
structure for a more detailed assessment of the early lesions[21].
Hence, in many institutions, especially in Japan, MCE
or the ME-NBI technique has been extensively included
in standardized procedure and is performed in addition
to conventional white-light endoscopy prior to ESD or
EMR[22]. For the colorectum, “Kudo’s Pit Pattern Classification” has begun to be widely adopted by many endo
scopists because it appeared valuable in the histological
prediction from the observation of five-types pit patterns
by MCE or NBI-although the microvascular observation
is helpful as well[23]. In the upper GI, despite numerous
studies from investigators around the world and especially in some Asian countries, there is still no consistent
classification diagnosis system for ME-NBI before the
endoscopic removal of esophageal and gastric lesions;
each medical institution tends to adopt its own classification[24-36]. Therefore, here we will comprehensively review
the literature in recent years on the main characteristics
of microsurface (MS) and microvascular patterns, introduce their classifications that have become relatively popular in some Asian countries under ME-NBI, describe
the accurate relationship between them, the pathological
diagnosis for early lesions in the upper GI tract, and their
clinical utility in ESD or en bloc EMR. We do this to help
build consensus on observation flowcharts of ME-NBI
and to help endoscopists recognize tthe classification of
early upper GI lesions more clearly so that they can select the most appropriate therapeutic intervention.

ure 1)[38]. An intraepithelial papillary capillary loop (IPCL)
appears as brown dots under NBI-enhanced observation.
For example, in the esophagus, if the lesion appears brow
nish under magnifying NBI observation, it will predict
the possibility of mucosal squamous-cell carcinoma as a
result of assessing the morphologic changes in the IPCL.
The brownish areas in the esophagus visualized by NBI
generally correspond to the Lugol chromoendoscopy displayed the lesions as unstained areas[39].
I���������������
ntraepithelial ����������
papillary ����������
capillary ����
loop: It is well known
that angiogenesis plays a critical role in the transition
from premalignant to malignant lesions. Consequently,
early detection and diagnosis based on morphological
changes to the microvessels are crucia�l[40]. Superficial
blood vessels in the esophageal mucosa consist of bran
ching vessels and IPCL. However, in some cases, only
the former can be observed under the WL that extend
to the horizontal plane and exist immediately above the
muscularis mucosa while IPCL that rises perpendicularly
from a branching vessel can be observed through MENBI (Figure 2)[41]. In these cases, Muto et al[43] have reported that a well-demarkated brownish area or an area
of scattered brownish dots under NBI is connected with
the proliferation of IPCL. This is a useful indicator for
early esophageal squamous-cell carcinoma or high-grade
intraepithelial neoplasia.
Stomach
Besides the MV architecture, the imaging characteristics
of the MS structure of mucosa the so-called pit or crypt
patterns can be obtained by ME-NBI in the stomach
(Figure 3).
Subepithelial capillary network and collecting venule:
By ME-NBI, the subepithelial capillary network (SECN)
and the collecting venule (CV) can be clearly visualized. A
polygonal-shaped subepithelial capillary loop surrounding each pit forms a network in a regular arrangement,
and this capillary network drains into a CV. SECN and
CV are basic anatomical components for analysis of the
MV architecture. The SECN shows two distinct patterns
depending on the region of the normal stomach being
imaged: The body mucosa demonstrates a regular honeycomb-like SECN pattern with a CV, whereas the gastric
antrum shows a coil-shaped SECN but the CVs are rarely
observed. This might be because the CVs in the antral
mucosa are relatively deeper from the surface epithelium
than those of the gastric body mucosa[44].
For the abnormal stomach, there are two characteristics of MV that can be identified by ME-NBI: the first
is a relatively regular “fine network pattern” (Figure 3A),
which is more likely to be observed in well-differentiat
ed adenocarcinoma and appears as mesh and abundant
microvessels connected with each other; the second is
a “corkscrew pattern” (Figure 3B) as with isolated and
tortuous microvessels, which often represents the low
density of MV and corresponds to poorly-differentiated,
depressed (0-Ⅱc), early gastric adenocarcinoma[45].

DEFINING OPTICAL IMAGING CHARACTERISTICS VISUALIZED UNDER MAGNIFYING ENDOSCOPY WITH NARROW BAND
IMAGING IN UPPER GASTROINTESTINAL
In general, the doctor inspects the patient first under
white-light endoscopy without magnification. He then
slowly moves the scope, washes the tissue well, and pays
special attention to areas containing slight differences.
The key endoscopic finding by using white light (WL) has
been reported to be a change of color (slight redness)
and pallid mucosa[37]. However, the margin is difficult to
identify by conventional WL. Then, the NBI model was
employed to make it easier to detect the change in colors
and structure of the mucosa. Moreover, with magnification, the microvascular (MV) pattern and MS pattern can
be evaluated. So, what will be seen under ME-NBI if the
cancerous lesion is suspected within the area?
Esophagus
Brownish area: A brownish area can often be recognized by NBI observation as distinct boundaries are form
ed between the tumor lesion and normal epithelium (Fig-
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Intraepithelial papillary capillary loop
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Figure 2 The superficial blood vessels in the squamous esophagus (from
Inoue et al[42]; with permission, making a little change for the original
graph), the intraepithelial papillary capillary loop rises from the branching
vessel and terminates in a diffuse.

include the FMS in a normal stomach as well as the irregular or loss of pit pattern that occurs with early gastric
carcinomatous lesions.
Although it is necessary to assess a neoplasm in the
stomach by the MV and MS patterns simultaneously, it is
sometimes impossible to visualize the subepithelial MV
pattern on account of overcurtaining by the white opa
que substance (WOS). In most adenomatous lesions, the
WOS is frequently observed more clearly under ME-NBI
than WL and is speculated to be some intracellular component within the neoplastic epithelium of the intervening part between the crypts, obscuring the morphology
of the subepithelial MV and causing difficulty in assessing the MV pattern. In such cases, rather than assessing
the MV pattern, the morphology of the WOS could be
an alternative new optical microstructure sign for distinguishing adenomas from adenocarcinomas. Yao et al[47]
reported that only about 6% of the WOS was found in
Ⅱb and Ⅱc lesions. For 0-Ⅱa type neoplasms, the WOS
was more frequently visualized in adenomas (78%) than
in carcinomas (43%) and showed a well-organized and
symmetrical distribution of the dense WOS of a regular
reticular/maze-like/speckled pattern (Regular WOS)
(Figure 3D) within adenomas (100%), but showed a disorganized and asymmetrical distribution of the fine WOS
of irregular reticular/speckled pattern (Irregular WOS)
(Figure 3E) within carcinomas (83%). That is to say, the
regular WOS is characteristic of adenomas, whereas its
irregular distribution is characteristic for carcinomas.
Similar to the WOS, the light blue crest (LBC) (Figure
3F) is another characteristic optical microstructure under
ME-NBI caused by the dense reflection of 400 to 430 nm
short-wavelength light at the ciliated tissue. The LBC
is defined as a fine, blue-white line on the crests of the
epithelial surface/gyri, just at the edge of crypts. It has
been suggested that the appearance of the LBC on the
epithelial surface of the gastric mucosa may be a distinctive endoscopic finding associated with the presence of
histological intestinal metaplasia in high sensitivity (89%),
high specificity (93%), and high accuracy (91%)[48]. The
LBC was also demonstrated to have a significant associa-

C

Figure 1 The carcinoma visualized in esophagus. A: Carcinoma in esophagus is difficult to identify by conventional white light; B: Carcinoma in esophagus
can be easily recognized by narrow-band imaging (NBI) as well-demarcated
brownish area; C: Intraepithelial papillary capillary loop can be observed by
magnifying endoscopy with NBI at the edge of the tumor.

Intrastructural irregular vessel (ISIV) (Figure 3C) also
has an irregular MV pattern but often appears in the superficial flat gastric lesion (0-Ⅱb) as well as the marginal
flat area of an elevated or a depressed lesion. This is a
cancerous indication. Differing from the fine network
pattern and corkscrew pattern shown in the areas where
fine mucosal structure (FMS) disappear or are unclear
in 0-Ⅱc gastric lesions, the ISIVs are found enclosed
in villous or papillary FMSs and have characteristics of
dilation, heterogeneity, abrupt caliber or tortuousness of
shape[46].
Microsurface: Applying ME-NBI is helpful for clearly
visualizing not only some of the MV characteristics introduced above but also the gastric mucosal MS structures,
namely pit or crypt opening patterns. The MS structures
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Figure 3 Some typical microvascular and microsurface imaging characteristics visualized in stomach under magnifying endoscopy with narrow band
imaging. A: Fine network pattern, mostly corresponding to well-differentiated adenocarcinoma (0-Ⅱc, gastric)����������������������������������������������������
; ��������������������������������������������������
B: Corkscrew pattern, mostly corresponding to the
poorly-differentiated adenocarcinoma (0-Ⅱc, gastric)��������������������������������������������������������������������������������������������������������������������
; C:
������������������������������������������������������������������������������������������������������������������
Intrastructural irregular vessel,������������������������������������������������������������������������������
enclosed
�����������������������������������������������������������������������������
in villous or papillary fine mucosal structure����������������������
, had
��������������������
irregular shape
characters such as dilation, heterogeneity, abrupt caliber or tortuousness (0-Ⅱb, gastric)��; ���
D: ��������������������������������������������������������������������
Regular white opaque substance (WOS), that shows well-organized and
symmetrical distribution with a regular reticular pattern and obscures the subepithelial microvascular (MV) pattern (0-Ⅱa adenoma, gastric)��; E:
�������������
Irregular WOS,
�������������
that is
present within the cancerous epithelium with an irregular speckled pattern and makes the subepithelial MV pattern cannot be clearly visualized (0-Ⅱa cancer, gastric)�����
; ���
F:
Light blue crest, defined as a fine, blue-white line on the crests of the epithelial surface in the gastric mucosa may be a distinctive endoscopic finding associated with
the presence of histological intestinal metaplasia�.

tion with gastric atrophy and a high occurrence of gastric
cancer[49].
As noted above, the strategies for diagnosing upper
GI lesions by ME-NBI are specific to different organs.
Under a magnifying endoscope, an esophageal neoplasia
could be diagnosed solely according to the findings from
the MV pattern, namely IPCL, because the esophageal
squamous epithelium does not show FMS. In contrast, a
gastric neoplasia could be diagnosed with the findings of
the MV pattern as well as the MS pattern[50,51]. Of course,
sometimes the WOS or LBC is more useful for the diagnosis.

It has been shown that identifying IPCL changes is very
important in predicating early lesions of the esophagus.
Regarding the classifications of IPCLs, there have been
several systems adopted by different researchers[26-28], but
in Japan, Inoue’s classification and Arima’s classification
of IPCLs have been relatively popular.
Inoue’s classification of intraepithelial papillary capil����������������������������
IPCLs are easily recognized
lary loop: Under NBI, the�����������������������������
as brown spots, and the normal patterns appear as a
smooth-running, small-diameter capillary vessel in the
normal epithelium. The abnormal shapes appear as four
typical changes: D������������������������������������������
�������������������������������������������
ilation, tortuous weaving, irregular caliber and form variation. Inoue et al [24,52] classed them into
five types and several subtypes from type Ⅰ to type V-N
as below (Table 1 and Figure 4). IPCLs in type I is no
different from the normal pattern. IPCLs in type Ⅱ has
one or two different characteristics: elongation and/or
dilation is often seen. IPCLs in type Ⅲ have no or few
differences from the normal pattern, but this type differs
from type Ⅰ mainly in the features of color changes under NBI and iodine staining. Under NBI, the lesions of
type Ⅰ and type Ⅱ often show no change or negligible
change, but the types between type Ⅲ and type V-N appear brownish��������������������
. In
������������������
addition, type Ⅰ and type Ⅱ lesions are
often positively stained with iodine while the types from

CURRENT REPRESENTATIVE CLASSIFICATIONS OF MICROVASCULAR AND MICROSURFACE PATTERNS IN THE UPPER
GASTROINTESTINAL UNDER MAGNIFYING ENDOSCOPY WITH NARROW BAND
IMAGING
Classifications of intraepithelial papillary capillary loops
in the esophagus
IPCLs beneath the basement membrane of the esophageal squamous epithelium can be observed by ME-NBI.

WJG|www.wjgnet.com

1299

March 28, 2012|Volume 18|Issue 12|

Chai NL et al . Applying magnifying endoscopy in upper gastroenterology
Table 1 Inoue’s classification of intra-papillary capillary loop in esophagus
Typing

IPCL

Iodine staining Under NBI Pathological assessing

Type Ⅰ

Smooth running small diameter capillary vessel with
no difference from the normal pattern
Elongation and/or dilation capillary is often seen

Stained

Normal epithelium

Slightly stained

No or minimal change from the normal
Showing two or three of four patterns among dilation,
meandering, caliber changes and different shapes
Demonstrating all four characteristic changes: dilation,
tortuous weaving, irregular caliber and form variation
Elongation basing on the shapes of type Ⅴ IPCL , keeping IPCL partly
Destructing dramatically and running on horizontal
plane
New tumor vessel appear

Unstained
Unstained

Brownish
Brownish

Unstained

Brownish

Esophagitis or regenerative tissue
HGIEN
HGIEN or m1 carcinoma
in situ
M1 carcinoma in situ

Unstained

Brownish

M2 carcinoma in situ

Unstained

Brownish

Unstained

Brownish

M3-Sm1deeper carcinoma Relatively indicated for
ESD/EMR
Sm2 deep carcinoma
Surgery, chemorado-therapy

Type Ⅱ
Type Ⅲ
Type Ⅳ
Type Ⅴ
Type Ⅵ
Type Ⅶ
Type Ⅷ

Treatment

Further follow-up
ESD/en bloc EMR

IPCL: Intraepithelial papillary capillary loop; NBI: Narrow-band imaging; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection;
HGIEN: High-grade intraepithelial neoplasia.

Type Ⅰ

Type Ⅱ

Type Ⅳ (m1)

Type Ⅴ-1 (m1)

Type Ⅲ

Type Ⅴ-1 (m2)

Brownish area under NBI
Absolute indiction for
endoscopic treatment
Relative indication for
endoscopic treatment
Multimodality therapy
Type Ⅴ-3 (m3, sm3 or deeper)

Type Ⅴ-N (sm2 or deeper)f

Figure 4 The case examples of Inoue’s intraepithelial papillary capillary loop �������������������������
c������������������������
lassification ����������
f���������
rom t����
�����
ype Ⅰ to t����
�����
ype Ⅴ-N��. NBI: Narrow-band imaging.

WJG|www.wjgnet.com

1300

March 28, 2012|Volume 18|Issue 12|

Chai NL et al . Applying magnifying endoscopy in upper gastroenterology

type Ⅲ to type Ⅴ-N are negatively stained. IPCLs in type
Ⅳ appear to have two or three of the four abnormal
characteristic changes. IPCLs in type Ⅴ-1 demonstrate all
the four typical changes. IPCLs in type Ⅴ-2 are elongated
on the base of the four shapes and only keeping part of
the original IPCL. IPCLs in type Ⅴ-3 are further degraded and run on a horizontal plane. As for type Ⅴ-N, the
most remarkable feature is the appearance of new tumor
vessels.
According to the grade of the changes of IPCL, the
depth of invasion can be assessed. Type Ⅰ mainly appears
in normal epithelium. Type Ⅱ corresponds to inflammatory changes or regenerative tissue. Type Ⅲ often reflects
low-grade intraepithelial neoplasia. Type Ⅳ is linked to
with high-grade intraepithelial neoplasia (HIN) or M1 carcinoma in situ. Type Ⅴ-1 is definitively diagnosed as M1
carcinoma in situ. The appearance of Type V-2 strongly
suggests m2 carcinoma. Type Ⅴ-3 often indicates m3 to
sm1 deep lesions. Type Ⅴ-N is often associated with sm2
invasion cancer. In short, type Ⅰ to type Ⅴ-1 demonstrate
the characterization for flat lesions while type Ⅴ-1 to type
Ⅴ-N reflect invasive cancers.
With treatment, lesions of type Ⅲ IPCLs need further follow-up, and type Ⅳ to type Ⅴ-2 should be considered for ESD or en bloc ESD. Type Ⅴ-3 lesions are
thought to be an indication for ESD or EMR because
of the depth of invasion ranges between m3 and sm1. A
complete biopsy should be applied before deciding on a
treatment strategy. For type Ⅴ-N, it is taken for granted
that the surgical treatment or chemoradiotherapy should
be recommended to counteract the significantly increasing risk of lymph node metastasis.

of Arima’s classification partly corresponds to type Ⅰ
-type Ⅲ of Inoue’s classification. Furthermore, type Ⅱ
of Arima’s classification partly corresponds to Inoue’s
type Ⅳ, Arima’s type Ⅲ partly to Inoue’s type Ⅴ-1 or Ⅴ
-2, and Arima’s type Ⅳ partly to Inoue’s type Ⅴ-3 or Ⅴ
-N. However, the two systems do not always have such
clear corresponding links. The invasion depth diagnosis
by Inoue’s classification is possible for most lesions, and
the correct ratio is about 78%[24,52]. By contrast, when using Arima’s type Ⅲ and type Ⅳ classifications as diagnostic criteria for HIN and cancers, the rate of differential
diagnosis goes up to 99%[25]. Recently, it has been report
ed[53] that some flat areas are not able to be predicted by
Inoue’s classification. However, combining the two classification systems could result in greater accuracy of the
preoperative diagnosis, which is proved by the pathological diagnosis after ESD. Therefore, it is recommended
for clinical endoscopists using Inoue’s classification and
Arima’s classification together to make an invasion depth
diagnosis of esophageal cancer under ME-NBI.
Stomach
As for the MS of the stomach, in 1978, Sakaki et al[54] described the gastric pit appearances under magnifying endoscopy and classified them into five types: �������������
(1�����������
) foveolar
pattern; (2������������������������������������
��������������������������������������
) foveo-intermediate pattern (FIP); (3����������
������������
) foveolosulciform pattern; �����������������������
(4���������������������
) sulciform pattern; �������������
and (5�������
���������
) mesh
pattern. Although “Sakaki’s classification” is still currently
the most widely adopted classification by many Japanese
endoscopists, not all gastric pathological changes can be
expressed by this system because it is not consistent with
structural changes under some pathological conditions[55],
which were found to have round and long elliptical gastric pits. The width of the FIP band seems to be related
to the severity of atrophic gastritis, and the FIP is considered to indicate the position of the atrophic border.
Therefore, in 2002, Yagi et al[56] first reported a new
modified classification system named the “A-B classification system,” which is useful to describe typical micromucosal structures related to the development of Helicobacter
pylori (H. pylori) gastritis. They classified the morphological changes in the glandular structure and microvascular
architecture obtained by WL magnifying endoscopy into
four types: ��������
(1������
)type ���������������������������������������
Z-0: Gastric round pits resembling pinholes surrounded by a regular arrangement of collecting
venules with SECN forming a network; (2�������
���������
) type ��������
Z-1: Irregular true capillaries but no collecting venules observed;
(3�������
) type �����������������������������������������������
Z-2: White gastric pits and sulci with neither
collecting venules nor true capillaries being seen; and (4��
����)
type Z-3: Dilated pits with surrounding redness. Type Z-0
specifically indicated the H. pylori-negative mucosa and
differed significantly from types Z-1, Z-2 and Z-3 with
regard to the grade of inflammation, activity and presence
of H. pylori.
More recently, with the development of brand new
optical techniques, such as ME-NBI, which can clearly
visualize not only the glandular structure but also the mu
cosal microvascular architecture in units as small as the
capillary, the prior diagnostic classification system seemed

Arima’s classification of intraepithelial papillary capillary loop: In 2005, Arima et al[25] reported another classification of the microvasculature of esophageal IPCLs
under magnifying endoscopy. The microvascular patterns are categorized into four types (Figure 5). The thin,
liner capillaries in subepithelial papillae are recognized
as type Ⅰ, resembling the shapes in normal mucosa.
The vessels of type Ⅱ become distended and dilated
in subepithelial papillae, and the structure of capillaries
is preserved. Most of them are usually found in lesions
with inflammatory changes and are also associated with
intraepithelial neoplasia. Spiral vessels with an irregular
caliber and crushed vessels with red spots are characteristics of type Ⅲ, which are often seen in m1 or m2 cancers.
Type Ⅳ usually appears to be irregularly multilayered, irregularly branched, reticular vessels with an irregular caliber as generally observed in cancers with an m3 invasion
or deeper. Avascular areas as well as stretched vessels are
seen in cancers with downward growth. In addition, reticular vessels are commonly seen in poorly differentiated
cancers, and the size of a vascular area surrounded by
distended vessels is related to the depth of tumor invasion.
Comparing to the above two classification systems
on the morphologic changes of IPCL and predicting the
depth of the tumor invasion, it can be argued that type Ⅰ
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less able to meet clinical needs, especially for early diagnosing of premalignant lesions and assessing the relationship between microvessel patterns, pit patterns and histological patterns ahead of endoscopic en bloc resection. In
recent years, many researchers modified the above classifications but varied individually[45,57-61], and there is still no
set of consistent classification guidelines. Nonetheless,
the key characteristic findings of all the current classifications for ME-NBI with respect to early gastric carcinomatous lesions are based on the types of abnormal MV
patterns and irregular MS patterns. Among these, the representative diagnostic system is advocated by Yagi et al[62],
who established a flowchart for ME-NBI diagnosis in
early gastric cancerous lesions as below: first, the “white
zone” should be imaged, which is Yagi’s term for the
border of the uniform or heterogeneous papillae in the
mucosal MS structure that appears as a bold white line.
Next, microvessels should be observed. A regular MV
pattern means the microvessels appear regular in shape
and arrangement and look like closed or open loops of
uniform size caliber. An irregular MV pattern means the
microvessels appear irregular in shape and arrangement,
looking like tortuous or irregular branches of various
sizes or abnormal caliber[47]. Then, according to the white
zone, the MV pattern, the WOS, and the LBC, the histological imaging of entire mucosa should be done. (1) Fine
network patterns and loop patterns are mostly associated
with well- or moderately-differentiated adenocarinoma; (2)
irregular MV patterns, namely ISIVs, enclosed in villous
or papillary FMSs can often be observed in Ⅱb gastric
cancerous lesions; (3) corkscrew patterns or wavy microvessels mostly correspond to the poorly-differentiated
adenocarcinoma; (4) regular WOSs often appear in Ⅱa
gastric adenoma lesions while irregular WOSs often present in Ⅱa gastric cancerous lesions; (5) LBC is mostly
connected with intestinal metaplasia[47,48,63].
As a matter of course, with regard to the classification
of early gastric lesions under ME-NBI, more in-depth
studies are needed to address the more morphologicallycomplex microstructures of the stomach relative to the
other parts of the GI system. Some features described
previously are not general enough to apply to each lesion, and the number of cases in the studies is limited
as well. At present, it is reasonable to use ME-NBI as a
supplementary diagnostic tool to normal endoscopy with
chromoend-oscopy in the stomach before deciding on
therapy strategies. The current strategies require new additions and some modifications.

Using ME-NBI allows clear visualization of micromucosal and vascular patterns in BE. Now, depending
on which targeted biopsy technique can be performed,
improved distinction of nondysplasic SIM from HIN
is possible. Recently, several pieces of literature[16,33,65,66]
have reported their own classification systems, of which
the principal features are summarized as follows: SIM is
characterized by the mixing of villous, tubular and linear
patterns with mostly regular arrangements and having
regular vascular patterns or appearing as long, branching
vessels in a flat mucosa. In addition, absent microstructural patterns also have a very high correlation to and
predictive power for SIM. HIN is characterized by irregular/disrupted microstructural and irregular microvascular patterns, and the frequency of abnormalities shows
a significant rise with increasing grades of dysplasia.

USEFULNESS OF MAGNIFYING
ENDOSCOPY WITH NARROW BAND
IMAGING PRIOR TO ENDOSCOPIC
SUBMUCOSAL DISSECTION OR EN BLOC
ENDOSCOPIC MUCOSAL RESECTION
To assess the differentiation and depth of invasion
Criteria for endoscopic submucosal dissection/endoscopic mucosal resection: Only some differentiation
and invasion limited to sm1 lesions should be considered
for endoscopic removal. Nowadays, in Asian countries,
one of������������������������������������������
the
�����������������������������������������
widely adopted guidelines for ESD or en bloc
EMR is that the histology of the tissues must be intramucosal, well-differentiated, early carcinoma, and the minute
invasion of submucosal lesions must be limited to sm1namely, with a depth less than 200� µm in the squamous
epithelium of the esophagus and less than 500� µm in the
stomach. If the lesion is recognized as undifferentiated,
surgery should be recommended[6,67].
Japan’s data show that the five-year cancer-specific
survival rates of EGC limited to the mucosa and submucosa are 99% and 96%, respectively[67]. In other words,
en bloc endoscopic treatment should be mainly applied to
some category 0 superficial GI neoplastic lesions with
the invasion limited to the mucosa or submucosa. These
are divided into three subtypes according to the “Paris
classification”: 0-Ⅰ include Ⅰp and Ⅰs, referring to polypoid pedunculated and sessile respectively; 0-Ⅱ are nonpolypoid and non-exca���������������������������������
vated,
��������������������������������
and they are further subdivided into 0-Ⅱa for slightly elevated lesions, 0-Ⅱb for
completely flat lesions, and 0-Ⅱc for slightly depressed
lesions; 0-Ⅲ are non-polypoid with an ulcer (Figure 6,
left side)[68]. In order to get a more precise evaluation for
choosing the appropriate therapy, endoscopists classify
early GI cancer into the following subdivisions according
to the depth of invasion: M���������������������������
����������������������������
1, carcinoma with questionable invasion carcinoma limited to the epithelium; m2,
cancer invasion to the lamina propria; m3, cancer infiltration into the muscularis mucosa; sm1, to the upper third
of submucosa; sm2, to the middle third; and sm3, to

Barrett’s esophagus
BE is thought to be a complication of longstanding
gastroesophageal reflux and a condition of the distal
esophagus where normal squamous lining is replaced
by columnar epithelium containing specialized intestinal
metaplasia (SIM), which has the tremendous potential for
developing esophageal adenocarcinoma with generally
poor prognoses and a median survival rate of less than
one year. Short BE is defined as < 3 cm and long BE as
[64]
≥ 3 cm .
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Normal, LIN, Type Ⅰ

Inflammation, LIN, HIN, Type Ⅱ

M1-m Type Ⅲ

M2-sm3, Type Ⅳ

Figure 5 The morphology of Arima’s intraepithelial papillary capillary loop classification in esophagus. LIN: Low-grade intraepithelial neoplasia; HIN: High-grade
intraepithelial neoplasia�.

A

B

Type 0

ep
lmp

Ⅰ-Protruded

m1
mm
Ⅰp-pedunculated

m2
m3

Ⅰs-sessile
sm

sm1

Ⅱ-Superficial
Ⅱa-slightly elevated Ⅱb-completely flat Ⅱc-slightly depressed

sm2
mp

sm3

Ⅲ-Excavated
Mucosa

Ⅲ-Excavated

Submucosa

Figure 6 The Paris classification of early lesion of gastrointestinal tract (A) and the depth of tumor infiltration (B)��. ep: Epithelium; lmp: Lamina propria; mm:
Muscularis mucosa; sm: Submucosa; mp:Muscularis propria.

the lower third. (Figure 6, right side)[69]. The distribution
of subtypes in category 0 differs in the esophagus and
stomach. As an example, the respective proportions of
subtypes 0-Ⅰ and 0-Ⅱc are 16% and 45% in the squamous epithelium of the esophagus, and they are 17% and
78% in the glandular epithelium of the stomach, respectively[70].
Presently, the most critical factor in the decision of
whether to perform ESD or en bloc EMR is the probability of unexpected lymph node metastasis. Studies
have shown that early cancer without lymphovascular
involvement could be cured by endoscopic removal.
Intromucosal, moderately- or well-differentiated early
carcinomas that have been proved do not have submucosal lymphovascular involvement. In contrast, poorly
differentiated squamous-cell carcinoma, adenocarcinoma
and/or signet-ring cell carcinoma have a high incidence
of lymph node metastasis. M1 and m2 carcinomas have
no metastasis, whereas less than 10% of m3 carcinomas
and about 15%-20% of sm1 have lymph node metastasis.
The risk increases to more than 50% of sm2 and sm3
carcinomas[7,67,71,72]. Therefore, before performing ESD or
EMR, an accurate histological evaluation of the resected
specimens is essential to avoid recurrence.
Magnified images obtained with the ME-NBI system
could be a useful, non-invasive method of histologically
predicting for early lesions in clinical practice, especially
WJG|www.wjgnet.com

with regard to the IPCL pattern in the esophagus and
MV and MS patterns in the stomach, based on which
alone usually could help us perform a successful endoscopic therapy. Many researchers focused on the relations
between the ME-NBI classifications categories with the
characteristics of the histopathological types. For exam
ple, regarding the depth of superficial esophageal cancer,
the accuracy rate of diagnosis is about 83.3%, according
to the Inoue’s classification of IPCL[73]. And in the stomach, differentiated-type adenocarcinomas are mainly observed as fine-network patterns in about 15.7% of cases
or loop patterns in about 83.8% of cases. Undifferentia
ted-type lesions are primarily characterized by the corkscrew pattern in approximately 58.8% of cases[57]. For
HIN of BE, without the need for staining, the ME-NBI
images have a sensitivity of 94% and a specificity of 76%
as well as a positively predictive value of 64% and a negatively predictive value of 98%[65].
Comparing the diagnostic accuracy of ME-NBI and
endoscopic ultrasonography (EUS) for estimating the
depth of invasion of early cancers before removal, some
endoscopists conclude that the overall accuracy of MENBI is a little higher than EUS, but the difference is not
statistically significant. However, ME-NBI is at least as
accurate as EUS for preoperative locoregional staging of
early cancers. On the other hand, EUS can be used for
observing lymph nodes, but the diagnostic capability of
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EUS for lymph nodes is less reliable, which can affect
therapy-related decisions before ESD. Regarding this
point, a consensus is still required. For some cases that
are difficult to diagnose, it is even necessary to combine
two stool tests with computed tomography before ESD
or en bloc EMR[74-76].

tumors derived from intestinal metaplasia by ME-NBI.
However, for Ⅱb flat reddened lesions that have the
same color as the surrounding normal mucosa, it is still
occasionally difficult to detect the margins. On the other
hand, accurate marking of tumors by ME-NBI also relies
on an operator’s skill. Therefore, in order to improve the
accuracy rate of marking margins, many endoscopists
combine ME-NBI with conventional chromoendoscopy.
For example, Lugol’s solution can dramatically outline
the boundaries of a squamous cell esophageal cancer in
the esophagus. Although one recent article has concluded
that tumor margins can be identified more clearly by MENBI than by indigocarmine chromoendoscopy in the
stomach[79], it is likely that in the majority of cases, a combination of these two methods prior to ESD or EMR
will ensure there are no residual lesions.

To define the margin and size of involvement
Criteria for endoscopic submucosal dissection/endoscopic mucosal resection: For differentiated lesions,
a size of ≤ 2 cm in diameter is an indication for EMR;
a size of ≤ 3 cm of mucosal cancer with ulcers or sm1
submucosal cancers, and any size of mucosal cancer with
out ulcer are indication for ESD.
In Japan and a few other Asian countries, another
current guideline for ESD or en bloc EMR regarding welldifferentiated lesions is based on data relating the size of
the early lesion and the rate of lymph node metastasis.
For mucosal cancers with ulcers or sm1 submucosal cancers, lesions that are 3 cm or smaller present a negligible
risk of venous or lymphatic involvement. These are indications for ESD. For larger lesions, surgery should be
recommended. For lesions confined to the mucosa but
without ulcers, the risk of lymph node metastasis is not
affected by the size of the tumor, so there is no consensus on a maximal size, although circumferential lesions in
the esophagus are usually avoided because of the potential for strictures. Because a 2��������������������������
�������������������������
cm diameter is the upper
limit for resection by EMR in one piece, if the lesions
simultaneously meet the conditions of ESD and are not
more than 2 cm large, these should also be reasonable
indications for en bloc EMR treatment because this technique is easier than ESD[6,67,77,78].
Therefore, prior to endoscopic treatment, it is absolutely necessary to accurately identify the full lateral
spread of the margins of the lesion, which leads to the
determination of the lesion’s final size and contributes
to the next step of making well-reasoned treatment decisions. In the upper GI, en bloc endoscpic removal needs to
be carried out 2 mm outside the margin outlined by the
spots. This is the key to ensuring that the complete R0
resection has a negative margin for the tumor cells and
that the risk of local recurrence is reduced.
ME-NBI allows a more detailed observation of the
mucosal changes of microstructures and microvessel
patterns of GI carcinoma and is extremely useful, not
only for identifying EGC itself, but also for differentiating the borders of cancerous tumors from background
non-cancerous mucosa. By ME-NBI, the following points
can help determine precise horizontal margins in clinical practice[44]: (���������������������������������������
����������������������������������������
1) recognize a demarcation line by the
difference between an irregular MV or MS pattern and
the surrounding regular normal mucosa. This has been
proven to correspond to the tumor margins determined
by histopathological examination��;�������������������������
(�����������������������
������������������������
2) pay close attention
to the areas disappearing from the regular SECN pattern
as well as the appearance of an ISIV pattern. Sometimes,
WOSs are helpful for identifying tumor margins that have
not been determined. Also, LBC is a specific indicator for

WJG|www.wjgnet.com

To perform a target biopsy in real time
Before local endoscopic en bloc resection, the histopathologic diagnosis is very important for making therapy decisions. For a surveillance biopsy to detect early tumors,
multiple random biopsies under conventional WL endoscopy are quite time-consuming and may miss a small lesion[80]. For example, for monitoring BE so far, the present recommended strategy is to perform random fourquadrant biopsies at every 2 cm. However, this approach
is still prone to sampling errors, inconsistent histopathological interpretations, and delays in diagnosis[81].
Ultimately, the higher-accuracy pathological diagno
sis as well as the ultrarapid in vivo diagnosis would be
preferred in clinical practice[82]. It has been reported that
chromoendoscopy could provide a good validity score
for early cancer targeted biopsies[83]. However, it still has
its limitations, including spending time lost in spraying
and washing out the dye. Moreover, some dyes-such as
methylene blue-might induce DNA damage in columnar
cell-lined mucosa[84].
To this end, in recent years, many researchers suggest
using the ME-NBI technique as an “optical biopsy” to
better target biopsies in real time. Because this approach
can provide better details of mucosa MV and MS patterns that significantly correlate with pathological diagnosis, it has the potential to reduce the need for histological
examination of mucosal biopsy specimens[47,49,85,86]. Additionally, some endoscopists even think that ME-NBI can
sometimes be substituted for a biopsy before endoscopic
therapy because a biopsy might only focus on some suspected, poorly-differentiated lesions under magnifying
endoscopy. However, to date, ME-NBI cannot always
replace biopsies for histological assessment. In addition,
ESD or en bloc EMR can supply specimens that are resected in one piece and provide more accurate histopathological diagnosis for determining whether the patient
should receive an operation or other treatments[36,87-89].

CONCLUSION
In conclusion, ME-NBI is a very promising endoscopic
technique that can clearly reveal detailed micromorpho
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logical differences corresponding to histology and provide some information about layer, origin, size, and extramural extension of GI early lesions. All of these bene
fits may augment the endoscopic R0 resection of early
cancers in the GI tract and help guide targeted biopsies
in the surveillance of certain high-risk conditions[19]. To
some extent, ME-NBI has now become an indispensable
tool in ultra-rapid in vivo diagnosis and immediate clinical decision-making, such as when performing ESD or
EMR.
In this topic review, most representative references
come from the experience of Japanese endoscopists because Japan remains the country with the most ESD cases reported around the world by far. Outside Asia, more
recently, techniques such as magnification, NBI and ESD
have been increasingly used although viewpoints differ
between Eastern and Western cultures, especially regarding extending indications for ESD, the classifications of
MV and MS under ME-NBI in the upper GI tract, and
partly substituting EUS or biopsy with ME-NBI. However, current data is limited, and we would need longterm outcome data to unify some assessments in order to
conduct multicenter trials to develop clear, internationally
accepted classification systems. This system review was
intended to make a small contribution to some of the
aforementioned debates.
Additionally, besides ME-NBI, it is necessary to combine various endoscopic techniques�������������������
including EUS and
������������������
chromoendoscopy in some difficult cases before en bloc
endoscopic resection. It is important to emphasize here
that the first step should always be to look carefully for
the suspected area by conventional WL endoscopy before
switching to the ME-NBI model.
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Probiotic modulation of dendritic cells co-cultured with
intestinal epithelial cells
Ji Yeun Kim, Myeong Soo Park, Geun Eog Ji
ics increased the production of inflammatory cytokines,
interleukin (IL)-6 and tumor necrosis factor (TNF)-α.
However, in the normal co-culture systems, LC and LA
d
decreased the expression of I-A (39.46 vs 30.32, 33.26,
P < 0.05), and none of the experimental probiotics increased the levels of IL-6 or TNF-α. In the inverted coculture systems, LC decreased the expression of CD40
(1.36 vs -2.27, P < 0.05), and all of the experimental
probiotics decreased the levels of IL-6. In addition, BL
increased the production of IL-10 (103.8 vs 166.0, P
< 0.05) and LC and LA increased transforming growth
factor-β secretion (235.9 vs 618.9, 607.6, P < 0.05).
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AIM: To investigate cytokine production and cell surface phenotypes of dendritic cells (DC) in the presence
of epithelial cells stimulated by probiotics.
METHODS: Mouse DC were cultured alone or together
with mouse epithelial cell monolayers in normal or inverted systems and were stimulated with heat-killed
probiotic bacteria, Bifidobacterium lactis AD011 (BL),
Bifidobacterium bifidum BGN4 (BB), Lactobacillus casei
IBS041 (LC), and Lactobacillus acidophilus AD031 (LA),
for 12 h. Cytokine levels in the culture supernatants
were determined by enzyme-linked immunosorbent assay and phenotypic analysis of DC was investigated by
flow cytometry.

Kim JY, Park MS, Ji GE. Probiotic modulation of dendritic cells
co-cultured with intestinal epithelial cells. World J Gastroenterol
2012; 18(12): 1308-1318 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i12/1308.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i12.1308

RESULTS: BB and LC in single-cultured DC increased
the expression of I-Ad, CD86 and CD40 (I-Ad, 18.51 vs
30.88, 46.11; CD86, 62.74 vs 92.7, 104.12; CD40, 0.67
vs 6.39, 3.37, P < 0.05). All of the experimental probiot-
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The gastrointestinal (GI) tract is an immunologic organ
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with continuous antigen exposure in the form of food,
normal bacteria and pathogens. Despite numerous antigenic challenges, the complicated mucosal immune system maintains GI homeostasis via the concerted actions
of the various mucosal immune cells. Dendritic cells (DC),
dedicated antigen-presenting cells, modulate the immune
balance in the GI tract[1]. DC can take up antigens directly
by extending their dendrites into the lumen or indirectly
after transport of the antigens by M cells overlying Peyer’s
patch[2,3]. Antigen-carrying DC may traffic through the
lymphatics to the mesenteric lymph nodes[4], mediating
the homing of activated effector/memory T cells and
IgA-secreting B cells[5,6] and inducing regulatory T cells
to produce interleukin (IL)-10 and transforming growth
factor (TGF)-β[7,8]. These roles depend on the regulation
of cell surface expression of co-stimulatory molecules
and production of inflammatory chemokines and cytokines[9-11].
DC can recognize and present microbial components
using pattern receptor system which includes toll-like-receptor (TLR). TLR can interact with microorganism-associated molecules such as peptidoglycan, lipoprotein, and
lipopolysaccharide[12-16]. Bifidobacterium and Lactobacillus are
major components of the commensal microbes of the GI
tract and are frequently used as probiotics[17,18]. Probiotics,
defined as live microorganisms which, when consumed
in appropriate amounts in food, confer a health benefit
on the host[19], exert various host physiological responses
such as immunomodulatory effect[20]. Recent experiments
reported that DC could be modulated by probiotics.
Several Lactobacillus species could regulate DC surface
expression and cytokine production[21]. In addition, the
probiotics mixture VSL No. 3 upregulated the expression
of major histocompatibility complex (MHC) class Ⅱ and
co-stimulation molecules[22].
DC are often located close to epithelial cells, populating the subepithelial dome of Peyer’s patches, immediately adjacent to the follicle-associated epithelium and
the lamina propria[23,24]. Intestinal epithelial cells secrete
many mediators, including functional peptides such as
defensins, mucins, chemokines, and cytokines such as
IL 8[25-27]. TLR5 on the epithelium is a key mediator of
pro-inflammatory responses to flagella from commensal
bacteria[28,29]. Flagella also stimulate the maturation of responsive DC[30].
Interaction between DC and epithelial cells is integral
to the intestinal immune system. We hypothesized that
epithelial cells stimulated by probiotics could regulate the
maturation of DC. Accordingly, the present study investigated the pattern of cytokine production and the surface
phenotype of DC in the presence of epithelial cells polarized by heat-killed probiotic bacteria.

ed by the Research Institute of Bifido Co. Ltd. (Hongchun,
Gangwondo, South Korea). Four probiotic bacteria were
anaerobically propagated in de Man, Rogosa, and Sharpe
(Difco, Detroit, MI, United States) broth containing 0.05%
L-cysteine (Sigma, St. Louis, MO, United States) at 37 ℃
until mid-log phase was reached. Subsequently, probiotics
were inoculated at 1% and anaerobically cultured in de
Man, Rogosa, and Sharpe (Difco) broth containing 0.05%
L-cysteine (Sigma) at 37 ℃. Lactobacillus species were incubated for 16 h, and Bifidobacteirum species were incubated
for 24 h to late log phase. The bacteria were collected by
centrifugation at 1000 × g for 15 min at 4 ℃ and washed
twice with phosphate-buffered saline (PBS). After washing, the bacteria were resuspended in 1 mL of PBS and
incubated at 95 ℃ for 30 min to prepare heat-killed bacteria cells. The killed bacteria were collected by centrifugation at 1000 × g for 15 min and then lyophilized (Combi514R, Hanil Science Industrial, Seoul, South Korea).
Generation of CMT-93 monolayers
CMT93 was derived from carcinomas of C57BL mouse
large intestine. The cells have an epithelial morphology
and forms acini, junctional complexes, and microvilli with
attached glycoprotein[32]. CMT-93 cells were maintained
in DMEM (Gibco Life Technologies, United Kingdom)
supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Invitrogen, Paisley, United Kingdom) and 1%
penicillin/streptomycin (Invitrogen), and were incubated
at 37 ℃ in a humidified atmosphere of 5% CO2. Monolayers were grown in 24-well Corning Costar Transwell
plates (Corning Inc., United States) with 3 μm pore-size
filter inserts. In the normal co-culture system, 5 × 105
cells were seeded into the inserts, and the wells were filled
with 1 mL medium. In the inverted co-culture system,
inserts were removed and inverted in tissue culture dishes,
and the cells of the same volume were seeded to the exposed filter membrane. The culture dishes were filled with
enough medium to sink the inserts. The transwell inserts
were cultured for 3-4 d until CMT-93 established monolayers. Confluence of the cells was confirmed when the
trans-epithelial electrical resistance (TEER; Millicell ERS
Ohmmeter, Millipore, Eschborn, Germany) exceeded the
cut-off point of 250 Ω/cm2.
JAWS Ⅱ cell preparation
JAWS Ⅱ, mouse bone marrow-derived immature DC[33],
were maintained in α-MEM (Gibco) supplemented with
5 ng/mL GM-CSF (Sigma, St. Louis, MO, United States),
20% heat-inactivated FBS (Invitrogen), and 1% penicillin/streptomycin (Invitrogen). The mixture was incubated
at 37 ℃ in a humidified atmosphere of 5% CO2. The
cells were cultured at a 1/2 subcultivation ratio for 5-6 d
in complete medium.

MATERIALS AND METHODS

Co-culture experiment model
The co-culture experiment model is shown in Figure 1.
JAWS Ⅱ cells were harvested, washed, and resuspend
ed in RPMI1640 complete medium (Gibco) containing
5 ng/mL GM-CSF (Sigma), 10% heat-inactivated FBS

Preparation of probiotic bacteria
Bifidobacterium bifidum BGN4 (BB) was isolated from heal
thy infant fecal matter and identified in our laboratory[31].
Bifidobacterium lactis AD011 (BL), Lactobacillus casei IBS041
(LC), and Lactobacillus acidophilus AD031 (LA) were provid-
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50

washing and blocking, 100 μL of 1:100 diluted (IL-6)
or undiluted (IL-10, IL-12p70, TNF-α and TGF-β) supernatant was added to individual wells and incubated
overnight at 4 ℃. Plates were washed, and biotinylated rat
anti-mouse IL-6, IL-10, IL-12p70, TNF-α and TGF-β
monoclonal antibodies (2 μg/mL) and HRP-conjugated
streptavidin were added to the plates for cytokine de
tection for 1 h at room temperature. The reactions were
developed with the 3,3’,5,5’-tetramethylbenzidine substra
te (Fluka, Neu-Ulm, Switzerland) for 30 min at room
temperature. The color reactions were stopped with 2 N
H2SO4 and analyzed at 450 nm. Equivalent levels of IL-6,
IL-10, IL-12p70, TNF-α and TGF-β were measured for
comparison with a reference curve generated using standards of these cytokines.

P < 0.01

60

P < 0.01
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Figure 1 Effect of non-stimulated intestinal epithelial cells on surface
phenotype of dendritic cells. Fluorescence activated cell sorter analysis of
dendritic cells (DC) cultured alone or co-cultured with non-stimulated epithelial
cell monolayers for 12 h showing DC surface phenotype by staining with I-Ad.
Data are shown as the mean fluorescent intensity (MFI) ± SEM of three representative experiments. Significant difference between the single culture and coculture as determined by Student’s t-test (P < 0.01).

Statistical analyses
Data are presented as the mean ± SE, indicated by bars
in the figures. All statistical analyses were performed using SPSS 12.0K for Windows (SPSS Inc., Chicago, IL,
United States). Differences between the single culture and
co-culture were determined by Student’s t-test, and differences between cytokine levels were analyzed by analysis
of variance followed by Duncan’s multiple range test. The
P values < 0.05 were considered to be statistically significant.

(Invitrogen), and 1% penicillin/streptomycin (Invitrogen).
A total of 1 × 106 JAWS Ⅱ cells were added into lower
chambers, and the normal and inverted cultured CMT-93
monolayer inserts were placed in the JAWS Ⅱ seeded
transwell plates. One hundred μg/mL of the experimental bacteria or 10 μg/mL of LPS (Sigma) were added to
the CMT-93 monolayer inserts. For comparison, JAWS Ⅱ
cells were also plated at the same concentration in 24 well
tissue culture plates (Corning Inc.), and the same amount
of the bacteria or LPS were added to the cells. The singleor co-cultured cells were incubated with 1 mL RPMI1640
complete medium at 37 ℃ in a humidified atmosphere of
5% CO2 for 12 h.

RESULTS
Development of stable CMT-93 epithelial cell monolayers
To obtain stable CMT-93 intestinal epithelial cell monolayers, we monitored the culture every day for TEER
using a Millicell-ERS ohmmeter for a period of 7 d. On
day 3, normal insert monolayer integrity was obtained at
300-500 Ω/cm2, and inverted insert monolayer integrity
was obtained at 250-350 Ω/cm2. In addition, the generation of epithelial cell monolayers was observed on the
surface of the inserts by microscope (data not shown).
Monolayers between day 3 and 4 were used for co-culture
experiments. After co-culture with DC for 12, the integrity of CMT-93 monolayer was evaluated by TEER. There
was no difference between before and after co-culture in
terms of the resistances within the margin of error.

Flow cytometry analysis
Incubated JAWS Ⅱ cells were harvested and washed three
times in cold FACS buffer (Dulbecco’s PBS; Gibco,
2% FBS) and then stained with the appropriate monoclonal antibodies: PE-conjugated anti-I-Ad, anti-CD80,
anti-CD86, and anti-CD40 at a final concentration of
10 μg/mL for 30 min at 4 ℃ in the dark. Isotype control
antibodies were hamster IgG2 k, rat IgG2a k, and mouse
IgG2b. The stained cells were analyzed immediately by
FACSCalibur (Becton Dickinson, San Diego, CA, United
States). All of the antibodies used in this flow cytometry
analysis were purchased from Pharmingen (San Diego,
CA, United States).

Dendritic cells phenotype modulation during coculturing with epithelial cells
DC surface phenotypes were compared in the presence
and absence of epithelial cells. The expression of MHC
class Ⅱ I-Ad on the normal and the inverted co-cultured
DCs was upregulated compared with that of the singlecultured DC (single culture, 18.51 ± 2.86; normal coculture, 39.46 ± 2.53; inverted co-culture, 52.03 ± 2.41;
Figure 1). Co-culture with epithelial cells did not alter the
DC surface expression of CD80, CD86 and CD40 (data
not shown).

Cytokine measurement
JAWS Ⅱ cell supernatants were harvested from the lower
chamber of the Transwell or from the JAWS Ⅱ culturedalone plate following incubation, and were assayed for
levels of IL-6, IL-10, IL-12p70, tumor necrosis factor
(TNF)-α and TGF-β using enzyme-linked immunosor
bent assay . Briefly, Nunc-Immuno-Maxisorp plates (Nunc,
Roskilde, Denmark) were coated with 2 μg/mL of rat
anti-mouse IL-6 and TGF-β capture antibodies in coating
buffer (1.6 g/L Na2CO3, 7.1 g/L NaHCO3), pH 9.5, or
2 μg/mL of rat anti-mouse IL-10, IL-12p70, and TNF-α
capture antibodies in coating buffer (11.8 g/L Na2HPO4,
16.1 g/L NaH2PO4), pH 6.5, overnight at 4 ℃. After
WJG|www.wjgnet.com
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We performed flow cytometery analyses to examine the
1310

March 28, 2012|Volume 18|Issue 12|

Kim JY et al . Probiotic modulation of co-cultured DC

effects of BL, BB, LC, LA, LPS and control on single- or
co-cultured immature DC surface phenotypes. In the DC
single culture, the expression of MHC class Ⅱ I-Ad was
significantly increased by stimulation with BL, BB, and LC
compared with the control (Figure 2). In the normal coculture, the expression of I-Ad was significantly decreased
by the stimulation of LC and LA compared with the control. In the inverted co-culture, none of the experimental
probiotics modulated the expression of I-Ad.
BL and LA significantly downregulated the expression
of CD80 in the single-cultured DC. However, none of
the experimental probiotics regulated CD80 in the normal
and inverted co-cultured DC (Figure 3A).
BB and LC upregulated the expressions of CD86 and
CD40 in the single-cultured DC, whereas none of the experimental probiotics regulated the expression of CD86
in the normal or inverted co-cultured DC (Figure 3B).
LC significantly downregulated the expression of CD40
in the inverted co-cultured DC compared with medium
alone (Figure 3C).

the production of TGF-β. The levels of TGF-β in all of
the treated groups in the normal co-culture system were
similar to that from the non-stimulated control but in the
inverted co-cultured system LC and LA significantly increased the production of TGF-β (Figure 4C and E).

DISCUSSION
The modulatory effect of probiotics on the host immune
system was reported in in vivo experiments and clinical
trials[34]. However, the exact mechanism of the immunomodulatory effect of probiotics, especially with respect to
the interaction between DC and epithelial cells in the presence of probiotics, has not been well elucidated. In the
present study, we investigated the effect of heat-killed BL,
BB, LC and LA on the modulation of JAWS Ⅱ (DC) using an in vitro co-culture model. In vitro, live bacteria grown
by geometric progression exhausted culture nutrients,
produced various acid metabolites, and induced necrosis
of the cultured animal cells within a few hours. Therefore,
the treatment of the host cells with live bacteria was inappropriate. The adhesive properties of heat killed bacteria
might be differentially modified by the heat treatment
depending on the specific strain of the experimental
bacteria. However, a previous study reported that oral administration of heat-killed and lyophilized BB could suppress the occurrence of allergy by the immune regulatory
actions in the mouse allergy model[35], which implied that
heat-killed and lyophilized bacteria could maintain their
immunomodulatory effects.
To simulate the interaction between DC and epithelial
cells in the intestinal environment, we used a transwell coculture system with CMT93 epithelial cell lines[32]. CMT93
was derived from the same mouse origins as JAWS Ⅱ,
C57BL mouse, and forms junction complexes. A previous study reported that there was a gap junctional communication between murine lymphocytes and CMT93
epithelial cells, and gap junctional communication might
regulate cell functions[36]. Nonpathogenic intestinal bacteria can induce DC migration into the epithelial layer
and recruit DC uptake of bacteria and apoptotic fragments derived from apoptotic epithelial cells to maintain
peripheral self-tolerance[2,37]. In the normal co-culture
system, there was an insert membrane and a gap of 1 mm
between JAWS Ⅱ and CMT93. On the other hand, an inverted co-culture model was established by the generation
of a CMT93 monolayer on the underside of the inverted
insert. A previous study demonstrated that DCs directly
interacted with luminal bacteria using CX3CR1-mediated
trans-epithelial dendrites[38].
DC interact with microbes and distinguish gram positive, negative, or closely related organisms using TLR and
present the processed antigens through MHC class Ⅱ[12,16,39].
DC then mediate T cell activation, which is regulated by
MHC class Ⅱ molecules, co-stimulatory molecules such
as CD80 and CD86, and cytokines[40].
In the single-cultured systems BB and LC upregulated
the expression of MHC class Ⅱ I-Ad, CD86, and CD40,
while all of the experimental probiotics attenuated IL-

Cytokine profiles in dendritic cells supernatant by coculturing with epithelial cells
The levels of IL-6, IL-12p70, TNF-α and TGF-β from
the co-cultured system were significantly reduced compared with those from the single-cultured DC (Figure 4A
and C-E); however, the production of IL-10 showed no
decrease in the co-cultured DC.
Effect of probiotics on the cytokine production in the coculture system
We quantified the cytokine levels in the single- and cocultured DC supernatants to investigate the effect of the
experimental probiotics on the production of cytokines.
LPS was used as a stimulator control to compare with
non-treated naïve control. In the single-cultured DC,
stimulation with the experimental probiotic bacteria markedly increased the production of IL-6 and TNF-α compared with the control (Figure 4A and D). In the normal
co-cultured DC, the levels of IL-6 stimulated by BB and
LC and the level of TNF-α stimulated by LA were lower
than those of non-stimulated control. In the inverted cocultured DC, all of the experimental bacteria significantly
decreased the production of IL-6 compared with the
control, but had no significant effect on the production
of TNF-α.
In the single-culture, the level of IL-10 in DC stimulated by BL, LC,and LA was higher than that in the control DC (Figure 4B). The levels of IL-10 from the normal
co-cultured DC stimulated by BL, BB and LC were lower.
IL-10 from the inverted co-cultured DC stimulated by BL
was higher than that from the control.
In the single-cultured DC all of the experimental
probiotics decreased the production of IL-12p70. In the
normal co-cultured DC only BL increased the production
of IL-12p70. In the inverted co-cultured DC the levels of
IL-12p70 stimulated by all of the experimental probiotics
were similar to that of control.
BL, BB and LC in the single-cultured DC decreased
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Figure 2 Effect of probiotics on I-Ad of single- or co-cultured dendritic cells. Fluorescence activated cell sorter analysis of probiotics-treated dendritic cells (DC) cultured in the presence or absence of intestinal monolayers for 12 h.
Filled histograms are isotype controls; unfilled histogram show staining for I-Ad. Numbers indicate the mean fluorescent intensity of three representative experiments. aSignificant difference among the control, lipopolysaccharides and
probiotics as determined by analysis of variance (P < 0.05). LPS: Lipopolysaccharides; BL: Bifidobacterium lactis AD011, BB: Bifidobacterium bifidum BGN4, LC: Lactobacillus casei IBS041; LA: Lactobacillus acidophilus AD031.
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Figure 3 Effect of probiotics on the CD80, CD86 and CD40 of single- or co-cultured dendritic cells. Fluorescence activated cell sorter analysis of probiotics-treated dendritic cells (DC) cultured in the presence or absence of
intestinal monolayers for 12 h. Filled histograms are isotype controls; unfilled histogram shows staining for CD80 (A), CD86 (B) and CD40 (C). Numbers indicate the mean fluorescent intensity of at least three representative experiments. aSignificant difference among the control, lipopolysaccharides, and probiotics as determined by analysis of variance (P < 0.05). LPS: Lipopolysaccharides; BL: Bifidobacterium lactis AD011, BB: Bifidobacterium bifidum BGN4,
LC: Lactobacillus casei IBS041; LA: Lactobacillus acidophilus AD031.
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Figure 4 Effect of probiotics on the production of cytokines from single- or co-cultured dendritic cells. Supernatants were obtained from probiotic-treated
dendritic cells (DC) cultured in the presence or absence of intestinal monolayers for 12 h. Levels of interleutkin (IL)-6 (A), IL-10 (B), IL-12p70 (C), tumor necrosis factor (TNF)-α (D), and transforming growth factor(TGF)-β (E) were determined by enzyme-linked immunosorbent assay. Data are shown as mean ± SE of three representative experiments. Different letters indicate significant differences among the control, lipopolysaccharides (LPS), and probiotics determined by Duncan’s multiple
range test (P < 0.05). Significant difference between the single culture and co-culture as determined by Student’s t-test (P < 0.05). BL: Bifidobacterium lactis AD011;
BB: Bifidobacterium bifidum BGN4; LC: Lactobacillus casei IBS041; LA: Lactobacillus acidophilus AD031.

12p70 secretion. IL-12 directed the differentiation of T
cells to a Th1 phenotype[41]. Nier reported that Bifidobacterium bifidum enhanced the expression of CD86 and MHC
class Ⅱ in human neonatal DC, which led in turn to the
polarization of IFN-γ-producing T cells[42]. Mohamadzadeh et al[43] showed that Lactobacillus gasseri, Lactobacillus
johnsonni, and Lactobacillus reuteri upregulated the expression of MHC class Ⅱ, CD40, CD80 and CD86 in human
myeloid DC and increased the level of IL-12p70 which
induced the polarization from CD4(+) and CD8(+) T
cells to T helper 1 and Tc1 cells. Meanwhile, Drakes et al[22]
showed that probiotic products containing Lactobacillus
and Bifidobacterium upregulated the expression of MHC
class Ⅱ, CD40, CD80 and CD86, and did not induce
the production of IL-12p70 in mouse DC. Additionally,
mouse bone marrow-derived DC treated with Lactobacillus
reuteri induced Th2 immune response[21]. Taken together,

WJG|www.wjgnet.com

the results of these earlier studies suggested that probiotics upregulated the expression of MHC class Ⅱ and
differently modulated co-stimulatory molecules such as
IL-12p70 and T cell polarization, depending on the DC
origin and the strain of probiotics.
Interestingly, in the present study the effects of probiotics on cytokine production and the surface phenotype
in co-cultured DC with epithelial cells were markedly
different from those in single-cultured DC. All of the experimental probiotics induced the production of pro-inflammatory cytokines, IL-6 and TNF-α, in the single cultured DC. TNF-α mediated various immune responses[44],
and over-production of TNF-α could play a role in tissue
damage and intestinal pathologies[45,46]. In contrast with
the results from the single system the experimental probiotics reduced or did not affect the expression of I-Ad,
CD86 and CD40 or the production of IL-6, IL-12p70
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and TNF-α in inverted co-cultured DC. These findings
suggest that epithelial cells are essential components of
the immune system to be considered in assessing the effects of probiotics on the regulation of the gastrointestinal immune system. Consequently, previous studies which
employed only DC cells without epithelial cells might
have provided only partial pictures or sometimes misleading information about the interaction of the probiotics
with DC cells.
Previously, Haller et al[47] showed that Lactobacillus johnsonii
increased the production of TGF-β in human epithelial
cell lines co-cultured with leucocytes. In our study, BL,
LC and LA induced IL-10 secretion from single-cultured
DC. In an inverted co-culture system, BL increased IL-10
secretion, and LC and LA increased TGF-β secretion.
IL-10 was known to activate regulatory T cells[48]. TGF-β
which is an important factor in enhancing the differentiation of regulatory Th3 cells was reported to have wideranging immunomodulatory properties[49,50]. Th3 cells suppress Th1 and other immune responses and maintain oral
tolerance[40,50,51]. Conceivably, enhanced secretion of IL-10
or TGF-β observed in the co-culture systems by BL, LC
and LA might contribute to the activation of regulatory
T cells in the intestinal tracts. The present study is novel
since we assessed the effect of probiotics on immunemodulation in a co-culture model. We suggest that a coculture model better reflects the environmental status
of the in vivo immune system. Our model supports the
hypothesis that the interaction of DC and epithelial cells
stimulated with probiotics may help maintain intestinal
homeostasis by downregulating the production of inflammatory cytokines and expression of MHC class Ⅱ in DC.
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Enhancement of CTLs induced by DCs loaded with
ubiquitinated hepatitis B virus core antigen
Jian-Hua Chen, Yong-Sheng Yu, Xiao-Hua Chen, Hong-Hong Liu, Guo-Qing Zang, Zheng-Hao Tang
and interferon-γ in the supernatants of T cells by ELISA.
Intracellular cytokines of proliferative T cells were analyzed by flow cytometry, and specific CTL activity was
measured by a lactate dehydrogenase release assay.
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RESULTS: LV-Ub-HBcAg-induced DCs secreted more
IL-12 and upregulated the expression of CD80, CD86
and major histocompatibility class Ⅱ. DCs sensitised by
different LVs effectively promoted cytokine secretion;
the levels of IL-2 and interferon-γ induced by LV-UbHBcAg were higher than those induced by LV-HBcAg.
Compared with LV-HBcAg-transduced DCs, LV-UbHBcAg-transduced DCs more efficiently stimulated the
proliferation of T lymphocytes and generated HBcAgspecific cytotoxic T lymphocytes.
CONCLUSION: LV-Ub-HBcAg effectively induced DC
maturation. The mature DCs efficiently induced T cell
polarisation to Th1 and generated HBcAg-specific CTLs.

Abstract
AIM: To investigate whether hepatitis B virus (HBV)
could induce a hepatitis B virus core antigen (HBcAg)specific cytotoxic T lymphocyte (CTL) response in vitro by dendritic cells (DCs) transduced with lentiviral
vector-encoding ubiquitinated hepatitis B virus core an
tigen (LV-Ub-HBcAg).

© 2012 Baishideng. All rights reserved.

Key words: Ubiquitin; Hepatitis B virus core antigen; Len
tiviruses; Dendritic cells; Cytotoxic T lymphocytes
Peer reviewer: Elena Vezali, Department of Hepatology, Hygeia
Diagnostic and Therapeutic Center of Athens, Erythrou Staurou 4,
Maroussi, Athens 15123, Greece

METHODS: Recombinant LV-Ub-HBcAg were transfect
ed into highly susceptible 293 T cells to obtain high virus
titres. Bone marrow-derived DCs isolated from BALB/c
mice were cultured with recombinant granulocyte-ma
crophage colony-stimulating factor and recombinant
interleukin (IL)-4. LV-Ub-HBcAg, lentiviral vector-encoding hepatitis B virus core antigen (LV-HBcAg), lentiviral
vector (LV) or lipopolysaccharide were added to induce
DC maturation, and the DC phenotypes were analyzed
by flow cytometry. The level of IL-12 in the supernatant
was detected by enzyme-linked immunosorbent assay
(ELISA). T lymphocytes were proliferated using Cell
Counting Kit-8. DCs were cultured and induced to mature using different LVs, and co-cultured with allogeneic
T cells to detect the secretion levels of IL-2, IL-4, IL-10
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INTRODUCTION
Hepatitis B virus (HBV) infection is a serious public health
problem, particularly in Asia and South Africa[1]. Notably,
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an effective T cell response is critical for virus clearance,
and defective cytotoxic T lymphocytes (CTLs) may lead
to persistent HBV infection[2]. Moreover, the defective
CTL response was ascribed to the impaired dendritic cell
(DC) function[3]. Promoting and improving DC function
is a promising approach to combating persistent HBV
infection.
Various methods have been attempted to modify DC
function, including the use of protein antigens, cytokines,
costimulatory molecules, and signalling pathway ligands
-��
7]
known to activate the immune response[4���
. Nevertheless,
these methods may be insufficient to induce a strong an�
tigen-specific immune response. Further enhancement of
the immune response to HBV-specific CTL may be more
conducive to clear the HBV. Thus, a novel therapeutic ap�
proach is needed to activate T cell expansion and induce
a strong antigen-specific T cell response.
Ubiquitin (Ub) is a highly conserved small regulatory
protein, ubiquitous in eukaryotes, that usually serves as
a signal for the target protein that is recognized and de�
graded in proteasomes[8]. The Ub-mediated processing of
antigens is rapid and efficient and stimulates cell-mediated
immune responses. Accordingly, Ub-mediated processing
of antigens has been widely used in chronic infection and
cancer studies to improve immune response. Wang et al[9]
found that an Ub-fused Mycobacterium tuberculosis antigen
ESAT-6 DNA vaccine significantly increased the antigenspecific cellular immune response in BALB/c mice. That
study confirmed that the Th1-type immune response
and CTL activity were enhanced by changing the anti�
gen processing. Zhang et al[10] reported that Ub-fused
melanoma antigens induced antigen proteins to execute
proteasome-dependent degradation and created epitopes
of major histocompatibility complex (MHC) class Ⅰ, re
sulting in the preferential activation of antigen-specific
CD8+ T cells.
Retroviral and adenoviral vectors have been the focus
of many studies because of their high efficiency. Lenti�
virus vectors (LVs) transfect both dividing and relatively
quiescent cells and have been widely used to modify
DCs[11,12]. The aim of this study was to investigate the ca�
pacity of DCs transfected with LVs encoding the ubiqui�
tinated hepatitis B virus core antigen (LV-Ub-HBcAg-DC)
to stimulate lymphocyte proliferation and to generate
antigen-specific CTLs. The results may provide effective
approaches to the control of persistent HBV infection.

Eagle’s medium (Invitrogen, Gaithersburg, MD, United
States) supplemented with 10% foetal bovine serum
(Gibco, Grand Island, NY, United States), penicillin (100
U/mL), and streptomycin (100 mg/mL) at 37 ℃ in 5%
CO2. The H-2d mastocytoma cell line P815/c (expressing
the HBV core antigen) was maintained in our lab.
Construction of lentiviral vectors
The plasmid pcDNA3.1(-)-Ub-HBcAg was constructed
and maintained in our lab. The Ub-HBcAg gene was am�
plified by polymerase chain reaction (PCR). ���������
The �����
prim�
ers used were: Ub-HBcAg: forward: CGTGGGATC�
CATGCA GATCTTCGTGAAG, reverse: CGCACG
CGTCTAACATTGAGATTCCCGAG��������������
from plasmid
�������������
pcDNA3.1(-)-Ub-HBcAg. The purified Ub-HBcAg frag�
ment was cloned into the pWPLXd vector (provided by
Prof. Jianming Li, Nanjing, China) using BamH Ⅰ and
Mlu Ⅰ restriction sites. The recombinant pWPLXd- UbHBcAg plasmid was confirmed by restriction enzyme
digestion and DNA sequencing. LV-Ub-HBcAg was de�
rived by a combined transfection of three elements: 10 μg
pWPLXd-Ub-HBcAg backbone plasmid, 5 μg psPAX2
packaging plasmid, and 5 μg PMD2.G envelope plasmid.
We transiently transfected 293T cells with plasmids using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, United
States). Two days after the transfection, the viral superna�
tant was collected and filtered through a 0.45-μm filter.
Concentrated vectors for the in vitro studies were prepared
by ultracentrifugation at 25 000 rpm and 4 ℃ for 90 min.
Viral pellets were resuspended in 2 mL sterile phosphatebuffered saline (PBS) and stored at -80 ℃.
The control plasmid was constructed by inserting the
HBcAg fragment into the BamH� Ⅰ ��������
and Mlu� Ⅰ ��������
site of
the pWPLXd plasmid and named pWPLXd-HBcAg. LV
particles (LV-HBcAg) were produced by Lipofectamine
transfection into 293T cells.
To determine the titre of the green fluorescent pro�
tein (GFP)-expressing vector, 293T cells (1 × 106 cells/
well) were infected with serially diluted viral supernatant.
On day 2, the infected cells expressing GFP were count�
ed by flow cytometry. The titre was calculated as: trans�
duction units per mL (TU) = the number of infected
cells/volume of virus supernatant.
Western blotting
The 293T cells were seeded in six-well plates at 1 × 106
cells/well. LV-Ub-HBcAg, LV-HBcAg or LV was added
at an multiplicity of infection (MOI) of 1. In some ex�
periments, a specific inhibitor of proteasomes, MG132,
was used at 10 μmol��������������������������������������
. The cells were harvested 48 h after
infection, washed twice with PBS, gently dispersed into
a single-cell suspension and homogenised using RIPA
lysis buffer. Protein concentrations were determined us�
ing the Pierce BCA Protein Assay Reagent kit (Rockford,
IL, United States). Homogenates were diluted to the
desired protein concentration with 2 × SDS-PAGE load�
ing buffer (Invitrogen). Samples were boiled and loaded
onto polyacrylamide mini-gels (Invitrogen) for electro�
phoresis. Proteins from the gels were transferred to Im�

MATERIALS AND METHODS
Animals
BALB/c mice (H-2d), 6-8 wk old, were purchased from
the Shanghai Experimental Animal Centre of the Chinese
Academy of Sciences and maintained under pathogenfree conditions. Mice were cared for and treated in ac�
cordance with the guidelines established by the Shanghai
Public Health Service Policy on the Humane Care and
Use of Laboratory Animals.
Cell lines
HEK293T cells were cultured in Dulbecco’s modified
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suspensions of lymphocytes (5 × 105 cells/well) were
grown in 96-well plates. Lymphocytes were co-cultured
with mature DCs at different responder/stimulator (T
cell/DC) ratios (5:1, 10:1 or 20:1) for 72 h. The cells were
incubated in a final volume of 200-μL complete RPMI
1640 for 72 h, and 10-μL Cell Counting Kit-8 solution
(Beyotime Institute of Biotechnology, Haimen, China)
was added to the plates for 4 h at 37 ℃. The absorbance
was finally read at 450 nm.

mobilon-PVDF membranes (Millipore Corp., Bedford,
MA, United States) using a semi-dry apparatus (Bio-Rad,
Hercules, CA, United States). A mouse anti-human HB�
cAg monoclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, United States) was used as the primary
antibody, and horseradish peroxidase-conjugated goat
anti-mouse immunoglobulin-G antibody was used as the
secondary antibody.
Dendritic cell generation
Femurs and tibiae of Babl/c mice were removed and
purified from the surrounding muscle tissues. Thereafter,
intact bones were left in 70% ethanol for 5 min for dis�
infection and then washed with PBS. Both ends were cut
with scissors and the marrow was flushed with PBS using
a syringe with a 0.45-mm diameter needle. Clusters within
the marrow suspension were disintegrated by vigorous
pipetting. Bone marrow cells were cultured at 2 × 106
cells/mL in complete RPMI 1640 culture medium (con�
taining 10% FBS, 100 U/mL penicillin, and 100 mg/mL
streptomycin) in the presence of 20 ng/mL murine gran�
ulocyte-macrophage colony-stimulating factor (GM-CSF)
(PeproTech, Rocky Hill, United states) and 10 ng/mL
murine IL-4 (mIL-4; PeproTech). Nonadherent single
cells were gently removed, and fresh medium containing
murine GM-CSF and mIL-4 was added on day 3 after
beginning culture.

Cytokine production
Splenocytes from mice were cultured in 96-well culture
plates in the presence of mature DCs for 4 d at a T-cell
to DC ratio of 10:1, and the supernatants were collected.
The levels of different cytokines [interferon (IFN)-γ,
IL-2, IL-4 and IL-10] in the supernatants of proliferat�
ing T cells were measured using commercial ELISA kits
according to the manufacturer’s protocol (R and D Sys�
tems). Data were expressed as pg/mL.
IFN-γ production was detected by intracellular stain�
ing and flow cytometry. The above proliferative T cells
were suspended in complete RPMI 1640 and stimulated
for 6 h in the presence of 25 μg/mL phorbol 12-my�
ristate 13-acetate, 1 μg/mL ionomycin and 1.7 μg/mL
monensin (Sigma). After washed with PBS, the cells were
stained with FITC-conjugated anti-CD8α mAb (eBiosci�
ence) for 30 min at 4 ℃, washed with PBS, fixed with
4% paraformaldehyde, and permeabilised with PBS con�
taining 0.5% saponin (both from BD, Shanghai, China).
Cells were incubated with PE-labelled anti-INF-γ McAb
(eBioscience) for 30 min at 4 ℃, washed with PBS, and
analyzed by flow cytometry.

Dendritic cell immunophenotyping
On day 5, immature DCs were cultured for an additional
96 h in the presence of LV-Ub-HBcAg, LV-HBcAg or
LV (MOI = 20), and lipopolysaccharide (LPS, 0.5 mg/
mL; Sigma-Aldrich, St. Louis, MO, United States) was
used as a control group. On day 9, non-adherent and
loosely adherent cells were harvested as DCs. The expres�
sion of DC surface molecules was analyzed by incubation
with allophycocyanin-labelled anti-mouse CD11c, CD80,
CD86 and MHC class Ⅱ (eBioscience, San Diego, CA,
United States). The stained cells were analyzed by flow
cytometry.

Hepatitis B virus core antigen-specific cytotoxic T
lymphocytes activity
The former stimulated splenocytes (5 × 106/mL) were
used as effectors, and the P815/c cell line was used as tar�
get cells. P815/c cells were seeded at a density of 5 × 104
cells/well in 96-well plates. Effector cells were incubated
with P815/c at different effector and target (E/T) ratios
(12.5:1, 25:1 or 50:1) at 37� ℃ under 5% CO2 for 4 h. The
HBcAg-specific CTL activity was measured using a Cyto�
Tox 96® Non-Radioactive Cytotoxicity Assay (Promega,
Madison WI, United States) for lactate dehydrogenase
(LDH) release according to the manufacturer’s instruc�
tions. The absorbance values of the supernatants were
recorded at optical
���������������������������������������������
density 450
�����������������������������
nm. Percent cytotoxicity
was calculated as follows: [(Experimental release - Effec�
tor spontaneous release - Target spontaneous release)/
(Target maximum release - Target spontaneous release)]
× 100%.

Interleukin-12 production
On day 5, immature DCs were infected with LV-UbHBcAg, LV-HBcAg, or LV (MOI = 20) for 72 h. On day
8, the IL-12 levels in harvested supernatants of mature
DCs were measured using a standard sandwich enzymelinked immunosorbent assay (ELISA) kit (R and D Sys�
tems, Minneapolis, MN, United States) according to the
manufacturer’s instructions.
Mixed leukocyte reaction
On day 9, harvested mature DCs were pre-treated with
25 μg/mL mitomycin C and 5% CO2 for 30 min at 37 ℃.
Mouse spleens were dissociated on 200-gauge nylon
mesh. Splenocytes were collected and treated with lysis
buffer to eliminate red cells, washed, and resuspended in
RPMI-1640 with 10% FBS. Lymphocytes were derived
from splenocytes using nylon wool columns. Single-cell
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Statistical analysis
Results were expressed as mean ± SD. Differences be�
tween groups was determined using Student’s t test, and
the differences between two or more groups were deter�
mined using a one-factor analysis of variance. Data were
considered statistically significant at P < 0.05.
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Figure 1 Schematic diagram, electrophoresis of ubiquitinated hepatitis B virus core antigen and HBcAg genes, pWPXLd-Ub-HBcAg digested by BamHⅠ
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(Figure 2). On day 4 after infection, 56.1% of GFPexpressing DCs were detected.

RESULTS
Construction of lentiviral vectors vectors and transduced dendritic cells
A 780 bp fragment of the Ub-HBcAg gene was cloned
into pWPXLd (Figure 1B) and packed into LVs. The
HBcAg gene was similarly assembled as a control. After
concentration, all vectors in the study achieved a titra�
tion of approximately 7.5 × 108 transducing units/mL.
The construction procedure is shown in Figure 1A. As
expected, Ub-HBcAg expression was lower than that of
HBcAg and recovered to the same level as that of HB�
cAg when MG-132 was added to the culture (Figure 1C).
The transduction efficiency of LVs into DCs was evalu�
ated using flow cytometry by detecting GFP expression
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Lentiviral vector-encoding ubiquitinated hepatitis B virus
core antigen-induced dendritic cell maturation increased
IL-12 production and enhanced lymphocyte proliferation
At the end of the treatment, the amount of DCs (CD11c+)
was 75% by fluorescence-activated cell sorting analysis.
MHC Ⅱ, CD80 and CD86 molecules, which are charac�
teristic of DCs, were used to evaluate DC differentiation
and maturation. These molecules were highly expressed
in DCs transduced with LV-Ub-HBcAg compared with
those transduced with the alternatives (Figure 3). DC
function was evaluated by IL-12 secretion and promotion
of lymphocyte proliferation. DCs transduced with LV-
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Ub-HBcAg showed significantly higher levels of IL-12
production and lymphocyte proliferation than did the
others (P < 0.01) (Figure 4A and B). Lymphocyte prolif�
eration capacity was enhanced by the T cell/DC ratio.
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Lentiviral vector-encoding ubiquitinated hepatitis B virus
core antigen boosted cytokine production and CD8+ T
cells elicited from proliferative T cells in vitro
T cells stimulated by DCs transduced with LV-Ub-HBcAg
showed increased IFN-γ and IL-2 secretion compared
with DCs transduced with LV-HBcAg (Figure 5). No sig�
nificant difference between the two groups was observed
for IL-4 and IL-10 production.�����������������������
C���������������������
TLs were analyzed by
intercellular IFN-γ and CD8α+ levels. The levels and in�
tensities of IFN-γ expression were higher in the LV-UbHBcAg than in the LV-HBcAg samples (Figure 6A and
B), suggesting that DCs transduced with LV-Ub-HBcAg
were effective for inducing CTLs.
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Figure 5 Cytokine production. Cytokine secretion of proliferative T cells. Data
represent the mean ± SD. bP < 0.01 vs lentiviral vector-encoding hepatitis B
virus core antigen (LV-HBcAg) group. LV-Ub-HBcAg: Lentiviral vector-encoding
ubiquitinated hepatitis B virus core antigen; LV: Lentiviral vector; INF-g: Interferon-g; IL: Interleukin.

transduced DCs killed 55.0% ± 4.3% target cells at an
effector and target ratio of 50:1, which was significantly
higher than that of the LV-HBcAg-transduced DC group
(32.4% ± 5.2%) (P < 0.01). Accordingly, these results
indicated that LV-Ub-HBcAg-transduced DCs induced
strong specific CTL responses.

Enhancement of cytotoxic T lymphocyte activity in
dendritic cells transduced with Lentiviral vectorencoding ubiquitinated hepatitis B virus core antigen
The LDH relaxation index was determined to evaluate
the specific cytotoxicity of T lymphocytes in response
to different LV-transduced DCs. HBcAg-specific CTL
activities with different effector/target ratios are shown
in Figure 7. T lymphocytes from the LV-Ub-HBcAg-
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DISCUSSION
The development of novel immunotherapies has been
highly anticipated because HBV infection is one of the
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plication. We chose LVs as a gene transfer vector because
they can transduce non-dividing, monocyte-derived DCs
and bone marrow-derived DCs with very high transduc�
tion efficiencies[21,22]. Several reports have demonstrated
that immunizing mice with LVs by delivering viral or tu�
mor model antigens mice elicited broad and long-lasting
specific immune responses. For example, lentiviral trans�
duction of DCs expressing ovalbumin effectively proc�
essed and presented the ovalbumin antigens and induced
ovalbumin-specific T cell responses[23]. Our results con�
firmed that lentivirus-mediated gene transfer could offer
the unique opportunity to investigate the biologic activity
of DCs.
The ubiquitin-proteasome system (UPS) is a highly
selective adenosine-5’-triphosphate������������������
�������������������������������������������
-dependent proteo�
lytic system present in all eukaryotic cells and plays a key
role in antigen presentation[8]. It is well established that
short antigenic peptides must be presented on MHC
class Ⅰ molecules of target cells to be recognized by spe
cific CTLs. Proteasomes are responsible for the prote�
olysis of intracellular proteins, including viral antigens, to
generate MHC class Ⅰ ligands.
Attachment of Ub to a protein is the initial signal for
targeted protein degradation. To prevent fusion gene (UbHBcAg) cleavage by deubiquitination enzymes, we con�
structed a pWPXLd vector encoding HBcAg fused with
Ub, in which the Ub C-terminal glycine was replaced with
alanine[24]. Additionally, HBcAg with a modified N-ter�
minal Met residue was replaced by Arg. By this method,
the fusion protein can be quickly recognized by the UPS,
-���
27]
resulting in a promotion of HBcAg degradation[25����
. In
our study, Western blotting analyses identified efficient
expression of HBcAg from the 293T cells transduced
with recombinant LVs. Ub-fused HBcAg was converted
into an excellent substrate for the UPS. We found that the
293T cells transduced with LV-Ub-HBcAg showed low
levels of protein expression in the absence of MG-132.
Immature DCs expressed low levels of surface MHC
molecules, producing almost no expression of CD40,
CD80 or CD86. Fully matured DCs showed strong sur�
face expression of MHC class Ⅱ and co-stimulatory mo
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Figure 6 Intracellular cytokine analysis. A: The proliferative T cells were
suspended in complete RPMI 1640 (2 × 106/mL), Intracellular cytokine analysis
by flow cytometry using CD8α-FITC and Interferon (IFN)-γ-PE antibodies. The
results are representative of one of three experiments; B: The presence of
CD8+ and IFN-γ-+ cells. bP < 0.01 vs lentiviral vector-encoding hepatitis B virus
core antigen (LV-HBcAg) group. LV-Ub-HBcAg: Lentiviral vector-encoding ubiquitinated hepatitis B virus core antigen; LV-HBcAg: Lentiviral vector-encoding
hepatitis B virus core antigen; LV: Lentiviral vector.

leading causes of cancer or hepatocellular carcinomarelated death. Several studies have demonstrated that the
main cause of viral persistence during HBV infection is
an inadequate antiviral immune response to the viral anti�
gens[13,14]. The viral-specific CD8+ T cell response plays an
important role in the process of viral clearance. Patients
with �������������������������������������������������
chronic hepatitis B (����������������������������
CHB) or therapeutic failure
show deficient Th1 immunity associated with inefficient
CD8+ T cell cytotoxicity[15]. Therefore, induction of CTL
responses specific to HBV represents a promising strat�
egy to protect against HBV infection.
DCs are key antigen-presenting cells that induce pri�
mary and memory immune responses. Impaired DC func
tion is found in chronic HBV infection, in which patients
are generally in an immunocompromised state of im�
-18�]
mune tolerance[16����
. Considerable effort has been made
to introduce antigens into DCs in the forms of peptides,
proteins, or transgenic protein antigens using viral vec�
tors[19,20]. Various viral vectors, including poxvirus and
adenovirus, have been used to genetically modify DCs,
but low transduction efficiencies have limited their ap�
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lecules (CD80 and CD86). In our study, the surface mole�
cules CD80, CD86, and MHC class Ⅱ DCs were marked�
ly upregulated by LV-Ub-HBcAg stimulation, whereas no
significant change was observed after LPS or LV-HBcAg
stimulation. An important sign of mature DCs is IL-12
secretion. Mature DCs secrete high levels of IL-12 that
promote activation of effector cells (e.g., natural killer
cells, lymphokine-activated killer cells, tumor-infiltrating
lymphocytes and macrophages) and induce a variety of
cytokines (e.g., IFN-γ, GM-CSF, IL-2 and IL-8)[28]. IL-12
is produced by mature DCs in response to infection by
various intracellular pathogens. This response plays a
critical role initiating a specific T cell-mediated immune
response and drives Th1 cell activation and differentia�
tion[29,30]. We examined IL-12 production after adding
different maturation factors to the culture medium. As
expected, IL-12-induced LV-Ub-HBcAg production of
DCs was markedly elevated compared with that pro�
duced by other treatments. In this study, LV-Ub-HBcAgtransduced DCs not only promoted DC surface molecule
expression, but also promoted further secretion of IL-12,
which helped stimulate the immune response.
Higher rates of intracellular antigen traffic should in�
crease the number and varieties of peptides available for
MHC class Ⅰ binding, which may result in an increase in
the cell immune response to the expressed antigen. DCs
pulsed with HBV antigens effectively abrogated CTL tol�
erance in HBV transgenic mice. Chen et al[4] demonstrated
that DCs loaded with HBcAg not only induce the produc�
tion of HBV-specific T cells but also restore the impaired
function of such cells. The DCs generated by transfection
of LV-Ub-HBcAg were able to stimulate proliferation
of naive allogeneic T lymphocytes and to increase the
number of antigen-specific CD8+/IFN-γ+ T cells in vitro.
Th1 cells primarily secrete IL-2 and IFN-γ, whereas Th2
cells secrete type Ⅱ cytokines IL-4 and IL-10. Th1/Th2
immune balance plays a key role in the outcome of HBV
infection. Dominant Thl cells tend to lead to an acute
self-limited HBV infection; dominant Th2 cells tend to
occur with a chronic persistent HBV infection. In our
study, we observed that the LV-Ub-HBcAg group had
higher levels of both IL-2 and IFN-γ in the lymphocy
te supernatant compared with those in the LV-HBcAg
group. This was further supported by enhanced levels of
IFN-γ-producing CD8+ T cells. These results clearly in�
dicate that the immune responses were directed toward a
Th1 type rather than a Th2 type. Th1 cells are correlated
with the induction of CTL activity, which is beneficial for
viral or tumor eradication[31,32]. In this study, the LV-UbHBcAg-transfected DCs stimulated T lymphocytes and
generated antigen-specific cytotoxic T lymphocytes more
efficiently than those of the LV-HBcAg-transfected DCs.
Thus, LVs carrying Ub-fused HBcAg effectively activated
antigen-specific CD8+ T cells. Inadequate endogenous
antigen presentation by MHC class Ⅰ molecules to CD8+
T cells is one of the reasons for the failure of the im�
mune system to eliminate pathogens. Patients with CHB
or therapeutic failure showed deficient Th1 immunity
associated with inefficient CD8+ T cell cytotoxicity. In
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our study, enhanced antigen presentation increased the
number of antigen-specific CD8+/IFN-γ+ T cells in the
LV-Ub-HBcAg-transfected DC group. Ub-fused HBcAg
was rapidly degraded by the proteasome, resulting in effi�
cient production of a variety of peptides, including many
CTL epitopes that may be presented by many types of
MHC class Ⅰ molecules.
In summary, we have successfully transfected murine
bone marrow-derived DCs with LVs encoding the UbHBcAg fusion gene. The Ub-HBcAg-transfected DCs
proliferated and generated HBcAg-specific CTLs more
efficiently than did the HBcAg-transfected DCs. There�
fore, this novel strategy may have therapeutic value that
can be applied to the treatment of infectious diseases.
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ORIGINAL ARTICLE

Loss of Wnt5a and Ror2 protein in hepatocellular carcinoma
associated with poor prognosis
Ming Geng, Yong-Cheng Cao, Ying-Jian Chen, Hui Jiang, Li-Quan Bi, Xiao-Hong Liu
mal liver tissues. The ratios of Ror2 to the housekeeping gene GAPDH represented the normalized relative
levels of Ror2 expression. To determine the prognostic
factor, the outcome of the 82 patients was determined
by reviewing their medical charts. The overall and
disease-free survival rates were estimated using the
Kaplan-Meier method and compared with the log-rank
test. The prognostic analysis was carried out with univariate and multivariate Cox regressions models.
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RESULTS: Compared to nontumorous (hepatitis or cirrhotic) tissues, Ror2 mRNA expression was clearly decreased in HCC. Ror2 and Wnt5a protein expressions in
the majority of HCC patients (63% and 77%, respectively) was significantly less in tumor tissues, as compared to adjacent nontumorous tissues, and this reduction was correlated with increasing serum α-fetoprotein
and tumor stage. In 68% (58/85) of the HCC cases,
the expression of β-catenin in tumor tissues was either
downregulated in the cellular membrane, upregulated
in the cytoplasm, or both. Survival analysis indicated
that Wnt5a and Ror2 protein expressions could be regarded as independent prognostic factors for HCC; HCC
patients with decreased Wnt5a or Ror2 protein expression had a poorer prognosis than those with elevated
Wnt5a and Ror2 expression (P = 0.016, P = 0.007, respectively).

Abstract
AIM: To investigate the expression and clinical significance of Wnt member 5a (Wnt5a) and receptor tyrosine kinase-like orphan receptor 2 (Ror2) in hepatocellular carcinoma (HCC).

CONCLUSION: Wnt5a and Ror2 may serve as tumor
suppressor genes in the development of HCC, and may
serve as clinicopathologic biomarkers for prognosis in
HCC patients.

METHODS: In HCC tissues obtained from 85 patients,
the protein expressions of Wnt5a, Ror2, β-catenin, and
Ki-67 via immunohistochemical staining using the Envision Plus System. The antibody binding was visualized
with 3, 3’-diaminobenzidine tetrahydrochloride (DAB)
before brief counterstaining with Mayer’s hematoxylin.
The degree of immunohistochemical staining was recorded using a semiquantitative and subjective grading
system. The mRNA expression of Ror2 was examined
by real-time reverse transcription polymerase chain reaction, including nineteen of the 85 HCC and three nor-
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receptor 2 (Ror2), an orphan tyrosine kinase, mediates
Wnt5a-initiated noncanonical signaling and is required
for the Wnt5a-mediated inhibition of canonical signaling[25,26].
The Ror2 receptor belongs to the receptor tyrosine
kinase superfamily[25]. This large protein family is involved in regulating diverse cellular processes such as the
cell cycle, cell migration, proliferation and differentiation[27]. In addition, the Ror2 protein and its homolog
Ror1 play essential roles during development. Mutations
of the Ror2 receptor, resulting in protein misfolding or
premature truncation, have been associated with human
diseases such as dominant Brachydactyly type B and recessive Robinow syndrome[28]. Currently, investigations
to elucidate the role of Ror2 in cancer have shown paradoxical results, indicating that Ror2 was overexpressed
in oral and renal cell cancer and metastatic melanoma,
but downregulated in colon cancer[29-31]. These different
effects appear to be dependent on the cancer type and
signaling pathway[32].
Here, we investigate the expression and clinical significance of Ror2, Wnt5a and β-catenin in HCC.

Haruhiko Sugimura, Professor, Hamamatsu University School
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431-3192, Japan
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most frequently occurring tumors worldwide. It develops mostly
in cirrhotic livers, and risk factors include chronic infection by the hepatitis B and C viruses (HBV and HCV), as
well as nonviral liver diseases[1,2]. Unfortunately, the cellular mechanisms of hepatocarcinogenesis remain poorly
understood. Recent advances have shown that apart from
autocrine stimulation by growth factors such as insulinlike growth factor-Ⅱ and transforming growth factor-α,
the dysregulation of at least four different growth regulatory pathways is frequently involved in hepatocarcinogenesis[3,4]. These signaling pathways include the retinoblastoma, the transforming growth factor-β, the tumor protein
53, and the wingless-type murine-mammary-tumor virus
integration site family (Wnt). These pathways also interfere with each other at different levels[2,5,6].
The Wnt family of genes encodes a large and diverse
group of signaling molecules involved in the patterning,
proliferation, and differentiation of a variety of organs
and cell types[7,8]. The Wnt ligand binds to its receptor Frizzled and the low-density lipoprotein receptorrelated proteins (Lrp) 5 and 6 to activate the canonical
Wnt/β-catenin signaling pathway, or functions through
β-catenin-independent (noncanonical) pathways which
include the planar cell polarity and Wnt/Ca 2+ pathways[9]. Wnt ligands are typically classified into canonical and non-canonical Wnts by the pathways they work
through[9-11].
The Wnt member 5a (Wnt5a) is one of the most
highly investigated non-canonical Wnts and has been
implicated in almost all aspects of non-canonical Wnt
signaling[12-14]. In terms of cancer developmental research,
Wnt5a has lived in the shadow of its better-characterized
relatives. This was largely because of its apparent inability to transform cells or signal through the canonical
[15-18]
.
β-catenin pathway that is so important in cancer
Recent work with a wide of human tumors has indicated
that Wnt5a has a critical role in malignant progression,
but there is conflicting evidence as to whether that role
is tumor-promoting or tumor-suppressing[17-22]. We have
shown that Wnt5a has a tumor suppressing effect in
HCC and is probably associated with HBV infection[23,24].
Emerging evidence suggests that the functions of Wnt5a
can be drastically altered depending on the availability of
key receptors[17,18,25]. It was recently reported that an alternative Wnt receptor, receptor tyrosine kinase-like orphan
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MATERIALS AND METHODS
Patients and specimens
We collected tumors from 85 consecutive patients who
had undergone surgery for HCC at the Jinan Military
General Hospital from January 2006 to September 2010.
The Ethics Committee of the Jinan Military General
Hospital approved the protocol of this study. Among the
85 patients, 55 had serum α-fetoprotein (AFP) ≥ 30 μg/L,
and 73 were sera positive for hepatitis B surface antigen
(HBsAg). On gross examination, 3 cases had tumor sizes
that were ≤ 2 cm, and 82 had tumor sizes > 2 cm (median
tumor size, 6.1 cm; range, 1.0-16 cm). Histopathological
diagnoses were made according to the pathological classification system of the World Health Organization (2000),
and the tumor was staged following the tumor-node-metastasis classification of the International Union Against
Cancer[33]. Nine cases were well differentiated; 60 cases
were moderately differentiated; and 16 cases were poorly
differentiated. In total, 56 HCC cases had liver cirrhosis;
25 cases had chronic hepatitis; and 4 cases had basically
normal liver tissue. We also collected 3 cases of lung metastasis. Furthermore, tissues of comparative normal liver
obtained during surgery for liver cholelithiasis (n = 3) and
HBV-infected liver biopsies (n = 5) were studied.
Nineteen of the 85 cases included chronic (n = 8) and
cirrhotic (n = 11) HCC. From these, fresh tissues were
obtained immediately after resection, including HCC tumor and adjacent nontumorous liver tissues. In addition,
normal liver tissues (n = 3) with no HBV infection were
obtained during surgery for liver cholelithiasis. In these
22 cases, one portion of the fresh tissue was snap frozen
in liquid nitrogen immediately and stored at -80 ℃; the
remainder portion was fixed in 10% buffered formalin
and embedded in paraffin.
The available patient clinicopathological information
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included gender, age, serum AFP, serum HBsAg, tumor
size, tumor stage, histological grade and cancer-specific
survival time.

body binding was visualized with 3, 3�������������������
’������������������
-diaminobenzidine
tetrahydrochloride (DAB) before brief counterstaining
with Mayer’s hematoxylin. For monoclonal antibodies of
mouse origin, negative controls were obtained using isotypic mouse immunoglobulin in the same dilution as the
primary antibody of concern. All control experiments
gave negative results.

Extraction of RNA and real-time reverse transcriptionpolymerase chain reaction
Total RNA was extracted from 10-mm frozen HCC tissue sections. To isolate the RNA from defined areas
containing ≥ 80% tumor cells, all tumors were manually
microdissected under direct visual control through a dissecting microscope. Total RNA in the frozen tissues was
extracted using Trizol (Invitrogen) following the manufacturer’s recommendations. Total RNA was digested
with DNase I (Invitrogen) and was used for the firststrand cDNA reaction. The reaction mixture consisted
of 5 μg of DNase I-treated RNA, 1 ��
×�������������������
reverse
������������������
transcriptase buffer, 2.5 mmol dNTP mix, 3.5 μmol oligo primer,
and 2.5 U/mL MultiScribe™ reverse transcriptase (PE
Applied Biosystems). Each sample was handled using the
same protocol, with the exception that reverse transcriptase was added to exclude the presence of interference
from genomic DNA.
Real-time reverse transcription polymerase chain reaction (qRT-PCR) was carried out using SYBER green
dye in a Rotor Gene 3000 Detection System (Corbett
Research, Sydney, Australia). Each SYBER green reaction
(25 μL) contained one microliter diluted cDNA and 10.5
μL SYBR Green PCR Master Mix, as well as 5 pmol
forward and reverse primer (Ror2: forward 5’-AGGTGCCTATGCAAGTTCA-3’, reverse 5’-TGTGCGAGGTTTAAGGTCTA-3’). Samples were activated by
incubation at 95 ℃ for 5 min and denatured at 95 ℃ for
20 s. This was followed by annealing at 60 ℃ for 20 s and
extension at 72 ℃ for 20 s, for 40 cycles. In all of the
cDNA samples, gene expressions of Ror2 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (forward
5’-GAAGGTGAAGGTCGGAGTC-3’; reverse 5’-GAAGATGGTGATGGGATTTC-3’), an internal quantitative
control, were determined by SYBR green fluorescence
using the Rotor-Gene 3000; the ratios of Ror2 to the
housekeeping gene GAPDH represented the normalized
relative levels of Ror2 expression. A non- template negative control was also included in each experiment. Analyses of all tumor samples were carried out at least twice,
and the mean value was calculated.

Evaluation of immunostaining
Two authors (Cao YC and Jiang H) who had no knowledge of the patients’ clinical status reviewed all of the
immunostained sections. Cases with discrepant results
were re-evaluated jointly until agreement was reached.
For expression of Wnt5a, Ror2 and β-catenin protein, in
cases with multiple areas of low intensity that occurred
during evaluation of immunostaining, five areas were selected at random and scored.
The degree of immunohistochemical staining was
recorded using a semi- quantitative and subjective grading system that considered both the intensity of staining
and the proportion of tumor cells that had an unequivocal positive reaction. Grades for stain intensity were: 0:
No staining; 1: Weak staining; 2: Positive staining; and 3:
Strong staining. For rating stained areas: 0: No staining;
1: Positive staining in < 10% of tumor cells; 2: Positive
staining in 10% to 50% of tumor cells; 3: Positive staining in > 50% of tumor cells. The staining index was calculated as the staining intensity multiplied by the positive
area.
Ki-67-positive cells were counted by viewing ≥ 200
HCC cells from ≥ 10 randomly selected fields. The
percentage of antigen-positive nuclei among the total
number of nuclei counted was calculated to obtain the
nuclear labeling index (LI).
In the subsequent statistical analysis, the cutoff points
for the staining index categories were mainly based on
median values, as well as each marker’s frequency distribution curve and the size of the subgroups. Therefore,
cytoplasmic Wnt5a and Ror2 and membranous β-catenin
staining indices were categorized by their median value
as high (> 4) or low (0-4), and the cytoplasmic β-catenin
staining index was categorized as high (> 3) or low (0-3).
However, nuclear β-catenin expression was categorized
based on the absence (staining index = 0) or presence
(staining index ≥ 1) of staining. The Ki-67 labeling indices were divided into two groups (LI < 10% and LI ≥
10%).

Immunohistochemistry
Immunohistochemical staining was performed on thin
sections (4 μm) of paraffin-embedded archival tissue.
The samples were dewaxed with xylene/ethanol before
antigen retrieval (i.e., pressure cooked for one minute
at full pressure, 15 psi, in 0.001 mol/L EDTA buffer, pH 8.0). The primary antibodies used were: Wnt5a
(LS-C47384, Lifespan, 1:200), Ror2 (PAB3386, Abnova,
1:200), β-catenin (C19220, BD Transduction Laboratories, 1:400) and Ki-67 (MIB-1, Dako, 1:100). Immunohistochemical staining of antibodies was done using the
Dako Envision Plus System (K5007, Dako). The anti-
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Follow-up and statistical analysis
To determine the prognostic factor, the outcome of the
82 patients was determined by reviewing their medical
charts. The follow-up period ranged from one to 54 mo
(average: 31.3 mo; median: 27.0 mo). The end point in
the analysis was HCC-related death. The overall and disease-free survival rates were estimated using the KaplanMeier method and compared with the log-rank test. The
prognostic analysis was carried out with univariate and
multivariate Cox regressions models.
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Table 1 The relationship between receptor 2 expression and
clinicopathological features in hepatocellular carcinomas

Ror2/GAPDH ratios

8
7

n

Variables

6
5
4

Gender
Male
Female
Age (yr)
< 53 (median)
≥ 53
Serum AFP level (μg/L)
< 30
≥ 30
HBsAg
Positive
Negative
Tumor size (cm)
≤2
>2
Histological grade
Well differentiated
Moderately differentiated
Poorly differentiated
Liver cirrhosis
Present
Absent
T classification
T1
T2
T3
T4
Total

3
2
1
0

N vs HCC

CH vs HCC

CC vs HCC

M, P vs W

Figure 1 Real-time reverse transcription-polymerase chain reaction analysis of Ror2 gene (mRNA) expression in hepatocellular carcinoma, chronic
hepatitis, cirrhotic and normal liver tissue. Ror2: Receptor tyrosine kinase-like
orphan receptor 2; HCC: Hepatocellular carcinoma; GAPDH: Glyceraldehyde3-phosphate dehydrogenase; Bars: mean; Columns: SD; N: Normal; CH: Chronic
hepatitis; CC: Cirrhosis; M, P, W: Moderately, poorly, and well differentiated tumor
tissues, respectively.

The differences in Ror2 mRNA expression between
HCC and nontumorous liver tissue was statistically an
alyzed using Student’s t-test and one-way analysis of
variance (ANOVA) for multiple comparisons. The corre
lations between the clinicopathological parameters and
Wnt5a, Ror2 and β-catenin protein expression were analyzed using the χ 2 or Fisher’s exact tests.
Pearson’s correlation was used to determine the correlation between mRNA and protein expression, as well
as between the expressions of different proteins. All statistical calculations were carried out using SPSS software
(for Windows, version 13.0). A significant difference was
defined at P < 0.05.

Low

High

77
8

56
6

21
2

38
47

27
35

11
12

30
55

14
48

16
7

73
12

53
9

20
3

3
82

1
61

2
21

9
60
16

7
40
15

2
20
1

56
29

42
20

14
9

3
30
40
12
85

1
14
36
11
62

2
16
4
1
23

P

0.890

0.725

< 0.001

0.862

0.116

0.090

0.553

< 0.001

AFP: α-fetoprotein; HBsAg: Hepatitis B surface antigen; Ror2: Receptor
tyrosine kinase-like orphan receptor 2.

er cells. In non-tumorous liver cells and HCC tumor cells,
Ror2 protein expression was displayed in the cytoplasm,
but in stromal cells Ror2 protein was not observed. In
comparative normal liver cells Ror2 was negative or weak
ly expressed (Figure 2A and B), whereas all chronic hepatitis, cirrhotic, and dysplastic liver cells exhibited positive
immunostaining for Ror2 (Figure 2C and D), In 62/85
(72.9%) of the HCCs, Ror2 immunostaining was reduced
or absent (Figure 2E and F).
A significant correlation was found between the nor
malized Ror2 gene expression ratio and the protein expression level in normal, tumor and non-tumorous liver
tissues (r = 0.254, P = 0.021). Furthermore, statistical
comparisons between Ror2 mRNA expression and patients’ clinicopathological features revealed a significant
negative association between Ror2 mRNA and tumor
stage (P < 0.001), and between Ror2 mRNA and serum
AFP (P < 0.001). However, there were no significant differences between Ror2 protein expression and the other
clinicopathological findings in HCC (Table 1).

RESULTS
Ror2 gene and protein expression in hepatocellular
carcinoma
The Ror2 gene (mRNA) expression levels relative to that
of GAPHD in normal, HCC, chronic hepatitis, cirrhotic
liver and adjacent nontumorous liver tissues are shown
in Figure 1. Ror2 mRNA levels were elevated in chronic
hepatitis (5.420 ± 5.492, n = 11) and cirrhotic liver tissues
(6.128 ± 5.252, n = 8) compared to that of normal (3.381
± 1.182, n = 3) and HCC (3.189 ± 3.856, n = 19). Based
on Student’s t-test, statistically significant differences were
found between the Ror2 mRNA levels in HCC vs adjacent nontumorous (chronic hepatitis or cirrhotic) liver tissues (P = 0.029), but not between HCC and normal liver
tissues (P = 0.934) or normal and adjacent nontumorous
liver tissues (P = 0.094). The Ror2 mRNA level in moderately and poorly differentiated tumor tissues (n = 16)
was greater by 7.2-fold (P = 0.014) than the level in welldifferentiated tumor tissues (n = 3). No significant differences were found between Ror2 gene expression levels
and other clinicopathological findings such as age, serum
AFP concentration, tumor size, and HCC tumor stage.
Immunohistochemistry was performed to evaluate
Ror2 protein expression in tumor and non-tumorous liv-
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Ror2
immunoreactivity

Wnt5a protein expression in hepatocellular carcinoma
Wnt5a protein expression was observed in the cytoplasm
of non-tumorous liver and tumor cells, but nowhere in
stromal cells. There was little or no Wnt5a seen in normal
liver cells. However, all chronic hepatitis, cirrhosis and
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A

B

C

D

E

F

Figure 2 Immunohistochemical staining for Ror2 in hepatocellular carcinoma. Patient-matched normal liver cells showed negative (A) or weak expression (B) of
receptor tyrosine kinase-like orphan receptor 2 (Ror2). Liver cirrhosis cells (C) and dysplastic liver cells (D) exhibited strong positive immunostaining for Ror2. Tumor
cells (E, F) showing negative Ror2 staining in hepatocytes, while strong cytoplasmic staining is seen in adjacent nontumorous cells. Original magnification, 200 × in A;
400 × in B and D; 100 × in C.

dysplastic liver cells exhibited strong positive immunostaining for Wnt5a. In contrast, in 65/85 (76.5%) of HCC
patients, Wnt5a immunostaining was reduced or absent
compared to the levels in adjacent nontumorous (hepatitis
and cirrhotic) tissues (Figure 3A). There was a significant
negative correlation between Wnt5a expression and tumor stage (P < 0.001), and between Wnt5a and serum
AFP (P = 0.016). However, there were no significant
associations between Wnt5a protein expression and the
other clinicopathological features of HCC patients.

was observed. As shown in Figure 3B and C, altered expressions of β-catenin were found in 68.2% (58/85) of
HCC cases. These alterations included reductions in the
cellular membrane, increases in the cytoplasm, or both,
and nuclear accumulation (in 7%, 6/85). However, no
evidence of altered β-catenin expression was found in
cirrhotic nodules or dysplastic liver cells in adjacent noncancerous liver tissue. In tumor tissues, altered β-catenin
expression was significantly associated with a worsening
histopathological tumor grade (P = 0.041) and was not
significantly associated with the other clinicopathological
parameters.

β -catenin protein expression in hepatocellular
carcinoma
In non-neoplastic liver tissue, a thin membranous β-ca
tenin signal delineated the hepatocytes, and strong membranous and pale cytoplasmic staining of bile ductules
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Correlations among the protein expressions of Wnt5a,
Ror2 and β -catenin
Associations among the protein expression levels of Wn-
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A

B

C

D

Figure 3 Immunohistochemical staining for Wnt member 5a (A), β-catenin (B, C) and Ki-67 (D) in hepatocellular carcinoma. Original magnification, 400 ×.

Immunohistochemistry for tumor tissues from patients
with lung metastasis of hepatocellular carcinoma
A previous study reported that Wnt5a and Ror2 were
expressed predominantly in metastatic but not primary lesions of metastatic melanoma, suggesting that Wnt5a and
Ror2 might be closely correlated with tumor invasiveness
and metastasis[31,34]. To determine whether a similar phenomenon occurs in the metastasis of HCC, three cases of
lung metastasis of HCC were included in this study. Immunohistochemical analysis showed that Wnt5a and Ror2
were not expressed in either primary or metastatic lesions
(Figure 4A and B), whereas β-catenin- positive staining
were detected in the cellular membrane (Figure 4C and D).
The Ki-67 LI in tumor tissues was 10%.

Table 2 Correlation between the expression levels of Wnt
member 5a, receptor 2 and β-catenin
β-catenin

Wnt5a
Variable
Ror2
Low
High
β-catenin
N
A

n

Low

High

P -value

N

A

P -value

62
23

54
11

8
12

< 0.001

15
12

47
11

0.014

27
58

16
48

11
10

0.019

N: Normal membranous staining; A: Abnormal non-membranous stain
ing; Wnt5a: Wnt member 5a; Ror2: receptor tyrosine kinase-like orphan
receptor 2.

Statistical analysis
The median follow-up was 27.0 mo for survivors (range,
1-54 mo). Three patients were lost to follow-up after surgery and were excluded from the survival analyses. The
overall survival curve for the remaining 82 HCC cases is
shown in Figure 5A. The estimated 1- and 3-year overall
rate of survival was 75% and 44%, respectively. KaplanMeier analysis was used to compare the survival rates of
HCC patients with tumors expressing low or high levels
of Wnt5a and Ror2 and normal or abnormal β-catenin
(Figure 5B-D).
In a univariate Cox proportional hazard regression
model analysis (Table 3), tumor stage (P < 0.001), serum
AFP (P = 0.036), and the expressions of Wnt5a (P =
0.024) and Ror2 (P = 0.011) were significantly associated

t5a, Ror2 and β-catenin are shown in Table 2. Low cytoplasmic Wnt5a expression was positively associated with
low cytoplasmic Ror2 expression (r = 0.411, P < 0.001)
and abnormal β-catenin expression (r = 0.254, P = 0.019)
in HCC tissue. Similarly, there was a statistically significant
correlation between low cytoplasmic Ror2 expression
and abnormal β-catenin expression (r = 0.267, P = 0.014).
Tumor cell proliferation in hepatocellular carcinoma
To investigate the biological functions of proteins in
HCC, the Ki-67 LI was assessed in relation to Ror2, Wnt5a and β-catenin status. A strong correlation between a
high Ki-67 LI and the reductive loss of Ror2 (r = -0.344,
P = 0.002), or Wnt5a (r = -0.278, P = 0.010), but not
β-catenin (r = 0.095, P = 0.386) was found (Figure 3D).
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Table 3 Univariate Cox and multivariate Cox regression analysis overall survival
P -value

Covariate
Univariate
Sex (male, female)
Age (< 53 yr, ≥ 53 yr)
Serum AFP level (< 30 μg/L, ≥ 30 μg/L)
HBsAg (positive, negative)
Tumor size (≤ 2 cm, > 2 cm)
Histological grade (well,
moderately, poorly differentiated)
Liver cirrhosis (present, absent)
T classification (T1-T4)
Wnt5a (low, high)
Ror2 (low, high)
β-catenin ( normal, abnormal)
Ki-67 (mitosis ≤ 10%, > 10%)
Multivariate
Sex (male, female)
Age (< 53 yr, ≥ 53 yr)
Serum AFP level (< 30 μg/L, ≥ 30 μg/L)
HBsAg (positive, negative)
Tumor size (≤ 2 cm, > 2 cm)
Histological grade (well,
moderately, poorly differentiated)
Liver cirrhosis (present, absent)
T classification (T1-T4)
Wnt5a (low, high)
Ror2 (low, high)
β-catenin ( normal, abnormal)
Ki-67 (mitosis ≤ 10%, > 10%)

Risk ratio

95% CI

0.130
0.166
0.036a
0.506
0.467
0.268

0.482
0.640
2.162
1.621
2.089
1.388

0.187-1.240
0.341-1.203
1.051-4.449
0.390-6.732
0.286-15.239
0.777-2.482

0.738
< 0.001a
0.024a
0.011a
0.052a
0.273

1.123
2.339
3.288
0.323
1.966
1.479

0.568-6.732
1.487-3.679
1.167-9.263
0.134-0.774
0.995-3.885
0.734-2.981

0.017a
0.075
0.343
0.515
0.711
0.298

0.240
0.538
1.476
1.731
1.535
1.462

0.074-0.776
0.272-1.065
0.661-3.296
0.332-9.026
0.159-14.827
0.715-2.993

0.858
0.001a
0.020a
0.144
0.013a
0.494

0.928
2.119
0.288
0.509
3.233
0.839

0.408-2.111
1.347-3.336
0.101-0.824
0.205-1.259
1.286-8.130
0.507-1.387

a

P < 0.05 vs over survival. AFP: α-fetoprotein; HBsAg: Hepatitis B surface antigen; Wnt5a: Wnt member 5a; Ror2: Receptor tyrosine
kinase-like orphan receptor 2

A

B

C

D

Figure 4 Immunohistochemical staining for Wnt member 5a (A), receptor 2 (B), β-catenin (C, D) in lung metastasis tissues. Original magnification: 400 × in D;
100 × in the others.
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Figure 5 Survival curves of 82 hepatocellular carcinoma patients. A: Overall survival curves of 82 hepatocellular carcinoma (HCC) patients; B: Survival curves of
82 HCC patients with tumors expressing low or high levels of Wnt member 5a (Wnt5a) (log-rank test, P = 0.016); C: Survival curves of 82 HCC patients with tumors
expressing low or high levels of receptor 2 (Ror2) (log-rank test, P = 0.007); D: Survival curves of 82 HCC patients with tumors expressing low or high levels of β-catenin
(log-rank test, P = 0.045). L: Low expression; H: High expression; N: Normal expression; A: Abnormal expression.

with overall survival. Therefore, patients with tumors
having a low expression of Wnt5a and Ror2 had a poorer
prognosis than those with tumors of high Wnt5a and
Ror2 expression.
Multivariate Cox regression analysis (Table 3), the
expression levels of Wnt5a (P = 0.020), and β-catenin
(P = 0.013) showed a significant association with overall
survival. However, a significant correlation between the
expression levels of Ror2 and overall survival (P = 0.144),
serum AFP and overall survival (P = 0.343) were not demonstrated.

dent prognostic factor for HCC.
Recent studies have indicated that the upregulation
of Wnt5a was associated with tumor invasiveness and
metastasis in metastatic melanoma, gastric cancer, and
non-small-cell lung carcinoma[17-19]. Wnt5a was expressed
predominantly in the metastatic but not primary lesions
of metastatic melanoma[34]. Therefore, three cases with
lung metastasis of HCC were recruited in the present
study. Immuno- histochemical analysis with anti-Wnt5a
antibody showed that Wnt5a was not expressed in either
primary or metastatic lesions, which confirmed our hypothesis that Wnt5a acts as a tumor suppressor gene in
HCC. These observations suggested that the complex
Wnt5a-regulated signal pathways and the functional role
of Wnt5a depends on cell type as well as stimulus factors
during the development of HCC tumor.
Previous reports showed that Ror2 shared a similar
structure with the Wnt receptor[25]. Mikels et al[25,37] revealed that Wnt5a suppressed Wnt/β-catenin activity via
the Ror2-mediated signal pathway, and confirmed that
the Ror2 receptor required tyrosine kinase activity to
mediate Wnt5A signaling. He et al[38] demon- strated that
Wnt5a levels correlated with those of Ror2 during mammalian palate development. Similar to Wnt5a, Ror2 plays
different roles in different human tumor tissues. There is
evidence that the enhanced expression of Ror2 is associ-

DISCUSSION
Consistent with previous reports[23,24], in this study immunohistochemical analysis showed that the loss of Wnt5a
protein expression in HCC tumors frequently occurred in
patients with HCC (71%-81%), and this also correlated
with increased AFP and poor histologic grade. Wnt5a
may act as a tumor suppressor gene in the development
of HCC. Similar results were obtained in colon carcinoma, breast cancer and thyroid carcinoma[17,18,35,36]. We also
performed a survival analysis for 82 patients with HCC.
Our results demonstrated that HCC patients with low
expression of Wnt5a had a poorer prognosis than those
with high Wnt5a expression, and Wnt5a was an indepen-
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the cell adhesion and migration process[43], we hypothesize that the lung metastasis expression of β-catenin
benefits the accumulation and adhesion of tumor cells in
metastatic lesions.
In summary, in patients with chronic hepatitis or cirrhosis, loss of Wnt5a and Ror2 protein expression in
HCC tumor tissue frequently occurs during the progression of HCC and is associated with patient prognosis. We
hypothesize that Wnt5a acts upstream of Ror2. Wnt5a
and Ror2 synergistically execute an anti-tumor effect
during the development of HCC. The decreased expression of Wnt5a and Ror2 in HCC tissues may be directly
or indirectly correlated with the abnormal activity of
β-catenin. It is possible that the Wnt5a-mediated noncanonical Wnt signal pathway and the β-catenin-mediated
canonical signal pathway contribute to the pathogenesis
and progression of HCC. These critical mediators may
be novel promising targets for gene therapy. Our study
showed that HCC patients with reduced Wnt5a and Ror2
expression had poorer prognosis, indicating that protein
expression of Wnt5a and Ror2 might be used as clinicopathological biomarkers for prognosis of HCC.

ated with tumor invasiveness and metastasis in metastatic
melanoma, renal cell carcinoma, and squamous cell carcinoma[29-31]. In contrast, the mRNA and protein expression
of Ror2 was reduced in colon cancer tissues compared
with adjacent nontumorous liver tissue, which might be
due to the hypermethylated Ror2 promotor[32].
Our current study showed that Ror2 gene transcription and protein translation were both suppressed in
tumor tissues of HCC as compared with tissue adjacent
to the tumor. This reduced expression of Ror2 in tumor
tissues was correlated with decreased Wnt5a expression
(P < 0.001), a high Ki-67 LI, increased AFP, high differentiation, and poor prognosis. The consistency of
Wnt5a and Ror2 expression in tumor tissues as well as in
lung metastasis of HCC implies that Ror2 may be active
downstream of Wnt5a and participate in the regulation
of the noncanonical Wnt signal pathway. Moreover, the
mRNA and protein expression of Ror2 is increased in
chronic hepatitis livers and is greatly enhanced in cirrhotic livers as compared with normal liver tissues, suggesting
Ror2 may play important roles in regulation of cell repair.
The expression of Ror2 is reduced in tumor tissues and
is associated with poor prognosis, indicating the impaired
regulatory effect of Ror2 in cells, and Ror2 may also
serve as an anti-tumor gene. In addition, in this present
study, the mRNA expression of Ror2 was decreased in
highly differentiated HCC as compared with moderately
or poorly differentiated HCC (P < 0.05), whereas similar
results were not obtained in the protein expression of
Ror2. The underlying mechanism needs to be further elucidated. However, due to the limited sample size in highly
differentiated HCC (3 cases), future study will be continued by enlarging the sample size.
β-catenin is recognized as the key mediator in the
canonical Wnt signal pathway. Evidence indicates that
Wnt5a inhibits the abnormal expression of β-catenin
through the Ror2-mediated pathway[25,39,40]. The involvement of β-catenin in tumorigenesis has been intensively
researched. In colon carcinoma, the nuclear localization
of β-catenin induced by gene mutation contributes to tumorigenesis. However, in HCC associated with HBV infection, β-catenin mutations are rarely seen, and β-catenin
mainly accumulates in the cytoplasm[41,42]. Consistent with
these observations, statistically reduced membrane expression and elevated cytoplasmic expression of β-catenin
were detected in HCC tumor tissue, compared with the
β-catenin expression in cell membranes in the adjacent
liver tissue. Among 85 HCC cases, 6 exhibited condensed
nuclear staining of β-catenin, suggesting that this protein
is involved in the development of HCC. Nevertheless, we
could not rule out the possibility that the loss of Wnt5a
and Ror2 protein expression may decrease β -catenin
degradation, which contributes to disease progression.
Additionally, the lining shape of β-catenin expression in
cell membranes was observed in lung metastasis of HCC,
which was different from their cytoplasmic expression in
the primary lesion. Since β-catenin not only acts as the
key mediator of the canonical Wnt signal pathway, but
also binds to E-cadherin and together they contribute to
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Background

Hepatocellular carcinoma (HCC) is one of the most common cancers in the
world. Understanding the molecular biological features of HCC is necessary
for early diagnosis and better prognosis. The potential role of Wnt member 5a
(Wnt5a) and receptor tyrosine kinase-like orphan receptor 2 (Ror2) in human
HCC is receiving increasing attention.

Research frontiers

Recent work in a wide of human tumors has indicated that Wnt5a and Ror2
have a critical role in malignant progression. However, little is known about
the association of Wnt5a expression with Ror2 and canonical Wnt in HCC. In
this study, the authors demonstrate that Wnt5a, in conjunction with Ror2 and
β-catenin, may take part in the progression of HCC.

Innovations and breakthroughs

The loss of Wnt5a and Ror2 protein expression in HCC tumor tissue frequently
occurs during the progression of HCC and is associated with patient poor
prognosis. Wnt5a and Ror2 synergistically execute an anti-tumor effect during
the development of HCC. The loss of Wnt5a and Ror2 protein expression was
shown to be associated with abnormal β-catenin expression. This is the first
study to report an association of Wnt5a expression with Ror2 and β-catenin in
HCC.

Applications

The study results suggest that protein expression of Wnt5a and Ror2 may be
used as clinicopathological biomarkers for prognosis of HCC.

Terminology

Wnt5a is a non-canonical member of the Wnt family of secreted glycoproteins
that acts through the family of frizzled G-protein-coupled receptor, Ror2, to mediate important events during development and cancer.

Peer review

This paper reported that the loss of Wnt5a and Ror2 protein expression in HCC
was associated with poor patient prognosis. Based on reduction in tumors, the
authors conclude these markers could be tumor suppressor genes and good
prognostic markers for HCC patients. The work is purely descriptive and relevance to clinical practice is significant.

REFERENCES
1

1336

El-Serag HB. Hepatocellular carcinoma: an epidemiologic
view. J Clin Gastroenterol 2002; 35: S72-S78

March 28, 2012|Volume 18|Issue 12|

Geng M et al . Wnt5a
������������������������������������������
and Ror2 in hepatocellular carcinoma
2
3

4

5
6

7
8

9
10

11

12
13
14
15

16

17
18
19

20
21

Bosch FX, Ribes J, Cléries R, Díaz M. Epidemiology of hepatocellular carcinoma. Clin Liver Dis 2005; 9: 191-211, v
Breuhahn K, Vreden S, Haddad R, Beckebaum S, Stippel
D, Flemming P, Nussbaum T, Caselmann WH, Haab BB,
Schirmacher P. Molecular profiling of human hepatocellular
carcinoma defines mutually exclusive interferon regulation
and insulin-like growth factor II overexpression. Cancer Res
2004; 64: 6058-6064
Zhang J, Wang WL, Li Q, Qiao Q. Expression of transforming growth factor-alpha and hepatitis B surface antigen in
human hepatocellular carcinoma tissues and its significance.
World J Gastroenterol 2004; 10: 830-833
Breuhahn K, Longerich T, Schirmacher P. Dysregulation of
growth factor signaling in human hepatocellular carcinoma.
Oncogene 2006; 25: 3787-3800
Idobe Y, Murawaki Y, Kitamura Y, Kawasaki H. Expression
of transforming growth factor-beta 1 in hepatocellular carcinoma in comparison with the non-tumor tissue. Hepatogastroenterology 2003; 50: 54-59
Reya T, Clevers H. Wnt signalling in stem cells and cancer.
Nature 2005; 434: 843-850
Rijsewijk F, Schuermann M, Wagenaar E, Parren P, Weigel
D, Nusse R. The Drosophila homolog of the mouse mammary oncogene int-1 is identical to the segment polarity
gene wingless. Cell 1987; 50: 649-657
Veeman MT, Axelrod JD, Moon RT. A second canon. Functions and mechanisms of beta-catenin-independent Wnt
signaling. Dev Cell 2003; 5: 367-377
Yamada T, Takaoka AS, Naishiro Y, Hayashi R, Maruyama
K, Maesawa C, Ochiai A, Hirohashi S. Transactivation of the
multidrug resistance 1 gene by T-cell factor 4/beta-catenin
complex in early colorectal carcinogenesis. Cancer Res 2000;
60: 4761-4766
Korinek V, Barker N, Willert K, Molenaar M, Roose J, Wagenaar G, Markman M, Lamers W, Destree O, Clevers H.
Two members of the Tcf family implicated in Wnt/betacatenin signaling during embryogenesis in the mouse. Mol
Cell Biol 1998; 18: 1248-1256
Qian D, Jones C, Rzadzinska A, Mark S, Zhang X, Steel KP,
Dai X, Chen P. Wnt5a functions in planar cell polarity regulation in mice. Dev Biol 2007; 306: 121-133
Slusarski DC, Corces VG, Moon RT. Interaction of Wnt and
a Frizzled homologue triggers G-protein-linked phosphatidylinositol signalling. Nature 1997; 390: 410-413
Pandur P, Maurus D, Kühl M. Increasingly complex: new
players enter the Wnt signaling network. Bioessays 2002; 24:
881-884
Topol L, Jiang X, Choi H, Garrett-Beal L, Carolan PJ, Yang
Y. Wnt-5a inhibits the canonical Wnt pathway by promoting GSK-3-independent beta-catenin degradation. J Cell Biol
2003; 162: 899-908
Ishitani T, Kishida S, Hyodo-Miura J, Ueno N, Yasuda J,
Waterman M, Shibuya H, Moon RT, Ninomiya-Tsuji J,
Matsumoto K. The TAK1-NLK mitogen-activated protein
kinase cascade functions in the Wnt-5a/Ca(2+) pathway to
antagonize Wnt/beta-catenin signaling. Mol Cell Biol 2003;
23: 131-139
Pukrop T, Binder C. The complex pathways of Wnt 5a in
cancer progression. J Mol Med (Berl) 2008; 86: 259-266
McDonald SL, Silver A. The opposing roles of Wnt-5a in
cancer. Br J Cancer 2009; 101: 209-214
Kurayoshi M, Oue N, Yamamoto H, Kishida M, Inoue A,
Asahara T, Yasui W, Kikuchi A. Expression of Wnt-5a is correlated with aggressiveness of gastric cancer by stimulating
cell migration and invasion. Cancer Res 2006; 66: 10439-10448
Iozzo RV, Eichstetter I, Danielson KG. Aberrant expression
of the growth factor Wnt-5A in human malignancy. Cancer
Res 1995; 55: 3495-3499
Weeraratna AT, Jiang Y, Hostetter G, Rosenblatt K, Duray

WJG|www.wjgnet.com

22

23

24

25
26

27
28

29

30

31

32

33

34

35
36

1337

P, Bittner M, Trent JM. Wnt5a signaling directly affects cell
motility and invasion of metastatic melanoma. Cancer Cell
2002; 1: 279-288
Pukrop T, Klemm F, Hagemann T, Gradl D, Schulz M,
Siemes S, Trümper L, Binder C. Wnt 5a signaling is critical
for macrophage-induced invasion of breast cancer cell lines.
Proc Natl Acad Sci USA 2006; 103: 5454-5459
Liu XH, Pan MH, Lu ZF, Wu B, Rao Q, Zhou ZY, Zhou XJ.
Expression of Wnt-5a and its clinicopathological significance in hepatocellular carcinoma. Dig Liver Dis 2008; 40:
560-567
Liu X, Wang L, Zhang S, Lin J, Zhang S, Feitelson MA, Gao
H, Zhu M. Mutations in the C-terminus of the X protein of
hepatitis B virus regulate Wnt-5a expression in hepatoma
Huh7 cells: cDNA microarray and proteomic analyses. Carcinogenesis 2008; 29: 1207-1214
Mikels AJ, Nusse R. Purified Wnt5a protein activates or
inhibits beta-catenin-TCF signaling depending on receptor
context. PLoS Biol 2006; 4: e115
MacLeod RJ, Hayes M, Pacheco I. Wnt5a secretion stimulated by the extracellular calcium-sensing receptor inhibits
defective Wnt signaling in colon cancer cells. Am J Physiol
Gastrointest Liver Physiol 2007; 293: G403-G411
Forrester WC. The Ror receptor tyrosine kinase family. Cell
Mol Life Sci 2002; 59: 83-96
Afzal AR, Rajab A, Fenske CD, Oldridge M, Elanko N,
Ternes-Pereira E, Tüysüz B, Murday VA, Patton MA, Wilkie
AO, Jeffery S. Recessive Robinow syndrome, allelic to dominant brachydactyly type B, is caused by mutation of ROR2.
Nat Genet 2000; 25: 419-422
Kobayashi M, Shibuya Y, Takeuchi J, Murata M, Suzuki H,
Yokoo S, Umeda M, Minami Y, Komori T. Ror2 expression
in squamous cell carcinoma and epithelial dysplasia of the
oral cavity. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2009; 107: 398-406
Wright TM, Brannon AR, Gordan JD, Mikels AJ, Mitchell C,
Chen S, Espinosa I, van de Rijn M, Pruthi R, Wallen E, Edwards L, Nusse R, Rathmell WK. Ror2, a developmentally
regulated kinase, promotes tumor growth potential in renal
cell carcinoma. Oncogene 2009; 28: 2513-2523
O’Connell MP, Fiori JL, Xu M, Carter AD, Frank BP, Camilli TC, French AD, Dissanayake SK, Indig FE, Bernier M,
Taub DD, Hewitt SM, Weeraratna AT. The orphan tyrosine
kinase receptor, ROR2, mediates Wnt5A signaling in metastatic melanoma. Oncogene 2010; 29: 34-44
Lara E, Calvanese V, Huidobro C, Fernández AF, MoncadaPazos A, Obaya AJ, Aguilera O, González-Sancho JM,
Sánchez L, Astudillo A, Muñoz A, López-Otín C, Esteller
M, Fraga MF. Epigenetic repression of ROR2 has a Wntmediated, pro-tumourigenic role in colon cancer. Mol Cancer
2010; 9: 170
Hirohashi S, Blum HE, Ishak KG. Tumours of the liver and
intrahepatic bile ducts. In: Hamilton SR, Aaltonen LA, editors. World Health Organisation Classification of Tumours:
Pathology and genetics of tumours of the digestive system.
Lyon: IARC Press, 2000: 157-202
Dissanayake SK, Olkhanud PB, O’Connell MP, Carter A,
French AD, Camilli TC, Emeche CD, Hewitt KJ, Rosenthal
DT, Leotlela PD, Wade MS, Yang SW, Brant L, Nickoloff
BJ, Messina JL, Biragyn A, Hoek KS, Taub DD, Longo DL,
Sondak VK, Hewitt SM, Weeraratna AT. Wnt5A regulates
expression of tumor-associated antigens in melanoma via
changes in signal transducers and activators of transcription
3 phosphorylation. Cancer Res 2008; 68: 10205-10214
Jönsson M, Dejmek J, Bendahl PO, Andersson T. Loss of
Wnt-5a protein is associated with early relapse in invasive
ductal breast carcinomas. Cancer Res 2002; 62: 409-416
Kremenevskaja N, von Wasielewski R, Rao AS, Schöfl C,
Andersson T, Brabant G. Wnt-5a has tumor suppressor activity in thyroid carcinoma. Oncogene 2005; 24: 2144-2154

March 28, 2012|Volume 18|Issue 12|

Geng M et al . Wnt5a
������������������������������������������
and Ror2 in hepatocellular carcinoma
37
38

39

Mikels A, Minami Y, Nusse R. Ror2 receptor requires tyrosine kinase activity to mediate Wnt5A signaling. J Biol Chem
2009; 284: 30167-30176
He F, Xiong W, Yu X, Espinoza-Lewis R, Liu C, Gu S,
Nishita M, Suzuki K, Yamada G, Minami Y, Chen Y. Wnt5a
regulates directional cell migration and cell proliferation via
Ror2-mediated noncanonical pathway in mammalian palate
development. Development 2008; 135: 3871-3879
Yamamoto H, Yoo SK, Nishita M, Kikuchi A, Minami Y.
Wnt5a modulates glycogen synthase kinase 3 to induce
phosphorylation of receptor tyrosine kinase Ror2. Genes
Cells 2007; 12: 1215-1223

40
41

42
43

Kurayoshi M, Yamamoto H, Izumi S, Kikuchi A. Post-tran
slational palmitoylation and glycosylation of Wnt-5a are
necessary for its signalling. Biochem J 2007; 402: 515-523
Huang H, Fujii H, Sankila A, Mahler-Araujo BM, Matsuda
M, Cathomas G, Ohgaki H. Beta-catenin mutations are frequent in human hepatocellular carcinomas associated with
hepatitis C virus infection. Am J Pathol 1999; 155: 1795-1801
Joo M, Lee HK, Kang YK. Expression of beta-catenin in hepatocellular carcinoma in relation to tumor cell proliferation
and cyclin D1 expression. J Korean Med Sci 2003; 18: 211-217
Jamora C, Fuchs E. Intercellular adhesion, signalling and
the cytoskeleton. Nat Cell Biol 2002; 4: E101-E108
S- Editor Gou SX

WJG|www.wjgnet.com

1338

L- Editor A E- Editor Zheng XM

March 28, 2012|Volume 18|Issue 12|

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i12.1339

World J Gastroenterol 2012 March 28; 18(12): 1339-1347
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Chronic hepatitis C: Treat or wait? Medical decision making
in clinical practice
Claus Niederau, Dietrich Hüppe, Elmar Zehnter, Bernd Möller, Renate Heyne, Stefan Christensen, Rainer Pfaff,
Arno Theilmeier, Ulrich Alshuth, Stefan Mauss
chronic hepatitis C virus (HCV) infection are treated or
not.

Claus Niederau, Katholische Kliniken Oberhausen, St. Josef
Hospital, Klinik für Innere Medizin, Oberhausen 46045, Germany
Dietrich Hüppe, Medical Office for Gastroenterology and Hep
atology, Herne 44623, Germany
Elmar Zehnter, Medical Office for Gastroenterology and Hepa
tology, Dortmund 44263, Germany
Bernd Möller, Renate Heyne, Medical Office for Gastroenter
ology and Hepatology, Berlin 10969, Germany
Stefan Christensen, Center for Interdisciplinary Medicine, Mü
nster 48143, Germany
Rainer Pfaff, Medical Office for Gastroenterology and Hepatol
ogy, Gießen 35392, Germany
Arno Theilmeier, Medical Office for Gastroenterology and He
patology, Mönchengladbach 41239, Germany
Ulrich Alshuth, Medical Management Virology, Grenzach-Wy
hlen 79639, Germany
Stefan Mauss, Center for HIV and Hepatogastroenterology, Dü
sseldorf 40237, Germany
Author contributions: Niederau C and Alshuth U performed
the data analysis and did most of the writing of the paper; Hüppe
D, Alshuth U, Mauss S and Zehnter E were involved in the
design of the study; Hüppe D, Alshuth U, Mauss S, Zehnter E,
Möller B, Heyne R, Christensen S, Pfaff R and Theilmeier A
were involved in the contribution of patients, in the preparation
of the analysis, and in the interpretation of the data; all authors
were involved in the preparation of the manuscript.
Supported by Investigator fees from by Roche Pharma AG Ger
many for contributing data to the study
Correspondence to: Claus Niederau, Professor, Katholische
Kliniken Oberhausen gGmbH, St. Josef Hospital, Klinik für In
nere Medizin, Akademisches Lehrkrankenhaus der Universität
Duisburg-Essen, Mülheimer Str. 83, 46045 Oberhausen,
Germany. claus.niederau@st-josef.de
Telephone: +49-208-837301 Fax: +49-208-837309
31, 2010 Revised: June��������
3, 2010
Received: March���������
10, 2010
Accepted: June���������
Published online: March 28, 2012

METHODS: This prospective cohort study included
7658 untreated patients and 6341 patients receiving
pegylated interferon α2a/ribavirin, involving 434 physicians/institutions throughout Germany (377 in private
practice and 57 in hospital settings). A structured questionnaire had to be answered prior to the treatment
decision, which included demographic data, information about the personal life situation of the patients,
anamnesis and symptomatology of hepatitis C, virological data, laboratory data and data on concomitant
diseases. A second part of the study analyzes patients
treated with pegylated interferon α2a. All questionnaires included reasons against treatment mentioned
by the physician.
RESULTS: Overall treatment uptake was 45%. By multivariate analysis, genotype 1/4/5/6, HCV-RNA ≤ 520 000
IU/mL, normal alanine aminotransferase (ALT), platelets
≤ 142 500/µL, age > 56 years, female gender, infection length > 12.5 years, concomitant diseases, human
immunodeficiency virus co-infection, liver biopsy not
performed, care in private practice, asymptomatic disease, and unemployment were factors associated with
reduced treatment rate. Treatment and sustained viral
response rates in migrants (1/3 of cohort) were higher
than in German natives although 1/3 of migrants had
language problems. Treatment rate and liver biopsy
were higher in clinical settings when compared to private practice and were low when ALT and HCV-RNA
were low.
CONCLUSION: Some reasons against treatment were
medically based whereas others were related to fears,
socio-economical problems, and information deficits
both on the side of physicians and patients.

Abstract
AIM: To analyzes the decision whether patients with
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Table 1 Demographic data and basic characteristics
Characteristics

Peer reviewers: Tamara M Alempijevic, MD, PhD, Assistant
Professor, Clinic for Gastroenterology and Hepatology, Clinical
Centre of Serbia, 2 Dr Koste Todorovica St., 11000 Belgrade,
Serbia; Donald M Jensen, MD, Professor, Director, Center for
Liver Diseases, University of Chicago Medical Center, 5841 S.
Maryland, MC7120, Chicago, IL 60637, United States

% of the 13 999 patients
Genotypes 1/4/5/6 (%)
Genotypes 2/3 (%)
Age (yr, median)
BMI (kg/m2, median)
Gender (male %)
Regulär employment (%)
Infection length (yr, median)
Ultrasound performed (%)
Liver biopsy performed (%)
Fibrosis score F 0-1
Fibrosis score F 2-4
Active drug or alcohol abuse (%)
HIV co-infection (%)
Psychiatric disease (%)
Severe language problems (%)
Initial HCV-RNA (IU/mL, median)
ALT (U/L, median)
Thrombocytes (/µL, median)
At least on concomitant disease (%)

Niederau C, Hüppe D, Zehnter E, Möller B, Heyne R, Chris
tensen S, Pfaff R, Theilmeier A, Alshuth U, Mauss S. Chronic
hepatitis C: Treat or wait? Medical decision making in clinical
practice. World J Gastroenterol 2012; 18(12): 1339-1347 Avail
able from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i12/1339.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i12.1339

INTRODUCTION
Approximately 170 million humans worldwide are estimated to have a chronic hepatitis C virus (HCV) infection including 400 000 in Germany[1,2]. More than 20 %
of these patients will progress to cirrhosis, hepatocellular
carcinoma, liver transplantation or death[3,4]. Therefore, all
patients are candidates for antiviral therapy[5]. Its benefits
need to be determined based on the individual’s disease
stage and on the likelihood of adherence and success[5,6].
Probably only 20 % of HCV-infected subjects know of
their infection[3]. This diagnostic deficit is caused by various factors; e.g., physicians do not follow guidelines to
screen for HCV infection when alanine aminotransferase (ALT) is elevated[7,8]. In addition only 11%-41% of
known infections are treated[9-12]. Only some reasons for
this therapeutic deficit have been identified including comorbidity, drug abuse and psychosocial factors[9,12-15]. Considering that therapy cures the disease in 50% of patients,
treatment rate should be increased. The present study
evaluates which factors influence the treatment decision
in daily German practice.

55.7
69.8
30.2
44.0
24.2
56.6
35.3
11.0
76.8
12.8
72.8
27.2
28.3
6.7
14.8
9.6
482 500
61.0
217 000
62.3

Treated
(n = 6341)
45.3
59.4
40.6
41.0
24.3
61.1
50.2
10.0
87.6
30.2
58.6
41.4
13.8
3.7
9.2
10.0
500 000
78.0
218 000
42.6

BMI: Body mass index; HIV: Human immunodeficiency virus; HCV:
Hepatitis C virus; ALT: Alanine aminotransferase.

sons against treatment mentioned by the physician. After
July 2004 questionnaires also asked why patients denied
therapy (n = 7658). Language skills were assessed after
January 2006. Fibrosis was staged according to Desmet
and Scheuer from F0 to F4[17]. Among the total 15 137
patients 7658 subjects did not receive any treatment (“untreated patients”) while 6341 received pegylated interferon
α2a and ribavirin (“treated patients”) and 1138 alternative
treatments. Details on alternative therapies (92.5% silymarin, 2.8% ursodesoxycholic acid, 4.9% other interferons)
are not given because their characteristics were similar to
the group receiving pegylated interferon α2a/ribavirin.
Thus, in the following text the total cohort consists of
13 999 patients separated by the treatment decision into
“treated patients” (n = 6341) and “untreated patients”
(n = 7658). Specific procedures were not mandatory for
inclusion except for documentation of chronic hepatitis
C. There were no exclusion criteria except for patients
below age 18 years and those with Child B/C cirrhosis.
Thus, the study represents a real life scenario of a rather
unselected cohort including a significant fraction of all
patients diagnosed with hepatitis C in Germany.

MATERIALS AND METHODS
The study which is ongoing was started in March 2003;
the present data analyzes the treatment decision in patients included between March 2003 and May 2008.
Throughout Germany 434 physicians (377 in private
practice and 57 in hospital settings) contributed a mean
number of 35 patients with chronic hepatitis C. The study
included only one academic center. Basic data of the
cohort have been published[16] and are only briefly mentioned here. The study was approved by health authorities
and ethical committees. Due to its observational character
it did not affect individual medical decisions. A structured
questionnaire had to be answered prior to the treatment
decision; a second part of the study analyzes patients
treated with pegylated interferon α2a (Pegasy®, Roche
Pharma AG) and ribavirin. This part is not fully analyzed
here; only those aspects are analyzed which are relevant
to the treatment decision. All questionnaires included rea-

WJG|www.wjgnet.com

Not treated
(n = 7658)

Statistical analysis
For continuous variables, receiver operating characteristic analyses estimated the best cut-off point for treatment decision; these cut-off points were 56 years for
age, 520 000 IU/mL for basal HCV-RNA, ≥ one concomitant disease, ≥ 12.5 years for infection length, and
142 500/µL for platelets. Categorical variables were used
for continuous variables using these cut-off points. Association of various factors with treatment decision and
sustained virological response (SVR = negative HCVRNA 24 wk after end of therapy) were analyzed in an
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Table 2 Treatment and sustained virological response rates in various subgroups
Fischer’s exact test, two-sides P value
Total
Genotypes 1/4/5/6
Genotypes 2/3
Clinical setting
Private practice
Male
Female
Age ≤ 56 yr
Age > 56 yr
BMI ≤ 23 (kg/m2)
BMI > 23 (kg/m2)
No employment
Regular employment
Bad German language skills
Good German language skills
Migrants
German natives
Infection length ≤ 12.5 yr
Infection length > 12.5 yr
Ultrasound not performed
Ultrasound performed
Liver biopsy not performed
Liver biopsy performed
Fibrosis scores F0-1
Fibrosis scores F2-4
Clinical symptoms absent
Clinical symptoms present
No concomitant disease
At least one concomitant disease
Psychiatric disease absent
Psychiatric disease present
Active drug or alcohol abuse absent
Active drug or alcohol abuse present
HIV co-infection absent
HIV co-infection present
Good quality-of-life
Reduced quality-of-life
ALT normal (< 50 U/L for men, < 30 U/L for women)
ALT elevated (U/L)
Thrombocytes ≥ 142 500 /µL
Thrombocytes < 142 500 /µL
HCV-RNA ≤ 520 000 IU/mL
HCV-RNA > 520 000 IU/mL
No concomitant disease
At least one concomitant disease
HIV co-infection absent
HIV co-infection present

Treatment rate %

SVR %

Number

45.3
41.4
52.7
63.9
43.4
47.2
42.6
49
28.2
44.3
46.9
38.9
54.1
47
45.8
53.3
41.7
62.8
37.2
30.7
48.6
39.9
66.1
60.9
74.6
42.2
46.7
55.7
36.2
46.9
34.1
49.9
28.7
46.1
31.4
43.8
51.8
34.8
49.6
48
38.9
45.4
49.7
55.7
36.2
46.1
31.4

49.6
42.7
59.8
49.8
49.6
47.9
52.3
51.3
36.7
51.8
48.6
47.3
52
52.5
47.8
52.6
45.4
51.6
48
47.5
50
50.1
48.5
52.4
44.1
47.8
50.4
51.8
46.8
49.8
48.4
49.7
49.4
50
39.3
49.5
50.1
50.8
49.7
51.6
36.2
54.8
43.3
51.8
46.8
50
39.3

13 999
9114
4885
1298
12 701
8214
5785
11 497
2502
4762
8846
8113
5886
824
7565
2663
5465
3639
3165
2568
11 431
11 100
2899
1766
1017
4430
9569
6527
7472
12 281
864
10 960
3039
13 254
745
11 348
2651
3297
10 105
11 284
1816
6810
5904
6527
7472
13 254
745

Treatment rate

SVR

< 0.0001

< 0.0001

< 0.0001

NS

< 0.0001

< 0.01

< 0.0001

< 0.0001

< 0.01

< 0.05

< 0.0001

< 0.001

NS

NS

< 0.0001

< 0.0001

< 0.0001

< 0.01

< 0.0001

NS

< 0.0001

NS

< 0.0001

< 0.01

< 0.0001

NS

< 0.0001

< 0.0001

< 0.0001

NS

< 0.0001

NS

< 0.0001

< 0.01

< 0.0001

NS

< 0.0001

NS

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.01

SVR: Sustained virological response; BMI: Body mass index; HIV: Human immunodeficiency virus; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; NS: Not significant.

univariate fashion using Fisher’s exact test. Only those
variables which were significant in the univariate analysis
were included in the multivariate analysis.

= 27) and for genotypes 2 (n = 1000) and 3 (n = 3885)
(data not shown); thus, further analyses were done in two
subgroups, i.e., genotypes 1/4/5/6 vs 2/3. Table 2 summarizes treatment and SVR rates in the total cohort (45.3%
and 49.6%, respectively) and in treated vs untreated patients.
By univariate analysis reduced treatment uptake and
reduced SVR were seen in these groups: (1) genotypes
1/4/5/6 vs 2/3; (2) age > 56 years vs ≤ 56 years; (3)
platelets ≤ 142 500/µL vs > 142500/µL; (4) disease
duration >12.5 years vs ≤ 12.5 years; (5) human im-

RESULTS
Effects of various factors on treatment rate by univariate
analysis
Basic characteristics of treated vs untreated patients are
shown in Table 1. Many characteristics were similar for
genotypes 1 (n = 8625), 4 (n = 440), 5 (n = 22) and 6 (n
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Table 3 Treatment and sustained virological response rates vs socio-economic problems and concomitant diseases
Characteristics
Drug abuse absent and employed without psychiatric disease or HIV co-infection
Drug abuse absent and employed without psychiatric disease
Drug abuse absent and employed
Drug abuse absent
Drug abuse present
Drug abuse present and unemployed
Drug abuse present and unemployed with psychiatric disease
Drug abuse present and employed with psychiatric disease and HIV co-infection

Treatment rate %

SVR %

n

58.2
58.2
57.1
49.2
32.0
29.1
25.1
7.1

52.7
52.4
52.6
49.6
49.9
51.6
50.8
0.0

4382
4560
4929
10 839
3160
2203
470
56

HIV: Human immunodeficiency virus.

Multivariate regression analysis
Gender, age, genotype, HCV-RNA, ALT, platelets, symptoms, infection length, occupational status, concomitant
diseases, HIV co-infection, alcohol and drug abuse, performance of liver biopsy and ultrasound, and quality-oflife significantly affected the treatment decision in the
multivariate analysis (Figure 1). In patients with genotypes
1/4/5/6 the same factors as for the total cohort affected
the treatment decision except for presence of symptoms;
in patients with genotypes 2/3 the same factors as for the
total cohort affected the treatment decision except for
symptoms, platelets, employment, and performance of
liver biopsy (data not shown). SVR was associated with
various factors in the univariate analysis (Table 2). By
multivariate analysis SVR was associated only with gender,
genotype, HCV-RNA, age, platelets, symptoms, employment and HIV co-infection (data not shown).

munodeficiency virus (HIV)/HCV co-infection vs HCV
mono-infection; (6) presence vs absence of concomitant
diseases; (7) German natives vs migrants; and (8) absence
vs presence of regular employment.
Treatment uptake was reduced but SVR was higher in
the following groups: (1) women vs men; (2) fibrosis F0-1
vs F2-4; and (3) basal HCV-RNA > 520000 IU/mL vs ≤
520 000 IU/mL.
Treatment uptake was reduced while SVR was similar
in the following groups: (1) normal vs elevated ALT; (2)
good vs reduced quality of life; (3) treatment in private
practice vs clinical setting; (4) presence vs absence of psy
chiatric disease; (5) presence vs absence of alcohol or
drug abuse; and (6) liver biopsy (and ultrasound) not performed vs performed.
History of i.v. drug abuse was the most frequent mode
of infection (44.6%) followed by history of blood transfusions (17.0%). By multivariate analysis infection mode
did influence neither treatment uptake nor SVR (data
not shown). In the total cohort only 20.7 % of patients
had a liver biopsy. Biopsy was done more often in genotypes 1/4/5/6 when compared to genotypes 2/3 (23.6%
vs 15.3%, P < 0.001) and in patients with elevated ALT
(75.4% had elevated ALT) when compared to those with
normal ALT (21.6% vs 18.4%, P < 0.05). Biopsy rate was
three-times higher in hospital settings when compared to
practioners (53.4% vs 17.4%, P < 0.001). Alcohol or drug
abuse was a frequent treatment barrier in particular in
patients with psychiatric diseases or HIV co-infection and
in jobless people (Table 2). Treatment rates were similarly
low in drug abusers with or without substitution (data not
shown). Patients with alcohol or drug abuse refused therapy less often compared to patients without abuse (50.2%
vs 67.9%, P < 0.001). Thus, the decision not to treat was
made primarily by the physician. About 1/3 of all patients
were migrants among whom 1/3 had severe language
problems. Nevertheless, treatment and SVR rates were
higher in migrants than in German natives while language
problems did not affect treatment and SVR rates. Treatment uptake decreased with an increasing number of
socio-economical and psychiatric problems; HIV infection on top of other problems reduced treatment uptake
to 7 % (Table 3). SVR was unaffected even by presence
of several socio-economical problems but was drastically
reduced when there was a HIV co-infection on top of
other problems.
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Analysis of specific reasons against treatment
The analysis looked at reasons mentioned by physicians
and patients (Figure 2). The patients’ wish was the most
common reason against treatment (62.9 %). Among these
patients lack of understanding the need of therapy, fear
of side-effects, and problems with family and job were
frequent reasons. Fear of side-effects was mentioned
more often in women than in men (29.9% vs 18.8%, P <
0.001). Alcohol or drug abuse and concomitant diseases
(most commonly depression) were also frequent treatment barriers. Among patients who did not see a need
for therapy reasons included lack of liver disease, symptoms, fibrosis and bad prognosis as well as normal ALT.
In patients with normal ALT minor disease activity was
mentioned by the physician as a reason to wait in 24.1%
whereas this reason was mentioned in only 6.6% when
ALT was elevated (P < 0.001). In contrast, a similar percentage of patients mentioned the lack of disease activity
as a treatment barrier irrespective of whether ALT was
normal or elevated (27.1% vs 24.4%; NS). In patients with
a HCV-RNA ≤ 520 000 IU/mL minor disease activity
was mentioned by the physician as a reason to wait in
15.8% whereas this reason was mentioned in only 6.7%
when HCV-RNA was > 520 000 IU/mL (P < 0.01). The
percentage of patients mentioning lack of disease activity
as a treatment barrier was similar when looking at high
or low HCV-RNA (data not shown). In patients who had
liver biopsy minor disease activity was mentioned by the
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No treatment
Physician

Treatment

Hospital
Private practice

Gender

P < 0.001

Male
Female

Job

P < 0.001

Unemployed
Employed

Duration of
infection

≤ 12.5 yr

Genotype

1/4/5/6

P < 0.001

> 12.5 yr
2/3

Clinical
symptoms

none

Viral load

Low (≤ 520 000 IE/mL)

at least one
High (> 520 000 IE/mL)

Concomitant
disease

None

Psychiatric
disease

No

At least one

P < 0.001
P < 0.05
P < 0.01
P < 0.001

Yes

P < 0.001

Drugs/alcohol No
abuse
Yes

P < 0.001

HIV
coinfection

P < 0.001

No
yes

Quality of life Good
Reduced
ALT

Increased
Platelets

P < 0.001

Not performed
Performed

Liver biopsy

P < 0.001

> 56 yr
≤ 56 yr

Sonography

P < 0.001

≥ 142 500/mL
< 142 500/mL

Age

P < 0.001

Normal (m ≤ 50, w≤ 30 U/L)

P < 0.001

Not performed
Performed

P < 0.001
0

0.5
1
1.5
2
2.5
Odds ratio estimate (95% CI)

3.0

Figure 1 Multivariate regression analysis of treatment rates vs various factors. HIV: Human immunodeficiency virus; ALT: Alanine aminotransferase.

physician as a treatment barrier in 21.4 % whereas this
reason was mentioned in only 10.3 % of patients without
a liver biopsy (P < 0.01). Patients mentioned fear of side
effects and lack of understanding the need for therapy
less often when treated in hospital settings as compared
to private practice (18.5% vs 24.1% and 17.4% vs 25.9%, P
< 0.01, respectively). In patients with drug/alcohol abuse,
this abuse was the main treatment barrier mentioned
by physicians (48.1 %). In contrast, patients with abuse
refused therapy less often than those without (50.2% vs
67.9%, P < 0.001). In HIV co-infection concomitant diseases and drug/alcohol abuse were more frequent treatment barriers than in mono-infection (25.0% vs 16.6%
and 25.2% vs 16.4%, P < 0,01). HIV co-infected patients
refused therapy less often than mono-infected patients
(59.1% vs 63.2%, P < 0.05). Similarly, in patients with
psychiatric diseases, the psychiatric disease was the main
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treatment barrier (46.2%); among patients with psychiatric disease drug and alcohol abuse was another common
barrier (24.5% vs 15.7% in patients without psychiatric
disease; P < 0.001). Older age was associated with a reduced treatment rate (49.0% vs 28.2% in patients ≤ 56
years vs patients > 56 years) (Table 2; Figure 1); in patients
aged between 65 and 70 years treatment rate was 26.3%
(158/600) and thus similar to the rate of 28.2% seen at
ages > 56 years.

DISCUSSION
Treatment uptake in the present cohort (45%) is one of
the highest reported in the literature. Since the cohort
included a significant fraction of all HCV-infected patients in Germany, the high treatment rate is probably not
due to selection bias. In the literature treatment uptake

1343

March 28, 2012|Volume 18|Issue 12|

Niederau C et al . Treatment decision in chronic hepatitis C

Reasons to refuse antiviral treatment
(multiple answers possible)

Genotype 1/4/5/6
Genotype 2/3
Total

Total

Patient's wish (if known)

Old age

Fear for side-effects
Genotype 2/3

Problems with family
or job
Lack of understanding
the need for therapy

Decompensated liver
disease

Personal reasons
Genotype 1/4/5/6

Postpone therapy

Patient's wish

0

10%

20%

30%

40%

60%

Concomitant disease

Active substance abuse

CHD
Depression
Other

Concomitant disease

0
Lack of clinical
symptoms

20%

Lack of clinical symptoms (if known)
Only mild liver disease
Only minor increase of
transaminases
No/minor fibrosis

Language problems

Low risk of infection
Only minor symptoms

Compliance problems

0
0

10

20

30
40
Percent

50

60

10%

20%

70

Figure 2 Reasons to refuse antiviral treatment.

the health care system itself[7,8]. Recent studies show that
knowledge deficits and misperceptions are main treatment barriers[19-21]. A high treatment rate might therefore
reflect good knowledge among physicians and patients.
In Germany most physicians who treat hepatitis C in private practice are organized in the Association of German
Gastroenterologists (“bng”). Via their association gastroenterologists have been involved in the development of
national HCV guidelines[6,22]. Many of them are members
of the national “hepatitis competence network”. Recent
studies have also shown that German patients with hepatitis C are well informed and better than patients with
hepatitis B[23-25]. However, some practice aspects did not
meet standards in the present cohort including the use
of liver biopsy and interpretation of HCV-RNA values.
Also, there were misperceptions among patients. Patients’
refusal was a common treatment barrier in the present
cohort and in previous studies[9-11]. One of the highest
treatment rates (41%) was published by Delwaide et al[9];

tends to decrease with increasing number of subjects
studied[9,12-15,18] with the lowest rate of 12% reported for
the largest group of subjects studied[15]. There is little preselection in the present cohort; only patients with Child
B/C cirrhosis were excluded as well as those under age
18 years. The present study did not include a relevant
number of academic centers where most previous studies
had been done. The community-based character of the
present cohort incorporating 434 physicians and hospitals throughout the country reflects daily life in Germany
probably better than looking at academic centres. However, one needs to keep in mind that most of the 434 physicians were not general practioners, but gastroenterologists
or at least physicians who treat hepatitis C. In general
practioners treatment rates may be lower than the 45%
reported here. In the general United States community
only 11% of all HCV-infected subjects had been treated[15]. This low treatment uptake suggests that therapeutic
deficits are located on level of the general practioner or
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in that study only 17% of patients declined therapy. Thus,
a high treatment uptake may be associated with low rate
of refusal by patients[9]. This association may partly be
explained by information deficits. In some subgroups, e.g.,
in patients with HIV co-infection and those with drug
and alcohol abuse, the decision against treatment was
often made by the physician whereas patients were rather
willing to receive therapy.
Genotype and viral replication are major factors for
estimating the chance for SVR and are therefore considered in the treatment decision. Correspondingly treatment
rate and SVR were higher for genotypes 2/3 when compared to genotypes 1/4/5/6. In accordance with most
previous studies[5,11,15,22] older age was associated with both
reduced treatment uptake and reduced SVR in the present
cohort. These results are in contrast to a recent study[18]
in which being elderly was not associated with a low SVR.
Surprisingly, treatment rate was low in patients with low
HCV-RNA. This is a paradox because SVR is low at high
replication in the present study and in the literature[26-28].
Thus, there may be misperceptions that high viral load
indicates bad prognosis. All evidence shows this is not the
case[22,29,30]. Further analyses suggested that physicians (and
not patients) carry this misperception.
For many years normal serum aminotransferases were
a common treatment barrier because they were thought
to indicate good prognosis and reduced efficacy of the
rapy. In the meantime it has been shown that up to 30%
of patients with normal ALT have major fibrosis and
that SVR is not associated with ALT as also seen in the
present study[22,29-31]. Despite this data, treatment rate
was markedly lower in patients with normal ALT when
compared to those with elevated ALT. We have reported
a similar misperception of ALT for the decision to do
HCV antibody tests[8]; many physicians just tested for
HCV infection if ALT was markedly increased although
most infections were associated with normal or slightly
elevated ALT. Thus, ALT values are overestimated both
in diagnostic[8] and treatment decisions[9,12].
In contrast to academic trials, only 20% of patients
had a liver biopsy in daily German practice. According
to guidelines liver biopsy should be considered when the
results will influence the treatment decision and in particular when treatment is not initiated[5,22]. However, treatment rate in patients with a liver biopsy was twice that
seen in patients without a biopsy; according to guidelines
it should be the other way around. Only a single previous
study has also shown a positive association between performance of liver biopsy and treatment uptake[32]. It may
be speculated that patients who refused liver biopsy may
have a general problem to accept medical means. However, further analyses support other explanations. Biopsy
rate in hospital settings was more than three-times higher
than that in private practice. Although non-invasive means
of assessing fibrosis are entering clinical routine, only a
minority of community-based physicians use serum mark
ers or sonographic stiffness in daily clinical routine as yet.
Thus, physicians in private practice underestimate the value of liver biopsy more often than physicians in hospital
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settings. The lack of immediate availability of biopsy may
explain the low biopsy rate among practioners. Also, treatment uptake was markedly lower for patients treated in
private practice when compared to hospital settings. The
analysis of specific reasons against treatment may partly
explain this difference: patients mentioned fear of side effects and lack of understanding the need for therapy less
often when treated in clinical settings when compared to
private practice.
The treatment rate of HCV infection was considerably lower in HIV co-infected patients when compared
to HCV mono-infection. Although SVR rates were also
somewhat lower in co-infected patients, they were still in
an acceptable range considering that end-stage liver disease is a common cause of death in HIV/HCV co-infection[33-35]. When compared with the literature the present
rates of treatment and SVR (31% and 39%) look favorable. In other studies SVR ranged from 8% to 40% in
co-infected patients[36-38]. Nevertheless HIV co-infection
was a main treatment barrier also in the present cohort.
Among co-infected patients drug and alcohol abuse as
well as fear of side-effects were frequent treatment barriers. The present analysis also shows that HIV/HCV coinfected patients refused therapy less often than monoinfected patients; thus the low treatment rate is probably
mainly caused by physicians and not by patients. In previous studies only 12%-33% of HIV co-infected patients
initiated HCV therapy[36,39-40]; main barriers were nonadherence, patients’ refusal, drug abuse and psychiatric
problems. The present results demonstrate that the HIV
infection on top of psychiatric and socio-economical pro
blems may not only reduce treatment uptake but almost
eliminates chances for SVR.
Recently it has been shown that HCV infection can
successfully be treated in patients with drug and alcohol
abuse and in those with HIV co-infection provided that
there is a good management[35-38,41-43]. This is of great
importance because alcohol abuse and co-infections accelerate fibrosis[34,35,44,45]. Although a history of drug abuse
did not reduce treatment rate in the present cohort, active
alcohol and drug abuse were associated with a markedly
reduced treatment uptake as reported previously[10,11,14,15];
SVR was not affected by abuse. In 50% of abusers, physicians specified the abuse as the main treatment barrier. In
contrast, patients with alcohol or drug abuse refused therapy less often than did patients without abuse. Thus, the
decision not treat was made primarily by the physician. A
survey of 320 American Society of Addiction Medicine
physicians showed that even among these specialists only
a minority were providing HCV treatment or willing to
provide treatment[46]. Treatment rates are even lower in
the general community and may approach values of less
than 1 % in unselected drug addicts[47].
Treatment rate was lower in unemployed patients when
compared to those with a job while SRV was similar between these groups. Since jobless people tend to have a
low educational state, these results fit to recent United
States data showing that psychosocial factors and low
education were associated with reduced treatment up-
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take[12,14,48]. In the present cohort 1/3 of HCV infected
patients were migrants among whom 1/3 had severe
language problems. Unexpectedly, treatment uptake was
not lower but higher in migrants when compared to German natives. These results can not be explained easily.
Along this line women had a lower treatment rate when
compared to men in this cohort as well as in another previous study[10]. This is also unexpected because men have
a lower use of medical services than women both in the
United States[49] and in Germany[50]. Thus, good knowledge and care about health issues per se do not necessarily
increase treatment uptake for hepatitis C.

life in Germany probably better than looking at specialized academic centres.

Terminology

Treatment barrier: Reasons why patients with chronic hepatitis C are not treated with antiviral drugs.

Peer review

This is an important paper with a large HCV patient cohort from Germany including both academic and non-academic centres detailing reasons for treating
and not treating HCV.
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Celiac disease: Management of persistent symptoms in
patients on a gluten-free diet
David H Dewar, Suzanne C Donnelly, Simon D McLaughlin, Matthew W Johnson, H Julia Ellis, Paul J Ciclitira
RESULTS: One hundred and twelve consecutive pati
ents were referred with NRCD. Twelve were found not
to have celiac disease (CD). Of the remaining 100 patients, 45% were not adequately adhering to a strict
gluten-free diet, with 24 (53%) found to be inadvertently ingesting gluten, and 21 (47%) admitting noncompliance. Microscopic colitis was diagnosed in 12%
and small bowel bacterial overgrowth in 9%. Refractory
CD was diagnosed in 9%. Three of these were diagnosed with intestinal lymphoma. After 2 years, 78 patients remained well, eight had continuing symptoms,
and four had died.
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CONCLUSION: In individuals with NRCD, a remediable
cause can be found in 90%: with continued gluten ingestion as the leading cause. We propose an algorithm
for investigation.
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Abstract
AIM: To investigate all patients referred to our center
with non-responsive celiac disease (NRCD), to establish
a cause for their continued symptoms.

Peer reviewer: Salvatore Auricchio, MD, PhD, Professor, Sci-

entific Director of European Laboratory for the Investigation of
Food-Induced Diseases, University Federico II, Via S. Pansini 5,
I-80131 Naples, Italy

METHODS: We assessed all patients referred to our
center with non-responsive celiac disease over an
18-mo period. These individuals were investigated to
establish the eitiology of their continued symptoms.
The patients were first seen in clinic where a thorough
history and examination were performed with routine
blood work including tissue transglutaminase antibody
measurement. They were also referred to a specialist
gastroenterology dietician to try to identift any lapses
in the diet and sources of hidden gluten ingestion. A
repeat small intestinal biopsy was also performed and
compared to biopsies from the referring hospital where
possible. Colonoscopy, lactulose hydrogen breath testing, pancreolauryl testing and computed tomography
scan of the abdomen were undertaken if the symptoms
persisted. Their clinical progress was followed over a
minimum of 2 years.
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INTRODUCTION
Celiac disease (CD) is induced by ingestion of gluten and
related proteins with consequent intestinal injury and
varied clinical manifestations. The defining feature is the
expectation that the intestinal lesion improves with strict
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exclusion of gluten from the diet. However, a proportion of individuals do not respond to a gluten-free diet
(GFD), in terms of clinical or histological recovery. Early
analysis has indicated that as many as 30% of individuals
prescribed a GFD do not experience symptomatic improvement[1]. Non-responsive CD (NRCD) is defined as
continued symptoms (including lethargy, abdominal pain
and diarrhea) in patients on a GFD. There have been no
recent studies to provide robust epidemiological data to
assess the incidence of NRCD, although in clinical practice it is a common occurrence, based on the authors’
experience and several publications[2-5]. The investigation
of NRCD has been reported[6], however, there are no
data on the management and longer term follow-up of
these subjects. Most patients with CD experience a rapid
symptomatic recovery with a strict GFD. In 30% of
cases there may be a protracted (≥ 12 mo) or incomplete
phase of mucosal recovery[7]. An arbitrary period of 6-12
mo on a GFD before reassessment has been suggested
but the urgency of further investigation is often dictated
by the severity of continued symptoms or clinical manifestations. In this context, we define NRCD as failure of
expected symptomatic response to a GFD. Accordingly,
NRCD is not intended to be a diagnostic term but rather
a clinical description to allow a pragmatic and systematic
approach to be followed to evaluate and investigate these
patients. The practical management of NRCD depends
on establishing a cause for continued symptoms. The
commonest reason for persistent symptoms in a previous
study of 55 patients was failure to comply with a GFD[6].
Imposition of a strict gluten-free dietary regimen appears
to abolish symptoms in the majority of CD patients with
continued symptoms[8].
Refractory CD (RCD) describes a distinct clinical entity and represents a subset of non-responsive patients.
RCD is defined by symptomatic and persistent villous
atrophy in patients despite a strict GFD[8]. RCD can be
diagnosed after primary failure of GFD or occur as a
secondary phenomenon in previously treated CD. It can
be subdivided into types Ⅰ and Ⅱ. This clinical definition
has been refined by the discovery that 80% of individuals with true RCD possess an abnormal population of
intraepithelial lymphocytes (IELs) detectable in their small
intestinal mucosa (CD103+, intracellular CD3+, CD4-,
CD8-, surface CD3-)[8]. These IELs may demonstrate a
monoclonal T cell receptor (TCR)-γ gene rearrangement,
detectable by polymerase chain reaction (PCR) analysis
of biopsy specimens. The presence of this aberrant T cell
phenotype has been termed type Ⅱ RCD (as opposed to
type Ⅰ RCD in which this anomaly is not present). Studies
have shown that type Ⅱ RCD is associated with a significantly greater mortality than type Ⅰ RCD; 41% vs 14% at
2 years[9]; 42% vs 4%[10] and 56% vs 7% 5-year mortality[11],
with the major cause of death attributed to the development of enteropathy-associated T cell lymphoma (EATL).
This is characterized by malignant lymphoid tissue with
the same immunophenotype as described in type Ⅱ RCD.
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It has been postulated that the presence of this type Ⅱ
RCD T cell phenotype may represent a cryptic T cell
lymphoma. In 41 patients with RCD, over 50% developed
EATL during a mean of 2 years follow-up[9]. Survival
from EATL remains abysmal. Thus, there are compelling
clinical reasons to investigate CD patients with continued
symptoms despite a GFD, in order to establish a treatable
cause or identify cases of RCD or intestinal lymphoma.
NRCD and RCD may both be present with weight loss,
diarrhea, or malabsorption; all of which warrant expeditious investigation.

MATERIALS AND METHODS
We maintain a prospective database of patients diagnosed
with CD. We selected patients who were referred to our
institution with a diagnosis of NRCD (defined as failure
of expected symptomatic response to a GFD) between
April 2002 and October 2003.
Initial evaluation included an appraisal of the original diagnosis of CD, history of symptoms (including
lethargy, increased bowel frequency and weight loss),
clinical examination, routine blood tests and assessment
of dietary intake and GFD compliance. Patients were
then investigated according to our usual clinical practice
and subsequent findings; thus, some patients were investigated differently to others, however, all patients were
followed for a minimum of 2 years; those who developed
further symptoms were reinvestigated. Unless an obvious
cause was immediately apparent, we undertook a further
small bowel biopsy, which was performed by the authors
to ensure a standard quality of biopsy specimen. Jumbo
endoscopy forceps were used to obtain four samples that
were carefully placed, mucosal surface upwards, onto paper to ensure optimal orientation.
Following standard preparation, histological examination was performed by our histopathology department,
although in borderline or ambiguous cases, we often
elected additionally to examine the slides within our department. An excess above 20 IELs per 100 enterocytes
defined a pathological increase and villous atrophy was
defined as being unequivocally present if the villous
height to crypt depth ratio was below 2[12]. Direct visual
comparison was made with any previous small intestinal
specimens for the same patient. If there were any concerns regarding the validity of the diagnosis of CD, a gluten challenge was carried out. This involved ingestion of
10 g gluten (equivalent to four slices of white bread daily)
for a minimum of 2 wk before repeat duodenal biopsy[13].
If colonoscopy was performed, random colonic biopsies
were taken. In the diagnosis of microscopic colitis, we
defined this condition as > 20 lymphocytes per 100 epithelial cells in the superficial colonic mucosa in patients
with diarrhea[14].
Tests for small bowel bacterial overgrowth (SBBO)
involved a lactulose hydrogen breath test. A positive
test was indicated by an early rise in breath hydrogen >
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20 ppm from baseline after ingestion of 10 g lactulose.
We note the low sensitivity and specificity of breath tests
for bacterial overgrowth, including hydrogen and labeled
carbon tests[15]. In order to validate a diagnosis of SBBO,
we additionally required that symptoms resolved following
rotating antibiotic treatment (ciprofloxacin 250 mg bd for
2 wk followed by metronidazole 200 mg tds fortnightly
for 4 mo).
Lactose intolerance was diagnosed on dietary exclusion alone as tests are also unreliable. Exclusion of dairy
products carries no risk and, if symptoms resolve, is reliable in establishing a confident diagnosis of lactose intolerance. Non-invasive testing of pancreatic function was
performed in a number of patients (pancreolauryl test).
False positives may occur in CD[16], so the diagnosis could
only be confirmed with symptomatic improvement with
oral pancreatic supplements.
RCD was suspected in those with severe, symptomatic NRCD with demonstrated villous atrophy, particularly
those with pronounced weight loss. Urgent and extensive
investigation was arranged in these individuals. This included computed tomography scanning of the abdomen
and pelvis, colonoscopy and small bowel imaging. Video
capsule endoscopy was not routinely performed at the
outset of this study, although this now forms part of our
assessment of suspected RCD. If appropriate, serological testing for anti-enterocyte antibody was performed to
exclude autoimmune enteropathy.
Additionally, tissue analysis for IEL immunophenotyping and PCR reaction amplification for TCR clonality
were undertaken; DNA was analyzed by a series of multiplex PCR assays, which amplified TCR β and γ gene rearrangements. PCR primer sequences were those used by
the Biomed-2 consortium and have been shown to detect
clonal signals in approximately 95% of all T cell clonal
cases[17,18].
The presenting symptoms, investigation process, results
and outcome of subsequent management were recorded.
We followed up patients for a minimum of 2 years and
observed if patients remained symptom-free or suffered
further relapses or related adverse events such as death
or identification of malignancy. Any other tests deemed
necessary, based on clinical history and examination, were
performed, which resulted in a number of other diagnoses.

Table 1 Demographics and distribution of symptoms in 112
patients referred to our institution with continued symptoms
on a gluten-free diet (%)
Male
Female
Mean age (yr)
Primary non-responsive
Secondary non-responsive
Mean years since diagnosis of CD (yr)
Diarrhea
Lethargy/fatigue
Abdominal pain
Weight loss
Nausea and vomiting
Symptoms of anemia
Two symptoms
Three symptoms
CD: Celiac disease.

sis, these 12 patients underwent gluten challenge and
repeat biopsy which was normal in all cases. Additionally,
anti-endomysial antibody (EMA) tests were all negative, although four patients had anti-gliadin antibodies
detected. In four cases, initial duodenal biopsy had not
been performed previously and diagnosis had been made
based on dramatic reduction in symptoms with initial
wheat exclusion. In the remaining eight, we were able to
examine the original histology in five patients. Four of
these were sufficiently normal to exclude CD in tandem
with the subsequent negative gluten challenge. One patient did have villous atrophy on their original biopsy,
which was felt to have been due to bacterial overgrowth,
which had subsequently improved with antibiotic treatment. We were not able to examine previous specimens
from three patients but the negative gluten challenge was
deemed sufficient to exclude a diagnosis of CD. In total,
six out of 12 patients had been previously shown to have
supportive positive serology for CD in other institutions
(mainly anti-gliadin antibody). Seven patients were diagnosed with irritable bowel syndrome; three with primary
SBBO; and one each with anorexia nervosa and IgE-mediated wheat allergy. These individuals were subsequently
removed from the analysis.
Forty-five of the remaining 100 patients were found
to be ingesting sufficient gluten to cause their symptoms.
Of these, 24 were discovered to be consuming gluten accidentally, and 21 admitted poor compliance with aspects
of their prescribed diet. In total, 37 (23/24 accidental
group and 14/21 poor compliance group) patients underwent repeat duodenal biopsy in order to establish this
information. Of these specimens, 33/37 were abnormal
(Marsh Ⅲa-c) which assisted in correlating the continued
ingestion with the persisting histological abnormalities.
The majority (28/37) proceeded to have a further duodenal sample taken that showed comparative improvement in all but one case. In this case, further gluten ingestion was admitted on further questioning. In summary, all
45 patients in this group reported symptomatic improve-

RESULTS
One hundred and twelve patients were referred to our
center and underwent assessment for NRCD. The mean
age of this group was 48.5 years (range 19-72 years) and
69% were female; CD had been diagnosed at a mean age
of 31 years. The commonest presenting symptoms were
diarrhea (65%), lethargy (43%), abdominal pain (27%)
and weight loss (23%). The demographic details and
clinical symptoms are shown in Table 1. The results are
summarised in Figure 1
Twelve out of the 112 patients had been wrongly
diagnosed with CD. Due to the doubt over the diagno-
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31
69
48.5
72
28
3 (range 1-12)
65
43
37
23
10
10
49
20
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112 Patients (69% female)

Insufficient evidence of celiac disease

Diagnosis of celiac disease checked

Sufficient evidence of celiac disease (100 patients)

Gluten challenge and repeat D2 biopsy
Dietician review
Normal D2 biopsy (12 patients)

Gluten ingestion (45 patients)

Accidental ingestion (24 patients)

Strict gluten-free diet (55 patients)

Poor compliance (21 patients)

Colonoscopy with biopsies

Symptoms improve following dietary advice (45 patients)

Microscopic colitis (11 patients)
Diverticular disease (2 patients)
Ulcerative colitis (7 patients)
Colorectal cancer (1 patient)

Repeat D2 biopsy (37 patients)
(33 abnormal)
Pancreatic insufficiency
(2 patients)

Lactulose breath-H2 test

28 had repeat D2 biopsy

Histological improvement
(27 patients)

Pancreolauryl test

SBBO (9 patients)

No histological improvement
(1 patient)

Refractory celiac disease (9 patients)
RCD Ⅰ (2 patients)
RCD Ⅱ:
Ulcerative jejunitis (3 patients)
EATL (4 patients)
Other
Medication induced diarrhea (2 patients)
HIV (1 patient)
Anorectal dysfunction (1 patient)
Lactose intolerance (1 patient)

Poor compliance at
dietary review

Figure 1 Flow chart showing the investigation and diagnoses of the patient cohort. RCD: Responsive celiac disease; SBBO:
������ ������
Small ������
bowel ����������������������
bacterial overgrowth;
EATL: Enteropathy-associated T cell lymphoma�.

ment on a strict GFD, with 27/45 having demonstrable
histological improvement.
Eleven patients were treated successfully for microscopic colitis. Diagnosis was made based on the presence
of diarrhea and typical colonic histological features. All of
these patients underwent simultaneous small bowel biopsy
which was abnormal in 7/11 (64%) cases, mainly with
an isolated intra-epithelial lymphocytosis. No alternative
cause was established on enquiry or testing. These individuals were treated with a combination of mesalazine, loperamide, prednisolone and azathioprine (1-2.5 mg/kg). Five
out of 11 required azathioprine for resolution of symptoms. Three patients suffered a relapse of diarrhea within
2 years; again treated successfully with oral steroids. When
abnormal, patients had comparative improvement in their
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duodenal histology following resolution of symptoms. We
performed a total of 75 colonoscopies in NRCD patients
with diarrhea and found significant lymphocytic infiltration in 15. This included four patients defined as having
RCD who did not show histological or clinical improvement with immunosuppressive treatment.
Nine patients were successfully diagnosed and treated
for bacterial overgrowth with sustained resolution of
symptoms. There have been two relapses both in the same
patient within 2 years; responding on each occasion to
further courses of antibiotic treatment (metronidazole and
ciprofloxacin). Interestingly, one patient was found to have
combined variable immunodeficiency as an underlying
cause for bacterial overgrowth and was referred for immunoglobulin infusions as part of further management.
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Ten patients had normal investigations (all had duodenal biopsy and colonoscopy). This group was reassured
and treated symptomatically for irritable bowel syndrome.
At review after 2 years, 5/10 had continued functional
symptoms with no new positive investigations. One patient had been diagnosed empirically with lactose intolerance. The remaining four patients were symptom free.
Lactose intolerance was diagnosed in six individuals;
all of whom had dramatic symptomatic resolution when
a lactose-free diet was commenced. All of these patients
had primary NRCD.
We identified seven patients with coexisting inflammatory bowel disease (IBD); all of whom were suffering
from ulcerative colitis. The predominant pattern was
proctitis in five patients, and two had sigmoid colitis. Six
responded to 5-ASA therapies, and one required azathioprine to control their IBD. All remained well and no surgical intervention has been required at 2 years follow-up.
After initial assessment and duodenal biopsy, 20 patients were considered to have a high suspicion of RCD.
All of these patients had weight loss and diarrhea and a
history of positive correlative celiac serology. After exhaustive investigation and assessment according to the
United European Gastroenterology Week guidelines[11]
(median duration 5 mo), a firm diagnosis of RCD was
made in 9/20 patients; all of whom had a raised IEL
count (> 20 per 100 enterocytes). Furthermore, all had
marked villous atrophy (Marsh Ⅲ a-c). None of this
group was found to have a positive anti-enterocyte antibody. An alternative and remediable explanation for
symptoms was identified in 11 patients (seven continued
gluten ingestion; three with bacterial overgrowth; and one
with microscopic colitis). RCD may be divided into those
without aberrant T cells (type Ⅰ) and those with aberrant T cells or ulcerative jejunitis (type Ⅱ)[11]. Of the nine
refractory patients, seven had type Ⅱ RCD with positive
clonality by γ TCR PCR. Three had ulcerative jejunitis;
four were found to have or developed an enteropathyassociated intestinal lymphoma, two of whom have subsequently died, one from proven EATL and the other
from suspected EATL (a post-mortem was refused by
the relatives); both survived less than 1 year from diagnosis. The other two patients remain alive; one is on
immunosuppressive medication and the other has been
successfully treated with surgery. The remaining patients
have continued to have symptoms over the follow-up period of 2 years (median 33 mo).
Of the two patients with type Ⅰ RCD, one has died
but we have no information available as to the precise
cause of death, and the other patient has continued to
have symptoms over the follow-up period of 2 years. In
summary 3/9 (33%) patients diagnosed with RCD in our
study have died.
Other diagnoses that were established are listed in
Table 2. A diagnosis was only included if the symptoms
were clearly attributable and symptomatic improvement
occurred with appropriate treatment. Ten patients had
more than one diagnosis established during the study
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Table 2 Summary of established diagnosis in 100 patients
referred to our center with non-responsive celiac disease
Diagnosis

n

Continued dietary gluten
Microscopic colitis
Bacterial overgrowth
Lactose intolerance
Inflammatory colitis
Irritable bowel syndrome
Refractory celiac disease
Type Ⅰ RCD
Type Ⅱ RCD
Anorexia nervosa
Pancreatic insufficiency
Diverticular disease
Medication-induced diarrhea
Combined variable immunodeficiency
Human immunodeficiency virus
Colorectal cancer
Anorectal dysfunction
Incorrect diagnosis of celiac disease

45
11
9
7
7
10
9
2
7
2
2
2
2
1
1
1
1
12

RCD: Responsive celiac disease.

period (median 33 mo). This was largely as a result of
ongoing investigation for additional symptoms during the
study period.
Further assessment of patients’ symptoms was conducted 2 years after their initial evaluation. Overall, four
patients had died, with one from an unrelated cause.
The vast majority (78%) reported being symptom-free
at 2 years. A total of eight patients reported continued
symptoms, with four describing them as moderate or
severe. Those with continued symptoms included four
diagnosed with RCD, two with irritable bowel syndrome
and two with microscopic colitis. Ten patients could not
be contacted.
In the 100 patients with NRCD, 73% had detectable
anti-tissue transglutaminase (tTG) antibodies at varying
titers. There was no statistical correlation between presence of antibodies, antibody titer and the established
cause of NRCD. However, it was noted that 9/20 patients with RCD had positive celiac serological tests.

DISCUSSION
Evaluation of patients referred to us with continued symptoms on a GFD concluded that 12 out of 112 patients
did not actually have CD. The diagnosis of CD might
appear straightforward but this indicates that errors are
still made in clinical practice. The main difficulties appear
to be basing the diagnosis on serology alone; where available tTG and EMA should be tested because these are
most sensitive and specific[19,20]. DQ2/8 HLA typing may
be useful to exclude CD in patients when tTG is negative but villous atrophy is present, and there is doubt over
the diagnosis. In this study, DQ2/8 was not performed
given difficulty in availability; furthermore, it adds little in
patients who have a positive tTG and villous atrophy. In
experienced hands, serology testing is highly specific but,
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there can be discordant results between different laboratories. The limitations of celiac serology have previously
been reported[21]. Accordingly, duodenal biopsy remains
mandatory for a clear diagnosis of CD to be made and
this is supported by current recommendations. We feel
it is important to reassess the initial biopsy, as failure to
orientate the small intestinal mucosal biopsy can result in
a false interpretation of villous atrophy.
When the diagnosis of CD is secure, investigation of
continued symptoms yields a remediable cause in 90%
of cases, with continued gluten ingestion as the leading
diagnosis. This parallels the findings of a previous study
in an NRCD group[6]. In our study, the commonest culprit for inadvertent intake was malted breakfast cereals,
although beer, cooking sauces, pizza, and biscuits - the
latter two of which were clearly labeled as containing
gluten - were also identified as sources of continued gluten ingestion. The diagnosis of continued gluten ingestion was only accepted, if after dietary modification, the
patients’ symptoms were reported to have resolved at a
later follow-up appointment. It is of interest that nearly
half of those failing to adhere to a GFD were aware that
their compliance was suboptimal but withheld this information at initial assessment. It appears that some CD
patients are reluctant to acknowledge that a minor intake
of gluten could account for their continued symptoms. It
is therefore important that appropriate dietary advice is
provided at the outset to avoid unnecessary investigation
at a later date. Celiac societies have a useful role in advising on GFD. However, some patients in our study were
following a recommended GFD but improved when certain “safe” foods were removed from their diet. There has
been considerable debate as to the acceptable safe threshold for gluten in foods, with 200 ppm being initially recommended. Some individuals do appear to suffer ongoing
symptoms with persistent duodenal injury, even with trace
quantities of gluten ingested in certain foods. Therefore, a
lower limit of 20 mg/kg (20 ppm) has been accepted for
labeling of gluten-free foods with 100 mg/kg labeled as
gluten-reduced. These regulations will be introduced in
2012[22]. We advise patients that appear to be exquisitely
sensitive to traces of gluten to adhere to a wheat-free
GFD. This involves avoidance of products that are made
by extraction of wheat proteins from flour because this
process is usually incomplete to some degree, with traces
of residual gluten remaining.
The association of microscopic colitis has been reported in CD patients[6,13]. It has been postulated that the
lymphocytic infiltrate is part of the same autoimmune
pathogenesis that is seen in the small bowel and that this
infiltrate improves with a GFD. Similarly, microscopic
colitis appears to be linked with RCD, which again suggests an aberrant immunological process. In our study,
we suggest that there may have been an overlap between
the groups diagnosed with microscopic colitis and RCD.
It may be difficult to differentiate the two conditions,
especially when duodenal abnormalities are marked. We
based our diagnosis on the predominant abnormality be-
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tween colonic and duodenal histology, severity of clinical
manifestations, and the response to treatment. In practice, once lymphoma has been exhaustively excluded, the
management of resistant symptoms may be largely similar
with recourse to immunosuppressive therapy. Treatment
of microscopic colitis is currently suboptimal but overall,
the natural history is benign. We do not attempt here to
discuss the validity of treatments for microscopic colitis
in CD; only that sustained symptomatic improvement
was achieved in these cases. In our experience, a trial of
oral mesalazine may prove sufficient, although this is
frequently ineffective. Following this, moderate-dose oral
systemic steroids (20 mg/d prednisolone) usually provides
rapid complete symptomatic response. The dose should
be tapered gradually, although in a few cases it may be
necessary to maintain 5-7.5 mg/d; in such instances, azathioprine as a steroid-sparing agent should be considered.
SBBO is associated with CD and is probably underdiagnosed[23]. The mucosal abnormalities may theoretically disrupt the innate defenses of the small intestine
and predispose to this condition. In our study, patients all
responded to antibiotic therapy but relapse was common.
A second longer course of rotating antibiotic therapy
was prescribed, which appeared to eradicate symptoms in
the long term. If suspected, the diagnosis can be difficult
to confirm, either by duodenal aspiration or breath test
because these tests have a low sensitivity and specificity[15]. The duodenal histology may be normal, abnormal
or exhibit patchy changes that are difficult to detect[24].
Treatment may be reasonably advised empirically if this
diagnosis is suspected[23]. Although there is minimal data
from clinical trials, it is our practice to treat patients with
ciprofloxacin 250 mg twice daily, rotating fortnightly
with metronidazole 200 mg three times daily for 3 mo.
Symptomatic response is assessed to determine success
of treatment. Duration of treatment depends on the
conviction that SBBO is the underlying course. In our experience, patients may require treatment with alternating
antibiotics for up to 4 mo if symptoms are resistant or
recur after discontinuation of a short course of empirical
antibiotics.
Acquired lactose intolerance is widely recognized to
be a potential problem in CD. Exclusion of dairy produce
is often recommended in the first 3-6 mo of GFD to
allow disruption of the brush-border disaccharidase activity to recover. IBD can coexist with CD, because both
are common and not mutually exclusive. One study has
previously reported an increased incidence of IBD in patients with CD compared with the general population[25].
Two patients in our cohort had evidence of concomitant
pancreatic insufficiency. Abnormal exocrine function, as
tested with fecal elastase, was demonstrated in 13 (42%)
subjects in one series of 31 CD patients, although only in
three was this clinically significant[26]. A trial of treatment
with pancreatic supplements may be advisable in those in
whom pancreatic insufficiency is suspected.
Continued symptoms in CD patients may be functional because the symptoms are often indistinguish-
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able[27]. In 10% of our NRCD patients, further investigations, including duodenal biopsy, were normal and the
symptom pattern was consistent with standard criteria
for irritable bowel syndrome. It is possible that the original symptoms at presentation were functional and that
the CD was an incidental diagnosis. Additionally, a GFD
frequently fails to provide adequate fiber intake that may
exacerbate constipation and symptoms of irritable bowel
syndrome, for which we advise supplementary fiber with
either an ispaghula or psyllium seed husk preparation.
Clearly, the GFD should be continued if the diagnosis of
CD has been confirmed. Patients with CD may also suffer from a range of other conditions that affect the general population and they should be investigated accordingly. It is not satisfactory to attribute any subsequent
symptoms to a previous diagnosis of CD, particularly in
cases in which symptoms initially responded to a GFD.

Non-responsive celiac disease
≥ 1 yr symptoms
Any severe symptoms
Check diagnosis of celiac disease
Ensure compliance with GFD

Repeat small bowel biopsy

Normal

Diarrhea
Tests:
colonoscopy
tests for: SBBO
lactose intolerance
pancreatic
insufficiency
or empirical
treatment

Responsive celiac disease
In our study of NRCD, nine patients were characterized
as having RCD. Three were diagnosed with intestinal
lymphoma, but one survived following treatment. At
2 years, 3/9 had died (33%), which is comparable to preexisting cohorts[9,28]. There are no controlled trials but
there are reports of symptomatic improvement with use
of oral steroids and azathioprine. It is our practice to
manage RCD and ulcerative jejunitis with moderate-dose
prednisolone (20 mg/d), with initiation of azathioprine as
a steroid-sparing agent (2-2.5 mg/kg). The steroid dose is
tapered according to symptomatic response. We continue
to monitor for the development of EATL. It is our practice to repeat duodenal biopsy after 4-6 mo to assess the
small bowel inflammation and correlate this to ongoing
symptoms and treatment.

Moderate/
severe abnormal
Marsh Ⅲ/Ⅳ
Weight loss

Review GFD

CT abdomen
small bowel
imaging
IEL studies

Re-educate GFD

Figure 2 Algorithm for investigating non-responsive celiac disease. Moderate to severe abnormalities were defined by villous atrophy (Marsh Ⅲa-c, or
[20]
Ⅳ) . GFD: Gluten-free diet; SBBO: Small bowel bacterial overgrowth; IEL:
Intraepithelial lymphocytes; CT: Computed tomography.

expect, and microscopic colitis. This is reassuring in that
NRCD has a good prognosis if evaluated and managed
appropriately.
Investigation algorithm
This algorithm (Figure 2) has been used as a basic guide
in the investigation of patients referred to our institution with NRCD. It reflects the pivotal role of repeat
duodenal biopsy. It recognizes that mild histological
abnormalities are more likely to indicate continued trace
gluten intake or be present in the context of a secondary
diagnosis. More severe histological changes or significant
weight loss warrant more urgent investigation for RCD
or intestinal lymphoma. In our study, all nine patients
with RCD had significant weight loss and severe histological abnormalities on duodenal biopsy.
The management of NRCD depends on confirming the diagnosis of CD and establishing a cause for the
symptoms, which should be possible in 90% of cases.
We suggest that those with RCD should be evaluated
for lymphoma and subsequently managed with immunosuppressive therapy. Alternative strategies involving
treatment with cyclosporine[31], cladribine[32], or fluadribine and melaphan, stem cell transplantation for type Ⅱ
RCD[33] have been reported, although their use is not
generally accepted. Continued gluten ingestion accounts
for 45% of persistent symptoms in patients with CD
and a thorough and honest dietary assessment should be
encouraged. Microscopic colitis and SBBO are impor-

Celiac serology
We test for serum IgA EMA and tTG antibodies in all
patients with suspected CD, because these are the most
sensitive and specific. We also test for IgA deficiency
because this is over-represented in CD patients and can
lead to a false-negative EMA result. We no longer recommend using anti-gliadin antibody testing because of poor
specificity[19]. Initial reports have suggested that celiac serology is a good indicator of response to GFD[29]. However, a further study has indicated that serology correlates
poorly with histological recovery[30]. In our experience of
NRCD, there was a high rate of low titer positive serology and this disappointingly failed to correlate with specific causes. Although celiac antibody testing should be
performed routinely in symptomatic CD, we do not feel
that this should deter further investigation of the nonresponsive patient.
Prognosis at two years
We have followed up this group of NRCD patients to
provide information on longer-term outcome of NRCD.
Only eight patients reported continued symptoms after
2 years, which included patients with RCD, as one might
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tant causes of persistent ongoing symptoms that should
respond to treatment. The longer-term prognosis of
NRCD is good, with a 90% prospect of sustained symptom resolution.

11
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BRIEF ARTICLE

Second-line therapy for gemcitabine-pretreated advanced
or metastatic pancreatic cancer
Romain Altwegg, Marc Ychou, Vanessa Guillaumon, Simon Thezenas, Pierre Senesse, Nicolas Flori, Thibault Mazard,
Ludovic Caillo, Stéphanie Faure, Emmanuelle Samalin, Eric Assenat
a second-line therapy among 206 patients who had
initially received first-line treatment with a gemcitabine-based regimen. Median number of cycles was 4
(range: 1-12) and the median duration of treatment
was 2.6 mo (range: 0.3-7.4). The overall disease control rate was 40.0%. The median overall survival and
progression-free survival from the start of second-line
therapy were 5.8 (95% CI: 4.1-6.6) and 3.4 mo (95%
CI: 2.4-4.2), respectively. Toxicity was generally acceptable. Median overall survival of patients with a CA 19-9
level declining by more than 20% was 10.3 mo (95%
CI: 4.5-11.6) vs 5.2 mo (95% CI: 4.0-6.4) for others
(P = 0.008).
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CONCLUSION: A large proportion of patients could
benefit from second-line therapy, and CA 19-9 allows
efficient treatment monitoring both in first and secondline chemotherapy.
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Abstract

Key words: Second-line; Chemotherapy; Pancreatic cancer; Gemcitabine; Carbohydrate antigen 19-9

AIM: To investigate second-line chemotherapy in gemcitabine-pretreated patients with advanced or metastatic pancreatic cancer [(frequency, response, outcome,
course of carbohydrate antigen 19-9 (CA 19-9)].
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METHODS: This retrospective study included all patients with advanced or metastatic pancreatic cancer
(adenocarcinoma or carcinoma) treated with secondline chemotherapy in our center between 2000 and
2008. All patients received first-line chemotherapy with
gemcitabine, and prior surgery or radiotherapy was
permitted. We analyzed each chemotherapy protocol
for second-line treatment, the number of cycles and
the type of combination used. The primary endpoint
was overall survival. Secondary endpoints included pro
gression-free survival, response rate, grade 3-4 toxicity,
dosage modifications and CA 19-9 course.

INTRODUCTION
Pancreatic cancer is the tenth most common cause of
cancer in the United States and the fourth leading cause

RESULTS: A total of eighty patients (38%) underwent
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of cancer death, with an estimated 42 000 new cases and
35 000 associated deaths in 2009[1]. In France, over 7200
patients were diagnosed with a pancreatic cancer in 2008,
and almost the same number died from their disease[2].
At the time of diagnosis, most of patients present with
advanced or metastatic pancreatic cancer, thereby precluding surgical resection[3]. Gemcitabine has been considered
as the standard treatment for advanced pancreatic cancer
ever since a randomized trial demonstrated significant
improvement in survival and clinical benefit over 5-FU[4].
However, its efficacy remains moderate with median
overall survival (OS) times ranging from 5 to 8 mo, and
one-year survival rates varying between 17% and 25%.
Numerous studies have attempted to increase efficacy
of chemotherapy by combining gemcitabine with other
drugs, but most of the regimens evaluated in phase Ⅲ trials failed to show any improvement in overall survival[5-18].
Only one randomized trial[6] (n = 569 patients) comparing
gemcitabine alone vs gemcitabine combined with erlotinib
showed a modest but significant increase in OS in the
erlotinib arm (6.2 mo vs 5.9 mo, P = 0.025). Actually, the
rate of patients receiving second-line chemotherapy varied from 16% to 57% in the trials evaluating a gemcitabine-based combination therapy[7-18]. This difference can
be explained by both the deterioration in performance
status after gemcitabine and the absence of recommended standard treatment in second-line[19]. Despite limited
clinical data in this situation, a phase Ⅱ trial comparing
oxaliplatin/folinic acid/5-FU (OFF) combination vs best
supportive care as second-line treatment in gemcitabinepretreated patients with advanced pancreatic cancer show
ed substantial benefit in the chemotherapy arm, with an
overall survival prolonged by 2.6 mo (P = 0.008)[20].
Serum carbohydrate antigen 19-9 (CA 19-9), the sialyted Lewis blood group antigen defined by the monoclonal antibody 1116 NS 19-9[21], is the most common
tumor marker in Europe and in the United States for patients with pancreatic cancer, both as a prognostic factor
and an early marker of response to treatment. To date,
the reliability and prognostic value of CA 19-9 levels to
monitor first-line chemotherapy of advanced pancreatic
cancer patients is well established[3].
In this context, this study aimed to describe the frequency of gemcitabine-pretreated patients with advanc
ed or metastatic pancreatic cancer receiving second-line
chemotherapy, their overall survival and progression-free
survival. We also investigated response rates, outcome
and potential correlations between the level and course
of CA 19-9 and survival.

followed by 1 wk of rest; thereafter, gemcitabine was
given once weekly for 3 wk followed by 1 wk of rest until
progression of disease. Prior surgery or radiotherapy for
local disease was permitted. All patients’ medical records
were registered within a computerized database [following national registry council (CNIL) authorization]. While
there was no standard treatment used in second line,
the treatment decision regarding a second-line therapy
was systematically made by a multidisciplinary oncology
committee according to the performance status, age and
comorbidities.
Methods
We assessed each second-line chemotherapy protocol for
the duration, the number of cycles and the type of drug
combinations. The primary endpoint was OS. Secondary
endpoints included progression-free survival (PFS), response rates, grade 3-4 toxicity, dosage modifications and
CA 19-9 course. We stratified overall survival and progression-free survival according to the response to gemcitabine treatment (duration of treatment ≥ or < 4 mo)
and the performance status (0-1 vs 2-3). Response rates
and disease progression were evaluated after 2 mo of
treatment by Response Evaluation Criteria in Solid Tumors[22] and clinical examination. Toxicity was assessed
at every visit using the National Cancer Institute Common Toxicity Criteria v.2.0 (CTC AE v2.0). The CA 19-9
levels were determined from serum samples collected at
baseline (maximum one month before starting treatment)
and at final treatment evaluation. A value of 60 IU/mL
was accepted as the upper limit of normal. A reduction
in CA 19-9 level was considered as relevant when serum
concentrations decreased by more than 20% after the com
pletion of treatment.
Statistical analysis
In this retrospective study, information relating to identification, treatment, available biological material, surgery,
response to therapy and outcome were collected for each
patient. The primary objective was to evaluate the efficacy of a variety of second-line regimens in a large series
of advanced pancreatic adenocarcinoma after first-line
treatment with a gemcitabine-based regimen. Categorical variables were reported by contingency tables. Conti
nuous variables were expressed as medians and ranges.
The objective response rate was presented with a 95%
CI. Survival rates and median values were estimated according to the Kaplan-Meier method. Patients alive at
the tie of analysis were censored at their last follow-up
examination. Overall survival duration was measured
from the date of first infusion until death from any
cause. Progression-free survival duration was calculated
from the date of first infusion until the first disease
progression. Survival curves were drawn, and the log
rank test was performed to assess differences between
groups. All reported P values are two-sided. For all statistical tests, differences were considered as significant at
the 5% level. Statistical analyses were performed using
the STATA 9.0 software.

MATERIALS AND METHODS
Patients
This retrospective study included all adult patients with
an advanced or metastatic histologically proven pancrea
tic cancer (adenocarcinoma or carcinoma) initially treated
with gemcitabine in our center between 2000 and 2008.
All patients received first-line chemotherapy with gemcitabine at a dose of 1000 mg/m2 once weekly for 7 wk
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Table 1 Baseline patient characteristics in second line therapy

Table 2 Treatment regimens in second line n (%)

Clinical features

Groups of chemotherapy

Patients

Cisplatin group
LV5FU2-CDDP
Irinotecan group
FOLFIRI
XELIRI
Oxaliplatin group
GEMOX
FOLFOX
Other group
5-FU alone
Gemcitabine + erlotinib
Gemcitabine + capecitabine
Capecitabine
5-FU + CDDP + RT

23 (28.8)
23 (28.8)
22 (27.5)
12 (15.0)
10 (12.5)
21 (26.2)
13 (16.2)
8 (10.0)
14 (17.5)
3 (3.7)
4 (5.0)
3 (3.7)
1 (1.2)
3 (3.7)

Sex
Male
Female
Median age (yr)
Histological diagnosis
OMS
0
1
2
3
Presence of primary tumor
Gemcitabine
Median number of cycle
Median duration (mo)
Duration ≥ 4 mo
Metastatic disease
Hepatic
Peritoneal
Nodal
Pulmonary
Carbohydrate antigen 19-9
Initial median concentration (IU/mL)
Elevated (> 60 IU/mL)

80 patients
38
42
61.0
67 (83.8)
31 (38.7%)
40 (50.0%)
7 (8.8%)
2 (2.5%)
55 (68.8%)
3.0 (1.0-12.0)
3.3 (0.5-18.9)
29 (36.2%)
77 (96.3%)
70.1%
29.9%
23.4%
16.9%

LV5FU2-CDDP: Folinic acid 400 mg/m², 5-FU bolus 400 mg/m², 5-FU 2400
mg/m² over 46 h and cisplatin 50 mg/m² on day 2, every 2 wk; FOLFIRI:
Irinotecan 180 mg/m², folinic acid 400 mg/m², 5-FU bolus 400 mg/m², 5-FU
2400 mg/m² over 46 h, every 2 wk; XELIRI: Irinotecan 240 mg/m² and
capecitabine po 2000 mg/m² J2-J15 every 3 wk; GEMOX: Gemcitabine 1000
mg/m² J1 and oxaliplatine 100 mg/m² J2, every two weeks; FOLFOX: Oxaliplatine 85 mg/m², folinic acid 400 mg/m², 5-FU bolus 400 mg/m², 5-FU
2400 mg/m² over 46 h, every 2 wk; 5-FU alone: 5-FU 250 mg/m² every day
as continuous infusion; Gemcitabine + erlotinib: Gemcitabine 1000 mg/m
² weekly X 7 for 8 wk then weekly X 3 out of 4 wk plus either erlotinib 100
mg po daily; Gemcitabine + capecitabine: Gemcitabine 1000 mg/m² weekly
X 3 for 4 wk and capecitabine 1600 mg/m² J1-J21; Gapecitabine: 2500 mg/
m² weekly X 2 for 3 wk; 5-FU + CDDP + RT: 60 Gy in 6 wk, 2 Gy/fraction,
concomitant with 5-FU 300 mg/m2 per 24 h as a continuous infusion, day 1-5
every week and cisplatin 20 mg/m2 per day, day 1-5 at week 1 and 5.

741 (2.0-> 2000)
57 (89.1%)

Data are expressed as median values (range).

RESULTS
Patient characteristics
Baseline characteristics of the study population are detailed in Table 1. Of 206 patients receiving a first-line
gemcitabine-based treatment for advanced or metasta
tic pancreatic cancer, 80 patients (38%) underwent a
second-line therapy between January 2000 and May 2008.
The median age was 61 years (range 36-81 years), and
38 patients were male (47.5%). The diagnosis of cancer was histologically confirmed in 67 patients (83.8%).
Thirty-seven patients had undergone surgery including
a pancreatoduodenectomy (n = 25) and palliative operation (n = 12) before first-line chemotherapy. Three other
patients had received external radiation therapy. An endo
scopic biliary prosthesis had been inserted prior to chemotherapy in eight patients. All patients received firstline chemotherapy with gemcitabine, with a median of
3 cycles (range: 1-12) and a median duration of 3.3 mo.
Twenty-nine patients (36.2%) were treated for more than
4 mo. A total of 77 patients (96.3%) had evidence of
metastatic disease, for most of them localized in the liver
(70.1%). Despite the advanced stage of disease, patients
generally showed good performance status before initiating second-line treatment, the WHO PS was of 0-1 in 71
patients (88.7%) and ≥ 2 in nine patients (11.3%).
From the CA 19-9 analyses performed in 64 patients,
fifty-seven (89.1%) showed an elevated level, and initial
median serum concentration was 741.5 IU/mL (range:
2-2000 IU/mL).

Table 3 Chemotherapy regimens in second line
Cisplatin Irinotecan Oxaliplatin
group
group
group
Number of
patient
Median number
of cycle
Median duration
of treatment (mo)
Disease control
rate
OS (mo)
PFS (mo)

21
14
(26.3%)
(17.5%)
4.0
2.0
(1.0-12.0) (1.0-5.0)
2.3
2.3
(0.6-7.1) (0.3-7.4)
9
4
(42.9%)
(28.6%)
4.5
5.2
(2.6-9.6) (3.8-15.8)
2.6
2.4
(1.8-5.4) (2.1-10.1)

P value
NS
NS
NS
NS
NS
NS

OS: Overall survival; PFS: Progression-free survival; NS: Not significant.

was 4 (range: 1-12) and the median duration of treatment
was 2.6 mo (range: 0.3-7.4).
All treatment regimens are described in Table 2. Different drug combinations were used in second-line. Twen
ty-three patients (28.8%) received a treatment with cisplatin (cisplatin group), 22 patients (27.5%) with irinotecan
(irinotecan group) and 21 patients (26.3%) with oxaliplatin (oxaliplatin group). Fourteen patients (17.5%) were
given other treatment, including a single agent for four of
them. The duration of treatment did not significantly differ between groups (Table 3).

Treatment
The median number of second-line chemotherapy cycles
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23
22
(28.8%)
(27.5%)
5.0
5.0
(1.0-10.0) (1.0-12.0)
2.7
3.2
(0.5-6.9) (0.3-7.4)
10
9
(43.5%)
(40.9%)
6.7
4.5
(3.2-9.3) (3.2-6.4)
4.1
3.0
(1.9-6.7) (2.0-6.1)

Other
group
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Survival rate (%)

A

citabine as first-line therapy (29 patients) and 4.2 mo
(95% CI: 3.2-5.9 mo) in those treated less than 4 mo (51
patients) (P = 0.046). The one-year PFS rates were 10.0%
and 4.0%, respectively.

100

75

50

Toxicity and dosage modifications
Toxicity was generally acceptable. The incidence of severe adverse events (grade 3-4) is reported on Table 4.
Twenty-seven patients (33.7%) experienced at least one
grade 3-4 toxic event. Neutropenia was the most frequent
haematological toxicity, occurring in 14 patients (17.1%).
There were 5 chemotherapy-related deaths. Two deaths
were attributed to sepsis, and three to a combination of
cancer and treatment-related complications. There was
no difference in the incidence of toxicity and treatmentrelated deaths between the four chemotherapy groups
(Table 5).
Forty-one patients (51.3%) had dosage modifications,
including treatment suppression for 7 patients, dose reduction for 17 patients and cycle delay for 33 patients. Dose
reductions were caused by haematological (9 patients,
53%) or clinical toxicities (8 patients, 47%) (Table 6).
In thirty-one patients (41.3%), the chemotherapy was
discontinued before evaluation because of disease progression (74.2%), toxicity (9.7%) or death (16.1%). There
was no significant difference between groups for dose
modification and chemotherapy discontinuation before
evaluation.

25

0
12

24

36

48

t /mo

Survival rate (%)

B

100
75
50
25
0
6

12

18

24

30

36

t /mo

Figure 1 Survival from the start of second-line therapy. A: Overall survival;
B: Progression-free survival.

Response and survival
There was no complete response. Six patients (7.5%) ach
ieved a partial response, 26 patients (32.5%) a disease
stabilisation, 44 patients (55.0%) experienced disease progression and 4 patients could not be assessed. The overall
disease control rate (complete response, plus partial response, plus stable disease) was 40.0% (median follow-up
was 6.0 mo).
The median OS from the start of second-line therapy
was 5.8 mo (95% CI: 4.1-6.6 mo). The 1-year and 2-year
OS rates were 13.6% (95% CI: 6.9-22.7 mo) and 6.1%
(95% CI: 2.0-13.5 mo), respectively (Figure 1A). The median PFS from the start of second-line therapy was 3.4
mo (95% CI: 2.4-4.2 mo). The one-year and two-year PFS
rates were 6.0% (95% CI: 1.8-13.9 mo) and 4.0% (95%
CI: 0.8-11.5 mo), respectively (Figure 1B). There was no
significant difference between the four chemotherapy
groups for overall disease control rates, overall survival
and progression-free survival (P > 0.05) (Table 3).
The median OS was 6.3 mo (95% CI: 4.3-7.2 mo)
in patients with a performance status of 0-1 (71 patients) vs 1.8 mo (95% CI: 0.3-5.9 mo) in patients with
a PS > 1 (9 patients) (P < 0.001). The one-year OS
rates were 16.0% and 0%, respectively. The median
PFS was 3.4 mo (95% CI: 2.6-4.9 mo) in patients with
a performance status of 0-1 vs 2.1 mo (95% CI: 0.5-3.0
mo) in patients with a PS > 1 (P = 0.004). The one-year
PFS rates were 7.0% and 0%, respectively.
The median OS times were 7.2 mo (95% CI: 4.5-10.5
mo) in patients treated for more than 4 mo with gem-
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Carbohydrate antigen 19-9 measurement and survival
Reduction in CA 19-9 levels during treatment was associated with improved survival. The median OS was significantly higher in patients whose level of CA 19-9 declined
by more than 20% when compared to other patients 10.3
mo (95% CI: 4.5-11.6) vs 5.2 mo (95% CI: 4.0-6.4) (P =
0.008) (Figure 2A). In this subgroup of patients, the median PFS was 6.7 mo (95% CI: 3.3-8.8 mo) vs 3.4 mo (95%
CI: 2.6-4.2 mo) (P = 0.031) (Figure 2B). All patients who
experienced a CA 19-9 reduction > 20% achieved disease
control (3 partial responses and 5 cases of stable disease).

DISCUSSION
If gemcitabine-based chemotherapy is the current standard of care for first-line treatment of advanced pancreatic cancer, there are limited data to support a standard
second-line chemotherapy regimen[23]. Indeed, the true
survival benefit from first-line therapy is small, and few
patients can endure a second line as their performance
status deteriorates with disease progression. In our study,
the rate of patients treated with second-line chemotherapy was 38.8%, in accordance with most published
data regarding gemcitabine-pretreated pancreatic cancer
(16%-57%). Median overall survival from the start of
second-line setting was 5.8 mo (4.1-6.6 mo), and median progression-free survival was 3.4 mo (2.4-4.2 mo).
These results are similar to those obtained in first-line
with gemcitabine by Burris et al[4] or Heinemann et al[9].
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Table 4 Toxicity, dosage modifications and chemotherapy
discontinuation n (%)
Patients
3 (3.7)
5 (6.2)
2 (2.4)
1 (1.2)
6 (7.5)
6 (7.5)

100
75

Ev. Ca 19-9: decrease
Ev. Ca 19-9: stable

P = 0.008

50
25
0
12

24

36

t /mo

2 (2.4)
14 (17.1)
1 (1.2)
41 (51.3)
7 (17.1)
17 (41.5)
33 (80.5)
31 (41.3)
23 (74.2)
3 (9.7)
5 (16.1)

B

100

Survival rate (%)

Clinical toxicity grade 3-4
Nausea
Vomiting
Diarrhea
Stomatitis
Fever
Infection
Haematological toxicity grade 3-4
Anemia
Neutropenia
Thrombocytopenia
Dosage modifications
Type
Treatment suppression
Dose reduction
Delay of cycle
Discontinuation before evaluation
Progressive disease
Toxicity
Chemotherapy-related deaths

A
Survival rate (%)
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75

Ev. Ca 19-9: decrease
Ev. Ca 19-9: stable

P = 0.031

50
25
0
6

12

18

24

30

t /mo

Table 5 Toxicity for chemotherapy groups n (%)

Figure 2 Overall survival and carbohydrate antigen 19-9 evolution in second line. A: Overall surviva; B: Progression-free survival. Ev. Ca 19-9: Course

Cisplatin Irinotecan Oxaliplatin Other P
group
group
group
group value
Clinical toxicity grade
3-4
Nausea
Vomiting
Diarrhea
Fever
Infection
Haematological toxicity
grade 3-4
Anemia
Neutropenia
Thrombocytopenia

0
2 (9.1)
1 (4.5)
0
0

0
0
1 (5.6)
4 (22.3)
3 (16.7)

3 (14.3)
2 (9.5)
0
1 (4.8)
3 (14.3)

0
1 (5.3)
0
1 (5.3)
0

NS
NS
NS
NS
NS

0
6 (27.3)
1 (4.5)

1 (5.6)
6 (33.4)
0

1 (4.8)
2 (9.5)
0

0
0
0

NS
NS
NS

of carbohydrate antigen 19-9.

patients with good performance status can benefit from
second-line chemotherapy after first-line gemcitabinebased treatment, with appreciable overall and progression-free survivals. This retrospective study included a
large population, while most of data published over the
last ten years involved relatively small samples in monotherapy (from 13 to 52 patients) as well as in bitherapy
(from 12 to 46 patients)[24]. The disease control rate was
40%, as described by many authors for both monothe
rapy and bitherapy regimens, and median overall and
progression-free survivals were superior to those reported in monotherapy studies, but were not different from
bitherapy[24].
In daily practice, second-line therapies are regularly
used in gemcitabine-pretreated patients with pancreatic
carcinomas, but the efficacy and benefit in terms of survival or quality of life have never been validated. A randomized phase Ⅲ trial conducted in second line was presented by Pelzer et al[25]. One hundred and sixty-five gemcitabine-pretreated patients with pancreatic cancer were
randomly assigned to receive either FF (5-FU 2 g/m²
for 24 h plus folinic acid or leucovorin 200 mg/m² on
days 1, 8, 15 and 22) or OFF (FF plus oxaliplatin 85
mg/m² on days 8 and 22). Median overall survival and
progression-free survival were significantly improved with
OFF protocol (20 wk vs 13 wk, P = 0.014; and 13 wk vs
9 wk, P = 0.012, respectively), with an acceptable tolerance profile. This study illustrated the effectiveness of
this protocol which may become the standard second-line
therapy. Currently, the National Comprehensive Cancer
Center pancreatic cancer guidelines encourage the participation of patients with satisfactory performance status in

NS: Not significant.

Table 6 Dose reduction n (%)
Dose reduction
Neutropenia grade 2 or 3-4
Thrombocytopenia grade 2
Hand-foot skin reaction grade 2
Neuropathy grade 2
Diarrhea grade 3-4

Patients
5 (6.2)
4 (5.0)
5 (6.2)
2 (2.4)
1 (1.2)

Moreover, patients with good performance status (0-1)
and who had benefited from gemcitabine chemotherapy
in first line (duration of treatment ≥ 4 mo) had a significantly greater duration of overall survival than those
who had not (6.3 mo vs 1.8 mo, P < 0.001; and 7.2 mo
vs 4.2 mo, P = 0.046, respectively). The rate of grade 3-4
toxicity was determined to be 33.7% (27 patients), but
there were no unexpected side effects. Consequently, our
experience demonstrates that a selected population of
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diagnosis, and cannot benefit from surgery. Gemcitabine-based chemotherapy
is the standard treatment in first-line, but there are limited data to support standard second-line chemotherapy.

clinical trials, and recommend the use of oxaliplatin and
fluoropyrimidine if enrolment in trials is not possible[26,27].
Finally, the XELOX regimen[28] showed comparable efficacy to FOLFOX (or OFF) regimen, while offering the
advantage of oral fluoropyrimidine treatment. Even so,
more large randomized controlled trials are required in
second line before a new standard of care can be established.
Interestingly, the CA 19-9 measurement was correlated with OS and PFS in our study. Patients whose
level of CA 19-9 declined by more than 20% had a significantly greater duration of survival. The prognostic
value of CA 19-9 level and course is well established for
patients with pancreatic cancer treated with surgery[29-31],
radiotherapy and chemoradiotherapy[32,33]. Some studies
also correlated the level and the course of CA 19-9 with
OS and PFS of pancreatic cancer patients treated with
gemcitabine as first-line chemotherapy[3,34-36]. These studies showed improved median OS for patients with a decrease of CA 19-9 > 20% after two months of treatment
with gemcitabine. Saad et al[37] reported an increase in the
median OS for patients with a reduction of CA 19-9 at
any time after treatment. In second-line, only one study
demonstrated that a CA 19-9 value > 400 IU/mL was a
significant independently negative prognostic factor[38]. To
our knowledge, it was the second report which showed a
correlation between OS and CA 19-9 course[39], and the
first report for PFS and CA 19-9 course in second-line
chemotherapy for gemcitabine-pretreated patients with
pancreatic cancer.
In summary, treatment of metastatic pancreatic cancer
remains a major challenge and requires new chemotherapeutic and targeted agent combination to be compared
to gemcitabine in first-line. It should be noted that a new
therapeutic alternative could merge in first-line for selected patients according to the recent results obtained in
a randomized Phase Ⅲ study comparing FOLFIRINOX
regimen to gemcitabine[40]. A significant longer overall
survival, progression-free survival, and higher response
rates were obtained with FOLFIRINOX than with gemcitabine alone, associated with manageable toxicities.
The present study focused on second-line therapy in
gemcitabine-pretreated patients with advanced pancreatic
cancer. From our experience, second-line chemotherapy
is a valuable treatment option after progression on gemcitabine-based regimen, because 30% to 40% of patients
could benefit from this therapy, especially those with
good performance status (1-2) and who gained benefit
from first-line therapy. Further randomized clinical trials
are necessary to provide a standard treatment in this situation. Additionally, measurement of the CA 19-9 level
was confirmed to be an efficient marker for treatment
monitoring in first-line as well as in second-line treatment.

Research frontiers

In practice, second-line therapies are regularly used in gemcitabine-pretreated
pancreatic carcinomas, but the efficacy and benefit in terms of survival or quality of life have never been validated. Most of published studies in second line
involved small samples, in monotherapy as well as in bitherapy.

Innovations and breakthroughs

In our study, the rate of patients treated with second-line chemotherapy was
38.8%, and median overall and progression-free survivals from the start of
second-line were similar to those obtained in first-line with gemcitabine. Carbohydrate antigen 19-9 (CA 19-9) course was correlated with prolonged overall
and progression-free survival.

Applications

Second-line chemotherapy is a valuable treatment option after progression on
gemcitabine-based regimen, because 30% to 40% of patients could benefit
from this therapy. Measurement of the CA 19-9 level was confirmed to be an
efficient marker for treatment monitoring, in first-line as well as in second-line
treatment.

Peer review

The study is very interesting because there is no consensus about second-line
therapy after disease progression while patients are receiving gemcitabine. The
paper is well written. However, the authors should revise several points in the
entire text.
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BRIEF ARTICLE

Post-cholecystectomy symptoms were caused by
persistence of a functional gastrointestinal disorder
Malte Schmidt, Karl Søndenaa, John A Dumot, Steven Rosenblatt, Trygve Hausken, Maria Ramnefjell,
Gro Njølstad, Geir Egil Eide
METHODS: One hundred and fifty three patients with
a clinical and ultrasonographic diagnosis of gallstones
filled out a structured questionnaire on abdominal
pain symptoms and functional gastrointestinal disorder
(FGID) before and at six months after cholecystectomy.
Symptom frequency groups (SFG) were categorized
according to frequency of pain attacks. According to
certain pain characteristics in gallstone patients, a gallstone symptom score was accorded on a scale from
one to ten. A visual analogue scale was used to quantify pain. Operative specimens were examined for size
and magnitude of stone contents as well as presence
of bacteria. Follow-up took place after six months with
either a consultation or via a mailed questionnaire. Results were compared with those obtained pre-operatively to describe and analyze symptomatic outcome.
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RESULTS: SFG groups were categorized as severe
(24.2%), moderate (38.6%), and mild (22.2%) attack
frequency, and a chronic pain condition (15%). Pain
was cured or improved in about 90% of patients and
two-thirds of patients obtained complete symptom relief. Patients with the most frequent pain episodes were
less likely to obtain symptom relief. FGID was present
in 88% of patients pre-operatively and in 57% postoperatively (P = 0.244). Those that became asymptomatic or improved with regard to pain also had most
relief from FGID (P = 0.001). No pre-operative FGID
meant almost complete cure.
CONCLUSION: Only one third of patients with FGID
experienced postoperative relief, indicating that FGID
was a dominant cause of post-cholecystectomy symptoms.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Gallstone symptoms; Functional gastrointestinal disease; Cholecystectomy; Post-cholecystectomy
symptoms

AIM: To classify gallstone disease as a basis for assessment of post-cholecystectomy symptoms.
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characteristics and functional abdominal symptoms before and at six months after surgery. The questionnaire
was assembled after a large experience with pre-operative
interviews in two randomized trials and modeled as a
simplified version of the Rome Ⅱ questionnaire[16,17].
Symptoms were classified according to appearance ranging from never to almost always in four steps: never,
occasionally, very often, and almost always. Only those
symptoms that were present more than 50% of the time
(i.e. the last two) was counted as a positive answer (Table 1).
Follow-up was conducted at the outpatient clinic for
all Norwegian patients at six months at which time the
questionnaire was filled out. The American patients were
mailed the questionnaire for logistic reasons.
Gallstone pain attacks were categorized as symptom
frequency groups (SFG) according to the frequency experienced during the last three months. Patients that were
unable to define exact time periods for pain attacks or
had a dominant pattern of ubiquitous pain or had symptoms dominated by severe nausea or food intolerance
were classified as a chronic symptom group.
A visual analogue scale score (VAS) was used to quantify the severity of pain in the symptom questionnaire. A
100 mm long horizontal line was to be marked vertically
at the point consistent with the pain experienced by the
patient. The left end was marked “No pain” and the right
end “Unbearable pain”.
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INTRODUCTION
It is commonly accepted that removal of the gallbladder
is the best treatment for symptomatic gallstone disease.
However, less focus has been on patient selection and
typical or common symptoms of this disease in order
to understand prevailing symptoms after surgery[1-4]. Although disease severity has been used[5-7], these efforts
have not been united into useful and widely accepted
working terms for preoperative clinical use and outcome
assessment. As a consequence, the indication for cholecystectomy is sometimes vague and assessment of outcome suffers accordingly[8].
Pain is a key element in gallstone symptoms but pain
is a general symptom. Therefore pain characteristics and
additional symptoms reported in classical descriptions of
the disease has expanded the interpretation[9-11]. Functional gastrointestinal disorder (FGID) is quite common in
the population and the two diseases often appear together[12]. FGID may go away or appear more distinct to the
patient after cholecystectomy and thus distort the sense
of postoperative relief. Up to 30% of patients have some
symptoms following cholecystectomy[13,14]. No consistent
physiological substrate for such pain has been documented[2]. It is somewhat unclear to what degree postcholecystectomy symptoms resemble the exact symptoms
before removal of the gallbladder[13]. Most studies are
retrospective with follow-up periods commonly ranging
from a few weeks to a couple of years[6,14,15]. A recent,
prospective study lacked clinically useful working terms
with a mixture of both pain associated symptoms and
FGID[3].
Our aim was to categorize gallstone disease according
to the severity of clinical symptoms, pain characteristics,
and quantify FGID to define postoperative outcome in
terms of new or persistent symptoms.

Gallstone symptom score
According to certain pain characteristics in gallstone patients, a Gallstone symptom score (GSS) was accorded
from 1 to 10 (Tables 2 and 3).
In our practice, patients were found to have symptomatic, uncomplicated gallstone disease if ultrasonography detected gallbladder stones and the patients had
relevant clinical symptoms. Endoscopy was neither a
routine part of the pre-operative work-up nor planned as
a diagnostic aid in case of persistent symptoms.
Pathology
Operative specimens were prepared for examination of
bacterial contents, stone size and routine histology on the
back table immediately after the operation finished.
Bile was aspirated with a syringe from the gallbladder and sent for culture together with a piece of the wall.
Stone size was measured with a caliper after the gallbladder had been opened on the back table. Finally the specimen was put on formalin and sent to the pathologist for
routine (hematoxylin and eosin) staining and histological
assessment.

MATERIALS AND METHODS
One hundred and fifty-three patients with an ultrasonographic diagnosis of gallstones admitted for elective
laparoscopic treatment of symptomatic, uncomplicated
gallstone disease in a Norwegian (n = 100) and a US (n =
53) institution.

Ethics
The Regional Ethical Committee of Western Norway
and The National Data Inspectorate approved the study.
The Institutional Review Board (IRB) of Cleveland Clinic
approved the study (IRB 7000/04). The study was registered with clinicaltrials.gov as part of NCT01190280.

Questionnaire
The patients filled out a structured questionnaire on pain

WJG|www.wjgnet.com

1366

March 7, 2012|Volume 18|Issue 9|

Schmidt M et al . Post-cholecystectomy symptoms and functional gastrointestinal disorder
Table 1 Assessment of functional abdominal symptoms (functional gastrointestinal disorder)

Table 2 Assessment of pain symptoms
Had an abdominal pain attack at least once for the last 3 mo or longer?
Experienced either pain or discomfort in the abdomen of a continuous
steady nature at least once per week for the last 3 mo or longer?
For women: Did the onset of pain begin during pregnancy or soon after
pregnancy?
Evaluated in the Emergency Department or seek medical attention for
the abdominal pain?
Admitted to the hospital for the abdominal pain?
Estimate how often pain medications are required for the pain:
Not at all or rarely (less than 10% of the episodes)
Occasionally (less than 50% o the episodes)
Very often (more than 50% of the episodes)
Almost always (more than 80% of the episodes)
Time-interval during which the pain most often occurs:
7 am – 12 pm
12 pm – 6 pm
6 pm – 11 pm
11 pm – 7 am
Highly variable and unable to predict time of onset
Rate how often the pain occurs in the following abdominal areas:
Right upper quadrant1
Left upper quadrant1
Right lower quadrant1
Left lower quadrant1
Midline or center of the upper abdomen1
Is there often an area where the pain is strongest (able to point with one
or two fingers):
Right upper quadrant
Left upper quadrant
Right lower quadrant
Left lower quadrant
Midline or center of the upper abdomen
Highly variable and unable to predict one area
No
Experience discomfort in the right upper quadrant when bending
forward?
Abdominal pain radiates from where it started?
If yes, where does it radiate most often?
Right upper back beneath the right shoulder blade
Upper back between the shoulder blades
Lower back
None of these places mentioned
Highly variable and unable to predict a dominant area
Estimate the number of pain attacks over the last 3 mo
Estimate the usual duration of a pain attack in hours and minutes
Experience urge to move around during a pain attack1
Choose one of four patterns describing pain attacks (depicted by
graphs):
Low-grade warning pain followed by a steady rise to a maximal
constant pain, gradually getting better after a while
Low-grade warning pain followed by a steady rise to a maximal degree
with occasional waves of pain, gradually getting better after a while
Pain begins suddenly with maximal intensity and improves over time
Pain begins suddenly with maximal intensity and persists with waves
of pain until it goes away
Rate level of maximal pain intensity by 100 mm visual analogue scale
score-scale

Perspiration
Intolerance to food
Acid regurgitation
Heartburn
Difficulty swallowing, food sticking in the lower esophagus
Nausea
Loss of appetite (anorexia)
Feeling full after eating very little (early satiety)
Feeling of abdominal fullness or bloating
Abdominal distension, which requires loosening of the belt
Frequent loose bowel movements (or more often than usual)
Constipation (or less bowel movements than usual)
Alternating constipation and loose bowel movements
Difficulty passing stools with straining, urgency or feeling of incomplete evacuation
Abdominal pain or discomfort is relieved by bowel movements (passing of stool)
Rate the frequency of the following symptoms associated with abdominal
pain during the last 3 mo or longer, using the following scale: 0: Not at all
or rarely (less than 10% of the episodes); 1: Occasionally (less than 50%
of the episodes); 2: Very often (more than 50% of the episodes); 3: Almost
always (more than 80% of the episodes).

Statistical analysis
The χ 2 test was used to compare the level of improvement between groups, and to compare the presence of
FGID between patients with different symptom alleviation before and after operation. Logistic regression for
dependent paired data was used to analyze the difference
in FGID before and after surgery between different GSSgroups. The statistical software used was PASW Statistics
version 18.0 and Intercooled Stata 9.2 for Macintosh.

RESULTS
The patient demographics are shown in Table 4.
Symptom frequency groups and visual analogue scale
score
Four SFG were categorized according to frequency of
pain attacks: severe (24.2%): ≥ 1 pain attack per week,
moderate (38.6%): ≤ 3 pain attacks per month, mild
(22.2% of the patients): ≤ 2 pain attacks per 3 months,
or chronic pain condition (15%): no discernable pain attack pattern.
The VAS was equally distributed between all patients,
mean VAS preoperatively was 82.8 with variation from 17
to 100 (Table 5).
Gallstone symptom score
Mean preoperative GSS in pair-wise comparisons showed
a significant difference preoperative between chronic and
moderate disease patients (P = 0.022). There was a nonsignificant trend towards a greater rate of cure or symptom relief measured with GSS among patients with less
severe disease (P = 0.651). Patients in the most severe
SFG had the highest GSS and experienced more remaining symptoms, for details see Tables 5 and 6.
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Pain attacks are defined as suddenly appearing pain that is distinct from,
and stronger than any continuous, steady pain or discomfort. 1The pain
occurrence in each area is rated as: not at all or rarely (less than 10% of the
episodes), occasionally (less than 50% o the episodes), very often (more
than 50% of the episodes) or almost always (more than 80% of the episodes).

Functional gastrointestinal disorder symptoms
A FGID was present in 87.6% before surgery and in 57.6%
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Table 3 Assignment of a clinical gallstone symptom score to different preoperative symptom frequency groups (%)
Percent of patients with symptoms according to pain presentation
Symptom

Score

Pain in upper abdomen: Pain most common in right upper quadrant or
intensifies when bending forward or lying on the right side
Pain attacks commonly last more than one hour
Pain in a ”plateau fashion”
Urge to move during pain attacks
Pain commonly occurs at night
Pain radiation to the back
Nausea during pain attacks
Use of analgesics in > 50% of pain attacks
Perspiration during pain attacks

2

Severe
100

1
1
1
1
1
1
1
1

73.0
62.2
51.4
43.2
40.5
61.1
54.0
36.1

Moderate

Mild

Chronic

96.6

94.1

88.2

66.7
72.9
69.0
61.0
47.5
48.3
54.3
41.4

76.5
67.6
58.8
50.0
38.2
52.9
44.1
41.2

46.2
64.3
84.6
29.4
58.8
50.0
41.2
60.0

Table 4 Demographics of the study population of 153 patients and 115 follow-up responders n (%), mean age (range, yr)
Symptom frequency group
All groups
Severe disease
Moderate disease
Mild disease
Chronic disease
Responders to follow-up

Females

Males

Total

122 (79.7), 47 (17-81)
31, 45 (17-81)
47, 44 (20-72)
26, 53 (25-78)
18, 53 (23-81)
89 (77.4), 49 (20-81)

31 (20.3), 51 (28-85)
6, 44 (25-64)
12, 53 (39-70)
8, 52 (34-85)
5, 55 (30-80)
26 (22.6), 52 (25-85)

153 (100), 48 (17-85)
37 (24.2), 45 (17-81)
59 (38.6), 46 (20-72)
34 (22.2), 53 (25-85)
23 (15.0), 54 (23-81)
115 (75.2), 50 (20-85)

2
χ for gender; P = 0.889.

Table 5 Changes in gallstone severity score by symptom frequency group in 115 responding patients from the study population of
153 patients n (%)
Preoperative SFG
Severe disease
Moderate disease
Mild disease
Chronic disease

Patients
37 (24.2)
59 (38.6)
34 (22.2)
23 (15.0)

Preoperative

Responders

mean GSS

mean VAS

6.11
6.47
6.09
4.35

81.1
86.6
81.3
76.8

29 (78.4)
41 (69.5)
26 (76.5)
19 (82.6)

Postoperative
mean GSS

mean VAS

1.76
1.32
1.04
1.00

33.0
15.8
12.8
8.9

mean % reduction in GSS
69.1
78.7
87.0
62.7

SFG: Symptom frequency groups; GSS: Gallstone symptom score; VAS: Visual analogue scale score.

at follow-up after surgery. No difference was seen between the different SFG (P = 0.244). There was a trend
that patients with FGID before surgery were less likely to
experience improvement of their pain or complete relief.
Likewise, patients without FGID after surgery were more
likely to report improvement or complete relief of pain
(Table 7).

stone size was mean 13 mm (range 1-40) with variation
between groups from 12.5 to 13.2 mm. There were no
statistically significant differences between the groups.

DISCUSSION
Gallstone symptoms are still classified simply as bilia
ry colic long after a variety of pain characteristics have
been described for these pain attacks[9,10]. Thus, studies
of outcome of gallstone disease are usually hampered
by lack of scientifically acceptable definitions and designs[3,5,6,16]. This includes an inadequate definition of
gallstone symptoms, lack of proper recognition of FGID
as a concomitant complaint, prospective design and defined follow-up methods. Freedom of pain attacks is a
major outcome measure after cholecystectomy. Complete
cure of a biliary type pain in contrast to a persisting dull
aching pain, has been reported as a reasonable goal for
surgery[18]. Previous studies have reported that so-called

Gallbladder specimen examination
Histology of the gallbladder showed that 85% had chro
nic and 10% subacute inflammation while 5% were normal. Bacteriological examination in 79 patients discovered
bacteria in 12 (15.2%) without difference between the
groups. The distribution of bacteria was: gram-negatives
3.8%, gram-positive cocci 8.9%, and mixed cultures 2.5%.
Stone type was not examined.
The number of stones was measured in 66 patients
and size in 64 patients. The mean number was 2.5 (range
1-9) with variation between SFG from 2.3 to 2.8. The
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Table 6 Symptomatic improvement in 115 patients after cholecystectomy n (%)
Groups
Asymptomatic but improved

Symptomatic or worse

Unchanged

76 (66.1)
15 (51.7)
27 (65.8)
20 (76.9)
14 (73.7)

28 (24.3)
10 (34.5)
9 (22.0)
5 (19.2)
4 (21.0)

11 (9.6)
4 (13.7)
5 (12.2)
1 (3.9)
1 (5.3)

54 (64.3)
22 (71.0)

23 (27.4)
5 (16.1)

7 (8.4)
4 (12.9)

56 (62.9)
20 (76.9)

24 (27.0)
4 (15.4)

9 (10.1)
2 (7.7)

Patients
All patients
Severe disease
Moderate disease
Mild disease
Chronic disease
Age
< 60
> 60
Gender
Women
Men
1

P value1
0.651

0.490

0.573

2

P values from χ calculation.

Table 7 Presence of pre- and post-operative functional gastrointestinal disorder in 115 patients with different n (%)
Presence of FGID

Patients

Asymptomatic

Symptomatic, improved

None pre-operative
Present pre-operative
None post-operative
Present post-operative
Total

13 (11.3)
102 (88.7)
49 (42.6)
66 (57.4)
115 (100)

11 (84.6)
65 (63.7)
42 (85.7)
34 (51.5)
76 (66.1)

2 (15.4)
26 (25.5)
7 (14.3)
21 (31.8)
28 (24.3)

Unchanged or worse
0
11 (10.8)
0
11 (16.7)
11 (9.6)

P value1
0.449
0.001

FGID: Functional gastrointestinal disorder.1P values from χ calculation.
2

biliary colic remained in only 8%-9% of patients in contrast to non-colicky pain in 18%-32%[13,19]. Others have
found an incidence of around 20% of persistent pain of
the same character as before the operation[20,21]. Lublin
and coworkers[6] reported presence of pain in 25% and
non-pain symptoms in 43% . It seems that distinct or
marked pain is present in up to 4%-9%[12,13] whereas pain
or “discomfort” connected with dyspeptic symptoms are
not clearly categorized[22]. Around 25% of our patients
improved without being completely cured after removal
of the gallbladder. This corresponds to previous figures
of 18%[13] and the frequency of more diffuse intestinal
symptoms found by others during post-operative examination[12]. One author mentioned similar findings without
giving figures but did not find interference with quality
of life measurements[23]. Up to 93% satisfaction has been
reported after removal of the gallbladder[13,15,22,24,25].
FGID consists of two main subgroups, functional
dyspepsia and irritable bowel syndrome (IBS), with overlapping features making them both symptomatic of an irritable or dysfunctional gut[26,27]. The criteria in the Rome
Ⅱ and the more recent Rome Ⅲ questionnaire give a formal definition of FGID[17,28]. In the West, there tends to
be a female predominance. FGID appears as a real condition of gallstone disease[3,12,22,29]. The pathological connection is still obscure but a common dysfunctional trait has
been shown[30]. A diagnostic problem arises only when
gallstone disease becomes vague with regard to pain expression[3,5,22]. Lublin and coworkers[6] reported that 80%
of patients had so-called non-pain symptoms pre-opera-
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tively in accordance with an 88% incidence of FGID in
our patients. In our practices, nearly all gallstone patients
coming to surgery have upper abdominal pain either in
the right upper quadrant or epigastrium although a small
percentage has intolerable nausea or food intolerance that
dominates over pain. FGID was therefore judged a concomitant condition in most cases. Our outcomes are quite
similar to those of others who have attempted to classify
pre-operative symptoms[5,6]. It could be perceived that
freedom of pain with an attack pattern was the decisive
factor when cure or relief was achieved, whereas FGID
of various intensities caused the bulk of the persistent
symptoms, because FGID persisted in 57% of the patients. The post-operative GSS and VAS were markedly
decreased and it is therefore likely that the patients were
cured of the pain attacks that led to cholecystectomy. Besides, even so-called bilary colic, even if it resembles preoperative symptoms, needs a substrate when the gallbladder has been removed. It has not been proved that this
stems from the common bile duct (CBD) or the sphincter
of Oddi, even though symptoms caused by CBD disease,
such as a stone, may be quite similar. Therefore, we will
argue that there is reasonable evidence pointing to FGID
as a cause of persisting symptoms after surgery.
Some investigators have reported that patients with
the most severe, frequent or bothersome pre-operative
symptoms are less likely to be cured[5,6,13,22]. The present
study corroborated this as results showed that only frequency of pain attacks expressed as SFG separated the
patients with regard to severity in the pre-operative evalu-
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ation. GSS only separated the pain attack groups against
the chronic group. This is broadly correlated with a Swedish study but differed insofar that we amalgamated what
were their two most severe groups into one[5]. Lublin
and coworkers[6] used frequency without a more specific
definition. The disease may wax and wane and this may
influence the response to the questionnaire[3,5]. A minority
of 15% had chronic symptoms with daily occurrence as
the rule. We suspect that some of the patients with daily
symptoms reported by Halldestam and coworkers[5] might
have been classified as a chronic symptom group by our
definition. This would distort comparison of outcome
because these two groups responded differently to operative treatment in our study. It is also difficult to ascertain
the meaning of “atypical” or multiple locations of pain[5].
Pain in the right upper quadrant or epigastrium is a core
issue in the diagnosis of gallstone disease but admittedly
in a small minority of patients other symptoms dominate.
However, as long as these symptoms can be assigned to
gallstone disease, they are not a contraindication to surgery in such cases.
Although patients with the highest pre-operative
mean GSS had the largest relative score reduction, this
group retained a higher post-operative score and had the
highest VAS score. The reason for that was largely assumed as being caused by persistent symptoms of FGID
even though this could not be established with certainty
because of overlapping symptoms in gallstone patients.
It was, however, consistent with the observation that the
severe SFG had more patients with no relief and also
had a slightly larger GSS burden and consequently higher
post-operative GSS and VAS score, indicating that a
larger disease burden or more symptoms was in concert
with a higher VAS. This may be interpreted as more persistent pain. One study found that patients with the most
bothersome symptoms before surgery had less chance
of cure[22]. The highest odds ratio for persistence was
obtained by “gas/flatulence”, a common symptom of
IBS or FGID. This could easily be interpreted as caused
by FGID but it has been unusual to explicitly label postcholecystectomy symptoms as FGID even though many
symptoms fit this diagnosis[22]. One explanation may be
that these symptoms has for too long been discerned as
part of a wider range of gallstone symptoms while we
will argue that they are two concomitant disease expressions with many overlapping features making it difficult
to separate them.
Compared with measurements before surgery VAS
has reached levels of around 68 (of 100) pre-operatively
to levels of 35 to 45 post-operatively[13,15,19,21]. In the present study, VAS was similar across all four GSS groups
and it fell after surgery to a mean of 18 (range 9 to 33).
Therefore, it could not by itself be used to distinguish
between the patients before or after surgery. Our postoperative median score value indicates no more than mild
to moderate pain[31].
Theoretically, a bile duct focus might cause pain quite
similar to that originating in the gallbladder but only
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about 2% has common bile duct stones after removal of
the gallbladder[6,13]. Psychometric testing has shown that a
psychosomatic disturbance may influence outcome after
cholecystectomy[8,32]. It has been observed that women
tend to have more postoperative pain[33] while some have
reported that gender is irrelevant[15,20,34]. Women under
the age of 60-years have been found to have significantly
more pain of the diffuse, more continuous type that is
also described in functional dyspepsia, and satisfaction
has been greater for men[13]. We found that women were
less likely to become asymptomatic. Age of the patient
has not influenced outcome[20,34], whereas the opposite
was found when 50 or 55-years-of-age was used as cut
off value[4,22]. In contrast to previous studies, patients
more than 60-years-of-age fared slightly worse in the
present study[5,13]. Stone size and number, bacteriology, or
histology[2] did not impact the symptom presentation in
this study.
We recommend a follow-up period of 6 mo before
assessing outcome after cholecystectomy[8,22]. Whether
qualified personnel should interview a study object or a
questionnaire be used, remains open for discussion[8,16,22,29].
It may be a point of concern whether a self-assessment
questionnaire will make the patient report more complaints than will be revealed by a professional interview[35].
Approximately 10% of patients did not improve or
even got worse whereas the condition of 25% improved
and the rest was cured. Patients with the most SFG were
less likely to be completely cured and this group also
had a higher pre-operative symptom score (GSS). Postoperative FGID persisted in 57% of patients and indirect
evidence suggests that persistent symptoms were caused
mainly by FGID. The main indication for elective cholecystectomy in uncomplicated gallstone disease should
be pain attacks. Patients should be informed about the
chance of persistent symptoms.

COMMENTS
COMMENTS
Background

Patients with gallstones often have various abdominal symptoms that may be
caused by the gallstones or are present as a separate condition but with a common physiology. The accompanying abdominal symptoms are called functional
gastrointestinal disorders (FGID). Because of its common nature and presence
of pain or discomfort it is difficult to separate a functional condition from the
gallstone disease itself. Lack of a clear distinction between the two and a poor
understanding of the physiology that causes both conditions, especially FGID,
makes it difficult to treat these symptoms if they remain after the operation. The
article characterizes symptoms caused by gallstone disease in order to define
which symptoms remain after removal of the gallbladder. Hope of improving
understanding of their character and origin will subsequently have a potential
bearing on treatment.

Research frontiers

Current treatment methods may not be satisfactory due to limited insight in
physiological mechanisms. Therefore, FGID causes a major health problem
with a large amount of sick-leave days. Because of this burden on both patient
and society it is important to conduct proper research to gain insight in disease
mechanisms and offer effective treatment.

Innovations and breakthroughs

The study tried to characterize gallstone disease according to intensity and
frequency of pain attacks as well as concomitant functional symptoms. The pre-
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operative condition has then been compared to persisting symptoms after surgery. Such methodical studies of the character of gallstone disease are scarce.

15

Applications

An understanding of disease expression may give better insight into why complete symptom relief does not occur in some patients after cholecystectomy.
Thus, it may be possible in the future to decide which patients will have the
greatest chance of cure as well as offer efficient treatment of persisting symptoms after cholecystectomy.

16

Terminology

Gallstone disease is characterized by bouts of pain or pain attacks in about
85% of patients. The rest have a combination of more consistent pain, strong
food intolerance or nausea. FGID is present in about 88% of gallstone patients.
This condition may have particular symptoms but a clear-cut physiologic mechanism or organic origin has not been decisively described for it. The diagnosis
is sometimes made by exclusion of other diseases. It is difficult to separate
clinically from gallstone disease when both are present in the same patient.
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Peer review

The authors have nicely analyzed the existing preoperative functional disorder
in patients of gallstones to substantiate its correlation with post-operative symptoms.
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Three benefits of microcatheters for retrograde transvenous
obliteration of gastric varices
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was performed using a microcatheter. In 12 patients
with incomplete thrombosis of the varices, additional
injection of sclerosant was performed through the microcatheter that remained inserted overnight. Complete
thrombosis of the varices was achieved in 51 of 56 patients, and the remaining 5 patients showed incomplete
thrombosis of the varices. No recurrence of the varices
was found in the successful 51 patients after a median
follow up time of 10.5 mo. We experienced one case of
liver necrosis, and the other complications were transient.
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CONCLUSION: The microcatheter techniques are very
effective methods for achieving a higher success rate of
BRTO procedures.
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AIM: To evaluate the usefulness of the microcatheter
techniques in balloon-occluded retrograde transvenous
obliteration (BRTO) of gastric varices.
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METHODS: �������������������������������������������
Fifty-six patients
���������������������������������
with gastric varices underwent BRTOs using microcatheters. A balloon catheter was inserted into gastrorenal or gastrocaval shunts.
A microcatheter was navigated close to the varices,
and sclerosant was injected into the varices through
the microcatheter during balloon occlusion. The next
morning, thrombosis of the varices was evaluated by
contrast enhanced computed tomography (CE-CT). In
patients with incomplete thrombosis of the varices, a
second BRTO was performed the following day. Patients
were followed up with CE-CT and endoscopy.

INTRODUCTION
Balloon-occluded retrograde transvenous obliteration
(BRTO) is a treatment for gastric varices that has a high
1-5�]
success rate[����
. However, there are three major problems
with BRTO procedures such as overdose of the sclerosant,

RESULTS: In all 56 patients, sclerosant was selectively
injected through the microcatheter close to the varices.
In 9 patients, microcoil embolization of collateral veins
WJG|www.wjgnet.com
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leakage of the sclerosant into the systemic circulation, and
6-10�]
incomplete thrombosis of large gastric varices[�����
. We
[������
11-15�]
introduced the microcatheter techniques
in 1999 to
solve these problems, and we have been using three major
beneficial techniques for BRTO procedures such as selective injection of the sclerosant, microcoil embolization of
collateral veins and additional injection of the sclerosant.
Since 1999 we have collected a great deal of data and are
now able to accurately report on the long-term results of
these techniques in a large number of cases.

was confirmed on CE-CT, all catheters were removed.
To prevent renal damage due to EOI-induced hemolysis,
4000 units of haptoglobin (Mitsubishi Pharma, Osaka,
Japan) was administered intravenously during and after
18,19�]
the infusion of EOI in all patients[������
. Patients were followed up with endoscopy and CE-CT 1 d, 1 wk and 1, 3,
6 mo after the procedure and every 6 mo thereafter.

RESULTS
In all (100%) of 56 patients, the sclerosant was selectively
injected through the microcatheter close to the gastric
varices (Figures 1 and 2). In 9 (16%) of 56 patients, microcoil embolization of dilated collateral veins was performed using the microcatheter (Figure 3). In 12 (21%)
of 56 patients, CE-CT the next day after the first BRTO
showed incomplete thrombosis of the varices, and additional injection of the sclerosant was performed in the
second BRTO through the microcatheter which remained
inserted overnight (Figure 4). Complete thrombosis of
the varices was achieved in 51 of 56 patients after all
BRTO procedures, and the remaining 5 patients showed
incomplete thrombosis of the varices. Endoscopic treat20-24�]
ments were performed in 4 of the 5 patients[������
, and a
surgical treatment was performed in the other patient.
No cases of recurrence or variceal bleeding of the gastric varices were found in the successful 51 patients after
a median follow up time of 10.5 mo (range one day-7
years). Esophageal varices with red color sign appeared in
25-28�]
5 of the 51 patients[������
. Red color sign indicates a high
29�]
risk of variceal bleeding[���
. These patients’ varices were
treated by endoscopic treatment.
Most complications were transient and minor. These
include: hematuria due to the sclerosant (8 of 56 patients), high fever (8 of 56), abdominal pain (5 of 56),
elevation of blood pressure during infusion of the sclerosant (3 of 56), pleural effusion (35 of 56), ascites (33
30�]
of 56)[���
, and extravasation of the sclerosant during the
procedure (3 of 56). In the three patients with extravasation, BRTO was continued, and complete thrombosis of
the varices was achieved in 2 patients. We experienced
31�]
one case of liver necrosis after the BRTO procedure[���
.
No other major complications such as renal failure, pulmonary embolism, or acute respiratory distress syndrome�
(ARDS) were experienced.

MATERIALS AND METHODS
BRTO using 2.9Fr microcatheters was performed in 56
patients with liver cirrhosis-related gastric varices between
August 1999 and December 2008. The subjects consisted
of 35 males and 21 females, with a mean age of 65.3
years (range: 33-83 years). Liver cirrhosis was associated
with hepatitis B in 3 patients, hepatitis C in 29 patients,
alcohol in 15 patients, and unknown factors in 9 patients.
Acording to the Child-Pugh classification, liver function
was evaluated as A in 19 patients, B in 31 patients, and
C in 6 patients. Prophylactic BRTO was performed in
31 patients with large tumor-like gastric varices or growing varices in danger of rupture. Elective BRTO was
perfomed in 12 patients with a history of hemorrhage
16,17�]
related to gastric varices. Emergency BRTO[������
was performed in 13 patients within 24 h after hematemesis or
tarry stool. Informed consent for BRTO was obtained
from all patients.
Gastric varices were confirmed by endoscopy. The
presence and diameter of gastrorenal shunt or gastrocaval shunt were evaluated by contrast enhanced computed
tomography������������������������������������
�����������������������������������
(CE-CT).
An 8Fr sheath(Cobra type; ���
Medikit, Tokyo, Japan) was inserted into the left renal vein or
inferior vena cava through the right internal jugular vein
or right femoral vein, and a 6Fr balloon catheter(Cobra
type; Clinical Supply, Gifu, Japan) was inserted into the
gastrorenal shunt or gastrocaval shunt. The balloon diameter was 13 or 20 mm. In patients with a shunt diameter
of 13 mm or more, a balloon measuring 20 mm in diameter was used. A 2.9Fr microcatheter was navigated close
to the gastric varices. A sclerosant, 5% ethanolamine
oleate iopamidol����������������������������������������
(EOI),
���������������������������������������
was infused slowly and intermittently through a microcatheter during balloon occlusion.
5% EOI was prepared by making a 20 mL solution consisting of 10 mL contrast medium and 10 mL of 10%
ethanolamine oleate�����������
����������
(Oldamin; �����������������������
Grelan Pharmaceutical,
Tokyo, Japan). The infusion of 5% EOI was continued
until the entire gastric varices and feeding veins were
opacified. The mean volume of sclerosant (5% EOI) was
22.9 mL per one procedure (range: 1.5-47 mL). The balloon occlusion time ranged from 12 to 48 h. To fix the
sheath and catheters, sterilized tape (Hogy Medical, Tokyo, Japan) was used. The next morning after the BRTO
procedure, thrombosis of gastric varices was evaluated
by CE-CT. In patients with incomplete thrombosis after
the first BRTO, a second BRTO was performed the following day. After complete thrombosis of gastric varices

WJG|www.wjgnet.com

DISCUSSION
Microcatheters have three major benefits in BRTO for
gastric varices. The first benefit is a selective injection
11-13�]
of the sclerosant through a microcatheter[������
. Infusion
of the sclerosant with a microcatheter, which is inserted
close to the gastric varices, enables a decrease in the dose
of the sclerosant, preventing sclerosant-related complications. We consider that the optimal volume of the
sclerosant used for one BRTO procedure is 40�������
mL or
������
less. To decrease the sclerosant volume of 5% EOI, 50%
glucose solution may be infused before injection of 5%
32�]
EOI during BRTO[���
.
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A
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Figure 1 Selective injection of the sclerosant. A: A microcatheter is navigated close to the gastric varices, and the sclerosant is selectively injected through the
microcatheter (arrow); B: The gastric varices and gastrorenal shunt are fully filled with the sclerosant with contrast medium, and the afferent vein (arrow) is opacified;
C: Contrast-enhanced computed tomography (CE-CT) before balloon-occluded retrograde transvenous obliteration (BRTO) shows gastric varices (asterisk); D: CE-CT
one week after BRTO shows complete thrombosis of the varices (asterisk); E: Endoscopy before BRTO shows tumor-like varices (asterisk) in the fornix of the stomach; F: Endoscopy 3 mo after BRTO shows complete disappearance of the varices.
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Figure 2 Selective injection of the sclerosant. A: A balloon catheter is inserted into the gastrocaval shunt. Balloon-occluded venography shows no gastric varices;
B: The balloon catheter is advanced further into the shunt, and the sclerosant is selectively injected through the microcatheter which is navigated close to the gastric
varices. The varices (asterisk) are opacified sufficiently; C: Contrast-enhanced computed tomography (CE-CT) shows the varices (asterisk) and a large amount of hematomas in the stomach; D: The gastrocaval shunt (arrow) flows into the inferior vena cava; E: CE-CT next day shows complete thrombosis of the gastric varices (asterisk) and the tip of the microcatheter (arrow) close to the varices; F: CE-CT shows the balloon catheter in the shunt (arrow); G: Endoscopy before balloon-occluded
retrograde transvenous obliteration (BRTO) shows large gastric varices (asterisk) with a bleeding site (arrow); H: Endoscopy 3 mo after BRTO shows complete disappearance of the varices.

WJG|www.wjgnet.com

1375

March 28, 2012|Volume 18|Issue 12|

Sonomura T et al . Benefits of microcatheters for BRTO

A

B

D

C

E

Figure 3 Microcoil embolization of collateral veins. A: Pericardiophrenic veins (arrows) develop as collateral draining veins; B: A microcatheter (arrow) is navigated into the pericardiophrenic vein and microcoil embolization is performed; C: The sclerosant is selectively injected through the microcatheter which is withdrawn
a little, and the gastric varices are opacified sufficiently. Microcoils (arrow) from embolization and surgical clips from previous operation of gastric cancer. (arrowhead)
are seen; D: Contrast-enhanced computed tomography (CE-CT) before balloon-occluded retrograde transvenous obliteration (BRTO) shows gastric varices (asterisk);
E: CE-CT next day after BRTO shows complete thrombosis of the varices (asterisk) and microcoils close to the varices (arrow).
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Figure 4 Additional injection of the sclerosant. A: Fluoroscopic image obtained during the first balloon-occluded retrograde transvenous obliteration (BRTO)
shows full opacification of the gastric varices and gastrorenal shunt; B: Fluoroscopic image obtained during the second BRTO (next day) shows partial opacification of
the varices and shunt, suggesting residual varices (arrow) and thrombosis of the varices and shunt (arrowheads); C: Contrast-enhanced computed tomography (CECT) before BRTO shows large varices (asterisk); D: CE-CT after the first BRTO shows residual varices (arrow) in the lateral portion of the stomach. The microcatheter
tip (circle) is in the gastrorenal shunt close to the varices; E: CE-CT after the second BRTO shows complete thrombosis of the varices (asterisk). The sclerosant with
contrast medium (circle) is detected in the gastrorenal shunt; F: CE-CT 3 mo after BRTO shows complete disappearance of the varices; G: Endoscopy before BRTO
shows bulky varices (asterisk); H: Endoscopy 3 mo after BRTO shows complete disappearance of the varices.
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The second benefit is a microcoil embolization of
33��]�
11,12,14�]
dilated collateral veins[����
using a microcatheter[���������
. Ob
literation of collateral veins prevents renal failure, pulmonary embolism, and ARDS induced by leakage of the
sclerosant into the systemic circulation. Haptoglobin was
intravenously administered as a counteragent of ethanolamine oleate, which is a sclerosant that damages the endothelial cell of the vessel and induces thrombus formation
in the vessel.
The third benefit is an additional injection of the sclerosant through the microcatheter that remained inserted
15�]
overnight[���
. To achieve complete thrombosis of gastric
varices, the balloon occlusion time was prolonged from
30 min (original BRTO) to 12 h or more[��1�]. After a complete thrombosis of gastric varices was confirmed on CECT done the next morning after the first BRTO, all catheters were removed. When complete thrombosis of gastric
varices was not achieved, a second BRTO was performed,
and additional sclerosant was injected through the microcatheter. Insertion of a microcatheter close to the gastric
varices until the next day allows for an additional injection
of the sclerosant into the varices through the microcatheter, even when occlusion of a shunt occurs.
Another minor benefit is that microcatheters can be
a safer and more accurate guidance tool for balloon catheters than the 0.035 inch guidewires. The stiff guidewires
sometimes induce venous damage. On the other hand, it’
s easy to insert a soft microcatheter into the shunts and
advance a balloon catheter into the shunts over the micorocatheter and microguidewire, because we can check
the position of the microcatheter tip by test injection of
the contrast material.
In the Kanagawa ���
et ��
al[��1�] on use of BRTO without the
microcatheter technique, complete eradication of gastric
varices was not achieved after a single BRTO procedure
in 7 (22%) of 32 patients. This is compatible with our results that show 21% of patients with incomplete thrombosis of the varices and 16% of patients having microcoil
embolization.
BRTO procedures for gastric varices may be difficult
34-37�]
to conduct when varices lack a gastrorenal shunt[������
.
However, gastric varices without the gastrorenal shunt are
rare.
We experienced one case of liver necrosis. It is supposed that the liver necrosis was due to leakage of the
sclerosant into the portal vein through afferent veins. So
we must be careful in order to prevent leakage of the
sclerosant into the portal vein.
Esophageal varices with red color sign appeared in
25-28�]
5 patiets[������
. Occlusion of a gastrorenal shunt and/or
gastrocaval shunt may have induced esophageal varices as
another collateral route. Esophageal varices can be readily
treated by endoscopic treatment. Therefore, the status of
esophageal varices should be endoscopically checked at
6-month intervals after BRTO.
Three major beneficial techniques of microcatheters
for BRTO of gastric varices are selective injection of the
sclerosant, microcoil embolization of collateral veins and
additional injection of the sclerosant. Microcatheters are
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useful for achieving a higher success rate of BRTO procedures.

COMMENTS
COMMENTS
Background

Gastric varices have a larger blood flow compared with esophageal varices, so
when they are ruptured, there is a high mortality rate. Therefore, prophylactic
treatment is necessary in patients with gastric varices in danger of rupture.
Balloon-occluded retrograde transvenous obliteration (BRTO),��������������������
is
�������������������
a treatment for
gastric varices that is minimally invasive and has a high success rate. However,
there are three major problems with BRTO procedures such as overdose of
the sclerosant, leakage of the sclerosant into the systemic circulation, and incomplete thrombosis of large gastric varices. We introduced the microcatheter
techniques to solve these problems

Innovations and breakthroughs

Microcatheters have three major benefits in BRTO for gastric varices. The first
benefit is a selective injection of the sclerosant through a microcatheter. The
second benefit is a microcoil embolization of dilated collateral veins using a
microcatheter. The third benefit is additional injection of the sclerosant through
the microcatheter that remained inserted overnight. When complete thrombosis
of gastric varices was not achieved, a second BRTO was performed, and additional sclerosant was injected through the microcatheter.

Applications

Patients with large gastric varices and/or dilated collateral veins can be treated
with BRTO procedures using the microcatheter techniques.

Peer review

In this study, the authors described three major beneficial techniques of microcatheters for BRTO of gastric varices. Microcatheters are useful for achieving a
higher success rate of BRTO procedures.
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group comprised 32 males and 27 females with a mean
age of 73.2 ± 10.1 years. In the control group, 9 patients had chronic hepatitis, Child-Pugh A/B/C in 39/10/1
patients, and StageⅠ/Ⅱ/Ⅲ/ⅣA HCC in 1/11/35/12
patients, respectively. Overall, both serum albumin level
and Child-Pugh score improved significantly in the BCAA
group as compared with the control 3 and 6 mo after
TACE (P < 0.05). Further analysis was performed by the
following categorization: (1) child-Pugh classification; (2)
liver cirrhosis subgroup with a serum albumin level > 3.5
g/dL; and (3) epirubicin dose. A similar trend indicating
a significant improvement of all variables in the BCAA
group was noted (P < 0.05).

Abstract

© 2012 Baishideng. All rights reserved.

CONCLUSION: Treatment with BCAA granules in patients who have undergone TACE for HCC is considered
useful to maintain their hepatic functional reserve.

AIM: To examine the significance of branched-chain
amino acid (BCAA) treatment before transcatheter arterial chemoembolization (TACE) for hepatocellular carcinoma (HCC).

Key words: Hepatocellular carcinoma; Branched-chain
amino acid granules; Transcatheter arterial chemoembolization; Liver function; Improvement; Cirrhosis; Proteinenergy malnutrition

METHODS: This study included 99 patients who underwent TACE therapy for HCC at our hospital and
were followed up without treatment for at least 6 mo
between January 2004 and January 2010. They were
divided into 2 groups: those receiving BCAA granules (n
= 40) or regular diet (n = 59, control). Data obtained
were retrospectively analyzed (prior to TACE, and 1 wk,
1, 3, and 6 mo after TACE) in terms of nutritional condition and clinical laboratory parameters (serum albumin
level and Child-Pugh score), both of which are determinants of hepatic functional reserve.
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http://www.wjgnet.com/1007-9327/full/v18/i12/1379.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i12.1379

RESULTS: The BCAA group comprised 27 males and
13 females with a mean age of 69.9 ± 8.8 years. The
patients of the BCAA group were classified as follows:
Child-Pugh A/B/C in 22/15/3 patients, and Stage Ⅱ/Ⅲ
/ⅣA HCC in 12/23/5 patients, respectively. The control
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
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carcinoma worldwide[1]. Treatment for HCC varies depending on the disease stage and liver function, and
includes radiofrequency ablation, percutaneous ethanol
injection therapy, hepatic resection, liver transplantation,
transcatheter arterial chemoembolization (TACE), and
molecular target therapy[2-4].
TACE is a procedure whereby an embolizing agent is
injected into the hepatic artery to deprive the tumor of
its major nutrient source via embolization of the nutrient artery, resulting in ischemic necrosis of the tumor.
Hepatic arterial embolization, which had been used until
early in the 1990s, is divided into two treatment methods:
injection of an embolizing agent after intra-arterial injection of an anticancer drug and intra-arterial injection
of a mixture of an embolizing agent and an anticancer
drug[5,6]. Subsequently, it was revealed that an oil contrast
medium or iodized oil (Lipiodol) accumulates within the
tumor after injection. This led to introduction of TACE,
in which an embolizing agent is injected after injection of
a mixture of Lipiodol and an anticancer drug (Lipiodol
emulsion)[7,8]. Until the middle of the 1990s TACE had
been performed in a large majority of patients with unresectable HCC. With the subsequent introduction of local
treatment, however, TACE is now mainly indicated for
treatment of an HCC measuring 3 to 5 cm in diameter or
treatment of 4 or more HCCs less than 3 cm in diameter
that are both unresectable and not indicated for local
treatment.
Takayasu et al[9] reported that independent prognostic
factors in relation to survival in patients who underwent
TACE include (1) degree of hepatic damage, (2) tumor
staging and (3) serum a-fetoprotein level, and recommended TACE, which can sufficiently maintain the
volume ratio of a chemoembolized tumorous liver to
the entire tumor-free liver as well as of residual hepatic
functional reserve, while emphasizing the importance of
maintenance of hepatic functional reserve in these patients.
Branched-chain amino acids (BCAAs) are three amino
acids possessing branched side chains (i.e., valine, leucine,
and isoleucine). Patients with liver cirrhosis are known to
have decreased plasma BCAA levels, which can lead to
protein-energy malnutrition (PEM). PEM is associated
with a high morbidity and mortality due to an increased
risk of life-threatening complications, resulting in poor
survival and quality of life (QoL)[10].
A considerable proportion of patients with HCC have
concurrent liver cirrhosis. In those patients with underlying PEM, interventional therapy such as TACE may further worsen their nutritional condition and even occasionally cause development of ascites and jaundice, resulting
in an irreversible outcome[11].
Supplementation with BCAAs in patients with liver
disorder has been attracting attention. BCAA treatment
can correct malnutrition associated with liver cirrhosis
in animals and humans[12-14], and long-term nutritional
BCAA supplementation may also be useful for prevention of hepatic failure while it also improves surrogate
markers in patients with advanced cirrhosis[15,16]. BCAA
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supplementation is also effective in down-regulating protein metabolism in liver cirrhosis patients by reducing ammonia (NH3) level, thus improving the nitrogen balance
and resulting in better clinical outcomes[17,18]. The mechanism underlying these beneficial effects of BCAAs might
be mediated by stimulation of hepatocyte growth factor
activity that induces liver regeneration[19]. Therefore, nutritional support may play an important role in management of liver cirrhosis in patients with unresectable HCC.
Studies dealing with the effect of treatment with BCAA
granules before TACE in patients with HCC, nevertheless, are few as yet to our knowledge. This study was thus
performed to investigate the significance of BCAA treatment in HCC patients who had undergone TACE.

MATERIALS AND METHODS
Patients
This retrospective study included 99 patients who underwent TACE alone for treatment of HCC at our hospital
and were followed up thereafter without treatment for
at least 6 mo between January 2004 and January 2010.
Patients were divided into two groups: those receiving
BCAA treatment (n = 40) or regular diet (n = 59, control). BCAA therapy had been started at least one month
before the day TACE was performed, and treatment
compliance was good in all patients receiving BCAAs.
Diagnosis of hepatocellular carcinoma
Dynamic computed tomography (CT) and abdominal
echography were performed in all patients. A lesion visualized as a tumor blush in the early phase scan and as
a defect area in the late phase scan on dynamic CT was
diagnosed as HCC. It has been verified that such lesions
appear as blushes on CT hepatic angiography and as defect areas on CT arterial portography during TACE. Two
radiologists proficient in diagnostic imaging of the liver
made a diagnosis of HCC. No pathological examination
was conducted.
Branched-chain amino acid granules
BCAA granules, containing 952 mg of L-isoleucine, 1904
mg of L-leucine and 1144 mg of L-valine per sachet, were
orally administered to subjects at a dose of one sachet
three times daily after meals. The control patients received no such treatment.
Transcatheter arterial chemoembolization procedure
Written informed consent was obtained from each patient prior to TACE. The protocol for TACE was approved by the independent ethics committee of the hospital. TACE for HCC was performed in conformity with
Japanese guidelines for this therapy[20] and consisted of
catheterization via the femoral artery with super-selective
cannulation to the hepatic artery feeding the target HCC.
Farmorubicin (epirubicin hydrochloride, Pfizer) emulsion
was infused at 10 to 60 mg, and Lipiodol (iodine addition
products of ethyl esters of fatty acids obtained from pop-
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Table 1 Baseline characteristics of study groups (mean ± SD)

Gender
Male
Female
Age (yr)
Etiology of liver disease
Chronic hepatitis C
Chronic hepatitis B
Non B non C
Child-Pugh classification
Chronic hepatitis
Child-Pugh A
Child-Pugh B
Child-Pugh C
WBC (× 103/μL)
Hb (g/dL)
Platelet (×104/mm3)
Alb (g/dL)
T-Bil (mg/dL)
PT (%)
AST (IU/L)
ALT (IU/L)
AFP (ng/mL)
PIVKAII (mAU/mL)
HCC Stage
StageⅠ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳa
Max tumor size (cm)
Epirubicin dose (mg)

BCAA group
(n = 40)

Control group
(n = 59)

P value

27
13
69.9 ± 8.8

32
27
73.2 ± 10.1

0.215

28
2
10

43
8
10

0.287

BCAA group (n = 40)
Control group (n =59)

2

a

a

1.5
1
0.5

0.092
0
1 mo

3 mo

6 mo

-0.5
-1

0
22
15
3
38.2 ± 10.8
11.9 ± 1.8
10.2 ± 9.4
3.32 ± 0.50
1.28 ± 0.81
77.5 ± 14.1
65.8 ± 39.6
48.0 ± 38.8
626.1 ± 2009.8
1471.7 ± 5033.5
0
12
23
5
3.34 ± 1.67
34.8 ± 10.4

9
0.006
39
10
1
44.7 ± 16.0
0.082
12.5 ± 1.7
0.091
11.4 ± 4.9
0.431
3.74 ± 0.51
< 0.001
1.05 ± 0.63
0.123
85.9 ± 17.3
0.012
73.8 ± 56.4
0.445
54.2 ± 39.0
0.438
1109.2 ± 2652.5 0.331
3421.5 ± 8211.2 0.183
1
11
35
12
3.59 ± 1.47
39.5 ± 9.2

Figure 1 Overall comparison of changes in Child-Pugh score between the
branched-chain amino acids group and the control group over time. There
was a significant difference in changes in Child-Pugh score 3 and 6 mo after
transcatheter arterial chemoembolization. aP < 0.05 vs control group. BCAA:
Branched-chain amino acid.

and the absolute change was defined as the difference
found at each assessment time point from the baseline
(pre-TACE level). Changes in Child-Pugh score were also
evaluated similarly using Student t test at 1, 3 and 6 mo
after TACE.
Data were analyzed using SPSS software, version 9.0
(SPSS Inc., Chicago, IL, United States) for Microsoft Windows. Data are expressed as mean ± SD. Values of P < 0.05
were considered to be statistically significant.

0.412

0.422
0.024

RESULTS

WBC: White blood cell; Hb: Hemoglobin; Alb: Albumin; T-Bil: Total bilirubin; PT: Prothrombin time; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; PIVKAⅡ: Protein induced
vitamin K absence or antagonist Ⅱ; HCC: Hepatocellular carcinoma;
BCAA: Branched-chain amino acids.

Patient demographic characteristics are summarized in
Table 1. Significant differences were noted for the following parameters: Child-Pugh score, serum albumin level,
prothrombin time, and dose of epirubicin at the time of
TACE. A patient in the control group had stage Ⅰ HCC,
for which percutaneous therapy is indicated, but TACE
alone was performed because the patient refused percutaneous therapy.

py seed oil; Mitsui, Japan) was also injected at 2 to 10 mL
according to the tumor size and tumor number. This
was followed by embolization with gelatin (Spongel; Yamanouchi, Japan), which was injected slowly to prevent
reflux into untreated segments. The sites of injection of
the embolizing agents were segmental or subsegmental in
all patients.

Overall comparison of hepatic functional reserve
between the branched-chain amino acid group and the
control group over time
A significant difference in serum albumin level was observed at all assessment time points (P < 0.05). Also,
there was a significant difference in Child-Pugh score 3
and 6 mo after TACE (P < 0.05) (Table 1, and Figure 1).
The categorized analysis results are presented below.

Follow-up after transcatheter arterial chemoembolization
At 1 wk and 1, 3 and 6 mo after TACE, patients underwent hematological and blood biochemical tests and were
assessed for their hepatic functional reserve and development of any adverse events. Dynamic CT was carried out
to assess for any ascites or recurrence of HCC at 1, 3 and
6 mo after TACE.

Comparison of hepatic functional reserve in Child A
patients
There were 22 Child A patients in the BCAA group and
39 in the control group. A significant difference was
noted in serum albumin level 1, 3 and 6 mo after TACE
and in Child-Pugh score 3 and 6 mo after TACE (P < 0.05)
(Table 1, and Figure 2A).

Statistical analysis
Student t test, χ 2 test and Fisher’s exact test were used to
compare data between BCAA patients and the control.
Serum albumin level and Child-Pugh score constituted
parameters for assessment of hepatic functional reserve.
Absolute changes in serum albumin level observed at 1
wk and 1, 3 and 6 mo after TACE were compared between the two groups and evaluated using Student t test,
WJG|www.wjgnet.com

Comparison of hepatic functional reserve in Child B patients
There were 15 Child B patients in the BCAA group and
10 in the control group. A significant difference was
1381
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a

1.5
1
0.5
0
-0.5

1 mo

3 mo

6 mo

2

BCAA group (n = 13)
Control group (n = 34)

a

0.5
1 mo

3 mo

6 mo

-0.5

changes in Child-Pugh score

0
-0.5

1 mo

3 mo

6 mo

BCAA group (n = 16)
Control group (n = 16)

a

a

1.5
1
0.5
0
1 mo

-0.5

3 mo

6 mo

-1

-1

2

0.5

2

a

1

F

1

D

1.5

0

a

a

1.5

a

-1

-1

C
changes in Child-Pugh score

a

BCAA group (n = 15)
Control group (n = 10)

2

changes in Child-Pugh score

changes in Child-Pugh score

2

B
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Figure 2 Comparison of changes in Child-Pugh score in Child A and Child B patients: patients with a serum albumin level of 3.5 g/dL or more, low-dose
epirubicin subgroups, high-dose epirubicin subgroups. A: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo after transcatheter arterial chemoembolization; B: A significant difference was noted in changes in Child-Pugh score 1, 3 and 6 mo after transcatheter arterial chemoembolization; C: A significant difference was observed in changes in Child-Pugh score 3 and 6 mo after TACE; D: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo
after TACE; E: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo after TACE. BCAA: Branched-chain amino acids; TACE: Transcatheter
arterial chemoembolization. aP < 0.05 vs control group.

noted in serum albumin level 3 and 6 mo after TACE and
in Child-Pugh score 1, 3 and 6 mo after TACE (P < 0.05)
(Table 1 and Figure 2B).

cin (40 mg or more).
Comparison in low-dose epirubicin subgroups
Sixteen patients each received low-dose epirubicin in the
BCAA group and the control group. Serum albumin level was significantly different 1, 3 and 6 mo after TACE
and Child-Pugh score 3 and 6 mo after TACE (P < 0.05)
(Table 1 and Figure 2D).

Comparison in patients with a serum albumin level of
3.5 g/dL or more
There were 13 and 34 patients who fell in this category
in the BCAA group and the control group, respectively.
A significant difference was observed in both serum albu
min level and Child-Pugh score 3 and 6 mo after TACE (P
< 0.05) (Table 1, and Figure 2C).
As it is thought that antineoplastic agents used during
TACE may cause hepatic impairment in a dose-dependent fashion, the data were further evaluated in patients
classified into two subgroups: those treated with lowdose epirubicin (less than 40 mg) or a high-dose epirubi-
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Comparison in high-dose epirubicin subgroups
Twenty-four and 43 patients received high-dose epirubicin in the BCAA group and the control group, respectively. A significant difference was noted in serum albumin level at all assessment time points and in Child-Pugh
score 3 and 6 mo after TACE (P < 0.05) (Table 1 and
Figure 2E).
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whose serum albumin level exceeds 3.5 g/dL. It is thus
recommended to actively provide BCAA treatment in
such patients.
There was a conspicuous difference between the BCAA
and control groups in respect of response to BCAA the
rapy when assessed in patients receiving high-dose epi
rubicin compared to those treated with low-dose epirubicin. TACE may cause a marked damage to the liver in
HCC patients, eventually leading to a considerable impact
on their hepatic functional reserve[9]. BCAA treatment is
thus recommended at sufficient doses prior to TACE in
patients with advanced HCC in whom high-dose anticancer chemotherapy is anticipated.
TACE is often repeated because a single session of
therapy seldom provides complete necrosis of a tumor.
The procedure is commonly repeated once every 2 to
3 mo[25-27]. In the present study, however, many patients
failed to attain recovery of hepatic functional reserve to a
pre-TACE level, particularly in the control group, within
2 to 3 mo of TACE. It is thus estimated that every repeated session of TACE may worsen hepatic functional
reserve and thereby shorten the prognosis for survival.
Treatment with BCAA would therefore be essential in
order to allow for providing TACE periodically while securely maintaining hepatic functional reserve.
One of the findings commonly noted in regard to all
the variables assessed in this study is that a significantly
greater improvement was noted in both serum albumin
level and Child-Pugh score for the BCAA group 6 mo
after TACE in comparison to the control group. What is
suggested by this fact is simply the usefulness of longterm BCAA treatment prior to TACE. It is also important that patients should be fully instructed on the use of
BCAA granules to maintain their treatment compliance.
The present study has several limitations. Firstly, it is a
retrospective study. Furthermore, there was a bias in patient demographic characteristics between the BCAA and
control groups since BCAA is usually used for patients
showing low serum albumin levels. Therefore, pertinent
data were evaluated for improvement or exacerbation using absolute serum albumin change as a parameter. The
present study did not include assessment for the prognosis for survival, which should be addressed by a prospective study using comparable demographic characteristics
among patients.
In conclusion, treatment with BCAAs before TACE
in HCC patients is extremely useful in maintaining their
hepatic functional reserve.

DISCUSSION
PEM occurs frequently in patients with liver cirrhosis and
represents an important predictive factor for the prognosis of liver cirrhosis patients with HCC [18,21]. Supplementation with BCAA formula is reportedly useful for
improving PEM and QoL in these patients. However,
few studies have assessed the importance of such nutritional intervention in patients with HCC who underwent
nonsurgical therapies such as TACE. The purpose of the
present study was to investigate to what extent BCAA
treatment can contribute to maintaining hepatic functional reserve in HCC patients after TACE.
A significant difference was observed in the overall
patient population in terms of change in serum albumin
level at all assessment time points. As seen in Table 1,
hepatic functional reserve was relatively well maintained
in the control group; therefore, anticancer chemotherapy
was given at relatively high doses (60% of patients treat
ed with BCAA received epirubicin at 40 mg or more
whereas the corresponding percentage for the control
group was 72.9%). Patients receiving high-dose anticancer chemotherapy are often unable to sufficiently ingest
food over several weeks after TACE. This may account
for lower serum albumin levels observed in the control
group compared with the BCAA group. Other possible
causes of decreased serum albumin levels after TACE include (1) impaired ability of the liver to synthesize serum
albumin due to decreased hepatocyte count; (2) inhibition
of the synthesis of albumin by inflammatory cytokines;
and (3) leakage of albumin due to inflammation of the
cauterized areas[22,23].
The assessments in Child-Pugh A patients revealed
a significant difference in serum albumin level 1, 3 and
6 mo after TACE and in Child-Pugh score 3 and 6 mo
after TACE. TACE is best indicated for Child-Pugh A
HCC. In patients undergoing TACE, caution should be
exercised to minimize depression of hepatic functional
reserve in preparation for the next treatment session. The
above results thus suggest the usefulness of BCAA treatment in this regard.
The assessments in the Child-Pugh B subgroup show
ed a significant difference in Child-Pugh score 1, 3 and
6 mo after TACE. Once hepatic functional reserve has
worsened from Child-Pugh B to Child-Pugh C following
TACE, the next TACE cannot be performed according
to the Barcelona Clinic Liver Cancer guidelines[24]. Therefore, particular caution should be exercised in maintaining hepatic functional reserve at the time of TACE in
patients with Child-Pugh B HCC, indicating the indispensability of BCAA therapy.
In Japan, BCAA granules are indicated for the treatment of liver cirrhosis in patients with a serum albumin
level of 3.5 g/dL or less. However, conversely, the present study demonstrated similar results between patients
with a serum albumin level of more than 3.5 g/dL and
those in other categories of serum albumin level. Therefore, treatment with BCAA proved to improve hepatic
functional reserve even in cirrhotic patients with HCC
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Assessment of disease progression in patients with transfusionassociated chronic hepatitis C using transient elastography
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transfusion and the date of liver stiffness measurement
(LSM). Patients were stratified into four groups based
on the duration of infection (17-29 years; 30-39 years;
40-49 years; and 50-70 years). The difference in liver
stiffness between patients with and without HCC was
assessed in each group. Multiple linear regression analysis was used to determine the factors associated with
liver stiffness.
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RESULTS: A total of 524 patients underwent LSM.
Eight patients were excluded because of unsuccessful measurements. Thus 516 patients were included in
the current analysis (225 with HCC and 291 without).
The patients were 244 men and 272 women, with a
mean age of 67.8 ± 9.5 years. The median liver stiffness was 14.3 kPa (25.8 in HCC group and 7.6 in nonHCC group). The patients who developed HCC in short
duration of infection were male dominant, having lower
platelet count, with a history of heavier alcohol consumption, showing higher liver stiffness, and receiving
blood transfusion at an old age. Liver stiffness was positively correlated with duration of infection in patients
without HCC (r = 0.132, P = 0.024) but not in patients
with HCC (r = -0.103, P = 0.123). Liver stiffness was
significantly higher in patients with HCC than in those
without in each duration group (P < 0.0001). The factors significantly associated with high liver stiffness
in multiple regression were age at blood transfusion
(P < 0.0001), duration of infection (P = 0.0015), and
heavy alcohol consumption (P = 0.043)

Abstract
AIM: To evaluate the relationship between liver stiffness and duration of infection in blood transfusion-associated hepatitis C virus (HCV) patients with or without
hepatocellular carcinoma (HCC).

CONCLUSION: Although liver stiffness gradually increases over time, HCC develops in patients with high
stiffness value regardless of the duration of infection.

METHODS: Between December 2006 and June 2008,
a total of 524 transfusion-associated HCV-RNA positive
patients with or without HCC were enrolled. Liver stiffness was obtained noninvasively by using Fibroscan
(Echosens, Paris, France). The date of blood transfusion
was obtained by interview. Duration of infection was
derived from the interval between the date of blood
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associated with disease progression.
The aim of this study is to evaluate the association
between liver stiffness and the duration of infection in
blood transfusion-associated hepatitis C patients with and
without HCC, focusing on the risk of HCC development.
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MATERIALS AND METHODS
Patients
This study conformed to the ethical guideline of the 1975
Helsinki Declaration and the ethical guidelines for epidemiologic research designed by Japanese Ministry of
Education, Culture, Sports, Science and Technology and
Ministry of Health, Labor and Welfare. The study design
was approved by the ethics committee of the authors’
institution. Between December 2006 and June 2008, a
total of 1562 patients positive for HCV RNA visited the
liver clinic of authors’ institution. Among these patients,
those with a history of receiving blood transfusion were
consecutively enrolled (229 with HCC and 295 without).
We excluded from the present study those patients with
concomitant hepatitis B virus surface antigen positivity,
patients with uncontrollable ascites, patients on interferon therapy, and patients who received multiple blood
transfusions.

INTRODUCTION
Hepatitis C virus (HCV) is a leading cause of chronic
liver diseases, presenting serious public health problems
worldwide [1,2]. HCV infection generally shows an asymptomatic onset and slow fibrosis progression, with
cirrhosis developing after 20-50 years[3-7]. Progression of
disease is known to depend on patients’ characteristics at
the onset of infection[8-12]. Infection at old age, male gender and heavy alcohol consumption are reported to be
independently associated with rapid disease progression.
The onset of HCV infection can be reliably estimated
in transfusion-associated chronic hepatitis C patients, in
contrast to repeating injecting-drug users. In Japan, about
40% of chronic hepatitis C patients and HCV-related
HCC patients have a history of blood transfusion typically in 1950s and 1960s[13], when blood supply depended
on paid blood donors. Not a few of the blood donors
were also injecting-drug users, mainly methamphetamine,
among whom HCV spread first after the end of World
War Ⅱ. Viral spread started to decline in Japan after commercial blood banks were entirely abolished in 1969[14].
Chronic hepatitis C with cirrhosis is a strong risk factor for hepatocellular carcinoma (HCC)[15,16]. It has been
shown that the risk of HCC increases with the degree
of liver fibrosis[17]. Until recently, however, the degree of
liver fibrosis could be reliably assessed only with liver biopsy, an invasive procedure with the possibility of serious
complications[18,19].
Liver stiffness, which can be noninvasively measured
with transient elastography, has been recently reported to
be well correlated with histologically assessed liver fibrosis stage[20]. We previously reported that liver stiffness is
strongly associated with the risk of HCC[21,22]. The calculated stratum-specific likelihood ratio indicated that the
post-test odds for the presence of HCC increase five-fold
when liver stiffness is higher than 25 kPa and decrease to
one-fifth when lower than 10 kPa. Furthermore, we have
confirmed in a prospective study that liver stiffness is a
significant risk factor for HCC development, together
with male gender, clinical cirrhosis and serum albumin
level. However, in those studies we did not fully consider
the duration of HCV infection and the age at the onset
of infection, which are indicated in several studies to be
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Transient elastography
Liver stiffness was obtained noninvasively by using Fibroscan (Echosens, Paris, France), a newly developed medical device based on elastometry. Liver stiffness measurement (LSM) was considered valid only when at least eight
acquisitions were successful with a success rate of at least
60% and the ratio of inter-quartile range (IQR) to the
median value was larger than 30%.
Diagnosis of hepatocellular carcinoma
In patients with HCC, the cancer was diagnosed by dynamic computed tomography (CT), where intrahepatic
nodules with hyperattenuation in the arterial phase with
washout in the late phase were considered as definite
HCC[23,24]. Histopathological diagnosis, using ultrasoundguided biopsy samples, was also performed when required. In patients without HCC, the cancer was ruled
out by ultrasonography. No HCC was detected in the
subsequent six-month follow-up period among these patients.
Laboratory tests
We determined the following parameters on the day
of LSM: serum albumin and total bilirubin concentrations, serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels, prothrombin activity
and platelet count. Serogrouping of HCV was assessed
by enzyme-linked immunosorbent assay (ELISA) (Immucheck F-HCV Gr Kokusai; Sysmex, Kobe, Japan)[25].
Based on the prevalence of each HCV genotype in Japan,
serogroup 1 was assumed to represent genotype 1b and
serogroup 2 to represent genotype 2a or 2b.

1386

March 28, 2012|Volume 18|Issue 12|

Masuzaki R et al . Liver stiffness and disease progression

Duration of infection and liver stiffness progression
The date of blood transfusion was obtained by interview.
Duration of infection was derived from the interval between the date of blood transfusion and the date of LSM.
The rate of liver stiffness progression was calculated as
follows: present liver stiffness-minimal stiffness value in
the cohort (kPa)/interval after blood transfusion (years).

140
120
100
80
60
40

Statistical analysis
Data were expressed as median and 25th-75th percentiles
in parenthesis unless otherwise indicated. The categorical
variables were compared by χ 2 tests, whereas continuous
variables were compared with unpaired Student’s t test
(parametric) or Mann-Whitney U test (non-parametric).
A P value < 0.05 on two-tailed test was considered significant.
The correlation between liver stiffness and the interval from blood transfusion was assessed by Spearman’s
rank correlation. The duration of infection was arbitrarily
stratified into 4 groups, 17-29 years; 30-39 years; 40-49
years; and 50-70 years. The difference in liver stiffness
according to the presence of HCC was assessed in each
group. Multiple linear regression analysis was used to
determine the factors associated with liver stiffness. Processing and analysis were performed by using the S-plus
Version 7 (TIBCO Software Inc., Palo Alto, CA, United
States).

20
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1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990
Year of blood transfusion

Figure 1 Frequency distribution of the year of receiving blood transfusion
among the subjects. There is a peak around the year 1960.

Table 1 Characteristics of patients according to presence of
hepatocellular carcinoma n (%)
Characteristics
Overall patients
Gender (M/F)
Age (yr)1
Platelet count (109/L)1
ALT (IU/L)1
Alcohol consumption
> 50 g/d
Liver stiffness (kPa)1
IQR (kPa)1
Duration (17-29 yr)
Gender (M/F)
Age (yr)1
Platelet count (109/L)1
ALT (IU/L)1
Alcohol consumption
> 50 g/d
Liver stiffness (kPa)1
Duration (30-39 yr)
Gender (M/F)
Age (yr)1
Platelet count (109/L)1
ALT (IU/L)1
Alcohol consumption
> 50 g/d
Liver stiffness (kPa)1
Duration (40-49 yr)
Gender (M/F)
Age (yr)1
Platelet count (109/L)1
ALT (IU/L)1
Alcohol consumption
> 50 g/d
Liver stiffness (kPa)1
Duration (50-70 yr)
Gender (M/F)
Age (yr)1
Platelet count (109/L)1
ALT (IU/L)1
Alcohol consumption
> 50 g/d
Liver stiffness (kPa)1

HCC

Non-HCC

P value

n = 225
126/99
71.2 (66.1-75.7)
95 (74-133)
48 (34-68)
51 (22.7)

n = 291
118/173
0.0005
68.1 (58.7-72.4) < 0.0001
161 (111-200) < 0.0001
42 (25-69)
0.006
28 (9.6)
< 0.0001

25.8 (17.3-37.4)
4.0 (2.5-6.0)
n = 34
25/9
73.1 (65.7-77.1)
95 (76-154)
51 (34-89)
12 (35.3)

7.6 (5.6-13.9) < 0.0001
1.6 (1.2-2.6)
< 0.0001
n = 64
38/26
0.0028
59.7 (47.2-69.2)
0.033
180 (116-229) < 0.0001
42 (22-77)
0.2071
9 (14.1)
0.023

26.1 (16.8-53.3)
n = 40
16/24
72.0 (65.4-76.7)
93 (68-120)
42 (33-65)
6 (15)

5.9 (4.9-12.1) < 0.0001
n = 59
23/36
0.9191
62.3 (55.7-68.6) < 0.0001
151 (97-215)
< 0.0001
48 (27-80)
0.7591
7 (11.9)
0.7641

28.7 (20.1-37.8)
n = 101
58/43
69.2 (65.8-73.6)
97 (67-136)
48 (34-69)
25 (24.8)

7.4 (5.7-13.8) < 0.0001
n = 127
51/76
0.0113
69.9 (65.7-72.7)
0.8107
163 (112-195) < 0.0001
38 (23-64)
0.0080
8 (6.3)
0.0001

25.1 (17.5-37.4)
n = 50
27/23
74.4 (70.0-78.1)
97 (81-141)
52 (36-69)
8 (16)

8.2 (5.8-14.1) < 0.0001
n = 41
18/23
0.4016
73.7 (66.3-79.2)
0.5658
147 (117-189)
0.0001
46 (32-63)
0.1700
4 (9.8)
0.5363

16.0 (8.0-36.3)

7.9 (6.5-15.8)

RESULTS
Patients’ profile
A total of 524 patients underwent LSM. Eight patients
were excluded because of unsuccessful measurements,
mostly due to obesity (four patients had IQR/median >
30% and four had a success rate lower than 60%). Thus
516 patients were included in the current analysis (225
with HCC and 291 without). Their characteristics at the
time of LSM are summarized in Table 1. The patients
were 244 men and 272 women, with a mean age of 67.8
± 9.5 years. The median liver stiffness was 14.3 kPa (25.8
in HCC group and 7.6 in non-HCC group). Figure 1
shows the frequency distribution of the year of receiving
blood transfusion among the subjects. A peak is noted
around the year 1960.
Characteristics of patients according to the duration of
infection
Characteristics of patients were compared between patients with and without HCC in each duration of infection group (Table 1). The patients who developed HCC
in short duration of infection were male dominant, having low platelet count, with a history of heavier alcohol
consumption, showing higher liver stiffness, and receiving blood transfusion at an older age.

< 0.0001

Correlation between liver stiffness and duration of
infection
The correlation between liver stiffness and duration of

1

Data are expressed as median (25th-75th percentiles). ALT: Alanine aminotransferase; IQR: Inter-quartile range; HCC: Hepatocellular carcinoma;
M: Male; F; Female.
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Liver stiffness (kPa)

infection was significant in patients without HCC (r =
0.132, Z = 2.256, P = 0.024) but not in patients with
HCC (r = -0.103, Z = -1.54, P = 0.123). When the duration of infection was stratified into 4 groups, 17-29 years;
30-39 years; 40-49 years; and 50-70 years, liver stiffness
was higher in patients with HCC than in patients without
in each group (P < 0.0001, Figure 2).

HCC
Non-HCC

100

40

34
10

101
127

59

64

50
41

a

a

a

a

n = 98
(17-29)

n = 99
(30-39)

n = 228

n = 91
(50-70)

Multiple regression analysis
The relationship between present liver stiffness and patients’ characteristics, i.e., the age at blood transfusion,
duration of infection, gender, and alcohol consumption
(alcohol > 50 g/d) was analyzed with multiple linear
regression analysis. The results showed that the age at
blood transfusion was positively correlated with liver
stiffness, with a coefficient of +0.336 per year for kPa,
P < 0.0001, independently of the duration of infection
(coefficient +0.272 per year for kPa, P = 0.0015). This
suggests that fibrosis progression is more rapid when
infection is acquired at older ages. Alcohol consumption
was also significantly correlated with a positive coefficient
(coefficient +4.183 for kPa, P = 0.043).

0
(40-49)

Duration of infection (yr)

Figure 2 Duration of infection and liver stiffness. Liver stiffness was higher
in patients with HCC than in patients without in each infection duration group (aP
< 0.0001 by Mann-Whitney U test).
2.0

Logarithmic liver stiffness

1.8
1.6

Stiffness progression and the age at blood transfusion
The progression of liver fibrosis, as represented by the
increase in liver stiffness, must have been rapid in patients
who have high liver stiffness in spite of short duration of
HCV infection. We assumed that the liver stiffness was
normal, that is, 2.9 kPa, when patients received blood
transfusion. In Figure 3, the slopes represent the estimated increase rates of liver stiffness. In accordance with
the results of multiple regression, the estimated increase
rate was higher when patients received blood transfusion
at older ages.
The progression rate of liver stiffness was assessed in
subgroups according to three parameters (Figure 4). The
progression rate was significantly higher in patients who
were older than 40 at the time of blood transfusion (P <
0.0001), which is in accordance with the results of multiple regression. Heavy alcohol consumption (more than
50 g ethanol/d, P = 0.0308) and male gender (P = 0.0063)
also showed significant difference by Mann-Whitney U
test. There was no significant difference among HCV
genotypes.

1.4
1.2
1.0
0.8
0.6
0.4

0

10

20

30

40

50

60

70

80

90

100

Age at BTF

Figure 3 Age at blood transfusion and liver stiffness. Stiffness at present
(each dot) and stiffness at BTF (assumed to normal value) were connected approximate logarithmic curve. Stiffness progressions become rapid in older age
at BTF.
0 0.2 0.4 0.6 0.8 1.0 1.2
Age at BTF < 40

n = 449

Age at BTF ≥ 40

n = 67
Male

Median (25th- P value
75th percentiles)
0.240
(0.099-0.507) < 0.0001
0.591
(0.279-1.084)
0.292
(0.126-0.594)
0.261
(0.092-0.519)

n = 244
Female
n = 272
Alcohol < 50 g/d

n = 437

Alcohol ≥ 50 g/d

n = 79

HCV serogroup 1

n = 354

HCV serogroup 2
n = 90

0.261
(0.100-0.534)
0.378
(0.150-0.763)
0.263
(0.104-0.553)
0.225
(0.097-0.505)

0.0308

DISCUSSION
The natural history of chronic hepatitis C concerning
liver fibrosis progression has been vigorously studied using liver biopsy specimens. The extent of liver fibrosis
is usually evaluated as categorical stages. For example,
METAVIR Score uses five stages, F0-F4, for fibrosis eva
luation[26]. The fibrosis progression in hepatitis C patients,
calculated by using paired liver biopsy, was reported to
be 0.1-0.133 Unit per year[12,13]. Liver stiffness measured
by transient elastography is now widely accepted as a
surrogate marker of liver fibrosis[27]. Liver stiffness is
expressed as a continuous variable in kPa unit. The cut-

0.0063

0.5540

Figure 4 Liver stiffness progression rate. The progression rate is significantly higher in patients who were older than 40 at the time of blood transfusion,
whose alcohol consumption is more than 50 g/d, and who are male. There is no
significant difference according to hepatitis C virus (HCV) serotypes. Horizontal
bar represents median value and 25th-75th percentiles.
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off for cirrhosis is reportedly 13-17 kPa, and the upper
limit of measurement is currently 75 kPa. Thus LSM has
a wider dynamic range than histological staging, and the
rate of fibrosis progression may be more accurately analyzed with LSM.
In the present study, the increase rate of liver stiffness
was positively correlated with the age at blood transfusion, as shown by the steeper slopes of approximation
curves when patients received BTF at older ages. The
cause of this phenomenon is not clear but age-related
changes in immunity may be involved. If this is the case,
the increase rate is likely to become higher in the same
patient with age. Indeed, each approximation curve in the
figure apparently becomes steeper with age, suggesting
age-related acceleration. This is to be confirmed in future
longitudinal studies.
LSM is useful not only as a surrogate of liver biopsy
but also as a risk indicator of HCC development. Indeed,
in the present study, liver stiffness is high in patients with
HCC regardless of duration of infection. The patients
who developed HCC with short duration of infection
received blood transfusion at an older age and were older
at the time of LSM, male dominant, and showed higher
liver stiffness than patients without HCC with similar duration of infection. The difference between patients with
and without HCC became smaller with longer duration
of infection, as the average liver stiffness in patients with
HCC became lower and that in patients without HCC
became higher. We speculated that patients with high
liver stiffness who received blood transfusion in the early
period have already died of HCC or liver failure and were
eliminated from the study population. Another possibility
is that HCC may develop in patients with relatively low
liver stiffness when infection has lasted a long time.
In the present study, the median increase in liver stiffness was calculated as 0.275 kPa per year. Using 13.01
kPa as a cut-off for cirrhosis[28], it will take around 40
years on average to develop cirrhosis, which is consistent
with previous reports based on liver biopsy[29]. Admittedly, the present study is basically cross-sectional, and
prospective longitudinal LSM will be obviously superior
in understanding the natural course of liver fibrosis progression. However, the estimated average increase rate
of liver stiffness indicates that such studies will require
repeated LSM at an interval of at least five years.
Age at viral infection, alcohol consumption, and male
gender were reported to be associated with accelerated
fibrosis progression[8-11]. In the present study, we performed subgroup analysis and indeed found that blood
transfusion at an age older than 40, male gender, and
alcohol consumption more than 50 g ethanol/d were significantly associated with rapid increase in liver stiffness.
There is consensus that heavy alcohol consumption is
associated with fibrosis progression[30]. Alcohol, which by
itself can cause liver disease and fibrosis, may affect liver
stiffness and worsen fibrosis in hepatitis C[31]. We did not
find a difference in liver stiffness increase rate between
HCV genotypes 1 (mostly 1b) and 2 (2a/2b), although
we could not evaluate genotypes 1a, 3 or 4.

WJG|www.wjgnet.com

This study has some limitations. First, since this is a
cross-sectional study performed after LSM became available, patients with more rapid disease progression may
have died and been excluded from the study. Second,
because transfusion-associated HCV infection has been
virtually eliminated in Japan since 1992, we could not include patients with shorter duration of infection. Lastly,
we did not perform paired LSM but assumed that liver
stiffness was normal at the time of infection. Longitudinal observation is now on-going but will take several
years to obtain results.
In conclusion, although liver stiffness gradually increases over time from the onset of infection in general,
HCC develops in patients with high liver stiffness regardless of the duration of infection. Patients who acquired
HCV infection at older ages showed higher increase rate
of liver stiffness and probably more rapid disease progression.
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Opiate-induced constipation related to activation of small
intestine opioid μ2-receptors
Wency Chen, Hsien-Hui Chung , Juei-Tang Cheng
a selective opioid μ-receptor antagonist, but not modified by naloxonazine at a dose sufficient to block opioid
μ-1 receptors. Also, treatment with opioid μ-1 receptor
agonist failed to modify the muscle tone. Moreover, the
relaxation by loperamide was attenuated by gliben+
clamide at a dose sufficient to block ATP-sensitive K
(KATP) channels, and by protein kinase A (PKA) inhibitor,
but was enhanced by an inhibitor of phosphodiesterase
for cyclic adenosine monophosphate (cAMP).
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CONCLUSION: Loperamide induces intestinal relaxa
tion by activation of opioid μ-2 receptors via the cAMPPKA pathway to open KATP channels, relates to OIC.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the role of opioid μ-receptor subtype in opiate-induced constipation (OIC).

Chen W, Chung HH, Cheng JT. Opiate-induced constipation related to activation of small intestine opioid μ2-receptors. World
J Gastroenterol 2012; 18(12): 1391-1396 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i12/1391.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i12.1391

METHODS: The effect of loperamide on intestinal transit was investigated in mice. Ileum strips were isolated
from 12-wk-old male BALB/c mice for identification of
isometric tension. The ileum strips were precontracted
with 1 μmol/L acetylcholine (ACh). Then, decrease in
muscle tone (relaxation) was characterized after cumulative administration of 0.1-10 μmol/L loperamide into
the organ bath, for a concentration-dependent study.
Specific blockers or antagonists were used for pretreatment to compare the changes in loperamide-induced
relaxation.

INTRODUCTION
Opiate-induced constipation (OIC) is widely observed
among patients receiving chemotherapy[1,2]. In the gastrointestinal system, the opioid peptides are released and
activate opioid receptors, which regulate the enteric circuitry by controlling motility and secretion, resulting in
an increase in sphincter tone, inhibition of gastric emptying, and induction of stationary motor patterns. Together
with the inhibition of ion and fluid secretion, these effects result in constipation, one of the most troublesome

RESULTS: In addition to the delay in intestinal transit,
loperamide produced a marked relaxation in isolated
ileum precontracted with ACh, in a dose-dependent
manner. This relaxation was abolished by cyprodime,
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side effects of opiate analgesic treatment[3]. The development of a better therapy for treating OIC is urgent and
necessary.
Loperamide is widely used clinically to treat a variety
of diarrheal syndromes, including acute and nonspecific
(infectious) diarrhea[4,5]. Loperamide is a peripheral agonist of opioid μ-receptors with poor ability to penetrate
the blood-brain barrier[6,7]. Some analgesic agents have
been shown to have relaxant effects on smooth muscle[8,9].
(+)-Tramadol activates peripheral opioid μ-receptors, inducing concentration-dependent relaxation of the aorta[10].
Opioid μ-receptors are divided into three subtypes: μ-1,
[11]
μ-2 and μ-3 . The activation of opioid μ-1 receptors has
been reported to be associated primarily with the phospholipase C (PLC)-protein kinase C (PKC) pathway[12].
PLC-PKC signals can increase the intracellular calcium
concentration, inducing gastrointestinal or bladder contraction[13,14]. Therefore, it is unlikely that intestinal relaxation is induced by the activation of opioid μ-1 receptors.
ATP-sensitive K+ (KATP) channels are involved in the
regulation of intestinal smooth muscle[15]. In addition, the
opening of KATP channels has been reported to reduce intracellular Ca+ concentration[16-18]. The KATP channel opener
diazoxide has been shown to have the ability to attenuate indomethacin-induced small intestinal damage in
rats[19]. However, the role of KATP channels in loperamideinduced gastrointestinal transit remains obscure.
In an attempt to determine the subtype of opioid μreceptors involved in the regulation of intestinal tone, we
used loperamide as an agonist to induce intestinal relaxation in the present study. In addition, specific blockers
or antagonists were applied to investigate the potential
mechanisms of action of loperamide.

that time, the animals were sacrificed, the stomach and
small intestine removed and the omentum was separated,
avoiding stretching. The length of the intestine from the
pyloric sphincter to the ileocecal junction and the distance
travelled by the charcoal front were measured and recorded. We also recorded the time at which the mice started to
drain stool after the administration of the charcoal meal.
We evaluated the effects of loperamide, stevioside (an
agonist of opioid μ-1 receptor) or vehicle on GIT using
subcutaneous injection into mice. Loperamide, stevioside
and vehicle were given 30 min before the charcoal meal.
The opioid antagonists cyprodime and naloxonazine were
intraperitoneally injected at 60 min before the charcoal
meal.
Preparation of isolated ileum
In the in vitro experiments, isolated ileum from BALB/c
mice was used. Each mouse was killed by decapitation
under anesthesia with pentobarbital (50 mg/kg). After
the ileum strips had been carefully freed from the fat
and connective tissue, the strips were mounted in organ
baths filled with 10 m��
L������������
�����������
oxygenated �������
Krebs’ �������
buffer �����
(95%
O2, 5% CO2) at 37 ℃ containing: 135 mmol/L NaCl; 5
mmol/L KCl; 2.5 mmol/L CaCl2; 1.3 mmol/L MgSO4; 1.2
mmol/L KH2PO4; 20 mmol/L NaHCO3; and 10 mmol/
L d-glucose (pH 7.4). Each preparation was connected
to strain gauges (FT03; Grass Instruments, Quincy, MA,
United States). The isometric tension was recorded using
chart software (MLS023, Powerlab; ADInstruments, Bella
Vista, NSW, Australia). Strips were mounted and allowed
to stabilize for 2 h. Each preparation was then gradually
stretched to achieve an optimal resting tension of 0.5 g.

Experimental animals
We obtained 12-wk-old male BALB/c mice from the Animal Center of National Cheng Kung University Medical
College. Mice were maintained in a temperature-controlled
room (25 ± 1 ℃) under a 12-h light-dark cycle (lights on
at 06:00 h). All mice were given water and fed standard
chow (Purina Mills, LLC, St Louis, MO, United States) ad
libitum. All animal-handling procedures were performed
according to the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health, and the
guidelines of the Animal Welfare Act.

Intestinal relaxation induced by loperamide
After the resting tension had stabilized, a solution of acetylcholine (ACh; Sigma-Aldrich) prepared in distilled water was added to the bathing buffer to induce a rapid increase in ileum tone followed by stable constriction (tonic
contraction). The final ACh concentration in the organ
bath was 1 μmol/L. Ileum strips in the treatment group
were exposed to loperamide (0.1-10 μmol/L) to observe
the decrease in the tonic contraction (ileum relaxation).
In addition, stevioside, an opioid μ-1 receptor agonist[21],
was also used to investigate the effect on tonic contraction. Relaxation was expressed as the percentage decrease
in the maximum tonic contraction. Concentration-relaxation curves were generated in a cumulative fashion.

Gastrointestinal �������������
t������������
ransit a����
�����
ssay
Gastrointestinal tract (GIT) in mice was measured accord
ing to the method used in a previous study[20]. Briefly, 18
h before the experiment, food was withheld from the
animals but free access to water was allowed. The mice received 0.25 m��������������������������������������������
L�������������������������������������������
of a suspension of charcoal consisting of
10% vegetable charcoal in 5% gum acacia (Sigma-Aldrich,
St Louis, MO, United States) that was administered by an
intragastric cannula. In subsequent experiments, the effects of loperamide or other compounds on GIT were
evaluated 20 min after administration of the marker. At

Effects of antagonists on loperamide-induced intestinal
relaxation
Ileum strips were exposed to glibenclamide (Research
Biochemicals, Wayland, MA, United States), a specific
opioid μ-1 receptor antagonist (naloxonazine) or a general
opioid μ receptor antagonist (cyprodime) (Tocris Cookson, Bristol, United Kingdom), for 15 min before addition
of loperamide to the organ bath. The strips were treated
with an inhibitor of cyclic adenosine monophosphate
(cAMP) phosphodiesterase (3-isobutyl-1-methylxanthine;
IBMX) or an inhibitor of protein kinase A (PKA) (H-89)
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Figure 2 Inhibitory effect of cyprodime or naloxonazine on relaxation induced by loperamide (10 μmol/L) in isolated ileum contracted with 1 μmol/L
acetylcholine. Data represent the mean ± SEM of the percentage changes in
the acetylcholine (ACh)-induced tonic contraction of ileum from eight animals.
b
P < 0.01 vs the distilled water (vehicle)-treated control.
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Figure 1 Role of opioid μ-receptors in gastrointestinal tract using charcoal
as an indicator. The data represent the distance (A) and time (B) for the transit
of charcoal. Data represent the mean ± SEM of eight animals. bP < 0. 01 vs the
distilled water (vehicle)-treated control.
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Figure 3 Effect of stevioside on the tone of isolated ileum strips contracted
with 1 μmol/L acetylcholine. Data represent the mean ± SEM of the percentage changes in the acetylcholine (ACh)-induced tonic contraction of ileum from
eight animals. aP < 0.05 vs the distilled water (vehicle)-treated control, shown in
the first column.

in the same manner. Forskolin (Sigma-Aldrich) was used
as a control. The changes in the relaxation caused by antagonists or blockers were compared with those of the
vehicle-treated control.

tenuated the loperamide-induced delay in charcoal transit,
but naloxonazine (1 mg/kg) failed to exhibit the same action (Figure 1���
B��
).

Statistical analysis
All values are presented as the mean ± SEM for a given
number of animals or samples. Analysis of variance and
Dunnett’s post hoc test were used to evaluate the significance between groups. P <� ��������������������������������
0.05 was considered significant.

Effect of opioid receptor blockade on loperamideinduced intestinal relaxation
Ileum strips strongly contracted in response to the application of ACh at 1 μmol/L. As shown in Figure 2,
loperamide relaxed the ACh-contracted ileum strips in
a concentration-dependent manner. At the maximum
concentration tested (10 μmol/L), loperamide significantly attenuated the tonic contraction of ileum strips
to 63.59% ± 5.60% of the contraction induced by ACh.
Cyprodime (1 μmol/L) produced a marked attenuation
of the relaxation induced by loperamide. However, naloxonazine failed to modify the action of loperamide, even
at a higher concentration (1 μmol/L). In addition, treatment with stevioside at a dose sufficient to activate the
opioid μ-1 receptor[21] failed to modify the intestinal tone
in ACh-contracted ileum (Figure 3).

RESULTS
Role of opioid receptor in loperamide-induced
gastrointestinal transit
As shown in Figure����������������������������������������
���������������������������������������
1��������������������������������������
A�������������������������������������
, the distance travelled by charcoal
in the loperamide-treated group (5 mg/kg) was shorter
than that in the vehicle-treated group. However, the distance travelled in the stevioside-treated (5 mg/kg) group
was similar to that in the vehicle-treated group. In addition, pretreatment with cyprodime (1 mg/kg) significantly
abolished the effect of loperamide on GIT, but naloxonazine (1 mg/kg) failed to produce the same effect. Moreover, the time for transit of charcoal from the stomach
to the anus stool drain in the loperamide-treated group
(5 mg/kg) was longer than that in the vehicle-treated
group. The transit time of the stevioside-treated (5 mg/kg)
group was the same as that of the vehicle-treated group.
In addition, pretreatment with cyprodime (1 mg/kg) atWJG|www.wjgnet.com

-

Role of cyclic adenosine monophosphate and protein
kinase A in loperamide-induced intestinal relaxation
In the present study, forskolin (5 μmol/L), a direct activator of adenylate cyclase, was used as a positive control
to increase the activity of cAMP, based on the findings
of a previous study[22]. In ileum strips contracted with
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ed to exert spinal antinociception[29,30]. In addition, the
activation of opioid μ-1 receptors seems to be related
to smooth muscle contraction via the PLC-PKC pathway[14,31]. Moreover, opioid μ-3 receptors are present ����
predominantly����������������������������������������������
in endothelial cells associated with the production of nitric oxide to induce vasodilatation[32]. Therefore, the involvement of opioid μ-1 or μ-3 receptors in
intestinal relaxation seems unlikely. Taken together, our
results suggest that the activation of opioid μ-2 receptors
is more likely to participate in the action of loperamide
with respect to intestinal relaxation. The activation of
opioid μ-2 receptors has been reported to be involved in
the relaxation of guinea pig ileum and in the inhibition
of GIT[33,34]. In addition, opioid μ-receptor-expressing
myenteric neurons are distributed primarily in the small
intestine, followed by the stomach and the proximal colon[35]. Although constipation is predominantly���������
����������������������
a large
bowel disorder, the presence of opioid μ receptors in the
colon and the longer GIT time of charcoal to the anus
stool drain in mice that received loperamide support the
role of opioid μ-2 receptors in opiate-induced constipation. Unfortunately, there
����������������������������������������
is no suitable tool or agent that
can be used to provide further evidence supporting this
hypothesis. Therefore, we focused on the subcellular signals as an alternative experimental
�����������������������
approach��.
Potassium channels play an important role in the regulation of intestinal smooth muscle cells[36,37]. ATP-sensitive
K+ (KATP) channels are composed of four inwardly rectifying K+ channel subunits and four regulatory sulfonylurea receptors[38]. The activation of KATP channels induces
hyperpolarization of the cell membrane and consequently
relaxes the smooth muscle. Thus, we focused on the involvement of KATP channels in the intestinal relaxation
induced by loperamide. We used forskolin as a positive
control because forskolin is a direct activator of adenylate
cyclase that can increase intracellular cAMP concentration to activate cAMP-dependent PKA, resulting in the
opening of KATP channels[24]. As shown in Table 1, we
observed that forskolin-induced intestinal relaxation was
also blocked by glibenclamide. The intestinal relaxation
induced by forskolin was abolished by H-89 at a concentration sufficient to block the activity of PKA[24] and was
enhanced by IBMX at a concentration sufficient to inhibit
the activity of cAMP-posphodiesterase[23]. Similar changes
were also observed in ileum strips relaxed by loperamide
(Table 1). These data suggest that the potential mechanism
responsible for loperamide-induced intestinal relaxation is
mediated via the cAMP-PKA pathway to open KATP channels. Therefore, the results provide a novel insight into
the mechanism of action of loperamide and increase our
understanding of intestinal relaxation. It is reasonable to
consider that similar results will be obtained for the parts
of the colon that have opioid μ receptors. Further investigations are required in the future.
In conclusion, we suggest that the activation of opioid
μ-2 receptors, which induce the opening of KATP channels, is responsible for loperamide-induced intestinal re
laxation. Therefore, peripheral opioid μ-2 receptors will

Table 1 Effects of inhibitors of cyclic adenosine monophosphate-phosphodiesterase or protein kinase A on the relaxation
ACh (%)
Loperamide (10 μmol/L)
+ Vehicle
+ H-89 (1 μmol/L)
+ IBMX (10 μmol/L)
+ Glibenclamide (1 μmol/L)
Forskolin (5 μmol/L)
+ Vehicle
+ H-89 (1 μmol/L)
+ IBMX (10 μmol/L)
+ Glibenclamide (1 μmol/L)
IBMX (10 μmol/L)
H-89 (1 μmol/L)
Glibenclamide (1 μmol/L)

63.59 ± 5.60
80.49 ± 3.07a
41.02 ± 2.57b
83.52 ± 0.89a
31.64 ± 7.39
79.29 ± 2.76b
27.77 ± 1.40b
80.98 ± 2.75b
93.41 ± 2.15b
91.31 ± 3.47b
92.45 ± 3.29b

Effects of inhibitors of cyclic adenosine monophosphate-phosphodiesterase
or protein kinase A on the relaxation induced by loperamide (10 μmol/L) or
forskolin (5 μmol/L) in isolated ileum contracted with 1 μmol/L acetylcholine (ACh). IBMX: 3-isobutyl-1-methylxanthine. aP < 0.05, bP < 0.01 vs vehicle
treated control.

ACh (1 μmol/L), forskolin-induced relaxation was also
abolished by pretreatment with glibenclamide (1 μmol/L).
Moreover, intestinal relaxation induced by forskolin was
increased by the addition of IBMX at a concentration (10
[23]
μmol/L) sufficient to inhibit cAMP-phosphodiesterase ,
and was decreased by addition of H-89 at a concentration
(1 μmol/L), which was sufficient to inhibit the activity of
PKA[24]. The loperamide-induced intestinal relaxation was
also modified by these agents in the same manner. Our
results showed that intestinal relaxation induced by loperamide was increased by IBMX and attenuated by H-89
(Table 1).

DISCUSSION
In the present study, we found that loperamide caused a
dose-dependent delay in GIT using charcoal as an indicator in mice. In addition, loperamide induced relaxation in
the ileum strips contracted with stimulant. This action of
loperamide seems to be related primarily to the activation
of opioid receptors in peripheral tissue, because loperamide does not cross into the central nervous system[7].
The loperamide-induced action was effectively abolished
by cyprodime, suggesting that opioid μ receptors were
involved. However, this action of loperamide was not reversed by naloxonazine even at a dose sufficient to block
opioid μ-1 receptors. In addition, as shown in Figure 2,
relaxation was not induced by stevioside, which is an
agonist specific for opioid μ-1 receptors[21]. The involvement of opioid μ-1 receptors in the intestinal relaxation
mechanism of loperamide seems unlikely.
Thus, another opioid μ receptor must be involved in
this action of loperamide. There is no doubt that loperamide is an agonist of peripheral opioid μ receptors[7,25].
Opioid μ receptors have been divided into three subtypes[11]:
[26-28]
. The analgesic action mediated by
μ-1, μ-2 and μ-3
the activation of opioid μ-1 receptors has been report
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be a new target in the development of agents for treating
OIC.
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Notch3 regulates the activation of hepatic stellate cells
Yi-Xiong Chen, Zhi-Hong Weng, Shu-Ling Zhang
chronic active hepatitis, but not detected in normal liver
tissues. Active Notch signaling was found in HSC-T6 cells.
TGF-β1 treatment led to up-regulation of Notch3 expression in HSC-T6 cells, and over-expression of Notch3
increased the expression of α-SMA and collagen Ⅰ in
HSC-T6 without TGF-β1 treatment. Interestingly, transient knockdown of Notch3 decreased the expression
of myoﬁbroblastic marker and antagonized TGF-β1induced expression of α-SMA and collagen Ⅰ in HSC-T6.
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CONCLUSION: Notch3 may regulate the activation of
HSCs, and the selective interruption of Notch3 may provide an anti-ﬁbrotic strategy in hepatic ﬁbrosis.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate whether Notch signaling is involved
in liver fibrosis by regulating the activation of hepatic
stellate cells (HSCs).
METHODS: Immunohistochemistry was used to dete
ct the expression of Notch3 in fibrotic liver tissues of
patients with chronic active hepatitis. The expression
of Notch3 in HSC-T6 cells treated or not with transforming growth factor (TGF)-β1 was analyzed by immunofluorescence staining. The expression of Notch3
and myoﬁbroblastic marker α-smooth muscle actin
(α-SMA) and collagen Ⅰ in HSC-T6 cells transfected
with pcDNA3.1-N3ICD or control vector were detected
by Western blotting and immunofluorescence staining.
Moreover, effects of Notch3 knockdown in HSC-T6 by
Notch3 siRNA were investigated by Western blotting
and immunofluorescence staining.

Chen YX, Weng ZH, Zhang SL. Notch3 regulates the activation of
hepatic stellate cells. World J Gastroenterol 2012; 18(12): 1397-1403
Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i12/1397.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i12.1397

INTRODUCTION
Hepatic fibrosis is a reversible wound-healing response
characterized by the accumulation of extracellular matrix
(ECM) to liver injury[1]. In the process of hepatic fibrosis,
activated hepatic stellate cells (HSCs) synthesize a large
amount of ECM and then change into myofibroblasts[2],
which is characterized by the expression of α-smooth

RESULTS: The expression of Notch3 was significantly
up-regulated in fibrotic liver tissues of patients with
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muscle actin (α-SMA) and ECM, particularly collagen Ⅰ.
Myoﬁbroblast is one of the key cellular components
involved in liver ﬁbrosis, therefore, the majority of antiﬁbrotic therapies are designed to inhibit the activation,
proliferation, or synthetic products of HSCs[3].
Notch signaling is an ancient cell signaling that regulates cell fate specification, stem cell maintenance, and
initiation of differentiation in embryonic and postnatal
tissues[4,5]. More recently, some researches reported that
Notch signaling was implicated in human ﬁbrosis diseases,
such as pulmonary, renal and peritoneal ﬁbrosis[6-8]. Several researches suggested that the Jagged/Notch pathway
may selectively mediate fibrogenic properties of transforming growth factor-β1 (TGF-β1) which was essential
to promote the production and deposition of ECM[9-11].
Notch receptors (Notch1, Notch2 and Notch4) were
present at the mRNA level in freshly isolated HSCs, and
the synthesis of Notch1 decreased during culture and
development of HSCs into myofibroblast-like cells[12].
However, the expression of Notch3 in phenotype activated HSCs remains unknown. Ono et al[13] reported that
Notch3 was required for TGF-β1-induced myofibroblastic differentiation of myoblasts. Based on the studies
above, the present study was undertaken to investigate
whether Notch3 was expressed in fibrotic liver tissues
of patients with chronic active hepatitis and in activated
HSCs, and sequentially contributed to liver fibrosis by
regulating the activation of HSCs.

-modiﬁed Eagle’s medium (DMEM; Gibco, United States)
supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin, and 10% fetal bovine serum (FBS) (Gibco, United
States). TGF-β1 (2 ng/mL) was incubated in growth medium for 24 h.
Immunohistochemistry and immunocytofluorescence
analysis
Liver tissue sections were incubated with 3% H2O2 followed by serum blocking with 10% goat serum in 5% bovine serum albumin (BSA). The Notch3 was detected by
staining with polyclonal rabbit anti-Notch3 (1:250) overnight at 4 ℃. Irrelevant isotype antibodies (Santa Cruz
Biotechnology, United States) at the same concentration
were used as control. The staining was carried out using
SABC kit (Boster, China).
Cells were fixed in phosphate buffered saline (PBS)
containing 4% paraformaldehyde at room temperature
for 30 min and were penetrated in blocking solution (Amresco, United States) containing 0.3% Triton X-100, and
incubated overnight with either anti-Notch3 (1:250), antiα-SMA (1:100) or anti-collagen Ⅰ (1:100) antibody in 1%
BSA solution. Then, cells were incubated with secondary
antibodies for 1 h at 37 ℃. After incubation, cells were
stained with nuclear stain marker 4’,6-diamidino-2-phenylindole. The reaction was examined under confocal microscope (Nikon, Japan).
Transfection of siRNA and plasmid
HSC-T6 was seeded into 6-well plates at a density of 1 ×
105 cells 12 h before transfection. siRNA was mixed with
5 μL lipofectamine 2000 in 250 μL Opti-MEM Ⅰ medium
for 20 min. The transfection mixture was then added to
each well with 1.5 mL FBS free DMEM at a concentration
of 100 nmol/L. After 6-h incubation, liquid mixture containing siRNA was disposed. Two mL DMEM containing
10% FBS was added and incubated for another 72 h. The
following siRNA sequences were used: Notch3 siRNA: 5’
ACAAGAUCAAUACAGGAGCTT 3’; the control siRNA sequence: 5’ UUGUAC UACACAAAAGUACUG 3’.
These siRNA were synthesized by Shanghai Genepharma
Co. Ltd. (Shanghai, China).
HSC-T6 was transfected with Notch3 intracellular domain (Notch3-ICD) cDNA cloned into pcDNA3.1 (pcDNA3.1-N3ICD) vector, which was a gift from Dr. Tao
Wan. The control (pcDNA3.1-empty) vector was purchased from Shanghai Genepharma Co. Ltd. (Shanghai,
China). All thansfections were performed using Lipofectamine 2000 following the manufacturer’s instructions.

MATERIALS AND METHODS
Patients and liver biopsy samples
Liver tissue samples were obtained by biopsy from 11 patients with chronic active hepatitis (5 women and 6 men;
median age 43 years, range 31-55 years). Control liver biopsy specimens were obtained from healthy volunteers (n
= 6). All patients and controls signed consent forms approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology.
Tissue samples were fixed in 10% formalin and paraffinembedded for immunohistochemical analysis.
Antibodies and reagents
Rabbit polyclonal to α-SMA and Notch3 were obtained
from Abcam (Cambridge, United States). Rabbit polyclonal
anti-collagen Ⅰ antibody was purchased from Bioss Corporation (Beijing, China). Horseradish peroxidase (HRP)conjugated anti-rabbit IgG was obtained from Santa Cruz
Biotechnology (Santa Cruz, United States). Recombinant
human transforming growth factor (TGF)-β1 was purchased from PeproTech EC Ltd (London, United Kingdom). Lipofectamine™ 2000 transfection reagent was
obtained from Invitrogen (Carlsbad, United States).

TaqMan quantitive reverse transcription polymerase
chain reaction
Total RNA from each sample was extracted using Trizol
(Invitrogen) according to the manufacturer’s instructions.
Real-time polymerase chain reaction (RT-PCR) was performed using a StepOne/StepOne-Plus (ABI) and the
TaqMan PCR Reagent (Genepharma). Primer sequences
are summarized in Table 1. Comparative threshold (Ct)

Cell line and culture conditions
HSC-T6 cells, an immortalized rat HSC line, purchased
from Cancer Institute and Hospital, Chinese Academy
of Medical Sciences (China), were cultured in Dulbecco’s
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Up-regulation of Notch3 expression by transforming
growth factor-β 1 in hepatic stellate cell-T6 cells
We investigated the effect of TGF-β1 on Notch signaling
in HSC-T6 treated with TGF-β1 (0.5, 1, 2 and 4 ng/mL)
for 24 h. RT-PCR analysis showed that the expression of
Notch signaling components including Notch3, Jagged1
and Hes-1 were obviously increased in HSC-T6 treated
with 2 ng/mL TGF-β1 as compared with the control
group without TGF-β1 treatment (P < 0.05, Figure 3).

Table 1 Primer sequences for TaqMan real-time reverse transcription polymerase chain reaction
Notch3
Forward
Reverse
Probe
Jagged1
Forward
Reverse
Probe
Hes1
Forward
Reverse
Probe
GAPDH
Forward
Reverse
Probe

5’-CCTGCCTGCCTCTATGACAAC-3’
5’-ACACTCCTCGGTGTTACAGCC-3’
5’-ACTGCTACTCTGGTGGCCGCGAC-3’
5’-GTGGAAGAGGATGATATGGATAAGC-3’
5’-CTCCTCTCTGTCTACCAGCGTGTAC-3’
5’-CCAGCAGAAAGTCCGGTTTGCCA-3’

Over-expression of Notch3 increased the expression of
myoﬁbroblastic marker in hepatic stellate cell-T6
To investigate the effect of Notch3 in activation of HSCs,
we examined if overexpresion of Notch3 in HSC-T6
would enhance the activation. The results showed that the
increased expression of Notch3 in pcDNA3.1-N3ICD
introduced HSC-T6 cells as compared with cells transfected with pcDNA3.1-empty vector (P < 0.05, Figure
4A). Western blotting and immunofluorescence staining
analyses demonstrated that over-expression of Notch3
led to increased expression of α-SMA and collagen Ⅰ
compared with control group (P < 0.05, Figure 4A and B).

5’-TGCTACCCCAGCCAGTGTC-3’
5’-GCTTTGATGACTTTCTGTGCTCA-3’
5’-CTGTCTTTGGTTTGTCCGGTGTCGT-3’
5’-GATGACATCAAGAAGGTGGTGAAG-3’
5’-ACCCTGTTGCTGTAGCCATATTC-3’
5’-ACTTCAACAGCAACTCCCACTCTTCCACC-3’

method was used for calculating the relative amount of
mRNA of treated sample compared with control samples.
Western blotting assay
Cells were washed with PBS and lysed. The extracts
were cleared by centrifugation at 12 000 × g for 15 min.
After blocking with 5% non-fat milk in PBS containing
0.1% Tween 20 for 1 h at room temperature, membranes
were incubated with either anti-Notch3 (1:1000), anti-αSMA (1:300) or anti-collagen Ⅰ (1:200) antibody in trisbuffered saline (TBS) containing 0.05% Tween 20 at 4 ℃
overnight. Then membranes were incubated with HRPconjugated secondary anti-rabbit IgG (1:2000) antibody
in TBS and Tween 20 for 1 h at room temperature, and
visualized by chemiluminescence using an electrochemiluminescence immunoblotting kit (Cell Signaling Technology) with a digital luminescent image analyzer BioSpectrum600 (UVP, United States). Band intensity was
assessed using Gel-Pro analyzer.

Knockdown of Notch3 by siRNA downregulated the
expression of myoﬁbroblastic marker in hepatic stellate
cell-T6
To further confirm the role of Notch3 in regulating activation of HSCs, siRNA was employed to speciﬁcally
knockdown Notch3. Western blotting analysis showed
that siRNAs targeting Notch3 reduced Notch3 protein
levels by approximately 80%. Seventy and two hour after
transfection in HSC-T6 (P < 0.05, Figure 5A). We also observed that knockdown of Notch3 in HSC-T6 down-regulated the expression of α-SMA and collagen Ⅰ detected
by Western blotting and immunofluorescence staining
72 h after siRNA transfection (P < 0.05, Figure 5A and B).
To investigate the relationship between Notch3 and
TGF-β1, TGF-β1 (2 ng/mL) was added into HSC-T6
24 h before transfection with siRNAs targeting Notch3
or control siRNAs. Western blotting and immunofluorescence staining analyses demonstrated that knockdown
of Notch3 antagonized TGF-β1-induced expression of
α-SMA and collagen Ⅰ in HSC-T6 (P < 0.05, Figure 5A
and B).

Statistical analysis
All experiments were repeated three times, and data recorded as mean ± SD and analyzed by Student’s t test
using SPSS12.0 software. P < 0.05 was considered statistically significant.

RESULTS

DISCUSSION

Expression of Notch3 in fibrotic liver tissues of patients
with chronic active hepatitis
All patients were positive for the Notch3 in fibrotic liver
tissues (Figure 1A). In contrast, Notch3 was not detected
by immunohistochemistry in normal liver tissues (Figure
1C).

Liver fibrosis is the result of the wound-healing response
to repeated injury in liver. It is well known that HSCs activation plays an important role in ﬁbrosis because these
cells become the primary source of extracellular matrix
in liver upon injury. TGF-β1 is known to promote fibrogenesis in vivo and in vitro, however, development of antifibrotic strategies targeting the TGF-β axis is problematic
owing to the pleiotropic nature of TGF-β action[1].
Notch signaling is an evolutionarily conserved local
cell-signaling that functions in the determination of cellular identity during developmental stages[14]. Four Notch
proteins (Notch1, Notch2, Notch3 and Notch4) have

Expression of Notch3 in hepatic stellate cell-T6 cells
To detect expression of Notch3 in HSCs, immunofluorescence staining analysis was performed to examine the
expression of Notch3 in HSC-T6 cells. The result showed
that Notch3 protein was localized in the cytoplasm and
nucleus of HSC-T6 cells (Figure 2).
WJG|www.wjgnet.com
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Figure 2 Immunofluorescence staining analysis was performed to examine expression of Notch3 in hepatic stellate cell-T6 cells. A: The green fluorescence represents the expression of Notch3; B: Blue one represents nucleus
of hepatic stellate cell-T6 cells (x 400).
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Figure 1 Immunohistochemical staining of Notch3 in liver tissues of patients with chronic active hepatitis and normal livers. A: Intense staining of
Notch3 in fibrotic tissues of livers from patients with chronic active hepatitis; B:
Negative control; C: Notch3 was not detected in normal liver tissues (x 400).
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3
2.5
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been identified in vertebrates, while membrane-bound
proteins (Delta and Jagged) have been recognized as
Notch ligands[15]. Activation of the pathway usually occurs
via expression of the ligand in signal-giving cells. Upon
interaction with the ligand, Notch undergoes a series of
proteolytic cleavages in the signal-receiving cells. Finally,
the cytoplasmic domain, referred to as the Notch intracellular domain (NICD), translocates to the nucleus, where
it binds with the transcription factor CSL [CBF-1/RBPJk, Su (H) and Lag-1] and co-activator Mastermind-like
to trigger downstream target genes expression, such as
HES1 and HEY which act as transcription factors[16-20].
Notch signaling is essential for the regulation of cell
differentiation, and its aberrant activation was implicated
in human ﬁbrosis diseases. Notch1 signaling in response
to inflammatory zone 1 may play a significant role in myo
fibroblast differentiation during lung fibrosis[6]. Active
Notch pathway in tubular epithelial cells was demonstrat-

WJG|www.wjgnet.com

Notch3

Hes1

Jagged1

Figure 3 TaqMan reverse transcription polymerase chain reaction analysis was performed to detect expression of Notch3, Jagged1 and Hes1
in hepatic stellate cell-T6 cells treated or not with transforming growth
factor-β1 (0.5, 1, 2 and 4 ng/mL) for 24 h. aP < 0.05 vs control group.

ed as a critical regulator of tubulointerstitial fibrosis[7]. It
was reported that Notch signaling was highly activated in
rats with fibrotic peritoneum induced by peritoneal dialysis fluid , as indicated by increased expression of Jagged1,
Notch1, and HES1. Blocking Notch signaling activation
by intraperitoneal injection of a γ-secretase inhibitor significantly attenuated peritoneal fibrosis as indicated by the
decreased expression of α-smooth muscle actin and collagen Ⅰ[8].
In this study, the Notch3 was not detected in normal
liver tissues. In contrast, intense staining of the Notch3
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Figure 4 Over-expression of Notch3 intracellular domain increased the expression of myoﬁbroblastic marker in hepatic stellate cell-T6. A: The expression
of Notch3, α-smooth muscle actin (SMA) and collagen Ⅰ were detected by Western blotting; B: The expression of α-SMA and collagen Ⅰ was also detected by immunofluorescence staining (x 400), aP < 0.05 vs control group.

was observed in fibrotic liver tissues of patients with
chronic active hepatitis, which suggested that Notch3 was
involved in liver fibrosis. Furthermore, several lines of
evidence clearly confirmed that Notch3 contributed to
liver fibrosis by regulating activation of HSCs. First, the
expression of active Notch3 was found in the nucleus of
HSC-T6. Second, the expression level of Notch signaling components was elevated including Notch3, Jagged1
and Hes1 in HSC-T6 after TGF-β1 treatment. More
importantly, we also found that specific knockdown of
Notch3 by siRNA antagonized TGF-β1-induced expression of myoﬁbroblastic marker α-SMA and collagen Ⅰ in
HSC-T6, and on the contrary, over-expression of Notch3
increased the expression of myoﬁbroblastic marker in
HSC-T6.
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Inhibition of the γ-secretase complex required for
release of the active NICD is the most common method
for targeting Notch signaling[21,22]. Two different inhibitors
are being evaluated in clinical trials for the treatment of
resistant T cell acute leukemia and advanced breast cancer
(www.clinicaltrials.gov). However, targeting of γ-secretase
would result in several adverse events when Notch receptors from Notch1 to Notch4 are affected[23,24]. In this
study, we found that the selective interruption of Notch3
by siRNA decreased the expression of myoﬁbroblastic
marker in HSC-T6 cells, which provided a potential novel
therapeutic target for liver fibrosis.
However, further studies are required to elucidate
how do other members of Notch family, such as Notch1,
Notch2 and Notch4, play a part in activated HSCs as
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Figure 5 Knockdown of Notch3 decreased the secretion of myoﬁbroblastic marker in hepatic stellate cell-T6. A: Effects of Notch3 knockdown in HSC-T6
using Notch3 siRNA (N3 si), and control siRNA (Cont si) were investigated. Expression of Notch3, α-smooth muscle actin (SMA) and collagen Ⅰ was detected by
Western blotting; B: The expression of α-SMA and collagen Ⅰ was also detected by immunofluorescence staining (x 400). aP < 0.05 vs control siRNA group, cP < 0.05
vs transforming growth factor (TGF)-β1+control siRNA group. 1: Cont si; 2: N3 si; 3: TGF-β1+N3 si; 4: TGF-β1+Cont si.

Innovations and breakthroughs

well as the mechanism underlying the Notch signaling in
liver fibrosis. In addition, the contribution of Notch and
TGF-β1 signaling to the liver fibrosis should also be further investigated.
In conclusion, we demonstrated for the ﬁrst time that
Notch3 plays a role in regulating the activation of HSCs
(HSC-T6). Therefore, the selective interruption of Notch3
may have a potential anti-ﬁbrogenic effect in liver fibrosis.

This is the first study to characterize the role of Notch signaling in liver fibrosis.
This finding indicated that Notch3 may contribute to liver fibrosis by regulating
the activation of HSCs.

Applications

This study showed that the selective interruption of Notch3 by siRNA decreased
the expression of myoﬁbroblastic marker in hepatic stellate cell-T6 cells, which
provided a potential novel therapeutic target for liver fibrosis.
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BRIEF ARTICLE

Endoscopic stenting and concurrent chemoradiotherapy for
advanced esophageal cancer: A case-control study
Xiang-Jun Jiang, Ming-Quan Song,Yong-Ning Xin, Yu-Qiang Gao, Zi-Yu Niu, Zi-Bin Tian
endoscopic stents alone were recruited as controls.
After 3D-CRT treatment, the median tumor volume of
3D-CRT patients were reduced significantly from 43.7
3
3
± 10.2 cm to 28.8 ± 8.5 cm (P < 0.05). The complete
and partial response rate was 85.1%, and no response
was 14.9%. After 3D-CRT, the incidence rate of T2 and
T3 disease evident on CT scan increased to 78.4% while
T4 decreased from 66.7% to 21.6% (P < 0.05). 3DCRT Karnofsky Performance Status improved in 3D-CRT
patients compared with the control group (P = 0.031).
3D-CRT patients had a longer survival than the control
group (251.7 d vs 91.1 d, P < 0.05). And the median
half-year survival rate in 3D-CRT group (91%) was high
er than in the control group (50%, P < 0.05). The most
common toxicity was leukocytopenia in the 3D-CRT
group (46.7% vs 18.8%, P = 0.008). The control group
had a higher rate of restenosis than the 3D-CRT group
(81.3% vs 9.0%, P < 0.05). The rate of nephrotoxicity
was increased in 3D-CRT as compared with the control
group (31.3% vs 15.6%, P < 0.05).
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CONCLUSION: 3D-CRT can improve dysphagia in pa
tients with inoperable esophageal carcinoma. 3D-CRT
combined with stenting results in better survival as
compared with endoscopic stents used alone.

Abstract
AIM: To evaluate the role of endoscopic stenting with
or without concurrent 3-dimensional conformal chemoradiotherapy (3D-CRT) in patients with inoperable eso
phageal cancer.

© 2012 Baishideng. All rights reserved.

Key words: Esophageal Cancer; Stents; Chemoradiothe
rapy; Three-Dimensional Imaging; Case Control Study

METHODS: Advanced esophageal cancer patients indicated for esophagectomy received esophageal stents.
A part of patients completed 3D-CRT after stenting.
Efficacy was assessed by endoscopy and computed
tomographic scan before and 4 wk after completion of
the treatment. The median survival, 3D-CRT toxicity
and complications were compared between 3D-CRT and
control groups.

Peer reviewer: Satoshi Osawa, MD, MD, PhD, Assistant Professor, First Department of Medicine, Hamamatsu University
School of Medicine, 1-20-1 Handayama, Higashi-ku, Hamamatsu 431-3192, Japan
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esophageal cancer: A case-control study. World J Gastroenterol
2012; 18(12): 1404-1409 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i12/1404.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i12.1404

RESULTS: From 1999 to 2008, 99 consecutive patients
with T3/T4 disease and unsuitable for esophagectomy
were placed with esophageal stents. Sixty-seven patients received 3D-CRT, while 36 patients treated with
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INTRODUCTION

Table 1 Dysphagia assessment

Esophageal cancer is one of the most common malignant tumors with a high mortality rate in almost a half
of the cases, and is the fourth leading cause of cancer-related deaths in China[1,2]. Most patients have been already
in an advanced stage at the diagnosis of this aggressive
malignancy. At least 60% of patients are unsuitable for
surgical resection either due to the advanced stage or
their comorbidity[3]. At this stage, esophageal carcinoma
has infiltrated surrounding tissues and caused esophageal
stenosis, and even esophagotracheal fistula in some cases.
These patients could only be treated with palliative procedures which play an important role in improving the
patient’s life quality. The current palliative means include
radiotherapy, chemotherapy and esophageal stent placement. However, esophagitis is usually unavoidable after
radiotherapy, and once esophagitis occurred, dysphagia
would be exacerbated[4]. Some patients even can not swallow liquid diet, some can not endure the chemotherapy
and radiotherapy for their poor nutritional status. Stents
placement has become a safe and effective palliation for
dysphagia due to malignant esophageal obstruction or
strictures after radiotherapy[5]. A randomized trial demonstrated that the combination of endoscopic stenting with
additional radiation and chemotherapy could improve
the survival of advanced esophageal cancer patients[6,7].
We evaluated the feasibility and efficacy of esophageal
stenting combined with simultaneous radiotherapy and
chemotherapy in the treatment of advanced esophageal
cancer.

Grade
Asymptomatic
Difficulty in swallowing solid food but able to swallow semisolid food
Difficulty in swallowing solid food, but able to swallow liquid one
Difficulty in swallowing liquid
Inability to swallow anything, including saliva

min or creatinine < 2 mg/dL) were examined before administration of chemotherapy; (5) a minimum life expectancy of 5 mo; and (6) stay in hospital during the entire
chemoradiotherapy treatment course.
Patients were excluded because: (1) with tumors predominantly located in the stomach; (2) with prior treatment, including surgery, chemotherapy, or radiotherapy;
and (3) with tumors infiltrating the tracheobronchial tree
found on CT.
Data collected included patient clinical demographics, Karnofsky Performance Status, dysphagia grade, 76%
meglumine diatrizoate compound swallow esophagogram
(esophageal strictures) findings, endoscopic findings (tumor
length at initial endoscopy, primary tumor, and lymphadenopathy location), tumor histology, and results of CT scan
of the chest and abdomen with intravenous contrast.
Procedure of stenting
The procedure was performed under local anesthetic
spray, with intravenous sedation when required. Endoscopy was done to determine precisely the site and length
of stenosis. All patients with strictures underwent dilatation with 12-14 mm flexible rubber Savary-Guillard dilators before stent placement. Once this stricture was successfully dilated, a distal hemoclip (resolution clip, Boston
Scientific, United States) was placed 2 cm below the area
of stricture. Then endoscope was advanced farther and
a flexible guidewire was placed into the second portion
of the duodenum. The covered self-expanding Titanium
Nickel alloy mesh stent (MTN, Nanjing Microinvasive
Medical Inco., Nanjing, China) has a polyester at its midsection and its proximal end is flared to a diameter of
25 mm. The stent was loaded onto a dedicated applicator (12-14 mm depending on the diameter of stent) with
an atraumatic dilator tip and was placed under continuous fluoroscopic guidance using the distal hemoclip as a
mark. The length chosen was at least 2 cm longer than
the stenosis. An 18 mm-diameter stent was used for severe strictures; and a 21 mm-diameter stent was used for
moderate strictures.

MATERIALS AND METHODS
Patients
All esophageal cancer patients treated in Qingdao Municipal Hospital from January 1999 to September 2008
were identified. The care of esophageal cancer patients
was planned under the auspices of a multidisciplinary
gastrointestinal disease management team which includes
surgical oncologists, medical oncologists, gastroenterologists, pathologists, interventional radiologists, and radiation oncologists. This study was approved by the Ethics
Committee of our institution and informed consent was
obtained from all the patients before enrollment.
Clinical staging was performed with endoscopy and
endoscopic ultrasound and computed tomography (CT).
The tumor, node, metastasis and staging classification
used for this analysis were defined according to the
American Joint Committee on Cancer staging system version 6.0[8].
Inclusion criteria for the study were: (1) esophageal
cancer at stage Ⅲ or Ⅳ unsuitable for esophagectomy; (2)
symptoms of dysphagia ≥ grade 3 (Table 1); (3) tumors
were mainly located in the esophagus; (4) adequate bone
marrow (white blood cell > 3.5 × 109/L, hemoglobin >
90 g/L, platelet count > 100 × 109/L), and hepatic (bilirubin 1.5 times the upper limit of the normal value) and
renal functions (calculated creatinine clearance > 50 mL/
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Three-dimensional conformal chemoradiotherapy
Three-dimensional conformal chemoradiotherapy (3DCRT) protocol was used. CT scans displayed isodose
distributions and directly obtain dose-volume histograms.
The primary tumors as well as the loco-regional lymph
nodes were irradiated with an International Commission
on Radiation Units and Measurements reference dose of
45.0 Gy in 25 fractions with 1.8 Gy/d using a LINAC
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vival curves were estimated by the Kaplan-Meier method.
A P value of 0.05 or less was considered significant.

Table 2 Clinical and demographic characteristics of 3-dimensional conformal chemoradiotherapy-treated patients and
controls

Gender
Male
Female
Age (mean ± SD, yr)
Karnofsky performance status
50-70
10-49
Dysphagia grade
3
4
5
Stage at diagnosis
Ⅲ
Ⅳ
Tumor type
SCC
Adenocarcinoma
Unspecified
Location
Thoracic - middle
Thoracic - lower
Gross tumor volume (mean ± SD, m3)
Length (mean ± SD, cm)

3D-CRT
(n = 67)

Control
P
(n = 32) value

53
14
56.3 ± 12.7

24
0.796
8
58.6 ± 12.1 0.435

37
30

21
11

0.386

6
46
15

4
23
5

0.673

56
11

29
3

0.539

53
6
8

23
4
6

0.579

42
25
44.6 ± 10.2
7.3 ± 1.6

RESULTS
Patient characteristics
Among the 146 patients who were diagnosed as having
inoperable esophageal cancer, 111 (76.0%) were eligible
for treatment with palliative 3D-CRT. Nine patients did
not complete 3D-CRT because of disease progression.
One patient died of severe bleeding 12 d after 3D-CRT.
Two patients developed febrile neutropenia, and stopped
the chemotherapy. Thirty-two patients did not undergo
3D-CRT after stents placement because their preference,
these patients were regarded as the control group. Sixtyseven patients completed the 3D-CRT segment with a
total radiation dose over 40Gy. Among these patients, 38
received 40Gy, and 29 received 50-55Gy. These patients
were enrolled as the 3D-CRT treatment group. The clinical and demographic characteristics of the patients in 3DCRT and control groups are shown in Table 2. There was
no obvious difference in the dysphagia grade, tumor type,
tumor stage and tumor size between the two groups.

20
1.000
12
48.5 ± 11.1 0.077
7.1 ± 1.8 0.299

Response after 3-dimensional conformal chemoradiotherapy
After 3D-CRT treatment, the median tumor volume of
the 67 patients measured by CT scan reduced significantly from 43.7 ± 10.2 cm3 to 28.8 ± 8.5 cm3 (P < 0.05).
The complete or partial response (> 50% reduction of
tumor volume) was observed in 57 patients (85.1%), and
no response in 10 patients (14.9%). The cases of T2 and
T3 disease evident on CT scan had increased from 0 to
40 (78.4%) after 3D-CRT, and that of T4 decreased from
34 (66.7%) to 11(21.6%) (P < 0.05). After 3D-CRT, the
number of cases of dysphagia at grade ≤ 3 among the
67 patients increased significantly from 6 (9.0%) to 55
(82.1%), while the number of dysphagia at grade ≥ 4
reduced from 61(91.0%) to 12(17.9%), (P < 0.05). Karnofsky Performance Status improved in the 3D-CRT patients compared with the control group (P = 0.031). The
result of response assessed by CT scan and endoscopy is
listed in Table 3.

SCC: Squamous cell carcinoma; 3D-CRT: 3-dimensional conformal chemoradiotherapy.

6-MV X-ray unit (Varian, CA, United States), and the
total dose was adjusted according to patients’ tolerance.
Chemotherapy regimens consisted of cisplatin 60 mg/m2
infusion on day 1 and day 22, plus continuous infusion of
5-fluorouracil at 200 mg/m2 per day from day 1 to day 42.
Clinical response criteria
The clinical response to treatment was categorized as a
clinically complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD). CR was
defined as the disappearance of all clinically detectable
lesions; CR of primary tumors was defined as the disappearance of all visible lesions, including ulceration, with
no microscopic evidence of tumor in randomly obtained
biopsy specimens from the previous lesion sites. PR was
defined as either a reduction exceeding 50% of the initial
sizes (products of dimensions) of all measurable tumors
according to CT or esophagraphy. A new lesion or more
than a 25% increase of the original tumor size was defined as PD. All other conditions were categorized as SD.
Chest CT was repeated every 4 wk to assess the response
of the tumor. Endoscopy or abdominal CT was repeated
if necessary.

Survival comparison
Patients treated with 3D-CRT seemed to have a better pro
gnosis, with a longer survival duration (251.7 d vs 91.1 d,
P < 0.05; Figure 1). The median six-month survival rate
in 3D-CRT group (91%) was higher than in the control
group (50%, P < 0.05, Table 4). The overall 1-year survival rate after 3D-CRT was 25%; none of the control
patients survived more than 1 year. Although the mean
number of hospital admissions was significantly higher in
patients who received 3D-CRT (146 ± 48 d vs 87 ± 29 d,
P < 0.05), the overall survival of the 3D-CRT group
without hospitalization was statistically significantly higher than that of the control group (186 ± 33 d vs 59 ± 18 d,
P < 0.05).

Statistical analysis
The data was analyzed using SPSS 13.0, mean ± SD were
calculated. Continuous variables were analyzed using Student’s t test. Categorical variables were compared using χ 2
test or Fisher’s exact test, whichever applicable. Repeated
measure analysis (two-way ANOVA) was also used. Sur-
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Table 3 Radiological and clinical evaluation after 3-dimensional conformal chemoradiotherapy

Tumor staging
T2 and T3
T4
Tumor volume (mean ± SD, cm3)
Assessment of tumor response
Complete and partial response
No response
Dysphagia grade
≤ 3
≥ 4
Karnofsky performance status
50-70
10-49

Before
3D-CRT

After
3D-CRT

P value

0
34 (66.7%)
43.7 ± 10.2

40 (78.4%)
11 (21.6%)
28.8 ± 8.5

< 0.05

Table 4 Comparison of clinical and survival outcomes between 3-dimensional conformal and control groups

< 0.05

57 (85.1%)
10 (14.9%)
6 (9.0%)
61 (91.0%)

55 (82.1%)
12 (17.9%)

37
30

49
18

Outcome

3D-CRT
(n = 67)

Control
(n = 32)

Median survival (d)
Overall survival at a half year
Over survival at 1 year
Total hospital stay (mean ± SD, d)
Median hospitalization-free survival
(mean ± SD, d)

251.7
91%
25%
146 ± 48
186 ± 33

91.1
50%
0
87 ± 29
59 ± 18

3D-CRT: 3-dimensional conformal chemoradiotherapy.

< 0.05

Table 5 Toxicity and complications in patients after 4-wk 3-dimensional conformal and control group after treatment n (%)

0.031

3D-CRT: 3-dimensional conformal chemoradiotherapy.
Hematologic
Anemia
Thrombocytopenia
Leukocytopenia
Non-hemotologic
Reflux esophagitis
Pectoralgia
Perforation
Restenosis
Nephrotoxicity
Shift and brush off of stent

Control
3D-CRT

1.0

Cum survival

0.8
0.6
0.4

3D-CRT
(n =67)

Control
(n = 32)

P value

33 (49.3)
21 (31.3)
31 (46.7)

11 (34.4)
7 (21.9)
6 (18.8)

0.198
0.475
0.008

28 (41.8)
29 (43.3)
16 (23.9)
6 (9.0)
21 (31.3)
8 (11.9)

15 (46.9)
14 (43.8)
12 (37.5)
26 (81.3)
5 (15.6)
5 (15.6)

0.669
1.000
0.232
< 0.05
< 0.05
0.751

0.2
3D-CRT: 3-dimensional conformal chemoradiotherapy.
0.0
0

100

200

300

400

these inoperable patients’ physical condition was permitted, effective therapies should be performed. No matter
which therapy is used, the primary purpose is to prolong
the patients’ survival time and improve their quality of
life. In this study, we relieved the dysphagia with minimal
morbidity and mortality, and then choose the suitable
management to prolong the patients’ life span and improve their quality of life.
Recently, 3D-CRT appeared to be a promising treatment even for esophageal carcinoma patients with distant
metastasis[11]. Because CDDP and 5-FU have synergistic
effects and also act as radiosensitizers, these agents were
considered to be particularly effective in combination with
radiotherapy[12].
In our study, we focused on the 3D-CRT effectiveness in the inoperable esophageal cancer patients. Ten
years ago, we could only place stents to palliate dysphagia
among these patients. And in recent years after stents
placement, 3D-CRT could be performed as long as patient’s physical condition allowed, and whenever their dysphagia was relieved, the malnutrition of the patients was
ameliorated. For these inoperable patients, esophageal
stents placement not only improved their quality of life,
but made the 3D-CRT completion possible as well. In
our study, compared with the patients treated with stenting only, at least 25% of the inoperable patients after 3DCRT survived 1-year, and their six-month survival rate
was also higher. 3D-CRT could reduce the tumor volume

500

t /d

Figure 1 Comparison of overall survival between 3D-CRT and control
groups. 3D-CRT: 3-dimensional conformal chemoradiotherapy.

Toxicity and complications
The toxicity profile is presented in Table 5. After 3DCRT, the most common toxicity was leukocytopenia
as compared with the control group without 3D-CRT
treatment (46.7% vs 18.8%, P = 0.008). However, in the
control group, the most common non-hematologic toxicities included a higher rate of restenosis compared with
3D-CRT group (81.3% vs 9.0%, P < 0.05). The incidence
of nephrotoxicity in 3D-CRT was higher than in control
group (31.3% vs 15.6%, P < 0.05).

DISCUSSION
About more than 90% of esophageal cancer patients are
not clinically identified until at an advanced stage, their
prognosis is the poorest among the patients with digestive
carcinomas, with a 5-year survival rate below 10%[1]. Because of malnourishment due to comorbid conditions in
advanced carcinoma, more than 50% of esophageal cancer cases are unresectable[9]. A case-control study showed
that the median survival time for patients with advanced
esophageal cancer was only 3-5 mo[10]. However, once
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and improve Karnofsky Performance Status in the inoperable patients. Combined with 3D-CRT, it seemed that
the esophageal stent placement is the adjuvant therapy
with CRT. We found that stenting combined with 3DCRT could improve the inoperable patients’ quality of
life, and prolong their survival. Fietkau[4] thought that
simultaneous CRT should be considered as the standard
treatment for inoperable carcinoma of the esophagus
with the median survival time between 13 and 18 mo. The
reason why Fietkau’s result[4] was better than ours may be
that there were more inoperable stage Ⅲ/Ⅳ patients in
our study as compared with the stage Ⅱ/Ⅲ patients in
Fietkau’s study.
3D provides the superior dose distributions in the
target volume with markedly reduced morbidity to the
surrounding normal tissues. Minsky found that increasing the percutaneous radiation dose from 50.4 to 64.8
Gy did not result in better survival[13]. Part of the patients
in our study received radiation dose of less 40Gy due
to the complications such as perforation or esophagitis.
Although there is still no consensus of the optimal dose
of radiation within the framework of simultaneous RCT,
there has been a common opinion that the higher dose of
radiation the more therapy-related deaths. In our study,
our therapeutic purposes were not to remit or downstage
the tumor, but to alleviate the pain and improve the quality of life of the patients. Moreover, 3D-CRT with covered metal stenting would cause a relatively higher rate of
late complications such as stent migration, hemorrhage,
and gastroesophageal mucosal prolapse. The results from
some studies about the safety of self-expandable metallic stents for patients who have undergone chemoradiotherapy were controversial[14-16]. Therefore, more studies
should be conducted.
In our study, there was no difference of complications such as perforation, shift and brush off of stent
and pectoralgia between the 3D-CRT group and the control group with only stenting. Because we did not determine whether lymph node metastasis occurred in these
patients without biopsies from esophagectomy, we did
not compare the patients with and without lymph node
metastasis. Those who could not be treated by 3D-CRT
due to poor physical conditions served as controls, and
there might be selection bias in this study.
Fietkau[4] pointed out that CRT could increase the
treatment-related toxicity, in particular, the hematological side effects. This result was in agreement with ours,
which was caused by 3D-CRT such as leukocytopenia
and nephrotoxicity. After 3D-CRT, more leukocytopenia and nephrotoxicity occurred, but less restenosis was
found as compared with the control group. Therefore,
among the patients with leukocytopenia and liver and
renal dysfunctions, caution should be exercised in the application of 3D-CRT.
Furthermore, more patients were relieved from dysphagia during the later stages of life after 3D-CRT treatment. 3D-CRT is beneficial for the majority of patients
with advanced esophageal cancer in the improvement of
quality of life and survival. In our study, endoscopic stent-
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ing with 3D-CRT for advanced esophageal cancer patients
could relieve the dysphagia and prolong the survival, and
decrease the incidence of restenosis as well. Therefore,
more efficient and combined management should be explored and studied to improve the survival and quality of
life of the patients with advanced esophageal cancer.
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CASE REPORT

A rare case of langerhans cell histiocytosis of the
gastrointestinal tract
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ing rates of screening colonoscopy, more colonic polyps
may be identified as LCH on histopathology. This un
derscores the importance of recognizing this rare condi
tion and ensuring proper follow-up to rule out systemic
disease.
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Abstract
Langerhans cell histiocytosis (LCH) is a group of idiopa
thic disorders characterized by the proliferation of spe
cialized, bone marrow-derived langerhans cells and ma
ture eosinophils. The clinical spectrum ranges from an
acute, fulminant, disseminated disease called LettererSiwe disease to solitary or few, indolent and chronic
lesions of the bone or other organs called eosinophilic
granuloma. Involvement of the gastrointestinal tract
is very rare in LCH. We present the case of a 53-yearold woman referred by her primary care physician for
a screening colonoscopy. A single sessile polyp, mea
suring 4 mm in size, was found in the rectum. Histo
pathological examination revealed that the lesion was
relatively well circumscribed and comprised mainly a
mixture of polygonal cells with moderate-to-abundant
pink slightly granular cytoplasm. The nuclei within these
cells had frequent grooves and were occasionally fold
ed. Immunohistochemical staining was positive for CD1a which confirmed the diagnosis of LCH. On further
workup, there was no evidence of involvement of any
other organ. On follow up colonoscopy one year later,
there was no evidence of disease recurrence. Review of
the published literature revealed that LCH presenting as
solitary colonic polyp is rare. However, with the increas
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INTRODUCTION
Langerhans cell histiocytosis (LCH) is a group of idiopathic disorders characterized by the proliferation of
specialized, bone marrow-derived langerhans cells (LCs)
and mature eosinophils. The clinical spectrum of LCH
ranges from an acute, fulminant, disseminated disease
(called Letterer-Siwe disease) to solitary or few indolent
and chronic lesions of the bone or other organs called�
(eosinophilic granuloma). The intermediate clinical form,
called Hand-Schüller-Christian disease, is characterized
by multifocal, chronic involvement and classically presents as a triad of diabetes insipidus, proptosis and lytic
bone lesions.
LCH is a rare disease of the pediatric population,
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with an estimated annual incidence of 4-5 per million.
More than two-thirds of cases have single system disease
with bones and skin as the most commonly involved
sites[1,2]. Other organs involved are the lung, liver, spleen,
bone marrow, lymph nodes and the hypothalamic-pituitary region[3]. Involvement of the gastrointestinal (GI)
tract is very rare in LCH, especially in adults, with only
a few isolated case reports available in English-language
literature[4].
The pathogenesis of LCH is unknown. An ongoing
debate exists over whether this is a reactive or neoplastic process. From the histopathological viewpoint, the
demonstration of LC (Birbeck) granules by electron microscopy remains the ‘‘gold standard’’ for diagnosis of
the phenotype, but expression of the CD1a antigen on
lesional cells also provides the basis for a definitive diagnosis[5].

Figure 1 Endoscopic view of the rectal polyp.

CASE REPORT
We present a case of a 53-year-old woman with a history
of hyperlipidemia who was referred by her primary care
physician for a screening colonoscopy. She was essentially
asymptomatic and did not report any abdominal pain,
blood in stool, change in bowel habits, dysphagia, nausea,
or vomiting. Findings of physical examination were unremarkable.
On colonoscopy, quality of bowel preparation was
excellent. A single sessile polyp measuring 4 mm in size
was found in the rectum (Figure 1). It was removed by
cold snare polypectomy. The procedure was performed
without complications.
Histopathological examination of the polyp revealed
that the lesion was relatively well-circumscribed and
comprised mainly a mixture of polygonal cells. These
cells had moderate-to-abundant pink slightly granular
cytoplasm. The lesion also contained inflammatory cells.
The inflammatory populations included eosinophils, lymphocytes and neutrophils. The nuclei within the larger
cells had frequent grooves and were occasionally folded,
suggesting the presence of LCs (Figure 2). Immunohistochemical staining showed histiocytes with cytoplasmic
and membranous staining for CD-1a (Figure 3). Histiocyte cytoplasm was positive for S-100 and negative for
prekeratin on immunohistochemistry. Electron microscopy was not performed to document presence of Birbeck
granules as staining for CD-1a was strongly positive and
provided confirmation for the diagnosis[5].
The patient was referred for medical oncology evaluation for this unusual pathologic finding with malignant
potential. A computerized tomography (CT) scan of
the chest, abdomen, and pelvis was performed to rule
out any metastasis through staging evaluation. The CT
scan showed no evidence of metastasis, although there
were fibroids in the uterus and few cystic masses in the
ovaries. Some prominent lymph nodes, which appeared
to be benign, were observed in the right and left axillae
and sub carina. Further evaluation by an oncologist and
a gynecologist revealed that these lesions were benign.
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Figure 2 Rectal biopsy with histiocytic infiltrate in the lamina propria.
Note eosinophils (× 400).

Figure 3 CD-Ⅰa immunostain. Histiocytes show positive cytoplasmic and
membranous staining (× 200).

Therefore, we found no evidence of disseminated LCH.
The patient remained asymptomatic, and a follow-up
colonoscopy was performed 1 year later. A single sessile
polyp, measuring 4 mm, was found in the rectum. Another single sessile polyp, measuring 5 mm, was found in the
proximal ascending colon. Histopathological examination
showed that the polyps were hyperplastic and tubular adenomatous polyps, respectively.

DISCUSSION
In the GI tract, LCH involvement of the stomach[6-8],
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small intestine[9-11], colon[4,12,13] and perianal skin[14,15] has
been reported. Rectal LCH, proven by histopathology,
has been described in infants presenting with bloody diarrhea. In most cases, rectal LCH in infants is indicative
of widespread, multisystem disease[16].
Among the 6 reported cases of LCH of stomach, all
patients were in the fourth and fifth decade of life, and
the male-to-female ratio was 1:1; five patients presented
with abdominal pain, and one was asymptomatic. The
gastric lesion was described as a large, flat raised area in 1
case and a single polyp in 1 case. In other 2 cases, the gastric lesion was described as an ulcerating mass and multiple polyposis, respectively. Histopathological examination
of lesions from 2 cases revealed malignant features[8,17].
In the case reported by Terracciano et al[8], the patient
presented with abdominal pain and weight loss; the tumor was located on the lesser curvature of the stomach.
During laparotomy, the tumor was found to have invaded
the distal pancreas. Some areas of the tumor had high
mitotic indexes and cytologic atypia. Most neoplastic cells
were intensely positive for vimentin, S-100 and CD 1a on
immunohistochemistry. Two months after surgical resection, the patient died at home. The cause of death was
unclear. The remainder of the cases did not show histopathological or clinical malignant features.
Small bowel LCH is rare, with only 3 cases being reported in infants[10,18] and 1 in an adult[11]. All infants with
small bowel LCH presented with diarrhea, weight loss,
and failure to thrive. Laboratory findings were significant
for anemia and hypoalbuminemia, and the duodenum
was always involved. All patients simultaneously or subsequently developed widespread, multisystem involvement,
requiring chemotherapy. Two patients responded well to
chemotherapy with complete remission, but 1 succumbed
to the disease after poor response to treatment and finally
refusing chemotherapy[18]. In adults, only 1 proven case
of small bowel LCH has been reported. LCH occurred
in a patient who had undergone right hemicolectomy for
steroid-refractory Crohn’s disease; this patient presented
with worsening diarrhea, abdominal pain, and weight loss.
Barium follow-through showed extensive mucosal infiltration of the small bowel wall, and the duodenal biopsy
result was consistent with a diagnosis of LCH. Results of
bone marrow examination were consistent with chronic
myelomonocytic leukemia. The authors concluded that
in this case, LCH was a complication of Crohn’s disease
because of the increased incidence of myeloproliferative
disorders in inflammatory bowel disease[11,19].
In children, colonic involvement in LCH is extremely
rare. Only 1 case of LCH has been reported in an infant
who died of widespread multisystem disease consistent
with Litterer-Siwe disease; LCH was diagnosed post-mortem in this case[13]. In adults, there have been only 2 reported cases of colonic LCH presenting as isolated polyps
in English-language literature[4,12]. Both patients were essentially asymptomatic, and polyps were detected during
screening colonoscopy. In both cases, diagnosis was confirmed by positive immunochemical staining for CD1a
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antigen. Extensive workup in both cases did not reveal
involvement of any other organ. In the case presented
herein, a polyp was located in the rectum, and diagnosis
was supported by the presence of an eosinophilic infiltrate and LCs. The diagnosis was confirmed by strong
immunochemical staining for CD1a antigen. The workup
to rule out involvement of other organs was negative,
and repeat colon examination did not reveal recurrence.
In conclusion, LCH of the GI tract is extremely rare.
Colonic involvement in adults usually presents as a solitary polyp without multisystem disease. With the increasing rates of screening colonoscopy, more colonic polyps
may be identified as LCH on histopathology. This underscores the importance of recognizing this rare condition
and ensuring proper follow-up to rule out systemic disease.
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INTRODUCTION
Melanosis duodeni was first described in 1976 and refers
to a rare endoscopic appearance of discrete speckled black
pigmentation of duodenal mucosa, which was initially
postulated to represent a form of stored iron[1]. The term
melanosis gives a false idea that the pigment is produced
by melanocytes, justifying renaming this endoscopic finding as pseudomelanosis duodeni (PD)[2]. Nevertheless, the
clinical significance of this condition is yet to be established. PD is more common in the sixth and seventh decade of life with a female predominance. It has been postulated to be associated with gastric hemorrhage, certain
chronic illnesses, such as diabetes mellitus, hypertension,
as well as various medications, such as sulfur-containing
antihypertensive agents and ferrous sulfate[3-5].

Abstract
Pseudomelanosis duodeni (PD) is a rare dark speckled
appearance of the duodenum associated with gastro�
intestinal bleeding, hypertension, chronic heart failure,
chronic renal failure and consumption of different drugs.
We report four cases of PD associated with chronic re�
nal failure admitted to the gastroenterology outpatient
unit due to epigastric pain, nausea, melena and pro�
gressive reduction of hemoglobin index. Gastroduode�
nal endoscopy revealed erosions in the esophagus and
stomach, with no active bleeding at the moment. In ad�
dition, the duodenal mucosa presented marked signs of
melanosis; later confirmed by histopathological study.
Even though PD is usually regarded as a benign condi�
tion, its pathogenesis and clinical significance is yet to
be defined.
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CASE REPORT
Case 1
A 66-year-old woman was admitted with a history of
melena and a progressive decrease of hemoglobin index.
She presented with a history of diabetes mellitus and
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systemic arterial hypertension for > 30 years, with a diagnosis of chronic renal failure in the last 6 mo, treated
with hemodialysis. She was on long-term treatment with
angiotensin-converting enzyme inhibitors, furosemide,
ferrous sulfate, folic acid and insulin. Gastroduodenal endoscopy was performed and revealed multiple superficial
erosions in the stomach without signs of recent bleeding.
In addition, in the duodenal mucosa, pigmented lesions
with a speckled pattern were evident (Figure 1). Biopsies revealed numerous macrophages containing brown
pigment granules in their cytoplasm within the lamina
propria (Figure 2). Staining of the specimen with Masson
Fontana stain demonstrated iron-containing deposits inside the macrophages (Figure 3).

Figure 1 Endoscopic picture showing multiple dark brown spots in the
duodenum.

Case 2
A 37-year-old woman with a history of renal transplantation (hypertensive nephropathy) had been previously
treated with furosemide, propranolol, hydralazine and
ferrous sulfate. She was referred to the gastroenterology
section due to classical gastroesophageal reflux disease
symptoms. She was submitted to gastroduodenal endoscopy that revealed reflux esophagitis and diffuse, multiple, dark brown spots in the duodenum. Biopsies were
taken and light microscopy confirmed the presence of
brown pigment granules in the lamina propria.
Case 3
A 70-year-old woman with diabetes and long-term systemic arterial hypertension developed chronic renal failure that was initially treated conservatively with calcium
channel blockers, propranolol, α-methyldopa, furosemide
and glibenclamide. She underwent a left nephrectomy due
to nephrolithiasis. Progressive reduction of hemoglobin
index was observed during follow-up, therefore, gastroduodenal endoscopy was performed, revealing multiple
non-actively bleeding superficial gastric erosions and pigmented lesions in the duodenum. Biopsies were collected
and histopathological examination showed features of
PD.

Figure 2 Many macrophages containing brown pigmented granules within
the lamina propria (hematoxylin and eosin stain, x 200).

Case 4
A 30-year-old woman with diabetes started complaining
of epigastric pain, nausea and vomiting 1 mo after renal
and pancreatic transplantation (diabetic nephropathy).
She had been previously taking insulin, and after the
transplant, she started tracolimus, mycophenolate and cor
ticosteroid therapy. Gastroduodenal endoscopy revealed
cytomegalovirus (CMV) esophagitis and multiple small
pigmented duodenal spots. Biopsies were taken and histopathological examination confirmed the diagnosis of
PD. Another gastroduodenal endoscopy was performed
after CMV treatment, and demonstrated total regression
of the esophageal lesions but no changes in the aspect of
the duodenal mucosa.

Figure 3 Iron deposits inside macrophage cytoplasm (Masson-Fontana
stain, x 200).

macrophage lysosomes in the lamina propria around the
tips of the duodenal villi, detected by histochemical staining and electron microscopy. It has been postulated that
this heterogeneous pigment may represent a deposit of
melanin-like substances, hemosiderin, lipomelanin and lipofuscin[6,7]. Even though iron (ferrous sulfide) is the main
pigment compound, varying amounts of sulfur, calcium,
potassium, aluminum, magnesium and silver can also be
detected[5,8]. The color of the pigment could represent
various degrees of auto-oxidation of ferrous sulfide[2,6].

DISCUSSION
PD represents a fine granular brown material inside the
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The pathogenesis still remains unclear. It could be
related to iron deposition secondary to intramucosal he
morrhage or impaired intramucosal iron transport after
oral ferrous sulfate supplementation[6,9]. Iron sulfide storage can also be a product of an acquired inherent defect
in macrophage metabolism. In that regard, the pigment
present in the duodenal mucosa has also been shown to
be partially associated with impaired macrophage metabolism of drugs containing cyclic compounds such as
phenols, indoles and skatoles[8].
All four patients had undergone previous gastroduodenal endoscopy without any pathological findings, suggesting that this condition might be acquired rather than
congenital, which is in keeping with previous reports[5].
Importantly, it must be stressed that this entity might be
identified histologically even before it becomes endoscopically visible, making it difficult to establish a temporal association between disease onset and endoscopic
manifestation[10].
In this report, all patients were female, with chronic
renal failure, and taking antihypertensive drugs. Of note,
only two patients were taking oral iron supplements. The
biopsy specimens were positive for hematoxylin and eosin and Masson-Fontana stains but not reactive for Pearl’
s stain, suggesting a melanin-like compound. Although
Pearl’s stain is a classic method for demonstrating iron in
tissues, there is a possibility of a false-negative reaction
if an iron oxide compound is present instead of iron sulfide[11,12].
In conclusion, these findings suggest that the duodenal involvement can occur in the absence of a history
of oral iron supplementation. Importantly, although the

long-term clinical impact of these depositions remains
unclear, these endoscopic findings still do not require any
specific treatment or recommended follow-up.
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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
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Neurogastroenterology and Motility
Meeting
Bologna, Italy

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

September 6-8, 2012
2012 Joint International



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)

homogeneous 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 Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 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 from to evaluate the statistical method
used in the paper, including t-test (group or paired comparisons),
chi-squared 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
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for important intellectual content; and (3) final approval 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/1007-9327office. 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 for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in WJG,
reviewers of accepted manuscripts will be announced by publishing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor XinWei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

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.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.

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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).

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.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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. Immunolog-

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 la-
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ic 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]
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]

eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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
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be considered when developing more customized types
of intervention (“personalized medicine”). In the future,
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targeting agent, an imaging probe, a cell-penetrating
agent, a biocompatible polymer and an anti-cancer
drug may become valuable for the management of patients with pancreatic cancer.
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Abstract
Despite improvements in surgical techniques and adjuvant chemotherapy, the overall mortality rates in pancreatic cancer have generally remained relatively unchanged and the 5-year survival rate is actually below
2%. This paper will address the importance of achieving an early diagnosis and identifying markers for prognosis and response to therapy such as genes, proteins,
microRNAs or epigenetic modifications. However, there
are still major hurdles when translating investigational
biomarkers into routine clinical practice. Furthermore,
novel ways of secondary screening in high-risk individuals, such as artificial neural networks and modern imaging, will be discussed. Drug resistance is ubiquitous
in pancreatic cancer. Several mechanisms of drug resistance have already been revealed, including human
equilibrative nucleoside transporter-1 status, multidrug
resistance proteins, aberrant signaling pathways, mi-
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INTRODUCTION
Pancreatic cancer has an approximate incidence of 11.4/
100  000 inhabitants per year, and is recognized as the
fourth cause of cancer-related death, with an overall 5-year
survival of less than 1%-2%[1-3]. Total costs, including
care-related costs and loss of production (due especially
to premature death) related to pancreatic cancer in Sweden in the year 2009 were 86-93 million euros (population
9.1 million), corresponding to a society cost in the West
of up to 10 million euros per 1 million inhabitants per
year[4]. Smoking and also family history (in about 5%-10%
of cases) are established risk factors for the development
of pancreatic cancer[5]. There is a weaker positive associa-
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of the tumor-suppressor genes CDKN2A, TP53, DPC4
and BRCA2, as well as chromosomal losses, gene amplifications and telomere shortening have also been observed[6]. Reactivation of developmental pathways, such
as hedgehog, notch and wnt/β-catenin, may be crucial
for the development of PDAC[25]. In addition to genetic
alterations, many lines of evidence indicate that epigenetic changes play a role in pancreatic carcinogenesis.
DNA methylation and histone modification frequently
alter gene function without changing the DNA sequence,
and have the potential to be used as diagnostic markers
in pancreatic cancer[26]. MicroRNAs are non-coding segments of RNA that can regulate gene expression. Aberrant expression of microRNAs contributes to tumor progression and has been associated with drug resistance[27].
Because all three precursor lesions of PDAC possess
ductal characteristics, it has been suggested that the lesions develop from ductal cells. However, the study of
mouse models of pancreatic cancer has broadened the
current understanding of pancreatic carcinogenesis by
showing other cells to be the cancer-initiating cells. Differentiated acinar cells have been shown to cause PanIN
and pancreatic cancer following activation of KRAS in
vivo[28-30]. Moreover, insulin-positive endocrine cells and
PDX1-expressing cells have been demonstrated to induce PDAC[31]. It should be noted that the cell of origin,
in which tumorigenesis is initiated, could be different
from the cancer stem cell, which propagates the tumor[32].
Identification of cells of origin in PDAC may allow earlier detection of malignancy and better preventive and
treatment tools.

tion for other factors including obesity, diabetes mellitus,
chronic pancreatitis, ABO genotype, race, periodontal
disease, occupational exposures, dietary factors, Helicobacter
pylori and gallstones[5,6]. It is to be stated that the median
age at diagnosis is in general 66-68 years[7], though early
onset pancreatic cancer, i.e., occurring prior to 50 years
of age, accounts for less than 6% of patients and is associated with more advanced disease at presentation and
a tendency for shorter overall survival[8]. Gender-specific
differences in the incidence of pancreatic cancer have
been observed, including higher rates in males[9].
Chemotherapy and to a lesser extent, radiotherapy,
have emerged as valuable adjuncts to the management of
pancreatic cancer. A few studies reported that “marginally resectable” pancreatic tumors shrink after radiochemotherapy and may become resectable[10-12]. Neoadjuvant
treatment of resectable pancreatic cancer is associated
with fewer positive lymph nodes and increased survival
(median 34 mo vs 19 mo, P = 0.03)[13]. In the ESPAC-1
study, 6 mo of postoperative 5-fluorouracil (5-FU) and
folinic acid (FA) increased median survival from 14 mo
to 19.7 mo, but there was no effect provided by radiochemotherapy[14]. Long-term follow-up after adjuvant
chemotherapy demonstrated even better results with a
median 21-23 mo survival following adjuvant chemotherapy vs 8-16 mo for observation[15,16]. The validity of gemcitabine as an adjuvant agent has been confirmed[17]. The
ESPAC-3 study reported similar outcomes between 5-FU
and FA vs gemcitabine (n = 1088)[18]. In unresectable pancreatic cancer, most regimens are also gemcitabine-based.
The use of gemcitabine has increased median survival
from 3-4 mo to 5.5-7 mo[19-21]. Recently, FOLFIRINOX
(oxaliplatin, irinotecan, leucovorin, fluorouracil) surpassed
the effectiveness of gemcitabine by showing longer survival (11.1 mo vs 6.8 mo; P < 0.001)[22]. The utilization of
molecular targeted treatment in pancreatic cancer outside
of clinical trials has been limited. Erlotinib provided a
modest survival benefit in advanced pancreatic cancer
when used in combination with gemcitabine (6.2 mo vs
5.9 mo)[23], but due to increased side-effects and increased
costs it has not received wide clinical acceptance.
This paper will focus on clinical and molecular aspects
of pancreatic cancer, discussing novel ways to improve
early detection and prognostic prediction, as well as the
design of future targeted therapy, which is imperative in
this era of personalized medicine.

Crosstalk tumor-stroma
Desmoplasia is a characteristic feature of pancreatic cancer and the stromal compartment has been considered to
be a physical barrier for drug delivery[33]. The pancreatic
stellate cell (PSC) has a key role in stroma formation.
In addition to endogenous quiescent PSCs, bone marrow may also contribute to the population of activated
PSCs[34]. PSCs are involved in tumor growth, invasion,
metastasis and resistance to radiochemotherapy[35-37]. Furthermore, PSCs accompany cancer cells to distant metastatic sites, stimulate angiogenesis and have the capacity
to migrate over the endothelial barrier to and from blood
vessels[38]. A limited number of studies have attempted
to block PSC activity in the setting of pancreatic cancer.
For example, halofuginine, a smad3-phosphorylationinhibitor, reduces PSC activation and prevents pancreatic
xenograft tumor development[39]. Retinoic acid can also
inhibit PSC activity and reduces wnt-β-catenin signaling
in cancer cells and their invasive ability[40]. Key signaling pathways between PSCs and cancer cells have been
identified and involve e.g., sonic hedgehog, galectins,
endothelins and platelet-derived growth factor[35], which
thereby represent potential therapeutic targets.

MOLECULAR PATHOGENESIS
Pancreatic ductal adenocarcinoma (PDAC) is believed to
arise from precursor lesions that develop into invasive
carcinoma through a multistep carcinogenic process.
Pancreatic intraepithelial neoplasia (PanIN) is the most
common preneoplastic lesion in patients with pancreatic
cancer, being observed in approximately 80% of cases[24].
Other precursor lesions of PDAC are intraductal papillary mucinous neoplasms (IPMN) and mucinous cystic
neoplasms (MCN). The KRAS oncogene is the most
commonly altered gene in pancreatic cancer. Inactivation
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Cancer stem cells and epithelial-mesenchymal transition
Pancreatic cancer stem cells constitute a minority of cancer cells (1%-5%) and have the ability to self-renew, and
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are resistant to chemotherapy and radiation[41]. They are
characterized by several surface markers including CD44,
CD24, epithelial specific antigen, aldehyde dehydrogenase, CD133 and CXCR4[42]. Furthermore, it has been
observed that pancreatic cancer cells that were cultured
in gemcitabine demonstrated characteristics of epithelialmesenchymal transition (EMT) [43]. They also showed
increased expression of cell surface proteins associated
with cancer stem cells. In pancreatic cancer xenografts,
radiation or gemcitabine therapy leads to enrichment of
the EMT cells[44]. Wnt, notch and hedgehog are important signaling events in cancer stem cells, and can become novel therapeutic targets[41]. Ongoing clinical trials
are currently investigating PRI-724 (inhibitor of wnt),
MK-0752 (inhibitor of notch) and GDC-0449 (inhibitor
of hedgehog) in patients with advanced pancreatic cancer
(www.clinicaltrials.gov). Future therapeutic strategies may
need to combine targeting of cancer stem cells and EMT
cells with the targeting of other cells in the microenvironment, e.g., stromal cells, in order to achieve maximal
benefit.

reaching pancreatic cancer cells, and depletion of the
stroma could enhance cancer drug delivery[33]. Aberrant
signaling pathways also have a role in drug resistance.
The PI3K/Akt signaling pathway is commonly overactive
in pancreatic cancer. PI3K stimulates proliferation and
confers chemoresistance[50]. MicroRNAs have received
increased attention in recent years. Targeting of microRNAs may help overcome drug resistance in pancreatic
caner and improve clinical outcome[27].

BIOMARKERS
Biomarkers can be applied in several areas of disease
management including diagnosis, prognosis, staging and
prediction and monitoring of therapeutic response. The
different types of biomarkers include genes, proteins, metabolites, microRNAs and epigenetic modifications. CA
19-9 has some value for detection of recurrent disease[51],
but so far no other biomarker is recommended for routine clinical use in pancreatic cancer. Recently, a sevengene panel was identified as being differentially expressed
between pancreatic cancer (n = 36) and normal samples
(n = 19)[52]. Validation using two blood-based biomarkers from this panel, tenascin C and tissue factor pathway
inhibitor, yielded a combined area under the curve (AUC)
of 0.88 and, with addition of CA19-9, a combined AUC
for the three-gene panel of 0.99 with 100% specificity at
90% sensitivity and 97% sensitivity at 90% specificity.
Proteomic profiling of pancreatic cancer serum has
been promising. Most studies have used surface enhanced laser desorption (SELDI) or matrix assisted laser
desorption/ionization (MALDI) yielding a sensitivity
in the range of 78% to 100% and a specificity between
74% and 100%[53]. Immunohistochemistry (IHC) is the
most practical method for evaluating protein expression
changes in histopathology. It can be combined with tissue
microarray technology to allow rapid testing of immunohistochemical markers on many tumors in a single experiment. During the past decade, a multitude of immunohistochemical biomarkers that are potentially involved in
pancreatic carcinogenesis and drug responsiveness have
been studied for their prognostic and predictive value,
but none of them have yet proved to be sufficiently useful for use in routine clinical practice[54]. Apart from the
tumor compartment, stromal tissue may also be analyzed
and it has been discovered that stromal secreted protein
acidic and rich in cysteine has been associated with outcome in pancreatic cancer[55]. A panel of IHC markers
may prove clinically valuable in the future. Furthermore,
metabolomic studies of pancreatic cancer are promising
and may be useful in identifying benign from malignant
conditions[56-58]. MicroRNA is a new class of biomarkers.
Aberrant expression of miRNA-21 and miRNA-34a has
been associated with survival in resectable pancreatic cancer[59]. Epigenetic changes, such as histone modification,
may be used as novel biomarkers in pancreatic cancer[60].
Although a multitude of investigational biomarkers have been identified, translation into routine clinical

Pro-inflammatory response
Inflammation is closely related to the development and
progression of pancreatic cancer, and molecular factors
such as STAT3 have been suggested to play a key role in
creating a pro-inflammatory tumor microenvironment[45].
Clinical studies have shown that a pro-inflammatory response is both prognostically negative and promotes tumor proliferation[46]. Inflammatory factors may also contribute to the profound weight loss and cancer cachexia
frequently seen in pancreatic cancer[47]. Elucidation of the
mechanisms underlying the crosstalk between inflammation, cancer and stroma may improve the management of
pancreatic cancer, as a frequent desmoplastic reaction is
noted.
Chemoresistance
Gemcitabine has represented the first-line of chemotherapeutic agents in pancreatic cancer. A frequent problem,
though, is drug resistance and lack of response to therapy
given. Nucleoside transporters, such as human equilibrative nucleoside transporter-1 (hENT-1), appear to regulate the intracellular uptake of gemcitabine[48]. One of the
proposed mechanisms of chemoresistance is a reduction
in hENT-1 expression. Determination of hENT-1 status
at the time of cancer diagnosis, and also modifications
of gemcitabine in order to bypass the nucleoside receptor, may represent novel types of targeted approaches in
the management of patients with pancreatic cancer[48].
Multidrug resistance (MDR) proteins including ABCtransporters have also been implicated in drug resistance
in pancreatic cancer and limit the efficacy of gemcitabine[49]. Another mechanism that contributes to chemoresistance is the tumor microenvironment surrounding the
cancer cells, including cancer stem cells, EMT cells and
stellate cells. Furthermore, the hypoxic stroma could be a
physical barrier preventing chemotherapeutic drugs from

WJG|www.wjgnet.com

1419

April 7, 2012|Volume 18|Issue 13|

Ansari D et al . Pancreatic cancer research

of pancreatic cancer in patients with type Ⅱ diabetes[74,75].
In xenograft models, metformin inhibits the growth of
pancreatic cancer cells by interfering with insulin/IGF-1
receptor and G-protein-coupled receptor signaling[76]. In
addition, metformin can inhibit tumor growth by inactivating cancer stem cell-like cells[77]. Studies have sought
to elucidate molecular alterations that link diabetes and
cancer, and one such molecular connection could be
TCF7L2 (T-cell factor 7-like 2) and p53[78]. In a recently
published case-control study, rs780094 was selected as
one of 10 diabetes-associated single-nucleotide polymorphisms related to increased pancreatic cancer risk[79].
However, diabetes in pancreatic cancer is mostly new-onset, i.e., occurring 24 mo prior to cancer diagnosis, and is
likely related to secondary effects from the tumor, which
is supported by the observation that glucose metabolism
is improved following tumor resection[71,80]. Although the
exact mechanisms behind pancreatic cancer-induced diabetes are yet to be disclosed, there is ample evidence for
a tumor-derived influence on glucose metabolism, leading
to disturbed β-cell function, peripheral insulin resistance,
hyperglycemia and finally diabetes mellitus[70].

practice has been difficult. To improve methodological
reporting several guidelines have been developed. For diagnostic biomarkers, the STAndards for Reporting Diagnostic accuracy (STARD) guidelines are available[61]. For
prognostic studies, the REporting recommendations for
tumor MARKer prognostic studies (REMARK) guidelines are available[62]. The process of translating biomarkers is complex and the path from discovery to clinical
application may be long and arduous. The effective demonstration of clinical utility of the biomarker will remain
the key to its gaining widespread acceptance, but regulatory issues and budgetary constraints of the biomarker
industry remain major challenges[63].

IMAGING
The detection of precursor lesions of pancreatic cancer would be a key factor in improving the prognosis.
Non-invasive imaging techniques such as ultrasound,
computed tomography and magnetic resonance imaging do not accurately identify PanINs. Positron emission
tomography (PET) is a functional imaging modality that
utilizes the principle that metabolic alterations in tumors
occur prior to notable morphological alterations. The radioactive tracer 18F-fluorodeoxyglucose (FDG) has been
used extensively for PET imaging of malignant tumors.
Malignant tissue has increased glucose metabolism as
compared to its surrounding tissue, which leads to focal FDG-uptake visualized by PET. PET/CT has come
to play an increasing role in pancreatic cancer, due to
the ability to accurately detect small primary pancreatic
lesions and distant metastases, as well as recurrences following surgery[64-67]. It has been shown that an elevated
glucose metabolism occurs already in precursor lesions
of pancreatic cancer, with the opportunity of detecting
these changes with PET/CT, and thus improving diagnosis and outcome[68]. Eser et al[69] recently described a
technique that could improve diagnosis and also grading
of PanINs using in vivo molecular imaging based on cathepsins.

SCREENING
Pancreatic cancer develops over a long time span, providing a strong rationale for developing techniques for
early detection. It may take ten years or more between
the initial mutation and first non-metastatic tumor cell,
and another five years for the development of metastatic
capacity and death after an additional two years[81]. This
implies a therapeutic window of opportunity for both
early diagnosis and treatment. Chromothripsis is a new
concept that involves the simultaneous acquisition of
multiple mutations in a single catastrophic event. This
phenomenon may be present in 2%-3% of all human
cancers, but the incidence may be higher in certain tumors, such as osteosarcomas and chordomas[82].
Patients with pancreatic cancer usually have generic
symptoms and are often difficult to diagnose at an early
stage. There are several risk groups where secondary
screening for pancreatic cancer may be appropriate, e.g.,
patients with heredity, IPMN, or new-onset diabetes mellitus[70,83-85]. Distinguishing pancreatic cancer-associated
diabetes from the more common general type 2 diabetes
may identify individuals with a potentially resectable pancreatic cancer[70-71]. Huang et al[86] identified vanin-1 and
matrix metalloproteinase 9 as useful biomarkers for the
discrimination of pancreatic cancer-associated diabetes
from type Ⅱ diabetes.
Artificial neural networks represent non-linear pattern
recognition techniques that simulate the analytic processes of the human brain. They have been utilized in complex medical decision-making, including diagnosis, prognosis and risk stratification[87]. A major benefit of these
networks is the ability to recognize complex relationships
between input and output data that may be hidden to
conventional statistical methods. Initial reports on the use
of artificial neural networks combined with proteomic

PANCREATIC CANCER AND DIABETES
MELLITUS
Up to 80% of patients with pancreatic cancer have diabetes mellitus or pathologic glucose tolerance test at diagnosis[70]. Long-standing type Ⅱ diabetes is a predisposing
factor for pancreatic cancer, while new-onset diabetes
may indicate subclinical cancer[71]. The molecular mechanisms linking long-standing diabetes to pancreatic cancer
are incompletely understood. Diabetes may promote
the neoplastic process by several mechanisms including
hyperinsulinemia (endogenous or exogenous), hyperglycemia and chronic inflammation[72]. The insulin and
insulin-like growth factor (IGF) receptors are frequently
expressed in pancreatic cancer and contribute to neoplastic growth and progression[73]. The administration of the
anti-diabetic agent metformin may reduce the incidence
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Oncaspar® (PEG-L-asparaginase)[95].
While monofunctional nanoparticles only carry out
one function, multifunctional nanoparticles have the ability to perform several tasks. Multifunctional nanocarriers
using a specific targeting agent, an imaging probe, a cellpenetrating agent such as TAT peptide, a biocompatible
polymer such as polyethylene glycol (PEG) and an anticancer drug, may result in effective tumor destruction
with minimal toxicity (Figure 1).

PEG
Imaging probe

Targeting ligand

Cell-penetrating agent

CONCLUSION

Anti-cancer drug

Pancreatic cancer is a condition with an almost total lethal
outcome. Despite advancement in surgical techniques
and adjuvant treatment, the prognosis has only marginally improved. Novel therapeutic interventions have been
tested but with limited effect. Research should continue
to focus on biomarkers for early diagnosis, prognosis
and prediction and monitoring of therapeutic response.
Screening of high-risk individuals using novel approaches
such as artificial neural networks could be considered.
Mechanisms of chemoresistance have been elucidated, including hENT-1 status, MDR proteins, aberrant signaling
pathways, microRNAs and micro-environmental factors,
which should underlie future development of targeted
therapy. The identification of cancer-initiating cells represents a fundamental shift in our understanding of the
intrinsic drug resistance of pancreatic cancer. Multifunctional nanoparticles have the potential to combine imaging, diagnosis and therapy in a single vehicle. It is expected
that nanomedicine will have a prominent role in the quest
for a successful therapy for this recalcitrant disease.

Figure 1 Multifunctional nanoparticle. PEG: Polyethylene glycol.

data have provided promising results concerning the detection of pancreatic cancer[88]. The future application of
artificial neural networks based on parameters including
age, smoking, heredity, chronic pancreatitis, new-onset
diabetes mellitus, biomarkers and imaging findings imply
promise for early detection of pancreatic cancer, and may
be used as screening tools.

NANOMEDICINE
Nanomedicine is defined as the application of nanotechnology to medicine. Nanoparticles are in the range of
1-100 nm. Examples of nanoparticles include liposomes
(phospholipid vesicles), dendrimers (synthetic polymers),
carbon nanotubes (fullerene), quantum dots (colloidal fluorescent semiconductor nanocrystals), magnetic
nanoparticles (spherical nanocrystals with a Fe2+ and Fe3+
core) and gold nanoparticles (metallic nanoparticles). The
application of nanoparticles in medicine include e.g., diagnostics, imaging and drug delivery.
Nanoparticles enable refined diagnostics at the level
of single cells and molecules. For example, magnetic
nanoparticles have been coupled with molecular targeting
ligands to improve imaging of early pancreatic tumors in
vivo[89]. Quantum dots conjugated with RGD peptides have
been reported for in vivo imaging of pancreatic tumor
vasculature[90]. Drug resistance is a recognized challenge in
pancreatic cancer. Gemcitabine-squalene obtained by covalently coupling gemcitabine at the 4-amino group with
squalene, a natural lipid, has been shown to make tumor
cells more sensitive to gemcitabine[91]. Recently, polymeric nanoparticles encapsulating hedgehog-inhibitors
or curcumin have been produced that inhibit the growth
of orthotopic pancreatic cancer xenografts[92,93]. Gold
nanoparticles have been utilized to induce intracellular
hyperthermia in a murine model of pancreatic cancer
after radiofrequency field exposure[94]. An ongoing phase
I study (NCT00968604) of advanced pancreatic cancer is
currently investigating the effects of intravenous injection
of the liposome nanoparticle BikDD, which contains a
pro-apoptotic agent. Several nanoparticle-based anticancer
drugs are already on the market, e.g., Abraxane® (albuminbound paclitaxel), Myocet® (liposomal doxorubicin) and
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Abstract
The worldwide incidence and prevalence of cystic
echinococcosis have fallen dramatically over the past
several decades. Nonetheless, infection with Echinococcus granulosus (E. granulosus ) remains a major public
health issue in several countries and regions, even in
places where it was previously at low levels, as a result
of a reduction of control programmes due to economic
problems and lack of resources. Geographic distribution
differs by country and region depending on the presence in that country of large numbers of nomadic or
semi-nomadic sheep and goat flocks that represent the
intermediate host of the parasite, and their close contact with the final host, the dog, which mostly provides
the transmission of infection to humans. The greatest
prevalence of cystic echinococcosis in human and animal hosts is found in countries of the temperate zones,
including several parts of Eurasia (the Mediterranean
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INTRODUCTION
Cystic echinococcosis (CE) is a near-cosmopolitan zoonosis caused by adult or larval stages of tapeworms (cestodes)
belonging to the genus Echinococcus (family Taeniidae).
Actually, six species of Echinococcus have been recognized,
but the most important members of the genus in respect
of their public health importance and their geographical
distribution are Echinococcus granulosus (E. granulosus) (which
causes cystic echinococcosis) and Echinococcus multilocularis

1425

April 7, 2012|Volume 18|Issue 13|

Grosso G et al . Epidemiology of liver hydatidosis

(which causes alveolar echinococcosis). Infection with
E. granulosus results in the development of one or several
unilocular hydatid cysts that in humans develop mainly
in the liver (70%), but also lungs (20%) and 10% of cysts
can occur almost anywhere in the body (e.g., brain, body
musculature, wall of the heart, kidneys, orbit of the eye,
marrow cavity of bones). E. multilocularis metacestodes
develop as a series of small, interconnected cysts, growing as a metastasising lesion almost exclusively in the liver
(98%-100%), but in the later phase of infection distant
metastases in other organs may occur.
E. multilocularis is a cestode whose life cycle involves
a tapeworm stage during which it lives in the small intestine of carnivores (definitive hosts, usually wild or
domestic canids), and a tissue-invading metacestode
(larval) stage during which echinococcal cysts develop in
internal organs (mainly liver and lungs) of humans and
other intermediate hosts as unilocular fluid-filled bladders
surrounded by a host-produced layer of granulomatous
adventitial reaction. Small vesicles called brood capsules
bud internally from the germinal layer and produce multiple protoscolices by asexual division. In humans, the
slowly growing echinococcal cysts may reach a volume of
several litres and contain many thousands of protoscolices. Moreover, internal septations and daughter cysts may
appear over time, disrupting the unilocular pattern typical
of the young echinococcal cysts.
Infection of an intermediate host is due to accidental
ingestion of tapeworm eggs passed into the environment with faeces from definitive hosts. Transmission of
E. granulosus could be due to domestic and wildlife reservoirs, and is influenced by human activities, behaviour,
and politics.
CE represents an increasing public health and socioeconomic concern in many areas of the world[1-3] and is
currently considered an endemic zoonose in the Mediterranean region (MR), in addition to brucellosis, rabies,
leishmaniasis and food-borne zoonotic infections [4].
Given a geographic distribution and extent greater than
previously believed, several studies have shown that hydatidosis is currently considered an emerging or re-emerging disease[5,6]. The distribution and prevalence of CE depends on the presence in that country of large numbers
of nomadic or semi-nomadic sheep and goat flocks that
represent the intermediate host of the parasite, and their
close contact with the final host, the dog, which mostly
provides the transmission of infection to humans.
Molecular studies conducted on mitochondrial DNA
(mtDNA) sequences, have shown that E. granulosus complex consists of three species and comprise ten defined
strains (genotype G1-10), based on morphology, host
specificity and molecular characteristics[7,8]. The intraspecific variants have substantial variation at the genetic level
and DNA sequence[9], conferring several characteristics
such as life-cycle patterns, host specificity, development
rate, antigenicity, transmission dynamics, sensitivity to
chemotherapeutic agents, and pathology [10,11]. These
characteristics may have important implications for the

WJG|www.wjgnet.com

design and development of vaccines, diagnostic reagents
and drugs impacting on the epidemiology and control
of echinococcosis[12,13]. Indeed, each Echinococcus species
maintains a specific host-adapted genetic identity that
only rarely overlaps in some geographical areas[5,11,14].
In this review we discuss aspects of the current epidemiology of E. granulosus complex and highlight worldwide
and specific distribution in recognised endemic areas.

SPECIES AND DISTRIBUTION OF
E. GRANULOSUS COMPLEX
E. granulosus has a worldwide geographical distribution
with endemic foci present on every inhabited continent
(Figure 1). The greatest prevalence of CE in human
and animal hosts is found in countries of the temperate
zones, including several parts of Eurasia (the Mediterranean regions, southern and central parts of Russia,
central Asia, China), Australia, some parts of America
(especially South America) and north and east Africa[2,15].
The distinct genetic types of E. granulosus include
two sheep strains (G1 and G2), two bovid strains (G3
and G5), a horse strain (G4), a camelid strain (G6), a pig
strain (G7), and a cervid strain (G8). A ninth genotype
(G9) has been described in swine in Poland[8,16] and a
tenth strain (G10) in reindeer in Eurasia. Among these
strains, we have available data for preliminary epidemiological analyses only for some strains. In fact, some of
them are still poorly characterised and further research
is needed to determine with higher detail their host and
geographic ranges and whether their genetic characteristics are conserved between different endemic regions.
The most frequent strain associated with human CE
appears to be the common sheep strain (G1). This strain
appears to be widely distributed in all continents. Highest
rates of infection are recorded in communities involved
in extensive sheep farming and epidemiological studies
suggest that this genetic variant is the principal strain
infecting humans[2,5,9,17]. Consequently, its presence coincides with areas which have high prevalence of human
CE such as in Morocco, Tunisia, Kenya, Kazakhstan,
western China and Argentina.
The G2 strain is known to be transmitted among
sheep and infect humans also, but genetic differences
biologically distinguish it from the G1 strain, conferring
a different life cycle[18]. It has been found in Australia and
previously also documented in Tasmania.
The G3 strain which is diffused among buffalos and
transmitted by water, has been recorded in South Asia[19],
but no susceptibility among humans has been found.
The G4 strain, formerly known as Echinococcus equinus, appears to infect exclusively equines as intermediate
hosts and no human cases have been documented[9,20]. It
is known to be diffused in the Mediterranean regions of
Spain, Italy, Lebanon, and Syria, as well as in South Africa.
The former cattle strain (G5), known as Echinococcus
ortleppi, is transmitted by cattle in Europe, Asia, parts of
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Figure 1 Worldwide distribution of the zoonotic strains of Echinococcus granulosus and geographical endemicity.

Africa and South America and only one case in humans has
been isolated in past years[21], suggesting a less pathogenic
risk for humans than the sheep strain of E. granulosus.
G6-10 strains are poorly distinguished from each other
but they are clearly distinct from the common sheep strain[5].
The G6 strain is known to principally affect camels and
goats. Animal infection is diffused in the Middle East,
Africa, southern Asia and South America[9] and cases of
human infection have been found in Nepal, Iran, Mauritania, Kenya and Argentina[5,17].
The G7 strain is transmitted by domestic pigs in Europe (Spain and Italy), Asia and South America, as well as
the closely related genetic variant G9 that has been documented to affect Polish patients[16] although the animal
reservoir is unknown.
The G8 strains are known to be transmitted between
wolves and wild cervids in the northern regions of Europe, Asia and North America. Few cases of human
infection have been documented with a lower severity
of the disease than CE caused by other forms of E.
granulosus[22]. However, transmission between humans of
this genetic variant seems to be low and further data is
needed to better assess its pathogenicity.
Finally, some other genetic variants which are poorly
characterized have been found in several countries. For
example, the wildlife “lion” strain transmitted among
lions and wild ungulates has been documented in Africa
but no human infection has been found.

strain (G1). The former is diffused in wildlife mainly in
Canada, Alaska and Minnesota[23]. The wildlife reservoir
was found to be largely diffused among cervids and
wolves, coyotes and domestic dogs[24]. EC started to be
diagnosed in Canada after the 1950s following the introduction of routine chest X-rays for tuberculosis in some
tribes of native Americans (such as Indians and Eskimo)
who were identified with pulmonary hydatidosis[24]. In the
same period, a review of 101 autochthonous cases of E.
granulosus infection in Alaska were documented[22]. It has
been estimated that 50% of moose in Ontario and British Columbia are infected with the parasite[25] and that
28%-50% of dogs in the Canadian Northwest Territories
are infected with E. granulosus[26]. In humans, pulmonary
localization is quite diffuse. Indeed, a recent chart review
performed in Alberta documented 22 definite and probable cases, of which 77% were female and 41% aboriginal; 40% had pulmonary involvement and 50% hepatic
involvement[27].
Sporadic autochthonous transmission among humans
of the sheep strain in the western States of North America such as Arizona, California, New Mexico and Utah
has been documented in reports from the 1960s[28]. The
source of these E. granulosus infections was Australian
sheep dogs imported into Utah in 1938 when the parasite
diffused among sheep of this area as well as adjoining
states through trading of live sheep[29]. Moreover, another
source of infection were immigrants from countries in
which echinococcosis disease is highly endemic, historically Icelanders, Italians and Greeks, but in more recent
years, mostly persons of Middle Eastern and Asian origin.
After the Second World War, foci of transmission involving swine and dogs were reported in several areas such the
Mississippi valley due to the close relationship between
humans and dogs[30] but transmission of infection ap-

EPIDEMIOLOGY OF E. GRANULOSUS
COMPLEX: WORLDWIDE DISTRIBUTION
America
The most ubiquitous taxa of E. granulosus that occur in
North America are the cervid strain (G8) and the sheep
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peared to have ended by mid-century[31]. Then, an epidemic focus of sheep and human infection in western states
including California, Utah, New Mexico and Arizona in
the mid-1960s was traced[28]. Most infections occurred in
high-risk groups such as sheep farmers and those involved
in home slaughter including Basque-Americans in California[32], Mormons in central Utah[33], and Navajo and Zuni
Indians in New Mexico and Arizona[33-35].
As well as in the United States, all genetic variants of
the E. granulosus complex have been introduced into South
America with domestic animals imported from other regions, such as Europe. The principal strain of E. granulosus
is the sheep strain (G1), widely diffused in Peru, Chile,
Argentina and Brazil[2].
In the central Peruvian Andes, the prevalence of hydatidosis in livestock has been noted to be 89% in sheep
and 80% in cattle in a livestock raising community[36].
Among definitive hosts, the prevalence of infection in
dogs in endemic areas has been reported to range from
32% to 46%[36-38] and from 46% to 88%[38-40]. The recorded
surgical incidence of CE in the central and southern Peruvian Andes has been noted to be 1-2 cases per 100  000
inhabitants[36] and the prevalence of asymptomatic CE between 3% and 9.3% in rural villages in the central Peruvian highlands[38]. However, a study in a coastal city of Peru
reported an annual surgical incidence of 32 per 10  000
for 1998[37] leading to the conclusion that incidence of CE
is significantly under-reported. Recently, a re-emergence
of transmission has been documented after the failure of
previous control activities[41].
Chile is an endemic area for E. granulosus infection.
During 2000, the prevalence of bovine, sheep and canine
hydatidosis for the entire country decreased to 22.3%,
6.3% and 11%, respectively [42], after a control program[2,43,44]. With regard to human infection, although the
overall incidence of diagnosed disease has been assessed
as 2-2.5 cases per 100  000 inhabitants between 1992
and 2004, taking under-notification into account, the
incidence has been estimated at 10 per 100  000. A major
endemic area for EC is the southern part of Chile where
annual surgical incidence ranged from 6 to 20 cases per
100  000 in August 2005 but reaching 162 per 100  000 in
some regions[45].
In Argentina, several strains of E. granulosus and E. ortleppi
have been found in different host animals and humans
such as the sheep strain (G1) (mostly infecting humans),
the Tasmanian sheep strain (G2), the cattle strain (G5) and
the camel strain (G6)[14,46], while the pig strain (G7) has
been detected in pigs and dogs but not humans[46]. The
prevalence of EC affecting livestock has been documented
as reaching 7% of cattle, 12.5% of sheep, 9.8% of pigs and
6.0% of goats[2]. In humans, prevalence rates depend on
the endemicity of the area, ranging from 1.4 per 100  000
to 404, 260 and 30 cases per 100  000 in Neuquen, Chubut
and Rio Negro (regions of Patagonia), respectively[42].
In southern Brazil only sheep strain and E. ortleppi
have been recorded[47,48], although the most endemic area
is the southern part of Brazil. Indeed, a recent analysis of
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hydatidosis prevalence in animals in this area reported a
prevalence of infection to be 25.5% of cattle, 30.2% of
sheep[42] and from 11.4% to 38% of dogs[49]. Data about
human hydatidosis documented a seroprevalence of 6%
in the rural population and 3.5% in the urban population
of Sena Madureira[50]. However, the few data available to
allow conclusions on epidemiology of different taxa often
depend on control activities that are inconsistent in their
consideration of the economic and public health impact
of echinococcosis in these areas.
Australia
The most common strain currently found in Australia is
the G1, while the G2 strain was previously also found in
Tasmania[7,8,51]. This G2 strain probably evolved as a genetically modified variant after a Tasmanian hydatid control
campaign aimed to strictly control helminthic diffusion
among dogs. Thus, this genetic variant became dominant
because of the limited gene pool on an island[18]. However, the absence of diffusion of the hydatid infection
in wildlife and the intense hydatid control programmes
allowed the eradication of E. granulosus from Tasmania in
the middle 1990s[52].
In Australia several areas have been documented at
high risk of transmission of E. granulosus, especially in
wildlife. The definitive hosts most commonly involved in
transmission in south eastern Australia are represented by
the wild dog[53,54], while the most common intermediate
hosts are grey kangaroos and wallabies[54]. Western Australia, south of Perth, is another active area of transmission of E. granulosus[55]. In this region, similar intermediate
hosts have been found[10] while in northern Western Australia the source of infection has yet to be confirmed[56].
However, wildlife reservoirs play the main role in
maintaining a constant source of transmission for domestic livestock, domestic dogs and humans[53,54,57-60]. Recent
analyses assessed infection in wild dogs caught in the outer suburbs of Townsville, Queensland[61], and in those examined from the Maroochy Shire, eastern Queensland[62].
Sheep infection is still common in farms with a high
number of poorly managed domestic dogs; additionally
livestock are often hunted by wild dogs contaminating the
pasture with eggs of E. granulosus[53]. However, dog and
sheep infection prevalence seems to be decreasing over
the last years[60], although recent surveys reported a reemergence of domestic transmission of E. granulosus in
some rural areas of south eastern regions where it was
found that 29% of 344 rural dogs in New South Wales
and 18% of 218 Victorian dogs tested positive[63].
Annually, new cases of human hydatidosis appear
stable, numbering between 80 and 100 among the entire
country[60,64]. Human transmission has traditionally been a
public health problem of rural people due to E. granulosus
infected domestic animals, but there is increasing potential for accidental exposure of urban residents due to the
infiltration in urban centres by infected wildlife definitive
hosts such as foxes and wild dogs. In fact, these animals
are attracted to public recreation areas commonly fre-
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quented by urban residents to scavenge food scraps[61,65].
Thus, urban residents could accidentally have direct contact with E. granulosus eggs through wild dog or fox faeces
or via coprophagous flies when visiting parks and forests
for recreational purposes. Furthermore, it has been documented that there has been a potential infection of the
dogs of recreational pig hunters living in urban centres[66].
The reporting of hydatidosis or echinococcosis does
not depend on any monitoring system but only on individual case reports. Thus, assessing accurate prevalence
and incidence, as well as trend changes over time, is still
difficult to achieve.

and nomadic tribal life that characterize northern Syria,
northern Israel and western Palestine. Epidemiological
evidence in Syria showed a prevalence of E. granulosus
infection ranging between 9% and 15% in dogs and
between 5% and 17% in livestock[78]; in Israel, ranging
between 5.4% to 14.2% in dogs and between 4.56% and
10% in sheep[79,80]; and in Palestine, ranging between 7.9%
and 14.3% in dogs[81]. Human infection rates have been
assessed in individual studies. Annual surgical prevalence
recorded from the Al-Maqased Hospital in Jerusalem was
documented to be 1.76 per 100  000 inhabitants in the
middle 1990s[81], while in hospitals of the Palestinian West
Bank this value was 3.1 per 100 000 inhabitants, with the
highest rates of 4.9, 5.0 and 5.1 per 100 000 inhabitants
found in Hebron, Jericho and Bethlehem, respectively[82].
In an epidemiological study conducted in northern Israel
a cumulative infection rate of 1.5 per 100 000 inhabitants
was found[83], while in another study conducted in a Bedouin group from southern Israel this rate was 0.68%[83].

Western and Central Asia
The G1 strain, infecting sheep, goats, cattle and camels, is
the most common genetic variant documented in Iran[67].
On the other hand, the G6 strain has also been found
in camels, sheep and cattle in the same area[67]. Both of
these were diagnosed in human hydatid infection confirming the pathogenicity of G6 for humans[67].
In Kazakstan, it has been assessed that the prevalence of infection in sheep ranges between 20%-25% in
1-year-old sheep and 74%-80% in sheep 6 years old and
over. Among wild and village dogs, the prevalence of
infection is 23% and 6%, respectively[68]. Although the
highest worm burdens have been recorded in rural dogs,
only those closer to human habitation are responsible for
transmitting disease to humans[68]. Human infection has
increased since the middle 1990s till present time from
200 surgical cases annually to the current level of nearly
1000 cases per year[69,70]. Similar trends in human cases
have been assessed in all other Central Asian countries.
However, no detailed data is available about transmission
and diffusion of E. granulosus infection in Central Asian
countries.
Hydatidosis is a serious public health problem in
Turkey where E. granulosus infection in dogs ranges between 0.32% and 40%[71]. The predominant genotype of
E. granulosus in Turkey is the G1 strain with a prevalence
infection rate in farm animals ranging from 26.6% to
50.9% in sheep, from 13.3% to 35.68% in cattle, and
reaching 22.1% in goats, 44.31% in cows and 24.39% in
bulls in the most endemic areas such the Budur region[72],
the Kirikkal region[73], the Afyonkarahisar district[74], and
the Sivas region[75]. Lower rates in sheep (3.5%) and cattle
(11.6%) have been found in less endemic areas such
as Thrace region[76]. Surgical cases of human hydatidosis have been estimated to range from 0.87 to 6.6 per
100  000 inhabitants between 1987 and 1994[71]. A more
recent survey based on hospital, regional and ministerial documents showed that, from 2001 to 2005, a total
of 14  789 CE surgical cases were recorded with a higher
incidence in the Middle Anatolian region (38.57%) and
lower in the Black Sea region[77].
Several regions of the Arab peninsula such as Syria,
Israel and Palestine are considered endemic for E. granulosus. In fact, hydatidosis is mostly associated with main
risk factors such as livestock production, raising of sheep
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China
China is one of the most important endemic regions of
CE[2]. The sheep strain (G1) and the camel strain (G6) are
the only two E. granulosus strains found in China[84], both
of them infectious to humans[85]. The most endemic areas
for Echinococcus spp. have been recognized as the provinces
and autonomous regions stretching from western Xinjiang[86], Ningxia and Inner Mongolia, with the highest
prevalence rates occurring in pastoral communities of
the eastern Tibetan plateau[87-89] (south western Qinghai
and north western Sichuan) and the Tibetan autonomous
area of south Gansu[90], located in western and northwestern China[85,91-95]. Infection by cysts of E. granulosus can
be found in organs of ungulate intermediate hosts[96-99].
High prevalence of hydatid infection has been reported
in sheep and yaks (99%), cattle (88%) and pigs (70%)[90].
In fact, in the western and northwestern pastoral areas of
China, livestock pastoralism is a major industry with a total of 350 million sheep and other domesticated large herbivores including horses, camels, and red deer[90]. On the
other hand, the definitive host is mainly represented by
canids, predominantly the domestic dog. Indeed, they are
kept in large populations in northwestern China for pastoralism and cultural reasons[87]. Given the close contact
with local people, dogs are considered the most important
definitive host transmitting E. granulosus to humans[2,87].
However, in certain rural regions, wild canids such as
wolves and foxes are involved in the sylvatic cycle[2].
The first human CE was reported in China in 1905[86].
Over the last century, about 35  000 cases of human cystic echinococcosis have been treated surgically in China.
However, given the documented 21  560 cases in Xinjiang
alone with a prevalence of 80 cases/100 000 inhabitants[86], it has been assessed that an underestimation occurred in past years. Now, it has been estimated that about
one million existing cases of human echinococcosis occur
in China[100]. Of these, about 70% present with chronic
cystic lesions of the liver as well as in other organs includ-
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ing the brain[101]. The infection rate of females has been
assessed to be considerably higher than that of males
because of their role in the home activities including
feeding dogs, collecting yak dung for fuel, and milking
livestock[87,102]. Thus, nomadic or seminomadic pastoral
lifestyle is one of the most important risk factors for CE
in China, especially in western and northwestern areas
where livestock pastoralism is a major industry[90], and
women are more frequently exposed to the definitive
hosts of CE. Consequently, adults have much higher
infection rates than children[87], and the infection rate increases with age[102].
The increasing number of diagnosed cases may reflect
improved diagnostic methods and improved outreach
programs. In fact, China is now recognized as a new focus for echinococcosis research.

sults[121], recent data demonstrated an overall prevalence
infection rate of 0.3% in sheep and goats, 0.68% in pigs,
6.4% in cows and buffaloes, 2.53% in camels[121] and
10.62% in donkeys[122]. In humans, a retrospective hospital study showed an annual surgical incidence ranging
between 1.34 and 2.60 per 100 000 inhabitants[123].
In Tunisia, echinococcosis is a major public health
problem due to its high prevalence and morbidity. Molecular analysis has demonstrated that the most common
genetic variants of E. granulosus circulating in Tunisia are
the G1 sheep strain and the G6 camel strain[124,125]. Sheep
breeding is a significant risk factor, being practised by
94.7% of patients vs 58.3% of the farming population[126].
A series of studies carried out between 1999 and 2007
assessed that the prevalence of E. granulosus infection
reached 10.41% in lambs (6-12 mo), 75.42% in sheep
aged 1-2 years and 83.83 to 100% in sheep over 2 years
old[127]; and 10.1% of camels[124] and 40% of sheep in a
further analysis conducted in North-East Tunisia[128]. Despite the lack of recent published data, the last report of
EC in humans reported an annual surgical incidence of
hydatidosis of about 15 per 100 000 inhabitants[129].
In Algeria similar strain distribution has been found,
identifying the sheep strain G1 infecting sheep, cattle
and humans and the camel strain G6 infecting camels[130].
Dogs likely represent the main source of infection for
farm animals and humans[19] with a prevalence rate of
24.8% in camels, 13.9% in cattle and 6.0% in horses[131].
Despite poor data regarding recently reported human
infection, it is documented that more than 700 surgical
cases are notified each year to the Ministry of Health.
Last published work assessed that the annual incidence
of human EC reached 3.6-4.6 per 100 000 inhabitants[132].
Morocco is considered an endemic area for echinococcosis. A genotype almost similar to the common G1 sheep
strain with some nucleotide variations was found in camels and horses. Infection rate in dogs ranges from 22.0%
to 62.8%, depending on the region[133]. In a more recent
analysis, CE infection prevalence rates have been documented to be 10.58% in sheep, 1.88% in goats, 22.98% in
cattle, 12.03% in camels and 17.80% in equines, mostly in
Middle Atlas (48.72% in cattle) and in North West (37.61%
in cattle and 31.65% in sheep)[134]. In humans, an annual
rate of 4.55 surgical cases per 100  000 inhabitants has
been documented in 2006, with a higher prevalence in the
middle Atlas mountainous region[135].

Africa
Although most regions of Africa are poorly researched
and limited information is available, several taxa have been
found in the African countries[19,103,104]. The most common strain is the G1, highly diffused in the North and
East African sheep raising areas. Moreover, the exclusive
presence of the camel strain (G6) has been documented.
In addition, wild strains such as the E. equinus (the “horse
strain”)[105] and the “lion strain”[106] have been found in
South Africa. However, the nature of Echinococcus in African wildlife is poorly documented.
In a recent study carried out in Libya, 25.8% of stray
dogs and 21% of owned dogs have been assessed to be
positive for EC[107] while another study found a prevalence
of 58% of hydatidosis in the same area[108]. Nevertheless,
several surveys assessed that other animals also, especially
camels, are frequently infected by E. granulosus[109,110], while
infection rates in livestock varied from 1.7% to 33.4% in
sheep, 1.0% to 13.9% in cattle, 1.4% to 40.0% in camels
and 0% to 18% in goats[111-113], often associated with human cases[114]. The sheep strain has been considered the
most common genetic variant diffused among humans
in another survey, reporting a prevalence rate of 1.7% of
20 200 patients screened by ultrasound for hydatid cysts
in 36 villages along the northern coast of Libya[115] and
an incidence rate of 4.2 cases per 100 000 inhabitants in
Eastern Libya[112]. Indeed, in a genetic survey conducted
on 179 isolates from humans collected in the border
area of northwestern Kenya and south-eastern Sudan,
only one was associated with the camel strain (G6) while
the remaining were the common sheep strain (G1)[17].
On the other hand, other surveys conducted in central
Sudan[110,116] and Egypt[117] documented the presence of
human echinococcosis cases diagnosed as G6 and at least
two other distinct strains (camel and equine)[118].
CE is currently of low endemicity in Egypt with a
mean prevalence in dogs ranging between 3.2% in urban areas and 6% in rural areas[119]. Higher prevalence
has been documented in Cairo with about 15% of dogs
infected[120]. Among ruminants, confirming earlier re-
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Europe and the Mediterranean Basin
With the exception of Malta and the area controlled by
the Government in southern Cyprus, where the disease
has been practically eliminated, all the Mediterranean
regions including the Arab peninsula countries are facing
problems due to CE. Indeed, in Cyprus CE had an annual surgical incidence rate of 12.9 per 100 000 inhabitants before the first eradication program implemented
in the 1970s and, subsequently, a second program in the
1990s[136]. In the northern part of Cyprus, disease rates
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decreased from 1.95% in dogs examined in 1998-1999 to
0.012% in 2000-2003, from 23.58% to 6.61% in cattle,
from 5.31% to 1.53% in sheep, while in goats rates were
consistently below 0.5% and remained at 0.13%. On the
other hand, the south part of Cyprus that maintained its
control programme was able to keep positive testing levels at virtually 0%[137].
In Europe, E. granulosus is present in most countries
with the exception of Ireland, Iceland and Denmark. EC
of animals is rare in northern and central Europe with
the exception of cervid-transmitted echinococcosis in
Finland and pig-transmitted echinococcosis in regions
further east. The cervid strain in Finland was found to
differ genetically from the previously described North
American cervid strain G8, and was identified as a new
strain, G10[138]. Transmission has been documented to
occur mostly between wolves, reindeer and elks[139].
The most endemic areas have been documented to be
the Mediterranean regions where annual incidence rates
for human CE of 4-8 per 100 000 have been reported,
and parts of Eastern Mediterranean countries such as
Bulgaria[2]. In some other eastern regions such as Poland,
Slovakia and Ukraine, the pig strains (G6-G10) often occur as animal and sometimes human CE[140,141]. In Serbia
and Montenegro the most frequent intermediate hosts
for E. granulosus are pigs, with a percentage of infected
animals ranging between 4.6% and 57.6%[142] but no information is available about human infection. Although
several other countries such as Albania[78], Bosnia and
Herzegovina[143,144] are recognized as endemic for CE,
none of them have available published data on the exact
incidence of CE in livestock, carnivores or humans.
In Greece, investigation of the prevalence and the
genotype of E. granulosus in sheep and goats in Peloponnesus (southern Greece) revealed that sheep were infected by the G1 (sheep) strain and the G3 (buffalo) strain,
while the 20 goats examined harboured the G7 (pig)
strain[145]. The prevalence of CE in farm animals ranged
from the mid 1980s to the mid 1990s between 82% and
56.6% in cattle, 80% and 100% in sheep, 24% and 15.4%
in goats and 5% and 9.3% in pigs, while surgical human
cases reached 12.9 per 100 000 inhabitants in 1984 and
up to 29% in 1999[146]. Furthermore, surveillance in livestock species since 1998 has documented a prevalence
of 31.3% in sheep, 10.3% in goats, 0.6% in pigs and 0%
in cattle[146]. Finally, a more recent survey conducted on
sheep in central Greece from 2002 to 2006, revealed an
incidence rate of 39.3%[147]. In humans, the overall incidence rate was estimated to have increased from 9.77 per
100 000 in 1967[148] to 10.59 per 100 000 inhabitants in
1983[149]; results which were confirmed in another survey
where an incidence of 12.7 per 100 000 inhabitants (varying from 11.6 to 13.35) has been reported[150]. Incidence
rates steadily declined in the most recent survey carried
out in 2007 where they have been documented to be 0.122
per 100 000 inhabitants[151]. Published data for the entire
country are not available but according to personal communications with surgeons it is estimated that approxi-
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mately 800 cases of cystic echinococcosis are diagnosed
each year, of which between 300 and 400 of them were
undergoing surgical treatment.
In Western Europe, the sheep strain (G1) is the principal cause of human CE. In the past, the cattle-based
transmission cycle of E. ortlepp in Germany and Switzerland has been documented[2,152], but now cases are reduced to sporadic occurrence and only a single case from
a human patient in the Netherlands has been reported[21].
In the United Kingdom, the parasite has a restricted
distribution, being found mainly in mid and southern
Wales[2,152]. Recently, a re-emergence of E. granulosus in
Wales has been reported, noting a rise in prevalence in
rural dogs between 1989 and 2002 of 3.4% to 8.1%[153].
In Spain, CE is an endemic disease in north-eastern,
central and western parts of the country, with prevalence
rates rising in the last few years. The most common
strains found in these areas were the sheep strain (G1) infecting sheep, cattle, goats, pigs, wild boars and humans,
the pig strain (G7) infecting pigs, goats and wild boars,
and E. equinus (old G4 strain) infecting horses[154]. In the
province of Alava, two recent surveys documented prevalence of E. granulosus infection of 8% in the dog definitive hosts[155] and 15% in Iberian wolves[156]. In the municipality of Madrid, it has been assessed that hydatidosis
affected 2.88% of sheep[157]. In Laroja region, the overall
prevalence has been calculated to reach 20.3% in adult
sheep and up to 23% in sheep and cows in the northeastern, central and western parts of the country[158].
With regard to human hydatidosis, a higher incidence
of surgical cases occurs in Salamanca, with 10.8/100 000
inhabitants affected between the end of the 1980s and
2000[159]. On the other hand, in the Laroja region, prevalence
of CE decreased from 19 to 4 cases per 100 000 inhabitants until 2000[158] and in the rest of the country it ranges
between 1.1 and 3.4 cases per 100 000 inhabitants[159].
In France, a surveillance system in the mid 1990s revealed a prevalence of hydatidosis of 2.5% in livestock and
less than 0.28 per 100 000 in humans[160]. A higher annual
incidence has been documented in Corsica (10/100 000)
and eastern regions (4.5/100 000 inhabitants)[78]. In recent
years, the European Centre for Disease Prevention and
Control reported 17 human cases in 2005.
Italy is considered a medium to high risk country for
echinococcosis. The G1 (sheep), G2 (Tasmanian sheep),
G3 (buffalo), G4 (horse), and G7 (pig) genotypes of
E. granulosus are commonly found in livestock of several
regions of Italy, especially in the southern part (such as in
the Campania region), in Sardinia and in Sicily[3]. Indeed,
the prevalence rate of E. granulosus in sheep has been reported to be 5%-28% in Basilicata, 22% in Abruzzo and
47% in Tuscany[3]. In Sicily, CE was found in 67.1% of
cattle, 11.13%-57.6% of sheep and 5.6%-19% of shepherd dogs[161,162]. CE prevalence of infection in Sardinia
has been assessed to be 70%-92.8% of sheep, 9.4% of
cattle, 9.4%-11.1% of pigs, 1% of horses and 3%-19% of
dogs[3,163-166]. In Campania, the prevalence rate in cattle has
been reported to range from 10.4%[167] to 14.8%[163] while in
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buffalos this ranges from 10%[168] to 18.6%[169].
Infection of E. granulosus in animals seems to occur
also in several regions of the centre of Italy while north
regions could be considered of low endemicity. Indeed,
in Central Italy medium prevalence values usually range
from 20.2% to 47%-81.18% in sheep, from 7.34% to
15.3% in cattle, and reach 71.97% in goats, and 0.82% in
pigs[170-172]. In Abruzzo, prevalence infection rates in sheep
and cattle are 20.2% and 15.3%, respectively[163]. On the
other hand, in Emilia Romagna the prevalences were
low for several animals: 0.39%-0.54% in cattle, 0.30% in
sheep, 0.39% in goats, 0.34% in horses and 0.95 per million in pigs[173]. In dogs and wolves retrieved along the
whole Apennines the prevalence of E. granulosus infection
has been noted to be 31% and 15%, respectively[172,174].
Despite these findings, the overall national occurrence
of CE in farm animals can be considered low with prevalence rates of 0.52% of cattle, 1.30% of sheep, 0.6% of
goats, 3.86% of sheep and goats, 0.0013% of pigs and
0.019% of horses[175]. On the other hand, human hydatidosis represents a serious public health problem, with an
incidence of 1.3 cases per 100 000 inhabitants, a maximum of 4-8 cases per 100 000 inhabitants in Sardinia[176],
and the occurrence of over 1000 cases requiring surgery
each year[177]. Endemic zones reflect animal infection,
with higher incidence rates in Sardinia and Sicily, medium
in the Central-South regions, and a sporadic diffusion in
the northern part of the country where this disease plays
a minor role (prevalence < 1%). Annual mean incidence
rates of surgical cases have been reported to be 6.6-10.6
per 100 000 inhabitants in Sardinia[178,179], 1.57-5.6 in
Emilia Romagna[180,181], 1.22 in Lombardia, 2.30 in Sicily[182], 1.76 in Basilicata, 0.46 in Campania and 2.33 in
Apulia[178].
Risk factors for infection are now considered to be
widespread use of extensive or semi-extensive sheep
farming (echinococcosis being a work-related disease),
illegal slaughtering, and high numbers of sheepdogs and
other types of dogs[183].
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CONCLUSION
Given the wide geographic distribution, CE caused by
E. granulosus is a re-emerging disease in several countries
and regions, even in places where it was previously at low
levels. Evidence suggests this is a result of a reduction
of control programmes due to economic problems and
lack of resources, leading to severe disease, considerable
economic loss and, definitely, a public health problem of
increasing concern.
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cated in cases in which US is inadequate and has high
sensitivity and specificity for calcified hydatid cysts.
Magnetic resonance is the best imaging procedure to
demonstrate a cystic component and to show a biliary
tree involvement. Diagnostic tests such as CT and MRI
are mandatory in liver hydatidosis because they allow
thorough knowledge regarding lesion size, location, and
relations to intrahepatic vascular and biliary structures,
providing useful information for effective treatment and
decrease in post-operative morbidity. Hydatid disease is
classified into four types on the basis of their radiologic
appearance.
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Abstract
Liver hydatidosis is a parasitic endemic disease affecting extensive areas in our planet, a significant stigma
within medicine to manage because of its incidence,
possible complications, and diagnostic involvements.
The diagnosis of liver hydatidosis should be as fast as
possible because of the relevant complications that
may arise with disease progression, involving multiple
organs and neighboring structures causing disruption,
migration, contamination. The aim of this essay is to
illustrate the role of imaging as ultrasonography (US),
multi detector row computed tomography, and magnetic resonance imaging (MRI) in the evaluation of liver
hydatidosis: the diagnosis, the assessment of extension, the identification of possible complications and the
monitoring the response to therapy. US is the screening
method of choice. Computed tomography (CT) is indi-
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INTRODUCTION
Hydatid disease is a worldwide zoonosis caused by the larval stage of the echinococcus tapeworm, that is endemic
in many parts of the world (in European, Middle Eastern,
Mediterranean, South American and African countries)[1-4].
There are two types of Echinococcus infections: Echinococcus granulosis, the more common type, and Echinococcus multilocularis, the less common but more invasive.
Hydatid disease is a relevant health problem in underdeveloped areas where veterinary control does not exist. The
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most frequent location of hydatid cystic lesions is in the
liver (up to 80% of cases), followed by the lung (about
20% of cases), and with a lower reported incidence in any
other organ or tissue in the body[1-4].
Dogs or other carnivores are definitive hosts, whereas
sheep or other ruminants are intermediate hosts. Humans are secondarily infected by the ingestion of food
or water contaminated by dog feces containing the eggs
of the parasite. After the ingestion of the eggs, the freed
embryo enters a branch of the portal vein by passing
through the duodenal mucosa; most of these embryos
become lodged in the hepatic capillaries where they either die or grow into hydatid cysts. Some embryos pass
through the hepatic capillaries and become lodged in the
lungs and other organs.
The definitive diagnosis of liver echinococcosis requires a combination of imaging, serologic, and immunologic studies[4].
At biochemical analysis, there is usually eosinophilia,
and a serologic test is positive in 25% of patients[5]. At
histopathologic analysis, a hydatid cyst is composed of
three layers: the outer pericyst, which corresponds to
compressed liver tissue; the endocyst, an inner germinal
layer; and the ectocyst, a translucent thin interleaved
membrane[5].
Imaging procedures are essential in diagnosis and evaluation of the extent of liver hydatidosis; ultrasound (US),
computed tomography (CT), and magnetic resonance
(MR) can depict hydathid disease[2-4,6].
The imaging method used depends on the involved
organ, and the radiologic findings range from purely cystic lesions to a completely solid appearance[3]. US is the
screening method of choice and is also used to monitor
efficacy of medical therapy[2-4,6]. CT is always performed
because it has a high sensitivity (94%)[7]. It is an important preoperative diagnostic tool to determine vascular,
biliary or extrahepatic extension, to recognize complications, such as rupture and infections, and therefore to assess respectability[8-10]. MR is the best imaging procedure
to demonstrate a cystic component. It helps to determine
vascular or biliary tree involvement, as well as extrahepatic extension[10,11].
There are many potential complications such as exophytic growth, transdiaphragmatic thoracic involvement,
peritoneal seeding, biliary communication, portal vein
involvement, abdominal wall invasion and hematogenous
dissemination in any anatomic location (lung, kidney,
spleen, bone, brain)[6,10,11].

2

1

Figure 1 Liver hydatid disease in a 50-year-old man appears as a welldefined anechoic mass without hydatid sand and septa (type Ⅰ).

A

B

Figure 2 Liver hydatidosis in a 27-year-old female. Ultrasonography images
(A, B) show a lesion with mixed echogenicity, with hydatid sand (the arrow) and
multiple echogenic foci (the arrowhead).

well-defined anechoic cyst (Figure 1), an anechoic cyst
except for hydatid “sand”[2,6,7]. The more complex aspect
is typical of the advanced stages and is related to the presence of multiple internal septa, daughter cysts, multiple
echogenic foci and floating membranes inside the cavity
(Figures 2 and 3)[7-9]. Membranes may appear as serpentine
linear structures, a finding that is highly specific for hydatid disease[7,12,13]. The detachment of the membrane inside
the cyst is considered the US “water lily sign”[13-16]. The
cyst wall is visible as double echogenic lines separated by a
hypoechogenic layer (Figure 3)[16].
Multivesicular cysts manifest as well-defined fluid collections in a honeycomb pattern with multiple septa representing the wall of the daughter cysts. Daughter cysts

RADIOLOGIC FINDINGS
Ultrasonographic findings
The ultrasonographic appearance of hydatid cysts may
vary, from a simple aspect to a more complex one, in
relation to the stage of evolution and maturity[5-7,10]. US
can categorize cysts as solitary univesicular, solitary multivesicular, solid echogenic mass, multiple, either uni- or
multivesicular, or collapsed, flattened and calcified[8].
In the first stage, the hydatid cyst may manifest as a
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A

1

B

2

1

C
Figure 3 Ultrasonography images of hydatid disease show multiple internal septa and floating membranes inside the cyst. Note the cyst wall is
visible as double echogenic lines (see the black arrow).

appear as cysts within a cyst[7-9]. Altering patient’s position
may change the position of daughter cysts.
The more complex aspects of hydatid cyst may also
mimic solid hepatic masses, and differential diagnosis
becomes difficult but fundamental; it is important to look
for daughter vesicles or membranes within the lesion that
may help in differential diagnosis[7,8]. Cyst calcification is
seen in dead hydatid cysts; US shows a hyperechogenic
contour with a cone-shaped acoustic shadow[13,15,16].
When the cyst wall is heavily calcified, only the anterior portion of the wall is visualized and appears as a
thick arch with a posterior concavity. Partial calcification
of the cyst does not indicate the death of the parasite, on
the contrary densely calcified cysts may be assumed to be
inactive[8,9].
US is considered the preferred investigatory test to
monitor efficacy of medical antihydatid therapy because
of its low cost[12,14]. Positive response findings include reduction in cyst size, membrane detachment, progressive
increase in cyst echogenicity and mural calcification[12].

D

Figure 4 Calcified unilocular hydatid cyst. Digital scout image (A) shows a
round, densely calcified lesion supra-elevating the right diaphragm. Computed
tomography basal (B) and contrast-enhanced (C) images reveal a hypoattenuating lesion with peripheral wall calcification in the right lobe. Membranes appear as serpentine linear structures. Note the complex ultrasonography aspect
of the cyst and the hyperechoic wall (D).

Computed tomography findings
CT is indicated in cases in which US is inadequate due to
patient-related difficulties (obesity, excessive intestinal gas,
previous surgery[3,5-7]. CT has high sensitivity and specificity for hepatic hydatid disease[7]. Intravenous administration of contrast medium is useful to give a vascular map
to the surgeon, and when complications (especially infection and communication with the biliary tree) and extrahepatic diffusion are suspected.
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CT may show the same findings as US[6,7]. Calcification of the cyst wall, internal septa, floating membranes
and daughter vesicles are easily detected at CT[3,5].
A hydatid cyst typically is seen as a round lesion with
water attenuation density, surrounded by a calcified ringlike (Figure 4) or highly attenuated wall, representing the
pericyst (Figure 5)[17]. Detachment of the laminated mem-
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A

A

B

B

C

C

Figure 5 Computed tomography scan shows a huge nonenhancing mass
with regular contours and thickened wall representing the pericyst (the
white arrowhead) occupying all the right lobe of the liver (type Ⅰ); either
the right portal vein or the right hepatic vein is completely replaced.

D

branes from the pericyst are visualized as linear areas of
increased attenuation within the cyst[17].
At CT daughter vesicles are visible as round structures located peripherally within the mother cyst; they
usually contain fluid with a lower attenuation than that of
the fluid of the mother cyst (Figure 6)[5,7].
Contrast-enhanced CT may show the typical highattenuation rim representing abscesses surrounding the
lesion. Sometimes, patchy areas of contras-enhanced liver
parenchyma are seen in the vicinity of the lesion, representing inflammatory changes[18].
The dead cysts are totally calcified and at CT they appear as round hyperattenuating areas (Figure 7)[5,7].
CT also may depict gas or air-fluid levels or fat inside
the hydatid cyst, indirect signs of infection and/or communication with the biliary tree (Figures 8 and 9)[6,10,11].
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Figure 6 Computed tomography scan (A, B, C, D) shows some unenhanced hypoattuenuating masses with well defined borders occupying
the right lobe of the liver; multiple round daughter cysts are seen peripherally inside the lesion (type Ⅱ). Note the “rosette appearance”.

CT is the modality of choice to study extra-hepatic
diffusion because it allows imaging of the entire abdomen, pelvis and thorax.
Extra-hepatic diffusion may regard peritoneum, the
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A

B

Figure 8 Contrast-enhanced upper abdominal computed tomography
scan demonstrates a partially calcified hydatid cyst in direct communication with the biliary tree markedly dilated (the bold white arrow). The presence of fat components within the cyst derives from the lipid elements in bile (the
thin white arrow) (type Ⅳ).

C

Figure 9 Fifty-five-year-old male with acute abdominal pain, fever and leukocytosis. Contrast-enhanced computed tomography shows intracystic gas in
the anterior part of a unilocular partially calcified hydatid cyst, suggesting superinfection; finding confirmed at surgery (type Ⅳ).

to the intracystic fluid on T1-weighted images (Figure 10)[13].
The characteristic sign of hydatid disease is represented
by the pericyst that usually appears as a low-signal-intensity
rim on T2-weighted images (Figure 10)[17,19].
In addition, there may be an intermediate-signal-intensity inner ring representing the detachment of the membranes[19].
After the i.v. injection of gadolinium contrast agent the
pericyst may show slight enhancement (Figure 11).
MR is the best diagnostic tool in demonstrating the
floating membranes (Figure 12) and irregularities of the rim
representing incipient detachment of the membranes (Figure 13)[17,19,20]. On the other hand MR is less sensitive than
CT scan in showing cyst wall calcification.
The “snake sign” is another typical MR imaging feature: it represents collapsed parasitic membranes, secondary to damage or degeneration of the hydatid cyst: these
membranes have low signal intensity with all sequences
(Figure 13).
Intracystic air-fluid level may be visible on MR, as a
possible sign of super-infection (Figure 14)[16,21].
MR cholangiopancreatography (MRCP) is useful to

Figure 7 Seventy-three year-old-woman with a dead hydatid cyst. Computed tomography scan basal and enhanced images (A, B) show a totally calcified cyst (type Ⅲ). At ultrasonography (C) calcified cyst shows strong posterior
shadowing.

diaphragm and the thorax cavity, the abdominal wall, the
portal system, and the hematogenous dissemination[4,6,7].
Magnetic resonance findings
MR may be performed to confirm the hypothesis of hepatic hydatidosis and visualize the lesion in different planes.
It is the best diagnostic investigation to differentiate the
cystic component from the others and to demonstrate a
biliary tree involvement[13].
The hydatid cysts may show variable signal intensities
on T1- and T2-weighted images, according to the different components inside the lesion[13,17,18].
The necrotic and the fluid components are hypointense
on T1-weighted images and markedly hyperintense on T2weighted images[13,18,19].
When present the daughter cysts are seen as cystic structures attached to the germinal layer that are hypointense relative
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A

A

B
B

Figure 11 Axial T2-weighted and post-contrast images show the exophytic growth of hydatid cyst (type Ⅱ) (A). After the injection of contrast
media the septa and cyst wall enhance (B). Note the proximity of the cyst to
the diaphragm which facilitates transdiaphragmatic thoracic involvement and to
main portal vein.

C

Figure 10 Axial T1-weighted (A) and T2-weighted (B) images show a well
defined cystic lesion and the typical peripheral location of the daughter
cysts within the mother cyst. Note the marked hypointensity of the pericyst
(the white arrow). After contrast administration (C) the cystic lesion does not
show contrast enhancement (type Ⅱ).

study potential involvement of the biliary tree: communication between the cysts and the biliary tree; dilatation
of the biliary system secondary to compression of the
hydatid cyst[20,21] (Figure 15).
It is known that routine MRI does not adequately differentiate completely liquid hydatid cysts (type Ⅰ, see following paragraph) from simple cysts: Inan et al[22,23] have
demonstrated in their study that diffusion-weighted (DWMRI), a recent MRI technique, can be helpful in the differential diagnosis.
DW-MRI has long been used exclusively in brain imaging due to technical problems and sensitivity to motion
artifacts (caused by cardiac motion and respiration); with
the advent of faster sequences, DW-MRI has been applied to abdominal imaging[22,23].
Using DW MRI with a high b factor (1000 s/mm2) the
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Figure 12 35-year-old woman living in an endemic region. Axial T2weighted magnetic resonance image show the hydatid cyst that occupies
almost the entire right lobe of the liver with thickened pericyst and multiple floating membranes inside the lesion (type Ⅱ).

hydatid cysts are hyperintense, whereas none of the simple
cysts show significant hyperintensity (Figure 16)[22-24].
In addition, using DW MRI it is possible to calculate
a parameter, called the apparent diffusion coefficients
(ADCs), that measures the difference in cellular density
of hepatic lesions[22-24].
This quantitative parameter can be used to differentiate
hydatid cysts from simple cysts. The difference between
the ADCs of the hydatid cysts and those of simple cysts
can be attributed to the difference in cyst contents[22-24].

1443

April 7, 2012|Volume 18|Issue 13|

Marrone G et al . Imaging of liver hydatidosis

A

B
Figure 13 The detachment of the pericyst and the collapsed membranes
inside the cyst due to damage or degeneration may give the hydatid cyst
a serpentine linear aspect; this is the “snake sign”.

A

C

B

D

C

Figure 15 T1 coronal image and T2 axial image show a huge and multilocular hydatid cyst occupying the entire left lobe, partially the right lobe
(A, B) and protruding into the hepatic hilum. Magnetic resonance cholangiopancreatography (MRCP) sequences show the compression of the common
bile duct at the confluence and of the right hepatic duct (the white arrowhead)
and the consequent intrahepatic biliary tree dilatation (the white arrows) (C, D).
Figure 14 Axial T2-weighted (A) and T1-weighted (B, C) magnetic resonance images demonstrate a round, cystic lesion in the left hepatic lobe,
with thickened pericyst, small daughter cysts, floating membranes and
an air-fluid level within the cyst (white arrow). The diagnosis is an infected
hydatid cyst (type Ⅳ).
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Because the hydatid cyst contains viscous hydatid sand
that consists of scolices, sodium chloride, proteins, glucose,
ions, lipids, and polysaccharides, the ADC of the hydatid
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of their radiologic appearance[27]:

A

Type Ⅰ : Simple cyst with non internal architecture
Hydatidosis appear at US as a well-defined anechoic mass
with or without hydatid sand and septa. Unilocular cysts
are considered to be an initial stage in the development
of the parasite[28]. A solitary type Ⅰ cyst may be difficult
to distinguish from a simple epithelial cyst[8].
At CT, a type Ⅰ appears as a well-defined water-attenuation mass; after injection of contrast material the septa
and cyst wall enhance, a finding that helps differentiate
type Ⅰ from a simple liver cyst[13,19]. MR images are also
similar to those of a simple liver cyst, including hypointensity on T1-weighted images and marked hyperintensity
on T2-weighted images; a low signal intensity rim (“rim
sign”)[19,20], which is more evident on T2-weighted images,
has been described as typical of hydatidosis, and it can be
used to differentiate hydatid cysts from simple cysts; this
finding represents the pericyst.
Recently the emerging role of DW MRI may play a
decisive role in the differential diagnosis of hydatid liver
disease and simple cysts[22-24] (Figures 1, 5 and 16).

B

C

Type Ⅱ : Cyst with daughter cysts and matrix
Daughter cysts are inside the mother cyst, usually arranged at the periphery[15,18]. Floating membranes or vesicles can be also seen in the cyst. Multiple daughter cysts
are enclosed together looking like an echogenic solid lesion. (Figures 6, 10, 11 and 12)
Type Ⅱ may manifest as a well-defined fluid collection in a honeycomb pattern with multiple septa representing the walls of the daughter cysts, creating a “rosette”
appearance[15]. Peripheral calcification may occur and
involves the pericyst; it is easily detected in CT images as
a curvilinear or ring-like structure. CT can distinguish the
mother cyst: the average density attenuation of the mother cyst is higher than that of daughter cysts. At MR imaging, daughter cysts may appear hypointense or isointense
relative to the maternal matrix on T1 and T2-weighted
images[19,20].

Figure 16 A type Ⅰ hydatid cyst. A: Axial T2 weighted magnetic resonance
image depicts a round cystic mass in the anterior segment of the right lobe,
with no septa or solid portions; B: On the diffusion-weighted image the lesion
exhibits high signal intensity (b = 1000); C: On apparent diffusion coefficient
map, apparent diffusion coefficient value is 2.4 x 10-3.

Type Ⅲ : Calcified cyst
Type Ⅲ lesions are dead cysts with total calcification. At
US calcified cysts show strong posterior shadowing, at
CT they appear as round hyperattenuating areas, at MR
they appear as hypointense areas (Figure 7).

cyst is decreased; on the contrary the simple cyst has lower
viscosity, hence the higher viscosity. In Inan’s series the
mean ADCs of the hydatid cysts was significantly lower (2.5
× 10-3 ± 0.9) than that of the simple cysts (3.5 × 10-3 ± 0.5)
(Figure 16)[22-24].
In patients affected by hepatic hydatidosis, contrast
enhanced magnetic resonance angiography may be useful in detecting hepatic venous outflow obstruction or
thrombosis or invasion[25]; in these patients, pulmonary
embolism may be a possible complication (Figure 17)[26].

Type Ⅳ
Hydatid complications include rupture and superinfection and may be seen in both type Ⅰ and type Ⅱ. CT
and MRI play a key role in recognizing the complications
such as rupture and infection of cysts associated with hydatid disease.
Ruptures may occur in 50% of cases[6,9,11]; cyst rupture is mainly due to the degeneration of parasitic membranes. Cyst rupture is usually due to the degeneration of
parasitic membranes, as a result of age, or a host defense
mechanism[6,9,11]. The rupture may be contained, commu-

CLASSIFICATION OF HYDATID DISEASE
ON THE BASIS OF IMAGING
Hydatid disease is classified into four types on the basis
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A

B

C

D
MHV

LHV

IVC
RHV

E

F
IVC

G

H

Figure 17 Hepatic hydatidosis in a 30-year-old woman who presented with short of breath, fatigue and edema to the lower limbs. Magnetic resonance (MR)
steady-state-free-precession sequences (A, B, E) and MR angiography (C, D, F) images showed the hydatid cyst invading the right hepatic vein (RHV), protruding in
the inferior vein cava (IVC) (the bold white arrow) and in the right atrium (the white arrowhead). The mid hepatic vein (MHV) and the left hepatic vein (LHV) were normally patent (C). The multidetector computed tomography-angiography revealed diffuse pulmonary parasitic embolism (the thin white arrows) (G, H).

nicating or direct.
Fissures in the cyst wall can be visualized at both CT
and MR imaging. Perforation to the biliary tree has been
reported in up to 90% of hydatid cysts[7,10,11]. Hydatid cysts
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may also rupture into pleural and peritoneal cavities. Up
to 25% of ruptured cysts may become infected[10,11]. Signs
of cyst infection include air-fluid or fluid-fluid levels[9,11]
(Figures 8, 9 and 14).
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CONCLUSION

14

Imaging plays a primary role in liver hydatidosis. It is used
for diagnosis, for assessment of extension, for identification of possible complications, for classification and for
monitoring the response to therapy. US, MDCT and MR
have different roles depending on accuracy in depicting
the different goals.

15
16
17
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alveolar and cystic forms, associated with Echinoccus multilocularis (E. multilocularis ) and Echinococcus
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tic echinococcosis (CE) has a worldwide distribution,
while hepatic alveolar echinococcosis (AE) is endemic
in the Northern hemisphere, including North America
and several Asian and European countries, like France,
Germany and Austria. E. granulosus young cysts are
spherical, unilocular vesicles, consisting of an internal
germinal layer and an outer acellular layer. Cyst expansion is associated with a host immune reaction and
the subsequent development of a fibrous layer, called
the pericyst; old cysts typically present internal septations and daughter cysts. E. multilocularis has a tumorlike, infiltrative behavior, which is responsible for tissue
destruction and finally for liver failure. The liver is the
main site of HD involvement, for both alveolar and cystic hydatidosis. HD is usually asymptomatic for a long
period of time, because cyst growth is commonly slow;
the most frequent symptoms are fatigue and abdominal
pain. Patients may also present jaundice, hepatomegaly
or anaphylaxis, due to cyst leakage or rupture. HD diagnosis is usually accomplished with the combined use
of ultrasonography and immunodiagnosis; furthermore,
the improvement of surgical techniques, the introduction of minimally invasive treatments [such as puncture,
aspiration, injection, re-aspiration (PAIR)] and more
effective drugs (such as benzoimidazoles) have deeply
changed life expectancy and quality of life of patients
with HD. The aim of this article is to provide an up-todate review of biological, diagnostic, clinical and therapeutic aspects of hepatic echinococcosis.
© 2012 Baishideng. All rights reserved.

Key words: Hydatidosis; Cystic echinococcosis; Alveolar
echinococcosis; Liver; PAIR; Albendazole; Treatment;
Diagnosis

Abstract
Echinococcosis or hydatid disease (HD) is a zoonosis
caused by the larval stages of taeniid cestodes belonging to the genus Echinococcus . Hepatic echinococcosis
is a life-threatening disease, mainly differentiated into
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gulates (sheeps, pigs, goats, horses) as intermediate hosts.
Definitive hosts are infected by ingestion of offal containing hydatid cysts; the adult worms reside in the canine
small bowel and their eggs or gravid proglottids are shed
in the feces. After oral uptake of eggs by intermediate
hosts, an oncosphere larva is released from the egg and
penetrates the intestinal lamina propria, reaching the
blood and lymph vessels which transport it to liver, lungs
and other organs, where oncosphere larvae can develop
into metacestodes (also known as hydatid cysts). Humans
can accidentally become “aberrant” intermediate hosts,
after ingestion of Echinococcus eggs excreted by infected
carnivores.
Hydatid cysts are spherical, fluid-filled, unilocular vesicles, consisting of an internal cellular layer (germinal layer)
and an outer acellular, laminated layer. The parasite cysts
gradually expand and cause a granulomatous host reaction, followed by the development of a fibrous tissue layer
(pericyst). Brood capsules and protoscolices bud from the
germinal membrane; with time, internal septations and
daughter cysts usually develop, modifying the unilocular
morphology that is typical of young hydatid cysts. When
definitive hosts ingest the cyst-containing organs of intermediate herbivore hosts, the Echinococcus life cycle can restart, as the protoscolices evaginate, attach to the intestinal
mucosa and develop to adult stage in 30-80 d[6,7].
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INTRODUCTION
Echinococcosis or hydatid disease (HD) is a zoonosis caused
by the larval stages of taeniid cestodes belonging to the genus
Echinococcus. Six species of Echinococcus are known, but only
four of them are responsible for human disease: Echinococcus granulosus (E. granulosus) (which causes cystic echinococcosis), Echinoccus multilocularis (E. multilocularis) (which
causes alveolar echinococcosis), E. vogeli and E. oligarthrus
(which cause polycystic echinococcosis). Recent studies
have identified two new species, E. felidis and E. shiquicus,
even if no data are available about their pathogenicity to
humans.
Hepatic alveolar and cystic echinococcosis are both
life-threatening diseases because of their medical and economical impact and their wide geographical distribution.
Polycystic echinococcosis is, on the contrary, confined
to Central and South America and only few cases of this
condition have been reported in man[1,2].
The liver is the major site of HD involvement (about
75% of cases) both in the alveolar and in the cystic
form[3]. This review is focused on the biological, epidemiological, clinical and therapeutic aspects of hepatic
echinococcosis, with particular reference to E. granulosus
cystic and E. multilocularis alveolar hydatidosis (Table 1).

Molecular crosstalk between human host and parasite
Several studies have focused on the mechanisms of hostparasite interplay in CE.
The immune response to E. granulosus infection has
been investigated through both clinical studies on patients with hydatidosis and sheep and mouse experimental models[8]. In the early stage of hydatid cyst development, a cell-mediated response involving macrophages,
neutrophils and eosinophils is established[9-11]; antibody
response is usually undetectable during the first weeks after infection, but IgE, IgG2 and IgG4 levels subsequently
significantly increase[8]. Elevated levels of IgE for echinoccocal antigens are responsible for allergic reactions,
such as itching, urticaria and anaphylactic shock[12].
E. granulosus induces both TH1 and TH2 response:
elevated levels of TH1 cytokines, especially interferon-γ
(IFN-γ)[13], but also TH2 cytokines, such as IL-4, IL-5
and IL-6, have been recorded in patients with HD[8,11].
The reason for this duplex cytokine secretion pattern
is not known: TH1 and TH2 responses usually downregulate each other, with a cross-inhibitory mechanism;
it is assumed that the complex antigenic organization of
Echinococcus may stimulate both T-cell subsets[14]. After
chemotherapy treatment, surgical removal or natural
death of a cyst, TH2 response quickly drops and TH1
response becomes predominant[15].
The metacestode attempt to escape from the host
protective response involves complex and intriguing strategies aimed at modulating host response and protecting
itself from elimination. Echinococcus tries, in fact, to minimize host reaction by exposing several immunomodulatory molecules to its host[16], interfering with complement

HEPATIC ECHINOCOCCOSIS CAUSED BY
E. GRANULOSUS
Cystic echinococcosis (CE) occurs as the result of infection by the larval stages of E. granulosus. CE is the most
common form of HD, with a worldwide distribution, and
it can be regarded as an emerging or re-emerging disease
in several countries of the world.
E. granulosus: The parasite biology and life cycle
E. granulosus is a small tapeworm (length of 2-7 mm),
whose body is made up by a mean number of three
proglottids. There are ten distinct genetic types (G1-10)
within E. granulosus, with a different geographical distribution, and these have been identified by molecular studies based on mitochondrial DNA sequences[4,5]: 2 sheep
strains (G1-G2), 2 bovid strains (G3 and G5), a horse
strain (G4), a camelid strain (G6), a pig strain (G7), a cervid strain (G8), a swine strain (G9) and a reindeer strain
(G10).
The parasite life cycle involves dogs and other canids
(coyotes, dingoes, red foxes) as definitive hosts and un-
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Table 1 Hydatid disease epidemiology and characteristics

[6,7]

Cystic echinococcosis

Alveolar echinococcosis

E. multilocularis
Red foxes, arctic foxes, coyotes,
dogs and cats
Intermediate hosts
Ungulates
Rodents
Geographic distribution
Worldwide
North America, northern and central Eurasia
Worldwide incidence
1-200/100  000
0.03-1.2/100  000
Organ localization
Mainly liver and lungs
Mainly liver
Characteristics of hydatid lesions
Young cysts: spherical, fluid-filled, unilocular vesicles
Alveolar-like pattern, with numerous vesicles (<
(diameter: 1-15 cm)
1 mm up to 15 cm in diameter) and surrounding
Old cysts: internal septations, daughter cysts
dense connective tissue, no cyst fluid, sometimes
Three-layered structure: germinal layer, laminated layer, pericyst
central necrosis
Type of growth in human organs
Concentric expansion
Tumor-like, infiltrative behaviour
Therapeutic options
Surgery, PT (especially PAIR), chemotherapy
Surgery, chemotherapy, EPIs
Causative agent
Definitive hosts

E. granulosus
Dogs and other canids (coyotes, dingoes, red foxes)

PTs: Percutaneous treatments; PAIR: Puncture, aspiration, injection, re-aspiration; EPIs : Endoscopic percutaneous interventions.

Clinical aspects
After infection, humans are usually asymptomatic for a
long period of time, since cyst growth is usually slow; in
the liver the growth rate is variable, ranging from 1 mm
to 5 mm in diameter per year. Most primary infections
consist of a single cyst, but up to 20%-40% of infected
people have multiple cysts. Presenting symptoms depend
not only on the size and number of cysts, but also on
the mass effect within the organ and upon surrounding
structures. The signs and symptoms of liver hydatidosis
include hepatomegaly, right/epigastric pain, nausea and
vomiting. Cyst leakage or rupture may be responsible for
systemic immunological responses, causing anaphylaxis;
in one series, anaphylaxis complicated 10% of all intraperitoneal ruptures.
Cyst rupture in the peritoneal cavity may cause secondary CE, with the release of protoscolices and/or
small cysts, which can grow to larger cysts.
Portal vein or bile duct obstruction, caused by the expanding cysts, may be responsible for segmental or lobar
liver atrophy in the cyst-bearing lobes[29].
Other complications are rupture in the biliary tree
with secondary cholangitis [30], biliary obstruction by
daughter cysts, portal hypertension, ascites, intracystic or
subphrenic abscess formation, development of a bronchobiliary fistula[31,32]. Hydatid cyst suppuration has been
reported as occurring in 5% to 40% of patients[33]. Perforation in the biliary tree has been described in up to 90%
of HD[34].

activity[17], altering leukocyte function[18] or using molecular mimicry[19].
Epidemiology and infection risk
E. granulosus has a worldwide distribution; the highest
prevalence is recorded in the Mediterranean countries,
Russia and China (in Sichuan Province human CE had
a prevalence of 2.1% in 1997-1998[20]). Other hyperendemic areas are North and East Africa (prevalence >
3%), South America and Australia[21]. CE infection has reemerged in certain parts of the world where it was once
believed to be controlled, including Israel, Central Asia
and Eastern Europe[21,22]. In Bulgaria the annual incidence
of CE in children has increased from 0.7 per 100  000 in
1971-1982 to 5.4 in 1995[23]; in Kazakhstan the annual
surgical incidence of CE over the whole country was below 1.4 per 100 000 inhabitants from 1988 until 1995 but
has increased to 5.9 in 2000[24,25].
CE is typically a rural and occupational disease, since
certain human activities, such as feeding dogs with the
viscera of slaughtered livestock, increase the risk of infection. Humans acquire the parasite through fecal-oral
contact, generally by handling infected domestic dogs or
egg-containing feces. Echinococcus eggs adhere to the coat
of animals, especially to hairs around the anus and on the
muzzle and paws[26]. Eggs can also be ingested with contaminated water or vegetables; it is also possible that the
contamination of surfaces and foodstuffs with Echinococcus eggs occurs via wind, flies, birds or beetles.
Some studies have evaluated several risk factors for
infection: Campos-Bueno et al[27] studied a Spanish cohort
of 127 CE infected patients, matched with 127 healthy
controls, associating an increased risk for CE with having a higher number of dogs in the family and with dogs’
ease of access to raw viscera of slaughtered animals. In
Tibet a rise of infective risk was associated with nomadic
life, age, playing with dogs, not protecting food from flies
and raising yaks or sheep. Water wells were suspected to
be a source of infection in African arid lands, where animals and humans often share the same water points[28].
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Diagnosis
Considering that the early stages of infection are usually
asymptomatic, the diagnosis of liver CE may often be
incidental, associated with an abdominal ultrasonography
performed for other clinical reasons. In endemic areas,
the presence of symptoms suggestive of CE in a person
with a history of exposure to sheepdogs supports the
suspicion of hydatidosis.
A non-invasive diagnosis of hepatic CE is usually accomplished with the combined use of radiologic imaging
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and immunodiagnostic techniques. Abdominal ultrasonography is considered the gold standard for defining the
number, site, dimensions and vitality of cysts[32,35,36] and it
is also important to evaluate treatment options. A standardized ultrasonographic classification system for hepatic
cysts has been developed by the World Health Organization (WHO)[37], in order to update the older Gharbi classification[38].
Ultrasonography is not always able to differentiate hyda
tid cysts from other space-occupying lesions, like tumors
or liver abscesses, so that additional imaging techniques,
such as magnetic resonance imaging (MRI) and CT scans,
may be required. MRI should be preferred to CT, due to
better visualization of liquid areas within the matrix[39].
MRI is also important for pre-surgical evaluation of CE.
Immunodiagnosis is useful to confirm a radiologic diagnosis and can also be an important tool for the followup after surgical or pharmacological treatment, even if
not all patients with CE have a detectable immune response[40-42]. Serological test sensitivity is indeed inversely
related to the degree of sequestration of the echinococcal
antigens inside cysts; for instance, healthy, intact cysts can
elicit a minimally detectable response, whereas previously
ruptured or leaking cysts are associated with stronger immune responses.
Almost all traditional immunodiagnostic methods (e.g.,
Casoni intradermal test, complement fixation test, indirect hemagglutination test, indirect immunofluorescence
antibody test, immunoelectrophoresis and latex agglutination test) have now been replaced by the enzyme-linked
immunosorbent assay (ELISA) and/or immunoblotting[43]. In order to detect antibody response to parasite,
several hydatid antigens have been extracted and used for
serological diagnosis. Hydatid cyst fluid antigen B (AgB)
and antigen 5 (Ag5) from E. granulosus are considered the
most specific native antigens for the immunodiagnosis
of CE[40,41], even though lack of sensitivity and specificity,
technique standardization and cross-reactivity with antigens of other parasites[44-46] are major problems associated
with immunodiagnosis of CE.
In doubtful cases, for example undetectable antiEchinococcus antibodies in patients with small lesions resembling hydatid cysts or in patients whose hepatic cysts
cannot be differentiated from liver abscess or neoplasms,
ultrasonography-guided fine needle puncture may represent an additional diagnostic option. The demonstration
of protoscolices or hydatid membranes or echinococcal
antigens/DNA in the aspirated cyst fluid can confirm,
in fact, the diagnosis of CE. Anthelmintic coverage is
important to minimize the risk of secondary CE: albendazole should be recommended for 4 d before the procedure and should be continued for at least 1 mo after
having punctured a lesion recognized as an E. granulosus
cyst[32,47]. Detection of parasite-specific IgE has no significant diagnostic advantages, even if eosinophilia is often
present after rupture/leakage of the cyst[48].

plete elimination of the parasite and prevention of recurrence, minimizing mortality and morbidity risk. In order
to achieve these aims, it is essential to choose the most
appropriate treatment with regard to disease-specific
characteristics (cyst number, size, site, presence of cystobiliary communication), to patient clinical conditions,
availability of an experienced surgeon or an interventional radiologist.
Three therapeutic modalities are available to treat
hepatic CE: chemotherapy, surgery (with open or laparoscopic approach) and percutaneous treatments (PTs). A
stage-specific approach is recommended[49].
Surgery: Until the 1980s, surgery was the only therapeutic
option for patients with CE. Surgery is still the first choice
for large CE2-CE3b cysts with multiple daughter cysts or
for single superficial cysts, considering the likelihood of
spontaneous or traumatic rupture, when PT is not available. Presence of complicated cysts, e.g., infected cysts
or cysts communicating with the biliary tree, and cysts
exerting pressure on other vital organs, are other indications for surgical approach. Surgery is contraindicated in
patients whose preexisting medical conditions put them
at risk or in patients having inactive asymptomatic cysts
or multiple cysts which are difficult to access. If feasible,
surgical removal of hydatid cysts has the best chance to
completely remove cysts and to immediately cure CE.
Surgical options can be divided into radical (pericystectomy) and conservative approaches (for instance
unroofing or capitonnage)[50-53]. Radical procedures are
associated with a lower risk of recurrence, but also with
a higher operative risk; conservative procedures, on the
contrary, are easier to perform but have a higher likelihood of recurrence. Recurrence is usually due to either
inadequate cyst removal or to previously undetected
cysts; reported recurrence rates range from 2% to 25%[54].
Whichever technique is used, a benzimidazole (BMZ)
agent is usually used to reduce the risk of anaphylaxis and
secondary CE[55]. BMZ is administered from 1 d before
surgery to 1 mo after surgery but, again, no conclusive
data about the best timing are available. Major complications of surgery are postoperative hemorrhage, cholangitis, sepsis and fistulae formation. Operative mortality
varies from 0.5% to 4%[55].
Percutaneous treatments: PTs of hepatic CE can aim at
the destruction of the germinal layer [puncture, aspiration,
injection, re-aspiration (PAIR)] or the evacuation of the entire endocyst (“modified catheterization technique”).
PAIR is an acronym that stands for “puncture, aspiration, injection, re-aspiration”. PAIR consists of four steps:
(1) percutaneous puncture of the cyst using ultrasound
guidance; (2) aspiration of the cyst fluid; (3) injection of a
protoscolicidal agent (e.g., 95% ethanol or 20% NaCl) for
at least 15 min; and (4) re-aspiration of the fluid[37,56].
PAIR is indicated for CE1 and CE3a cysts > 5 cm[49,56];
CE2 and CE3b cysts treated by PAIR tend to relapse.
PAIR has also been used for patients who refused surgery

Treatment
The goals of hepatic hydatid cyst treatment are a com-
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or relapsed after surgical treatment. It is contraindicated
for inaccessible or superficially located liver cysts and
for inactive or calcified cystic lesions. The possibility of
secondary echinococcosis can be minimized by concurrent treatment with benzimidazoles; indeed, combined
treatment (PAIR plus albendazole) may yield better results
than those of either chemotherapy or PAIR alone[57,58].
The length of administration of chemotherapy with albendazole usually ranges between 4 h before and 1 mo
after PAIR, in order to reduce the risk of disease recurrence and intraperitoneal seeding of infection. PAIR must
be avoided in patients with cystobiliary communications,
to prevent the risk of sclerosing cholangitis.

HEPATIC ALVEOLAR ECHINOCOCCOSIS
CAUSED BY E. MULTILOCULARIS
Hepatic alveolar echinococcosis (AE) results from infection by the larval forms of E. multilocularis. The echinococcal metacestode develops in the liver and is characterized by an alveolar structure, made up by several vesicles
surrounded by large granulomas. Human AE is a severe
and emerging disease, whose prognosis is bleak in absence
of treatment or if it is not diagnosed at an early stage of
disease.
E. multilocularis: The parasite life cycle
E. multilocularis is a small cestode (1.2-4.5 mm), whose
definitive hosts are wild carnivores such as red fox and
arctic fox (sylvatic cycle) or domestic dogs and cats (synanthropic cycle). The adult tapeworms, whose bodies
are characterized by a mean number of five proglottids,
reside in the small bowel of their definitive hosts, where
gravid proglottids release eggs which are passed in the
feces. Intermediate hosts, usually small rodents, or aberrant hosts such as humans, become infected by ingestion of embryonated eggs. Human infection can happen
through direct contact with the definitive host or it can
be indirect, through contamination of food or water with
parasite eggs[7,65]. The echinococcal metacestode develops
in the liver and is characterized by an alveolar structure,
made up by several vesicles whose diameter varies from
< 1 mm up to 15-20 cm[47,65]. Each vesicle has a wall
structure similar to that of the E. granulosus cyst, consisting of a germinal and a laminated layer[66]. Brood capsules
or protoscolices are only occasionally seen and lesions
may be complicated by central necrosis, producing a cavity or pseudocyst after liquidization. Small cysts are surrounded by a dense connective tissue and they usually do
not contain fluid but instead a semisolid matrix[6].

Chemotherapy: Mebendazole (MBZ) and albendazole
(ABZ) are the BMZ agents used for the treatment of hepatic CE. They interfere with the absorption of glucose
through the wall of the parasite, causing glycogen depletion and degenerative changes in echinococcal mitochondria and endoplasmic reticulum. BMZ may be favorably
used alone for the treatment of small (< 5 cm) CE1CE3a liver cysts[59] or for inoperable patients; BMZs are
also usually associated with PAIR or surgery to prevent
secondary CE[55]. BMZs are not indicated for the treatment of inactive or calcified asymptomatic cysts, unless
they are complicated lesions[49].
Both ABZ and MBZ are effective, but ABZ is considered the drug of choice, because it is more active in
vitro and it has a better gastrointestinal absorption and
bioavailability[60,61]. The usual dose of orally-administered
ABZ is 10-15 mg/kg per day in two divided doses; if
MBZ, the daily dose is 40-50 mg/kg in three divided
doses. Treatment with BMZ should be administered continuously, for 3-6 mo[49].
Clinical and radiographic improvement (in most studies defined as > 25% reduction in cyst size, membrane
separation, or cyst calcification[62]) is quite frequent and
is favorably influenced by the duration of treatment. Unfortunately, complete cure (i.e., cyst disappearance) only
occurs in approximately a third of patients treated with
BMZ alone and, interestingly, the number of patients
with cure does not significantly increase by extending the
duration of treatment[60]. A recent systematic review[63]
has confirmed that the size and stage of cysts are the key
factors to evaluate the likelihood of response to chemotherapy.
Usual adverse effects include nausea, hepatotoxicity,
neutropenia and occasionally alopecia. Thus, all patients
should have regular monitoring of leukocyte counts and
liver function tests. Contraindications to chemotherapy
include pregnancy, chronic hepatic diseases and bone
marrow depression.
Praziquantel has been used (40 mg/kg once a week)
with ABZ for combined treatment of CE; this therapeutic
association seems to be more effective than ABZ alone[64].
For uncomplicated CE4 and CE5 cysts a “watch and
wait” strategy is currently advised[49].
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Host-parasite interaction
E. multilocularis is able to elicit a strong cellular immune
response: in the liver, parasitic lesions appear to be surrounded by large granulomas made up by macrophages,
T-lymphocytes and myofibroblasts[67-69]. Observations in
humans and experiments with rodents have shown that
cellular immunity, related to TH1 cytokine profile, has a
crucial role in host defense against the parasite[70]. IL-12,
a key factor in the induction of TH1 profile, has been
shown to inhibit, in mice, the development of alveolar
lesions, leading to the formation of abortive parasitic
vesicles surrounded by fully efficient periparasitic immune cell infiltration and fibrosis[71]. In mice treated with
IFN-γ, a typical TH1 cytokine, a partial reduction in
larval growth has been observed[72]. In contrast, a TH2
cytokine profile has been associated with disease progression: high levels of IL-5 and IL-10 have been detected
in serum of patients with progressive disease, compared
with individuals with abortive forms[73-76]. As in the case
of E. granulosus, several mechanisms have been proposed
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like structure, surrounded by a hyperechogenic ring[95,96].
Color doppler may be useful to evaluate biliary and vascular infiltration. Abdominal CT gives further anatomical
details and information about the lesion pattern of calcification[65]. MR imaging is the best standard to study the
invasion of adjacent structures and may help in unclear
cases[97]. Pre-surgical percutaneous cholangiography is important to assess the presence of communication between
the biliary tree and the alveolar lesions[96]; it is also fundamental to exclude extra-hepatic involvement, through pulmonary and cerebral radiological examination.(18F)Fluorodeoxyglucose positron emission tomography (FDGPET) scanning gives indirect information on the parasite
metabolic activity, especially if combined with MRI or CT
scan; if negative, this finding does not mean that the parasite is not viable but that there is a suppressed periparasitic
inflammatory activity[98].
WHO classification of AE is based on imaging findings and it is useful to have an internationally recognized,
uniform standard for disease diagnosis and treatment
strategies. The WHO-IWGE PNM classification system[65,99] is similar to tumor TNM classification: “P” refers
to the extent of parasite localization inside the liver, “N”
establishes the involvement of neighboring organs, “M”
evaluates the absence (M0) or presence (M1) of distant
metastasis, after having performed a chest X-ray and a
cerebral CT.
As in CE, immunodiagnosis has a complementary
role to other procedures, not only in primary diagnosis
but also for follow-up of patients after surgical treatment
or chemotherapy[100,101] and for the specific differential
diagnosis between AE and CE in those regions where
the diseases are co-endemic [102,103]. Immunodiagnosis
(with indirect hemoagglutination test or ELISA) is more
reliable for the diagnosis of AE than for CE, because
more specific antigens are available. For example, the
Em2plus-ELISA, which is a mixture of affinity purified
E. multilocularis metacestode antigens (Em2-antigen) and
a recombinant antigen (EmⅡ/3-10), has shown a great
sensitivity and specificity[104], but it is not able to discriminate between active and inactive lesions; in fact, Em2ELISA may be positive for years after spontaneous or
pharmacological-induced dying out of the metacestode
in patients with calcified lesions, because the Em2 antigen main source is the laminated layer of the parasite
which obviously persists in these inactive lesions. Surgical
removal of the dried-out lesion results in an immediate
seroconversion to negative anti-Em2 antibodies[105,106].
Considering that the protoscolex is the most active component of echinococcal tissues, protoscolex antigens
Em16 and Em18 have been isolated and used for immunoblot tests, in order to discriminate between active
and inactive lesions[107]; recombinant (r) Em18 appears
to be a promising immunodiagnostic tool for serological
differentiation between AE and CE[107,108]. Combining US
and serological data, it is possible to classify seropositive
patients into three groups: patients with active hepatic lesions, patients with calcified lesions and patients with no

to explain E. multilocularis avoidance from host-protective
responses, including antigenic disguise[77], immunomodulation[78-80], molecular mimicry[81], antigen and DNA polymorphism[82,83].
Epidemiology and infection risk
Data on human AE are difficult to be evaluated due to its
low prevalence[21], which does not allow a reliable recognition of temporal developments or differences in spatial
distribution. The long asymptomatic period also makes
it difficult to determine time and place of infection[84].
E. multilocularis is endemic in the Northern hemisphere,
including North America (Alaska, Canada), Asia (some
of the newly independent states of the former Soviet
Union[85], China[86] and Japan) and some European countries[87] (mainly France, Switzerland, Austria, Germany)[21,22].
In endemic areas, annual incidence of AE ranges from 0.03
to 1.2/100  000 inhabitants[88,89]. Increasing fox population,
increased fox encroachment into urban areas and E. multilocularis spillover from wild carnivores to domestic hosts,
are all factors that may explain E. multilocularis spreading
from endemic areas to previously non-endemic European
countries[21,90].
Considering the parasite life cycle, exposure of humans to echinococcal eggs may be influenced by occupational and behavioral factors. Hunters, trappers and persons who work with fox fur should be more frequently
exposed to E. multilocularis eggs, but there is no evidence
that these groups are at increased risk[91,92].
Clinical aspects
Slow larval growth results in an asymptomatic phase of
several years (5-15 years). Initially, the liver, usually the
right lobe, is the organ where the metacestodes establish themselves; then, later in the infection, it is possible
to find blood metastasis to lung, brain, bones and local
extension of the lesion (abdomen, retroperitoneum, diaphragm)[66]. First symptoms are usually vague: patients
may complain of fatigue, weight loss or may have hepatomegaly. One third of them have cholestatic jaundice;
one third present with abdominal pain[54,66,93]. In advanced
stages, liver failure usually occurs and it is frequently associated with portal hypertension, ascites and splenomegaly.
The prognosis in untreated or inadequately treated patients with AE is poor. Treatment has radically changed
average life expectancy at diagnosis from 3 years in the
1970s to 20 years in 2005[94].
Diagnosis
As for CE, AE diagnosis is based on clinical and epidemiologic findings, imaging techniques, nucleic acid detection and serology.
Among the imaging techniques, ultrasonography is the
method of choice to identify hydatid lesions: ultrasound
(US) typical aspect shows a pseudotumoral mass, with irregular limits and scattered calcification, where hypoechogenic and hyperechogenic areas are juxtaposed; central
necrosis may give to the mass the appearance of a cystic-
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evidence of hepatic lesions[49]. The latter cases are a consequence of immune system pressure, which can cause
larval degeneration and death, so that the only radiological sign of the host-parasite interaction may be the US
finding of calcifications[109].
Some studies have shown that patients with AE have
high levels of IgG1 and IgG4 antibodies and that after
treatment they usually become seronegative for IgG4 antibodies[110-113]; IgG4 antibody reappearance can be considered a warning sign of disease reactivation.
Liver needle biopsy can be performed in uncertain
cases and it can confirm AE diagnosis if histopathological
examination identifies the presence of alveolar vesicles.
RT-PCR on liver specimens, obtained by biopsy or surgery, has been used to assess parasite viability, while PCR
can detect E. multilocularis DNA. These tests have a good
positive predictive value, but a negative result does not
exclude parasite activity and parasite presence in the liver,
respectively[114].

been used in patients who did not tolerate BMZ[119]. In a
recent study nitazoxanide has not shown any efficacy for
AE treatment[120].
Therapy with BMZ has resulted in an increased 10-year
survival rate of approximately 80% (6%-25% in untreated historical controls)[121]. BMZs are parasitostatic,
not parasiticidal: after several years of BMZ treatment, in
the absence of progression of AE lesions, it is possible
to discuss whether treatment should be continued or not.
Decision-making should be supported by the evaluation
of parasite viability, usually by PET-CT[98], and serum
specific antibodies[101,102]. These tools may also be useful
for the follow-up after BMZ withdrawal.
All AE patients should be monitored by US at frequent intervals and CT and/or MRI at intervals of 2-3
years, to evaluate disease recurrence or progression[49].
Endoscopic percutaneous interventions: Interventional procedures may be considered in inoperable patients
in the presence of complications such as liver abscesses,
jaundice due to biliary duct obstruction, portal vein
thrombosis or bleeding esophageal varices associated with
portal hypertension[96]. EPIs with BMZ avoid palliative
surgery and may improve the patient life expectancy and
quality of life.

Treatment
The key concept of AE treatment is to adopt a multidisciplinary approach to disease. Surgery and chemotherapy
are the cornerstones of AE treatment and, as for CE, a
stage-specific approach is recommended[49].
Surgery: Surgery is the first-choice option in all operable
patients. Radical resection of the entire hepatic parasitic
lesions is the only curative procedure, even though it is
often difficult to achieve because of echinococcal dissemination into host tissues. Palliative liver surgery is almost always contraindicated, because it does not offer advantages
when compared with conservative treatment[115,116]. Preoperative evaluation is important to establish lesions full
resectability; WHO-IWGE PNM classification estimates
quite well the likelihood to achieve radical resection[99].
Liver transplant (LT) has been employed in otherwise
terminal cases[117]. Indications for LT are the presence of
severe liver failure or recurrent life-threatening cholangitis
and the inability to perform a radical liver resection. The
absence of extra-hepatic AE localizations is mandatory
for LT[49].
BMZ chemotherapy should be carried out for at least
2 years after surgery and patients should be monitored
for at least 10 years, because of the risk of recurrence:
in fact, unrecognized or invisible parasites can re-grow,
even after some years, especially in post-LT immunosuppressed patients[118].

CONCLUSION
Liver echinococcosis is a severe, neglected, often misdiag
nosed disease; both AE and CE may be considered emerging public health problems, since CE is endemic in several
countries in the world and AE is one of the most lethal
helminthic diseases.
The last years have been characterized by significant
advances in the knowledge of Echinococcus biology and
interaction with the immune system; the development of
more specific and sensitive immunological tests and the
introduction of PCR for detection of parasite nucleic
acid have increased the range of diagnostic tools. Furthermore, the improvement in surgical techniques, the
introduction of effective drugs (e.g., BMZ) and minimally
invasive treatments (e.g., PAIR) have deeply changed the
life expectancy and quality of life of patients with HD.
Despite diagnostic and therapeutic progress, many
unresolved problems are still waiting for a solution; for
instance, there is a need for prevention programs able to
monitor and control parasite spreading. Additionally, randomized, controlled trials comparing different therapeutic options, especially for CE, are urgently required, in order to provide new evidence to guide treatment decisionmaking.

Chemotherapy: Inoperable AE patients should receive
continuous BMZ treatment for life; moreover, long-term
BMZ administration (at least 2 years) is mandatory after
surgical treatment. Pre-surgical BMZ therapy is advised
only in the case of LT. ABZ is given orally at a dosage
of 10-15 mg/kg per day, in two divided doses; if it is
not tolerated, MBZ may be given at daily doses of 40-50
mg/kg per day, split into three divided doses with fat-rich
meals[49]. Conventional and liposomal amphotericin B has
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dependent changes in T lymphocytes and granzyme B
cells were also assessed after 28 d in proximal colon
tissue using immunohistochemistry.
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RESULTS: As previously observed, SMAD3-/-, but not
+/SMAD3 mice, developed colitis, peaking at 4 wk
post-infection. No significant changes in T cell subsets
were observed in the spleen or in the MsLNs between
+
+
genotypes at any time point. However, CD4 and CD8 /
lo
CD62L cells, an effector T lymphocyte population, as
+
well as NK cells (NKp46/DX5 ) were significantly higher
-/in the MsLNs of SMAD3 mice at 7 d and 28 d post-in+
fection. In the colon, a higher number of CD3 cells were
-/+/–
present in SMAD3 compared to SMAD3 mice at baseline, which did not significantly change during infection.
+
However, the number of granzyme B cells, a marker of
-/cytolytic lymphocytes, significantly increased in SMAD3
+/mice 28 d post-infection compared to both SMAD3
mice and to baseline values. This was consistent with
more severe colitis development in these animals.
CONCLUSION: Data suggest that defects in SMAD3
signaling increase susceptibility to H. hepaticus -induced
colitis through aberrant activation and/or dysregulation
of effector lymphocytes.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Transforming growth factor-β; Colitis; Drosophila mothers against decapentaplegic; Colon cancer;
T lymphocytes

AIM: To identify and characterize drosophila mothers
against decapentaplegic (SMAD)3-dependent changes
in immune cell populations following infection with Helicobacter hepaticus (H. hepaticus ).

Peer reviewers: Scott Steele, MD, FACS, FASCRS, Chief,

Colon and Rectal Surgery, Department of Surgery, Madigan
Army Medical Center, Fort Lewis, WA 98431, United States;
Dr. Timothy Koch, Professsor, Department of Gastroenterology,
Washington Hospital Center, 106 Irving Street, Washington,
NW 20010, United States; Hang Nguyen, PhD, University
of Auvergne, Pathogénie Bactérienne Intestinale, Centre
Biomédical de Recherche et Valorisation, 28 Place HenriDunant, 63000 Clermont-Ferrand, France

METHODS: SMAD3 -/- (n = 19) and colitis-resistant
+/SMAD3 (n = 24) mice (8-10 wk of age) were infected with H. hepaticus and changes in immune cell
populations [T lymphocytes, natural killer (NK) cells,
T regulatory cells] were measured in the spleen and
mesenteric lymph nodes (MsLNs) at 0 d, 3 d, 7 d and
28 d post-infection using flow cytometry. Genotype-
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cancers, leading to loss of growth regulation in epithelial
cells[14]. Additionally, although the TGF-β1 isoform is
overexpressed in the colon of individuals with IBD[15],
nuclear signaling is impaired due to increased levels of
SMAD7[16]. SMAD7 normally inhibits TGF-β signaling by
blocking activation of SMAD2/3 in response to receptorligand binding. Normalizing SMAD7 expression restores
TGF-β signaling through SMAD3 and inhibits proinflammatory cytokine production by lamina propria mononuclear cells[16].
Impairments in one or more components of the TGF-β
signaling pathway are implicated in intestinal inflammation
in rodent models. For example, homologous knockout
of the TGF-β 1 gene in mice causes an excessive inflammatory response in multiple organs, including the heart,
lungs, and intestinal tract leading to premature death[17,18].
Additionally, Maggio-Price et al[19] have demonstrated that
disruption of the transcription factor SMAD3 modulates
colitis susceptibility following infection with certain Helicobacter spp. Among these, Helicobacter hepaticus (H. hepaticus) is
a Gram-negative spiral bacterium that colonizes the lower
intestine and the hepatobiliary tract of mice[20]. Although
generally asymptomatic, infection can lead to hepatic and
intestinal inflammation in certain strains of immunodeficient mice[21-24]. In the complete absence of SMAD3
signaling, H. hepaticus induces a moderate inflammatory
response in the cecum and colon, eventually leading to
mucinous adenocarcinoma formation after 15-30 wk[19].
It is generally accepted that chronic low levels of inflammation lead to cancer promotion and progression[25-28],
therefore, the SMAD3 mouse model is very similar to the
development of specific human cancers where pathogeninduced inflammation is necessary (but not sufficient) to
cause dysplasia and tumor formation.
Using this model, the focus of the current study was
to investigate the effect of SMAD3 deficiency on changes
in local and systemic immune cell populations following
infection with H. hepaticus. We hypothesized that colitis
susceptibility in SMAD3-/- mice induced by H. hepaticus is
associated with altered immune cell populations compared
to colitis resistant SMAD3+/- mice. The aims of this study
were to: (1) characterize the colitis induced by H. hepaticus
in colitis-sensitive SMAD3-/- vs resistant SMAD3+/- mice;
(2) compare the immune cell population changes in the
spleen and mesenteric lymph nodes (MsLNs); and (3)
compare local immune cell changes by immunohistochemistry in the colon.

McCaskey SJ, Rondini EA, Clinthorne JF, Langohr IM, Gardner EM, Fenton JI. Increased presence of effector lymphocytes
during Helicobacter hepaticus-induced colitis. World J Gastroenterol 2012; 18(13): 1459-1469 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i13/1459.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i13.1459

INTRODUCTION
Individuals with inflammatory bowel disease (IBD), particularly ulcerative colitis (UC), are at a higher risk of
developing colon cancer than the general population[1]. A
meta-analysis of 116 studies indicated that the prevalence
of colon cancer in patients with UC is approximately
3.7% (95% CI: 3.2-4.2), with the cumulative probability
reaching 18% by 30 years regardless of disease severity[2].
Although the etiology of UC is poorly understood, there
are indications that the immune system of individuals
with UC reacts abnormally to bacteria in the digestive
tract. This altered immune response leads to the inflammation-associated pathology of IBD[3-5].
Imbalances in both innate and adaptive immune cells,
such as natural killer (NK) cells and T cell subsets, including CD4+ and CD8+ T cells and CD4/CD25/Foxp3+ T
regulatory (Treg) cells, are associated with the pathogenesis of IBD[2]. The inflammation and damage caused by increased secretion of inflammatory cytokines during an active disease state is thought to be triggered by cytotoxicity
against the commensal bacteria[6]. For example, levels of
NK cytotoxicity in UC are related to the clinical stage of
the disease[7]. In active disease states, NK cells are present
in normal numbers, but are functionally defective, whereas
NK cells exhibit normal cytotoxic activity in an inactive
disease state[7]. Induction of inflammatory cytokines can
also result from the disruption of the homeostatic balance
between Treg and effector T helper (Th) cells. Elevated
levels of pro-inflammatory CD4+ T cells lead to excess
cytokine/chemokine production, thereby recruiting additional leukocytes and influencing the severity of the
inflammatory response[2]. CD8+ T cells are also important
in the pathogenesis of UC in humans, as demonstrated by
extensive CD8+ T cell infiltration within intestinal lesions
contributing to mucosal damage[8,9].
Transforming growth factor (TGF)-β is a multifunctional cytokine that plays an important role in epithelial
and immune cell homeostasis[10,11]. TGF-β mediates many
diverse biological functions on different cell types through
receptor-mediated phosphorylation and activation of the
drosophila mothers against decapentaplegic homolog
(SMAD) family proteins, notably SMAD2 and SMAD3,
which migrate to the nucleus and induce transcription of
a targeted set of genes[12,13]. Dysfunctions in one or more
components of TGF-β signaling are commonly observed
in human IBD and during colon cancer development. For
example, loss of expression of the TGF receptor type
Ⅱ is observed in 90% of microsatellite instable colon
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MATERIALS AND METHODS
Murine model
SMAD3+/- and SMAD3-/- (129-Smad3tm1Par/J) mice were
bred in-house. Homozygous males and heterozygous
females were mated to obtain both SMAD3 +/- and
SMAD3-/- pups. Genotypes were confirmed by polymerase chain reaction (PCR). Animals were housed under specific pathogen-free (SPF) conditions in 60 square
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inch plastic cages (maximum of five adult mice per cage)
with microisolator lids in an Association for Assessment
and Accreditation of Laboratory Animal Care-approved
facility at Michigan State University. SPF conditions were
assured through quarterly serology testing by Charles
Rivers (Wilmington, MA, United States) and in-house
testing for ectoparasites, endoparasites and fecal Helicobacter species (PCR). Full necropsies (including culture
and sensitivity) were performed at least yearly on rodent
breeding colonies. Animal rooms were maintained at 23.3
± 2.2 ℃ with a 12-h light/dark cycle. Mice were fed Harlan Teklad 7913 rodent chow and sterile water ad libitum.
Animal protocols were approved by the Michigan State
University Institutional Animal Care and Use Committee.

scale both for inflammation (1, no inflammation; 2, mild
inflammation; 3, moderate inflammation; 4, marked inflammation) and dysplasia (1, no dysplasia; 2, low-grade
dysplasia; 3, high-grade dysplasia; 4, high-grade dysplasia
with invasion/adenocarcinoma). The two scores for colon and two scores for cecum tissue in each animal were
combined such that a score of 4 indicated no inflammation or dysplasia and a score of 16 reflected maximal
inflammation and neoplasia.
Immunohistochemistry was performed on paraffinembedded colon sections. Antibodies specific for CD3
and granzyme B were purchased from Abcam (Cambridge, MA, United States). Colons were sectioned at 5
µm, mounted on coated slides, deparaffinized in xylene,
and rehydrated through graded ethanol-water baths.
Antigen retrieval was performed using citrate buffer (10
mmol/L, pH 6.0) and a vegetable steamer. Tissues were
incubated in 3% hydrogen peroxide to block endogenous peroxidase activity and then incubated overnight
at 4 ℃ in primary antibody. On the following day, tissues
were washed in Tris-buffered saline containing Tween-20
(0.05%), then incubated with biotinylated secondary antibodies followed by streptavidin horseradish peroxidase
for 45 min each at room temperature (Dako, Carpentaria, CA, United States). After extensive washing, antigenbound horseradish peroxidase was detected using the
chromagen 3,3’-diaminobenzidine (0.5 mg/mL; SigmaAldrich, St. Louis, MO, United States) dissolved in PBS
(10 mmol/L, pH 7.2). Identification of cellular infiltrate
in the colons of mice was performed by a pathologist.
CD3+ and granzyme B+ cells were identified under a
light microscope using a 20 × objective. The occurrence
of positively stained cells was scored in proximal colons
of mice in five fields using a 1-cm2 grid reticle as follows: 0 = average of 0 cells/grid, 1 = average of ≤ 1
cell/grid, 2 = average of 2-10 cells/grid, 3 = average of
11-20 cells/grid, 4 = average of > 21 cells/grid. Final
values represent mean ± SE per group (n = 3-5/group).

Bacterial culture and infection
The wild-type H. hepaticus strain 3B1 (ATCC 51488)
was utilized for these experiments. Isolates were aseptically streaked onto sheep blood agar and incubated at
37 ℃ for 24-48 h inside GasPak™ gas generating pouch
systems (BD Diagnostic Systems, Sparks, MD, United
States). Mice were infected as previously described[19].
Briefly, bacteria were collected and resuspended in tryptic
soy broth at A600 nm ≥ 1.8. Animals were then gavaged
with 0.3 mL doses of fresh bacterial suspension on two
consecutive days. Previously, Maggio-Price et al[19] have
shown that Helicobacter infection is localized primarily in
the cecum and proximal colon, and that bacterial DNA is
still present in the tissue and luminal contents of the cecum at 12 wk post-infection. Bacterial presence was confirmed in the current study via DNA isolation at 3 d postinfection using a commercial kit (QIAGEN tissue kit;
Valencia, CA, United States) as previously described[24].
Experimental design
In study 1, SMAD3-/- mice (n = 30) at 8-10 wk of age
were infected with H. hepaticus to determine onset and
duration of colitis. At the time of necropsy, mice were
asphyxiated with CO 2 and exsanguinated via cardiac
puncture. Intestinal tissue was collected and processed
for histopathology at 2-8 wk post-infection. In study
2, SMAD3+/- (n = 24) and SMAD3-/- mice (n = 19) at
8-10 wk of age were infected with H. hepaticus once per
day for two consecutive days. At select time points after
infection (0, 3, 7 and 28 d), the spleen and MsLNs were
collected and processed for lymphocyte isolation as
described below. Colon and cecum tissue was collected,
fixed, and processed for immunohistochemistry.

Lymphocyte isolation
Spleens and MsLNs were removed and placed in icecold RPMI medium at the time of necropsy. Spleens
were processed with a dounce homogenizer, pelleted,
and washed in RPMI. Cells were resuspended in ACK
lysing buffer (Invitrogen, Carlsbad, CA, United States)
and washed twice in RPMI. MsLNs were treated with 5
mL enzymatic digest [5% fetal bovine serum (FBS), 0.5
mg/mL collagenase, 0.05 mg/mL DNaseⅠ) for 30 min
at 37 ℃. Cells were passed through 70-μm filters and
washed with RPMI. Cell counts were performed with a
hemocytometer using trypan blue exclusion and resuspended to a concentration of one million cells per milliliter of medium.

Histopathology
The colon and cecum were removed and flushed with
phosphate-buffered saline (PBS). Tissues were fixed in
10% formalin overnight, embedded in paraffin, then
sectioned and stained with hematoxylin and eosin (HE).
Longitudinal sections were graded for inflammation
and epithelial dysplasia/neoplasia by a pathologist using a blinded scoring system adapted from MaggioPrice et al[29]. Cecum and colons were scored on a 1 to 4
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Flow cytometry
Lymphocytes were resuspended in fluorescence-activated
cell sorting (FACS) buffer (0.1% sodium azide, 1% FBS,
in dPBS) blocked with anti-Fc receptor RⅡ/Ⅲ [CD16/
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in total CD3+, CD4+ or CD8+ lymphocytes in the spleen
at baseline or at any time point following infection (Figure 2A-C). Tregs (FoxP3+/CD25+/CD4+) and NK cells
(NKp46+/DX5+) increased in both genotypes following
infection but returned to baseline by 28 d (Figure 2D
and E).
In the MsLNs, CD3+, CD4+ and Treg cells were significantly higher in both genotypes at 7 d and 28 d postinfection (Figure 3A, C, and D), whereas there were
no significant changes in CD8+ cells at any time point
examined (Figure 3B). NK cells increased in SMAD3deficient mice by 7 d post-infection, and were significantly different from baseline values at 28 d (Figure 3E).
Comparably, NK cells were not significantly altered at
any time point in SMAD3+/- mice (Figure 3E).
To determine activation status of the different T
lymphocyte populations, we next evaluated surface expression of CD62L. L-Selectin (CD62L) is an adhesion
marker expressed at high levels in naïve T cells and is
cleaved from the surface (CD62Llo) in activated and/or
in memory T cells. There were no statistically significant
changes or observable trends in the proportion or total
number of activated T cells in the spleen at any time
point after infection (data not shown). However, the
proportion of CD3+, CD8+, CD62Llo and CD3+, CD4+,
CD62L lo cells was significantly higher in SMAD3 -/mice at 7 d and 28 d compared to baseline values and to
SMAD3+/- mice (Figure 4A and D). Effector Treg cells
increased in both strains at 7 d and 28 d compared to
baseline values (Figure 4G). CD62L expression became
dimmer at later time points in the SMAD3-/- mice for
both CD8+ and CD4+ populations (Figure 4C and F) in
the MsLNs, however, the intensity of CD62L expression
was maintained consistently in SMAD3+/- mice through
all time points (Figure 4B and E). No significant differences were observed in the percentage of Treg cells
expressing reduced levels of CD62L between genotypes
at any time point (Figure 4H and I).

CD32 (purified from clone 2.4G2 hybridoma; ATCC,
Manassas, VA, United States)] for 10 min on ice, and
subsequently incubated with combinations of the following fluorochrome-conjugated antibodies (E-bioscience,
San Diego, CA, United States; or BD Bioscience, San
José, CA, United States) at concentrations ranging from
1:100 to 1:300 in FACS buffer: CD3 (PerCP-Cy5.5), CD4
(eFluor450), CD8 (PE-Cy7), CD25 (PE), FoxP3 (FITC
or Alexa Fluor488), CD62 (APC), Nkp46 (FITC) and
DX5 (APC). Cells were incubated in staining cocktails
(one million cells per cocktail) on ice in the dark for 30
min. Intracellular staining was performed using FoxP3
staining buffer set as per the manufacturer’s instructions
(E-bioscience). Briefly, after surface staining, cells were
washed twice in FACS buffer, fixed in 4% paraformaldehyde for 25 min, and permeabilized for 30 min. Permeabilization was followed by incubation for 30 min with the
appropriate antibodies diluted in permeabilization diluent. Samples were then acquired on a LSR Ⅱ (BD Bioscience) and analyzed using FlowJo software (Tree Star Inc.,
Ashland, OR, United States). The number of cells in each
population of interest was determined by multiplying cell
percentages by the total cell number.
Statistical analysis
Data for the colitis and immunohistochemistry scores
were analyzed using the nonparametric Kruskal-Wallis
test and Dunn’s post-test for specific comparisons. Flow
cytometric data was analyzed using a two-way analysis
of variance in GraphPad Prism (GraphPad Software,
La Jolla, CA, United States). When statistical differences
were detected, Tukey’s multiple comparison test was
used to determine differences between the two groups.
P < 0.05 was considered significant. All data are represented as mean ± SE.

RESULTS
SMAD3-deficient mice are susceptible to colitis 4 wk
post-infection
Colitis severity in SMAD3-/- mice (Figure 1A) peaked at
4 wk post-infection, with an average colitis score of 7.8
± 0.4. This value was significant compared to samples
taken at all other time points (P < 0.05). Colitis resolved
to baseline levels in SMAD3-/- mice by 8 wk post-infection. In comparison, SMAD3+/- mice were resistant to
colitis development at all time points (data not shown).
There was no statistically significant change in colitis
scores in SMAD3+/- mice compared to baseline at any
time point post-infection. Representative HE images
from SMAD3+/- and SMAD3-/- mice prior to and 4 wk
following infection are presented in Figure 1B.

Immunohistochemical analysis of colon sections 28 d
post-infection
We next evaluated local changes in CD3+ cells and the
serine protease, granzyme B, in the proximal colons of
SMAD3+/- and SMAD3-/- mice 4 wk post-infection. The
lamina propria in SMAD3-/- mice was moderately expanded by lymphocytic cells. Based on morphology and immunohistochemistry, these cells consisted primarily of CD3+
lymphocytes (Figure 5A). Additionally, numerous granzyme B+ cells were noted in the intestine of SMAD3-/infected mice, primarily within the villous epithelium, but
sometimes also within the lamina propria (Figure 5B).

DISCUSSION

SMAD3-dependent changes in lymphocyte populations
following H. hepaticus infection
We next evaluated genotype- and time-dependent changes in lymphocyte populations in the spleen and MsLNs
using flow cytometry. There were no significant changes
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Functional TGF-β signaling is crucial for maintaining
immune cell homeostasis[30]. In the present study, we
evaluated changes in local and systemic immune cell
populations in colitis resistant SMAD3+/- and sensitive
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Figure 1 Drosophila mothers against decapentaplegic 3-/- mice are more susceptible to colitis following infection with Helicobacter hepaticus. A: Inflammation
and dysplasia scores in drosophila mothers against decapentaplegic (SMAD)3-/- mice post-infection (wk). The colon and cecum from each animal were given a separate
score for inflammation and dysplasia (n = 30 animals/trt). Each animal received a total of four numerical scores for each of these criteria. The figure displays the average
total of these scores with a lowest possible score of 4 and a highest possible of 16. aP < 0.05, bP < 0.001 vs control animals. There was no change in colitis scores among
SMAD3+/- mice throughout the course of infection (data not shown); B: Hematoxylin and eosin-stained sections from the cecum and colon of SMAD3+/- (upper panel) and
SMAD3-/- mice (lower panel) comparing uninfected and 4 wk after infection with Helicobacter hepaticus (H. hepaticus). Four weeks following infection, the number of inflammatory cells and primarily lymphocytes in the lamina propria was slightly increased in both tissues, consistent with mild inflammation (arrows denote infiltrate).

SMAD3-/- mice during the course of infection with the
enteric pathogen, H. hepaticus. A major finding of this
study was a significantly higher number of CD4 and
CD8 effector cell populations in the mesenteric lymph
nodes of SMAD3-/- mice at 7 d and 28 d post-infection
compared to both baseline values and to SMAD3+/- mice.
The number of granzyme B+ cells, a marker of cytolytic
lymphocytes, was also higher in proximal colon tissue at
28 d post-infection, consistent with colitis development
in these animals. Our findings suggest loss of TGF-β
signaling through SMAD3 leads to aberrant activation
of colitogenic T cell subsets in response to H. hepaticus,
whereas changes in specific T cell numbers were unaffected by genotype. These data are consistent with
Maggio-Price et al[19], who reported no significant T cell
response to infection with Helicobacter in vitro, although
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it is important to note that in that study only splenic
lymphocytes were assessed, and that both H. hepaticus
and Helicobacter bilis were used for infection. Additionally,
Yang et al[31] reported no differences between SMAD3-/and wild-type controls on development of T and B
lymphocytes and NK cells, but found increased activated
phenotype of T lymphocytes in SMAD3 -/- mice that
were resistant to TGF-β1 inhibition in vitro.
The inflammation associated with H. hepaticus infection in susceptible strains leads to a dysregulated Th1type immune response, characterized by increased expression of interleukin (IL)-12 and interferon (IFN)-γ[19,32,33]
as well as the proinflammatory cytokines IL-1α, IL-1β,
IL-6 and tumor necrosis factor-α[19]. Treg cells normally
function to control the inflammatory response by suppressing proliferation and activation of CD4+ and CD8+
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values; cP < 0.05 denotes significant interaction between genotypes [drosophila mothers against decapentaplegic (SMAD)3-/- vs SMAD3+/-].
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Figure 4 Changes in effector T lymphocyte populations in the mesenteric lymph nodes of drosophila mothers against decapentaplegic 3+/- and drosophila
mothers against decapentaplegic-/- mice following infection with Helicobacter hepaticus. Flow cytometric analysis of lymphocyte populations at days 0, 3, 7
and 28 post-infection. Gates were drawn on viable cells using forward scatter vs side scatter parameters. Histograms represent CD62L expression at 0 d (solid grey),
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lymphocytes, inhibiting production of the cytokines IL-2
and IFN-γ, as well as producing the anti-inflammatory
cytokine IL-10[34,35]. Transgenic mice lacking T and B
lymphocytes, including scid and rag-2-deficient mice exhibit a more severe colitis that can be partially alleviated
by adoptive transfer of IL-10-producing Treg cells[36-40].
Additionally, adoptive transfer of wild-type Treg cells
into rag2-deficient mice inhibits H. hepaticus-induced
colon cancer development[38,40], further establishing an
important role for this cell type in suppressing inflammatory signaling.
Importantly, Treg cell development is intricately dependent on TGF-β signaling, whereas Treg cells themselves are a major source of this cytokine, deriving much
of their suppressive function from TGF-β production
as well as IL-10. Given the importance of this cell type
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in suppressing colitis in other models, we next evaluated
whether SMAD3-deficiency impaired the development
and/or activation of CD4+/CD25+/Foxp3+ T regulatory
cells. We found no significant difference between genotypes at baseline, suggesting normal development of this
cell type in the absence of SMAD3 signaling. Following
infection, Treg cells increased proportionally in both genotypes in both the spleen and MsLNs at 7 d and remained
elevated in the latter at 28 d. To assess further whether
activation of Treg cells may be impaired, we evaluated
L-selectin (CD62L) expression, which is required for
migration to sites of inflammation and is cleaved from
the surface upon activation[41,42]. Although the number
of activated Tregs (CD4 +/CD25+/FOXP3 +CD62Llo)
increased at 7 d and 28 d post-infection in the MsLNs,
there was no further difference between genotypes. Thus,
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(NKp46+/DX5+) in SMAD3-/- mice both at 7 d and 28
d post-infection in the MsLNs, whereas no corresponding changes in population numbers were observed in
SMAD3+/- mice. Our findings of increased NK cell populations are somewhat inconsistent with the previously
established protective role of this cell type[53]; however,
it is possible that SMAD3 signaling mediates the balance
of NK cell subsets in response to infection and/or cytotoxicity of NK cells. For example, significant enrichment
of lamina propria NK cells of the CD56+CD16+ cytotoxic subset in individuals with IBD has been reported[57]. Additionally, individuals with Crohn’s disease have
been reported to have a higher proportion of NKp46+
compared to NKp44+ NK cells in the intestinal mucosa,
which is suggested to mediate pathogenesis through
increased production of IFN-γ[58]. Importantly, TGF-β
inhibits INF-γ production by NK cells[30,59], suggesting
the possibility of altered balance of NK cell subsets in
our model.
Our findings highlight that mice infected with H.
hepaticus and deficient in SMAD3 signaling have elevated
levels of effector lymphocyte subsets in the MsLNs
and in the colon likely contributing to increased colitis
severity. Although no genotype differences in numbers
of natural Treg cells were found following infection,
it is possible that defective TGF-β signaling through
SMAD3 may impair suppressive function. Alternatively,
the latent presence of effector T cells may indicate continuous antigen presenting cell stimulation which was
not addressed in these studies. Given the pleiotropic role
of TGF-β signaling in immune cell homeostasis, further
evaluation of cytokine production by activated T cells

our findings suggest that SMAD3 deficiency does not
influence Treg cell numbers in peripheral lymphoid tissue; however, this does not rule out the possibility that
the suppressive effect of this cell type is influenced in a
SMAD3-dependent manner. This is further supported
by recent findings of Fantini et al[43] who have reported
that overexpression of SMAD7 in CD4 T lymphocytes,
which blocks TGF-β-mediated activation of SMAD2/3,
impairs the ability of Treg cells to suppress T cell proliferation and proinflammatory cytokine expression both in
vitro and in vivo.
NK cells are generally acknowledged to be important
for cell-mediated immunity, and play an important role
in the control of cellular infections as well as in antitumor immunity[44]. For example, NK cells can directly lyse
infected/dysplastic cells through perforin-granzymedependent mechanisms and induce apoptosis[45-51]. Additionally, NK cells activate other effector immune cells
through local production of cytokines[52]. Fort et al[53]
have demonstrated that NK cells exert a protective effect on colitis by controlling the responses of effector
CD4 T cells through perforin-dependent mechanisms[53].
Other studies have provided evidence that NK cells are
in fact an innate source of IL-22 in the colon; a cytokine
that has proinflammatory properties but is also proposed
to protect tissues during inflammation[54-56].
Yang et al[31] previously have found no effect of SMAD3
deficiency on development of NK cells in the spleen
or MsLNs. In the current study, we determined whether
SMAD3 deficiency would influence NK cells in peripheral
lymphoid tissue in response to infection with H. hepaticus. Surprisingly, we found higher numbers of NK cells
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scription factor for the transforming growth factor β superfamily.

derived from infected SMAD3-deficient mice would
lead to a more thorough understanding of SMAD3 in
colitis susceptibility. Additionally, very little is known
about the role of SMAD3 in NK cell function, however,
the higher presence of NKp46+/DX5+ NK cells in the
MsLNs of SMAD3-deficient mice might indicate altered NK subsets present in the MsLNs due to different
chemokines being released throughout the course of the
infection. The signaling pathways involved in initiating
the inflammatory response to H. hepaticus in susceptible
mouse strains has also not been well characterized. H.
hepaticus activates nuclear factor- κB and extracellular
signal-regulated kinase signaling in bone-marrow-derived
macrophages[60], which can induce both pro- and antiinflammatory pathways[33,36,60,61]. Given the importance of
TGF-β signaling in both IBD and colon cancer development in humans, further identifying innate targets involved in initiating the SMAD3-dependent inflammatory
response to pathogenic stimuli would prove highly useful
in understanding the pathogenesis of IBD as well as for
designing interventions that may alter immune cell populations and/or activation. Future studies addressing some
of these possibilities are currently under investigation.
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RESULTS: At gastrectomy, CCR7- CD45RA- CD8+ effector memory T cells were observed in the peritoneal
+
high
cavity. The frequency of CD4 CD25
T cells in both
the peripheral blood and peritoneal cavity was elevated in patients at advanced stage [control vs stage
Ⅳ in the peripheral blood: 6.89 (3.39-10.4) vs 15.34
(11.37-19.31), P < 0.05, control vs stage Ⅳ in the peritoneal cavity: 8.65 (5.28-12.0) vs 19.56 (14.81-24.32),
P < 0.05]. On the other hand, the suppression was
+
high
restored with CD4 CD25 T cells from their own peripheral blood. This study is the first to analyze lymphocyte and cytokine production in the peritoneal cavity in
patients with gastric cancer. Immune regulation at advanced stage is reversible at the point of gastrectomy.
CONCLUSION: The immunological milieu in the peritoneal cavity of patients with advanced gastric cancer
elicited a Th2 response even at gastrectomy, but this
response was reversible.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To investigate the immunological repertoire in the
peritoneal cavity of gastric cancer patients.

Key words: Cytokines; Gastric cancer; Lymphocytes; Peritoneal cavity; Regulatory T cell

METHODS: The peritoneal cavity is a compartment
in which immunological host-tumor interactions can
occur. However, the role of lymphocytes in the peritoneal cavity of gastric cancer patients is unclear. We
observed 64 patients who underwent gastrectomy for
gastric cancer and 11 patients who underwent laparoscopic cholecystectomy for gallstones and acted as
controls. Lymphocytes isolated from both peripheral
blood and peritoneal lavage were analyzed for surface
markers of lymphocytes and their cytokine production
+
high
by flow cytometry. CD4 CD25
T cells isolated from
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INTRODUCTION

Table 1 Clinicopathological features in the examined gastric
cancer patients

Tumor progression is governed not only by the genetic
changes intrinsic to cancer cells, but also by epigenetic
and environmental factors. Therefore, neoplastic cell
factors and biophylactic side factors such as immune
reactions are interacting in the survival and development
of micrometastasis. Increasing evidence gleaned from
studies in immune-compromised hosts suggests that the
cellular mechanisms of immunosurveillance influence
tumor development. There are several lines of research
which indicate the critical role of the immune system in
controlling the growth of malignant cells[1-5]. Thus, impairment of anti-tumor immunity, which leads to immunologic toleration of malignant cells, contributes to the
development and progression of peritoneal metastasis[6].
The elimination phase of the cancer immunosurveillance
mechanism is thought to be a continuous process, and local control of metastatic invasion by the immune system
may be critical for survival. However, the role of lymphocytes in the peritoneal cavity for anti-tumor immunity in
gastric cancer patients is unknown[7].
Studies in rodents have demonstrated that adoptive
immunotherapy with antigen-specific CD8+ T cells is
effective for cancer, and there is evidence that this approach has therapeutic activity in humans[8-10]. Memory T
cells circulate throughout all tissues of the body and are
primed to rapidly produce secondary immune responses
upon antigen challenge[11]. The nature of the cells that
mediate the different facts of immunological memory
remains unresolved. Natural killer T cells are a specialized
subset of T cells. They express T-cell and natural killerlineage cell surface markers and key cytokines, which
regulate the course of the immune response. There are
many mechanisms that regulate and dampen the immune response to cancers[12-15]. Regulatory T cells protect
the host from autoimmune disease by suppressing selfreactive immune cells. As such, regulatory T cells may
also block antitumor immune responses. Regulatory T
cells have been an active research area in basic as well as
in clinical immunology[16-18]. Th1 immune responses are
considered to be essential for eradicating malignant cells.
Based on the cytokine profile, interferon-gamma is a Th1
cytokine with an antitumor effect. Interleukin-10, a Th2
cytokine, inhibits Th1 immune responses and enhances
the production of other Th2 cytokines[19-22].
In order to clarify the clinical significance of the host
immune response within the peritoneal cavity in patients
with gastric cancer, we conducted an immunological analysis of the peritoneal lavage obtained from patients at the
time of gastrectomy.

Variables
Total cases
Age (yr)
Sex (male/female)
Depth of tumor invasion
T1
T2
T3
T4
Lymphnode metastasis
N0
N1
N2
N3
Peritoneal metastasis
Absent
Present
Cytology
Negative
Positive
Stage
Stage ⅠA
Stage ⅠB
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

64
67.5 ± 2.8
42/22
32
20
9
3
34
12
14
4
56
8
57
7
25
13
7
7
12

eration, and 6 had exploratory laparotomy. Eleven patients
who underwent laparoscopic cholecystectomy for benign
disease acted as controls. The resected specimens were
histologically examined by hematoxylin and eosin staining
according to the general rules of the Japanese Classification
of Gastric Carcinoma[23]. The investigation protocol was
approved by the Institutional Review Board of the Nagasaki University School of Medicine (#14122694). Written
informed consent was obtained from all patients. The
stages of gastric cancer patients were as follows: stage Ⅰ
A, n = 25 patients; stage ⅠB, n = 13; stage Ⅱ, n = 7; stage
Ⅲ, n= 7; and stage Ⅳ, n = 12. The clinicopathological
features of the patients are shown in Table 1.
Isolation of mononuclear cells from peripheral blood
and peritoneal lavage
Endotracheal general anesthesia was induced and 10 mL
of peripheral blood was taken from all patients. Four
hundred milliliter of physiological saline was poured into
the peritoneal cavity prior to manipulation of the tumor,
and was recovered after being gently stirred. Half of the
peritoneal lavage was allocated for conventional cytology and carcinoembryonic antigen (CEA) analysis by an
enzyme-linked immunosorbent assay. The other half of
the peritoneal lavage was immediately centrifuged at 2000
rpm for 10 min, and the supernatants were assayed for
CEA values. The peritoneal CEA levels were then measured using an enzyme immunoassay kit (IMx-SERECT
CEA, Dainabot, Tokyo) and the protein concentration
was determined using a protein assay kit (Bio-Rad, Richmond, CA, United States). The cell component was used
for lymphocyte analysis. Lymphocytes from peripheral

MATERIALS AND METHODS
Patients
A total of 75 patients (50 males and 25 females; mean age:
64.3 years) were included in this study. Sixty-four patients
were histologically diagnosed as having gastric cancer.
Among these, 56 had gastrectomy, 2 underwent bypass op-
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Table 2 Carcinoembryonic antigen values in sera and peritoneal lavage
Source
CEA
PB (ng/mL)
PL (ng/g protein)
CD4/CD8
PB (ratio)
PL (ratio)
CD45RA-/CCR7PB (%)
PL (%)
NKT
PB (%)
PL (%)

Control

Stage Ⅰ A

Not tested
56.53 (21.82-91.24)

2.09 (1.39-2.78)
44.17 (27.37-60.96)

5.379 (2.705-8.052)
0.494 (0.338-0.649)

Stage Ⅰ B

Stage Ⅱ

Stage Ⅲ

Stage Ⅳ

  2.03 (0.96-3.1)
61.95 (11.98-111.91)

3.06 (2.04-4.07)
83.14 (7.31-187.54)

2.54 (0.38-4.69)
262.63 (7.26-517.26)

7.98 (1.18-15.82)
1234.00 (87.77-2380.22)

5.595 (3.224-7.967)
0.553 (0.421-0.685)

4.571 (2.057-7.086)
0.697 (0.511-0.883)

5.277 (1.369-9.184)
0.638 (0.395-0.881)

7.999 (3.366-12.632)
1.242 (0.961-1.522)

4.156 (2.228-6.083)
1.158 (0.907-1.408)

60.43 (46.42-74.44)
81.17 (81.12-93.22)

58.29 (48.93-67.64)
81.67 (76.35-87.01)

53.92 (32.65-75.2)
76.2 (59.43-92.96)

57.36 (42.01-72.71)
72.3 (61.01-83.58)

49.01 (29.31-68.71)
68.36 (58.70-78.02)

45.73 (32.79-58.67)
51.92 (38.34-65.50)

9.19 (5.83-12.54)
18.1 (9.83-26.37)

7.59 (5.63-9.56)
17.25 (13.54-20.97)

9.47 (4.41-14.53)
15.74 (9.23-22.25)

10.71 (1.55-19.87)
15.38 (7.71-23.04)

5.43 (0.54-10.33)
9.66 (1.2-18.11)

7.16 (3.95-10.3)
9.91 (6.94-12.88)

PB: Peripheral blood; PL: Peritoneal lavage; CI: Confidence interval. The data are presented as the median and 95% CI. The statistical analysis of the
differences revealed higher CEA and CD4/CD8, lower CD8+ effector memory T cells and NKT cells in the peritoneal cavity in patients with advanced stage
than in controls.

blood were isolated by density centrifugation over FicollPaqueTM gradients (Amersham, Uppsala, Sweden).

were mixed with intraperitoneal lymphocytes at a ratio of
1:10 and co-cultivated for 4 d in RPMI with 10% FBS.
The CD4+ CD25- T cells were co-cultivated with intraperitoneal lymphocytes as controls. The cytokine assay
was performed by the intracellular cytokine method after
4 d of co-cultivation.

Flow cytometry
The following monoclonal antibodies were used in the
present study: fluorescein isothiocyanate (FITC)-conjugated anti-CD8, FITC-CD25, FITC-CD45RA, phycoerythrin
(PE)-conjugated anti-CD4, PE-CD56, PE-CCR7, PEIFN-γ, PE-IL-10, PE-Foxp3, cychrome (Cy)-conjugated
anti-CD3, and Cy-CD8 (BD Pharmingen, San Diego,
CA, United States). Single-cell suspensions were stained
in phosphate-buffered saline-1% fetal calf serum at saturating concentrations according to standard procedures.
Flow cytometry was performed on the BD BiosystemsFACSCanto Ⅱ system (BD Biosciences, San Diego, CA,
United States), and FACSDiva software (BD Biosciences,
San Diego, CA, United States) was used for analysis. All
analyses of T cells were carried out after gating by CD3.
The ratio of the percentage of CD4 and CD8 cells was
represented as the CD4/CD8 ratio.

Statistical analysis
The statistical analysis was performed using the KruskalWallis test (non-parametric ANOVA) using a personal
computer and the StatViewV.5.0 software package (SAS
Institute, Cary, NC, United States). P values less than 0.05
were considered to indicate statistical significance.

RESULTS

Intracellular staining for Foxp3
Intracellular staining for Foxp3 was performed using the
Human Foxp3 Buffer set (BD Pharmingen, San Diego, CA,
United States) according to the manufacturer’s protocol.

Carcinoembryonic antigen values in sera and peritoneal
lavage
For the interaction between peripheral blood and the
peritoneal cavity, we investigated the CEA values in both
serum and peritoneal lavage at the time of surgery. The
serum CEA values were elevated only in patients with
stage Ⅳ disease. On the other hand, the values in peritoneal lavage were found to be elevated even at stage Ⅲ,
and they were also related to the clinical stage (Table 2).

Cytokine assays
Anti-IFN-γ-PE and anti-IL-10-PE mAbs were used for
the intracellular analysis of cytokine production. Peripheral and intra-peritoneal lymphocytes were activated
with 10 ng/mL phorbol 12-myristate-13-acetate (PMA),
0.5 μg/mL Ionomycin, and 1 μL/mL GolgiPlug (BD
Pharmingen, San Diego, CA, United States) for 4 h. Cells
were washed, fixed and permeabilized by Cytofix/Cytoperm solution (BD Pharmingen, San Diego, CA, United States), and stained with titrated amounts of cytokinespecific antibodies.
Next, the CD4+ CD25 + T cells were isolated from
peripheral blood by magnetic beads (Miltenyi Biotech,Be
rgischGladbach, Germany). These CD4+ CD25 + T cells

Analysis of lymphocyte populations in peripheral blood
and the peritoneal cavity
After purification of lymphocytes from peritoneal lavage,
we investigated the phenotypes of lymphocytes in both
peripheral blood and the peritoneal cavity. The mean
value of the CD4/CD8 ratio for all patients was 2.17 in
peripheral blood. The CD8+ T cells were dominant in the
peritoneal cavity and the CD4/CD8 ratio was reversed.
The ratio in patients with stage Ⅲ or Ⅳ was significantly
higher than in stage Ⅰ or control patients (Table 2).
The CCR7- CD45RA- CD8+ T cells were counted as
effector memory T cell subsets. The percentage of effector memory T cells in the peritoneal cavity was higher
than that in peripheral blood. However, the percentage
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Figure 1 Co-staining with foxp3 and CD25 for CD4+ T cells. High correlation was shown between both populations.

CD25- cells (Figure 4B).

decreased in association with the clinical stage (Table 2).
The CD3+CD56+ cells were measured as natural killer
T cells. The percentage of these cells in the peritoneal
lavage was also low in patients with stage Ⅲ or stage Ⅳ
(Table 2). As the co-staining of foxp3 and CD25 revealed
a high correlation between both populations, CD25high
was used following cytokine producing assays (Figure 1).
The frequency of CD4+ CD25 high T cells in patients with
advanced stage cancer was higher than that in control patients in both peripheral blood and the peritoneal cavity
(Figure 2A and B).

DISCUSSION
The peritoneal cavity is a compartment in which the immunological host-tumor interaction can occur[24]. This
study investigated lymphocytes in the peritoneal cavity
of patients with gastric cancer in relation to anti-tumor
immunity. Some tumors can acquire the ability to downregulate immune responses and exploit this action to promote tumor cell proliferation, survival, and invasion[10,25].
Therefore, the presence of leukocytes in the peritoneal
cavity may be a consequence of an immune response
that favors either dissemination of tumor cells or a protective host response. Malignant ascites has been used as
a common source of immunological analysis in previous
reports[11,26]. To the best of our knowledge, there are no
reports describing the lymphocyte and cytokine production ability in peritoneal lavage from patients with gastric
cancer at the time of gastrectomy.
In our initial experiments, the CEA values in peritoneal lavage were found to correlate with the clinical
stages. Interestingly, the CEA values were elevated even
in cases without serosal invasion. This result suggests that
some fragments of cancer cells may spread throughout
the peritoneal cavity and induce an immune reaction between the tumor and host[26,27].
The frequency of CD4+ T cells in all patients was
higher than that of CD8+ T cells in peripheral blood, but
this pattern was reversed in peritoneal lavage fluid. CD8+
T cells were dominant in the peritoneal cavity. Our data
suggested that the immunological environment in the
peripheral blood is different from that in the peritoneal
cavity. There were significant differences in the CD4/
CD8 ratio in the peritoneal cavity between gastric cancer

Cytokine production by lymphocytes
The cytokine production from CD3+ T cells after stimulation with PMA + ionomycin was evaluated by a cytokine production assay. The lymphocytes in the peritoneal
cavity were more sensitive for the production of IFN-γ
than those in the peripheral blood. The ratio of IFN-γ
producing cells in the peritoneal cavity was significantly
lower in patients with advanced stage disease in comparison to the controls (Figure 3A and B). The ratio of IL-10
producing cells in the peritoneal cavity in patients with
advanced stages was higher in comparison to the controls
(Figure 3C and D).
Cytokine assays of intra-peritoneal lymphocytes after
co-cultivation with self- CD4+CD25 high T cells
In order to investigate whether the suppression of IFN-γ
production from T cells in the peritoneal cavity at advanced stages was caused by CD4+ CD25high T cells, further assays were performed. The IFN-γ production of
CD8+ T cells was suppressed in intra-peritoneal lymphocytes co-cultivated with isolated CD4+ CD25high T cells
from self-peripheral blood (Figure 4A). No inhibition was
seen when the lymphocytes were co-cultivated with CD4+
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Figure 2 Analysis of lymphocyte populations in peripheral blood and the peritoneal cavity. A: The gating and counting of CD4+ CD25high T cell population by
flow cytometry; B: The percentage of CD4+ CD25high T cells in the CD4+ T cell population in peripheral blood and peritoneal lavage of patients at each stage of gastric
cancer and control patients. Data are presented as the mean ± SD.

patients at advanced stage and control patients. Cancer
progression may have an effect on the balance of the T
cell population in the peritoneal cavity.
Immunological memory is demonstrated by following
T cell subsets: lymph-node-homing cells lacking inflammatory and cytotoxic function (defined as central memory T cells, CCR7+ CD45RA-) and tissue-homing cells
endowed with various effector functions (defined as effector memory T cells, CCR7- CD45RA-). These two subsets allow for the division of labor among memory cells.
Effector memory T cells represent a readily available pool
of antigen-primed cells that can enter peripheral tissues

WJG|www.wjgnet.com

to mediate inflammatory reactions or cytotoxicity, thus
rapidly containing invasive pathogens and cancer antigens[11,28-31]. Our data show that CD8+ effector memory T
cells were rich in the peritoneal cavity. This indicates the
migration of effector memory cells from the peripheral
blood to local sites. However, in advanced cases, the frequency of CD8+ effector memory cells in the peritoneal
lavage was low. These results suggest that the peritoneal
cavity exerts the local immune response, more than peripheral blood.
Natural killer T cells, a unique lymphocyte subpopulation, are characterized by the expression of invariant an-
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Figure 3 Cytokine production by lymphocytes. A: The gating and counting of the IFN-γ producing cell population by flow cytometry; B: The percentage of IFN-γ producing cells in the CD3+ cell population stimulated with PMA + ionomycin in peripheral blood and peritoneal lavage of patients at each stage of gastric cancer and control patients
Data are presented as the mean ± SD. The statistical analysis was performed by the Kruskal-Wallis test. After gating of CD3+ T cells, 10  000 events were analyzed. The
production of IFN-γ in the peritoneal cavity was higher than that in the peripheral blood. The ratio of IFN-γ production cells in the peritoneal lavage was significantly lower
in patients with advanced-stage than in controls [control vs stage Ⅳ: 51.1 (35.1-67.1) vs 10.7 (2.6-22.1), aP < 0.05]; C: The gating and counting of the IL-10 producing cell
population by flow cytometry; D: The percentage of IL-10 producing cells in the CD3+ cells stimulated with PMA + ionomycin in peripheral blood and peritoneal lavage of
patients at each stage of gastric cancer and control patients. Data are presented as the mean ± SD. The ratio of IL-10 producing cells in peripheral blood and intra-peritoneal
lymphocytes was significantly higher in patients at advanced stage than in controls [control vs stage Ⅳ: 6.1 (3.94-8.25) vs 40.7 (18.35-63.0), aP < 0.05].
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tigen receptors[12,13]. Natural killer T cells have been suggested to serve as a bridge between innate and acquired
immunity[14,15]. However, the mechanisms underlying the
anti-tumor effect of human natural killer T cell-mediated
immunotherapy remain unclear so far. The frequency of
natural killer T cells was lower in patients with stages Ⅲ
and Ⅳ than in control patients. Therefore, a decrease in
the number of natural killer T cells in the peritoneal cavity may be one aspect of the interaction between hostimmunity and cancer progression.
Recent studies have shown that CD4+ CD25high foxp3+
T cells exhibiting regulatory/suppressive properties are
naturally present in humans[16-18]. The roles of regulatory
T cells have been active topics of research in both basic
and clinical immunology. Naturally-occurring regulatory T cells represent a small fraction (5%-6%) of the
overall CD4+ T cell population, and play an important
role in down-regulation of the response of T cells to
foreign and self antigens[31]. The depletion of this subset
of regulatory T cells in normal hosts results in various
autoimmune diseases because the host immune system is
unchecked and attacks the body’s own tissues[28]. Despite
the importance of these cells in preventing autoimmune
disease, their presence in the tumor microenvironment
diminishes anti-tumor immune responses[32-36].
Within the CD4+ T cell subset, there is a population of
naturally occurring foxp3+ T cells that are defined as regulatory T cells. These cells can be identified as CD4+foxp3+
T cells by flow cytometry. However, because foxp3 is
intracellular and requires permeabilization of cells for
detection by flow cytometry, regulatory T cells are isolated as CD4+CD25high T cells, which were shown to
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have functional suppressive abilities in our co-culture
experiments[37]. In the present study, the mean percentage of CD4+ CD25high T cells in the peritoneal cavity in
advanced gastric cancer patients was higher than that
of control patients. After the co-cultivation of the selfCD4+ CD25high T cell population of intra-peritoneal
lymphocytes, the production of IFN-γ was inhibited.
IFN-γ, a Th1 cytokine, not only exerts an anti-tumor
effect, but also inhibits the proliferation of Th2 clones[19-20].
IL-10, a Th2 cytokine, suppresses the synthesis of Th1
cytokines such as IFN-γ[21-22]. This study showed that the
production of intracellular cytokines in the peritoneal
cavity was higher than that in the peripheral blood after
appropriate stimulation. IFN-γ production was downregulated in advanced cases, but not in the controls and
stage Ⅰ patients. On the other hand, IL-10 production
was up-regulated, which revealed the switch of Th1 and
Th2 responses in the peritoneal cavity of these patients.
IFN-γ production in intra-peritoneal lymphocytes was
suppressed after co-cultivation with self-CD4+ CD25high
T cells, but not CD4+ CD25- T cells. Interestingly, the
replacement of CD4+ CD25- T cells for CD4+ CD25high
T cells could recover the production of IFN-γ in intraperitoneal lymphocytes.
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intra-peritoneal lymphocytes, the production of IFN-γwas inhibited.
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Curcumin prevents indomethacin-induced gastropathy in
rats
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venules were recorded after acridine orange injection.
Blood samples were determined for intercellular adhesion molecule (ICAM)-1 and tumor necrosis factor
(TNF)-α levels using enzyme linked immunosorbent
assay method. Finally, the stomach was removed for
histopathological examination for gastric lesions and
grading for neutrophil infiltration.
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RESULTS: In group 2, the leukocyte adherence in
postcapillary venules was significantly increased compared to the control group (6.40 ± 2.30 cells/frame vs
1.20 ± 0.83 cells/frame, P = 0.001). Pretreatment with
curcumin caused leukocyte adherence to postcapillary venule to decline (3.00 ± 0.81 cells/frame vs 6.40
± 2.30 cells/frame, P = 0.027). The levels of ICAM-1
and TNF-α increased significantly in the indomethacintreated group compared with the control group (1106.50
± 504.22 pg/mL vs 336.93 ± 224.82 pg/mL, P = 0.011
and 230.92 ± 114.47 pg/mL vs 47.13 ± 65.59 pg/mL, P
= 0.009 respectively). Pretreatment with curcumin significantly decreased the elevation of ICAM-1 and TNF-α
levels compared to treatment with indomethacin alone
(413.66 ± 147.74 pg/mL vs 1106.50 ± 504.22 pg/mL, P
= 0.019 and 58.27 ± 67.74 pg/mL vs 230.92 ± 114.47
pg/mL, P = 0.013 respectively). The histological appearance of the stomach in the control group was normal. In
the indomethacin-treated group, the stomachs showed
a mild to moderate neutrophil infiltration score. Gastric
lesions were erosive and ulcerative. In rats treated with
indomethacin and curcumin, stomach histopathology
improved and showed only a mild neutrophil infiltration
score and fewer erosive lesions in the gastric mucosa.

Abstract
AIM: To investigate the effects of curcumin on gastric
microcirculation and inflammation in rats with indomethacin-induced gastric damage.
METHODS: Male Sprague-Dawley rats were randomly
divided into three groups. Group 1 (control group, n
‑
= 5) was fed with olive oil and 5% NaHCO3 (vehicle).
Group 2 [indomethacin (IMN) group, n = 5] was fed
with olive oil 30 min prior to indomethacin 150 mg/kg
‑
body weight (BW) dissolved in 5% NaHCO3 at time
0th and 4th h. Group 3 (IMN + Cur group, n = 4) was
fed with curcumin 200 mg/kg BW dissolved in olive oil
0.5 mL, 30 min prior to indomethacin at 0th and 4th
h. Leukocyte-endothelium interactions at postcapillary
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CONCLUSION: The results indicate that curcumin prevents indomethacin-induced gastropathy through the
improvement of gastric microcirculation by attenuating
the level of ICAM-1 and TNF-α.
© 2012 Baishideng. All rights reserved.
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ferred to as turmeric, was taken from India to Southeast
Asia[16]. The yellow pigmented fraction of Curcuma longa
contains curcuminoids, which are chemically related to
its principal ingredient, curcumin[16]. It possesses a broad
range of pharmacological activities, including antioxidant,
anti-carcinogenic, wound-healing, and anti-inflammatory
effects[17-19]. There are currently limited studies investigating the effect of curcumin on NSAIDs-induced gastric
damage. The aim of this study was to investigate the
anti-inflammation effect of curcumin on indomethacininduced gastric damage in rats.
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MATERIALS AND METHODS
Animal preparation and curcumin preparation
Male Sprague-Dawley rats weighing 180-220 g, purchased
from the National Laboratory Animal Center, Mahidol
University, Salaya (n = 18), Nakorn pathom, were used in
this study. All rats were kept in a controlled temperature
room at 25 ± 1 ℃ under standard conditions (12 h daynight rhythm). They were cared for in accordance with the
Ethical Committee, Faculty of Medicine, Chulalongkorn
University, Thailand. Curcumin powder (Cayman Chemical Company, United States) was suspended in olive oil.

INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are among
the most commonly prescribed medications worldwide.
However, NSAIDs have adverse effects on the gastric
mucosa, resulting in various clinical presentations, ranging
from nonspecific dyspepsia to ulceration, upper gastrointestinal bleeding, and death, summarized by the term
“NSAID gastropathy”[1]. NSAIDs-induced gastric damage
is the major side effect of this kind of drug[2].
The main action of NSAIDs is to inhibit prostaglandin synthesis. There is substantial evidence supporting
the view that the ulcerogenic effect of this medication
correlates with its ability to suppress prostaglandin synthesis[3-5]. Endogenous prostaglandins normally regulate
mucosal blood flow, epithelial cell proliferation, epithelial
restitution, mucosal immunocyte function, mucus and bicarbonate secretion, and basal acid secretion[6]. Therefore,
decreases in prostaglandins, protective factors for ulcer
formation, lead to gastric mucosal injury.
Animal studies have shown that neutrophil adherence
to the endothelium of the gastric microcirculation is critical in NSAIDs injury[7]. Neutrophil adherence damages
the mucosa by producing oxygen-free radicals, releasing
proteases, and obstructing capillary blood flow. NSAIDs
might induce the synthesis of tumor necrosis factor
(TNF)-α and leukotrienes[8,9]. These inflammatory mediators subsequently stimulate neutrophil adherence by the
upregulation of adhesion molecules[10].
NSAID administration in rats caused a rapid and significant increase in adhesion between neutrophils and
vascular endothelial cells in both gastric and mesenteric
venules[11-13]. This was dependent on intercellular adhesion molecule (ICAM)-1 expression on the endothelium
and CD11/CD18 expression on the leukocyte[14,15]. Interestingly, Andrews et al[10] recently reported that administration of aspirin or indomethacin to rats resulted in a
significant increase in ICAM-1 expression in the gastric
microcirculation.
Curcuma, a genus in the plant family of Zingiberacea, is the biological source for curcuminoids, including
curcumin. Curcuma longa, the yellow tuberous root re-

WJG|www.wjgnet.com

Experimental protocol
All rats were fasted, with free access to water ad libitum,
for 22-24 h before the experiment. They were randomly
divided into three experimental groups. Group 1 (control,
n = 6): Rats were fed with olive oil 30 min prior to 5%
sodium bicarbonate 1 mL orally via an intragastric tube at
time 0th and 4th h. Group 2 [indomethacin (IMN), n = 6]:
Rats were fed with olive oil 30 min prior to indomethacin
(150 mg/kg body weight in 5% sodium bicarbonate 1
mL orally via an intragastric tube) at time 0th and 4th h.
Group 3 (IMN + Cur, n = 6): Rats were fed with curcumin (200 mg/kg body weight dissolved in olive oil 0.5 mL)
30 min prior to indomethacin [150 mg/kg body weight
(BW) dissolved in 5% sodium bicarbonate 1 mL orally via
an intragastric tube] at time 0th and 4th h.
After 8 h 30 min, animals were anesthetized with intraperitoneal injection of thiopental (50 mg/kg body weight).
After tracheostomy, the carotid artery and jugular vein were
cannulated for blood pressure measurement using a polygraph and for the administration of a fluorescent marker;
acridine orange was infused intravenously (Sigma chemical
Co., United States, 0.5 mg/kg BW/min). The abdominal
wall was incised and the stomach was extended and fixed.
Leukocyte adherence in the stomach was observed by
intravital fluorescence microscopy. At the end of the experiment, blood samples were collected for ICAM-1 and
TNF-α determination using enzyme linked immunosorbent
assay (ELISA) methods. The stomach was cut and fixed in
10% formalin solution to inspect the histopathology.
Study of the interaction between leukocytes and
endothelial cells in postcapillary venule
It has been stated that NSAIDs-induced leukocyte adherence could contribute to the pathogenesis of gastric
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A

B

C

Figure 1 Hematoxylin-eosin stained stomach sections (× 200). A: The control group showed normal stomach histopathology; B: The indomethacin treated
group showed gastric ulcer formation and infiltration of inflammatory cells; C: The curcumin treated group showed a reduced degree of gastric ulcer formation and
inflammation.

mucosal injury. To visualize leukocytes, acridine orange
was infused intravenously (0.3 mg/kg body weight). The
number of leukocyte adhesions was recorded using a video recorder. Videotape of each experiment was replayed
and leukocyte adherence was monitored. Most leukocytes
were adhered to the postcapillary venule (about 15-30 μm
in diameter). Leukocytes were considered adherent to the
vessel endothelium if they remained stationary for 30 s or
longer. Adherent leukocytes were expressed as the number of leukocyte adherences per frame of view, as previously described[20].

Table 1 Summary of the infiltration of inflammatory cells and
erosion in all groups (n = 6)
Experimental
group
Control
IMN
IMN + Cur

1

0

1

2

3

6
4

3
2

3
-

-

Pathology
No erosion Erosion
6
4

2
2

Ulcer
4
-

1

The severity of neutrophil infiltration was graded as: 0: No neutrophil
infiltration; 1: Neutrophil infiltration found in 1/3 of gastric mucosal
layer; 2: Neutrophil infiltration found in 2/3 of gastric mucosal layer; 3:
Neutrophil infiltration found in the muscularis mucosae of gasm. IMN:
Indomethacin.

Determination of serum cytokine levels
After the experiment, blood samples were taken by cardiac
puncture, and allowed to clot overnight before centrifuging at approximately 2000 × g. Serum was stored at -80 ℃
for determining ICAM-1 and TNF-α levels by ELISA kit
(R and D systems).

trol group (Figure 1) was normal. In the indomethacin
treated group, the stomachs showed mild to moderate
gastric mucosal injury. Gastric lesions were erosive and
ulcerative. In rats treated with indomethacin and curcumin, the stomach histopathology improved and showed
only mild gastric mucosal injury and reduced amounts of
erosive lesions in the gastric mucosa. The summary of
infiltration of inflammatory cells and gastric lesions are
shown in Table 1.

Histopathological examination
Samples of the stomach were excised and transferred to
formalin. The samples were subsequently processed by routine techniques before embedding in paraffin. Sections were
cut at the thickness of 5 μm and stained with hematoxylin
and eosin (HE), as previously described[20]. One pathologist
performed all the histopathological examinations. All histopathological changes were observed under a light microscope. The neutrophil infiltration score in each section was
graded according previously determined criteria[21].

Interaction between leukocytes and endothelial cells
After gastric injury was induced by the administration of
indomethacin, leukocyte adherence to endothelial cells of
postcapillary venules (15-30 μm in diameter) was observed
under intravital fluorescence microscopy, 10-15 min after
acridine orange injection (Figure 2). The number of leukocytes adhering to postcapillary venules for 30 s or longer
was counted. The mean number of leukocyte adherences
in the IMN group without curcumin treatment was significantly higher than in the control group (6.40 ± 2.30 cells/
frame vs 1.20 ± 0.83 cells/frame, P = 0.001).
The number of leukocyte adherences significantly decreased after pretreatment with curcumin as compared to
the IMN group (3.00 ± 0.81 cells/frame vs 6.40 ± 2.30 cells/
frame, P = 0.027).

Statistical analysis
All data were presented as mean ± SD. To compare data
among all groups of animals, one-way analysis of variance (one-way ANOVA) and Duncan comparisons were
employed. All statistical tests were performed using SPSS
for Windows version 13.0 (SPSS Inc., Chicago, IL, United
States). Differences were considered statistically significant
at P < 0.05.

RESULTS

Changes in ICAM-1 levels
The levels of ICAM-1 increased significantly in the indomethacin treated group compared with the control group

Histopathological examination
The histological appearance of the stomach in the con-
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A

B

100 mm

C

100 mm

100 mm

Figure 2 Intravital microscopic (× 40) images of leukocyte adherence on vascular endothelium of postcapillary venules 10-15 min after acridine orange
injection in the control group (A), IMN group (B), and IMN + Cur group (C). IMN: Indomethacin.
400

a
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1800
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Control
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Figure 3 Serum intercellular adhesion molecule-1 levels in all groups. All
data are expressed as mean ± SD. The mean intercellular adhesion molecule
(ICAM)-1 levels were significantly higher in the indomethacin treated group (IMN)
when compared with the control group (aP < 0.05). Pretreatment with curcumin
significantly decreased ICAM-1 level when compared with indomethacin (cP <
0.05). IMN: Indomethacin.

250
200
150

b

100
50
Control

IMN

IMN + Cur

Figure 4 Serum tumor necrosis factor-alpha level in all groups. All data
are expressed as mean ± SD. The mean of tumor necrosis factor (TNF)-α levels increased in the indomethacin treated group when compared with the control group (aP = 0.009). Pretreatment with curcumin decreased serum of TNF-α
when compared with indomethacin alone (bP = 0.013). IMN: Indomethacin.

between neutrophils and vascular endothelial cells in both
the gastric and mesenteric venules[11,12]. Indeed, monoclonal antibodies that blocked NSAID-induced neutrophil
adherence to vascular endothelium could significantly
alleviate NSAID- induced gastric mucosal injury[7,15,22].
Neutrophils play an important role in the development
of inflammation and tissue injury by releasing a variety
of inflammatory mediators[23,24]. These inflammatory mediators are capable of producing tissue injury; therefore,
they may be involved in the pathogenesis of indomethacin-induced gastric mucosal injury[25]. Furthermore, adhesion molecules expressed on activated neutrophils, such
as CD11b and CD18, have been shown to play an important role in neutrophil-induced tissue injury[14].
Moreover, NSAIDS are believed to have the effect on
nuclear translocation of nuclear factor (NF)-κB, which
modulates the expression of several adhesions molecules,
including ICAM-1[26]. ICAM-1, one of the major adhesion molecules, plays a pivotal role in the inflammatory
reaction by increasing leukocyte adhesion to endothelium
and promoting transendothelial migration of leukocytes
to inflammatory sites[27]. Another important mechanism
that induces ICAM-1 expression is the increment of
TNF-α levels[27,28]. The inhibitory effect of NSAIDs on
COX-2 leads reduced prostaglandin E2 (PGE2) levels.
Thus, TNF-α production, which is normally inhibited

(1106.50 ± 504.22 pg/mL vs 336.93 ± 224.82 pg/mL,
P = 0.011). Pretreatment with curcumin markedly decreased the elevation of the ICAM-1 level compared with
the indomethacin treated group (413.66 ± 147.74 pg/mL
vs 1106.50 ± 504.22 pg/mL, P = 0.019) (Figure 3).
Changes in TNF-α levels
The level of TNF-α markedly increased in the indomethacin treated group compared with the control group (230.92
± 114.47 pg/mL vs 47.13 ± 65.59 pg/mL, P = 0.009).
Pretreatment with curcumin decreased the elevation of
TNF-α levels compared with the indomethacin treated
group (58.27 ± 67.74 pg/mL vs 230.92 ± 114.47 pg/mL, P
= 0.013) (Figure 4).

DISCUSSION
In the present study, we investigated the effects of curcumin on indomethacin-induced gastric damage in rats.
The results clearly demonstrated that curcumin administration prevented the ulcerogenic effect of indomethacin,
possibly through its anti-inflammatory action. Evidence
suggests that NSAIDs-induced gastric ulceration is a
neutrophil-dependent process. NSAIDs administration
to rats caused a rapid and significant increase in adhesion
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by PGE2, increases[28]. TNF-α is an important mediator
causing NSAIDs induced gastropathy. Apart from its effect on adhesion molecules, TNF-α may have the ability
to activate pro-apoptosis caspases, which regulate gastric
epithelial cells apoptosis in NSAID-treated rats[27].
A previous study demonstrated that indomethacin
administration caused significantly elevated TNF-α levels in rats[8]. Moreover, pretreatment with anti- TNF-α,
dexamethasone, and PGE2 could prevent the increases
in gastric mucosal injuries and TNF-α levels. Similarly, we
found significant rises in TNF-α and ICAM-1 levels in
the serum of the indomethacin-treated group compared
to the control. Other formulations of NSAIDs could
also increase TNF- α production. A study by Jainu et al[29]
noted a significant increase in TNF-α, IL-1β and NOS-2
activity in aspirin-administered rats. The elevations of inflammatory mediators and adhesion molecules in serum
correlated with the pathological findings of gastric mucosa and the numbers of adhered leukocytes in the gastric
microcirculation. These were also true for curcumin-treated group. Pretreatment with curcumin could significantly
reduce TNF-α and ICAM-1 levels in the serum, accompanied by an improvement in gastric mucosal inflammation
and leukocyte adhesion.
Curcumin, a substance rich in phenolics, is known to
possess antioxidant properties. Curcumin reduces gastric
injury induced by NSAIDs[30]. It has been reported that
curcumin can decrease gastric injury by preventing the
peroxidase inactivation effect of indomethacin and scavenging reactive oxygen produced by this enzyme[30]. Several
studies showed that curcumin is also an anti-inflammatory
substance, with an inhibitory effect on transcription factor
NF-κB activation. NF-κB is required for the expression of
many genes linked with the host immune response, such as
ICAM-1, TNF-α, IL-1β, and iNOS[31]. Cytoplasmic NFκB is complexed with its inhibitor IkB and is, therefore,
inactive. The cytokine-mediated activation of NF-κB requires activation of various kinases, which ultimately leads
to the phosphorylation and degradation of IkB. Several
beneficial effects of curcumin are consistent with its ability
to inhibit the activity of NF-κB[32-34]. Singh et al[31] observed
that curcumin inhibited NF-κB activation pathway after
the convergence of various stimuli mediated by protein
tyrosine kinase, protein kinase, and ubiquitin conjugation
enzymes, but before the phosphorylation and subsequent
release of IkB complexed to NF-κB. Jobin et al[35] and
Plummer et al[36] examined the modulatory potential of
curcumin on NF-κB signaling pathways and found that
curcumin prevented phosphorylation of IkB by inhibiting
the activation of IkB-kinase (IKKs). Our previous study
demonstrated that Helicobacter pylori-induced gastric inflammation in rats is associated with increased NF-κB activation and macromolecular leakage, which can be reduced
by curcumin[37]. In this study, 200 mg/kg curcumin was a
sufficient dose for reducing gastric epithelial NF-κB p65
expression and mucosal macromolecular leakage. Despite
its inconclusive mechanism of action, we clearly demonstrated that curcumin has a protective and beneficial
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effect on NSAIDs-induced gastropathy in rats. Further
studies on the expression of inflammatory mediators and
adhesion molecules in the gastric mucosa are necessary
to demonstrate the exact curative effect of curcumin on
NSAID-induced gastric pathology. Clinical studies might
also be needed to verify the protective effect of curcumin
in humans.
In conclusion, NSAIDs could induce gastric injury
through increases in inflammatory cytokines and leukocyte
adhesions. Curcumin, an anti-oxidant herbal substance,
could prevent these adverse events and might be used as a
preventive method for NSAIDs-induced gastropathy.
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RESULTS: Compared with HepG2 cell group and RNAi
group, apoptosis rate, the expression of Fas and FasL
proteins, and the activation of MLK3, MKK7 and JNKs
were increased in the pcDNA3.1-X transfected group.
The activation of JNKs and expression of FasL protein
were inhibited in the pcDNA3.1-X transfected group
when treated with a known JNK inhibitor, SP600125.
When authors treated pcDNA3.1-X transfected group
with K252a, a known MLK3 inhibitor, the activation of
MLK3, MKK7 and JNKs as well as expression of FasL
protein was inhibited. Furthermore, cell apoptosis rate
was also significantly declined in the presence of K252a
in the pcDNA3.1-X transfected group.
CONCLUSION: HBx can induce HepG2 cell apoptosis

via a novel active MLK3-MKK7-JNKs signaling module to
upregulate FasL protein expression.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Hepatitis B virus X protein; MLK3; FasL; HepG2
cell; Apoptosis

AIM: To investigate the possible mechanism by which
hepatitis B virus X protein (HBx) mediates apoptosis of
HepG2 cells.

Peer reviewer: Kotaro Miyake, MD, PhD, Department of Surgery, Institute of Health Biosciences, The University of Tokushima
Graduate School, 3-18-15 Kuramoto, Tokushima 770-8503, Japan

METHODS: HBx expression vector pcDNA3.1-X was
transfected into HepG2 cells to establish an HBx highexpression cellular model as pcDNA3.1-X transfected
group. The pcDNA3.1-X and pSilencer3.1-shHBX (HBx
antagonist) were cotransfected into HepG2 cells to establish an HBx low-expression model as RNAi group.
Untransfected HepG2 cells and HepG2 cells transfected
with negative control plasmid were used as controls.
Apoptosis rate, the expression of Fas/FasL signaling
pathway-related proteins and the phosphorylation levels of MLK3, MKK7 and JNKs, which are upstream molecules of death receptor pathways and belong to the
family of mitogen-activated protein kinases (MAPKs),
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INTRODUCTION
Hepatitis B virus (HBV) is one of the major pathogenic
causes of primary hepatocellular carcinoma (HCC),
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among which, HBV X gene is considered as a key gene
that plays a critical role in the occurrence and progression
of HBV-related HCC[1]. It has been proposed that HBx
is a cellular transactivator that may indirectly stimulate a
variety of viral and host gene promoters by interacting
with transcription factors, including AP-1, ATF/CREB,
ERCC, and is involved in several signal transduction pathways, including mitogen-activated protein kinase, RasRaf-mitogen-activated protein kinase, and JAK/STAT
signaling pathways, therefore HBx affects several cellular
processes, such as proliferation and differentiation[2-4]. In
contrast to its proliferative effects, HBx also participates
in the apoptotic destruction of liver cells during the virus infection. Several mechanisms might be involved in
this process: (1) HBx induces cell apoptosis on its own
or sensitizes cells to apoptotic stimuli such as tumor necrosis factor α (TNF-α) or UV irradiation[5-8]; (2) HBx
increases expression of IL-18 and enhances transcription
activity of Egr-2 and Egr-3, which up-regulates FasL expression and induces the apoptosis of hepatic cells by the
death receptor pathway[9,10]; (3) HBx may directly not only
target to mitochondria to enhance translocation of Bax
to mitochondria but also interact with the mitochondrial
protein voltage-dependent anion channel (HVDAC3)
to induce cell death by causing loss of mitochondrial
membrane potential; and (4) HBx also interacts with heat
shock protein 60 which is also localized in mitochondria
to enhance HBx-mediated apoptosis[11-13].
Cell death signals from the extracellular environment
or internal sensors for the cellular response are major
constituents of apoptotic machinery. Cell surface death
receptors that transmit cell death signals are activated by
specific death ligands. It is demonstrated that Fas is one
of the best-characterized death receptors. Upon binding of FasL onto Fas, apoptotic signals are subsequently
transmitted via death adaptor molecule FADD which can
mediate the activation of caspase 8, and active caspase 8
can proteolytically activate downstream effector caspases,
such as caspase 3, to trigger apoptosis[14,15]. It is reported
that liver cell apoptosis is mediated by Fas[16-18]. Understanding the molecular mechanism responsible for the
regulation of Fas and FasL may aid in developing novel
therapeutic strategies for HCC.
The mixed lineage kinases (MLKs) are a family of serine/threonine protein kinases that function in a phosphorelay module to control the activity of specific mitogenactivated protein kinases (MAPKs). The family includes
three subgroups: MLKs (mixed lineage kinases, including
MLK1-4), dual leucine zipper-bearing kinases (DLKs),
and Zipper Sterile-a-Motif Kinases (ZAKs). MLKs as
mitogen activated protein kinase kinase kinases (MAPKKKs) could activate MKKs, such as MKK4 and/or
MKK7, which in turn, activate c-Jun N-terminal kinases
(JNKs)[19-21]. Ischemic brain injury studies provide the
evidence that the ischemia-stimulating factor can activate
MLK3-MKK7-JNKs signaling module to activate death
receptor pathway, leading to the neural cell apoptosis[22,23].
It is noteworthy that hepatic cells also express MLK3,
MKK7, JNK proteins[24,25]. Therefore, it is of significance
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to clarify whether the HBx can also activate MLK3MKK7-JNKs signaling module and induce apoptosis of
hepatic cells.
In this study, we demonstrated that HBx induces the
apoptosis of hepatic cells depending on activating MLK3MKK7-JNKs signaling module to upregulate FasL protein
expression. On this basis, this study gives a new insight
into a better understanding of how HBx mediates apoptosis in hepatocytes, and lays the foundation for further
revealing the role of HBx in HBV-related liver oncogenesis and development.

MATERIALS AND METHODS
Reagents
The RPMI 1640 medium, liposome Lipofectamine 2000,
and Trizol reagent were obtained from Invitrogen (Carlsbad, CA). Mouse monoclonal anti-HBx antibody was
from Chemicon (Temecula, CA). Rabbit polyclonal antiphospho-MLK3 and rabbit polyclonal anti-phosphoMKK7 were from Cell Signaling Technology (Beverly,
MA). Mouse monoclonal anti-phospho-JNKs, rabbit
polyclonal anti-Fas, and rabbit polyclonal anti-FasL were
from Santa Cruz Biotechnology (Santa Cruz, CA). Mouse
monoclonal anti-GAPDH antibody, goat anti-mouse
IgG-AP, goat anti-rabbit IgG-AP, BCA Protein Assay
Kit, BCIP/NBT Alkaline Phosphatase Color Development Kit, the BeyoECL Plus Western blotting detection
System, Caspase3 activity assay kit, Caspase8 activity assay kit, and Hoechst33258 staining solution were from
Beyotime Institute of Biotechnology (Jiangsu, China). In
situ cell death detection kit was from Roche (Mannheim,
Germany). Annexin V/PI apoptosis kit was from Biovision (Mountain View, CA). Primers were synthesized by
Shanghai Sangon Biological Engineering Technology
and Services (Shanghai, China). TIANScript RT Kit was
from TIANGEN Biotech (Beijing, China). SP600125
and K252a were obtained from Sigma (St. Louis, MO).
Twenty mmol/L stock solution of SP600125 and 20
μmol/L stock solution of K252a were prepared in dimethyl sulfoxide (DMSO) and stored at -20  ℃ in the
dark. SP600125 and K252a were prepared freshly for
each experiment by serial dilution into 0.01% DMSO in
RPMI 1640 medium. All other chemicals and reagents
were of analytical grade.
Plasmids construction
Plasmid pcDNA3.1-X containing the full length HBx sequence, was constructed in mammalian expression vector
pcDNA3.1 (Invitrogen) as described previously[26].
To construct the expression vector for shRNA targeting HBx, pSilencer3.1-shHBX, two chemically synthesized
oligonucleotides encoding HBx specific shRNA with the
following sense sequences: 5’-GATCCGGTCTTACATAAGAGGACTTTCAAGAG AAGTCCTCTTATGTAAGACCTTTTTTGGAAA-3’ and antisense sequences:
5’-AGCTTTTCCAAAAAAGGTCTTACATAAGAGG AC T T C T C T T G A A AG T C C T C T T A T G T A AGACCG-3’ were annealed and cloned into BamH Ⅰ-
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Table 1 Primers for the reverse transcription polymerase chain reaction amplification
Gene

Sense

Antisense

Product length (bp)

HBX
Fas
FasL
Bax
BcL-2
β -actin

5’-TGTGAAGCTTATGGCTGCTAGGC-3’
5’-GTGAACACTGTGACCCTT-3’
5'-CTGGGGATGTTTCAGCTCTTC-3’
5’-TTTGCTTCAGGGTTTCATCC-3’
5’-GTGGAGGAGCTCTTCAGGGA-3’
5’-GGCATCGTGATGGACTCCG-3’

5’-TGTGGAATTCTTAGGCAGAGGTG-3’
5’-TCATTGACACCATTCTTTCG-3’
5'-CTTCACTCCAGAAAGCAGGAC-3'
5’-CAGTTGAAGTTGCCGTCAGA-3’
5’-AGGCACCCAGGGTGATGCAA-3
5’-GCTGGAAGGTGGACAGCGA-3

465
349
304
246
304
607

HBx: Hepatitis B virus X protein.

HindⅢ sites of the linearized pSilencer3.1-H1-nero vector
(Ambion, Austin, TX).

clonal anti-HBx antibody (1:250), rabbit polyclonal antiphospho-MLK3 (1:500), rabbit polyclonal anti-phosphoMKK7(1:500), mouse monoclonal anti-phospho-JNKs
(1:400), rabbit polyclonal anti-Fas (1:500), rabbit polyclonal anti-FasL (1:500), and mouse monoclonal antiGAPDH antibody (1:500), respectively, overnight at 4 ℃.
The membranes were then incubated with goat antimouse IgG-AP (1:500), goat anti-rabbit IgG-AP (1:500),
goat anti-mouse IgG-HRP (1:2000) and goat anti-rabbit
IgG-HRP (1:2000) for 2 h at room temperature separately. The labeled bands were detected with NBT/BCIP
Alkaline Phosphatase Color Development Kit or the BeyoECL Plus Western blotting detection system.

Cell culture and transfection
Human hepatocarcinoma cell line, HepG2 cell, obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China) was cultured in RPMI 1640 medium
supplemented with 100 mL/L fetal bovine serum, 2
mmol/mL L-glutamine, 100 μg/mL streptomycin and
100 units/mL penicillin at 37 ℃ in 5% CO 2. When
the cell fusion rate reached 80%, HepG2 cells were
transfected with negative control plasmid pcDNA3.1,
pcDNA3.1-X, cotransfected pcDNA3.1-X with either
pSilencer3.1-shHBX or pSilencer3.1-H1 in a ratio of 1:3,
in the presence of the liposome Lipofectamine 2000 according to the manufacturer’s instructions.

Caspase activity assay
The enzyme activities of caspase3, caspase8 and caspase9
were quantified using caspase3, caspase8 and caspase9
activity assay kit, respectively. Adherent and floating cells
were collected and lysed in caspase lysis buffer. Caspase3 enzyme activity in 30 μg cell lysate was measured
by cleavage of Ac-DEVD-pNA colorimetric substrate.
Caspase8 enzyme activity in 30 μg cell lysate was measured by cleavage of Ac-IETD-pNA colorimetric substrate. Caspase9 enzyme activity in 30 μg cell lysate was
measured by cleavage of Ac-LEHD-pNA colorimetric
substrate. The absorbance at A405 nm was quantified in a
microtiter plate reader after incubated at 37 ℃ for 2 h.

Reverse transcription polymerase chain reaction
analysis
The total RNA of HepG2 cells transfected with various
plasmids was prepared with Trizol reagent according to
the manufacturer’s instructions. The reverse transcription
was performed with TIANScript RT Kit. The specific
primers used are shown in Table 1, the amplification
condition was 94 ℃ for 45 s, 58 ℃ (55 ℃-60 ℃) for 35s,
72 ℃ for 1 min for 35 cycles and a final extension at
72 ℃ for 5 min each. The PCR products were subjected
to electrophoresis in 1% agarose gel and visualized by
ethidium bromide staining.

Apoptosis analysis
Cells were adjusted to a density of 2 × 105 cells/mL, added to 24-well plates in 0.5 mL each well. After transfection
and incubation for 72 h, cell apoptosis was analyzed by
three methods: (1) terminal deoxynucleotidyl transferasemediated dUTP-biotin nick end labeling (TUNEL) staining: cell apoptosis was analyzed using the in situ cell death
detection kit, according to the manufacturer’s protocol.
The number of TUNEL-positive cells was divided by the
total number of cells to determine the ratio of TUNELpositive cells. Five optical fields, about 200 cells were
selected randomly and analyzed; (2) Hoechst 33258 staining: cells were fixed with 4% paraformaldehyde, washed
twice with phosphate-buffered saline (PBS) and stained
with Hoechst 33258 staining solution according to the
manufacturer’s instructions. The morphologic changes of
apoptotic cells, including reduction in volume and nuclear
chromatin condensation, were observed under a fluorescence microscope. Five optical fields containing about 200
cells were selected randomly and analyzed; and (3) flow

Western blotting analysis
For protein extracts, cells were lysed using cell lysis buffer [20 mmol/L Tris pH 7.5, 150 mmol/L NaCl, 1%
TritonX-100, 2.5 mmol/L sodium pyrophosphate, 1
mmol/L EDTA, 1% Na3VO4, 0.5 μg/mL leupeptin and
other phosphatase inhibitors, 1 mmol/L phenylmethanesulfonyl fluoride (PMSF)]. The lysates were collected,
and centrifuged at 10  000 × g at 4  ℃ for 5 min. The
bicinchoninic acid (BCA) Protein Assay Kit was used to
measure the protein concentrations. Total protein of 100
μg of each above lysate was subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto polyvinylidene difluoride (PVDF)
membranes, which were blocked with 3% bovine serum
albumin (BSA) in tris buffered saline (TBS) containing
0.01% Tween-20 for 3 h at room temperature, and then
incubated with specific primary antibodies: mouse mono-
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Figure 1 Detection of hepatitis B virus X protein expression in transfected HepG2 cells. HepG2 cells were transfected with pcDNA3.1-X plasmids or cotransfected with pcDNA3.1-X and pSilencer3.1-shHBX plasmids. Forty-eight hours later, the expression of hepatitis B virus X protein (HBx) in HepG2 cells was determined
by reverse transcription polymerase chain reaction (A) and Western blotting analysis (B). HepG2 group was not transfected with any plasmids. pcDNA3.1 transfected
group was transfected with plasmid pcDNA3.1; pcDNA3.1-X transfected group was transfected with pcDNA3.1-X; RNAi group was cotransfected with pcDNA3.1-X
and pSilencer3.1-shHBX in a ratio of 1:3; negative control group was cotransfected with pcDNA3.1-X and negative control plasmid pSilencer3.1-H1 in a ratio of 1:3.
Data are expressed as mean ± SD (n = 3), aP < 0.05 vs pcDNA3.1-X transfected group.

cytometry: cell apoptosis was evaluated by double staining
with fluorescein isothiocyanate (FITC)-conjugated Annexin V and propidium iodide (PI) using annexin V/PI apoptosis kit. Cells were washed with PBS twice and stained
with Annexin V and PI for 5 min at room temperature in
the dark. The level of apoptosis was determined by measuring the fluorescence of the cells with a flow cytometer
(Becton-Dickinson, San Diego, CA).

HBx expressing plasmid pcDNA3.1-X was transiently
transfected into a human HCC cell line, HepG2. RTPCR and Western blotting analysis demonstrated that
HepG2 cells transfected with pcDNA3.1-X could
steadily express HBx. To further identify the function of
HBx upon apoptosis of HepG2, the expression vector
for shRNA targeting HBx named pSilencer3.1-shHBX
was constructed. When the shRNA expression plasmid
was transfected to HepG2 cells in combination with
pcDNA3.1-X, the expression of HBx was specifically
inhibited by shRNA against HBx, while universal negative control plasmid pSilencer3.1-H1 did not display any
effect on HBx expression (Figure 1).

Statistical analysis
All experiments were performed three times. Semiquantitative analysis of the bands was performed with the
Image J analysis software (Version 1.30v, Wayne Rasband,
NIH, United States). The data were presented in mean
± SD and analyzed by one-way ANOVA (SPSS version
13.0). P < 0.05 was considered statistically significant.

Effects of hepatitis B virus X protein on induction of
apoptosis in HepG2 cells
To investigate the roles of HBx in cell apoptosis, TUNEL assay was used to detect the presence of DNA
strand breaks. The in situ TUNEL staining showed that
the TUNEL-negative cells appeared with blue nucleus
and TUNEL-positive cells with yellow nucleus. To fur-

RESULTS
Expression of hepatitis B virus X protein in HepG2 cells
To investigate the potential apoptotic ability of HBx,
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Figure 2 Apoptosis of HepG2 cells induced by hepatitis B virus X protein. HepG2 cells were cotransfected with pcDNA3.1-X and pSilencer3.1-shHBX as RNAi
group, and HepG2 cells were cotransfected with pcDNA3.1-X and pSilencer3.1-H1 plasmids as negative control. Cells were examined by TUNEL, Hoechst 33258
staining and flow cytometry as described in Materials and Methods. A: HepG2 group; B: pcDNA3.1-X transfected group; C: RNAi group; D: Negative control group.
Data was expressed as mean ± SD (n = 3), aP < 0.05 vs the HepG2 group; cP < 0.05 vs pcDNA3.1-X transfected group and negative control group. Scale bar value:
5 μm. Red arrows indicate apoptotic nuclei. Apoptosis ratio= (apoptotic cells/total cells) × 100%. TUNEL: Terminal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling.

ther confirm the occurrence of apoptosis, the apoptosis
of HepG2 cells and HepG2 transfected with HBx were
detected by Hoechst 33258 staining and flow cytometry
(FCM). In Hoechst 33258 staining, reduced cell sizes and
increased nuclear chromatin condensation were detected
in the apoptotic cells. As it is shown in Figure 2, when
compared with HepG2 cells group, the apoptosis rate
of pcDNA3.1-X transfected group and negative control
group was increased, while, in contrast, that of RNAi
group was decreased. It indicated that the high expression of HBx could promote the apoptosis of HepG2
cells, and inhibiting the expression of HBx protein could
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reduce the apoptosis rate of HepG2 cells.
Hepatitis B virus X protein-induced apoptosis was
attributed to the upregulation of Fas/FasL signaling
pathway-related proteins
To determine which signaling pathway was involved in
cell apoptosis by HBx, expression of Fas, FasL and apoptotic regulators Bax, Bcl-2 in HBx-transfected HepG2
cells were examined by RT-PCR and Western blotting
analysis. The results showed that the Fas, FasL, Bax
mRNA and protein expression were increased induced by
HBx, while the Bcl-2 mRNA and protein were decreased
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Figure 3 Expression of Fas, FasL, Bax, Bcl-2 mRNA and protein in HepG2 cells induced by hepatitis B virus X protein. Transfection of HepG2 cells is described in Figure 2. Forty-eight hours after transfection, the mRNA (A) and protein (B) expression levels of Bax, Bcl-2, Fas and FasL were determined by RT-PCR and
Western blotting analysis. Data are expressed as mean ± SD (n = 3), aP < 0.05 vs the HepG2 group; cP < 0.05 vs pcDNA3.1-X transfected group and negative control
group.

after transfection with HBx in HepG2 cells for 48 h
(Figure 3). When HepG2 cells were cotransfected with
pcDNA3.1-X and pSilencer3.1-shHBX for 48 h, the levels of Fas, FasL, Bax mRNA and protein were decreased.
However, Bcl-2 mRNA and protein were increased after cotransfection with pcDNA3.1-X and pSilencer3.1shHBX in HepG2 cells.
In order to determine the dynamic effect of HBx on
the Fas/FasL signaling pathway, we detected the gene
and protein expression of Fas and FasL at 24 h, 48 h, and
72 h after transfection with HBx, respectively, and found
that the Fas and FasL mRNA expression was increased
by HBx in a time-dependent manner (Figure 4A). In parallel, the levels of Fas and FasL proteins in pcDNA3.1-X
transfected cells were increased by HBx in a similar manner (Figure 4B).
To further determine the effect of HBx on the Fas/
FasL signaling pathway, enzyme activity of caspase8,
caspase9 and caspase3 were also detected by spectrophotometric test. The results showed that the activation of
caspase8, caspase9 and caspase3 was increased in HBx-
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transfected HepG2 cells (Figure 5).
It could be concluded that HBx could mediate cell
apoptosis by upregulating Fas/FasL signaling pathwayrelated protein expression to activate the Fas/FasL signaling pathway.
Hepatitis B virus X protein upregulates FasL protein
expression by activating MLK3-MKK7-JNKs signal
module and induces apoptosis
The upstream mechanisms of HBx on expression of
Fas/FasL signaling pathway-related proteins were further investigated. Previous studies showed that MLK3,
MKK7 and JNKs which belong to MAPK signaling
pathways, could form MLK3-MKK7-JNKs signaling module and the activation of the signaling module
could upregulate the expression of Fas/FasL signaling
pathway-related protein, leading to cell apoptosis[22,23]. To
find out whether the upregulation of Fas/FasL signaling
pathway-related proteins induced by HBx was dependent
on activation of MLK3-MKK7-JNKs signaling module,
the phosphorylation levels of MLK3, MKK7 and JNKs
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Figure 4 Upregulation of Fas/FasL signaling pathway-related protein expression by hepatitis B virus X protein in a time-dependent manner. HepG2 cells
were transfected with pcDNA3.1-X and incubated for various time periods as indicated. The levels of Fas, FasL mRNA (A) and proteins (B) were determined by reverse transcription polymerase chain reaction and Western blotting analysis. Data are expressed as mean ± SD (n = 3).
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HepG2 cells. When silencing HBx protein expressed by
pSilencer3.1-shHBX, phosphorylation of MLK3, MKK7
and JNKs was inhibited (Figure 6). The changing tendency of expression level of FasL protein was consistent
with phosphorylation levels of MLK3, MKK7 and JNKs
proteins. When we treated HepG2 cells transfected with
HBx with a known JNK inhibitor, SP600125, the activation of JNKs and expression of FasL protein were inhibited (Figure 7A). Furthermore, the phosphorylation levels
of MLK3, MKK7 and JNKs and the protein expression
of FasL also concomitantly decreased in pcDNA3.1-X
transfected group when treated with K252a, a known
MLK3 inhibitor[27,28] (Figure 7B). The results demonstrated that HBx could activate MLK3-MKK7-JNKs
signal module and upregulate Fas/FasL death receptor
pathway-related protein expression.
To determine the relationship between activation of
MLK3-MKK7-JNKs signal module and HBx-stimulated
cell apoptosis, the apoptosis rate of the pcDNA3.1-X
transfected group treated with K252a or not was determined by flow cytometry. As expected, apoptosis rate of
the HBx-transfected HepG2 cells was suppressed in the
presence of the MLK3 inhibitor (Figure 8), indicating that
HBx could activate the MLK3-MKK7-JNKs signaling
modular and its downstream death receptor pathway, and

Caspase3
Caspase9

4

a

a
a

a
a

a

3
a, c
2

a, c

a, c

1

Ne
co gat
nt ive
ro
l

Ai
RN

pc
D
tra NA
ns 3.
fe 1ct X
ed

He

pG

2

0

Figure 5 Detection of activated caspases in HepG2 cells transfected
with hepatitis B virus X protein. Transfection of HepG2 cells is described in
Figure 2. Forty-eight hours after transfection, the enzyme activity of caspase3,
caspase8 and caspase9 was analyzed by spectrophotometric test. Data are
expressed as mean ± SD (n = 3), aP < 0.05 vs the HepG2 group; cP < 0.05 vs
pcDNA3.1-X transfected group and negative control group.

were detected. The phosphorylation levels of MLK3,
MKK7 and JNKs proteins in pcDNA3.1-X transfected
group were increased remarkably compared with the
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Figure 6 Activation of MLK3-MKK7-JNKs signaling module in hepatitis B virus X protein-transfected HepG2 cells. Transfection of HepG2 cells is described in
Figure 2. Forty-eight hours after transfection, the cells lysates were detected by Western blotting analysis. Data are expressed as mean ± SD (n = 3), aP < 0.05 vs the
HepG2 group; cP < 0.05 vs pcDNA3.1-X transfected group and negative control group.
p-JNKs
FasL

a

a

2.0

1.5

1.0

a, c

c

0.5

p-MKK7

p-JNKs

DN
pc

tr

p-MLK3

DN
a A3
SP n s f .160 e c X
01 t e d
25
tr

pc

pc
D
tra NA
ns 3.
fe 1ct X
ed

+

3

a

p-MKK7
Densitometric ratio (fold vs HepG2)

p-MLK3

+ a n A3.
SP s f 160 e c X
01 t e d
25

He

pG
2

B

pc
D
tra NA
ns 3.
fe 1ct X
ed

He

pG

2

0

p-JNKs
FasL

a

a

2

a
a, c
a, c a, c a, c

1

pc
DN
a n A3
SP s f .160 e c X
01 t e d
25
+

GAPDH

tr

He

pG

FasL

pc
D
tra NA
ns 3.
fe 1ct X
ed

2

0

Figure 7 Activation of MLK3-MKK7-JNKs signaling module on FasL expression mediated by hepatitis B virus X protein. A: HepG2 cells were cultured in 0.01%
dimethyl sulfoxide (DMSO) in the absence or presence of 20 μmol/L SP600125 after transfection with pcDNA3.1-X and incubated for 24 h; B: HepG2 cells were
cultured in 0.01% DMSO in the absence or presence of 300 nmol/L K252a after transfection with pcDNA3.1-X and incubated for 24 h. Cell lysates were prepared and
electrophoresed in SDS-PAGE and subsequently performed by Western blotting analysis. Data are expressed as mean ± SD (n = 3), aP < 0.05 vs the HepG2 group;
c
P < 0.05 vs pcDNA3.1-X transfected group.
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Figure 8 Inhibition of HBx-induced cell apoptosis by K252a. HepG2 cells were cultured in 0.01% dimethyl sulfoxide in the absence or presence of 300 nmol/L
K252a after transfection with pcDNA3.1-X and incubated for 24 h, and the cell apoptosis was examined by flow cytometry. A: HepG2 group; B: pcDNA3.1-X transfected group; C: pcDNA3.1-X transfected + K252a group. Data are expressed as mean ± SD (n = 3), aP < 0.05 vs the HepG2 group; cP < 0.05 vs pcDNA3.1-X transfected
group.

induce the apoptosis of the hepatocarcinoma cell line.

of HBx to induce apoptosis using transient transfection
of HBx was tested. As a result, after transfected with
HBx, HepG2 cells exhibited more conspicuous apoptotic
nuclear condensation and a higher level of cell death,
which is in agreement with the previous reports that HBx
could induce cell apoptosis on its own[5-6,37,38]. Second,
the expression level of the Fas/FasL signaling pathwayrelated proteins was examined in HepG2 cells. The expression of Fas/FasL signaling pathway-related proteins
were remarkably upregulated in pcDNA3.1-X transfected
group. RNA interference targeting HBx in HepG2 cells
could reduce the cell apoptosis and down-upregulate the
Fas/FasL signaling pathway-related proteins at the same
time. Based on the above results, it was reasonable to
conclude that HBx is able to induce apoptosis by upregulating Fas/FasL signaling pathway-related protein expression in HepG2 cells, which was similar to the previous
report that HBx played a role in inducing apoptosis of
hepatocyte via Fas/FasL system[39,40].
Recent studies have found that the MAPKs were involved in the signal transduction for apoptosis. The animal
model experiments for cerebral ischemia demonstrated
that MLK3-MKK7-JNKs signaling modules, a member
of the MAPK family, could activate its downstream Fas/
FasL signaling pathway and induce the apoptosis of nerve
cells[22-23]. In addition, it was reported that hepatic cells

DISCUSSION
HBx protein has been reported to be either a promoter
or an inhibitor of cell apoptosis[11,29-31]. The dual activity of HBx protein on cell apoptosis suggests that the
expression of HBx gene and its physiological role depend on cellular environments and infection stage[30,32-33].
Naturally, HBx shows extremely low levels of expression
during the early stage of HBV infection, which may contribute to the activation of transcription and virus replication[33,34]. With the development of chronic HBV infection, expression of HBx protein increased and activated
apoptosis to contribute to virus spread and the progression of chronic hepatitis and HCC[32,35,36]. It was reported
that HBx could induce the apoptosis of hepatic cells by
the death receptor pathway and the mitochondrial pathway. However, the question how HBx activates the death
receptor pathway to induce the apoptosis of hepatic cells
remains unclear. The further elucidation of signaling
pathways that regulate apoptosis by HBx would help us
understand the effectiveness of HBX in the development
of HCC.
In this study, the regulation mechanism of apoptosis
by HBx in HepG2 cells was investigated. First, the ability
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could also express MLK3, MKK7 and JNKs[24-25]. We supposed HBx protein could act as the stressor to activate the
signal module of MLK3-MKK7-JNKs, and to induce the
apoptosis of the hepatic cells.
On the basis of this hypothesis, the phosphorylation
levels of MLK3, MKK7 and JNKs were detected in all
groups. It was found that the phosphorylation levels of
MLK3, MKK7 and JNKs were increased obviously in
the pcDNA3.1-X group, indicating that the HBx might
increase the phosphorylation levels of these proteins.
When we treated pcDNA3.1-X group with SP600125,
the activation of JNKs and expression of FasL were significantly inhibited. Moreover, when pcDNA3.1-X group
was treated with K252a, the expression levels of p-MLK3,
p-MKK7, p-JNKs and FasL were also significantly decreased, and then cell apoptosis rate obviously declined,
suggesting that the HBx protein could act as a stressor
and activate the MLK3-MKK7-JNKs signaling module
and its downstream Fas/FasL death receptor pathway to
induce the apoptosis of HepG2 cells. This would provide
us a new research target and a novel concept for blocking
the HBx-induced apoptosis process.
The ratio of Bax and Bcl-2 could change the mitochondrial membrane potential and result in the release
of cytochrome C, the activation of caspase9, and then
further activate caspase3 to induce apoptosis[41,42]. As
shown in Figures 3 and 5, HBx up-regulated the expression of Bax, down-regulated the expression of BcL-2,
and increased the activation of caspase9 at the same time.
This data indicated that the apoptosis induced by HBx
also referred to the mitochondrial pathway. Nevertheless,
effects of activating the mitochondrial pathway on apoptosis needs to be further investigated.
In conclusion, this study demonstrated that the high
expression level of HBx protein could activate MLK3MKK7-JNKs module and upregulate FasL protein. It has
provided a novel insight into the mechanism of HBxinduced heptocarcinoma cell apoptosis.

of liver cells during the virus infection. Although some studies found that HBx
could mediate apoptosis by the death receptor pathway or affecting mitochondrial physiology, the mechanism of HBx-mediated apoptosis is still not clear.
In the present study, the authors showed that HBx could induce HepG2 cells
apoptosis via a novel active MLK3-MKK7-JNKs signaling module and upregulate Fas/FasL signaling pathway-related protein expression.

Applications

This study provided a new insight into a better understanding of how HBx mediated apoptosis, and lay the foundation for further clarifying the role of HBx in
HBV-related liver oncogenesis and development.

Terminology

Apoptosis is a common form of cell death and often referred to as programmed
death. The characteristics of apoptosis include activation of cysteine proteases
(caspases) and endonucleases, condensation of the nuclear chromatin and
cytoplasm, cleavage of the DNA into oligonucleosomal fragments, and segmentation of the dying cell into membrane-bound apoptotic bodies. Fas is one of the
best-characterized death receptor. Upon binding of FasL (Fas ligand) onto Fas,
apoptotic signals are subsequently transmitted in cytoplasm to trigger apoptosis. The mixed lineage kinase 3 (MLK3) is a member of the mixed lineage
kinases (MLKs), a family of serine/threonine protein kinases functioning in a
phosphorelay module to control the activity of specific mitogen-activated protein
kinases (MAPKs).

Peer review

In this manuscript, the authors demonstrate that hepatitis B virus X protein
induced apoptosis through Fas/FasL signaling via MLK3-MKK7-JNKs signaling
module in HepG2 cells. A series of experiments are well-planned and well-performed and this manuscript is well written. Although interesting, this manuscript
could be strengthened if several points were addressed.
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Magnetic resonance imaging: A new tool for diagnosis of
acute ischemic colitis?
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Franco Fulciniti, Salvatore Cappabianca, Antonio Rotondo, Roberto Grassi
ened up to 8 h thereafter, when the mesentery was less
pale, and the splenic flexure loop appeared very dark.
The 7T-MRI results reflected these alterations, showing
a hyperintense signal in both the intraperitoneal space
and the colonic loop wall 1 h after IMA ligation; the latter progressively increased to demonstrate a reduction
in the colonic loop lumen at 6 h. Eight hours after IMA
ligation, MRI showed a persistent colonic mural hyperintensity associated with a reduction in peritoneal free
fluid. The 7T-MRI findings were correlated with histological alterations, varying from an attenuated epithelium
with glandular apex lesions at 1 h to coagulative necrosis and loss of the surface epithelium detected 8 h after
IMA ligation.
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Abstract
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Netherlands

AIM: To define the evolution of ischemic lesions with
7T magnetic resonance imaging (7T-MRI) in an animal
model of acute colonic ischemia.

Iacobellis F, Berritto D, Somma F, Cavaliere C, Corona M,
Cozzolino S, Fulciniti F, Cappabianca S, Rotondo A, Grassi
R. Magnetic resonance imaging: A new tool for diagnosis of acute ischemic colitis? World J Gastroenterol 2012;
18(13): 1496-1501 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i13/1496.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i13.1496

METHODS: Adult Sprague-Dawley rats were divided
into two groups. Group Ⅰ underwent inferior mesenteric
artery (IMA) ligation followed by macroscopic observations and histological analysis. In group Ⅱ, 7T-MRI was
performed before and after IMA ligation and followed by
histological analysis.
RESULTS: Morphological alterations started to develop
1 h after IMA ligation, when pale areas became evident
in the splenic flexure mesentery and progressively wors-
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INTRODUCTION
Ischemic colitis (IC) was first described by Boley et al[1]
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and Theodoropoulou et al[2] , and is a relatively common
disease, being the most frequent form of intestinal ischemia[3] and the second-most frequent cause of lower gastrointestinal bleeding[4]. IC is the consequence of an acute
interruption or chronic decrease in the colonic blood
supply[5], which may be either occlusive or non-occlusive
in origin[2]. This disease results in ischemic necrosis of
variable severity that can range from superficial mucosal
involvement to full-thickness transmural necrosis[5,6].
Clinically, IC presents in either a gangrenous (acute
fulminant) or non-gangrenous form (acute transient;
chronic)[2], with a mortality rate ranging from 10% for
the non-occlusive disease to 90% for occlusive mesenteric infarction due to embolus or thrombosis[5]. The left
colon is involved in 75% of cases and the right colon in
the remaining 25%; the splenic flexure and the sigmoid
colon are the areas most frequently affected[3,7].
The presentation of IC is not specific and is highly
variable, therefore, its diagnosis largely depends on
clinical suspicion[7]. In this context, the role of imaging
techniques is controversial. Standard radiology and computed tomography (CT), the latter considered the best
diagnostic modality in acute settings[8,9], yield non-specific and late findings, whereas the advantages of magnetic
resonance imaging (MRI) are still a matter of debate[5].
The functional and morphological responses to
ischemia produced by inferior mesenteric artery (IMA)
ligation have been studied in the canine, porcine and rat
colon[10-13]. However, to date, nothing is known about the
histological evolution of the colonic ischemic injury or
the relationship between these lesions and MRI findings.
Therefore, the aim of our study was to define the evolution of histological ischemic lesions and to compare
anatomopathological features with T2-weighted MRI in
an animal model of colonic ischemia.

alcohol. These animals were divided at random into two
groups of four rats each. Group Ⅰ rats underwent IMA
ligation followed by macroscopic observation and histological analysis. Before and after IMA ligation, group Ⅱ
rats underwent 7-tesla (7T) MRI followed by histological
analysis of a colon specimen after euthanasia. A healthy
rat underwent an MRI bowel enema without IMA ligation to enable us to study its bowel anatomy.
Surgical procedures
After a midline laparotomy, the small and large bowel
were exposed from the abdominal cavity and displaced
to the left. A photograph of the physiological appearance of the bowel and mesentery was taken with a digital
camera (Panasonic Lumix DMC-TZ8, 12.0 megapixels,
ISO 2000; Osaka, Japan). The IMA was identified and
ligated at the origin with Prolene 7/0 and sectioned.
Macroscopic analysis
After IMA ligation, the anesthetized rats of group Ⅰ were
observed for 8 h. The bowel was exposed on gauze mois
tened with saline to prevent excessive evaporative loss.
Photographs of the exposed bowel and mesentery were
taken every 10 min for the first hour and every 30 min
thereafter. At the end of the observation period, all rats
were euthanized with an intrapulmonary injection of
Tanax (0.5 mL), and the large bowel was excised for histological analysis.
MRI
Abdominal 7T-MRI scans were acquired in group Ⅱ
animals (Bruker BioSpec 70/16US; Bruker Medical
Systems, Ettlingen, Germany) before IMA ligation to record the physiological appearance of the abdomen. After IMA ligation, the entire intestine was replaced in the
abdomen, and the abdominal wall was closed with Vicryl
2/0 thread.
Each rat underwent 7T-MRI at 1 h, 4 h, 6 h and 8 h
after IMA ligation as follows: Tripilot sequence, parameters: TR 100.0 ms; TE 6.0 ms; FOV 8.00 cm; IS 2.00
mm; N slice 3 and RareT2 sequence in axial section,
parameters: TR 6060.3 ms; TE 36.0 ms; FOV 7.00 cm;
matrix 256 × 256; IS 1.00/1.00 mm; N slice 52; acquisition time: 14 min, 32 s, 688 ms. To obtain bowels for
histological analysis, selected rats were sacrified at 1 h, 4 h,
6 h and 8 h after 7T-MRI.

MATERIALS AND METHODS
Animal preparation
All procedures performed on animals were approved by
our Institutional Animal Care and Use Committee. Nine
adult male Sprague-Dawley rats (250-340 g; Harlan Laboratories, Indianapolis, IN, United States) were used in
this study. The rats were maintained on a 12/12 h light/
dark cycle and allowed free access to food and water.
They were anesthetized with ketamine (100 mg/kg i.m.)
and medetomidine (0.25 mg/kg i.m.) injections. Butorphanol (0.1 mg/kg s.c.) was used immediately before the
intervention to ensure intraoperative analgesia. Further
injections of these drugs were provided throughout the
intervention to maintain a sufficient state of anesthesia.
Each rat was allowed to breathe spontaneously. Body
temperature was monitored with a rectal probe and
maintained at 37.0 ± 0.5 ℃ with a heating blanket regulated by a homeothermic blanket control unit (Harvard
Apparatus Ltd., Holliston, MA, United States).
After drug injection, eight rats were prepared for
surgery through thoracic and abdominal trichotomy.
These areas were then washed with povidone iodine and
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Histological analysis
For light microscopy, the large bowels in both groups of
rats were excised from the cecum to the rectum, including
the mesentery, and stored in 10% buffered formalin acetate for at least 2 d. The samples were divided into three
segments: the cecum and proximal colon (first segment),
the splenic flexure (second segment), and the distal colon
and rectum (third segment). Sections 3 mm in size were
obtained at 10-mm intervals from each segment and embedded in paraffin. Transverse sections 3 μm thick were
cut and stained with hematoxylin-eosin. The sections
were mounted on chrome alum/gelatin-coated slides,
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Figure 1 Macroscopic monitoring. A: Physiological appearance of the rat bowel; B: Rat bowel 1 h after inferior mesenteric artery (IMA) ligation; C: At 4 h after IMA
ligation; D: At 6 h after IMA ligation; E: At 8 h after IMA ligation.

dehydrated and coverslipped. Slides were imaged with
a Zeiss Axio Skope microscope equipped with a highresolution digital camera (ORCA-HR C4742-95-12HR, 10
MP; Hamamatsu Photonics, Hamamatsu, Japan)

hours after IMA ligation, the splenic flexure mesentery
was very pale (white arrow), and the loop was very dark
(black arrow, Figure 1D). Eight hours after IMA ligation, although the loop was even darker (black arrow),
the mesentery was less pale (white arrow, Figure 1E). No
other macroscopic alterations were noted during the 8 h
observation period, and the chronological sequence of
the macroscopic morphological changes was the same in
all group Ⅰ animals.

MRI bowel enema
This procedure was performed on one healthy rat to determine the large bowel anatomy and topography. Under
anesthesia, a 16 G angiocatheter was inserted in the rectum and fixed to the anal skin by a purse-string suture.
After the injection of 8-10 mL warm water, 7T-MRI
was performed using the following protocol: Tripilot sequence, parameters: TR 100.0 ms; TE 6.0 ms; FOV 8.00
cm; IS 2.00 mm; N slice 3 and RareT2 sequence in axial
section, parameters: TR 6060.3 ms; TE 36.0 ms; FOV
6.00 cm; matrix 256 × 256; IS 1.00/1.00 mm; N slice
44; acquisition time: 14 min, 32 s, 688 ms. These scans
served as anatomic images of reference for comparison
purposes to identify ischemic damage in group Ⅱ rats.

MRI
Figure 2A shows a 7T-MRI abdominal scan of a group
Ⅱ rat immediately before IMA ligation. No pathological
findings related to ischemic damage were detected. One
hour after IMA ligation, the T2 sequences showed minimal findings, namely, hyperintense signals in both the
colonic loop wall (arrow) and the intraperitoneal space
(curved arrow, Figure 2B). These MRI findings were
more pronounced four hours after IMA ligation, suggesting colonic wall edematous thickening and a small
amount of peritoneal free fluid (Figure 2C). Six hours after ligation, the amount of peritoneal free fluid increased
(curved arrow), as did the colonic wall hyperintensity
(arrow, Figure 2D). Eight hours after IMA ligation, MRI
showed persistent colonic mural hyperintensity (arrow)
associated with a reduction in the peritoneal free fluid
(curved arrow), probably related to compensatory intraperitoneal drainage (Figure 2E).

RESULTS
Macroscopic evaluation
Figure 1A shows the appearance of a rat intestine immediately before IMA ligation; the colon and the ileum
were of normal size and presented a uniform serous
membrane and rose-colored mesentery. One hour after
IMA ligation, pale areas appeared in the splenic flexure
mesentery (indicated by a white arrow in Figure 1B);
these areas progressively increased (white arrow) and
were associated, four hours after IMA ligation, with a
change in the color of the splenic flexure loop (black arrow), which appeared dark reddish blue (Figure 1C). Six
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MRI colon enema
Figure 2F shows the hyperintense signals of the splenic
flexure (arrow), descending colon (curved arrow) and
rectum (star) distended by instilled water. Comparison
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Figure 2 7T magnetic resonance imaging investigation. A: Image of a 7T magnetic resonance imaging (MRI) abdominal scan before inferior mesenteric artery (IMA)
ligation; B: A 7T MRI abdominal scan 1 h after IMA ligation; C: At 4 h after IMA ligation; D: At 6 h after IMA ligation; E: At 8 h after IMA ligation; F: Image of 7T MRI colon enema.

of the 7T-MRI and MRI colon enema scans reveals that
the splenic flexure was the colonic area most affected by
ischemia.

markedly edematous submucosa (star, Figure 3F) were
observed. Signs of regeneration in response to the injury
appeared at the bottom of the crypts (arrow, Figure 3G)
near the images of coagulative necrosis (Figure 3H).
Ischemic changes were related to vascular anatomy, and
a sharp demarcation line often separated the involved
from the uninvolved mucosa.

Histological analysis
Histology revealed anatomopathological alterations in
the second segments (colonic splenic flexure), whereas
the first and third segments were unaffected. The histology of the colonic sections obtained one hour after
IMA ligation from the proximal colon and the splenic
flexure are shown in Figure 3A and B, respectively. In
contrast to the normal histological pattern of the proximal colon, the splenic flexure section showed an attenuated epithelium with glandular apex lesions (star). Four
hours after IMA ligation, large ischemic lesions appeared
at the splenic flexure level: superficial epithelium nuclear
pyknosis and epithelium mucin depleted with submucosal edema (star) leading to vessel collapse (arrow, Figure
3C). Six hours after ligation, in the same colonic area,
we found a further reduction in crypt goblet cells, clear
signs of apoptosis such as nuclear pyknosis and hypereosinophilia, and epithelial regeneration attempts, as
shown by the presence of mitotic figures (arrow, Figure
3D). At the end of the observation (8 h), ischemic injury
of the splenic flexure was more pronounced; necrosis
and a loss of the surface epithelium, crypt drop-out (arrow) with a depletion of goblet cells (Figure 3E) and a
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DISCUSSION
The availability of animal models in which to reproduce human diseases has increased our knowledge of
human physiopathology and led to new diagnostic and
therapeutic approaches[14]. This study, based on an animal model of colonic ischemic damage, was designed
to define the evolution of histological ischemic lesions
and to compare anatomopathological features with corresponding 7T-MRI findings. Thus far, the chronological
sequence of early colonic ischemic damage has not been
described, and the role of MRI is still widely debated.
To the best of our knowledge, this is the first study using 7T-MRI for the instrumental evaluation of a human
disease reproduced in a rat animal model. We decided to
use T2-weighted MRI sequences because, as shown in a
previous study[15], they allow us to identify, without using contrast media, the hyperintensity of parietal edema,
which is an early sign of intestinal ischemia.
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Figure 3 Histological analysis. A: Normal histological pattern of the rat proximal colon; B: Histological pattern of the rat proximal colon 1 h after inferior mesenteric
artery (IMA) ligation; C: At 4 h after IMA ligation; D: At 6 h after IMA ligation; E: At 8 h after IMA ligation; note the necrosis and loss of the surface epithelium; F: Markedly edematous submucosa (star); G: Active regeneration signs at the bottom of the crypts; H: Coagulative necrosis.

We identified anatomopathological alterations as early
as one hour after IMA ligation, namely, a pale mesentery
and mild surface epithelium damage at the colonic splenic flexure level. Additionally at one hour after ligation,
the MRI study showed a small amount of peritoneal
free fluid associated with mild edematous thickening of
the colonic splenic flexure wall. Moreover, there was a
relevant correlation between the MRI changes observed
during the course of bowel ischemia and the pathological damage. Indeed, the morphological and MRI findings
showed a progressive and parallel worsening with time
up to eight hours when, despite the change in the color
of the colonic loop, we observed a mild improvement in
mesenteric color associated with a reduction in peritoneal free fluid. Therefore, MRI detected very early signs
of colonic ischemia and allowed us to monitor the evolution of the ischemic damage. Consequently, although
CT remains a valid diagnostic tool for the visualization
of early signs of bowel ischemia and evaluation of colonic ischemic damage[8,9,16], MRI, which does not require
the use of a contrast medium or ionizing radiation, can
play an important role in the diagnostic and therapeutic
management of patients with acute colitis ischemia.
We performed MRI colon enema in a surgically untreated rat to define the large bowel anatomy and topography. We were thus able to identify the specific colonic
hyperintensity area detected by MRI after IMA ligation as
the colonic splenic flexure. In agreement with a previous
study, although the superior mesenteric artery is more
important than the IMA in maintaining the cecum and
transverse colon perfusion, ligation of the IMA alone
produced significant injury in a single, specific colonic
area[10]. The major vulnerability of the splenic flexure to
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ischemic damage may be related to the presence of more
limited collateral networks in this region, apparently representing a “watershed” area where the two circulations
meet[2]. In this context, the amount of ischemic injury
depends on the high variability of the vascular anatomy[7].
The rat model used in this study had several limitations: vascular occlusion was sudden and total, whereas
partial occlusion is possible in humans; IMA ligation was
performed at the emergence of the vessel, whereas in
clinical practice, distal occlusions are also observed; the
time window analysis was limited to 8 h, but these patients often reach the hospital a few days after the original occlusive event. However, despite the limitations of
the animal model, this study shows that MRI is useful in
the diagnosis of acute IC. Moreover, although our MRI
scans were performed with a 7T-MRI machine, which is
not yet available in clinical practice, both our results and
those of previous studies suggest that 7T MRI machines
are appropriate for clinical research on humans[17,18].
In conclusion, the assumption of parallels between
the experimental colonic ischemic damage in this animal
model and humans is reasonable. Our results indicate
that MRI allows for the identification of pathological
findings of acute IC and their correlation with histopathological features. Therefore, MRI can play a relevant
role in the diagnostic management of acute IC and may
be substituted for other invasive surgical and endoscopic
procedures in diagnosing and grading IC when ischemic
injury is suggested. The possibility of assessing the evolution of IC over time and correlating the histological
alterations with imaging patterns could result in a more
accurate and earlier identification of imaging diagnostic
features and thus facilitate more effective treatment.
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Ischemic colitis (IC) is a relatively common disease, being the most frequent
form of intestinal ischemia and the second-most frequent cause of lower gastrointestinal bleeding. Presentation of IC is not specific and is highly variable,
therefore, the diagnosis largely depends on clinical suspicion. In this context,
the role of imaging techniques remains controversial.
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Research frontiers

The role of magnetic resonance imaging (MRI) in the diagnostic management
of acute IC is still a matter of debate, and nothing is known about the histological evolution of the acute colonic ischemic injury or the relationship between
these lesions and MRI findings.
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Innovations and breakthroughs

To be known, this is the first study using 7T-MRI for the instrumental evaluation
of a human disease reproduced in a rat animal model. In this study, authors established the chronological evolution of the early functional and morphological
responses to ischemia produced by inferior mesenteric artery (IMA) ligation and
compared their anatomopathological features with the corresponding 7T-MRI
findings.
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The possibility of detecting the early signs of colonic ischemic injury with MRI
suggests that this technique can play an important role in diagnosing and grading acute IC.
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7T-MRI: A non-invasive method of demonstrating internal anatomy based on the
principle that atomic nuclei in a strong magnetic field (7 Tesla) absorb pulses of
radiofrequency energy and emit them as radio waves that can be reconstructed
into computerized images. The concept includes proton-spin tomographic
techniques; IC: Inflammation of the colon due to colonic ischemia resulting from
alterations in systemic circulation or local vasculature.
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Peer review

This is a good demonstration of the potential use of T2-weighted MRI for detecting edema in IC. In an experimental model, results of MRI are compared
with physiological appearance and histology of the bowel at various times after
IMA ligation.
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Abstract
AIM: To investigate whether the small bowel transit
time (SBTT) influences the diagnostic yield of capsule
endoscopy (CE).
METHODS: Six hundred and ninety-one consecutive CE
procedures collected in a database were analyzed. SBTT
and CE findings were recorded. A running mean for the
SBTT was calculated and correlated to the diagnostic
yield with a Spearman’s correlation test. Subgroup analyses were performed for the various indications for the
procedure.

INTRODUCTION
Capsule endoscopy (CE) is a very sensitive diagnostic
technique to detect small bowel pathology. It has a higher
diagnostic yield than conventional diagnostic methods, i.e.,
push enteroscopy, small-bowel follow-through, conventional CT and angiography[1]. The reported diagnostic yield
of CE varies between 38% and 83%[2-11]. In 15%-20% of
all CE’s the capsule does not reach the cecum within recording time. Risk factors for incomplete CE procedures
include previous small-bowel surgery, hospitalization, moderate or poor bowel cleansing, and a gastric transit time
longer than 45 min[12].
For a good and complete evaluation of the small

RESULTS: There was a positive correlation between
the diagnostic yield and SBTT (Spearman’s rho 0.58, P
< 0.01). Positive correlations between diagnostic yield
and SBTT were found for the indication obscure gastrointestinal bleeding (r = 0.54, P < 0.01), for polyposis
and carcinoid combined (r = 0.56, P < 0.01) and for
the other indications (r = 0.90, P <0.01), but not for
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bowel, the capsule should reach the cecum within recording time, which is eight to eleven hours depending on the
manufacturer. Therefore, some investigators use a prokinetic agent to speed up the gastric and small bowel transit. However, the short bowel transit time (SBTT) may
influence the diagnostic yield of CE. With colonoscopy,
the detection rate of neoplastic lesions is higher when
the time to withdraw the colonoscope is longer[13-15]. It is
conceivable that a similar principle also applies for small
bowel CE. We therefore hypothesize that the diagnostic
yield of CE depends on the small bowel transit time. To
study this, we analyzed the influence of small bowel transit time on the diagnostic yield of CE in 691 consecutive
procedures performed in our department.

esophagus, stomach, or colon; no abnormality; or unable
to make a diagnosis.
Statistical analysis
The SBTT was not normally distributed (tested with a
Kolmogorov-Smirnov test) in the study population. To
demonstrate the correlation between average diagnostic
yield and average SBTT, the average yield was calculated
of 50 consecutive transit times and plotted. Diagnostic
yield was expressed as 0 for absence of abnormalities and
1 for presence of abnormalities. In this way, a running
mean for the SBTT was calculated for 50 consecutive patients and correlated to the diagnostic yield with a Spearman’s correlation test. A rho’s correlation coefficient was
calculated. Comparison of SBTT between groups was
performed using a Mann-Whitney U test.
Subgroup analyses were performed for the various
indications for the procedure. P-values below 0.05 were
considered significant. SPSS 14.0 for Windows software
(SPSS Inc., Chicago, IL, United States) and Microsoft Office Excel 2003 were used for statistical analyses.

MATERIALS AND METHODS
Data from all consecutive CE studies performed at the
University Medical Center Groningen, the Netherlands,
between September 2003 and January 2009 were collected. Data that were collected included patient demographics, indications for the procedure, procedural data,
including gastric transit time (GTT) and SBTT, and findings of the procedure. The GTT was defined as the time,
in minutes, from the first image of the stomach until the
first image of the duodenum. The SBTT was defined as
the passage time, in minutes, from the first image of the
duodenum until the first image of the cecum. If the capsule did not reach the cecum within recording time, the
SBTT was recorded as the time during which small bowel
images were captured. CE was considered complete
when the cecum was reached within recording time.

RESULTS
Six hundred and ninety-one consecutive CE procedures
were analyzed. The mean age of the patients was 54 years
(range 9-93, SD 18 years). 55% of the patients were male.
Indications for CE were obscure gastrointestinal bleeding
(OGIB) (67%), suspected Crohn’s disease (22%), polyposis (4%), carcinoid (3%) and other (4%). CE findings were
as follows in the investigated patients: angiectasia(s) in 121
cases (18%), ulcer(s) in 42 (6%), erosion(s) in 83 (12%),
bleeding of unknown origin in 30 (4%), polyp(s)/tumor(s)
in 56 (8%), abnormality of esophagus, stomach, or colon
in 15 (2%), stenosis in 2 (0.3 %), unable to make a diagnosis in 6 (1%) and no abnormalities in 336 cases (48%).
Overall, the diagnostic yield was 51%.
The cecum was reached in 82% of all procedures. The
overall median small bowel transit time was 246 min (25
and 75 percentiles: 190 and 342). In CE cases with positive findings, the median SBTT was 254 min (25 and 75
percentiles: 200 and 361), in negative CE procedures, the
median SBTT was 239 (25 and 75 percentiles 178 and
320), this difference was significant (P = 0.012). There
was a positive correlation between the diagnostic yield and
SBTT (Figure 1) indicating that the longer the SBTT, the
higher the diagnostic yield (Spearman’s rho 0.58, P < 0.01).
Next, patients were excluded in whom the cecum
was not reached (n = 125) within recording time, leaving
566 procedures with complete visualization of the small
intestine. The overall median SBTT was 233 min (25 and
75 percentiles: 178 and 295). In cases with positive findings, the median SBTT was 236 (25 and 75 percentiles:
186 and 300), in negative CE procedures the median
SBTT was 229 min (25 and 75 percentiles: 121 and 281),
this difference was not significant (P = 0.078). A positive
correlation was again observed between the diagnostic
yield and SBTT (Spearman’s rho 0.40, P < 0.01, Figure 2).

CE procedure
During the study period, all patients received bowel preparation. Patients were given standardized instructions before the procedure, and informed consent was obtained.
The patients were asked to stop iron supplements seven
days before CE and to use a low-fiber diet three days before CE. The patients started a fasting period at midnight
before the procedure. Bowel preparation consisted of
the ingestion of four liters of a polyethylene glycol solution (Colofort®), 3 L the evening before the procedure
and 1 L in the morning. The capsule (Pillcam; Given
Imaging Ltd, Yoqneam, Israel) was swallowed in the
morning. The patients were allowed to drink fluids after
three hours and to consume a light meal after five hours.
Before capsule ingestion, 10 mL of antifoam and a prokinetic agent was given, 10 mg of domperidone (before
July 1st 2008, n = 641) or 250 mg of erythromycin (after
July 1st 2008, n = 50). All CE recordings were reviewed
by two gastroenterologists, experienced with CE (RKW
and JJK). Controversial findings were discussed, and consensus was reached upon the final diagnosis. The most
relevant findings obtained from CE were documented
and categorized according to standard terminology[16]
as angiectasia(s); ulcer(s); bleeding of unknown origin;
erosion (s); polyp(s)/tumor(s); incidental abnormality of
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Figure 1 Correlation between the small bowel transit time in minutes and
the diagnostic yield for all patients. Spearman’s rho coefficient 0.58 ( P <
0.01) shown by the black line. The trend of this correlation is shown by the red
line. DY: Diagnostic yield; SBTT: Small bowel transit time.

Figure 2 Correlation between the small bowel transit time in minutes and
the diagnostic yield in patient with complete capsule endoscopy. Spearman’
s rho coefficient 0.40 (P < 0.01) shown by the black line. The trend of this correlation is shown by the red line. DY: Diagnostic yield; SBTT: Small bowel transit time.

Subgroup analysis for the different indications was
performed for OGIB, suspected Crohn’s disease, polyposis and carcinoid combined and other indications. The
indications polyposis and carcinoid were taken together
because both groups were too small for separate subgroup analysis. For these indications, positive correlations between diagnostic yield and SBTT were found for
OGIB (r = 0.54, P < 0.01), for polyposis plus carcinoid (r
= 0.56, P < 0.01) and for the other indications (r = 0.90,
P < 0.01). However this was not observed for Crohn’s
disease (r = -0.40). These results are depicted in Figure 3.

SBTT for the indications OGIB and polyposis/carcinoid
and for other indications, but not for the indication suspected Crohn’s disease. The latter is probably due to the
multiple and widespread small bowel lesions usually seen
in Crohn’s disease. Therefore the endoscopist may be less
dependent upon the mucosal inspection time to make the
diagnosis. Furthermore, a previous study showed reduced
capsule transit times in Crohn’s disease[18].
What does this positive correlation between diagnostic yield and SBTT mean for clinical practice? CE is less
valuable when the cecum is not reached within recording
time, but on the other hand our study indicates that the
diagnostic yield is lower when the SBTT is shorter. So,
ideally, the SBTT should be as long as possible, yet the
capsule should reach the cecum within recording time.
The development of capsule systems with longer battery
times may be helpful. One important issue in this matter is whether there is a role for prokinetic agents in CE.
In this way, one could influence the small bowel transit
time. There is no consensus on this subject[1]. In most of
the available studies, there are no data on the influence
of prokinetics on the diagnostic yield of CE. Taking our
data into account, it may not be wise to use prokinetics
that speed up the SBTT. However this must be weighed
against the fact that a prolonged GTT is a risk factor for
incomplete CE[12]. It may therefore be useful to use an
agent which shortens GTT without influencing SBTT.
A well known prokinetic agent is erythromycin. It
induces high amplitude gastric propulsive contractions
by activating gastric interdigestive migrating motor complexes, thereby accelerating gastric emptying[19-22]. The effects of erythromycin on SBTT are unclear. In the most
recent publication on this subject, erythromycin reduced
the GTT but had no significant effect on SBTT, total
bowel transit time and CE completing rates[22]. Previous
studies found similar results[23,24], but in one at the cost of
visibility[24]. Others found no effect of erythromycin on
either GTT or SBTT[25]. Overall, the data are not very ro-

DISCUSSION
In this study, we found a positive correlation between the
diagnostic yield of CE and small bowel transit time, irrespective of whether the capsule had reached the cecum
within recording time. These findings are in accordance
with those from colonoscopy studies, which show higher
diagnostic yields for detecting neoplastic lesions when
the withdrawal time during colonoscopy is longer[10-13]
and from one previous study on the effect of SBTT on
the diagnostic yield of CE[17]. Most of these colonoscopy
studies divided the withdrawal time into more or less
than a chosen number of minutes. In CE there are no
known standard SBTT times, so we judged that it would
not be correct to randomly divide the SBTT in two or
more randomly chosen groups. Therefore we calculated a
running mean to determine whether the diagnostic yield
correlated with the SBTT. We found a positive correlation between the two, meaning that a longer transit time,
implicating more images of the small bowel, resulted in a
higher diagnostic yield.
For colonoscopy, the correlation between diagnostic yield and withdrawal time was only investigated in
subjects undergoing screening for neoplastic lesions. In
this study we looked at all indications for CE. We found
a positive correlation between the diagnostic yield and
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Figure 3 Correlations between small bowel transit time and diagnostic yield. A: Obscure gastrointestinal bleeding (OGIB; r = 0.54, P < 0.01); B: Suspected
Crohn’s disease (r = -0.40); C: Polyposis plus carcinoid (r = 0.56, P < 0.01); D: Other indications (r = 0.90, P < 0.01), shown by the black line. The trend of this correlation is shown by the red line. DY: Diagnostic yield; SBTT: Small bowel transit time.

bust. If erythromycin mainly influences GTT, it might be
an interesting prokinetic agent to use prior to small bowel
CE.
Other prokinetics that have been studied in CE are
metoclopramide and mosapride. Both prokinetic agents
accelerated GTT and increased capsule completion rates,
but had no influence on SBTT[26,27]. In our study, we used
domperidone as a prokinetic agent in the majority of patients. Domperidone has shown to be effective in treating
diabetic gastroparesis[28], but there are no data on the use
this agent in CE.
Another way to use prokinetics may be with the aid
of a real-time viewer system. In this way, prokinetics (or
water or additional PEG) can be administered when the
real-time viewer shows delayed gastric emptying. There
are three studies that show a higher diagnostic yield of
CE when a real-time viewer is used with on-demand administration of prokinetics, water, PEG or endoscopicassisted duodenal placement[29-31].
The strength of this study is that this the first study
that investigated the relation between diagnostic yield of
CE and SBTT in a large study population. This allowed
for a subgroup analysis for the different indications of
CE. Another strong point of our study in our view is the
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use of an appropriate statistical method for determining
the relation between diagnostic yield and SBTT by using
a running mean.
A limitation of this study is that all patients in our
population received a prokinetic agent, which might have
changed the SBTT and with that also the diagnostic yield.
The diagnostic yield might have been higher in this study
population when we would not have used a prokinetic
agent. Another limitation of this study is that during
this study period we switched our prokinetic agent from
domperidone to erythromycin. One should realize that
this is a retrospective study. Prospective studies are necessary to establish the effect of the use of prokinetics on
SBTT and diagnostic yield.
There may be many factors that influence SBTT and
thereby diagnostic yield in small bowel CE. In this study
we did not analyze such other factors, mainly because the
main goal of this study was to determine whether there
was a relation between diagnostic yield and SBTT at all.
A previous study on the effect of SBTT on diagnostic
yield found an independent association between diagnostic yield and SBTT[17]. In that study, no relation was found
between diagnostic yield and other potential risk factors
such as age, gender, study indication, hospital status, and
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quality of bowel preparation[17]. Since we also found a
positive correlation between diagnostic yield and SBTT
it might be very interesting to look further into factors
influencing SBTT and thereby diagnostic yield in future
studies.
In conclusion, in this study with a large group of patients, we found a positive correlation between the diagnostic yield of small bowel CE and small bowel transit time
for all indications except for suspected Crohn’s disease.
For clinical practice, these data implicate that it may not be
advisable to use prokinetic agents which accelerate small
bowel transit although this remains to be proven in future
studies.

3
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Capsule endoscopy (CE) is a very sensitive diagnostic technique to detect
small bowel pathology. For a good and complete evaluation of the small bowel,
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However, a short bowel transit time (SBTT) may influence the diagnostic yield
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the time to withdraw the colonoscope is longer. It is conceivable that a similar
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gram including abdominal ultrasonography. This study
involved 11 714 apparently healthy Japanese men and
women, 18 to 83 years of age. NAFLD was defined by
abdominal ultrasonography without an alcohol intake of
more than 20 g/d, known liver disease, or current use
of medication. The revised criteria of the National Cholesterol Education Program Adult Treatment Panel Ⅲ
were used to characterize the metabolic syndrome.
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RESULTS: NAFLD was detected in 32.2% (95% CI:
31.0%-33.5%) of men (n = 1874 of 5811) and in 8.7%
(95% CI: 8.0%-9.5%) of women (n = 514 of 5903).
Among obese people, the prevalence of NAFLD was as
high as 67.3% (95% CI: 64.8%-69.7%) in men and
45.8% (95% CI: 41.7%-50.0%) in women. Although
NAFLD was thought of as being the liver phenotype of
metabolic syndrome, the prevalence of the metabolic
syndrome among subjects with NAFLD was low both in
men and women. 66.8% of men and 70.4% of women
with NAFLD were not diagnosed with the metabolic
syndrome. 48.2% of men with NAFLD and 49.8% of
women with NAFLD weren’t overweight [body mass
2
index (BMI) ≥ 25 kg/m ]. In the same way, 68.6% of
men with NAFLD and 37.9% of women with NAFLD
weren’t satisfied with abdominal classification (≥ 90
cm for men and ≥ 80 cm for women). Next, authors
defined it as positive at screening for NAFLD when
participants satisfied at least one criterion of metabolic
syndrome. The sensitivity of the definition “at least 1
criterion” was as good as 84.8% in men and 86.6% in
women. Separating subjects by BMI, the sensitivity was
higher in obese men and women than in non-obese
men and women (92.3% vs 76.8% in men, 96.1% vs
77.0% in women, respectively).

Abstract
AIM: To clarify the efficiency of the criterion of metabolic syndrome to detecting non-alcoholic fatty liver
disease (NAFLD).

CONCLUSION: Authors could determine NAFLD effectively in epidemiological study by modifying the usage
of the criteria for metabolic syndrome.

METHODS: Authors performed a cross-sectional study
involving participants of a medical health checkup pro-
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pants of a medical health checkup program including
abdominal ultrasonography. The program was conducted
in the Medical Health Checkup Center at Murakami Memorial Hospital, Gifu, Japan. The purpose of the medical health checkup program is to promote public health
through early detection of chronic diseases and the evaluation of their underlying risk factors. Known as a “human
dock”, medical services of this kind are very popular in
Japan.

Peer reviewer: Liqing Yu, Assistant Professor, Pathology-Lipid
Sciences, Wake Forest University School of Medicine, Medical
Center Boulevard, Winston-Salem 27157-1040, United States
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com/1007-9327/full/v18/i13/1508.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i13.1508

Study population
All the subjects participating in such health checkup programs at Murakami Memorial Hospital between January
2004 and December 2008 were invited to join this study.
The study was approved by the ethics committee of Murakami Memorial Hospital.
Data collection and exclusion criteria were described
previously[8]. In short, we collected the data from urinalysis, blood cell counts, blood chemistry and abdominal
ultrasonography. The medical history and lifestyle factors
were collected by using a self-administered questionnaire.
Exclusion criteria were an alcohol intake of more than
20 g/d, known liver disease, or current use of medication which could influence the metabolic syndrome
such as anti-diabetic drugs, anti-hypertensive drugs, antidyslipidemic drugs, anti-gout drugs, and/or anti-obesity
drugs[8,10].
According to the revised National Cholesterol Education Program Adult Treatment Panel Ⅲ (NCEP-ATP
[22]
Ⅲ) or the new International Diabetes Federation (IDF)
definition[23], subjects who had three or more of the following criteria were diagnosed as having the metabolic
syndrome. Fatty liver was defined on the basis of ultrasonographic findings[24]. Of 4 known criteria (hepatorenal
echo contrast, liver brightness, deep attenuation, and
vascular blurring), the participants were required to have
hepatorenal contrast and liver brightness to be given a
diagnosis of fatty liver[24].
During study period, we invited 20  012 participants
in the health checkup program to enroll in the study. Of
those, a total of 17  262 Japanese participants (10  329 men
and 6933 women) were enrolled after giving informed
consent to be included in the study. We excluded 621
participants (420 men and 201 women) who had known
liver disease. In addition, 3330 participants (3042 men and
288 women) who consumed more than 20 g of ethanol
per day and 1579 participants (1056 men and 541 women)
who were currently receiving medication were excluded.
As a result, this study ultimately consisted of 11  714 participants (5811 men and 5903 women). The mean ± SD
age was 45.5 ± 9.4 years (range: 18 years to 83 years) for
men and 44.3 ± 9.3 years (range: 18 years to 79 years) for
women, respectively. The mean body mass index (BMI)
was 23.2 ± 3.1 kg/m2 (range: 14.3 to 41.0 kg/m2) in men
and 21.1 ± 3.0 kg/m2 (range: 14.0 to 58.3 kg/m2) in women, respectively. The mean abdominal circumference was
81.2 ± 8.1 cm (range: 57.3 cm to 127.5 cm) in men and
71.4 ± 8.2 cm (range: 49.0 cm to 145.0 cm) in women, respectively.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
clinical condition with histological features that resemble
those of alcohol-induced liver injury, but occurs in patients who do not drink an excessive amount of alcohol
(ethanol > 20 g/d)[1,2]. This disease is often associated
with obesity[3], type 2 diabetes mellitus[4,5], dyslipidemia[6],
and hypertension[7]. Each of these abnormalities carries
a cardiovascular disease risk, and together they are often
categorized as the insulin resistance syndrome or the
metabolic syndrome[8-15].
NAFLD is now considered to be the hepatic representation of the metabolic syndrome[10-15].
Conventional radiology studies used in the diagnosis
of fatty liver include ultrasound (US), computed tomography, and magnetic resonance (MR) imaging. Other than
these radiological studies, we have no sensitive and low
invasive screening method for NAFLD. Alanine aminotransferase (ALT) > 30 IU/L was usually used as the cut
off level of screening NAFLD[16,17]. This threshold had a
sensitivity of 0.92 for detecting the fatty-fibrotic pattern
proven by ultrasound among obese children[18]. However,
ALT was within normal levels in 69% of those who had
increased liver fat[19]. Similarly, in the Dallas Heart Study,
79% of the subjects with a fatty liver (liver fat content
> 5.6%) had normal serum ALT[20]. This implies that a
normal ALT does not exclude steatosis. Aspartate aminotransferase (AST) and gamma glutamyltransferase (GGT)
also correlate with liver fat content independent of obesity[21], but are even less sensitive than serum ALT.
It was well known that NAFLD was associated with
the metabolic syndrome and patients with NAFLD tend
to be accompanied with the abnormal component of the
metabolic syndrome. However, the efficiency of the criterion of metabolic syndrome for detecting NAFLD has
not yet been clarified. We aimed to clarify the efficiency
and perform a cross sectional study among apparent
healthy Japanese.

MATERIALS AND METHODS
Study design
We performed a cross-sectional study involving partici-
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Table 1 The basic characteristics of the study population and the association of nonalcoholic fatty liver disease with gender
difference
Men
Number
NAFLD
5 criteria of the metabolic syndrome
Increased abdominal circumference
Elevated fasting glucose level
Elevated blood pressure
Decreased HDL cholesterol level
Elevated triglyceride level
ALT > 30
MS defined by rNCEP-ATP Ⅲ
MS defined by IDF
At least 1 criterion
At least 2 criteria
At least 1 criterion or ALT > 30 IU/L
Women
Number
NAFLD
5 criteria of the metabolic syndrome
Increased abdominal circumference
Elevated fasting glucose level
Elevated blood pressure
Decreased HDL cholesterol level
Elevated triglyceride level
Elevated ALT (ALT > 30 IU/L)
MS defined by rNCEP-ATP Ⅲ
MS defined by IDF
At least 1 criterion
At least 2 criteria
At least 1 criterion or elevated ALT

Total n (%)

Obese n (%)

5811
1874 (32.2)

1441
970 (67.3)

Non-obese n (%)

791 (13.6)
1967 (33.8)
1294 (22.3)
1736 (29.9)
1063 (18.3)
1269 (21.8)
873 (15)
479 (8.2)
3680 (63.3)
1955 (33.6)
3885 (66.9)

703 (48.8)
704 (48.9)
575 (39.9)
654 (45.4)
484 (33.6)
670 (46.5)
578 (40.1)
443 (30.7)
1291 (89.6)
957 (66.4)
1337 (92.8)

88 (2)
1263 (28.9)
719 (16.5)
1082 (24.8)
579 (13.2)
599 (13.7)
295 (6.8)
36 (0.8)
2389 (54.7)
998 (22.8)
2548 (58.3)

5903
514 (8.7)

563
258 (45.8)

5340
256 (4.8)

878 (14.9)
679 (11.5)
578 (9.8)
1320 (22.4)
195 (3.3)
200 (3.4)
300 (5.1)
254 (4.3)
2374 (40.2)
853 (14.5)
2430 (41.2)

430 (76.4)
176 (31.3)
185 (32.9)
265 (47.1)
73 (13)
78 (13.9)
174 (30.9)
162 (28.8)
511 (90.8)
355 (63.1)
515 (91.5)

448 (8.4)
503 (9.4)
393 (7.4)
1055 (19.8)
122 (2.3)
122 (2.3)
126 (2.4)
92 (1.7)
1863 (34.9)
498 (9.3)
1915 (35.9)

4370
904 (20.7%)

NAFLD: Nonalcoholic fatty liver disease; US: Abdominal ultrasonography; BMI: Body mass index; HDL: High density lipoprotein; MS: Metabolic
syndrome; rNCEP-ATPⅢ: Revised National Cholesterol Education Program Adult Treatment Panel Ⅲ definition; IDF: International diabetes federation
definition; ALT: Alanine aminotransferase.

Statistical analysis
The R version 2.9.0 (available from http://www.r-project.
org/) was used for statistical analyses. Two groups of
subjects were compared by using the unpaired t-test and
the chi-square test, and a P < 0.05 was accepted as a significant level.

Association of NAFLD with gender difference, or body
fat accumulation
NAFLD was detected in 32.2% (95% CI: 31.0%-33.5%)
of men (n = 1874 of 5811) and in 8.7% (95% CI:
8.0%-9.5%) of women (n = 514 of 5903). The prevalence of NAFLD in men was four times higher than
those in women (Table 1). Among obese people, the
prevalence of NAFLD was as high as 67.3% (95% CI:
64.8%-69.7%) in men and 45.8% (95% CI: 41.7%-50.0%)
in women (Table 1). NAFLD was associated with body
fat accumulation strongly both in men and women.
When we separated by quartile the subjects according to their BMI or abdominal circumference, half of
NAFLD men and three quarters of NAFLD women
were classified in the superior quartile. The prevalence
of NAFLD was increased according to the increase of
BMI or abdominal circumference (Figure 1A). The role
of BMI for NAFLD was equal to that of abdominal
circumference both in men and women. The ratio of
NAFLD in the superior quartile/total NAFLD was higher in women than in men. The prevalence of individuals
who met two or more of the MS criteria other than waist
circumference was increased according to the increase of
BMI or abdominal circumference (Figure 1B).

RESULTS
Basic characteristics of study population
The metabolic syndrome defined by revised NCEP-ATPⅢ
definition was detected in 15.0% (95% CI: 14.1%-16.0%)
of men (n = 873 of 5811) and in 5.1% (95% CI: 4.5%-5.7%)
of women (n = 300 of 5903). The metabolic syndrome
defined by IDF definition was detected in 8.2% (95% CI:
7.5%-9.0%) of men (n = 479 of 5811) and in 4.3% (95%
CI: 3.8%-4.8%) of women (n = 254 of 5903) (Table 1).
Among obese people, the metabolic syndrome defined by
revised NCEP-ATPⅢ definition was detected in 40.1%
(95% CI: 37.6%-42.7%) of men and in 30.9% (95%
CI: 27.1%-34.9%) of women, and the metabolic syndrome defined by IDF definition was detected in 30.7%
(95% CI: 28.4%-33.2%) of men and in 28.8% (95% CI:
25.1%-32.7%) of women, respectively (Table 1).
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Figure 1 We separated the subjects by quartile according to their body mass index or abdominal circumference. A: The bar indicated the prevalence (%) of
individuals with NAFLD; B: Individuals who meet two or more of the MS criteria other than waist circumference according to BMI or waist circumference quartiles. 2
MS criteria means individuals who meets two or more of the MS criteria other than waist circumference. NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass
index; MS: Metabolic syndrome.
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Figure 2 This figure indicates the prevalence of non-alcoholic fatty liver disease and alcoholic fatty liver disease with or without patients being overweight
(BMI ≥ 25 kg/m2) or having elevated abdominal circumferences (≥ 90 cm for men and ≥ 80 cm for women). Data was expressed as prevalence (%). NAFLD
accompanied with being overweight occurred in 51.8% of NAFLD men (970/1874) and 50.2% of NAFLD women (258/514). NAFLD accompanied by elevated abdominal circumference occurred in 31.4% of NAFLD men (588/1874) and 62.1% of women (319/514). NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index.

Role of the criteria of the metabolic syndrome in
detecting or diagnosing NAFLD in obese or non-obese
population
Although NAFLD was associated with obesity or body
fat accumulation strongly, the population that was neither overweight (BMI ≥ 25 kg/m2) nor had elevated
abdominal circumference was not small (Figure 2). Actually, 48.2% of men with NAFLD and 49.8% of women
with NAFLD were not overweight (BMI ≥ 25 kg/m2).
Similarly, 68.6% of men with NAFLD and 37.9% of
women with NAFLD did not satisfy increased abdominal circumference classification. Half of the NAFLD
group was classified as non-obese, but the prevalence of
NAFLD among the non-obese population was lower.
These facts means an effective method is needed to detect NAFLD among the non-obese population. Then,
we separated the subjects into two groups, obese group
or non-obese group, and investigated the efficacy of the
criteria of metabolic syndrome for detecting NAFLD in
each group.
Among the criteria for metabolic syndrome, the cri-
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terion of abdominal circumferences (≥ 80 cm) had high
sensitivity (87.6%) for detecting NAFLD in women who
were overweight (BMI ≥ 25 kg/m2) (Table 2). In other
words, abdominal circumference was effective for detecting NAFLD in obese women. However, the criterion of
abdominal circumference had low sensitivity (36.3%) in
non-obese women. The sensitivity of abdominal circumference (≥ 90 cm) was very low (5.8%) in non-obese
men. Even in obese men the sensitivity was not high
(55.3%). Other criteria for metabolic syndrome had higher sensitivity in obese men and women than in the nonobese population but sensitivity never exceeded 60%.
As a screening tool for NAFLD, the sensitivity of elevated ALT (ALT > 30 IU/L) was 49.7% in men, which
exceeded the sensitivity of the criteria of metabolic syndrome, but it was 17.7% in women, which was lower than
all metabolic syndrome criteria were. On the other hand,
the specificity of elevated ALT was as high as 90.6% in
men and 98.0% in women, but the criteria of metabolic
syndrome had equally high specificity.
Next, we defined it as positive at screening for NAFLD
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Table 2 The role of the criteria of the metabolic syndrome in detecting or diagnosing nonalcoholic fatty liver disease in obese or
non-obese population
Men
Sensitivity
5 criteria of the metabolic syndrome
Increased abdominal circumference
Elevated fasting glucose level
Elevated blood pressure
Decreased HDL cholesterol level
Elevated triglyceride level
Elevated ALT (ALT > 30 IU/L)
MS defined by rNCEP-ATP Ⅲ
MS defined by IDF
At least 1 criterion
At least 2 criteria
At least 1 criterion or elevated ALT
Specificity
5 criteria of the metabolic syndrome
Increased abdominal circumference
Elevated fasting glucose level
Elevated blood pressure
Decreased HDL cholesterol level
Elevated triglyceride level
Elevated ALT (ALT > 30 IU/L)
MS defined by rNCEP-ATP Ⅲ
MS defined by IDF
At least 1 criterion
At least 2 criteria
At least 1 criterion or elevated ALT

Women

Total %

Obese %

Non-obese %

P value

Total %

Obese %

Non-obese %

P value

31.40
49.10
34.70
44.10
35.20
47.90
33.20
21.00
84.80
61.00
90.40

55.30
52.10
44.10
49.10
41.00
59.20
48.60
38.10
92.30
74.20
96.20

5.80
45.90
24.60
38.80
28.90
35.80
16.80
2.70
76.80
46.90
84.20

< 0.001
0.008
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

62.10
36.80
31.90
50.40
17.90
17.70
32.50
29.60
86.60
61.10
87.40

87.60
42.20
41.50
56.60
20.50
24.00
45.00
43.40
96.10
77.50
96.90

36.30
31.30
22.30
44.10
15.20
11.30
19.90
15.60
77.00
44.50
79.70

< 0.001
0.013
< 0.001
0.006
0.15
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

94.80
73.40
83.60
76.90
89.70
90.60
93.60
97.80
46.90
79.40
44.30

64.50
57.70
68.80
62.20
81.70
79.60
77.30
84.50
15.90
49.70
14.20

99.00
75.50
85.70
78.90
90.80
92.10
95.90
99.70
51.10
83.40
48.40

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

89.60
90.90
92.30
80.30
98.10
98.00
97.50
98.10
64.20
90.00
63.20

33.10
78.00
74.40
61.00
93.40
94.80
81.00
83.60
13.80
49.20
13.10

93.00
91.70
93.40
81.50
98.40
98.20
98.50
99.00
67.20
92.40
65.40

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

NAFLD: Nonalcoholic fatty liver disease; US: Abdominal ultrasonography; BMI: Body mass index; HDL: High dense lipoprotein; MS: Metabolic syndrome;
rNCEP-ATPⅢ: Revised National Cholesterol Education Program Adult Treatment Panel Ⅲ definition; IDF: International Diabetes Federation definition;
ALT: Alanine aminotransferase.

when participants satisfied at least one or two components
of metabolic syndrome. The sensitivity of the definition
“at least 1 criterion” was 84.8% in men and 86.6% in
women. Separating subjects with BMI, the sensitivity was
higher in obese men and women than in non-obese men
and women (92.3% vs 76.8% in men, 96.1% vs 77.0% in
women, respectively).
The prevalence of subjects with NAFLD who also
had the metabolic syndrome is indicated in Figure 3.
Although NAFLD was thought of as being the liver
phenotype of metabolic syndrome, the prevalence of the
metabolic syndrome among subjects with NAFLD was
low both in men and women. Among men with NAFLD,
66.8% were not diagnosed with the metabolic syndrome
defined by revised NCEP-ATPⅢ definition, and 79.0%
were not diagnosed with the metabolic syndrome as defined by revised IDF definition. Even in women, 70.4%
and 67.5%, respectively, were not diagnosed withmetabolic syndrome by revised NCEP-ATPⅢ definition and
revised IDF definition. These results mean that a large
number of participants diagnosed with the metabolic syndrome have NAFLD, but a large number of participants
with NAFLD were not diagnosed with the metabolic syndrome, whether we used revised NECP-ATPⅢ criteria or
IDF criteria.

metabolic syndrome for diagnosing NAFLD in a healthy
population. The metabolic syndrome was associated with
abdominal obesity and its criteria include waist circumference[22,23,25,26], and NAFLD was reported to be associated
with abdominal obesity. However, our results indicated
there was no significant difference between BMI and waist
circumferences as the strength of association with NAFLD
or the accumulation of metabolic syndrome criteria.
The presence of multiple metabolic disorders such as
diabetes mellitus, obesity, dyslipidaemia and hypertension
is associated with a potentially progressive, severe liver disease[15,27]. Previous reports demonstrated that prevalence of
NAFLD increased to 10%-80% in individuals with obesity, 35%-90% in individuals with type 2 diabetes mellitus,
30%-56% in individuals with hypertension, and 26%-58%
in individuals with dyslipidemia[9,28-30]. Another study in a
Japanese population showed that prevalence of NAFLD
increased to 43% in individuals with impaired fasting
glucose and 62% in individuals with type 2 diabetes mellitus[28]. Some studies estimate the prevalence of NAFLD
be up to 15%-30% of the general population[8,31,32], and
the prevalence of metabolic syndrome was estimated to be
up to 25% of the general population[33]. In those patients
with the metabolic syndrome, liver fat content is significantly increased up to 4-fold higher than those without the
metabolic syndrome[34], and the incidence of NAFLD has
been shown to be increased 4-fold in men and 11-fold in
women with the metabolic syndrome[8].
Our data clearly indicated that 21% to 33% of sub-

DISCUSSION
In this study, we clarified the impact of the criteria of the
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The MS was defined by revised NCEP-ATPⅢ definition
Men

NAFLD with the MS
NAFLD without the MS

NAFLD with the MS
NAFLD without the MS

33.2%

66.8%

Women
29.6%

70.4%

Among subjects with NAFLD, 33.2% was
diagnosed as MS, and 66.8% was not
diagnosed as MS

Among subjects with NAFLD, 29.6% was
diagnosed as MS, and 70.4% was not
diagnosed as MS

The MS was defined by IDF definition
NAFLD with the MS
NAFLD without the MS

Men

NAFLD with the MS
NAFLD without the MS

21.0%

79.0%

Women
32.5%

67.5%

Among subjects with NAFLD, 21.0% was
diagnosed as MS, and 79.0% was not
diagnosed as MS

Among subjects with NAFLD, 32.5% was
diagnosed as MS, and 67.5% was not
diagnosed as MS

Figure 3 The prevalence of subjects with or without the metabolic syndrome among 1874 men and 514 women with non-alcoholic fatty liver disease. Data
was expressed as prevalence (%). The metabolic syndrome (MS) was diagnosed using revised IDF. Among men with NAFLD, 66.8% and 79.0% were not diagnosed
with the MS defined by revised NCEP-ATPⅢ definition and revised IDF definition, respectively. In women, 70.4% and 67.5%, respectively, were not diagnosed with
the MS by revised NCEP-ATPⅢ definition and revised IDF definition. IDF: International Diabetes Federation; NCEP-ATPⅢ: National Cholesterol Education Program
Adult Treatment Panel Ⅲ; NAFLD: Non-alcoholic fatty liver disease.

jects with NAFLD, depending on gender and the criteria
used, were diagnosed with the metabolic syndrome. Several previous studies reported how many subjects with
NAFLD were diagnosed with the metabolic syndrome,
but almost all previous studies were hospital studies.
Three population based studies mentioned the prevalence
of subjects with NAFLD who were diagnosed with the
metabolic syndrome among the general population[8,35,36].
In these studies, the prevalence of the metabolic syndrome among subjects with NAFLD was 17% to 36%
depending on gender and the criteria used. The reported
prevalence was similar to ours.
There has been no report regarding the sensitivity
and specificity of the metabolic syndrome for detecting
NAFLD. Among the criteria for metabolic syndrome, the
criterion of abdominal circumference had high sensitivity
in obese women. However, it had low sensitivity (36.3%)
in non-obese women and was very low (5.8%) in nonobese men and low (55.3% in obese men. Other than
the criterion of abdominal circumference, none of the
sensitivities exceeded 60%. In our study, the specificity

WJG|www.wjgnet.com

of elevated ALT (ALT > 30 IU/L) was 90.6% in men
and 98.0% in women. However, the sensitivity was as low
as 47.9% in men and 17.7% in women. The specificity
of elevated ALT was significantly higher among obese
subjects than among non-obese subjects, and sensitivity
was higher among obese subjects than among non-obese
subjects.
When we investigated the predictability of each component of metabolic syndrome such as abdominal circumference, fasting blood sugar, serum lipid, and blood
pressure, each component had high specificity but low
sensitivity, similar to elevated ALT. Therefore, we defined
it as screening positive for NAFLD, when subjects satisfied at least one criterion of metabolic syndrome; the
sensitivity was 84.8% in men and 86.6% in women. Additionally, we defined it as positive when subjects satisfied
at least one criterion of metabolic syndrome or elevated
ALT. The sensitivity of “at least 1 criterion or elevated
ALT” was 90.4% in men and 87.4% in women. However,
the specificity of “at least 1 criterion or elevated ALT”
was lower -44%-63%.
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The result of our study means that we could identify
NAFLD effectively in epidemiological study by modifying the usage of the criteria for metabolic syndrome. It
is clinically critical evidence that a large part of patients
with NAFLD were not diagnosed with the metabolic syndrome, when we used today’s definition for the metabolic
syndrome. However, our subject population consisted
only of Japanese, thus, the generalizability of our study
to non-Japanese populations is uncertain. It is one of our
study limitations that we used abdominal ultrasonography
for diagnosing NAFLD, although the validation ultrasonography had a sensitivity of 91.7% and a specificity of
100%[24].
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(PPIs) with H2-receptor antagonists (H2RAs) plus prokinetics (Proks) for dysmotility-like symptoms in functional dyspepsia (FD).

Abstract

Peer reviewer: Andrew Seng Boon Chua, MD, Department of

METHODS: Subjects were randomized to receive openlabel treatment with either rabeprazole 10 mg od (n =
57) or famotidine 10 mg bid plus mosapride 5 mg tid
(n = 57) for 4 wk. The primary efficacy endpoint was
change (%) from baseline in total dysmotility-like dyspepsia symptom score. The secondary efficacy endpoint
was patient satisfaction with treatment.
RESULTS: The improvement in dysmotility-like dyspepsia symptom score on day 28 was significantly greater
in the rabeprazole group (22.5% ± 29.2% of baseline)
than the famotidine + mosapride group (53.2% ±
58.6% of baseline, P < 0.0001). The superior benefit
of rabeprazole treatment after 28 d was consistent
regardless of Helicobacter pylori status. Significantly
more subjects in the rabeprazole group were satisfied
or very satisfied with treatment on day 28 than in the
famotidine + mosapride group (87.7% vs 59.6%, P =
0.0012). Rabeprazole therapy was the only significant
predictor of treatment response (P < 0.0001), defined
as a total symptom score improvement ≥ 50%.
CONCLUSION: PPI monotherapy improves dysmotility-like symptoms significantly better than H2RAs plus
Proks, and should be the treatment of first choice for
Japanese FD.
© 2012 Baishideng. All rights reserved.

Key words: Dysmotility; Functional dyspepsia; H2-receptor antagonist; Prokinetics; Proton pump inhibitor
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AIM: To compare efficacy of proton pump inhibitors
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patients with ulcer-like and reflux-like dyspepsia, whereas,
as might be expected, there is no indication of benefit with
omeprazole in patients with dysmotility-like dyspepsia[5]. In
addition, meta-analyses suggest that H2RA and Proks are
superior to placebo in non-ulcer dyspepsia (NUD)[12,13].
In this study, we concentrated on dysmotility-like symptoms in patients with FD, and compared the efficacy of
PPI monotherapy and combination therapy with H2RAs
and Proks, which is widely prescribed by Japanese primary
care physicians for FD symptoms.

Sakaguchi M, Takao M, Ohyama Y, Oka H, Yamashita H, Fukuchi T, Ashida K, Murotani M, Murotani M, Majima K, Morikawa
H, Hashimoto T, Kiyota K, Esaki H, Amemoto K, Isowa G,
Takao F. Comparison of PPIs and H2-receptor antagonists plus
prokinetics for dysmotility-like dyspepsia. World J Gastroenterol
2012; 18(13): 1517-1524 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i13/1517.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i13.1517

INTRODUCTION

MATERIALS AND METHODS

Functional dyspepsia (FD) is a condition characterized
by persistent upper abdominal symptoms in the absence
of any causative organic disease[1]. It is thought to be
caused by a combination of different factors, including
dysmotility or hypersensitivity of the gastrointestinal (GI)
tract, gastric acid secretion, inflammation of the gastric
mucosa, altered sympathetic or parasympathetic activity,
altered secretion of GI hormones, and psychological factors[2,3]. Treatments vary according to the symptoms, and
include gastroprokinetic agents, suppressors of gastric
acid secretion, antidepressants, anxiolytics and Chinese
herbal medicines. Although it has been shown that gastric
acid secretion is normal in patients with FD[4], a subset of
these patients will benefit from strong acid suppression
by a proton pump inhibitor (PPI)[5]. Inhibitors of acid
secretion are therefore widely prescribed to patients with
FD worldwide. Although treatment with acid suppression produces symptom relief in a proportion of patients
with FD, this effect has not been reported consistently
in all studies[6-8]. A Japanese study surveyed the prescribing habits of primary care physicians for functional GI
symptoms and evaluated the efficacy and indications of
the medications prescribed[9]. It was found that H2-receptor antagonists (H2RAs) are the treatment of first choice
for ulcer-like symptoms such as epigastric pain, and prokinetics (Proks) for dysmotility-like symptoms such as
epigastric discomfort, heaviness, and bloating. In other
words, Japanese primary care physicians prefer H2RA +
prokinetic combination therapy for FD symptoms.
For FD patients with at least mild heartburn and/or
regurgitation at baseline, omeprazole is associated with
higher treatment success rates at 4 wk than ranitidine,
cisapride and placebo[10]. In those patients who have
either no or minimal heartburn and/or regurgitation at
baseline, omeprazole and ranitidine are superior to placebo, although no significant difference is seen between
omeprazole and ranitidine[10]. The question of whether
more effective acid suppression is efficacious in Japanese
patients with FD has yet to be adequately tested.
It is reasonable to think that H2RAs provide adequate
relief for FD symptoms in Japanese patients, who have
a higher rate of Helicobacter pylori (H. pylori) infection than
their western counterparts, as well as lower levels of gastric acid secretion[11].
Complete relief of symptoms is significantly more common with omeprazole than with placebo in subgroups of
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Selection of patients
This study was a randomized open-label trial conducted
in three hospitals (Moriguchi Keijinkai Hospital, Osaka
Saiseikai Nakatsu Hospital, and Arisawa General Hospital) and nine general medical clinics (Murotani Clinic, Majima Clinic, Morikawa Clinic, Hashimoto Clinic, Kiyota
Clinic, Arisawa General Hospital, Amemoto Clinic, Isowa
Clinic, and Mii Clinic) in Japan from January 2009 until
April 2010.
The subjects were patients of at least 18 years of age
with at least 1 mo of dyspepsia symptoms and no clinically significant findings at endoscopy. The main exclusion
criteria were: (1) history of erosive esophagitis, peptic
ulcer disease, GI malignancy, primary esophageal motility disorder, previous upper GI surgery; (2) maintenance
treatment with a PPI or H2RA within 2 wk of enrollment;
and (3) severe concurrent disease. PPI, H2RA and Prok
use were not permitted during the 14 d prior to endoscopy, nor during the study. Nonsteroidal anti-inflammatory
drugs, acetylsalicylic acid or steroids were not permitted
at any time during the study. The study protocol was approved by the relevant Institutional Review Board and/or
an Independent Ethics Committee, and informed written
consent was obtained from each participating subject.
Study design
The investigators referred each enrolled subject for esophagogastroduodenoscopy. After endoscopy, eligible patients
underwent a validated 13C urea breath test to determine
their H. pylori status. Subjects were randomly allocated to
receive one of the following treatments for 4 wk: (1) rabeprazole 10 mg od (PPI); or (2) famotidine 10 mg bid plus
mosapride 5 mg tid (H2RA + Prok). Group allocations
were assigned in equal numbers using a central computergenerated randomization list stratified for each participating institution. Subject compliance was assessed by counting the returned medication. Subjects were considered to
have complied with treatment if they took at least 75% of
the dispensed medication. Subjects attended their clinic at
randomization and after 4 wk of treatment.
Symptom assessment
Subjects were asked to assess their dyspepsia symptoms
at baseline and after 3 d, 7 d, 14 d and 28 d of treatment
using a self-completed questionnaire for dyspepsia symp-
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toms. Dysmotility-like dyspepsia symptoms were assessed
using five questions (upper abdominal bloating, postprandial fullness, early satiation, belching, vomiting/nausea),
and each response was graded on a five-point frequency
scale as follows: 0, never; 1, occasionally; 2, sometimes;
3, often; 4, always. The scores for each question were totaled to give the total symptom score for dysmotility-like
dyspepsia symptoms. The total symptom scores at each
assessment time point were then expressed as a percentage of the baseline total symptom score.

Table 1 Baseline demographic characteristics and total symptom scores for study completers

Age (mean ± SD, yr)
Sex (male/female)
Helicobacter pylori infection (%)
Symptom scores
Upper abdominal bloating
Postprandial fullness
Early satiation
Belching
Vomiting/nausea
Total symptom score (dysmotilitylike dyspepsia symptoms)

Subject satisfaction
After 14 d and 28 d of treatment, subject satisfaction was
evaluated using a four-grade scale as follows: very satisfied
(symptoms disappeared); satisfied (symptoms improved considerably); somewhat satisfied (symptoms improved somewhat); unsatisfied (no improvement or symptoms worse).

PPI
(n = 57)

51.5 ± 14.8
17/40
43.8

52.9 ± 13.8
0.6120
12/45
0.3899
43.8
> 0.9999

1.6 ± 1.2
2.1 ± 1.2
1.7 ± 1.3
1.7 ± 1.4
1.5 ± 1.3
8.6 ± 3.9

1.8 ± 1.3
2.0 ± 1.2
1.3 ± 1.2
1.6 ± 1.4
1.4 ± 1.3
8.2 ± 4.7

0.6160
0.7747
0.1934
0.7211
0.8361
0.5330

PPI: Proton pump inhibitor. H2RA: H2-receptor antagonist; Prok: Plus
prokinetic.

Endpoints
The primary efficacy endpoint was the change (%) from
baseline in total dysmotility-like dyspepsia symptom score.
The secondary efficacy endpoint was subject satisfaction.

Enrolled (n = 146)

Randomized

Sample size
The sample size calculation was based on the anticipated
difference in symptom improvement rates between the
PPI and H2RA + Prok groups. Due to the lack of clinical trials of H2RA + Prok combination therapy, we based
our calculations of the sample size on the results of
comparative trials of PPIs vs Proks.
The estimated success rate after 4 wk treatment was
23.7% for omeprazole, and 7.5% for cisapride[10]. Assuming a two-tailed α error rate of 0.05 and a power of 80%,
with a 30% dropout rate during screening, 77.5 patients
were required for each treatment arm.

H2RA + Prok group (n = 74)
PPI group (n = 72)
Lost to follow up: 30
Non-compliance: 2
H2RA + Prok group (n = 15)
PPI group (n = 17)
Completed
H2RA + Prok Group (n = 57)
PPI group (n = 57)

Figure 1 Study flow chart. This study enrolled 146 subjects with functional
dyspepsia and, after excluding 30 subjects for non-attendance and two for noncompliance, 57 subjects in each treatment group completed the study.

Statistical analysis
Data are presented as mean ± SD. The intention-to-treat
analysis included all randomized subjects. A subject who
withdrew at any time was considered a dropout. We used
the Wilcoxon single rank test for paired intra-individual
comparisons, the Mann-Whitney U test for comparisons
of continuous variables, and the χ 2 test for comparisons
of categorized variables between the two treatment
groups. In addition, we stratified primary endpoint results
for differences between treatment groups according to
H. pylori status. We performed multiple logistic regression
analysis to determine factors (age, sex, H. pylori status,
and baseline dysmotility-like dyspepsia symptom score)
associated with treatment response (defined as change
in total dysmotility-like dyspepsia symptom score of ≥
50% after 28 d of treatment). P < 0.05 was considered to
signify statistical significance for all analyses.

for inclusion in the analysis. Fifty-seven patients were
randomized to receive PPI treatment, and 57 to receive
H2RA + Prok treatment (Figure 1). Baseline demographic characteristics and symptom scores of the patients
who completed the treatment period are given in Table 1.
There were no significant differences between the characteristics of the two treatment groups at baseline.
Change in dysmotility-like dyspepsia symptom score
No significant differences were seen between groups in
the change in dysmotility-like dyspepsia symptom score
from baseline to 3 d or 7 d of treatment. After 28 d of
treatment, the change in symptom score was significantly
greater in the PPI group (22.5% ± 29.2% of baseline)
than in the H2RA + Prok group (53.2% ± 58.6% of
baseline) (P < 0.0001), indicating greater improvement
in symptoms with PPI treatment (Figure 2). A significant
improvement in total symptom score was seen over time
in both groups, but in the H2RA + Prok group, the im-

RESULTS
A total of 146 patients were randomized. Thirty-two patients were excluded in the follow-up period (30 lost to
follow-up, two for non-compliance), leaving 114 patients
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Figure 2 Change in dysmotility-like dyspepsia symptom score over time.
Significantly greater improvement was seen in dysmotility-like dyspepsia symptom score on day 28 of treatment in the proton pump inhibitor (PPI) group than
in the H2-receptor antagonist (H2RA) + prokinetic (Prok) group. No significant
additional symptomatic improvement was seen after day 7 of H2RA + Prok
treatment, whereas further symptomatic improvements were seen over time
in the PPI group. aP < 0.05, PPI vs H2RA + Prok; cP < 0.05 vs pre-Rx in each
group; eP < 0.05 vs 7 d Rx in each group.

Dysmotility-like dyspepsia symptom
score (% of baseline)

B

provements in total symptom score on days 14 and 28
were not significantly greater than at day 7, whereas in
the PPI group, the improvements in total symptom score
at day 14 (38.4% ± 37.8% of baseline, P = 0.0034) and
day 28 (P < 0.0001) were both significantly greater than
on day 7 (45.1% ± 33.8% of baseline) (Figure 2).
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Figure 3 Change in dysmotility-like dyspepsia symptom score over time
according to Helicobacter pylori status. Significantly greater symptomatic
improvement was seen in the proton pump inhibitor group than in the H2receptor antagonist (H2RA) + prokinetic (Prok) group after 28 d of treatment,
regardless of Helicobacter pylori (H. pylori) status. No additional significant
symptomatic improvement was seen after day 7 of H2RA + Prok treatment,
regardless of H. pylori status. aP < 0.05, PPI vs H2RA + Prok; cP < 0.05 vs preRx in each group; eP < 0.05 vs 7 d Rx in each group.

Change in dysmotility-like dyspepsia symptom score
according to H. pylori status
Among H. pylori-positive subjects, a significantly greater
improvement in total symptom score was seen in the PPI
group (13.4% ± 26.2% of baseline) than in the H2RA +
Prok group (53.4% ± 34.7% of baseline) (P < 0.007) by
the end of the treatment period. Significant symptomatic
improvement was seen over time in both treatment groups,
although in the H2RA + Prok group, no further improvement was observed after day 7 (35.7% ± 31.6% of baseline). In the PPI group, there was no significant difference
between the changes in total symptom score for days 7 and
14, although there was a statistically significant difference
between days 7 and 28 (P = 0.0277) (Figure 3A).
Among H. pylori-negative subjects, a significantly
greater improvement in total symptom score was seen in
the PPI group (24.1% ± 31.7% of baseline) than in the
H2RA + Prok group (53.1% ± 72.2% of baseline, P <
0.0001) on day 28. Significant symptomatic improvement
was seen over time in both treatment groups, although
the improvements seen in the H2RA + Prok group on
days 14 and 28 were not significantly superior to those
observed on day 7. In the PPI group, the reductions
in total symptom score on days 14 (44.2% ± 42.0% of
baseline, P = 0.0177) and 28 (P = 0.0002) were both
significantly greater than on day 7 (52.4% ± 34.1% of
baseline) (Figure 3B).

the groups on day 14, the proportion of subjects who
were satisfied or very satisfied with their treatment was
significantly higher in the PPI group than in the H2RA +
Prok group on day 28 (87.7% vs 59.6%, P = 0.0012). No
significant increase was seen in subject satisfaction in the
H2RA + Prok group between days 14 and 28, whereas a
significant increase was seen in the proportion of subjects in the PPI group answering satisfied or very satisfied
between day 14 (63.2%) and 28 (P = 0.0042) (Figure 4).
Factors associated with treatment response
In this study, treatment response was defined as an improvement in dysmotility-like dyspepsia symptom score
of ≥ 50% after 28 d of treatment. The only factor identified by logistic regression analysis as a positive predictor
of treatment response was PPI therapy (Table 2).

DISCUSSION
The Rome Ⅲ criteria define FD as “the chronic presence of one or more dyspepsia symptoms (bothersome
postprandial fullness, early satiation, epigastric pain, epigastric burning) that are considered to originate from the

Subject satisfaction on days 14 and 28 of treatment
Although no significant difference was seen between
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recognized diagnosis for insurance purposes.
It has recently become clear that gastric acid secretion
is strongly associated with the onset of dysmotility-like
symptoms. Lee et al[20] have examined the influence of acid
on gastric hypersensitivity and motility in healthy subjects,
and have found that duodenal acidification significantly
induces gastric hypersensitivity and impairs gastric motility. Compared with saline, infusion of acid into the
duodenum causes not only ulcer reflux symptoms such
as heartburn, but also dysmotility-like symptoms such
as epigastric discomfort, belching and abdominal bloating[20]. When Miwa et al[21] infused acid into the stomach
of Japanese subjects, they induced a variety of dyspeptic
symptoms, with no significant change in acid-refluxrelated symptoms such as heartburn and epigastric pain,
but a significant increase in dysmotility-like symptoms
such as epigastric discomfort, stomach fullness, nausea
and belching. Samsom et al[22] have reported that decreased acid clearance and increased sensitivity to acid
in patients with dyspepsia may lead to dyspeptic symptoms. There have in fact been a number of recent studies reporting the effectiveness of PPIs[7] and H2RAs[23]
in the treatment of FD. Empirical omeprazole therapy
induces symptom improvement in a higher proportion
of patients with uninvestigated dyspepsia (defined as
epigastric pain or discomfort with or without heartburn
or regurgitation) than ranitidine or cisapride does, but
this effect is more marked in patients with gastroesophageal reflux disease[10]. The prevalence of pathological
pH monitoring (4%-6% of time at pH < 4) is significantly higher in FD patients with heartburn than those
without[17]. In other words, PPIs are more effective than
H2RAs in the treatment of FD associated with heartburn
and regurgitation.
It is unclear, however, how important suppression
of acid secretion is in Japanese patients, who have a
high prevalence of H. pylori infection and low levels of
gastric acid secretion[11]. A Japanese clinical trial found
that H2RA therapy was more effective than mosapride
for treatment of FD[24], suggesting that suppression of
gastric acid secretion by an H2RA may be sufficient to
treat FD in Japanese patients, with no need for a PPI. In
this study, we compared PPI monotherapy with H2RA +
Prok combination therapy; the therapy most commonly
prescribed by Japanese clinicians[9]. In consideration
of the superior acid secretion suppression of PPIs
over H2RAs, we combined an H2RA with a Prok, and
examined only dysmotility-like symptoms, considered less
responsive to PPI therapy.
Our results showed no differences between treatment groups for changes in dysmotility-like dyspepsia
symptom score on days 3 and 7 of treatment, but significantly greater symptom improvement was seen in the
PPI group than the H2RA + Prok group on days 14 and
28 of treatment. The proportion of subjects reporting
that they were satisfied or very satisfied was significantly
higher in the PPI group than in the H2RA + Prok group
on day 28. PPI therapy was the only significant predictor

Table 2 Multiple logistic regression analysis of treatment
response
Variable

Estimated OR

95% CI

P value

0.999
0.853
0.521
9.055
1.062

0.962-1.036
0.312-2.332
0.191-1.419
3.231-25.376
0.940-1.200

0.9493
0.7563
0.2019
< 0.0001
0.3368

Age (yr)
Sex: male
Helicobacter pylori infection
Treatment: PPI
Dysmotility-like symptom
score

OR: Odds ratio; PPI: Proton pump inhibitor.
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Figure 4 Subject satisfaction after 14 d and 28 d of treatment. Subject satisfaction was significantly higher in the proton pump inhibitor (PPI) group than
in the H2-receptor antagonist (H2RA) + prokinetic (Prok) group on day 28 of
treatment. No significant increase in subject satisfaction was seen in the H2RA
+ Prok group between days 14 and 28, whereas a significant increase was
seen in the PPI group between days 14 and 28. aP < 0.05, PPI vs H2RA + Prok;
c
P < 0.05 vs 14 d Rx.

gastroduodenal region, with no evidence of structural
disease (including at upper endoscopy) that is likely to
explain the symptoms”[1]. FD is a common condition[14,15],
with considerable adverse impact on quality of life[16], and
represents a serious problem in everyday clinical practice.
Patients with FD present with a variety of symptoms[17,18],
so based on the symptom profile, they may be prescribed
gastroprokinetic agents, suppressors of gastric acid
secretion, antidepressants, anxiolytics or Chinese herbal
medicines[19]. A Japanese survey of the prescribing habits
of primary care physicians for upper GI symptoms has
found that H2RAs are prescribed for epigastric pain and
heartburn, and Proks for epigastric discomfort, nausea
and loss of appetite[9]. In other words, H2RAs rather
than PPIs are prescribed for epigastric pain syndrome[1],
characterized by the two symptoms of epigastric pain
and epigastric burning, unrelated to meals and considered
mainly related to gastric acid. Proks are widely prescribed
for postprandial distress syndrome[1], characterized by the
two symptoms of postprandial fullness and early satiation, and considered to be strongly related to dysmotility
of the GI tract; in particular, gastric accommodation of
adaptive relaxation. H2RA + Prok combination therapy
is widely prescribed in Japan, where dyspepsia is not a
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of treatment response, defined as a total symptom score
improvement of ≥ 50%.
In a recent meta-analysis of PPI treatment for FD, the
dysmotility-like subgroup did not respond to PPI therapy,
unlike the reflux and ulcer-like subgroup[25]. The severity
of heartburn at baseline in FD patients influences treatment response to PPI or H2RA therapy[10]. We assessed
heartburn symptoms at baseline in a separate study, finding no difference between groups in the pretreatment
heartburn symptom score (data not shown). Our results
suggest that powerful suppression of acid secretion by
PPIs is also important in the treatment of dysmotility-like
symptoms in Japanese patients with FD. We saw similar
symptom score improvements in both groups until day
7 of treatment. This may represent a placebo response,
because it is well known that the placebo response can
be substantial in trials of GI disorders, including FD[10].
There have been reports of a placebo effect until day 7
of treatment with a PPI[26], and of the need for a 7-d runin period to minimize the placebo effect in FD clinical
trials[27-29], so a similar placebo response lasting until day 7
of treatment was also possible in this study. The absence
of any further improvement in dysmotility-like dyspepsia
symptoms between day 7 and days 14 or 28 in the H2RA
+ Prok group, and the lack of significant change in subject satisfaction rates from day 14 to 28, indicates the
development of H2RA tolerance[30].
Stratifying the study sample by H. pylori status showed
that significantly better symptom improvement was seen
in the PPI group than the H2RA + Prok group in both
H. pylori-positive and -negative subjects. No influence of
H. pylori status was seen in either treatment group in our
study. In the studies by Talley et al[5], no significant difference was seen in the rate of complete symptom resolution after 28 d of treatment between H. pylori-positive
and -negative subjects in the ulcer-like, reflux-like, or
dysmotility-like symptom subgroups in either treatment
arm, although these were only exploratory analyses. Although H. pylori status did not significantly influence the
response to omeprazole, this does not exclude the possibility of a small true difference between H. pylori-positive
and -negative patients in the effect of acid inhibition on
FD. Intragastric pH is higher in patients taking a PPI
who are infected with H. pylori[31]. PPI therapy may therefore be more effective in H. pylori-positive patients with
NUD, as one study has suggested[28]. Pooling all trial data
suggests that symptom responses are similar in H. pyloripositive and -negative patients with NUD. H. pylori status
is unlikely to have a clinically important impact on the efficacy of treatments in this patient group.
In this study, symptoms improved over time regardless of H. pylori status in the PPI group, whereas no
further symptom improvement was seen in the H2RA +
Prok group after day 7 of treatment in both H. pylori-positive and -negative subjects, indicating tolerance to treatment. Loss of the suppressive effect on acid secretion by
H2RAs has been reported in H. pylori-negative patients
as the duration of treatment increases[32], whereas in this
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study tolerance was seen from day 7 of treatment in the
H2RA + Prok group.
Limitations of this study include the small number of
subjects and the fact that it was not a placebo-controlled
trial. Consideration of the Japanese medical system tells
us that clinical trials of treatments for FD, a condition
not covered by medical insurance, conducted with the
participation of general medical clinics will be limited in
scope. Nevertheless, this is the first published report of
a randomized comparative trial of PPI monotherapy and
H2RA + Prok combination therapy in the treatment of
FD in Japanese subjects.
We demonstrated that, even in Japan with its high
proportion of H. pylori-positive patients, PPI monotherapy
significantly improves not only ulcer and reflux-like
symptoms, but also dysmotility-like symptoms, better
than H2RA + Prok combination therapy. In particular,
tolerance to H2RA + Prok combination therapy was seen
regardless of H. pylori status. The prevalence of H. pylori
infection is expected to decline in Japan in the future[33],
leading to increased gastric acid secretion, so suppression
of acid secretion will likely become even more important.
The American College of Gastroenterology guidelines
for the management of dyspepsia recommend a PPI as
the treatment of first choice in regions with a low prevalence of H. pylori infection, with investigations and other
therapies for those who fail to respond[29]. In Japan, where
the prevalence of H. pylori infection remains high, upper
GI endoscopy is considered mandatory for the exclusion
of malignancy. Powerful suppression of acid secretion,
such as a PPI provides, is the most effective therapy for
treatment of all dyspeptic symptoms in Japanese patients,
both ulcer- and reflux-like and dysmotility-like symptoms.
Of particular interest is our finding that PPI therapy is
useful in the treatment of dysmotility-like symptoms,
usually considered less responsive to PPIs. In other words,
dysmotility-like symptoms of FD are also an acid-related
disorder, for which suppression of acid secretion is the
most effective therapy. PPIs are extremely effective in
the treatment of all symptoms of FD, and should be the
treatment of first choice in Japanese patients with FD.

COMMENTS
COMMENTS
Background

Many people suffer from functional dyspepsia (FD). The disease has a substantial negative effect on quality of life, therefore, daily care is of the utmost
importance. However, because there are many causes of FD, including gastrointestinal motility disorders and hypersensitivity of the digestive tract, gastric
acid secretion, inflammation of the mucous membrane of the stomach, nervous
system and digestive tract hormone disorders, and psychological factors, no
method of treatment has been established.

Research frontiers

It has recently been clarified that gastric acid secretion plays a major role in the
onset of FD symptoms. In Japan, however, where there are many Helicobacter
pylori (H. pylori)-positive patients, epigastric pain, epigastric burning and other
acid-related symptoms are treated with acid-secretion blockers. In contrast,
dysmotility-like symptoms such as painful stomach heaviness after eating
and soon feeling full are mainly treated with prokinetic agents and/or antiulcer
agents, and the significance of acid secretion suppression is not clear. For this
reason, we conducted a prospective randomized treatment study to examine
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the importance of acid-suppressing drugs for the treatment of various FD
symptoms.

Innovations and breakthroughs

7

Regardless of whether cases were H. pylori-positive or -negative, the improvement rate for dysmotility-like symptoms as well as ulcer and acid-reflux-related
symptoms in a proton pump inhibitor (PPI) single therapy group was significantly better compared to a group concomitantly administered histamine H2
receptor antagonists (H2RAs) and prokinetic drugs (Proks). Logistic analysis
(multivariable analysis) of factors related to improvements in dysmotility-like
symptoms also showed that PPI therapy was the only significant factor. Patient
satisfaction was also significantly higher in the PPI single therapy group than in
the H2RA and Prok groups. In other words, in Japan, as well as other countries,
regardless of whether a patient is H. pylori-positive or -negative, the importance
of acid secretion suppression for the treatment of not only ulcer and acid-refluxrelated symptoms but also digestive motility disorder symptoms has been established.

8
9

10

Applications

It is thought that the H. pylori infection rate in Japan will gradually decrease.
Assuming this will lead to more patients with increased acid secretion, acid
secretion suppression will become an increasingly important issue. It has been
concluded that, regardless of whether a patient is H. pylori-positive or -negative,
PPI therapy is extremely effective as a first-choice treatment for not only ulcer
and acid-reflux-related symptoms but also dysmotility-like symptoms, in other
words, for all FD symptoms.

11

12

Terminology

In the Rome Ⅲ classification, FD is defined as “one or more of the chronic
symptoms of painful postprandial fullness, early feeling of satiety, epigastric
pain and epigastric burning for which no causal organic disease is observed
during endoscopic and other examinations”. This definition is divided into the
subcategories of epigastric pain syndrome, indicated by the two symptoms of
epigastric pain related to dietary intake and epigastric burning related to gastric
acid, and postprandial distress syndrome (PDS), indicated by the two so-called
dysmotility-like symptoms of early satiation and fullness. Many cases of FD are
thought to be due to PDS. In Japan, Proks, drugs that improve gastrointestinal
motility, are the first-choice treatment for dysmotility-like symptoms. H. pylori,
a bacterium that exists in the mucous membrane of the stomach, is thought to
cause stomach and duodenal ulcers, and stomach cancer. In H. pylori-positive
patients, the bacterium causes chronic atrophic gastritis, progressing to gastric
cancer, and low gastric acid output. The H. pylori-positive rate in Japan is tending to decrease, which could result in more Japanese patients with excessive
gastric acid output.
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Peer review

A good paper and can be accepted for publication. Only problem is the number
of patients recruited for the study was too low.
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Noninvasive Parameters and hepatic fibrosis scores in
children with nonalcoholic fatty liver disease
Hye Ran Yang, Hae Ryoung Kim, Myung Jin Kim, Jae Sung Ko, Jeong Kee Seo
ited a significant difference between patients with mild
and significant fibrosis. Among noninvasive hepatic fibrosis scores, only APRI and FIB4 revealed a significant
difference between patients with mild and significant
fibrosis (APRI: 0.67 ± 0.54 vs 0.78 ± 0.38, P = 0.032
and FIB4: 0.24 ± 0.12 vs 0.31 ± 0.21, P = 0.010).
The area under the receiving operating characteristic
curve of FIB4 was 0.81, followed by Forns index (0.73),
APRI (0.70), NAFLD fibrosis score (0.58), AST/ALT ratio
(0.53), PGA score (0.45), and PNFI (0.41).
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Abstract
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1525

AIM: To evaluate the noninvasive parameters and hepatic fibrosis scores in obese children with nonalcoholic
fatty liver disease (NAFLD).
METHODS: A total of 77 children diagnosed with
NAFLD via liver biopsy were included and divided into
2 subgroups according to the histopathologic staging of hepatic fibrosis: mild (stage 0-1) vs significant
fibrosis (stage 2-4). Clinical and laboratory parameters
were evaluated in each patient. The aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio,
AST/platelet ratio index (APRI), PGA index, Forns index,
FIB-4, NAFLD fibrosis score, and pediatric NAFLD fibrosis index (PNFI) were calculated.

INTRODUCTION
The disease spectrum of nonalcoholic fatty liver disease
(NAFLD) ranges from simple steatosis to nonalcoholic
steatohepatitis (NASH), fibrosis, and cirrhosis; NASH progresses towards cirrhosis, even in children[1,2]. Therefore,
accurate diagnosis and early detection of hepatic fibrosis
are required in obese children suspicious of NAFLD.

RESULTS: No clinical or biochemical parameter exhib-
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Percutaneous liver biopsy is the gold standard for the
diagnosis of NASH[3]. However, histopathologic investigation has some limitations because of its invasiveness and
high costs, especially in children; moreover, the histopathologic findings of NAFLD in children are somewhat different from those in adults, revealing portal inflammation
and portal fibrosis mainly in pediatric NASH in contrast
to lobular inflammation, perisinusoidal fibrosis, ballooning,
and Mallory’s hyaline in adult NASH[4,5].
Noninvasive markers of hepatic fibrosis and noninvasive hepatic fibrosis scores have been evaluated in previous
studies, mostly in adult patients with NAFLD[6]. Although
pediatric NAFLD shows peculiar histopathologic features
as described above[4,5], there have been only limited studies
of noninvasive biochemical markers of hepatic fibrosis
related to NAFLD in pediatric populations[7-10], and no
validation studies in children on the previously suggested
noninvasive hepatic fibrosis scores excluding 1 study on
the enhanced liver fibrosis panel[11]. Only 1 pediatric noninvasive score has been developed up to date[12].
Therefore, the present study aimed to evaluate the noninvasive clinical and laboratory parameters and noninvasive
hepatic fibrosis scores indicating the presence of hepatic
fibrosis and its severity in obese children with NAFLD.

using either abdominal sonography or noncontrast abdominal computed tomography (CT). Using abdominal
sonography, fatty liver was detected and the degree of
fatty liver was defined as mild, moderate, and severe fatty
liver[14]. Regarding abdominal CT, fatty liver was diagnosed when the difference between CT numbers of the
liver and spleen was greater than 10[15].
Histopathologic examination
Percutaneous needle liver biopsy was performed in all
patients. Histopathologic grades of steatosis, lobular and
portal inflammation, and hepatocyte ballooning and the
histopathologic stages of fibrosis were evaluated in each
patient to diagnose NAFLD and to assess the stages of
hepatic fibrosis[16]. The histological scoring system of
Kleiner et al[13] was also applied to the liver biopsy specimens to assess the histologic stages of hepatic fibrosis and
the NAFLD activity score (NAS). Fibrosis was staged as
follows: stage 0: none; stage 1: perisinusoidal or periportal
fibrosis (stage 1a: mild perisinusoidal; stage 1b: moderate
perisinusoidal; stage 1c: portal/periportal; stage 2: perisinusoidal and portal/periportal fibrosis; stage 3: bridging
fibrosis; stage 4: cirrhosis)[14].
Noninvasive hepatic fibrosis scores
The AST/ALT ratio was calculated as the ratio of AST to
ALT[10]; AST/platelet ratio index (APRI) as follows: (AST
level/AST upper level of normal/platelet counts) × 100[17];
PGA index as the sum of 3 scores based on the test results
of PT, γGT activity, and apoprotein A1 and ranged from 0
to 12[18]; Forns index as follows: [7.811 - 3.131 × ln(platelet
count) + 0.781 × ln(γGT) + 3.467 × ln(age) - 0.014 ×
cholesterol][19]; FIB-4 as (age × AST level/platelet count ×
√ALT)[20]; NAFLD fibrosis score as follows: [-1.675 + 0.037
× age (years) + 0.094 × BMI (kg/m2) + 1.13 × impaired
fasting glucose/diabetes (yes = 1, no = 0) + 0.99 × AST/
ALT ratio - 0.013 × platelet count - 0.66 × albumin][21]. Pediatric NAFLD fibrosis index (PNFI) was calculated using
a formula suggested by Nobili et al[12].

MATERIALS AND METHODS
A total of 77 obese children with NAFLD under the age
of 18 years who visited the Pediatric Obesity Clinic were
included and divided into 2 subgroups according to the
grading and staging of NAFLD. Obesity was defined
as a body mass index (BMI) value higher than the 95th
percentile for the child’s age and sex, and overweight as
a BMI between the 85th and 95th percentiles. NAFLD
was diagnosed on the basis of histopathologic findings
compatible with NAFLD on liver biopsy[13]. This study
was approved by the Institutional Review Board of the
Seoul National University Bundang Hospital.
Laboratory tests
Serum levels of fasting glucose, insulin, total cholesterol,
TGs, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and apoprotein A1 and B levels were
measured after a 12-h fast at the same time of liver biopsy.
Insulin resistance was determined by the homeostatic
model assessment of insulin resistance. Serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
total bilirubin, albumin, γ-glutamyl transpeptidase (γGT),
alkaline phosphatase (ALP) levels, prothrombin time (PT),
and tumor necrosis factor-α were also measured.
For the differential diagnosis of chronic hepatitis,
creatine phosphokinase, lactate dehydrogenase, ammonia,
lactate, pyruvate, anti-HAV IgM antibody, HBs antigen
and anti-HBs antibody, anti-HCV antibody, EBV VCA
IgM antibody, CMV IgM antibody, serum ceruloplasmin,
and anti-nuclear antibody were evaluated.

Statistical analysis
The results are expressed as mean ± SD. The data were
analyzed using the SPSS 18.0 software program (SPSS
Inc., Chicago, IL, United States). Frequency data were
compared using Fisher’s exact test for nonparametric
analysis. The Mann-Whitney U test was used for comparisons of means between 2 groups. Multivariate logistic
regression analysis was performed to determine potential
variables predicting significant hepatic fibrosis. P-values
less than 0.05 were considered statistically significant.
Receiver operating characteristic (ROC) curves and
the area under the ROC curve (AUROC) were applied to
assess and compare the diagnostic accuracy of each noninvasive hepatic fibrosis scores.

RESULTS

Radiologic investigations
The presence of fatty liver was evaluated in each patient
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Table 1 Patient characteristics and comparisons of noninvasive biochemical parameters between mild fibrosis and
significant fibrosis regarding the hepatic histology of children with non-alcoholic fatty liver disease (mean ± SD)
Parameters

Total (n = 77)

Mild fibrosis
(stage 0-1) (n = 51)

Significant fibrosis
(stage 2-3) (n = 26)

P value

66:11
12.2 ± 2.3
91.1 ± 10.1
68.9 ± 19.3
155.5 ± 12.2
28.1 ± 5.1

42:9
12.0 ± 2.4
92.1 ± 11.6
68.3 ± 21.3
155.1 ± 12.1
27.8 ± 5.2

24:2
12.7 ± 1.9
89.7 ± 7.8
70.2 ± 15.1
156.3 ± 12.6
28.7 ± 5.1

0.316
0.132
0.637
0.448
0.407
0.425

82.1 ± 46.6
167.4 ± 99.1
283.7 ± 110.0
53.9 ± 29.1
0.76 ± 0.37
4.54 ± 0.31
1.02 ± 0.07
180.2 ± 32.6
132.8 ± 53.6
97.2 ± 24.9
48.1 ± 11.4
120.2 ± 15.9
83.5 ± 17.7
98.1 ± 34.2
24.6 ± 14.6
5.8 ± 4.3
18.2 ± 15.0
5.7 ± 1.1
307.9 ± 69.2

77.4 ± 46.3
158.7 ± 95.4
273.0 ± 113.8
51.1 ± 25.9
0.75 ± 0.30
4.54 ± 0.32
1.01 ± 0.06
176.8 ± 31.2
126.6 ± 52.4
93.5 ± 20.6
48.9 ± 12.2
121.6 ± 15.7
85.6 ± 17.5
95.4 ± 11.9
23.2 ± 15.5
6.1 ± 4.8
15.7 ± 12.3
5.5 ± 0.3
313.2 ± 71.1

91.3 ± 46.8
184.6 ± 105.6
304.7 ± 101.1
59.4 ± 34.4
0.77 ± 0.50
4.55 ± 0.30
1.03 ± 0.08
186.9 ± 34.7
142.7 ± 55.0
103.1 ± 30.2
46.9 ± 10.2
118.1 ± 16.8
80.0 ± 18.3
103.4 ± 56.7
26.2 ± 13.5
5.3 ± 3.2
21.7 ± 18.0
5.9 ± 1.6
297.3 ± 65.4

0.063
0.206
0.185
0.410
0.438
1.000
0.090
0.139
0.235
0.198
0.995
0.543
0.418
0.311
0.244
0.586
0.400
0.806
0.416

Clinical characteristics
Gender (M:F)
Age (yr)
AC (cm)
Weight (kg)
Height (cm)
BMI (kg/m2)
Biochemical parameters
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
γGT (IU/L)
Total bilirubin (mg/dL)
Albumin (g/dL)
PT INR
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Apoprotein A1 (mg/dL)
Apoprotein B (mg/dL)
Fasting glucose (mg/dL)
Insulin (µIU/mL)
HOMA-IR
TNF-α (pg/mL)
HbA1C (%)
Platelet (× 109/L)

AC: Abdominal circumference; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI:
Body mass index; γGT: γ-glutamyl transpeptidase; DBP: Diastolic blood pressure; HDL: High density lipoprotein; HOMA-IR: Insulin
resistance determined by homeostasis model assessment; LDL: Low density lipoprotein; NAFLD: Non-alcoholic fatty liver disease;
NAS: NAFLD activity score; Ob: Obesity; Ow: Overweight; PT: Prothrombin time; SBP: Systolic blood pressure; TNF-α: Tumor
necrosis factor-α.

2.2 years, range 8-18 years) diagnosed as NAFLD were
included. The clinical characteristics of children with
NAFLD are shown in Table 1.

biochemical parameters exhibited a significant difference
between the 2 fibrosis groups based on histopathologic
findings (Table 1).

Histopathologic findings and hepatic fibrosis in NAFLD
Histopathologic findings of the liver in children with
NAFLD are listed in Table 2. Staging for hepatic fibrosis revealed the prevalence of stage 0 (n = 12), stage 1A (n = 12),
stage 1B (n = 7), stage 1C (n = 20), stage 2 (n = 21), and
stage 3 (n = 5). There was no patient with stage 4 of hepatic
histology. Fibrosis stages were grouped into 2 subgroups:
mild hepatic fibrosis (stage 0 to 1) (n = 51); and significant
hepatic fibrosis (stage 2 to 3) (n = 26). The histopathologic
findings for these 2 groups are compared in Table 2. There
were no differences in steatosis, lobular inflammation, and
NAS between 2 fibrosis groups (Table 2). Only hepatocyte
ballooning was significantly different between the 2 groups
(P = 0.018) (Table 2).

Multivariate logistic regression analysis for hepatic
fibrosis in NAFLD
The result of multivariate logistic regression analysis for
clinical or biochemical factors to predict significant hepatic fibrosis in children with NAFLD is shown in Table 3.
Comparisons of noninvasive hepatic fibrosis scores and
hepatic fibrosis in children with NAFLD
The results of hepatic fibrosis scores including the AST/
ALT ratio, APRI, PGA index, Forns index, FIB4, NAFLD
fibrosis score, and PNFI were compared between the 2
groups based on the stage of hepatic fibrosis (Table 2).
Among the hepatic fibrosis scores, APRI and FIB4
revealed statistically significant differences between patients with mild fibrosis and significant fibrosis (APRI, P
= 0.032; FIB4, P = 0.010) (Table 2). The other hepatic
fibrosis scores were not significantly different between
the 2 groups (AST/ALT ratio, P = 0.808; PGA index, P
= 0.710; Forns index, P = 0.097; NAFLD fibrosis score,
P = 0.532; PNFI, P = 0.314) (Table 2).

Noninvasive clinical and biochemical parameters in
children
Clinical data of the patients and the results of laboratory
tests for obesity and obesity-related complications are
listed in Table 1. None of these noninvasive clinical and
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Table 2 Comparison of hepatic fibrosis scoring systems between mild fibrosis and significant fibrosis regarding the hepatic histology
of children with non-alcoholic fatty liver disease (mean ± SD)
Parameters and hepatic fibrosis scores
Invasive histopathologic NAFLD scores1
Steatosis (grade 0/1/2/3)
Inflammation (grade 0/1/2/3)
Ballooning (grade 0/1/2)
NAS
Noninvasive hepatic fibrosis scoring systems
AST/ALT ratio
AST/platelet ratio index
PGA index
Forns index
FIB4 score
NAFLD fibrosis score
Pediatric NAFLD fibrosis index

Total (n = 77)

Mild fibrosis
(stage 0-1) (n = 51)

Significant fibrosis
(stage 2-3) (n = 26)

P value

0/13/36/28
9/43/25/0
27/33/17
4.3 ± 1.4

0/7/22/22
7/29/15/0
22/21/8
4.18 ± 1.48

0/6/14/6
2/14/10/0
5/12/9
4.46 ± 1.14

0.085
0.325
0.018
0.470

0.53 ± 0.22
0.71 ± 0.49
3.78 ± 1.80
-0.94 ± 1.18
0.27 ± 0.16
-4.95 ± 1.32
7.67 ± 2.48

0.52 ± 0.16
0.67 ± 0.54
3.85 ± 1.89
-1.06 ± 0.21
0.24 ± 0.12
-5.07 ± 1.27
7.71 ± 2.79

0.57 ± 0.31
0.78 ± 0.38
3.68 ± 1.70
-0.69 ± 1.09
0.31 ± 0.21
-4.73 ± 1.41
7.61 ± 2.08

0.802
0.032
0.710
0.097
0.010
0.532
0.314

1

Histopathologic non-alcoholic fatty liver disease (NAFLD) scoring on liver biopsy specimens was based on the definition by Kleiner et al[13]. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; NAS: Non-alcoholic fatty liver disease activity score.

1.0

Table 3 Multivariate logistic regression analysis for significant
hepatic fibrosis in children with non-alcoholic fatty liver
disease

Age
ALP

OR

95% CI

P value

1.357
1.006

1.027-1.793
1.000-1.011

0.032
0.035

0.6
0.4
0.2

ALP: Alkaline phosphatase; OR: Odds ratio.

0.0

Comparison of the diagnostic accuracy of the hepatic
fibrosis scoring systems
ROC curves of the hepatic fibrosis scoring systems are
shown in Figure 1.
When the AUROC of each scoring system was compared, the AUROC of FIB4 was 0.81 (95% CI: 0.68-0.94),
followed by the Forns index (AUROC = 0.73, 95% CI:
0.58-0.88), APRI (AUROC = 0.70, 95% CI: 0.55-0.86),
NAFLD fibrosis score (AUROC = 0.58, 95% CI: 0.41-0.75),
AST/ALT ratio (AUROC = 0.53, 95% CI: 0.35-0.70), PGA
score (AUROC = 0.45, 95% CI: 0.28-0.62), and PNFI (AUROC = 0.41, 95% CI: 0.24-0.58).

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 1 Receiver operating characteristic curves for the noninvasive
hepatic fibrosis scoring systems used to diagnose clinically significant
fibrosis (stage 2-3) in children with non-alcoholic fatty liver disease. ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; NAFLD: Nonalcoholic fatty liver disease.

by univariate analysis, although the result of multivariate
analysis suggested age and ALP as possible prognostic
factors that predict significant hepatic fibrosis.
Regarding the clinical markers in children with NAFLD,
1 multicenter study reached the same conclusion as our
study, revealing no significantly different clinical parameters for significant fibrosis (stage 2 or more), and the
serum AST level was the only biochemical parameter
associated with the severity of hepatic fibrosis[9]. In contrast, another pediatric study reported that BMI was the
only clinical parameter that significantly differentiated
NAFLD with hepatic fibrosis from NAFLD without fibrosis, and there were no biochemical parameters predictive of hepatic fibrosis[10]. From these results, it appears
that more developed noninvasive tools beyond simple parameters are needed to detect hepatic fibrosis in children
suspicious of NAFLD.
To this point, a number of noninvasive hepatic fibrosis scores have been developed and applied to chronic liver diseases, such as hepatitis B, hepatitis C, alcoholic fatty

DISCUSSION
Due to the invasiveness of histopathologic diagnosis
based on liver biopsy, noninvasive methods including the
measurement of various clinical parameters or laboratory markers have been applied to clinical practice and
research, mostly in adults, to facilitate the diagnosis of
NAFLD and to predict hepatic fibrosis in obese patients.
In our study performed in children with biopsy-proven
NAFLD, both clinical and biochemical parameters were
evaluated on the basis of the histopathologic findings
of liver biopsy specimens, particularly focused on biochemical parameters. However, all of these clinical and
biochemical parameters failed to distinguish significant
fibrosis from no/mild fibrosis in children with NAFLD
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liver disease, and NAFLD[22,23]. These scores include indices based on indirect biochemical markers and/or clinical
parameters developed for adults, such as the AST/ALT
ratio[10], APRI[17], PGA index[18], Forns index[19], FIB-4[20],
and NAFLD fibrosis score[21]. These scores have been
validated in a number of previously published studies in
adults[22], but no validation studies have been performed
in children with NAFLD, excluding the AST/ALT ratio,
which did not differentiate hepatic fibrosis from no fibrosis in children[10].
In our study, only APRI and FIB4 exhibited statistically significant differences between patients with mild
fibrosis and those with significant fibrosis among these
noninvasive scores. Regarding APRI, no studies have
been reported in children with NAFLD. However, a
study on APRI in children with chronic viral hepatitis
revealed that the AUROC of APRI was 0.71 for hepatic
fibrosis, and the sensitivity and the specificity of APRI
were 47% and 90%, respectively, at the cutoff of 0.5[24].
In addition, another study comparing APRI with FibroScan and FibroTest in children with chronic liver disease reported the AUROC of APRI to be 0.73[25]. In our
study on children with NAFLD, the AUROC of APRI
was 0.70, which was similar to those of previous studies
on children with chronic liver diseases.
FIB4, comprising age in addition to AST, ALT, and
platelet counts, also differentiated significant hepatic fibrosis from mild fibrosis in our study, with the highest
AUROC of 0.81. In previous studies on FIB4 in adult
patients with NAFLD, the AUROCs of FIB4 were 0.802
and 0.86, respectively, which were higher than those of
the AST/ALT ratio, APRI, NAFLD fibrosis score, and
the BMI, AST/ALT ratio, diabetes score in both studies[26,27]. FIB4 was significant in distinguishing advanced
fibrosis (stage 3 to 4) from mild fibrosis (stage 0 to 2) in
these 2 studies[26,27]. These results were similar to those of
our study, indicating that FIB4 had the highest AUROC
among a variety of hepatic fibrosis scores using standard
laboratory tests. Thus, FIB4 also appears to be a desirable
noninvasive hepatic fibrosis score, even in children, with
the application of age-appropriate cutoffs.
Up to date, PNFI was the only noninvasive hepatic fibrosis scoring system developed for children with NAFLD,
which revealed the AUROC for significant fibrosis (stage 2
to 3) was 0.663[28], and according to previous studies, PNFI
was significant in differentiating children with hepatic fibrosis from children without fibrosis[12,28]. However, in our
study, PNFI failed to distinguish significant hepatic fibrosis
from no/mild fibrosis in children with the lowest AUROC
of 0.41.
Because histopathologic findings of pediatric NASH
are to some extent distinct from adult NASH[4,5], the application of noninvasive hepatic fibrosis scores to children with NAFLD should be considered from a different
point of view. More validation studies may be required in
the future to apply noninvasive hepatic fibrosis scoring
systems to clinical fields in pediatric population.
In conclusion, it appears that no single clinical or labo-
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ratory parameter can reflect the presence of hepatic fibrosis or the severity of fibrosis in children with NAFLD.
Therefore, APRI and FIB4 might be regarded as useful
noninvasive methods to evaluate hepatic fibrosis even in
children with NAFLD.
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RESULTS: Authors observed a significant reduction of
14-3-3ε protein expression in gastric cancer (GC) samples compared to their matched non-neoplastic tissue.
Reduced levels of 14-3-3ε were also associated with
diffuse-type GC and early-onset of this pathology. Our
data suggest that reduced 14-3-3ε may have a role in
gastric carcinogenesis process.
CONCLUSION: Our results reveal that the reduced
14-3-3ε expression in GC and investigation of 14-3-3ε
interaction partners may help to elucidate the carcinogenesis process.
© 2012 Baishideng. All rights reserved.
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Abstract

INTRODUCTION

AIM: To evaluate for the first time the protein and
mRNA expression of 14-3-3ε in gastric carcinogenesis.

Although gastric cancer (GC) rates have decreased substantially in most parts of the world, it is still the fourth
most frequent cancer type and the second highest cause
of cancer mortality worldwide. A total of 989 600 new

METHODS: 14-3-3ε protein expression was determined by western blotting, and mRNA expression was
WJG|www.wjgnet.com
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stomach cancer cases and 738 000 deaths are estimated
to have occurred in 2008, accounting for 8% of the total
cases and 10% of total deaths by cancer[1].
About 90% of stomach tumors are adenocarcinomas[2]. However, the etiology and disease evolution may
vary among populations, primary tumor location, histological subtypes of adenocarcinoma, and other variables[3].
GC, as with other neoplasms, is a multifactorial disease that results from a combination of environmental
factors and accumulation of generalized and specific genetic and epigenetic alterations. Chromosomal instability
is characterized by changes in chromosome copy number
(aneuploidy) and alterations in chromosomal regions,
which may induce oncogene activation, tumor suppressor
gene inactivation, or both[4]. The chromosomal aberrations that are constantly found in GC include gains of
3q, 7p, 7q, 8q, 13q, 17q, 20p and 20q and losses of 4q,
9p, 17p and 18q (for a review, see[5]). Our research group
previously reported that the loss of one copy of TP53
locus (17p13) is commonly found in gastric tumors of
individuals from a Brazilian population[6], as well as in GC
cell lines[7-9]. Although TP53 is a key tumor suppressor
gene in the carcinogenesis process[10], additional genes at
17p13 may play a role in gastric carcinogenesis.
The YWHAE gene is located at 17p13.3 and encodes
the 14-3-3ε protein, one of the mammalian 14-3-3 protein family members that are highly conserved in eukaryotes. There are at least seven distinct 14-3-3 genes in vertebrates, giving rise to nine isoforms (α, β, γ, δ, ε, ζ, η, σ
and τ/υ, with α and δ being phosphorylated forms of β
and ζ, respectively)[11,12]. The 14-3-3 proteins are predominantly dimeric within the cell and bind either to multiple
sites within single proteins or act as a bridge between two
targets[13-15]. Up to now, > 300 proteins have been reported to interact with 14-3-3 proteins, including key signaling components, such as p53, Raf-1 kinase, Bcl-2 antagonist of cell death, protein kinase C, phophatidylinositol
3-kinase, and cdc25 phosphatase (RASGRF1)[12,13,15,16].
Although the exact 14-3-3 protein functions are not fully
known, these proteins may act as a molecular scaffold,
bringing together proteins that interact functionally and
effecting phosphorylation-dependent cell regulation[12].
This protein family is involved in several biological processes and plays a regulatory role in processes such as
apoptotic cell death, mitogenic signal transduction, and
cell cycle control[13,17,18].
The isoform 14-3-3ε is the most highly conserved
member of the 14-3-3 family, with conserved sequence in
plants, yeast, and mammals[19,20]. Abnormal expression of
14-3-3ε has been found in some types of cancers. However, the role of 14-3-3ε in the carcinogenesis process is
ambiguous and contradictory. Low expression of 14-3-3ε
occurs in small cell lung cancer[21], laryngeal squamous
cell carcinoma[22], and medulloblastoma[23], which suggest
its role as a tumor suppressor gene. On the other hand,
high expression of 14-3-3ε has been detected in renal
carcinoma[24], astrocytoma[25], meningioma[26] and subependymomas[27], and, thus, probably it acts as a oncogene.
To the best of our knowledge, no study has evaluated

WJG|www.wjgnet.com

the role of 14-3-3ε in gastric carcinogenesis until now. In
the present study, we analyzed the 14-3-3ε gene and protein expression in GC and matched non-neoplastic gastric samples. We also evaluated the possible associations
between 14-3-3ε and clinicopathological characteristics.

MATERIALS AND METHODS
Tissue samples
14-3-3ε protein expression was evaluated in 20 pairs of
GC samples and corresponding non-neoplastic gastric
tissues (distant location of primary tumor). The mRNA
expression was evaluated in 31 pairs of GC samples and
corresponding non-neoplastic gastric tissues. Dissected tumor and paired non-neoplastic tissue specimens were immediately cut from stomach samples, frozen in liquid nitrogen, and stored at -80 ℃ until use for protein and RNA
extraction. All the gastric samples were obtained surgically
from João de Barros Barreto University Hospital (HUJBB)
in Pará State, Northern Brazil. Informed consent with approval of the ethics committee of HUJBB was obtained.
All patients had negative histories of exposure to either
chemotherapy or radiotherapy before surgery and there
was no other co-occurrence of diagnosed cancers. All
samples were classified according to Laurén[28] and tumors
were staged using standard criteria by TNM staging[29].
Protein and mRNA purification
Total protein and total mRNA were simultaneously isolated from gastric tissue samples using the AllPrep DNA/
RNA/Protein Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. To allow greatest solubilization, the protein pellet was dissolved in buffer containing 7 mol urea, 2 mol thiourea, 4% CHAPS, 50 mmol
dithiothreitol, 1% Protease Inhibitor Cocktail (Sigma, St
Louis, MO, United States), and 0.5% of each Phosphatase
Inhibitor Cocktail 1 and 2 (Sigma-Aldrich, St Louis, MO,
United States). Protein concentration was determined by
the method of Bradford (Sigma-Aldrich). RNA concentration and quality were determined using a NanoDrop
spectrophotometer (Kisker, Germany) and 1% agarose
gels. Samples were stored at -80 ℃ until use.
14-3-3ε expression by western blotting
Reduced protein (30 µg) of each sample was separated on
12.5% homogeneous SDS-PAGE gel and electroblotted to
a polyvinylidene fluoride (PVDF) membrane (Hybond-P;
GE Healthcare, Uppsala, Sweden). The PVDF membrane
was blocked with PBS containing 0.1% Tween 20, 5% lowfat milk, and incubated overnight at 4 ℃ with corresponding primary antibodies to anti-14-3-3ε (sc-31962, 1:100; Santa Cruz Biotechnology, Santa Cruz, CA, United States) and
anti-β-actin (Ac-74, 1:3000; Sigma-Aldrich). After extensive
washing, a peroxidase-conjugated secondary antibody was
incubated for 1 h at room temperature. Immunoreactive
bands were visualized using western blotting Luminol reagent and the images were acquired using an ImageQuant
350 digital image system (GE Healthcare, Uppsala, Sweden).
The β-actin was used as a loading reference control.
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Figure 1 Expression of 14-3-3ε in tumor and non-neoplastic gastric tissue. A: Protein expression normalized by β-actin (ACTB); B: Ratio of protein expression
between tumor and matched non-neoplastic gastric tissues; C: Western blotting using anti-14-3-3ε and anti-β-actin antibodies; D: mRNA expression normalized by
the internal controls ACTB and glyceraldehyde-3-phosphate dehydrogenase; E: Relative mRNA quantification-gastric tumor samples normalized by matched nonneoplastic gastric tissues. T: Tumor samples; N: Non-neoplastic samples.

14-3-3ε mRNA expression by real-time quantitative RTPCR
First, cDNA was synthesized using High-Capacity cDNA
Archive kit (Applied Biosystems, Warsaw, Poland) according to the manufacturer’s protocol. All real-time
qRT-PCR reactions were performed in triplicate for
both target gene (YWHAE: Hs00356749_g1, Applied
Biosystems, United States) and internal controls (β-actin:
Hs03023943_g1; glyceraldehyde-3-phosphate dehydrogenase: Hs99999905_m1; Applied Biosystems, United
States). To compare 14-3-3ε mRNA expression between
GC and non-neoplastic gastric samples, we converted ∆Ct
(∆Ct = Ct of YWHAE - Ct of internal controls) to linear
form (2-∆Ct). Relative quantification of the gene expression was calculated according to Pfaffl method[30]. Nonneoplastic gastric samples were designated as a calibrator
of each paired tumor sample.

a type Ⅰ error (false positive), reducing over-fit bias and
internally validating the accuracy estimates. Bootstrapping
methods also produce confidence intervals (CIs) around
the observed effects. Paired t test was performed to compare the mean of 14-3-3ε expression between neoplastic
and matched non-neoplastic samples. The associations
between clinicopathological parameters and the mean
of 14-3-3ε expression were assessed using a t test for
independent samples. The correlation among the 14-3-3ε
mRNA and protein expression was analyzed by Pearson
test. All the analyses performed in this article were based
on 1000 bootstrap samples. In all analyses, the CI was
95% and P < 0.05 was considered significant.

RESULTS
14-3-3ε protein expression was significantly reduced in GC
samples (densitometry units: 0.656 ± 0.552) compared to
matched non-neoplastic gastric samples (1.656 ± 1.158) (P =
0.005, 95% CI: -1.59 to -0.53). 14-3-3ε protein was 1.5-fold
lower in 60% of GC samples compared to their paired
non-neoplastic gastric tissues. However, 14-3-3ε mRNA
expression did not differ between GC (2-∆ct: 0.492 ± 0.325)
and corresponding non-neoplastic gastric tissue (0.579
± 0.272) (P = 0.075, 95% CI: -0.18 to 0.003) (Figure 1).
Although mRNA and protein were simultaneously purified,

Statistical analysis
We first evaluated the normal distribution of all data using the Shapiro-Wilk normality test to determine subsequent use of appropriate tests for statistical comparison.
Since 14-3-3ε mRNA and protein data did not present
with a normal distribution, we performed parametric
tests with bootstrapping, a re-sampling method. The resampling methods are relatively powerful and can control
WJG|www.wjgnet.com
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Table 1 Clinicopathological characteristics and 14-3-3ε expression in gastric cancer samples (mean ± SD)
Variable

14-3-3ε protein expression

Gender
Male
Female
Onset (yr)
< 45
≥ 45
Tumor location
Cardia
Non-cardia
Laurén classification
Diffuse-type
Intestinal-type
Stage
Early
Advanced
Tumor invasion
T1/T2
T3/T4
Lymph node metastasis
Absent
Present
Distant metastasis
Unknown/absent
Present

14-3-3ε mRNA expression

Total

Ratio T/N

Adjusted
P -value

95% CI

Total

Relative
quantification

Adjusted
P -value

95% CI

10
10

0.418 ± 0.41
0.667 ± 0.47

0.210

-0.13 to 0.63

18
13

1.404 ± 1.43
0.898 ± 1.09

0.279

-1.38 to 0.40

6
14

0.303 ± 0.26
0.646 ± 0.48

0.052

-0.68 to -0.05

8
23

0.583 ± 0.31
1.403 ± 1.45

0.028a

-1.49 to -0.25

3
17

0.293 ± 0.11
0.587 ± 0.47

0.067

0.03 to 0.56

4
27

0.796 ± 0.35
1.250 ± 1.39

0.177

-0.12 to 1.23

4
16

0.244 ± 0.14
0.618 ± 0.46

0.024a

0.12 to 0.65

13
18

1.119 ± 1.04
1.245 ± 1.49

0.785

-0.69 to 1.07

4
16

0.517 ± 0.64
0.549 ± 0.41

0.921

-0.55 to 0.81

4
27

0.549 ± 0.38
1.287 ± 1.37

0.046a

-1.41 to -0.16

8
12

0.491 ± 0.49
0.578 ± 0.43

0.674

-0.48 to 0.34

9
22

0.642 ± 0.33
1.417 ± 1.49

0.052

-1.40 to -0.13

6
14

0.672 ± 0.57
0.488 ± 0.39

0.510

-0.29 to 0.72

8
23

0.687 ± 0.53
1.367 ± 1.45

0.069

-1.31 to -0.01

16
4

0.557 ± 0.47
0.486 ± 0.37

0.754

-0.42 to 0.47

23
8

0.978 ± 0.99
1.807 ± 1.89

0.242

-2.25 to 0.51

Differentially expressed between groups, aP < 0.05. T: Tumor gastric samples; N: Non-neoplastic gastric samples.

no correlation was observed between 14-3-3ε mRNA and
protein expression (R = 0.236, P = 0.345).
The associations between clinicopathological characteristics and 14-3-3ε expression are summarized in Table 1. A
significant decrease in 14-3-3ε mRNA level was observed
in early-onset GC (at age ≤ 45 years[31]) compared to lateonset GC (P = 0.028, 95% CI: -1.49 to -0.25). Moreover,
a tendency towards 14-3-3ε protein down-expression was
also observed in early-onset compared to late-onset GC (P
= 0.052, 95% CI: -0.69 to -0.05).
The 14-3-3ε mRNA level was reduced in early GC
compared to advanced GC (P = 0.046, 95% CI: -1.41
to -0.16) and tended to present reduced levels with less
invasive tumors (P = 0.052, 95% CI: -1.40 to -0.13). In
contrast, these observations were not observed for protein
level.
Concerning the 14-3-3ε protein, we observed that the
diffuse-type GC presented reduced expression compared
to intestinal-type GC (P = 0.024, 95% CI: 0.12-0.65).
However, a significant difference was observed between
non-neoplastic gastric tissues and intestinal-type GC (P =
0.045, 95% CI: -1.55 to -0.29) and diffuse-type GC (P =
0.024, 95% CI: -2.22 to -1.14).

cell cycle checkpoints, mitogen-activate protein kinase
activation, apoptosis, and regulation of gene expression.
14-3-3 stabilizes non-native conformations of bound
ligands to promote their interactions with downstream
targets, or facilitates their subsequent modification by kinases and phosphatases[18].
In the present study, we evaluated the 14-3-3ε mRNA
and protein expression in gastric carcinogenesis. To the
best of our knowledge, no study has evaluated 14-3-3ε expression in this neoplasm. Here, we observed that 14-3-3ε
protein expression was reduced in GC samples compared
to matched non-neoplastic gastric tissue. Low expression
of 14-3-3ε has also been reported in small cell lung cancer[21], laryngeal squamous cell carcinoma[22], and medulloblastoma[23], suggesting a tumor suppressor function. The
reduced 14-3-3ε expression may be in part due to the loss
of its locus (17p13), which is a common finding in gastric
tumors of individuals from the studied population[6].
Little is known about the role of 14-3-3ε in carcinogenesis. One of the major partners of 14-3-3ε is the CDC25
protein. CDC25 protein is virtually inactive during interphase, but undergoes a strong activation at mitosis due to
phosphorylation of its N-terminal regulatory domain[33].
14-3-3ε acts as a negative regulator of CDC25[33,34]. The
overexpression of CDC25 proteins has previously been
described in GC[35-37]. Thus, the reduced expression of
14-3-3ε in GC cells may enhance the ability of CDC25 to
induce mitosis, contributing to the gastric carcinogenesis
process.
Several classification systems have been described for

DISCUSSION
Cancer cells have defects in regulatory circuits that govern normal cell proliferation and homeostasis[32]. The
14-3-3 proteins continue to generate intense interest due
to their roles in signal transduction pathways that control
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GC. According to the Laurén classification, one of the
most used, gastric adenocarcinoma is classified mainly
into intestinal and diffuse types[28]. Intestinal-type GC progresses through a number of sequential steps, beginning
with atrophic gastritis followed by intestinal metaplasia,
intraepithelial neoplasia, and carcinoma[38]. In contrast, diffuse-type GC generally does not evolve from precancerous lesions[39,40]. In the present study, we observed that the
expression of 14-3-3ε protein was lower in diffuse-type
than in intestinal-type GC, confirming that these two histological GC subtypes follow different genetic pathways
and may be two distinct entities[39].
MYC deregulation is a frequent finding in GC[41]. Moreover, MYC immunoreactivity seems to be more frequently
detected in intestinal-type than diffuse-type GC[42,43]. Gene
amplification is the main mechanism of MYC deregulation in GC[41], and we have previously described a higher
frequency of MYC locus amplification in intestinal-type
than diffuse-type GC[44,45]. Interestingly, one of the MYC
target proteins is CDC25, which is negatively regulated by
14-3-3ε. A correlation between MYC and CDC25 has previously been reported in GC[46]. Here, we hypothesize that
the relative increase of 14-3-3ε in the subset of tumors of
the intestinal-type may be a compensatory mechanism to
control the increase of cell proliferation due to MYC and
CDC25 action. Moreover, MYC overexpression also induces the production of reactive oxygen species, which may
lead to double-stranded DNA breaks and point mutations
resulting in genomic instability[47]. Thus, the relative increase
in 14-3-3ε in the intestinal-type GC may be also a compensatory response to other oncogenic mutations accumulated
in cancer cells, which lead to genomic instability and initiate a DNA damage check-point in cells that contain some
functional p53 alleles, as already proposed for other 14-3-3
isoforms[18].
Here, we also described a decrease in 14-3-3ε expression in early-onset compared to late-onset GC. Earlyonset GC is observed in < 10% of GC patients, and only
10% of these patients have a positive family history[31].
Most young patients present at an advanced clinical stage
similar to elderly patients, so the prognosis in both age
groups is poor. However, early-onset GC shows different
clinicopathological and molecular profiles compared to
late-onset GC, suggesting that they represent a separate
entity within gastric carcinogenesis, with genetic factors
probably presenting a more important role in early-onset
GC patients[48-50]. 14-3-3ε deregulation may have a direct
or indirect function in early-onset GC because this protein interacts with several others.
In addition, no correlation was observed between
14-3-3ε mRNA and protein expression, corroborating a
previous study of laryngeal squamous cell carcinoma[22].
The lack of correlation between 14-3-3ε protein and
mRNA expression patterns indicates the post-translational
regulation mechanism involved in this protein expression,
and highlights the complexity of the relationship between
protein and mRNA expression.
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In conclusion, our data suggest that, for the first time,
reduced 14-3-3ε may have a role in gastric carcinogenesis,
mainly in diffuse-type and early-onset GC. Moreover,
further investigations are necessary to understand which
proteins interact with 14-3-3ε in these subtypes of GC.
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CASE REPORT

Pancreatic schwannoma: Case report and an updated
30-year review of the literature yielding 47 cases
Toshiyuki Moriya, Wataru Kimura, Ichiro Hirai, Akiko Takeshita, Koji Tezuka, Toshihiro Watanabe,
Masaomi Mizutani, Akira Fuse
5 (11%) patients had a malignancy. The tumor size was
significantly related to malignant tumor (13.8 ± 6.2 cm
for malignancy vs 5.5 ± 4.4 cm for benign, P = 0.001)
and cystic formation (7.9 ± 5.9 cm for cystic tumor vs 3.9
± 2.4 cm for solid tumor, P = 0.005). The preoperative
diagnosis of pancreatic schwannoma remains difficult.
Cystic pancreatic schwannomas should be considered
in the differential diagnosis of cystic neoplasms and
pseudocysts. In our case, intraoperative frozen section confirmed the diagnosis of a schwannoma. Simple
enucleation may be adequate, if this is possible.
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Abstract

ment of Gastroenterology and Hepatology, The Queen Elizabeth
Hospital, 28 Woodville Road, Woodville South 5011, Australia;
De-Liang Fu, Professor, Department of General Surgery, 12 Wulumuqi Road (M), Shanghai 200040, China.

Pancreatic schwannomas are rare neoplasms. Authors
briefly describe a 64-year-old female patient with cystic
pancreatic schwannoma mimicking other cystic tumors
and review the literature. Databases for PubMed were
searched for English-language articles from 1980 to
2010 using a list of keywords, as well as references
from review articles. Only 41 articles, including 47 cases,
have been reported in the English literature. The mean
age was 55.7 years (range 20-87 years), with 45% of
patients being male. Mean tumor size was 6.2 cm (range
1-20 cm). Tumor location was the head (40%), head
and body (6%), body (21%), body and tail (15%), tail
(4%), and uncinate process (13%). Thirty-four percent
of patients exhibited solid tumors and 60% of patients
exhibited cystic tumors. Treatment included pancreaticoduodenectomy (32%), distal pancreatectomy (21%),
enucleation (15%), unresectable (4%), refused operation (2%) and the detail of resection was not specified
in 26% of patients. No patients died of disease with a
mean follow-up of 15.7 mo (range 3-65 mo), although

WJG|www.wjgnet.com

Moriya T, Kimura W, Hirai I, Takeshita A, Tezuka K, Watanabe T,
Mizutani M, Fuse A. Pancreatic schwannoma: Case report and an
updated 30-year review of the literature yielding 47 cases. World
J Gastroenterol 2012; 18(13): 1538-1544 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i13/1538.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i13.1538

INTRODUCTION
Pancreatic schwannomas are rare neoplasms that originate
from Schwann cells. The Schwann cells line the nerve
sheath and can generate either schwannoma or neurofibroma[1]. Schwannoma usually occur in the extremities,
but can also be found in the trunk, head and neck, retroperitoneum, mediastinum, pelvis and rectum[2,3]. Pancre-
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atic schwannomas are even more unusual neoplasms that
affect adults with an equal gender distribution[4,5]. These
tumors vary considerably in size and approximately twothirds are reported to undergo degenerative changes including cyst formation, calcification, hemorrhage, hyalinization and xanthomatous infiltration[4,5]. As a result, they
may radiographically mimic cystic pancreatic lesions (e.g.,
mucinous cystic neoplasms, solid and pseudopapillary
neoplasms, serous cystic neoplasms, and pseudocysts).
Only 47 cases have been reported in the English literature in the last three decades[2-42]. In this report, we present
a case of pancreatic schwannoma and provide a pertinent
review of literature with emphasis on clinical presentation,
diagnosis, treatment options, and outcome.

Figure 1 Contrast-enhanced computed tomography scan obtained in the
arterial phase showing a multilocular cystic mass in the uncinate process
of the pancreas. No pancreatic ductal dilatation or invasion into adjacent arteries or portal vein are identified.

CASE REPORT
A 64-year-old previously healthy woman was incidentally
discovered to have a cystic tumor in the pancreas during an ultrasound examination for a health check. She
was referred to our institution for further investigation.
The abdominal physical examination did not detect any
marked finding and all laboratory data were normal, including tumor markers. The computed tomography (CT)
scan demonstrated a well-encapsulated tumor, which
was composed of solid and cystic areas (Figure 1), and
neither liver mass nor peripancreatic lymph node swelling was detected. Magnetic resonance imaging (MRI)
showed a mass, with hypointensity on T1-weighted images and hyperintensity on T2-weighted images. Magnetic
resonance cholangiopancreatography (MRCP) showed a
hyperintense mass in the pancreatic head with no dilatation of the main pancreatic duct. Endoscopic retrograde
cholangiopancreatography revealed no communication
between cystic tumor and pancreatic duct. Endoscopic
ultrasonography showed that the tumor was composed
of cystic part and solid part. We performed surgery
under the diagnosis of cystic tumor of the pancreas as
mucinous cystic tumor, solid pseudo papillary tumor or
gastrointestinal stromal tumor. The laparotomy disclosed
a well-encapsulated 4-cm mass in the uncinate process of
the pancreas that had no signs of inflammation. Intraoperative ultrasound confirmed a solitary mass composed
of solid and cystic components (Figure 2). The mass was
enucleated and an intraoperative frozen section demonstrated a benign schwannoma. No further resection was
performed based on these findings. The tumor was 4 cm
× 4 cm × 3 cm in size, and was composed of a mixture
of solid and hemorrhage areas. On microscopic examination, the tumor was composed of spindle cells strongly
positive for S-100 proteins and foci of hemorrhage (hematoxylin and eosin, × 100) (Figure 3). The tumor cells
were negative for smooth muscle actin and CD-34. The
tumor was therefore histologically diagnosed as benign
schwannoma. The patient was discharged uneventfully
on postoperative day 17. At a 65-month follow up after
resection, the patient is doing well without any recurrent
disease.
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Figure 2 Intraoperative ultrasound showing the well-encapsulated pancreatic mass that is composed of solid and cystic components.

Figure 3 Microscopic examination demonstrating spindle cells without
nuclear atypism (HE x 100). Immunohistochemical staining for S-100 protein
was positive. HE: Hematoxylin and eosin.

DISCUSSION
A review of the patient’s chart was performed along with
a review of English-language articles using a PubMed
search for the last three decades. We found 41 articles
including 47 patients with pancreatic schwannoma. Details of the cases are summarized in Table 1 along with
the current patient. Table 2 summarizes the important
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Table 1 Summary of cases with pancreatic schwannoma
Author

Year Sex Age

Current case
Dorsey et al[6]

2010
2010

F
F

64
54

Stojanovic et al[7]

2010

F

24

Suzuki et al[8]
Aggarwal et al[9]

2010 F
2010 M

66
20

Ohshima et al[10]
Mummadi et al[11]
Gupta et al[5]
Li et al[12]
Tafe et al[13]
Hirabayashi et al[14]
Okuma et al[15]
Tofigh et al[16]

2010
2009
2009
2009
2008
2008
2008
2008

F
M
F
M
M
M
F
M

32
35
56
37
46
51
71
54

Fasanella et al[17]
Di Benedetto et al[18]
Yu et al[19]
Wu et al[20]

2007
2007
2006
2005

M
M
M
M

36
42
72
71

Novellas et al[21]

2005

F

46

Soumaoro et al[22]
Bui et al[23]
Akiyoshi et al[24]
Von Dobschuetz et al[25]

2005
2004
2004
2004

F
F
F
F

64
69
67
55

Paranjape et al[4]

2004

F

77

Tan et al[26]
Almo et al[2]

2003
2001

F
F

46
73

Almo et al[2]
Lee et al[27]
Morita et al[28]
Brown et al[29]
Brown et al[29]
Hsiano et al[30]
Feldman et al[31]
Feldman et al[31]
Ferrozzi et al[32]
Ferrozzi et al[32]
Ferrozzi et al[32]
Sugiyama et al[33]
Steven et al[34]
Melato et al[35]
David et al[3]
Urban et al[36]
Burd et al[37]

2001
2001
1999
1998
1998
1998
1997
1997
1995
1995
1995
1995
1994
1993
1993
1992
1992

F
F
F
M
M
F
M
F
M
M
F
M
M
M
M
F
M

47
63
50
52
69
70
63
54
47
63
68
41
59
87
46
56
73

Coombs et al[38]

1990

F

74

Liessi et al[39]
Walsh et al[40]

1990
1989

F
F

75
35

Eggermont et al[41]

1987

F

40

Moller-Pederson et al[42] 1982 M

60

Presenting symptoms

Size
(cm)

Location

Solid/cystic by
image

Asymptomatic
4.0
Uncinate
Solid and cystic
Abdominal pain, weight
1.4
Head
Solid
loss
Abdominal pain, dyspepsia, 18.0 Body/tail
Cystic
weight loss, palpable tumor
Asymptomatic
3.0
Body
Solid and cystic
Upper abdominal
3.0
Head
NA
discomfort
Back pain
4.0
Head
Solid and cystic
Epigastric pain
7.0
Body
Solid and cystic
Asymptomatic
8.3 Head/body
Cystic
Asymptomatic
16.0
Head
Solid and Cystic
Abdominal pain
11.0 Body/tail
Cystic
Asymptomatic
6.0
Tail
Cystic
Epigastric pain
4.0
Body
Solid and cystic
Epigastric pain, weight
3.0
Head
Solid (by
loss, nausea, intermittent
specimen)
jaundice
Abdominal discomfort
3.6
Uncinate
Cystic
Asymptomatic
2.5
Body
Solid
Upper abdominal pain
1.0 Head/body
Solid
Epigastric pain, decreased
1.5
Head
Cystic
appetite
Asthenia, weight loss,
3.0
Head
Solid
empyema
Asymptomatic
2.5
Head
Solid
Abdominal pain
5.0
Head
Solid
Asymptomatic
5.0
Head
Cystic
Asymptomatic
8.0
Head
Cystic
Upper abdominal pain,
weight loss
Right upper quadrant pain
Abdominal pain, nausea,
vomiting
Abdominal pain, back pain
Upper abdominal pain
Upper abdominal pain
Asymptomatic
Asymptomatic
Palpable tumor
Asymptomatic
Abdominal pain
Right-sided abdominal pain
Abdominal pain
Upper abdominal pain
Asymptomatic
Asymptomatic
Upper abdominal pain
Right sided abdominal pain
Right sided hip pain
Right upper quadrant
abdominal pain
Anemia, melena
Abdominal pain
Abdominal pain, melena,
anemia
Upper abdominal pain,
jaundice, weight loss
Back pain, weight loss

Treatment

Histology Follow-up
(mo)

Enucleation
NA

Benign
Benign

65
NA

DP + transverse
colon
DP
Enucleation

Malignant

28

Benign
Benign

24
NA

PD
NA
PD
PD
DP
DP
DP
PD

Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign

NA
6
NA
NA
NA
NA
NA

NA
DP
NA
Enucleation

Benign
Benign
Benign
Benign

NA
NA
NA
10

PD

Benign

24

Benign
NA1
Benign
Benign

24
NA
43
10

Benign

3

3.5

Body

Solid

Enucleation
Unresectable
PD
PD + PV
reconstruction
Enucleation

2.2
3.0

Head
Head

Solid and Cystic
Cystic

PD
PD

Benign
Benign

NA
17

Solid
Cystic
Cystic
Cystic
Cystic
Cystic
Solid
Solid
NA
Cystic
Cystic
Cystic
Solid
Cystic
Cystic
Cystic
Solid

PD
DP
DP
Resection2
PD
Resection2
Enucleation
Enucleation
DP
NA
NA
PD
PD
NA
NA
DP
NA

Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign
Benign

14
6
7
NA
NA
24
NA
22
48
NA
6
NA
10
NA
NA
NA
NA

Solid with
necrotic center
Solid
NA

NA

Malignant

NA

Not resected
PD

Benign
Malignant

7
24

PD

Malignant

9

Unresectable

Malignant

4

5.5
Head
10.0
Tail
9.5 Body/tail
5.5
Body
6.0
Head
18.0 Body/tail
2.5
Body
2.0
Uncinate
3.5
Body
NA
Body
NA Head/body
1.5
Uncinate
4.0
Uncinate
20.0 Body/tail
6.0
Uncinate
4.0
Body
2.0 Body/tail
7.0

Head

7.0
NA

Head
Head

10.0

Head

20.0

Body/tail

Solid with
necrotic center
Cystic

M: Male; F: Female; NA: Not available. 1Unresectable because of encasing the superior mesenteric artery and the portal vein, although the malignant finding
was not confirmed by histopathology; 2No specific operation documented.
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A

Table 2 Summary of clinicopathological data from all 47
cases of pancreatic schwannoma

20

P = 0.001
55.7 ± 15.1 (20-87)
21/26 (45%)
14 (30%)
27 (57%)
6 (13%)
3 (6%)
2 (4%)
2 (4%)
2 (4%)
2 (4%)
1 (4%)

10

0
Benign (n = 42)

B

19 (40%)
3 (6%)
10 (21%)
7 (15%)
2 (4%)
6 (13%)
6.2 ± 5.1 (1-20)
15 (32%)
10 (21%)
7 (15%)
2 (4%)
1 (2%)
12 (26%)

20

Malignant (n = 4)

P = 0.005

15

10

5

0
Solid (n = 16)

5 (11%)
41 (87%)
1 (2%)

Cystic (n = 28)

Figure 4 Analysis for relation between tumor size and malignant potential
and tumor nature (solid or cystic) in all 47 cases of pancreatic schwannoma. A: Relationship between tumor size and malignancy. Larger tumor size is
related to malignant tumor (13.8 ± 6.2 cm for malignancy vs 5.5 ± 4.4 cm for
benign, P = 0.001); B: Relationship between tumor size and nature of tumor.
Larger tumor size is related to cystic degeneration (13.8 ± 6.2 cm for cystic
tumor vs 5.5 ± 4.4 cm for solid tumor, P = 0.005).

16 (34%)
28 (60%)
3 (6%)
18.9 ± 15.7 (3-65)
0 (0%)

mor location. The lesion was located in the pancreas head
in 19 patients (40%), head and body in 3 patients (6%),
body in 10 patients (21%), body and tail in 7 (15%), tail in
2 patients (4%), and uncinate process in 6 patients (13%).
Mean tumor size was 6.2 ± 5.1 cm (range 1-20 cm).
Treatment included pancreaticoduodenectomy for 15
patients (32%) including one portal vein reconstruction,
distal pancreatectomy for 10 patients (21%) including
combined transverse colon resection, enucleation for 7
patients (15%), unresectable for 2 patients (4%), refused
operation for 1 patient (2%) and the detail of resection
was not specified in 12 patients (26%). Enucleation was
performed for 7 patients, and out of these, 3 lesions
were located in the head, 2 lesions were in the uncinate
process and 2 lesions were in the body. The mean tumor
size in the patients who underwent enucleation was 2.7
cm (range 1.5-4.0 cm). Regarding gross appearance, 34%
of patients exhibited solid tumors and 60% of patients
exhibited cystic tumors. No patient died of disease with
a follow-up of 15.7 mo (range 3-65 mo), although 4 (9%)
patients had a malignancy. The tumor size was related to
malignant tumor (13.8 ± 6.2 cm for malignancy vs 5.5 ±
4.4 cm for benign, P = 0.001) (Figure 4A) and cystic for-

1

Patients had several symptoms; 2One patient underwent resection of
portal vein; 3One patient underwent resection of transverse colon.

available facts regarding all patients. We examined the
correlation between tumor size and malignancy, as well
as tumor size and cystic degeneration. Continuous data
are presented as mean ± standard deviation and range.
Student t-test was used for all comparisons among continuous variables. A P < 0.05 was considered statistically
significant.
A PubMed search of the literature indicated 41 reports including 47 patients with pancreatic schwannoma
in the English literature. Details of all the 47 cases are
summarized in Table 1. Table 2 summarizes the important available clinicopathological factors. The mean age
of the patients was 55.7 ± 15.1 years (range 20-87 years)
and the male-female ratio was 21:26. Thirty percent of
patients were asymptomatic and 70% of patients were
symptomatic. Symptoms included abdominal pain (57%),
weight loss (13%), back pain (6%), nausea/vomiting (4%),
abdominal mass (4%), melena (4%), and jaundice (4%).
The symptoms did not correlate with tumor size and tu-
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15

5

Tumor size (cm)

Age (yr)
Sex (male/female), (male %)
Symptoms1
Asymptomatic
Symptomatic
Abdominal pain
Weight loss
Back pain
Nausea/vomiting
Abdominal mass
Anemia
Melena
Jaundice
Location
Head
Head/body
Body
Body/tail
Tail
Uncinate process
Mean size (cm), (n = 44)
Operation
Pancreaticoduodenectomy2
Distal pancreatectomy3
Enucleation
Unresectable
Refused
Not specified
Histology
Malignant
Benign
Not specified
Nature of tumor
Solid
Cystic
Not specified
Mean follow-up months (n = 23)
Died of disease

Tumor size (cm)

n (%) or mean ± SD (range)
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mation (7.9 ± 5.9 cm for cystic tumor vs 3.9 ± 2.4 cm for
solid tumor, P = 0.005) (Figure 4B).
In 1910, Verocay reported a schwannoma as a true neoplasm which originated from Schwann cells, and which did
not contain neuroganglion cells[1]. Since then, schwannomas have become well known as benign spindle cell
tumors derived from Schwann cells that line the nerve
sheaths. Schwannomas usually occur in the extremities,
but can also be found in the trunk, head and neck, retroperitoneum, mediastinum, pelvis and rectum[2-4]. Pancreatic schwannomas are rare neoplasms that arise from
either autonomic sympathetic or parasympathetic fibers,
both of which course through the pancreas as branches
of the vagus nerve[2-4].
Microscopically, a typical schwannoma is composed
of 2 areas, namely Antoni A and Antoni B areas. The
Antoni A area is hypercellular and characterized by closely packed spindle cells with occasional nuclear palisading
and Verocay bodies, whereas the Antoni B area is hypocellular and is occupied by loosely arranged tumor cells[43].
Most of the pancreatic schwannomas reported had both
Antoni A and Antoni B areas in various proportions. Degenerative or cystic changes such as calcification or hemorrhage are often recognized in the Antoni B area. These
changes result from vascular thrombosis and subsequent
necrosis[43]. Cystic pancreatic schwannomas can mimic
the whole spectrum of cystic pancreatic lesions including: intraductal mucinous-papillary neoplasms, mucinous
cystic neoplasms, serous cystic neoplasms, solid and
pseudo-papillary neoplasms, lymphangiomas, and pancreatic pseudocysts. Immunohistochemically, schwannomas
stain strongly positive for S-100 protein, vimentin and
CD 56, while negative for other tumor markers including
cytokeratin AE1/AE3, desmin, smooth muscle myosin,
CD 34 and CD 117[43].
The symptoms of the reported patient cases of pancreatic schwannoma vary. Seventy percent of patients
were symptomatic. Abdominal pain was the most common symptom reported (57%). Symptoms such as back
pain (6%), nausea/vomiting (4%), weight loss (13%),
melena (4%) and jaundice (4%) have been also reported.
Thirty percent of patients were asymptomatic and the
lesions were incidentally discovered on CT scans performed for other reasons.
The preoperative diagnosis of pancreatic schwannoma is
very difficult, especially in cystic schwannomas. Suzuki et al[8]
reviewed imaging features of pancreatic schwannomas.
The most characteristic feature on CT scan was the presence of an area of low density and/or cystic images reflecting the Antoni B component or degenerative cystic
areas of the schwannoma. Contrast-enhanced CT scan
showed the difference between the Antoni A and the Antoni B areas based on their vascularity, i.e., well-enhanced
areas corresponding to Antoni A, and unenhanced areas
corresponding to Antoni B. The CT findings correlated
well with pathological features[8,19]. The MRI findings usually showed hypointensity on T1-weighted images and
hyperintensity on T2-weighted images[21]. However, other
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pancreatic tumors often share those imaging features, and
differential diagnoses should always be considered. Ultrasound-guided Fine Needle Aspiration (EUS-FNA) biopsy
has been used increasingly commonly at many institutions.
This procedure may be useful for accurate preoperative
diagnosis. Cytologically, schwannomas are characteristically composed of spindle-shaped cells, which possess
indistinct cytoplasmic borders and wavy nuclei embedded
in a fibrillary and occasionally myxoid or collagenous matrix. The Antoni A (cohesive cellular clusters) and Antoni
B (loosely cohesive or poorly cellular sheets) areas are occasionally found. Immunohistochemical staining is useful
for accurate diagnosis of schwannoma[12,14]. It is diffusely
and strongly positive for S-100 protein. There has only
been one previous report of pancreatic schwannoma diagnosed preoperatively by EUS-FNA cytology combined
with immunohistochemistry[12].
Although malignant pancreatic schwannomas have
been reported in 5 articles[7,38,40-42], in 3 of 5 the methods
of diagnosing malignancy were inconsistent, as some
previous reports pointed out[4,5]. Immunohistochemical
examination was not used or was not available in these
3 patients. Walsh and Bradspigel[40] described a case of
pancreatic schwannoma eroding into the bowel wall and
presenting with gastrointestinal bleeding that mimicked a
recurrently bleeding duodenal ulcer. Another two patients
reported had disease associated with von Recklinghausen’
s disease[41,42]. These could represent misdiagnosed neurofibromas that underwent malignant degeneration[4,5]. Stojanovic et al[7] reported malignant pancreatic schwannoma
with node metastasis and infiltrating serosa of transverse
colon. This tumor was confirmed using immunohistochemical examination. This may be the first definite report of malignant schwannoma with subsequent radical
resection.
Since malignant transformation of pancreatic schwannomas is uncommon, simple enucleation is usually sufficient.
A review of the treatment showed that the most common
resection was pancreaticoduodenectomy (32%), followed by
distal pancreatectomy (21%) and enucleation (15%). This
result may account for the difficulty in accurate diagnosis
of pancreatic schwannoma and relate to larger size of this
tumor. Enucleation was performed for 7 patients for whom
3 lesions were located in the head, 2 lesions were in the uncinate process and 2 lesions were in the body. The mean tumor
size of the patients who underwent enucleation was 2.7 cm
(range 1.5-4.0 cm). Intraoperative consultation with the pathologist was carried out in most of the enucleated cases. An
intraoperative frozen section should be performed, as it helps
to establish the diagnosis of a benign schwannoma and avoid
more radical resection. Large tumors, tumors involving portal
vein, ampulla, or splenic hilum, may require a more radical
resection than simple enucleation.
The present report shows the correlation between
tumor size and malignant formation (Figure 4A), and tumor size and cystic degeneration (Figure 4B). Malignant
schwannomas were more likely to be larger-sized compared to many other tumors. On the other hand, the par-
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ticular feature of pancreatic schwannoma was that larger
tumor size was related to cystic degeneration, as shown in
Figure 4B. Cystic degeneration could make it difficult to
diagnose pancreatic schwannoma preoperatively, because
of mimicking other cystic neoplasms. Caution should be
applied when diagnosing cystic neoplasm. An intraoperative frozen section may help to establish the diagnosis
of a schwannoma and avoid more radical resection. To
our knowledge, the present report is the first to analyze
the relation among tumor size, malignant formation and
cystic degeneration. Our results suggest that pancreatic
schwannoma might be resected even though diagnosed
preoperatively, because if schwannomas are smaller, enucleation should be oncologically adequate. However, when
tumors become larger with associated bleeding risk, more
invasive resection such a PD or DP might be necessary.
In particular, in cases of tumors more than 10 cm in size,
we should pay special attention to malignant degeneration
and should perform a more extended resection. To avoid
extended resection, earlier resection and accurate diagnosis are very important.
In conclusion, pancreatic schwannomas deserve attention with regard to the differential diagnosis of pancreatic
lesions. Preoperative diagnosis is very difficult. Simple
enucleation is adequate if this is possible to achieve. Intraoperative frozen section is useful to diagnose schwannoma.
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CASE REPORT

Esophageal combined carcinomas: Immunohoistochemical
and molecular genetic studies
Tadashi Terada, Hirotoshi Maruo
lial membrane antigen, and p53 protein, and had high
Ki-67 labeling. The adenocarcinoma element was positive for mucins. The small cell carcinoma element was
positive for CD56, synaptophysin, KIT, and PDGFRA,
but the other elements were not. Mutations of KIT and
PDGFRA were not recognized. The patient died of systemic carcinomatosis 7 mo after presentation. These
combined carcinomas may arise from enterochromaffin cells or totipotential stem cell in the esophagus or
transdifferentiation of one element to another. A review
of the literature was performed.
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Abstract

Peer reviewer: Matthew James Schuchert, MD, FACS, Assis-

tant Professor of Surgery, Heart, Lung and Esophageal Surgery
Institute, University of Pittsburgh Medical Center, Shadyside
Medical Building, 5200 Centre Avenue, Suite 715, Pittsburgh, PA
15232, United States

Primary esophageal combined carcinoma is very rare.
The authors herein report 2 cases. Case 1 was a combined squamous cell carcinoma and small cell carcinoma, and case 2 was a combined squamous cell carcinoma, adenocarcinoma, and small cell carcinoma. Case
1 was a 67-year-old man with complaints of dysphagia.
Endoscopic examination revealed an ulcerated tumor in
the middle esophagus, and 6 biopsies were obtained.
All 6 biopsies revealed a mixture of squamous cell carcinoma and small cell carcinoma. Both elements were
positive for cytokeratin, epithelial membrane antigen,
and p53 protein, and had high Ki-67 labeling. The small
cell carcinoma element was positive for synaptophysin,
CD56, KIT, and platelet-derived growth factor-α (PDGFRA), while the squamous cell carcinoma element was
not. Genetically, no mutations of KIT and PDGFRA were
recognized. The patient died of systemic carcinomatosis 15 mo after presentation. Case 2 was a 74-year-old
man presenting with dysplasia. Endoscopy revealed a
polypoid tumor in the distal esophagus. Seven biopsies
were taken, and 6 showed a mixture of squamous cell
carcinoma, small cell carcinoma, and adenocarcinoma.
The 3 elements were positive for cytokeratins, epithe-
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INTRODUCTION
Combined esophageal carcinomas are very rare and interesting tumors. A full review of the English literature
revealed 24 reporting combined carcinoma of the esophagus[1-24]. Most were small cell carcinomas, and a few were
non-small cell carcinomas[1-24]. The author herein reports
2 cases of combined carcinoma of the esophagus. One
case is a combined squamous cell carcinoma and small
cell carcinoma, and another case is a combined squamous
cell carcinoma, adenocarcinoma, and small cell carcinoma
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perchromatic nuclei, inconspicuous nucleoli, and scant cytoplasm. The adenocarcinoma element showed sheet-like
tumor cells with focal acinar formations, in which mucins
were identified. The 3 elements were positive for cytokeratins, epithelial membrane antigen, p53 protein, and Ki-67
(labeling: squamous cell carcinoma element, 34%; adenocarcinoma element, 29%; small cell carcinoma element
87%). The squamous cell carcinoma and adenocarcinoma
elements were negative for CD56, chromogranin, synaptophysin, neuron-specific elolase, KIT and PDGFRA. In
contrast, the small cell carcinoma element was positive for
CD56 (Figure 2E), synaptophysin, KIT (Figure 2F), and
PDGFRA (Figure 2G). Mutations of KIT and PDGFRA
were not found.
The patient was diagnosed with combined carcinoma
of the esophagus (stage Ⅱ, T2 N1 M0). Surgery was
not considered because the tumor contained small cell
carcinoma. The patient received chemoradiation, but died
of systemic carcinomatosis 7 mo after presentation.

CASE REPORT
Case 1
A 67-year-old man was admitted to our hospital with
dysphagia. An endoscopic examination revealed an ulcerated tumor (3 cm × 4 cm × 3 cm) in the middle esophagus (Figure 1A), and 6 biopsies were obtained. All 6
biopsies revealed a mixture of squamous cell carcinoma
(Figure 1B) and small cell carcinoma (Figure 1C). The
squamous element was composed of malignant cells arranged in a layer with focal keratinization (cancer pearls).
The small cell carcinoma element consisted of malignant
small cells with hyperchromatic nuclei, nuclear molding,
absent nucleoli, and very scant cytoplasm. There was a
gradual merging of the 2 elements.
The authors performed an immunohistochemical
study using Dako Envision method, as previously described[25,26]. The immunohistochemical antibodies used
were as follows: cytokeratins (AE1/3, Dako; CAM5.2
Bekton-Dickinson, CA, United States), epithelial membrane antigen (E29, Dako), neuron-specific enolase
(BBS/NC/VI-H14, Dako), chromogranin (DAK-A3,
Dako), synaptophysin (polyclonal, Dako), CD56 (UJ13A,
Dako), p53 protein (DO-7, Dako), Ki-67 (MIB-1, Dako),
KIT (polyclonal, Dako), and platelet derived growth factor receptor-α (PDGFRA) (polyclonal, Santa Cruz, CA,
United States). The squamous cell carcinoma element
was positive for cytokeratin, epithelial membrane antigen,
p53 protein, and Ki-67 antigen (57% labeled), but negative for other antigens examined. The small cell carcinoma element was positive for cytokeratin (Figure 1D), p53
protein, Ki-67 (96% labeled), synaptophysin (Figure 1E),
CD56, and chromogranin, KIT (Figure 1F), and PDGFRA (Figure 1G).
The authors performed a molecular genetic study
for KIT (exons 9, 11, 13 and 17) and PDGFRA (exons
12 and 18) genes in paraffin sections using microdissection and the polymerase chain reaction-direct sequencing
method, as previously described[27-30]. There were no mutations of the KIT (exons 9, 11, 13 and 17) and PDGFRA
(exons 12 and 18) genes.
The patient was diagnosed with combined carcinoma
of esophagus (stage Ⅱ, T2 N0 M0). Surgery was not
considered because the tumor contained small cell
carcinoma. The patient was treated with cisplatin-based
chemotherapy and radiation, but died of systemic carcinomatosis 15 mo after presentation.

DISCUSSION
The present 2 cases of combined carcinoma of the esophagus were associated with small cell carcinoma. Small cell
carcinoma is diagnosed with hematoxylin and eosin (HE)
staining and is defined as an undifferentiated carcinoma
consisting of small cells with characteristic cellular and
nuclear features, such as small-sized cells, scant cytoplasm, hyperchromatic, finely granular, and molded nuclei, and inconspicuous nucleoli, according to the World
Health Organization Blue Book [31]. Neuroendocrine
features are recognized in more than 90% of small cell
carcinoma[31]. Squamous cell carcinoma is characterized
by a squamoid cell arrangement and the presence of
intercellular bridges and keratinization. Adenocarcinoma
is characterized by tubular formations and the presence
of mucins. Case 1 in the present study fulfilled these criteria, and was definitely combined small cell carcinoma
and squamous cell carcinoma. Likewise, Case 2 was an
apparently combined small cell carcinoma, squamous
cell carcinoma, and adenocarcinoma. The presence of
p53 protein and high Ki-67 labeling supports the above
diagnosis.
In the present study, there was gradual merging of
the 2 elements in case 1 and of the 3 elements in case 2.
These findings may indicate that each element is derived
from transdifferentiation of other elements. Traditionally,
small cell carcinoma of the esophagus is thought to be
derived from enterochromaffin cells or APUD cells present in the normal esophagus. Otherwise, this esophageal
tumor arises from totipotent stem cells of the esophagus,
as suggested by Ho et al[2]. The present study could not
determine the histogenesis of the combined carcinomas
associated with small cell carcinomas.
Most of esophageal tumors with multiple differentiation (combined carcinoma) are associated with small cell
carcinoma[1-15,17-24], although basaloid cell squamous cell
carcinoma also shows multiple differentiation[16]. The cel-

Case 2
A 74-year-old man presented with dysplasia, and attended
our hospital. An endoscopy revealed a polypoid tumor (2
cm × 2 cm × 3 cm) in the middle esophagus (Figure 2A).
Seven biopsies were taken, and 6 showed a mixture of
squamous cell carcinoma (Figure 2B), small cell carcinoma
(Figure 2C), and adenocarcinoma (Figure 2D). The squamous cell carcinoma element showed malignant cells in a
layer with focal keratinization. The small cell carcinoma
element was composed of small malignant cells with hy-
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Figure 1 Case 1. A: Endoscopy. An ulcerated
tumor is seen in the esophagus; B: Histology
of the squamous cell carcinoma element of
the esophageal tumor. Keratinization is seen
[hematoxylin and eosin (HE), x 200]; C: Small
cell carcinoma element of the esophageal
carcinoma. The tumor cells show characteristic morphologies of small cell carcinoma
(HE, x 200); D: Cytokeratins are expressed in
the small cell carcinoma component (x 200);
E: Synaptophysin is expressed in the small
cell carcinoma component (x 200); F: KIT is
expressed in the small cell carcinoma component (x 200); G: Platelet-derived growth
factor-α is expressed in the small cell carcinoma component (x 200).

G

esophageal small cell carcinoma. Sarma[5] mentioned that
there were oat cell carcinomas with squamous cell carcinoma foci and adenocarcinoma foci. Doherty et al[6] reported
that there were oat cell carcinomas with squamous cell carcinoma in situ, with squamous cell carcinoma, with adenocarcinoma, and with carcinoid. Sato et al[7] reported a case
of small cell carcinoma with invasive squamous cell carcinoma. Sasajima et al[8] demonstrated one case of esophageal carcinoma showing multiple differentiations into oat

lular origin of small cell carcinoma is unknown. In the full
review of the English literature on combined carcinomas
of esophageal cancers, Rosen et al[1] reported an epidermoid carcinoma simulating oat cell carcinoma. Ho et al[2]
reported that 2 of 4 cases of esophageal small cell carcinoma contained foci of squamous cell carcinoma. Reid et al[3]
described a case of esophageal small cell carcinoma with
foci of squamous cell carcinoma. Reyes et al[4] reported
that foci of squamous cell carcinoma were seen in 4/16
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Figure 2 Case 2. A: Endoscopy. An elevated tumor is
seen in the esophagus; B: Histology of the squamous
cell carcinoma element of the esophageal tumor. A
cancer pearl is seen [hematoxylin and eosin (HE), x
200]; C: Small cell carcinoma element of the esophageal carcinoma. The tumor cells show characteristic
morphologies of small cell carcinoma (HE, x 200); D:
Adenocarcinomatous element shows focal tubular
formations (HE, x 200); E: CD56 is expressed in the
small cell carcinoma component (x 200); F: KIT is expressed in the small cell carcinoma component (x 200);
G: Platelet-derived growth factor-α is expressed in the
small cell carcinoma component (x 200).

G

Takubo et al[14] found a combination of small cell carcinoma and squamous cell carcinoma in 11 of 21 cases, and
a combination of small cell carcinoma and mucoepidermid carcinoma in 1 of 21 cases. Medgyesy et al[15] found a
combination of small cell carcinoma and adenocarcinoma
in 1 of 8 cases, and a combination of small cell carcinoma
and squamous cell carcinoma in 1 of 8 cases. Cho et al[16]
identified a combination of basaloid squamous cell carcinoma and squamous cell carcinoma in 8 of 18 cases, a

cell carcinoma, adenoid cystic carcinoma, adenocarcinoma, and squamous cell carcinoma. Mori et al[9] reported
that 7 squamous cell foci and 2 adenocarcinoma foci
were recognized in 10 small cell carcinomas. Attar et al[10]
showed concomitant squamous cell carcinoma in small
cell carcinoma. Beyer et al[11] mentioned that there was
considerable histological heterogeneity in small cell carcinoma. Fujiwara et al[13] reported a case of small cell
carcinoma with concomitant squamous cell carcinoma.
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combination of basaloid squamous cell carcinoma and adenocarcinoma in 3 of 18 cases, a combination of basaloid
squamous cell carcinoma and small cell carcinoma in 2
of 18 cases. Uğraş et al[18] reported a combined carcinoma
composed of small cell carcinoma and squamous cell
carcinoma. Ishihara et al[19] found an esophageal combined
carcinoma consisting of Pagetoid squamous cell carcinoma, choriocarcinoma, and mucoepidermoid carcinoma.
Yamamoto et al[20] reported in situ and invasive squamous
cell carcinomas were present in 3 of 6 cases of small cell
carcinoma. Wu et al[21] reported that small cell carcinoma
with squamous cell carcinoma was found in 3 of 9 cases.
Yun et al[22] identified squamous differentiation in small cell
carcinoma in 2 of 21 cases. Bilbeau et al[23] reported a case
of small cell carcinoma with adenocarcinoma in a Barrett’s
esophagus. Maru et al[24] reported that a combination of
small cell carcinoma and adenocarcinoma was seen in 15
of 40 cases, and a combination of small cell carcinoma
and squamous cell carcinoma in 1 of 40 cases. Therefore,
this literature review showed that combined carcinoma of
the esophagus is not so rare among small cell esophageal
carcinomas, and that the majority of combined carcinoma
is associated with small cell carcinoma. The review also
confirmed that esophageal combined carcinoma composed of small cell carcinoma and squamous cell carcinoma is the most common, followed by a combination of
small cell carcinoma and adenocarcinoma. The present 2
cases also are the common type of combined esophageal
carcinoma.
As mentioned above, small cell carcinoma is diagnosed
by HE staining[31]. About 90% of small cell carcinoma has
neuroendocrine features[31]. The neuroendocrine features
can be demonstrated by immunohistochemical demonstration of neuroendocrine antigens such as chromogranin, synaptophysin, CD56, and neuron-specific enolase
or by ultrastructural demonstration of neuroendocrine
secretory vesicles[32]. Yamamoto et al[20] described that
CD56, neuron-specific enolase, and chromogranin were
positive in a small cell carcinoma component while they
were negative in the squamous cell carcinoma component
in 3 cases of combined esophageal carcinoma. They also
demonstrated that both components were positive for
cytokeratins and epithelial membrane antigen. Wu et al[21]
described that esophageal small cell carcinomas were
positive for neuron-specific enolase, chromogranin A,
and synaptophysin in all 9 cases investigated. Yun et al[22]
described that the percentage of endocrine markers in
21 esophageal small cell carcinomas was as follows: synaptophysin, 95%; CD56, 76%; chromogranin A, 62%,
neuron-specific enolase, 62%, TTF-1, 71%; epithelial
membrane antigen, 62%; cytokeratins, 57%; S100 protein, 19%. Maru et al[24] described that chromogranin was
positive in 31 of 40 and synaptophysin in all 40 esophageal neoroendocrine carcinomas. In the present case,
synaptophysin, CD56 and chromogranin were positive in
the small cell carcinoma component in case 1, and CD56
and synaptophysin were positive in the small cell carci-
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noma component in case 2. In both cases in the present
study, all the elements were positive for cytokeratin and
epithelial membrane antigen. The non-small cell carcinoma components were negative for the neuroendocrine
carcinoma. These findings are compatible with those of
previous studies.
The present study has new findings: it showed positive
expression of KIT and PDGFRA in the small cell carcinoma element of the 2 combined esophageal carcinomas.
The present study also revealed that the squamous cell
carcinoma and adenocarcinoma components were negative for KIT and PDGFRA protein and were negative for
KIT and PDGFRA mutations in the esophageal combined carcinoma. KIT and PDGFRA are transmembranous receptor tyrosine kinase oncoproteins involved in
carcinogenesis[33-35]. The vast majority of small cell carcinoma develops in the lung. In small cell lung carcinoma,
KIT is frequently expressed, but no mutations of KIT
gene have been recognized[36-46]. In small cell lung carcinoma, protein expression and mutations of PDGFRA
are unknown. In extrapulmonary small cell carcinoma,
KIT and PDGFRA proteins are frequently expressed,
but there have been no mutations of KIT and PDGFRA
genes found[46-48]. Many more studies of the KIT and
PDGFRA gene status in esophageal combined carcinomas are necessary to elucidate the molecular mechanism
of the carcinogenesis.
The biological behavior of these combined carci
nomas of the esophagus is not known. However, it is
thought that these combined carcinomas behave like
small cell carcinoma, because the great majority of these
combined carcinomas contain a small cell carcinoma
element[1-24]. The option for treatment is not surgery but
chemotherapy and radiation as in pulmonary small cell
carcinoma[1-24]. The chemotherapy employed was cisplatin
and etoposide[1-24]. Adjuvant radiation therapy may be
effective. The combined carcinomas of the esophagus
have a higher propensity for systemic metastases[1-24]. The
survival rate is not clear because of a limited number
of cases. However, survival was thought to be similar to
that of pulmonary small cell carcinoma[1-24].
In summary, the authors presented 2 rare cases of
esophageal combined carcinoma with double (squamous
cell carcinoma and small cell carcinoma) and triplicate
differentiation (squamous cell carcinoma, small cell carcinoma, and adenocarcinoma). The authors speculates that
the combined carcinomas are basically small cell carcinomas with squamous and/or adenocarcinomatous differentiation. The present esophageal combined carcinomas
may arise from enterochromaffin or totipotent stem cell
of the esophagus. It is also possible that each element
of the esophageal combined carcinomas may be derived from transdifferentiation of other elements. There
were expressions of KIT and PDGFRA in the small
cell carcinoma component of the esophageal combined
carcinomas, but were negative for mutations of KIT and
PDGFRA.
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CASE REPORT

Esophageal space-occupying lesion caused by Ascaris
lumbricoides
Ping-Ping Zheng, Bing-Yuan Wang, Fei Wang, Ran Ao, Ying Wang
caris lumbricoides in the esophagus, emphasizing the
importance of awareness of this parasitic infection as it
often presents with different and unspecific symptoms.
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Abstract
Ascaris lumbricoides is the largest intestinal nematode
parasite of man, which can lead to various complications because of its mobility. As the esophagus is not
normal habitat of Ascaris, the report of esophageal ascariasis is rare. An old female presented with dysphagia
after an intake of several red bean buns and haw jellies. The barium meal examination revealed a spherical
defect in the lower esophagus. Esophageal bezoar or
esophageal carcinoma was considered at the beginning. The patient fasted, and received fluid replacement
treatment as well as some oral drugs such as proton
pump inhibitor and sodium bicarbonate. Then upper
gastrointestinal endoscopy was done to further confirm
the diagnosis and found a live Ascaris lumbricoides
in the gastric antrum and two in the duodenal bulb.
The conclusive diagnosis was ascariasis. The esophageal space-occupying lesion might be the entangled
worm bolus. Anthelmitnic treatment with mebendazole
improved patient’s clinical manifestations along with
normalization of the radiological findings during a 2-wk
follow-up. Authors report herein this rare case of As-
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INTRODUCTION
Ascaris lumbricoides is the giant intestinal roundworm,
causing infection of the gastrointestinal tract and affects
approximately one quarter of the world’s population.
In clinical observations, the majority of patients are infected with intestinal ascariasis. Adult roundworms can
be stimulated to migrate to any orifice by stressful conditions such as gastrointestinal disease, fever, anesthesia
and anthelmintic drugs, so some complications such as
acute cholecystitis, acute cholangitis, and acute pancreatitis caused by ascariasis of bile or pancreatic ducts have
been reported. However, demonstration of the worms in
esophagus is extremely rare. A case of esophageal ascariasis in a 15-year-old boy was reported by an Indian author
in 1999[1], but it did not discuss the possible mechanism.
Herein, we describe a case that showed a space-occupying lesion of the esophagus in an old woman caused by
Ascaris and discuss the likely causes.
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CASE REPORT
A 70-year-old female presented with recurrent dysphagia for 4 years, and was admitted to our hospital with
complaints of symptoms worsening in the past 3 d. The
patient complained that the dysphagia often occurred
when she ate too fast, which was unrelated to the position or season and relieved by inducing vomiting through
physical stimulation. She also had abdominal distension
and frequent belching. Three days before admission, the
symptoms of dysphagia could not be relieved by inducing vomiting after an intake of several red bean buns and
haw jellies. Barium meal examination in a local hospital
revealed a spherical defect in the lower esophagus allowing little barium to pass through (Figure 1). She had no
specific past medical history which included digestive
system disease. Upon physical examination, her general
condition was normal, temperature 37 ℃, blood pressure
120/75 mmHg, heart rate 64 beats/min, and respiratory rate of 18 breaths/min. She was thin but no signs
of anemia. The abdomen was soft with normal bowel
sounds and no peritoneal signs. The laboratory results
were as follows: Hb 139 g/L, white blood cell 11.54 ×
109/L, neutrophils 77.8%, eosinophils 0.3%. Markers for
hepatitis A, B, C were negative. Kidney and liver function
tests and serum electrolytes were normal. Fecal examination was not available due to absence of stools in the
hospital. X-ray films of the chest and abdomen were performed immediately upon admission to our hospital and
showed a globular high density shadow on the right side
of trachea in the mediastinum, as well as a strand-like
high density shadow in the right upper quadrant of abdomen, and excess barium remained in the colon, and lumbar spondylosis. We considered the following diagnoses:
hiatal hernia, esophageal bezoar or esophageal carcinoma
on the basis of the radiological appearance.
The patient fasted and was given fluid replacement
treatment. Other oral drugs such as proton pump inhibitor (PPI) and sodium bicarbonate were also administered
considering the possible existence of hiatal hernia and
esophageal bezoar, while soybean oil was taken orally to
help the barium pass with the feces. To further confirm
the diagnosis, the patient underwent upper gastrointestinal endoscopy on the second day of admission. Endoscopy showed the mucous membrane of esophagus to be
smooth and clear except for some slight congestion in the
lower part; the body of stomach was normal and a live
Ascaris lumbricoides worm was seen in the gastric antrum,
where mucosa was thinner; there was a diverticula approximately 0.6 cm × 0.6 cm in size in the posterior wall of
duodenal bulb and another two live worms were present
(Figure 2). The congestion of duodenal mucosa also appeared. Endoscopic diagnoses were esophagitis, atrophic
antral gastritis, duodenitis with diverticulum, and ascariasis.
The patient reported a history of passage of worms
in stools, and a history of eating raw vegetables. She
received mebendazole for anthelmitnic treatment along
with PPI therapy. The patient improved symptomatically
during a 2-wk follow-up, and did pass 5-6 worms with
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Figure 1 Barium meal examination revealed a spherical filling defect in
the lower esophagus.

Figure 2 A live Ascaris worm appeared in the duodenal bulb, which was
extracted with a grasper.

Figure 3 The defect filling disappeared in repeated barium examinations.

feces. Repeated barium examination for upper gastrointestinal tract was unremarkable (Figure 3).

DISCUSSION
Ascaris lumbricoides, the largest intestinal nematode parasite of man, are commonly seen in rural areas of China,
especially among people with poor hygienic conditions
and/or having a habit of eating raw food. However, the
prevalence of ascariasis has declined with improvement
of sanitation and the application of pesticides and chemi-
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cal fertilizers. The serious harm and complications of this
round worm should be stressed. Ascaris larvae can cause
transient eosinophilic pulmonary infiltrates (Loeffler’s
syndrome) when they migrate through the lungs, which
is characterized by pulmonary infiltrates and peripheral
blood eosinophilia. Infection of adult Ascaris lumbricoides, which mostly inhabit the jejunum and ileum, usually
presents with anorexia, nausea and vomiting, intermittent
periumbilical pain, and malnutrition. More serious complications of Ascaris infection may occur when a large
worm burden is present in the lumen of the intestine,
such as intestinal obstruction, intussusception, volvulus
or even gangrene. Intestinal hemorrhage[2] and perforation by Ascaris have also been reported, with the latter
being able to lead to acute diffuse peritonitis or peritoneal
granuloma[3]. In addition, Ascaris infection can cause allergic reactions, presenting with urticaria, skin itch, angioneurotic edema or even eosinophilic cholecystitis[4].
When the living environment becomes unfavorable
such as gastrointestinal disease, hunger, fever, failed deworming therapy or impaction of a mass of worms in
the intestinal lumen, adult Ascaris will try to enter into
any orifice and advance into any channel leading off
from it. Then various complications are encountered.
The worms commonly enter the biliary or pancreatic
ducts, causing cholecystitis, cholangitis, liver abscess, and
pancreatitis. Ascaris may migrate into appendix as well,
resulting in appendiceal colic and appendicitis. Ascaris
has also been found in the lacrimal passage by being regurgitated into the nasolacrimal duct when they accidentally enter nasopharynx; in the air way causing mechanical
asphyxia; and in the urethra and urinary bladder through
vesico-intestinal fistulae or transanal migration causing
urinary retention. Moreover, the emergence of an Ascaris
from mouth, nostrils and external auditory meatus has
been documented. Esophagus ascariasis is extremely rare,
because the esophagus is not normal habitat of Ascaris
as it prefers an alkaline environment and rarely travels
from the jejunum and duodenum to the stomach (an acid
environment) and then to esophagus.
The patient in our case is at high risk of ascariasis as
she is from rural area and in favor of eating fresh vegetables. This old woman was admitted to the hospital
due to dysphagia with an abnormal barium study of the
esophagus. In Figure 1, we can find several high-density
string shadows and globular shadows in the esophageal
spherical filling defect, which actually are Ascaris worms.
The most likely explanation in our case is that the worms
were forced to migrate by gastroduodenal antiperistalsis,
which is induced by eating too many red bean buns and
haw jellies. Subsequently these worms became entangled
with each other to form a small worm bolus in the alkaline
esophagus, resulting in the symptom of dysphagia. The
patient received treatment of soybean oil after admission,
and she drank lidocaine hydrochloride mucilage before endoscopic examination, which relaxed the lower esophageal
sphincter, possibly stimulating the worms. All of these
measures induced the migration of the Ascaris bolus to
the gastrointestinal tract. Therefore, the esophagus ap-

peared normal except for some slight mucosal congestion
on endoscopy. After anthelmintic therapy, more ascarides
were passed out with feces, and a repeated barium study
of upper gastrointestinal showed that the former defect
filling had disappeared, which confirmed that the abnormal radiological appearance in the esophagus was a worm
bolus. In a previous case[1] with similar radiographic appearance in the esophagus, the boy later vomited out six
live Ascaris worms, and his esophageal lumen and mucosa
were normal on the barium examination done the next
day. Because of lack of exact causative factors in this case,
we consider that children’s anatomically smaller intestine
and larger worm loads caused the rapid transit of worms
across the esophagus. This kind of anti-peristaltic migration of Ascaris is truly uncommon.
As our patient had a history of recurrent dysphagia
and eating too many haw jellies before admission, we
highly suspected that hiatal hernia combining with esophageal bezoar might cause this kind of space-occupying
lesion at the beginning. However, bezoars rarely form in
the esophagus and are often associated with structural
and functional abnormalities of the esophagus, such as
achalasia and hiatal hernia. Esophageal bezoar is also a
complication of enteral feeding and the predisposing
factors include mechanical ventilation, supine position,
neurological diseases, diabetes mellitus, hypothyroidism,
obesity and history of partial gastrectomy[5]. Therefore,
we performed the gastrointestinal endoscopy to clarify
the diagnosis. The unexpected result suggests that careful
history-taking and complete examinations are necessary.
In conclusion, we reported a case of an old woman
with esophageal ascariasis and discussed the possible
causes. We often lack of awareness of Ascaris infection
because of the dramatically decreasing incidence and
several different and unspecific symptoms of this infection. This report also listed some other common and
rare complications, and we would like to warn all medical
workers that we should pay more attention to such a disease and reduce any misdiagnosis in the future work.
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national animal welfare committee. For the sake of transparency
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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.
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you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.
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Peer reviewers: All articles received are subject to peer review.
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each issue. To ensure the quality of the articles published in WJG,
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footnote accompanying the printed article. For example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
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All contributions should be written in English. All articles must be
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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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Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
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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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).
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contributions to the manuscript and who endorse the data and
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obtaining written permission to use any copyrighted text and/or
illustrations.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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.
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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,
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Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunolog-

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
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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 la-
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ic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
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3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
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Acad Sci USA 2006; In press
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4 Diabetes Prevention Program Research Group. Hyper
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12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
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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]

eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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 dis-
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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
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Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm

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.
com/1007-9327/g_info_20100315222607.htm.
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221554.htm
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Proof of financial support
For paper supported by a foundation, authors should provide
a copy of the document and serial number of the foundation.

Brief articles: http://www.wjgnet.com/1007-9327/g_info_2010
0312231400.htm
Case report: 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
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accordingly in a timely manner.

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

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Please revise your article according to the revision policies of
WJG. The revised version including manuscript and high-resolution image figures (if any) should be re-submitted online (http://
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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

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
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
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Consensus statement AIGO/SICCR: Diagnosis and treatment
of chronic constipation and obstructed defecation (part Ⅰ:
Diagnosis)
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Chronic constipation is a common and extremely troublesome disorder that significantly reduces the quality
of life, and this fact is consistent with the high rate
at which health care is sought for this condition. The
aim of this project was to develop a consensus for the
diagnosis and treatment of chronic constipation and
obstructed defecation. The commission presents its
results in a “Question-Answer” format, including a set
of graded recommendations based on a systematic
review of the literature and evidence-based medicine.
This section represents the consensus for the diagnosis. The history includes information relating to the
onset and duration of symptoms and may reveal secondary causes of constipation. The presence of alarm
symptoms and risk factors requires investigation. The
physical examination should assess the presence of
lesions in the anal and perianal region. The evidence
does not support the routine use of blood testing and
colonoscopy or barium enema for constipation. Various
scoring systems are available to quantify the severity
of constipation; the Constipation Severity Instrument
for constipation and the obstructed defecation syndrome score for obstructed defecation are the most
reliable. The Constipation-Related Quality of Life is an
excellent tool for evaluating the patient‘s quality of life.
No single test provides a pathophysiological basis for
constipation. Colonic transit and anorectal manometry
define the pathophysiologic subtypes. Balloon expulsion is a simple screening test for defecatory disorders,
but it does not define the mechanisms. Defecography
detects structural abnormalities and assesses functional parameters. Magnetic resonance imaging and/or
pelvic floor sonography can further complement defecography by providing information on the movement
of the pelvic floor and the organs that it supports.
All these investigations are indicated to differentiate
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between slow transit constipation and obstructed defecation because the treatments differ between these
conditions.

Table 1 Levels of evidence
Levels of evidence
Ⅰ

© 2012 Baishideng. All rights reserved.

Ⅱ

Key words: Slow transit constipation; Dyssynergic defecation; Obstructed defecation; Constipation scoring
system; Quality of life; Anorectal manometry; Colon
motility; Balloon expulsion test; Defecography

Ⅲ
Ⅳ
Ⅴ

Peer reviewers: Venkatesh Shanmugam, MBBS, MS, Dip.

Randomised clinical trials with P < 0.05, adequate
sample size, and appropriate methodology
Randomised clinical trials with P < 0.05, inadequate
sample size, and/or inappropriate methodology
Non-randomised trials with simultaneous controls
Non-randomised trials with historical controls
Case series

pelvic floor dyssynergia, dyssynergic defecation, dyschezia, colonic inertia, bowel questionnaire, constipation
scoring system, quality of life, anorectal manometry,
rectal compliance, colonic transit, colon motility, gastrointestinal motility, colonic manometry, balloon expulsion
test, pelvic floor imaging, proctography, cystoproctography, dynamic magnetic resonance, anal ultrasound, endosonography, constipation medical therapy, alimentary
fibres, laxatives, prokinetics, probiotics, biofeedback,
pelvic floor rehabilitation, sacral nerve stimulation, obstructed defecation, outlet obstruction, rectocele, rectal
intussusception, rectal prolapse, enterocele, Duhamel
operation, Block operation, Sarles operation, stapled
transanal resection, Delorme operation, Ripstein operation, colorectal surgery, colectomy, ileorectal anastomosis, segmental colonic resection, laparoscopic colectomy,
antiperistaltic cecoproctostomy, cecorectal anastomosis,
antegrade colonic enema, Malone’s procedure, Malone
antegrade continence enema, colostomy, ileostomy, colonic irrigation, pelvic organ prolapse, posterior vaginal
prolapse, posterior colporrhaphy, transanal repair, transvaginal repair and mesh.
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INTRODUCTION
The mission of the Italian Association of Hospital Gastroenterologists (AIGO) is to advance the knowledge of
digestive pathologies, to promote progress in the prevention, diagnosis, care and rehabilitation of gastrointestinal
diseases, and to promote research.
The aim of the Italian Society of Colo-Rectal Surgery
(SICCR) is to ensure the highest therapeutic standards
through the evaluation and introduction into medical
practice of the latest advances in the areas of prevention,
diagnosis and care of pathologies involving the colon, rectum and anus.
The Joint Committee AIGO/SICCR is made up of
members of these two scientific societies, elected on the
basis of their experience in treating functional and organic problems of the colon and rectum.
The objective of the committee was to develop a
consensus statement on the most important diagnostic
and therapeutic aspects of functional constipation and
obstructed defecation, including a set of graded recommendations based on a review of the literature and on
evidence-based medicine.

LEVELS OF EVIDENCE AND GRADING OF
RECOMMENDATIONS
The recommendations of the committee were defined
and graded based on the current levels of evidence and
in accordance with the criteria adopted by the American
College of Gastroenterology’s Chronic Constipation
Task Force[1].
Five evidence levels were defined (Table 1). The recommendations were graded A, B and C (Table 2).
The committee wishes to underline that insufficient evidence does not automatically imply “evidence
against” a statement. Many decisions in daily practice are
based on clinical experience. Sometimes, it is difficult
to find scientific papers supporting a widespread clinical practice, but this difficulty does not mean that we
need to refute or abandon therapies that clinicians have
been using for years with their patients. Evidence-based
medicine is a useful tool to guide clinical practice, but
if applied mechanically and without the application of
common sense and personal experience, it can lead to
erroneous conclusions[2].
In the development of this consensus statement, the
committee identified five key areas (Table 3) and divided

LITERATURE SEARCH
A search of the literature was carried out using the online
databases of PUBMED, MEDLINE and COCHRANE
to identify articles published in English before April
2011 and reporting trials conducted on adult subjects
with chronic constipation. The key words used were:
Rome criteria, constipation, slow transit constipation,
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Table 2 Grading of the recommendations

Table 3 Areas defined by the committee for the consensus
statement

Grading of the recommendations
A
B

C

Area

Recommendation supported by two or more levelⅠtrials, without conflicting evidence from other levelⅠtrials
Recommendation based on evidence from a single levelⅠtrial
OR, evidence from two or more levelⅠtrials with conflicting,
evidence from another levelⅠtrial OR, evidence from two or
more level Ⅱtrials
Recommendations based on levels of evidence Ⅲ-Ⅴ

1
2
3
4
5

Clinical evaluation and scoring systems
Diagnostic techniques
Medical and rehabilitative treatment
Surgery for slow transit constipation
Surgery for obstructed defecation with or without associated
pelvic diseases

OR: Odds ratio.

constipation, such as inappropriate diet[13], low physical
activity[10], the use of constipating drugs, and metabolic,
psychiatric or neurological diseases; and (3) the negative outcome of perineal-pelvic-abdominal or obstetricgynaecological surgery[14,15].
Can the medical history distinguish among the different subtypes of chronic constipation? No, there are
as yet no specific criteria that can distinguish among
the subtypes of chronic constipation based on anamnesis[7,16-18]. LevelⅠevidence, Grade A recommendation.
Are there specific symptoms that are present only in
patients with functional constipation? No, there are no
specific symptoms that distinguish patients with functional constipation from normal subjects[3]. LevelⅠevidence, Grade A recommendation.
The occurrence of two or more symptoms during
at least 25% of bowel movements distinguishes patients
with chronic constipation from normal subjects[3,19].
Should a physical examination be performed in patients with chronic constipation? A physical examination
is essential in the initial workup of a patient with chronic
constipation[11]. The examination should include inspection of the anorectal region and exploration of the
rectum. This process can detect external signs of anal
disease, pelvic organ prolapse, or descending perineum
syndrome. A digital rectal examination should detect any
signs of organic disease or obstructed defecation. The
examination is particularly important if functional alterations in defecation are suspected.
Is blood testing useful in the diagnostic algorithm
of functional constipation? Blood testing does not provide useful input. Functional constipation is defined as
a primitive condition and is not accompanied by any organic or biochemical alterations, being associated instead
with a “functional” pathology of visceral motility. For
this reason, there are no laboratory tests for the diagnosis of functional constipation[3,9]. LevelⅠevidence, Grade
A recommendation.
Blood tests can, however, be performed to exclude
conditions of secondary chronic constipation[12].
Should morphological investigations (colonoscopy,
barium enema, or computerised tomographic colonography) be performed in all patients with chronic constipation? Prospective studies on this point are lacking in the
literature[20,21]. There is no clear evidence to support the
usefulness of colonoscopy in patients with chronic constipation. Level Ⅳ evidence, Grade C recommendation.

them into subsections. Each subsection was researched,
and recommendations were prepared by one or more
members of the committee in accordance with specific
themes defined by the committee.
The process of drafting the consensus statement involved constant communication and evaluation conducted online and during four face-to-face working meetings
held at 3-mo intervals. During these meetings, the levels
of evidence and the grading of the recommendations
were discussed to reach a consensus in all the areas covered in the consensus statement.
The commission presents its results here in a “Question-Answer” format, which will allow clinicians to find
concise responses to their specific questions quickly and
easily and to peruse the full text at their leisure.

DEFINITION OF CONSTIPATION
Constipation can be either primary or secondary. The
commission adopted the definition of primary functional constipation outlined in the Rome Ⅲ criteria[3]. This
set of criteria was developed by an international group
of experts through a process of consensus, and it has
been reviewed and revised more than once since it was
first published[3-5].
Stool form was defined using the Bristol stool form
score[6]; constipation may involve slow intestinal transit
and/or abnormal defecation; the definition of abnormal
defecation from the Rome Ⅲ criteria was adopted[7].

CLINICAL EVALUATION AND SCORING
SYSTEMS
Clinical evaluation
Is a patient history useful in the evaluation of chronic
constipation? A thorough medical history should always
be taken in patients with chronic constipation. This
process constitutes the first approach to the patient and
is designed to detect events that may be directly or indirectly linked to the patient’s symptoms[8-11].
The patient history can identify conditions responsible for secondary constipation[11,12], such as the following: (1) alarm symptoms, such as weight loss, bloody
stools, anaemia, or a family history of colon cancer; (2)
conditions and/or diseases potentially associated with
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However, morphologic investigations should always
be performed in patients with alarm symptoms, in patients > 50 years of age, and in patients with a family
history of colon cancer.

scored from 0 to 4 with a maximum score of 112.
Recently, a new, statistically validated QoL questionnaire, the Constipation-Related Quality of Life
(CRQOL)[30], was published. It includes 4 domains: social impact (11 items), distress (11 items), usual diet (11
items), and defecation features (4 items).

SCORING SYSTEMS IN CHRONIC
CONSTIPATION

Conclusions
Several scoring systems for constipation can be found in
the medical literature. The consensus of the committee
is that the most reliable instruments for scoring disease
severity are the CSI for constipation in general and the
ODS score for obstructed defecation. The CRQOL is an
excellent tool for evaluating the effects of constipation
on the patient’s quality of life. The use of these instruments is recommended for clinical trials.

Scoring systems to quantify disease severity
Various scoring systems have been developed to quantify
the severity of constipation. These systems are particularly important in a subjective, functional disease, such as
constipation, to evaluate the results of therapy.
An early scoring system, the chronic idiopathic constipation index (CICI), was published in Techniques of Coloproctology in 1996[22]. It is based on seven variables (scored
from 0 to 3, with a maximum score of 21) and was designed to detect chronic idiopathic slow transit constipation. The CICI was the first evaluation system that took
into consideration signs of autonomic neuropathy. However, it has never been validated in a prospective study.
In 1999, the Patient Assessment of Constipation
Symptoms [23] was published. This 12-item, patientadministered questionnaire has been validated and found
to be effective, but it is rarely used in clinical studies.
The most widely adopted instrument is the Cleveland
Clinic Constipation Score[24]. It is easy to understand and
administer and therefore has won broad acceptance, although it has not been formally validated. It consists of
8 items scored from 0 to 4 for a maximum score of 30.
It should be noted that one of the items, “duration of
symptoms”, cannot be modified by therapy.
In 2002, a new, prospectively validated score, the
symptom scoring system for constipation[25], consisting
of 11 items scored from 0 to 3 or 4 for a maximum possible score of 39, was published, but it is rarely used.
More recently the Constipation Severity Instrument
(CSI)[26] was developed. It is a well-designed scoring system consisting of 78 items that can identify and quantify
different types of constipation (IBS, slow transit and
obstructed defecation).
In 2008, the first instrument specifically designed for
obstructed defecation syndrome, the obstructed defecation syndrome (ODS) score, was published in Colorectal
Disease[27]. It consists of 7 items scored from 0 to 4 with
a maximum score of 27, and it has been prospectively
validated.

DIAGNOSIS OF FUNCTIONAL
CONSTIPATION
Imaging in chronic constipation and obstructed
defecation syndrome
Currently available imaging techniques for chronic constipation and ODS include the following: (1) transit time (TT)
studies[31,32]; (2) X-ray videoproctography[33] and colpocysto-entero-defecography[34,35]; (3) magnetic resonance
(MR)-defecography[36]; and (4) ultrasonography (US) of
the pelvic floor[37-40].
Can a TT study differentiate slow transit constipation from obstructed defecation? Depending on the site
of accumulation of the radiopaque markers along the
large bowel, an initial TT study can differentiate between
patients with total or segmental colonic slow transit constipation and patients with outlet obstruction. Unfortunately, lack of standardisation in the procedure makes it
difficult to compare results among centres. Level Ⅴ evidence, Grade C recommendation. In the case of distal
obstruction, X-ray defecography is recommended as a
second-line examination. The fact that this examination
has been universally adopted makes it the benchmark
against which to test newer modalities.
When should defecography be performed as opposed
to colpo-cysto-entero-defecography? Defecography is
indicated to rule out a variety of conditions that could
play a role in the aetiology of the presenting symptom(s),
such as paradoxical contraction of the puborectalis
muscle[41,42], a rectocele, recto-anal intussusception and
complete external rectal prolapse. Colpo-cysto-enterodefecography should be performed when multiple
compartment defects are suspected, including cystocele,
enterocele, or descending perineum syndrome[43].
Because their clinical significance remains a matter
of debate, there is general agreement[44-46] that the results
of contrast radiography should not be relied on exclusively when making decisions regarding the treatment of
a patient (including surgery).
When should MR defecography be considered as an
alternative to X-ray examination? Due to the panoramic

Measuring quality of life in constipation
Three Quality of Life (QoL) questionnaires for constipation have been published. The gastrointestinal QoL
questionnaire[28] was designed to address all gastrointestinal symptoms and therefore is not specific for constipation. It includes 36 items with 5 possible answers, and it
has a maximum possible score of 180.
In 2005, the first disease-specific questionnaire
on constipation appeared, the Patient Assessment of
Constipation Quality of Life[29]. It consists of 28 items
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view that they provide and the absence of ionising radiation, MR imaging of the pelvic floor and MR defecography are now frequently recommended as a valid alternative to contrast radiography, especially in young patients,
female patients of reproductive age, pregnant patients,
and those patients at risk for adverse reactions to the
contrast medium.
Are the findings commonly observed on defecography captured equally well by MR defecography? Despite the less natural (horizontal) position of the patient
during the exam, MR imaging can provide similar, and
sometimes better, results than conventional X-rays,
with the added advantage (especially in the case of defects affecting multiple compartments) of the superior
reproducibility of the results[47,48]. Consequently, while
MR defecography is widely recommended as a tool to
increase diagnostic confidence in cases of evacuation
dysfunctions, MR neurography of the pelvic floor can be
extremely useful in detecting pudendal nerve entrapment
neuropathy in patients with chronic pelvic pain[49]. Level
Ⅴ evidence, Grade C recommendation.
Can defecographic findings be assessed and measured by perineal, endovaginal and endoanal sonography? There has been a reappraisal of the use of perineal,
introital, endoanal and endovaginal US (conventional
2-D and 3-D images recorded using a variety of probes:
convex, end-fire, linear and axial 360° rotating models)
in the evaluation of the pelvic floor anatomy in patients
with evacuation dysfunctions[50-55]. With the exception
of rectal evacuation[56], the presence and severity of the
most common ODS abnormalities visible on defecography can be equally well documented by any one of these
sonography techniques. Level Ⅴ evidence, Grade C recommendation.
What is the role of endovaginal sonography in
chronic constipation? Currently, 2-D and 3-D endovaginal sonography are recommended as alternatives to defecography and MR imaging, respectively, when assessing
the overall anatomic configuration and movement of
the urogenital hiatus in patients with multiple defects affecting the muscular and fascial components of various
compartments (anterior, middle and posterior), which
are possibly indicative of descending perineum syndrome or pelvic organ prolapse[53,54]. Level Ⅴ evidence,
Grade C recommendation.
What is the role of endoanal sonography in chronic
constipation? Given the inherently static nature of this
examination and the presence of a foreign object in the
anal canal (i.e., the endocavitary probe), endoanal sonography is of limited value in the diagnosis of chronic
constipation. Recently, however, the advent of 3-D reconstruction has significantly increased the diagnostic
confidence associated with this technique[55], which can
provide detailed imaging of abnormalities, such as the
extent of anal sphincter defects, the anatomy of fistulous tracts in complex perianal sepsis, and submucosal
invasion in early anorectal cancers.
In summary, general agreement exists among authors
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that the first-line examination remains TT, followed by
X-ray defecography. When the appropriate instruments
and trained personnel are available, MRI and/or pelvic
floor sonography can further complement defecography
by providing information on the movement of the pelvic floor and the organs that it supports.
Anorectal manometry
Anorectal manometry measures anal canal pressures.
Perfusion catheters are generally employed, rather than
solid-state microtransducers, which are more reliable but
too expensive for routine use[57]. Vector volume manometry has been developed to provide a 3-D view of the
anal sphincter, but its clinical utility is still under evaluation[58]. Recently, the high-resolution manometry has
been shown to provide grater details than water-perfused
manometry, but it is still in the experimental stage[59].
The reproducibility of anal manometry is high[60], but
its reliability depends on the operator’s experience, and
its utility is limited by the absence of standardised protocols[61,62] and of data from large numbers of normal subjects[57,63]. Moreover, most of the parameters measured
by anorectal manometry (anal canal pressure, sensory
thresholds) are influenced by sex and age[64].
Should anorectal manometry always be performed
in patients with chronic constipation and/or obstructed
defecation? The main indication for anorectal manometry
is the presence of obstructed defecation[65,66]. It should
also be performed in patients who do not improve with
first-line treatments for chronic constipation (a defecation disorder is reported in 51% of such patients)[12,67].
Anorectal manometry, together with other tests, can
provide essential information on the rectoanal function
defects involved in the physiopathology of obstructed
defecation, including increased pressure in the anal canal,
rectoanal inhibitory reflex defects, lower rectal sensitivity, and increased rectal compliance[7]. Level Ⅱ evidence,
Grade B recommendation.
Is anorectal manometry sufficient for the diagnosis
of obstructed defecation? There is no gold standard for
the diagnosis of obstructed defecation, and manometry
alone does not provide sufficient grounds for the diagnosis. A comprehensive evaluation of anorectal function
is necessary and should include tests to evaluate various
aspects of defecation, including the balloon expulsion
test, imaging techniques, and perhaps electromyography,
in addition to manometry[7]. Defecography can evaluate
the morphological and dynamic factors of defecation;
anorectal manometry measures anorectal sensitivity and
motility; and electromyography can provide information
on electrical activity in the external anal sphincter muscle
during straining. The balloon expulsion test can confirm
the diagnosis of obstructed defecation[68,69]. Level Ⅱ evidence, Grade B recommendation.
Anorectal manometry consists of several tests; which
of them are most useful in the diagnosis of obstructed
defecation? At a minimum, the following tests should be
performed[70]: resting anal pressure, squeezing pressure,
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Table 4 Interpretation of the manometric data
Test

Parameter evaluated

Resting pressure
Squeeze pressure

Rectoanal inhibitory reflex
Rectal sensitivity
Rectal compliance
Attempted defecation

Interpretation

IAS (70% of resting pressure) and EAS P increased: Hypertonic sphincters (IAS and/or EAS). Oral nitroglycerin can identify
(30% of resting pressure)
the sphincter involved because it relaxes IAS, but not EAS
EAS
The fatigue rate index can be calculated based on the pressure and duration of the
contraction. However, the usefulness of the test in both constipated and incontinent
patients is disputed[112,113]
IAS relaxation during rectal inflation Absent: Possible hirschsprung;
If present with elevated volume inflation: Megarectum[57]
Rectal sensory function at different
Elevated sensory thresholds may be linked to changes in rectal biomechanics (megarvolumes
ectum) or to afferent pathway dysfunction[114,115]
Mechanical rectal function
Increased compliance: megarectum[57]
Synchronisation between the increase Three types of dysfunction may be detected[65]:
in rectal pressure and the decrease
Type 1: Adequate rectal P increase but associated with anal P increase;
in anal pressure during attempts to
Type 2: Inadequate rectal P increase associated with anal P increase or inadequate
defecate
anal P decrease;
Type 3: Adequate rectal P increase but inadequate anal P decrease

IAS: Internal anal sphincter; EAS: External anal sphincter; P: Pressure. Modified from Azpiroz et al[57].

rectoanal inhibitory reflex, rectal sensations (first sensation, maximum tolerable volume), rectal compliance,
and rectal and anal pressure during attempted defecation
(straining)[57,71]. The results will vary with age and sex;
normal values based on a large cohort of healthy individuals are still lacking[57]. Level Ⅲ evidence, Grade C
recommendation.
How should I interpret the results of anorectal manometric tests for obstructed defecation? The interpretation
of the manometric data in clinical and physiopathologic
terms is summarised in Table 4.
Are there typical manometric abnormalities in chronic
constipation and/or obstructed defecation? The main
abnormality in obstructed defecation is absent or inadequate relaxation of the anal sphincter, sometimes
associated, paradoxically, with contraction during straining (dyssynergia). Obstructed defecation may also be
associated with absent or inadequate rectal pressure[65,67].
The “defecation index”, or the ratio of maximal rectal
pressure to minimal anal residual pressure[65], quantifies
recto-anal coordination during attempted defecation.
Abnormalities have also been reported in anal canal
resting pressure, anal canal squeezing pressure (external
anal sphincters exhaustion), rectoanal inhibitory reflex
(RAIR), rectal sensitivity, and compliance. Level Ⅲ evidence, Grade C recommendation.
How can anorectal manometry be used to guide
choices regarding therapy? Anorectal manometry can
shed light on the physiopathologic mechanisms of obstructed defecation and help to develop a pelvic floor
rehabilitation program for the patient[72]. It should be
included in the pre-operative evaluation when a surgical reduction in rectal capacity is planned[73,74]. If RAIR
is absent, Hirschsprung disease should be suspected.
Elevated sensory thresholds, increased compliance, and
rectal motor dysfunction are frequent in constipated
patients[75,76] and can be treated with sensory retraining
biofeedback therapy, based on sensory values obtained
by means of anorectal manometry[77]. The results of bio-
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feedback and electrical stimulation can be measured with
anorectal manometry, and in fact, a reduction in rectal
sensory thresholds has been demonstrated[78,79]. Level Ⅲ
evidence, Grade C recommendation.
Balloon expulsion test
The balloon expulsion test is a simple, inexpensive test
that can identify patients with abnormal defecation.
What is the usefulness of the balloon expulsion test
to diagnose dyssynergic defecation? The balloon expulsion test has not yet been standardised; the filling volume of the balloon, the position of the patient, and the
expulsion time have differed in various studies.
Trials including healthy controls. Two trials performed the test with the patient seated and the balloon
filled with 50 mL of water; 59%[67] and 25%[80] of the
constipated patients and 16%[67] of the controls were unable to expel the balloon within 5 min.
In the third trial[81], the expulsion time was not specified, and the test was performed with a balloon filled
with different volumes of water; 100% of patients with
idiopathic megarectum, 53% of patients with a normal
colonic transit time, 36% of patients with a slow transit
colonic time, and 7% of controls were unable to expel
the balloon.
Other trials. Some trials[82-84] have assessed patients
with pelvic floor dyssynergia and have reported positive
results in 23% to 57% of patients. However, different
methods were used, so the results are not comparable.
In one trial[85], the balloon was filled to the point at
which the need to defecate was triggered, and the balloon
had to be expelled within one minute. The authors concluded that a negative test is useful “to identify patients
who do not have dyssynergia” and resulted in a specificity
of 89%, a sensibility of 88%, a positive predictive value
of 67%, and a negative predictive value of 97%.
The balloon expulsion test cannot be used as a gold
standard for the diagnosis of “dyssynergic defecation”
and should be integrated with other anorectal tests. Level
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Ⅲ evidence, Grade C recommendation.

differential diagnosis, four biopsy samples should be taken between 2 cm and 10 cm from the pettinea linea[104].
The histological findings can distinguish STC from
Hirschsprung disease and contribute to the diagnosis of
intestinal neurodisplasia and other degenerative diseases
of the colon (i.e., amyloidosis, desmosis, elastosis)[105].
Level Ⅱ evidence, Grade B recommendation.
What is the role of immunohistochemistry? Immunohistochemistry is the main tool for the histological
evaluation of nerves and connective tissues. There are
no clinical studies in the literature that focus on this
particular examination. Pathologists recommend that immunohistochemical analysis be undertaken in suspected
cases of STC[106].
The Consensus Committee therefore recommends
that immunohistochemistry be performed to document
patterns of slow transit constipation.

Colonic manometry
Slow transit constipation (STC) is characterised by prolonged colonic transit, generally measured in terms of
intestinal transit time using radiopaque markers[86]. Colon
manometry shows the daily patterns of bowel activity,
identifying high amplitude waves, which correspond
to mass movement in the intestine, and low amplitude
waves[87,88]. Manometric studies[89,90] in STC patients have
shown that propagating activity may be altered in frequency, amplitude and duration; segmental activity can
be maintained or drastically lost, but there is, above all,
a subversion of the periodicity of motor activity in the
colon. Recently, a new method of evaluating propagated
motor activity or “propagating sequences” has been developed, but it is still in the experimental stage[91].
What are the clinical applications of colonic manometry? In patients with serious STC symptoms, colonic
manometry can be helpful in the diagnosis and in decisions regarding therapy (whether conservative or surgical)[61]. Level Ⅳ evidence, Grade C recommendation.
How should colon manometry be performed in
patients with slow transit constipation? In the clinical
setting, the bisacodyl test should be used. This procedure tests the stimulation of residual colonic propulsive
activity, and it can be used to identify the subgroup of
patients with severe slow transit constipation or “inertia
coli”, one incontrovertible indication for total colectomy[92-94]. Thus, colonic manometry may help to diagnose
an underlying myopathy or neuropathy and to differentiate slower transit due to neuromuscular function[95].
Level Ⅴ evidence, Grade C recommendation.

Gastrojejunal manometry
There is evidence that slow transit constipation subtends
diffuse enteric neurological involvement, probably of
the myenteric plexus and, above all, the system of interstitial cells of Cajal[107]. Various studies have highlighted
different ileal dysfunctions: in two retrospective analyses,
20.6% of patients with chronic constipation showed
gastrojejunal abnormalities[61,108]. Cardiovascular tests for
dysautonomia, which are widely used in diabetic neuropathy, are not applicable in the diagnostic workup of slow
transit constipation.
The most meaningful test for myopathic or neuropathic involvement (especially in the pre-surgical evaluation) in patients with chronic constipation is gastrojejunal manometry, as stated recently by the American
Neurogastroenterology and Motility Society[109-111].
What are the clinical applications of gastrojejunal
manometry? Gastrojejunal manometry can be used to
analyse antro-duodenal activity and fasting jejunal motility, particularly in patients with autonomic dysfunctions,
such as diabetic neuropathy. In a recent study of 61
subjects undergoing gastrojejunal manometry, all STC
patients and 94% of those patients with normal transit
constipation exhibited alterations in small bowel motility
in the postprandial and fasting phases, but there were no
significant differences between the two groups[109].
When should gastrojejunal manometry be performed
in STC patients? In cases of STC, gastrojejunal manometry is recommended before surgery[93,109]. Level Ⅲ evidence, Grade C recommendation.

Pathologies of the colon
The pathophysiology of slow transit constipation is not
known[96], but there is evidence to indicate that certain
subtypes of idiopathic constipation are secondary to visceral neuropathy[97-99], such as aberrant regulation of the
nervous enteric system or parasympathetic alterations[100].
What STC alterations can be verified on histology?
Qualitative and quantitative alterations in the enteric nervous system can be observed on histology, from alterations in the neurotransmitters to the loss of argyrophilic
neurons and neurofilaments and myenteric plexus hypoganglionosis[101]. More recently, reductions in the number
of cells of Cajal have been described[102,103]. Level Ⅲ evidence, Grade C recommendation.
Is an endoscopic biopsy sufficient, or is a full-wall
thickness biopsy necessary? Endoscopic biopsies only
provide information on the mucosa and cannot detect
other histological alterations; therefore, they are not useful in the pathogenetic evaluation of STC. Given the nature of the alterations, it is necessary to conduct biopsies
that reach the muscle layer.
What is the role of the suction biopsy in STC? Suction biopsy is the gold standard for the diagnosis of
intestinal neurodysplasia, particularly in children. In the

WJG|www.wjgnet.com

REFERENCES
1
2
3
4

1561

An evidence-based approach to the management of chronic
constipation in North America. Am J Gastroenterol 2005; 100
Suppl 1: S1-S4
Wald A. Constipation in the primary care setting: current
concepts and misconceptions. Am J Med 2006; 119: 736-739
Longstreth GF, Thompson WG, Chey WD, Houghton LA,
Mearin F, Spiller RC. Functional bowel disorders. Gastroenterology 2006; 130: 1480-1491
Drossman DA, Richter NJ, Talley NJ, Thompson WG,

April 14, 2012|Volume 18|Issue 14|

Bove A et al . Diagnosis of constipation and obstructed defecation

5

6

7
8
9

10

11

12
13
14

15

16
17

18
19
20

21

22
23

Corazziari E, Whitehead WE. The functional gastrointestinal disorders: diagnosis, pathophysiology, and treatment. A
multinational consensus. 1st ed. McLean, VA: Degnon Associates, 1994
Thompson WG, Longstreth GF, Drossman DA, Heaton KW,
Irvine EJ, Müller-Lissner SA. Functional bowel disorders
and functional abdominal pain. Gut 1999; 45 Suppl 2: II43II47
O’Donnell LJ, Virjee J, Heaton KW. Pseudo-diarrhoea in
the irritable bowel syndrome: patients’ records of stool form
reflect transit time while stool frequency does not. Gut 1988;
29: A1455
Bharucha AE, Wald A, Enck P, Rao S. Functional anorectal
disorders. Gastroenterology 2006; 130: 1510-1518
Lenzi F, Caniggia A. Manuale di semeiotica medica. Torino.
Edizioni Minerva Medica 1969: 3-23
Brandt LJ, Prather CM, Quigley EM, Schiller LR, Schoenfeld P, Talley NJ. Systematic review on the management of
chronic constipation in North America. Am J Gastroenterol
2005; 100 Suppl 1: S5-S21
Whitehead WE, Drinkwater D, Cheskin LJ, Heller BR,
Schuster MM. Constipation in the elderly living at home.
Definition, prevalence, and relationship to lifestyle and
health status. J Am Geriatr Soc 1989; 37: 423-429
Lindberg G, Hamid SS, Malfertheiner P, Thomsen OO,
Fernandez LB, Garisch J, Thomson A, Goh KL, Tandon R,
Fedail S, Wong BC, Khan AG, Krabshuis JH, LeMair A.
World Gastroenterology Organisation global guideline:
Constipation--a global perspective. J Clin Gastroenterol 2011;
45: 483-487
Beck DE. Initial evaluation of constipation. In: Wexner SD,
Bartolo DC, editors. Constipation evaluation and management. Oxford: Butterworth-Heinemann, 1995: 31-38
Locke GR, Pemberton JH, Phillips SF. AGA technical review on constipation. American Gastroenterological Association. Gastroenterology 2000; 119: 1766-1778
Mehra G, Weekes A, Vantrappen P, Visvanathan D, Jeyarajah A. Laparoscopic assisted radical vaginal hysterectomy
for cervical carcinoma: morbidity and long-term follow-up.
Eur J Surg Oncol 2010; 36: 304-308
Murad-Regadas S, Peterson TV, Pinto RA, Regadas FS,
Sands DR, Wexner SD. Defecographic pelvic floor abnormalities in constipated patients: does mode of delivery matter? Tech Coloproctol 2009; 13: 279-283
Chatoor D, Emmnauel A. Constipation and evacuation disorders. Best Pract Res Clin Gastroenterol 2009; 23: 517-530
Pare P, Ferrazzi S, Thompson WG, Irvine EJ, Rance L. An
epidemiological survey of constipation in canada: definitions, rates, demographics, and predictors of health care
seeking. Am J Gastroenterol 2001; 96: 3130-3137
McCrea GL, Miaskowski C, Stotts NA, Macera L, Varma
MG. Pathophysiology of constipation in the older adult.
World J Gastroenterol 2008; 14: 2631-2638
Bellini M, Alduini P, Bassotti G, Bove A, Bocchini R, Sormani MP, Bruzzi P, Pucciani F. Self-perceived normality in
defecation habits. Dig Liver Dis 2006; 38: 103-108
Pepin C, Ladabaum U. The yield of lower endoscopy in
patients with constipation: survey of a university hospital,
a public county hospital, and a Veterans Administration
medical center. Gastrointest Endosc 2002; 56: 325-332
Rex DK, Lehman GA, Ulbright TM, Smith JJ, Pound DC,
Hawes RH, Helper DJ, Wiersema MJ, Langefeld CD, Li W.
Colonic neoplasia in asymptomatic persons with negative
fecal occult blood tests: influence of age, gender, and family
history. Am J Gastroenterol 1993; 88: 825-831
Altomare DF, Rinaldi M, Martinelli E, Mitolo C. Grading
the severity of chronic idiopathic constipation. Tech Coloproctol 1996; 1: 27-28
Frank L, Kleinman L, Farup C, Taylor L, Miner P. Psychometric validation of a constipation symptom assessment

WJG|www.wjgnet.com

24

25

26
27

28

29

30
31
32
33

34
35

36
37

38

39

40

41

42

1562

questionnaire. Scand J Gastroenterol 1999; 34: 870-877
Agachan F, Chen T, Pfeifer J, Reissman P, Wexner SD. A
constipation scoring system to simplify evaluation and
management of constipated patients. Dis Colon Rectum 1996;
39: 681-685
Knowles CH, Scott SM, Legg PE, Allison ME, Lunniss PJ.
Level of classification performance of KESS (symptom scoring system for constipation) validated in a prospective series of 105 patients. Dis Colon Rectum 2002; 45: 842-843
Varma MG, Wang JY, Berian JR, Patterson TR, McCrea GL,
Hart SL. The constipation severity instrument: a validated
measure. Dis Colon Rectum 2008; 51: 162-172
Altomare DF, Spazzafumo L, Rinaldi M, Dodi G, Ghiselli R,
Piloni V. Set-up and statistical validation of a new scoring
system for obstructed defaecation syndrome. Colorectal Dis
2008; 10: 84-88
Eypasch E, Williams JI, Wood-Dauphinee S, Ure BM, Schmülling C, Neugebauer E, Troidl H. Gastrointestinal Quality of Life Index: development, validation and application
of a new instrument. Br J Surg 1995; 82: 216-222
Marquis P, De La Loge C, Dubois D, McDermott A, Chassany O. Development and validation of the Patient Assessment of Constipation Quality of Life questionnaire. Scand J
Gastroenterol 2005; 40: 540-551
Wang JY, Hart SL, Lee J, Berian JR, McCrea GL, Varma MG.
A valid and reliable measure of constipation-related quality
of life. Dis Colon Rectum 2009; 52: 1434-1442
Hinton JM, Lennard-Jones JE, Young AC. A ne method for
studying gut transit times using radioopaque markers. Gut
1969; 10: 842-847
Metcalf AM, Phillips SF, Zinsmeister AR, MacCarty RL,
Beart RW, Wolff BG. Simplified assessment of segmental
colonic transit. Gastroenterology 1987; 92: 40-47
Bartram CI, Turnbull GK, Lennard-Jones JE. Evacuation
proctography: an investigation of rectal expulsion in 20
subjects without defecatory disturbance. Gastrointest Radiol
1988; 13: 72-80
Altringer WE, Saclarides TJ, Dominguez JM, Brubaker LT,
Smith CS. Four-contrast defecography: pelvic “floor-oscopy”. Dis Colon Rectum 1995; 38: 695-699
Maglinte DD, Kelvin FM, Hale DS, Benson JT. Dynamic
cystoproctography: a unifying diagnostic approach to pelvic
floor and anorectal dysfunction. AJR Am J Roentgenol 1997;
169: 759-767
Lienemann A, Anthuber C, Baron A, Kohz P, Reiser M.
Dynamic MR colpocystorectography assessing pelvic-floor
descent. Eur Radiol 1997; 7: 1309-1317
Beer-Gabel M, Teshler M, Barzilai N, Lurie Y, Malnick S,
Bass D, Zbar A. Dynamic transperineal ultrasound in the
diagnosis of pelvic floor disorders: pilot study. Dis Colon
Rectum 2002; 45: 239-245; discussion 245-248
Beer-Gabel M, Teshler M, Schechtman E, Zbar AP. Dynamic transperineal ultrasound vs. defecography in patients
with evacuatory difficulty: a pilot study. Int J Colorectal Dis
2004; 19: 60-67
Dietz HP, Steensma AB. Posterior compartment prolapse
on two-dimensional and three-dimensional pelvic floor
ultrasound: the distinction between true rectocele, perineal
hypermobility and enterocele. Ultrasound Obstet Gynecol
2005; 26: 73-77
Brusciano L, Limongelli P, Pescatori M, Napolitano V, Gagliardi G, Maffettone V, Rossetti G, del Genio G, Russo G,
Pizza F, del Genio A. Ultrasonographic patterns in patients
with obstructed defaecation. Int J Colorectal Dis 2007; 22:
969-977
Kuijpers HC, Bleijenberg G, de Morree H. The spastic pelvic
floor syndrome. Large bowel outlet obstruction caused by
pelvic floor dysfunction: a radiological study. Int J Colorectal
Dis 1986; 1: 44-48
Halligan S, Bartram CI, Park HJ, Kamm MA. Proctographic

April 14, 2012|Volume 18|Issue 14|

Bove A et al . Diagnosis of constipation and obstructed defecation

43
44
45
46
47

48

49
50

51
52
53
54
55
56
57
58
59

60
61

62
63

features of anismus. Radiology 1995; 197: 679-682
Maglinte DD, Kelvin FM, Fitzgerald K, Hale DS, Benson JT.
Association of compartment defects in pelvic floor dysfunction. AJR Am J Roentgenol 1999; 172: 439-444
Ott DJ, Donati DL, Kerr RM, Chen MY. Defecography:
results in 55 patients and impact on clinical management.
Abdom Imaging 1994; 19: 349-354
Hiltunen KM, Kolehmainen H, Matikainen M. Does defecography help in diagnosis and clinical decision-making in
defecation disorders? Abdom Imaging 1994; 19: 355-358
Spazzafumo L, Piloni V. Rectal constipation and clinical
decision-making: multiple correspondence analysis of defecographic findings. Tech Coloproctol 1999; 3: 117-121
Healy JC, Halligan S, Reznek RH, Watson S, Bartram CI,
Phillips R, Armstrong P. Dynamic MR imaging compared
with evacuation proctography when evaluating anorectal
configuration and pelvic floor movement. AJR Am J Roentgenol 1997; 169: 775-779
Kelvin FM, Maglinte DD, Hale DS, Benson JT. Female pelvic organ prolapse: a comparison of triphasic dynamic MR
imaging and triphasic fluoroscopic cystocolpoproctography.
AJR Am J Roentgenol 2000; 174: 81-88
Filler AG. Diagnosis and management of pudendal nerve
entrapment syndromes: impact of MR neurography and
open MR-guided injections. Neurosurg Q 2008; 18: 1-6
Sultan AH, Loder PB, Bartram CI, Kamm MA, Hudson
CN. Vaginal endosonography. New approach to image
the undisturbed anal sphincter. Dis Colon Rectum 1994; 37:
1296-1299
Halligan S, Northover J, Bartram CI. Vaginal endosonography to diagnose enterocoele. Br J Radiol 1996; 69: 996-999
Gold DM, Bartram CI, Halligan S, Humphries KN, Kamm
MA, Kmiot WA. Three-dimensional endoanal sonography
in assessing anal canal injury. Br J Surg 1999; 86: 365-370
Dietz HP. Ultrasound imaging of the pelvic floor. Part I:
two-dimensional aspects. Ultrasound Obstet Gynecol 2004; 23:
80-92
Dietz HP. Ultrasound imaging of the pelvic floor. Part II:
three-dimensional or volume imaging. Ultrasound Obstet
Gynecol 2004; 23: 615-625
Santoro GA, Fortling B. The advantages of volume rendering in three-dimensional endosonography of the anorectum.
Dis Colon Rectum 2007; 50: 359-368
Piloni V, Spazzafumo L. Evacuation sonography. Tech Coloproctol 2005; 9: 119-125; discussion 125-126
Azpiroz F, Enck P, Whitehead WE. Anorectal functional
testing: review of collective experience. Am J Gastroenterol
2002; 97: 232-240
Schizas AM, Emmanuel AV, Williams AB. Anal canal vector volume manometry. Dis Colon Rectum 2011; 54: 759-768
Jones MP, Post J, Crowell MD. High-resolution manometry
in the evaluation of anorectal disorders: a simultaneous
comparison with water-perfused manometry. Am J Gastroenterol 2007; 102: 850-855
Bharucha AE, Seide B, Fox JC, Zinsmeister AR. Day-to-day
reproducibility of anorectal sensorimotor assessments in
healthy subjects. Neurogastroenterol Motil 2004; 16: 241-250
Camilleri M, Bharucha AE, di Lorenzo C, Hasler WL, Prather CM, Rao SS, Wald A. American Neurogastroenterology
and Motility Society consensus statement on intraluminal
measurement of gastrointestinal and colonic motility in
clinical practice. Neurogastroenterol Motil 2008; 20: 1269-1282
Rao SS. A balancing view: Fecal incontinence: test or treat
empirically--which strategy is best? Am J Gastroenterol 2006;
101: 2683-2684
Corsetti M, Passaretti S, Barzaghi F, Limido E, Bottini C,
Tessera G, Gianfrate L, Bonecco S, Noris RA, Castagna V,
Radaelli F, Strocchi E, Dinelli M, Fossati D, Strada E, Viviani
G, Casa DD, Missale G. Gruppo Lombardo per lo Studio
della Motilità Intestinale. Anorectal manometry with water-

WJG|www.wjgnet.com

64

65
66
67
68
69
70
71
72

73
74

75

76
77
78

79

80
81
82

83
84

1563

perfused catheter in healthy adults with no functional bowel
disorders. Colorectal Dis 2010; 12: 220-225
Gundling F, Seidl H, Scalercio N, Schmidt T, Schepp W,
Pehl C. Influence of gender and age on anorectal function:
normal values from anorectal manometry in a large caucasian population. Digestion 2010; 81: 207-213
Sun WM, Rao SS. Manometric assessment of anorectal function. Gastroenterol Clin North Am 2001; 30: 15-32
Rao SS. Constipation: evaluation and treatment of colonic
and anorectal motility disorders. Gastrointest Endosc Clin N
Am 2009; 19: 117-139, vii
Rao SS, Welcher KD, Leistikow JS. Obstructive defecation: a
failure of rectoanal coordination. Am J Gastroenterol 1998; 93:
1042-1050
Wald A. Clinical practice. Fecal incontinence in adults. N
Engl J Med 2007; 356: 1648-1655
Pehl C, Schmidt T, Schepp W. Slow transit constipation:
more than one disease? Gut 2002; 51: 610; author reply 610
Rao SS, Azpiroz F, Diamant N, Enck P, Tougas G, Wald A.
Minimum standards of anorectal manometry. Neurogastroenterol Motil 2002; 14: 553-559
Bharucha AE. Update of tests of colon and rectal structure
and function. J Clin Gastroenterol 2006; 40: 96-103
Pucciani F, Rottoli ML, Bologna A, Cianchi F, Forconi S,
Cutellè M, Cortesini C. Pelvic floor dyssynergia and bimodal rehabilitation: results of combined pelviperineal kinesitherapy and biofeedback training. Int J Colorectal Dis 1998;
13: 124-130
Gearhart S, Hull T, Floruta C, Schroeder T, Hammel J. Anal
manometric parameters: predictors of outcome following
anal sphincter repair? J Gastrointest Surg 2005; 9: 115-120
Glasgow SC, Birnbaum EH, Kodner IJ, Fleshman JW, Dietz
DW. Preoperative anal manometry predicts continence after
perineal proctectomy for rectal prolapse. Dis Colon Rectum
2006; 49: 1052-1058
Gladman MA, Scott SM, Chan CL, Williams NS, Lunniss PJ.
Rectal hyposensitivity: prevalence and clinical impact in patients with intractable constipation and fecal incontinence.
Dis Colon Rectum 2003; 46: 238-246
Scott SM, van den Berg MM, Benninga MA. Rectal sensorimotor dysfunction in constipation. Best Pract Res Clin Gastroenterol 2011; 25: 103-118
Gladman MA, Lunniss PJ, Scott SM, Swash M. Rectal hyposensitivity. Am J Gastroenterol 2006; 101: 1140-1151
Battaglia E, Serra AM, Buonafede G, Dughera L, Chistolini F,
Morelli A, Emanuelli G, Bassotti G. Long-term study on the
effects of visual biofeedback and muscle training as a therapeutic modality in pelvic floor dyssynergia and slow-transit
constipation. Dis Colon Rectum 2004; 47: 90-95
Chang HS, Myung SJ, Yang SK, Jung HY, Kim TH, Yoon
IJ, Kwon OR, Hong WS, Kim JH, Min YI. Effect of electrical stimulation in constipated patients with impaired rectal
sensation. Int J Colorectal Dis 2003; 18: 433-438
Bannister JJ, Timms JM, Barfield LJ, Donnelly TC, Read
NW. Physiological studies in young women with chronic
constipation. Int J Colorectal Dis 1986; 1: 175-182
Barnes PR, Lennard-Jones JE. Balloon expulsion from the
rectum in constipation of different types. Gut 1985; 26:
1049-1052
Fleshman JW, Dreznik Z, Cohen E, Fry RD, Kodner IJ. Balloon expulsion test facilitates diagnosis of pelvic floor outlet
obstruction due to nonrelaxing puborectalis muscle. Dis
Colon Rectum 1992; 35: 1019-1025
Glia A, Lindberg G, Nilsson LH, Mihocsa L, Akerlund JE.
Constipation assessed on the basis of colorectal physiology.
Scand J Gastroenterol 1998; 33: 1273-1279
Rao SS, Mudipalli RS, Stessman M, Zimmerman B. Investigation of the utility of colorectal function tests and Rome II
criteria in dyssynergic defecation (Anismus). Neurogastroenterol Motil 2004; 16: 589-596

April 14, 2012|Volume 18|Issue 14|

Bove A et al . Diagnosis of constipation and obstructed defecation
Histopathol 1999; 14: 1119-1134
102 He CL, Burgart L, Wang L, Pemberton J, Young-Fadok T,
Szurszewski J, Farrugia G. Decreased interstitial cell of cajal
volume in patients with slow-transit constipation. Gastroenterology 2000; 118: 14-21
103 Bassotti G, Villanacci V, Maurer CA, Fisogni S, Di Fabio F,
Cadei M, Morelli A, Panagiotis T, Cathomas G, Salerni B.
The role of glial cells and apoptosis of enteric neurones in
the neuropathology of intractable slow transit constipation.
Gut 2006; 55: 41-46
104 Martucciello G, Pini Prato A, Puri P, Holschneider AM,
Meier-Ruge W, Jasonni V, Tovar JA, Grosfeld JL. Controversies concerning diagnostic guidelines for anomalies of
the enteric nervous system: a report from the fourth International Symposium on Hirschsprung’s disease and related
neurocristopathies. J Pediatr Surg 2005; 40: 1527-1531
105 Pini-Prato A, Avanzini S, Gentilino V, Martucciello G, Mattioli G, Coccia C, Parodi S, Bisio GM, Jasonni V. Rectal suction biopsy in the workup of childhood chronic constipation: indications and diagnostic value. Pediatr Surg Int 2007;
23: 117-122
106 Vanderwinden JM, Rumessen JJ. Interstitial cells of Cajal
in human gut and gastrointestinal disease. Microsc Res Tech
1999; 47: 344-360
107 Bassotti G, Stanghellini V, Chiarioni G, Germani U, De
Giorgio R, Vantini I, Morelli A, Corinaldesi R. Upper gastrointestinal motor activity in patients with slow-transit constipation. Further evidence for an enteric neuropathy. Dig Dis
Sci 1996; 41: 1999-2005
108 Penning C, Vu MK, Delemarre JB, Masclee AA. Proximal
gastric motor and sensory function in slow transit constipation. Scand J Gastroenterol 2001; 36: 1267-1273
109 Seidl H, Gundling F, Pehl C, Pfeiffer A, Schepp W, Schmidt
T. Small bowel motility in functional chronic constipation.
Neurogastroenterol Motil 2009; 21: 1278-e122
110 Stanghellini V, Cogliandro R, Cogliandro L, De Giorgio R,
Barbara G, Salvioli B, Corinaldesi R. Clinical use of manometry for the diagnosis of intestinal motor abnormalities. Dig
Liver Dis 2000; 32: 532-541
111 Altomare DF, Portincasa P, Rinaldi M, Di Ciaula A, Martinelli E, Amoruso A, Palasciano G, Memeo V. Slow-transit
constipation: solitary symptom of a systemic gastrointestinal disease. Dis Colon Rectum 1999; 42: 231-240
112 Marcello PW, Barrett RC, Coller JA, Schoetz DJ, Roberts PL,
Murray JJ, Rusin LC. Fatigue rate index as a new measurement of external sphincter function. Dis Colon Rectum 1998;
41: 336-343
113 Bilali S, Pfeifer J. Anorectal manometry: are fatigue rate and
fatigue rate index of any clinical importance? Tech Coloproctol 2005; 9: 225-228
114 Gladman MA, Dvorkin LS, Lunniss PJ, Williams NS, Scott
SM. Rectal hyposensitivity: a disorder of the rectal wall or
the afferent pathway? An assessment using the barostat. Am
J Gastroenterol 2005; 100: 106-114
115 Gladman MA, Aziz Q, Scott SM, Williams NS, Lunniss PJ.
Rectal hyposensitivity: pathophysiological mechanisms.
Neurogastroenterol Motil 2009; 21: 508-516, e4-5

85

Minguez M, Herreros B, Sanchiz V, Hernandez V, Almela P,
Añon R, Mora F, Benages A. Predictive value of the balloon
expulsion test for excluding the diagnosis of pelvic floor dyssynergia in constipation. Gastroenterology 2004; 126: 57-62
86 Lembo A, Camilleri M. Chronic constipation. N Engl J Med
2003; 349: 1360-1368
87 Bassotti G, Germani U, Morelli A. Human colonic motility:
physiological aspects. Int J Colorectal Dis 1995; 10: 173-180
88 Bassotti G. The response of the human colon to food ingestion. Diabetes Nutr Metab 1990; 3: 91-94
89 Bassotti G, Iantorno G, Fiorella S, Bustos-Fernandez L,
Bilder CR. Colonic motility in man: features in normal subjects and in patients with chronic idiopathic constipation.
Am J Gastroenterol 1999; 94: 1760-1770
90 Rao SS, Sadeghi P, Beaty J, Kavlock R. Ambulatory 24-hour
colonic manometry in slow-transit constipation. Am J Gastroenterol 2004; 99: 2405-2416
91 Dinning PG, Szczesniak MM, Cook IJ. Twenty-four hour
spatiotemporal mapping of colonic propagating sequences
provides pathophysiological insight into constipation. Neurogastroenterol Motil 2008; 20: 1017-1021
92 Bassotti G, Chistolini F, Nzepa FS, Morelli A. Colonic propulsive impairment in intractable slow-transit constipation.
Arch Surg 2003; 138: 1302-1304
93 Bassotti G, Roberto GD, Sediari L, Morelli A. Toward a
definition of colonic inertia. World J Gastroenterol 2004; 10:
2465-2467
94 Rao SS, Singh S. Clinical utility of colonic and anorectal
manometry in chronic constipation. J Clin Gastroenterol 2010;
44: 597-609
95 Rao SS, Meduri K. What is necessary to diagnose constipation? Best Pract Res Clin Gastroenterol 2011; 25: 127-140
96 Zarate N, Knowles CH, Newell M, Garvie NW, Gladman
MA, Lunniss PJ, Scott SM. In patients with slow transit constipation, the pattern of colonic transit delay does not differentiate between those with and without impaired rectal
evacuation. Am J Gastroenterol 2008; 103: 427-434
97 Bassotti G, De Giorgio R, Stanghellini V, Tonini M, Barbara
G, Salvioli B, Fiorella S, Corinaldesi R. Constipation: a common problem in patients with neurological abnormalities.
Ital J Gastroenterol Hepatol 1998; 30: 542-548
98 Mitolo-Chieppa D, Mansi G, Nacci C, De Salvia MA, Montagnani M, Potenza MA, Rinaldi R, Lerro G, Siro-Brigiani G,
Mitolo CI, Rinaldi M, Altomare DF, Memeo V. Idiopathic
chronic constipation: tachykinins as cotransmitters in colonic contraction. Eur J Clin Invest 2001; 31: 349-355
99 Penning C, Steens J, van der Schaar PJ, Kuyvenhoven J,
Delemarre JB, Lamers CB, Masclee AA. Motor and sensory
function of the rectum in different subtypes of constipation.
Scand J Gastroenterol 2001; 36: 32-38
100 Knowles CH, Scott SM, Lunniss PJ. Slow transit constipation: a disorder of pelvic autonomic nerves? Dig Dis Sci
2001; 46: 389-401
101 Faussone-Pellegrini MS, Infantino A, Matini P, Masin A,
Mayer B, Lise M. Neuronal anomalies and normal muscle
morphology at the hypomotile ileocecocolonic region of
patients affected by idiopathic chronic constipation. Histol

S- Editor Yang XC

WJG|www.wjgnet.com

1564

L- Editor A E- Editor Li JY

April 14, 2012|Volume 18|Issue 14|

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i14.1565

World J Gastroenterol 2012 April 14; 18(14): 1565-1572
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.

TOPIC HIGHLIGHT
Luis Bujanda, MD, PhD, Professor, Series Editor

Adjuvant and neoadjuvant treatment in pancreatic cancer
Marta Herreros-Villanueva, Elizabeth Hijona, Angel Cosme, Luis Bujanda
dard in Europe. Regardless of the efforts in adjuvant
and neoadjuvant improved therapy, the major goal to
combat pancreatic cancer is to find diagnostic markers, identifying the disease in a pre-metastatic stage
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patients. In this review, authors examined the different
therapy options for advanced pancreatic patients in
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Abstract
Pancreatic adenocarcinoma is one of the most aggressive human malignancies, ranking 4th among causes
for cancer-related death in the Western world including the United States. Surgical resection offers the only
chance of cure, but only 15 to 20 percent of cases are
potentially resectable at presentation. Different studies demonstrate and confirm that advanced pancreatic
cancer is among the most complex cancers to treat
and that these tumors are relatively resistant to chemotherapy and radiotherapy. Currently there is no consensus around the world on what constitutes “standard”
adjuvant therapy for pancreatic cancer. This controversy derives from several studies, each fraught with its
own limitations. Standards of care also vary somewhat
with regard to geography and economy, for instance
chemo-radiotherapy followed by chemotherapy or
vice versa is considered the optimal therapy in North
America while chemotherapy alone is the current stan-
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is one of the
most aggressive human malignancies, ranking 4th among
causes of cancer-related death in the Western world[1].
Unlike most of the more frequent causes of cancer mortality (lung, colon, prostate and breast cancers)
whose death rates are declining, the death rate for pancreatic cancer is relatively stable.
The poor prognosis is reflected by a median survival
of 5-8 mo and a 5-year survival of less than 5% when all
stages are combined[1-3].
PDAC is characterized by a rapid disease progression
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and absence of specific symptoms, largely precluding an
early diagnosis and curative treatment[3,4].
In most cases, PDAC is already locally advanced at
time of diagnosis and only approximately 10%-20%[1,5]
of patients are considered candidates for curative resection. The majority of patients (50%-60%) present
with metastatic disease, and thus palliative chemotherapy remains the only option for almost all of these
patients[6]. Owing to the high recurrence rate, surgical
PDAC patients require adjuvant chemotherapy with or
without radiotherapy providing a 5-year survival rate of
15%-25%[7] (Table 1).
Due to the described overall prognosis for all pancreatic cancer patients, systemic chemotherapy, radiation therapy or a combination of both is used following surgical
resection (adjuvant therapy) and also prior to the tumor
resection (neoadjuvant therapy) to improve cure rates.
Although the benefit of adjuvant and neoadjuvant
therapy has been improved in recent years, the best choice
of treatment modality still remains highly controversial.
The objective of this review is to examine therapies
received by advanced pancreatic cancer patients in recent
years and to examine the principal chemotherapeutic
agents or molecular-targeted therapies useful for clinicians.

Table 1 Staging of pancreatic cancer
Stage
Stage 0
StageⅠA
StageⅠB
Stage ⅡA
Stage ⅡB
Stage Ⅲ
Stage Ⅳ

TisN0M0
T1N0M0
T2N0M0
T3N0M0
TXN1M0
T4NXM0
TXNXM1

Clinical
classification
Resectable
Initial

Locally advanced
Metastatic

5-year percent
survival (mo)
31.4
27.2
15.7
7.7
6.8
2.8

Tis: Cancer in situ: T: Size and/or extent of invasion; N: Extent of lymph
node involvement; M: Whether distant metastases are present.

creatic cancer, compared to those receiving no adjuvant
chemotherapy (median overall survival 19.7 mo vs 14 mo
respectively, statistically significant)[9-11].
Although for locally advanced and metastatic patients
this drug leads to an improved survival compared to the
best supportive care[12,13], the combination of 5-FU with
other drugs such as doxorubicin or mitomycin did not
prove superior to the antimetabolite alone. Similar results
were obtained comparing single agent 5-FU to 5-FU
plus cyclophosphamide, methotrexate and vincristine[14]
as the combination did not offer a survival advantage
over 5-FU alone.
Only the combination of 5-FU/irinotecan/oxaliplatin
(FOLFIRINOX) has been associated with a high objective response rate based on imaging study, and this finally
is the preferred regimen for patients who have good performance status and a normal serum bilirubin level[15].
In the last years, new fluoropyrimidines that mimic
the effect of a continuous infusion of 5-FU have been
approved. One of the most common but not available
in all countries is S-1, an orally active fluoropyrimidine,
with favorable antitumor activity in gemcitabine-refractory disease[16,17].

ADJUVANT THERAPY
In an effort to improve the outcome in patients undergoing potentially curative resection, systemic chemotherapy (Table 2), radiotherapy or a combination of both
have been applied following surgery.

SYSTEMIC THERAPY
Chemotherapy
The first randomized controlled trial of adjuvant therapy
in pancreatic cancer was designed by the Gastrointestinal
Tumor Study Group, which concluded that treatment
with 5-fluorouracil (5-FU) plus radiation followed by
two years of weekly 5-FU maintenance provided better
outcomes than surgery alone[8]. Although this trial was
criticized for many reasons, it served to establish 5-FU
as the only standard adjuvant therapy for many years
in pancreatic cancer. Different drugs and combinations
have emerged and been incorporated for the best treatment of these patients (Table 2).

Capecitabine: Capecitabine is an orally administered fluoropyrimidine that is absorbed intact through the intestinal wall and then converted to 5-FU in three sequential
enzymatic reactions: carboxylesterases, cytidine deaminase
and thymidine phosphorylase. The last enzyme is present
at consistently higher levels in tumor rather than normal
tissue, thereby providing the basis for enhanced selectivity and better tolerability[18]. The efficacy of capecitabine
in monotherapy was shown with high clinical response
rate (24%) but low objective response (7%)[19]; however,
no advantage using capecitabine in monotherapy over
gemcitabine alone has been demonstrated.

5-FU: 5-FU is a thymidylate synthase inhibitor that
blocks the synthesis of pyrimidine thymidine, a nucleotide required for DNA replication.
5-FU had been considered the only chemotherapeutic
option for about 20 years until the registration of gemcitabine. Several trials conducted in the late 1970s and
early 1980s demonstrated that adjuvant chemotherapy
using bolus 5-FU therapy conferred a survival benefit in
patients with resected pancreatic cancer[8].
Different studies in the last years have demonstrated
a survival benefit from six months of postoperative leucovorin-modulated 5-FU in patients with resected pan-
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TNM classification

Gemcitabine: The development of gemcitabine may
be considered a major advance in the treatment of pancreatic cancer. This drug is a difluorinated analog of
deoxycytidine. As a prodrug, gemcitabine must be phosphorylated by cytoplasmic and mitochondrial enzymes
to its active metabolites, gemcitabine diphosphate and
gemcitabine triphosphate. The cytotoxic effect of this
drug is attributed to a combination of two actions of the
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Table 2 Mode of action of principal drugs used in pancreatic cancer
Agent

Mode of action

5-FU

Gemcitabine (Gemzar®)

Capecitabine (Xeloda®)

Platinum analogues

Taxanes

Irinotecan
(CPT11, Camptosar®)

5-FU is a folate antimetabolite that forms a ternary complex involving 5-fluoro-2-deoxyuridine-5-monophosphate, thymidylate synthase, and 5,10-methylene THF. The formation of this complex thereby inhibits thymidylate synthase activity,
which subsequently depletes intracellular thymidylate levels and ultimately suppresses DNA synthesis
Also, two metabolites of 5-FU, 5-fluoro-2-deoxyuridine-5-triphosphate and 5-fluorouridine-5-triphosphate, can be incorporated into DNA and RNA, respectively, resulting in DNA instability and interfering with RNA processing and function
Gemcitabine is an S-phase nucleoside analogue (diflourodeoxycytidine) that is phosphorylated to difluorodeoxycytidine
triphosphate by deoxycytidine kinase. Gemcitabine also stimulates deoxycytidine kinase and inhibits both ribonucleotide
reductase and deoxycytidine monophosphate deaminase. Gemcitabine triphosphate is incorporated into nascent DNA to
inhibit DNA synthesis
Capecitabine an oral, tumor-selective fluoropyrimidine carbamate that is sequentially converted to 5-FU by three enzymes
located in the liver and in tumors. The final step is the conversion of 5′-deoxy-5-fluorouridine to 5-FU by thymidine phosphorylase in tumors
Platinum forms adducts with DNA inhibiting transcription and replication causing cell death. Oxaliplatin is a thirdgeneration platinum analogue (a diaminocyclohexane platinum derivative) that may have activity in tumors resistant to
cisplatin or carboplatin and may have an additive/synergistic activity in doublet or triplet therapy
The taxanes include paclitaxel and docetaxel (Taxotere®) and are semi-synthetic microtubule inhibitors with a different
mechanism of action from the vinca alkaloids. Taxanes bind to β-tubulin, promoting microtubule assembly and preventing depolymerisation thus forming stable non-functional complexes and inhibiting the function of the mitotic spindle;
This results in cell cycle arrest and increased sensitivity to radiation
Irinotecan is a topoisomerase I inhibitor that impedes the DNA helix tortional stress-relieving activity of DNA topoisomerases and also prevents their release from the DNA thus prompting apoptosis

5-FU: 5-fluorouracil.

diphosphate and triphosphate nucleosides, which leads
to inhibition of DNA synthesis[20,21].
The first pivotal trial found that gemcitabine is more
effective than 5-FU in alleviation of some disease-related
symptoms in patients with advanced, symptomatic pancreatic cancer, conferring a modest survival advantage
over treatment with 5-FU. As the treatment with gemcitabine was associated with significant clinical response
and better survival, this drug was approved for firstline therapy of metastatic pancreatic cancer. This pivotal
phase Ⅲ trial demonstrated improvement in median
overall and 1-year survival compared to 5-FU (5.7 mo vs
4.4 mo and 18% vs 2%, respectively)[22].
Many phase Ⅱ studies have demonstrated the efficacy of gemcitabine combination treatments, but not all of
the phase Ⅲ trials confirmed the improvement in overall
survival (OS) of gemcitabine-based regimens compared
to gemcitabine alone. However, an improvement in sixmonth survival was seen by combining gemcitabinefluoropyrimidine analogues and gemcitabine-platinum
analogues, as demonstrated in the meta-analysis of
Heinemann and colleagues[2].
Due to the results obtained in monotherapy, gemcitabine has been combined with many other active
cytotoxic agents including 5-FU, cisplatin, docetaxel,
oxaliplatin and irinotecan, in an attempt to improve the
response in pancreatic cancer patients and each will be
discussed here separately.

median OS and median progression-free survival when
evaluating the combined regimen compared to that of
gemcitabine alone[23-26].
Gemcitabine and capecitabine: Different phase Ⅲ trials have shown that patients who received gemcitabine
and capecitabine compared to gemcitabine alone have a
significant improvement in survival[27,28].
These data and the meta-analysis performed by these
authors suggest that the combination of gemcitabine
plus capecitabine should be considered a standard firstline option for locally advanced and metastatic pancreatic cancer.
Gemcitabine and platinum combinations: Since gemcitabine enhances the formation of cisplatin-DNA adducts, an effect that may be due to suppression of nuclear excision repair by gemcitabine, and the platinum may
augment the incorporation of gemcitabine triphosphate
into DNA[29], the gemcitabine and platinum combination
has been assessed in different trials.
Although in preclinical studies the combination of
gemcitabine and cisplatin is synergistic, at least three
phase Ⅲ trials comparing gemcitabine to the combination of gemcitabine plus cisplatin showed no significant
survival advantage for this approach[30-32]. Furthermore,
the combination of gemcitabine and platins has not
shown improvement in terms of response and is not a
considered option for pancreatic cancer patients.

Gemcitabine and 5-fluorouracil: Based on the complementary pharmacology of their mechanisms of action, the combination of 5-FU and gemcitabine has been
evaluated in phaseⅠ, Ⅱ and Ⅲ trials. Finally, phase Ⅲ
trials showed that there is no significant improvement in
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Gemcitabine and irinotecan: As irinotecan (a topoisomerase inhibitor) had minimal clinical activity in patients with advanced pancreatic cancer, combined therapy
with gemcitabine is not recommended[33,34] and in some
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Targeting HER2: In several studies, HER-2 overexpression in pancreatic cancer has been reported to vary
widely (10%-82%)[42,43] and it does not correlate with
poor prognosis[44]. Although studies in a mouse model
have shown that combination of anti-HER2 antibodies (i.e., trastuzumab) and other chemotherapy may be
effective for HER2-overexpressing pancreatic cancer
patients[45], the clinical significance is uncertain. A phase
Ⅱ clinical trial of trastuzumab for pancreatic cancer
has been conducted and showed only 6% response to
combined therapy with trastuzumab and gemcitabine in
patients with metastatic pancreatic cancer, which is not
superior to therapy with gemcitabine alone[46].
Currently, anti-Her2 therapy is experimental and still
under investigation for the treatment of pancreatic cancer.

cases the combination could lead to major toxicity.
Gemcitabine and taxanes: Antitumoral action of taxanes is due to their mechanism of microtubule stabilization and consequently to cell cycle arrest. The association of gemcitabine with paclitaxel or docetaxel in advanced pancreatic patients was studied in different trials
and has shown encouraging response rates[35,36]. A phase
Ⅲ trial has not yet been completed. Thus, whether this
regimen represents an improvement over gemcitabine
alone is unclear.
The available data suggest that if there is a benefit
to gemcitabine combination therapy compared to
gemcitabine alone, it is modest and best documented
for capecitabine plus gemcitabine. Today, only gemcitabine alone and the combination of gemcitabine plus
capecitabine represent good options for initial therapy.
In summary, adjuvant fluorouracil has been shown to
be of benefit for patients with resected pancreatic cancer
but gemcitabine is the most effective agent in advanced
disease. Compared with the use of fluorouracil, gemcitabine does not result in improved overall survival in
patients with completely resected pancreatic cancer[37].

Targeting VEGF: A phase Ⅲ trial concluded that there
is no benefit for the addition of bevacizumab to gemcitabine vs gemcitabine alone and vs gemcitabine and
cetuximab[47].
Also some studies have failed to demonstrate a benefit
for adding axitinib (an oral inhibitor of VEGF receptors
1, 2 and 3) to gemcitabine[48,49]. Currently, the anti-VEGF
approach is not recommended in pancreatic cancer.

Combined therapies
As compared with gemcitabine, FOLFIRINOX was associated with a survival advantage and had increased
toxicity. FOLFIRINOX is an option for the treatment of
patients with metastatic pancreatic cancer and good performance status[38].

Hormonal therapy
Tamoxifen and octreotide are not indicated in metastatic
pancreatic cancer because both of them have failed to
demonstrate any survival advantage for treated patients[50,51].

RADIOTHERAPY

Targeted molecular therapy
Based on the biological properties of pancreatic cancer,
new systemic therapies have been tried. The most common molecular targets have been epidermal growth factor receptor (EGFR)/KRAS, human epidermal growth
factor receptor type 2 (HER2) and vascular endothelial
growth factor (VEGF), as these genes are overexpressed
or mutated in pancreatic tumors.

The use of adjuvant radiotherapy for pancreatic cancer
is controversial and the role of radiation therapy continues to be investigated. Currently, the addition of radiotherapy depends on the country in which a patient is
being treated[52].
Chemo-radiotherapy followed by chemotherapy is
considered the optimal therapy in North America (Gastrointestinal Tumor Study Group; Radiation Therapy
Oncology Group) while chemotherapy alone is the current standard in Europe (European Study Group for
Pancreatic Cancer; Charité Onkologie)[10,53,54].
The rationale for adjuvant radiotherapy for pancreatic cancer is to improve loco-regional control. Modern
radiation delivery techniques, such as intensity-modulated radiation therapy or image-guided and stereotactic
body radiation therapy, permit dose escalation in order
to reduce normal tissue toxic effects and simultaneously
deliver increased doses of radiation to affected areas[55,56].
It is clear that breakthroughs in the treatment of this
devastating disease will come mostly from advances in
systemic therapy, so radiotherapy should not be abandoned, but rather, intensified.
Intraoperative radiotherapy has also been considered,
since local recurrence rates are very high. In general,
intraoperative radiotherapy can slightly increase survival
rates among patients with pancreatic cancer in localized

Targeting EGFR: Currently, there are two approaches
targeting the EGFR system: monoclonal antibodies
(i.e., cetuximab/Erbitux®) and small molecule tyrosine
kinase inhibitors. In spite of promising preclinical trials, cetuximab as monotherapy, or in combination with
other cytotoxic agents such as gemcitabine or with radiotherapy, has failed to improve the outcome of PDAC
patients[39,40].
Up to now, the only EGFR targeting demonstrating
a clinical benefit is erlotinib (Tarceva®, OSI 774), a tyrosine kinase inhibitor that inhibits ErbB-1 phosphorylation. One phase Ⅲ trial of erlotinib with gemcitabine
was able to show at least a small gain in the survival of
patients with advanced PDAC [41]. Although erlotinib
obtained Food and Drug Administration approval and
access in clinical application in 2005, the therapeutic
benefit for patients with advanced PDAC remains poor.
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stages. There is no clear evidence to indicate that intraoperative radiotherapy is more effective than other therapies in treating pancreatic cancer in locally advanced
and metastatic stages[57].

becomes evident during therapy. A second advantage is
that in patients undergoing surgery, prolonged recovery
prevents the delivery of postoperative adjuvant chemotherapy in about a quarter of them[72].
Recent studies have shown that neoadjuvant therapy
is associated with a lower rate of lymph node positivity
and improved overall survival and should be considered
an acceptable alternative to the surgery-first paradigm in
operable pancreatic cancer[73].

CHEMORADIOTHERAPY
Some studies demonstrated improved survival when
radiotherapy was combined with 5-FU chemotherapy
compared with radiotherapy alone, in patients with locally advanced unresectable pancreatic cancer[58]. This
combined therapy has been applied to patients undergoing RO resection to improve surgical cure rate.
In locally advanced pancreatic cancer, recent evidence
using modern radiotherapy techniques and dosing suggests a continued role for radiotherapy. In both resected
and unresected disease, further studies are needed to define optimal radiation dose, field size, and technique, and
to assess the effect of radiotherapy not only on survival,
but also on local disease control and quality of life[59].

SECOND-LINE THERAPY
There are few trials of second-line therapy in patients
who have failed chemotherapy, and there is no widely accepted standard of care.
For patients who retain a good performance status
after failing initial gemcitabine therapy, benefit has been
suggested from a second-line therapy based on oxaliplatin/fluoropyrimidine combination such as 5-FU and
oxaliplatin[65,70,71]. Other oxaliplatin combinations are also
acceptable with the agents gemcitabine, irinotecan or
capecitabine[74-76].
There are no data for patients who fail initial 5-FU
and oxaliplatin, but a reasonable option is gemcitabine as
monotherapy.

NEOADJUVANT THERAPY
The low rate of resectability and the poor outcomes
following pancreaticoduodenectomy have led to the investigation of preoperative and postoperative therapies
to identify those patients who are not candidates for
surgery and who could benefit from neoadjuvant chemotherapy and/or radiotherapy.
The initial reports using radiation therapy with or
without 5-FU did not demonstrate an obvious improvement in either resectability or overall survival[60,61]. Subsequent studies improved the treatment by increasing radiotherapy dose, adding intraoperative radiotherapy and
using combined chemotherapy. The drugs tested were
mitomycin, 5-FU, 5-FU and cisplatin, and paclitaxel, but
their efficacy remains uncertain[62-64].
Subsequent reports used gemcitabine-based chemotherapy which provided an enhanced local effect,
although with potentially more toxicity than 5-FU-based
regimens. Gemcitabine has also been combined with radiotherapy and cisplatin[65,66].
Currently, neoadjuvant radiation is associated with
improved survival in patients with resectable pancreatic
cancer[67] but chemotherapy alone without radiotherapy is
beginning to be studied and the experience is limited[68,69].

CONCLUSION
All the treatment options examined in this review demonstrate and confirm that advanced pancreatic cancer is
among the most complex cancers to treat.
Currently there is no consensus regarding the optimal
management of patients after resection of an exocrine
pancreatic cancer, and the approach is different in Europe and in the United States. Most European clinicians
use chemotherapy alone after resection of a pancreatic
neoplasm. The American approach more often includes
chemoradiotherapy as well as adjuvant chemotherapy.
Although it is mainly accepted that a 6-mo course
of systemic chemotherapy with gemcitabine or 5-FU
should be part of any adjuvant treatment, there is no
single adjuvant regimen of chemotherapy or chemoradiotherapy that can claim unequivocal superiority over
others. Among these options there are no differences in
outcome but fewer side effects occur with gemcitabine,
and this is nowadays the preferred regimen.
Based on current data, it is clear that treatment with
gemcitabine or 5-FU results in a median survival of just
a few months[77,78]. The limitation of this treatment is
mainly due to the profound resistance of PDAC cells
towards anti-cancer drugs, emerging from the efficient
protection against chemotherapeutic drugs by an altered
balance of pro- and anti-apoptotic proteins which results
in a markedly reduced apoptotic responsiveness[79,80].
Currently there are around 1070 clinical trials focusing on studying new biomarkers, different drug combinations and vaccines designed for pancreatic cancer
(www.clinicaltrial.gov).

ADJUVANT VS NEOADJUVANT THERAPY
Although the median survival times reported from some
uncontrolled trials of neoadjuvant therapy compare favorably to those reported with adjuvant therapy approaches[65,70,71], the question as to whether preoperative therapy
is better than postoperative therapy is uncertain as there
are no randomized trials comparing the two approaches.
One advantage of neoadjuvant therapy is that it
avoids the morbidity of pancreaticoduodenectomy in
patients who have occult, micrometastatic disease that
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Regardless of these efforts in adjuvant and neoadjuvant therapy, the major goal to combat PDAC is to find
diagnostic markers, identifying the disease in a pre-metastatic stage and making a curative treatment accessible to
more patients. Given an earlier diagnosis, surgical interventions together with adjuvant radio/chemotherapy are
the most promising options. Considering such evidence,
the urgent need for an individualized and more effective
adjuvant therapy is evident.
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endoscopic technique peroral endoscopic myotomy is a
promising option for treating achalasia, but it requires
increased experience and cautious evaluation. Despite
all this good news, the bottom line is a real breakthrough from the basic studies to identify the actual
cause of achalasia that may impede treatment success
is still anticipated.
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Abstract
There have been some breakthroughs in the diagnosis
and treatment of esophageal achalasia in the past few
years. First, the introduction of high-resolution manometry with pressure topography plotting as a new
diagnostic tool has made it possible to classify achalasia into three subtypes. The most favorable outcome is
predicted for patients receiving treatment for type Ⅱ
achalasia (achalasia with compression). Patients with
typeⅠ(classic achalasia) and type Ⅲ achalasia (spastic
achalasia) experience a less favorable outcome. Second, the first multicenter randomized controlled trial
published by the European Achalasia Trial group reported 2-year follow-up results indicating that laparoscopic Heller myotomy was not superior to endoscopic
pneumatic dilation (PD). Although the follow-up period
was not long enough to reach a convincing conclusion,
it merits the continued use of PD as a generally available technique in gastroenterology. Third, the novel
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INTRODUCTION
Achalasia is the only primary motor disorder of the esophagus with a well-understood pathophysiology. It affects
both sexes and all races equally[1-3]. Achalasia involves
the selective loss of inhibitory neurons in the myenteric
plexus, leading to the production of vasoactive intestinal
polypeptide (VIP), nitric oxide (NO), and inflammatory
infiltrate responsible for abnormal lower esophageal
sphincter (LES) dysfunction. An unopposed excitation
of the LES causes its dysfunction or failure to relax in
response to swallowing[3,4].
Clinical presentations include dysphagia for both
liquid and solid food, and food regurgitation may be severe enough to produce pulmonary complications such
as cough or aspiration pneumonia. Weight loss usually
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occurs as a result. The diagnosis of achalasia is made
on the basis of the results of barium esophagography,
esophageal manometry, and endoscopy. Typical radiological signs are classic “bird-beak” of the gastroesophageal junction, with atonia and a dilated esophageal body
observed by barium ingestion and fluoroscopy. Manometry is still the standard diagnostic test for achalasia. The
basic criteria required for diagnosis of achalasia include
the absence of relaxation of the LES or abnormal swallowing relaxation of the LES and the absence of peristalsis in the esophageal body. However, an endoscopic
examination, preferably endoscopic ultrasonography or
computed tomography, is always necessary to distinguish
primary achalasia from the secondary form[5], in cases
of possible malignancy[6]. A greater risk of esophageal
squamous cell carcinoma among achalasia patients is
well established. Male achalasia patients have substantially greater risks for both squamous cell carcinoma and
adenocarcinoma of the esophagus[7]. Recent advances in
the diagnosis of esophageal achalasia by using updated
high-resolution manometry (HRM) with pressure topography plotting have made it possible to classify achalasia
into three subtypes. Furthermore, it is now possible to
predict the outcome of each type of achalasia[8-10]. In this
paper, the implications of the recent findings in the diagnosis and treatment of esophageal achalasia are reviewed
and discussed.

human leukocyte antigen genotype (DQA1 × 0103 and
DQB1 × 0603 alleles)[17-19]. The above evidence indicates
that an autoimmune mechanism likely plays an important
role in achalasia. However, the trigger for the destructive
autoimmune events is unknown. So far, viral infection is
believed to be the main cause. Some possible causative
infections are varicella zoster and measles viruses[16,20-22].
However, some may argue that antineuronal antibodies
have also been reported in the serum of gastroesophageal reflux disease patients and even in healthy individuals,
suggesting that these antibodies may simply result from
tissue damage secondary to inflammation[19]. The other
unanswered question is why only neurons in the esophagus and LES are destroyed. The results of some studies
have led to the hypothesis that neurotropic viruses, especially those with a predilection for squamous epithelium,
could be involved; however, these findings have been
inconsistent[16,20-23].
Although there have been many excellent basic studies, the presence of viral antibodies in the serum of
patients has been an inconsistent finding. The method
to verify the actual cause of achalasia that may impede
treatment success is yet to be determined.

DIAGNOSIS
The diagnosis of achalasia is on the basis of the results
of gastroscopy, manometry, and timed barium esophagography. Pseudoachalasia is always excluded by either
computed tomography or endoscopic ultrasonography.
Since the emergence of HRM with pressure topography plotting, esophageal achalasia can be classified into
three subtypes[8-10]. In typeⅠachalasia (classic achalasia),
impaired LES relaxation but no significant pressurization within the esophageal body is observed. In type Ⅱ
achalasia (with compression), swallowing of water causes
rapid panesophageal pressurization. This may exceed
LES pressure, causing the esophagus to empty. Type Ⅲ
achalasia (spastic achalasia) is also associated with rapidly
propagated pressurization; however, the pressurization is
attributable to an abnormal lumen, obliterating contraction. HRM can be used to predict the outcome of each
type of achalasia. Patients in whom HRM shows type Ⅱ
achalasia (esophageal pressurization) are more likely to
respond to therapies such as pneumatic dilation (PD),
heller myotomy (HM), and botulinum toxin (BT) (overall,
70%-100%), compared to those with typeⅠ(overall, ≥
50%-63.3%) and type Ⅲ (overall, about 30%) achalasia[8,10]. HRM may play an increasingly important role in
the diagnosis of esophageal achalasia in the future, especially when the technique becomes more affordable.

PATHOGENESIS
The mechanisms responsible for the selective loss of
inhibitory neurons in the myenteric plexus that produces
VIP, NO and inflammatory infiltrate responsible for abnormal LES dysfunction is still not well understood[11].
However, specimens taken from autopsy or myotomy
have shown the histological damage of the esophageal
myenteric plexus and an inflammatory response consisting
of CD3/CD8-positive cytotoxic T lymphocytes, variable
numbers of eosinophils and mast cells, loss of ganglion
cells, and neurofibrosis[12,13]. These events occur even at
the early inflammatory stages of achalasia, and the underlying cause has not yet been identified. Previous studies
have implicated hereditary, neurodegenerative, genetic, infectious, and autoimmune mechanisms. The most acceptable hypothesis suggests that achalasia may be caused by
viral and autoimmune factors, leading to the inflammatory
changes and damage to the myenteric plexus.
Achalasia patients with certain genetic backgrounds
are reported to develop an autoimmune reaction and
hence the production of autoantibodies that cause chronic
inflammation and destruction of inhibitory neurons[12,13].
In addition, infiltration of the myenteric ganglia with
CD3/CD8-positive lymphocytes that express activation
markers, IgM antibodies, and evidence of complement
activation have been observed within the myenteric
ganglia[14-16]. Moreover, antibodies against myenteric neurons have been detected in the serum of patients with
esophageal achalasia; especially in those with a specific
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CURRENT TREATMENT OPTIONS
Currently, there is no cure for esophageal achalasia.
The only available therapeutic options are to loosen the
LES and treat the symptoms[24]. However, the advantages of each option must be considered in the patients.
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tion[41], which was reported to be approximately 2% in a
recent analysis by Katzka et al[42].
Peroral endoscopic myotomy (POEM) is a novel
endoscopic esophagomyotomy for achalasia that was
first reported by Pasricha et al[43] in porcine models and
subsequently by Inoue et al[44] in humans. POEM is performed by dissection and division of the inner circular
muscle layer of the esophagus through a submucosal
tunnel created endoscopically by a small proximal opening in the esophageal mucosa. POEM can be used to
perform deeper myotomy incisions in the thoracic
esophagus than that performed in surgical myotomy,
which is difficult for the surgeon, and is indicated
especially for patients with advanced disease and for
those with severe fibrosis. Theoretically, injury to the
vagus nerve should be less than that with the surgical
approach. So far, several centers are using the POEM
technique and have achieved good short-term results
without serious complications, but long-term follow-up
results are required[45]. There is concern that POEM is a
sophisticated and demanding technique, even for experienced endoscopists, and serious complications such as
purulent mediastinitis may develop. Revisional surgery
might be difficult and involve extensive procedures
such as esophagectomy because the plane between the
submucosal and muscular layers will be inflamed and
scarred after the endoluminal approach[46].
A few Chinese studies have reported the utility of
self-expanding, 30-mm metallic stents for achalasia at a
single center over a 10- to 13-year period, with a longterm clinical success rate > 80%[47-50]. There were no perforations or mortality associated with the treatment, but
stent migration occurred in 5% of the patients, reflux in
20%, and chest pain in 38.7%. Overall, the self-expanding, 30-mm metallic stents were associated with better
long-term clinical efficacy in the treatment of patients
with achalasia than treatment with PD.

Pharmacological management such as smooth muscle
relaxation usually plays a minor role in the treatment of
esophageal achalasia[2,24]. Nitrates increase NO concentration in smooth muscle cells, and calcium antagonists
block calcium and hence esophageal muscle contractions. By so doing, LES pressure can be reduced, but
the efficacy is usually unsatisfactory and incomplete,
with intolerable side effects such as headache, dizziness,
and pedal edema. This is the same for other drugs such
as sildenafil[25].

ENDOSCOPIC TREATMENT
Endoscopic treatment with BT injection at the terminal
nerve endings of myoneural junctions prevents the release of acetylcholine from vesicles. This causes chemical
denervation, which may last for several months[26]. As a
result of its wider safety range and fewer complications,
local injection of BT into the LES muscle of patients
with achalasia lowers LES tone, and the patient becomes
asymptomatic. This treatment yields excellent immediate
responses with success rates of > 90%. However, the
results last only 6-9 mo on average in most patients, and
only half of all the patients benefit for > 1 year[27]. Complications of BT therapy for achalasia are minor because
the dosage used is too small to induce serious adverse effects such as generalized paralysis. It is therefore used to
treat elderly patients or patients with high surgical risks[28].
The most commonly used endoscopic balloon dilator is the rigiflex dilator. The dilation procedure can be
performed under fluoroscopic[29] or endoscopic guidance[30,31]. The number of dilation sessions and the inflation time needed for a successful dilation vary and are
operator dependent. Immediate and short-term results
have reportedly been good in most series[30-33]. However,
large-scale long-term follow-up investigations [28,34,35]
have reported unfavorable recurrence in patients who
have undergone fluoroscopically guided PD. During a
prolonged observation period (median, 13.8 years) in a
prospective follow-up investigation study conducted by
Eckardt et al[29], only 40% of the patients treated using
a single PD procedure remained in remission at 5 years.
Generally, the response to PD is still determined on the
basis of subjective improvement in symptoms, such as
dysphagia, regurgitation, and chest pain, by performing structured interviews with validated symptom score
methods[29,36]. However, additional radiographic findings
could reliably predict clinical remission and strongly suggest the need for further treatment in patients with poor
esophageal clearance after each dilation. This could prevent sigmoid-type achalasia[37-39]. It is generally accepted
that the predictors of risk factors for relapse after PD
include young age (< 40-45 years), male sex, single dilation with a 3.0 cm balloon, post-treatment LES pressure
> 10-15 mmHg, poor esophageal emptying after timed
barium swallow, and typeⅠand type Ⅲ achalasia pattern on HRM[2,40]. Complications attributable to PD are
uncommon. The most severe complication is perfora-
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SURGICAL TREATMENT
From a surgical point of view, minimally invasive HM
has become the gold standard procedure for achalasia
in the spectrum of current treatment options[51,52]. Myotomy of the LES is the most direct method used and
by far the best treatment modality for satisfactory longterm results with very low mortality. Overall success
rates of laparoscopic HM (LHM) were 47%-82% at
10 years[53,54]. Systematic reviews and meta-analysis that
have compared existing treatment methods for achalasia
have found that surgery is superior to PD[55,56]. However,
the major adverse event after surgery is severe reflux.
There is much debate on the role of fundoplication with
myotomy in the reported literature[57-59]. Intraoperative
endoscopy during videoscopic HM is used to guide the
extent and adequacy of myotomy by utilizing a focused
dissection with preservation of the natural antireflux
mechanisms around the gastroesophageal junction and
by limiting the extent of myotomy along the cardia. By
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so doing, postoperative reflux symptoms are minimized.
A concomitant endoscope examination during HM to
guide myotomy and routine fundoplication is clinically
necessary, despite disagreement about the fundoplication procedure[60,61]. In addition, there is a lot of debate
on the choice of laparoscopic cardiomyotomy as the
primary treatment for achalasia or as a second-line treatment following the failure of nonsurgical intervention[62].
Some doctors believe that laparoscopic cardiomyotomy
can be more technically difficult following PD[63]. However, it has been shown that laparoscopic cardiomyotomy can be as safe and effective as first- or secondline treatment, even after the failure of PD[64]. In general,
esophagectomy should be reserved only for those cases
in which simpler operations have failed. In summary, as
stated in the recent Kagoshima consensus, despite the
variations as to the length of the myotomy and the addition of an antireflux procedure, good overall long-term
results suggest that these operative variations are not
critical[65].

esophageal achalasia is ongoing; however, it is generally
accepted that myotomy is usually suggested for younger
patients (age, < 40-45 years), male patients, and those
with pulmonary symptoms who failed to respond to one
or two initial dilations[2,67].
In summary, despite the ongoing debate and the report of the first randomized control trial, the minimally
invasive surgical treatment seems to yield better results
than PD with the currently available evidence, despite
being less cost-effective and resulting in more reflux
symptoms. POEM is a promising technique and is associated with good short-term results without serious
complications, but long-term results are not yet available.
Despite these advancements, the actual cause of achalasia has not yet been identified, and this knowledge may
improve treatment success in the future.

WHICH IS THE BETTER CHOICE: LHM OR
PD? THE ONGOING DEBATE
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Enzyme-linked immunosorbent assay was used to measure blood circulating ghrelin, somatostatin (SST) and
glucose-dependent insulinotropic peptide (GIP) levels.
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RESULTS: Results show an unexpected dual regulatory role for epithelial Pten signalling in the specification/differentiation of enteroendocrine cell subpopulations in the small intestine. Our data indicate that Pten
positively regulates chromogranin A (CgA) expressing
subpopulations, including cells expressing secretin,
ghrelin, gastrin and cholecystokinin (CCK). In contrast,
Pten negatively regulates the enteroendocrine subtype
specification of non-expressing CgA cells such as GIP
and SST expressing cells.
CONCLUSION: The present results demonstrate that

Pten signalling favours the enteroendocrine progenitor
to specify into cells expressing CgA including those producing CCK, gastrin and ghrelin.
© 2012 Baishideng. All rights reserved.

Key words: Phosphatase and tensin homolog; Enteroendocrine cells; Intestinal epithelial cell specification;
Chromogranin A
Peer reviewer: Silvana Zanlungo, Professor, Department of

Gastroenterology, Pontificia Universidad Católica de Chile, Marcoleta 367, Santiago 114-D, Chile
Roy SAB, Langlois MJ, Carrier JC, Boudreau F, Rivard N, Perreault N. Dual regulatory role for phosphatase and tensin homolog in specification of intestinal endocrine cell subtypes. World J
Gastroenterol 2012; 18(14): 1579-1589 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i14/1579.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i14.1579

Abstract
AIM: To investigate the impact of phosphatase and
tensin homolog (Pten) in the specification of intestinal
enteroendocrine subpopulations.
METHODS: Using the Cre/loxP system, a mouse with
conditional intestinal epithelial Pten deficiency was generated. Pten mutant mice and controls were sacrificed and
small intestines collected for immunofluorescence and
quantitative real-time polymerase chain reaction. Blood
was collected on 16 h fasted mice by cardiac puncture.
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INTRODUCTION
The phosphatase and tensin homolog (PTEN) tumour
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suppressor gene is one of the most frequently mutated/
deleted genes in various human cancers[1,2]. PTEN is a lipid and protein phosphatase. Its best-known substrate, the
phosphatidylinositol 3,4,5-trisphosphate (PIP3), is a lipid
second messenger mainly produced by class IA phosphatidylinositol 3-kinases (PI3Ks)[3]. PTEN dephosphorylates PIP3 to produce phosphatidylinositol 4,5-bisphosphate, which inhibits PI3K-dependent effectors such as
the downstream kinases Akt and pyruvate dehydrogenase
kinase 1. PI3Ks have been implicated in many signalling
pathways that regulate cell survival, growth, proliferation,
migration, phagocytosis, and metabolism[4]. PTEN has
also been shown to regulate genomic stability[5,6], stem
cell renewal[7,8], senescence[9] and cell differentiation[10-12].
The multiple cellular functions of PTEN suggest
that this protein plays major roles in overall system homeostasis. Indeed, homozygous deletion of Pten in the
mouse causes early embryonic lethality by embryonic day
(E) 9.5, whereas Pten heterozygous mice (Pten+/-) develop,
over a period of time, various dysplasia and hyperplasia
in organs such as the breast, thyroid, prostate and intestine[1,2,13]. As reviewed by Knobbe et al[14], Pten has also
been conditionally deleted in many specific tissues. These
models have established the tumour suppressive function
of Pten but have also unravelled its important role in the
maintenance of normal physiological functions in various
tissues such as the immune system, skin, lung, liver, pancreas and hypothalamus[14].
In a previous study, we reported that Pten is important for intestinal homeostasis[10]. The villin-Cre system
was used to specifically inactivate Pten in the mouse
intestinal epithelium. Pten mutant mice developed an intestinalomegaly associated with an increase in epithelial
cell proliferation. Histological analysis also demonstrated
significant perturbation of the crypt-villus architecture, a
marked increase in goblet cells and a decrease in enteroendocrine cells, suggesting a role for Pten in the commitment of the multipotential-secretory precursor cell[10].
Enteroendocrine cells are hormone-secreting epithelial cells that are scattered throughout the gastrointestinal
epithelium and although they represent only 1% of the
intestinal epithelium, taken together, they constitute the
major endocrine organ of the body[15,16]. At least 10 different enteroendocrine cell types have been identified in
the small intestine and are classified based on their main
hormonal products[16,17]. The various hormones produced
by these endocrine cells [ghrelin (GHR), gastrin-releasing
peptide (GRP), glucose-dependent insulinotropic peptide (GIP), secretin (SCT), peptide YY (PYY), glucagonlike peptide-1 (GLP-1), glucagon-like peptide-2 (GLP-2),
cholecystokinin (CCK), neurotensin, serotonin, substance
P, somatostatin (SST) and motilin] control important
physiological functions, such as gastrointestinal motility,
glycaemia, exocrine pancreatic secretion, biliary secretion, digestion, gut epithelial renewal and appetite[16,18,19].
Most enteroendocrine cell types secrete chromogranin A
(CgA), a soluble glycoprotein stored with hormones and
neuropeptides in secretory granules of endocrine cells.
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The important role of enteroendocrine cells in whole
body homeostasis prompted us to further analyze the effect of intestinal epithelial deletion of Pten on the specification of the various enteroendocrine subpopulations.
Using our Cre/loxP Pten conditional knock out mouse
model[10], we report herein an unexpected dual regulatory
role for epithelial Pten signalling in the specification of
enteroendocrine cells. Our data indicate that Pten positively influences the determination and specification of
CgA-expressing cell subpopulations in the small intestine
including those expressing secretin, ghrelin, gastrin and
CCK. Conversely, Pten limits determination and specification of non-expressing CgA endocrine cell subpopulations, including GIP and SST.

MATERIALS AND METHODS
Animals
BALB/c-Ptenfx/fx mice were purchased from The Jackson Laboratory (Bar Harbor, ME, United states). The
C57BL/6 12.4KbVilCre transgenic line was provided by
Dr. Deborah Gumucio (University of Michigan, Ann
Arbor, MI, United states)[20]. Genomic DNA was isolated
using the Spin Doctor genomic DNA kit from Gerard
Biotech according to the manufacturer’s protocol. Both
mutations were genotyped following protocols already
published[20] or as directed by The Jackson Laboratory.
For this study, the BALB/c-Ptenfx/fx mice mice were first
crossed with the C57BL/6 12.4KbVilCre to generate
F1-generation heterozygous animals. F1-generation heterozygous animals were then backcrossed with BALB/
c-Ptenfx/fx mice to produce F2-generation experimental
animals. All experiments were conducted in F2-generation experimental animals. All mice were maintained on
regular diet in the transgenic mouse facility at the Faculty
of Medicine and Health Sciences of the Université de
Sherbrooke. All experiments were approved by the animal research committee of the Faculty of Medicine and
Health Sciences of the Université de Sherbrooke.
Tissue collection, tissue preparation, RNA extraction
and gene expression analysis
Digestive tracts from 120-d-old Pten∆IEC mice and control
littermates were fixed in 4% paraformaldehyde (PFA)
overnight at 4 ℃, then dehydrated and embedded in paraffin. Sections of 5 μm were applied to Probe-On Plus
slides (Fisher Scientific, Ottawa, ON, Canada) and kept
at room temperature until used[10,21]. Total RNA was isolated and processed using the Totally RNA extraction
kit (Ambion, Grand Island, NY, United states). Reversetranscription polymerase chain reaction (RT-PCR) and
quantitative real-time PCR were performed as described
previously[21]. Quantitative real-time PCR conditions were
as follows: one cycle of 15 min at 95 ℃; 50 cycles at
95 ℃ for 15 s; 59 ℃ for 30 s and 72 ℃ for 30 s. The following forward and reverse primers were used: Hairy
and enhancer of split 1 (NM_008235), 5′-TTCCAAGCTAGAGAAGGCAGA-3′, 5′-GTTGATCTGGGT-
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CATGCAGTT-3′; Atonal homolog 1 (NM_007500),
5′-GCTTCCTCTGGGGGTTACTC-3′, 5′-ACAACGATCACCACAGACCA-3′; Neurogenin 3 (NM_009719),
5′-CGGATGACGCCAAACTTACAAAG-3′ 5′-CACAAGAAGTCTGAGAACAACAG-3′; Growth factor
independent 1 (NM_010278), 5′-TCCGAGTTCGAGGACTTTTG-3′, 5′-CATGCATAGGGCTTGAAAGG-3′;
Neurogenic differentiation 1 (NM_010894), 5′-AGCCACGGATCAATCTTCTCT-3′, 5′-GACGTGCCTCTAATCGTGAAA-3′; Pancreatic and duodenal homeobox 1
(NM_008814), 5′-AACCCGAGGAAAACAAGAGG-3′,
5′-TTCAACATCACTGCCAGCTC-3′; Forkhead box O1
(NM_019739), 5′-CCGGAGTTTAACCAGTCCAA-3′,
5′-TGCTCATAAAGTCGGTGCTG-3′; Forkhead box a1
(NM_008259), 5′-CAAGGATGCCTCTCCACACTT-3′,
5′-TGACCATGATGGCTCTCTGAA-3′; Forkhead box a2
(NM_010446), 5′-GAGCACCATTACGCCTTCAAC-3′,
5 ′ - G G C C T T G AG G T C C AT T T T G T- 3 ′ ; P D G B
(NM_013551), 5′-TGCACGATCCTGAAACTCTG-3′,
5′-TGCATGCTATCTGAGCCATC-3′.

was counted per crypt-villus axis. Image magnification
was calibrated by comparison with a stage micrometer
(graticulesTM Ltd., Tonbridge, Kent, England). Statistical analyses were performed using two-way ANOVA. For
qRT-PCR, data were analyzed using the Mann Whitneytest for abnormal distribution. Differences were considered significant with a P value of < 0.05. All statistical
analyses were carried out using Graph Pad Prism 5 (Graph
Pad Inc., San Diego, CA).

RESULTS
CgA is not expressed in all enteroendocrine cell
subtypes of the mouse small intestinal epithelium
Mice homozygous for the floxed exon 5 of the Pten
gene[23] were bred to the villin-Cre transgenic line, which
directs expression of the transgene in all epithelial cells of
the small intestine and colon, including stem cells, but not
in the mesenchymal compartment[20]. Conditional knockout mice for Pten (Pten∆IEC) were born at the expected
Mendelian ratios, survived for more than 1 year, and grew
normally without obvious gross physical abnormalities[10].
In a previous study with these mice, we reported an overall
decrease in the number of enteroendocrine cells using a
CgA antibody[10]. Over the years, there has been a lingering
controversy where a number of studies showed that all endocrine cell subpopulations express CgA[18,24,25] while others reported that some cell subpopulations do not express
CgA[17,26]. Therefore, individual analysis of various intestinal endocrine subpopulations was first performed for
their co-expression with CgA in the mouse small intestine.
Double-labelling with CgA (Figure 1B, E, H and K) and
specific antibodies directed against ghrelin (Figure 1A),
CCK (Figure 1D), gastrin (Figure 1G) and secretin (Figure
1J) confirmed co-expression of CgA with ghrelin (Figure
1C) as well as with CCK- (Figure 1F), gastrin- (Figure 1I)
and secretin- (Figure 1L) producing enteroendocrine cells
in the mouse small intestine. On the other hand, double-labelling with CgA antibody (Figure 1N and Q) and specific
antibodies directed against GIP (Figure 1M) and SST (Figure 1P) supported the exclusion of co-expression between
GIP (Figure 1O), SST (Figure 1R) and CgA in the mouse
small intestine. The specificity of our CgA antibodies was
confirmed with the use of two different CgA antibodies
from two different commercial sources, in which the exact same cells were labeled in consecutive sections from a
same specimen with both antibodies.

Immunofluorescence
Immunofluorescence staining was performed as previously described[21]. The following antibodies were used at
the indicated dilutions: FITC-conjugated anti-mouse IgG
(1:200, Vector, Burlingame, CA, United states), FITCconjugated anti-rabbit IgG (1:200, Vector), AlexaFluor
568 donkey anti-goat (1:400, Invitrogen, Grand Island,
NY, United states), AlexaFluor 488 donkey anti-goat
(1:400, Invitrogen), AlexaFluor 488 donkey anti-rabbit
(1:400, Invitrogen), rabbit anti-SP-1 CgA (1:1000, ImmunoStar, Hudson, WI, United states), goat anti-CgA (1:50,
SantaCruz, Santa Cruz, CA, United states), rabbit antigastrin (1:200, Chemicon, Billerica, MA, United states),
goat anti-GIP (1:100, SantaCruz), mouse anti-serotonin
(1:200, LabVision, Kalamazoo, MI, United states), rabbit
anti-secretin (1:1000, Phoenix pharmaceuticals, Burlingame, CA, United states), goat anti-SST (1:100, SantaCruz), goat anti-ghrelin (1:100, SantaCruz), rabbit antiCCK (1:100, ab92128 gift from Rehfeld JF)[22].
Measurement of circulating hormone levels
Blood was collected on 16 h fasted mice by cardiac puncture. Serum levels of total ghrelin and GIP were measured
using Millipore ELISA kits (EZRGRT-91K, EZRMGIP55K) (Millipore, Billerica, MA, United states) according
to manufacturer’s instructions. Serum levels of SST were
measured using the Phoenix Pharmaceuticals ELISA kit
EK-060-03, according to the manufacturer’s instructions.

Loss of intestinal epithelial Pten impairs the
specification of CgA expressing enteroendocrine cells
Enteroendocrine subtype specification appears to be regulated by distinct mechanisms[17,26]. Since our previous study
only investigated CgA-expressing cells, the impact of Pten
loss of expression on the specification of the various
enteroendocrine cell subpopulations in the small intestine
was further analyzed. We first analyzed how the loss of
epithelial Pten alters specification of CgA-expressing en-

Statistical analysis
All cell count analyses were performed using continuous
serial sections from low-powered fields of well-oriented
intestinal cross-sections in a blind manner on an average of 10 independent fields per animal. Three different
intestinal sections were evaluated: duodenum, jejunum
and ileum. The total number of enteroendocrine cells
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Figure 1 Analysis of chromogranin A co-expression in mouse small intestinal endocrine subpopulations. Small intestine sections of adult control mice were
co-immunostained with antibodies directed against ghrelin (GHR) (A), cholecystokinin (CCK) (D), gastrin-releasing peptide (GRP) (G), secretin (SCT) (J) glucosedependent insulinotropic peptide (GIP) (M) or somatostatin (SST) (P) and against chromogranin A (CgA) (respectively B, E, H, K, N and Q). The arrows in images C, F,
I and L show co-expression of CgA respectively with GHR, CCK, GRP and SCT while asterisks in images F, I, L, O and R point to CgA-negative enteroendocrine cells.
The number of arrows and asterisks within the crypt-villus axis represents the average proportion of labelled cells per units. Scale bar: 50 μm.

vs 1.7) and 51% in the ileum (0.25 cell vs 0.52 cell) was observed (Figure 2C) in the ratio of positive ghrelin cells in
Pten mutant mice (Figure 2B) compared to control littermates (Figure 2A). A modest but significant decrease of
10% (Figure 2F) was also observed in the ratio of positive
CCK cells in the duodenum of the mutant mice (4.4 cell
vs 4.7 cell) (Figure 2E). There was also a significant 23%
decrease in gastrin-positive cells in the jejunum (1 cell vs
1.3 cell) and a decrease of 29% in the ileum (0.34 cell vs
0.44 cell) in Pten∆IEC (Figure 2H and I) when compared to

teroendocrine cells along the various sections of the small
intestine (duodenum, jejunum and ileum). Although some
enteroendocrine cells are restricted to specific regions of
the small intestine, each region was analyzed in order to
verify the possible delocalization of subpopulations along
the rostro-caudal axis of the gut. The intestinal mucosa of
Pten∆IEC and control mice was stained with specific markers for each enteroendocrine cell subtype and positive
cells were counted (Figure 2). A significant decrease of
29% in the jejunum (1.2 positive cells per crypt-villus axis
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Figure 2 Epithelial Pten positively regulates commitment of chromogranin A-positive enteroendocrine subpopulations in the small intestine. Duodenum,
jejunum and ileum of adult control and Pten∆IEC mice were immunostained with antibodies against ghrelin (GHR) (A and B), cholecystokinin (CCK) (D and E), gastrinreleasing peptide (GRP) (G and H) and secretin (SCT) (J and K). Positive cells were counted from intestinal sections of controls (n = 6) and mutants (n = 5). Statistical
analysis (C, F, I, L) represents the average number of positive cells per crypt-villus axis in each section of the intestine. Error bars represent SE. Scale bar: 50 μm. D:
Duodenum; J: Jejunum; I: Ileum. aP < 0.05, bP < 0.001.

control mice (Figure 2G and I). Finally, secretin immunostaining showed no modulation in the number of secretinpositive cells in Pten∆IEC (Figure 2K and L) vs control mice
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(Figure 2J and L). Taken together, these results suggest
that Pten positively influences production of CgA-expressing enteroendocrine cell subpopulations.

1583

April 14, 2012|Volume 18|Issue 14|

Roy SAB et al . Role of Pten in enteroendocrine subpopulations
Pten ∆IEC

Control

B

C

GIP

No. of GIP positive cells

A

2.00

Control
a

1.80

b

1.60

Pten ∆IEC

1.40
1.20
1.00
0.80
0.60
0.40
0.20

E

SST

D

F

2.00

No. of SST positive cells

0.00

1.60

J

D

I
Control

a

1.80

Pten ∆IEC

1.40
1.20
1.00

a

0.80
0.60
0.40
0.20
0.00

D

J

I

Figure 3 Epithelial Pten negatively regulates commitment of chromogranin A-negative enteroendocrine subpopulations in the small intestine. Duodenum,
jejunum and ileum of adult control and Pten∆IEC mice were immunostained with antibodies against glucose-dependent insulinotropic peptide (GIP) (A and B) and somatostatin (SST) (D and E). Positive cells were counted from intestinal sections of controls (n = 6) and mutants (n = 5). Statistical analysis (C and F) represents the average number of positive cells per crypt-villus axis in each section of the intestine. Error bars represent SE. Scale bar: 50 μm. D: Duodenum; J: Jejunum; I: Ileum. aP < 0.05,
b
P < 0.01.

Loss of epithelial intestinal Pten positively influences
the specification of CgA negative enteroendocrine cells
We next examined if the specification of CgA-negative
cells was affected following the loss of epithelial Pten. As
illustrated in Figure 3, there was a marked 61% (duodenum) and 25% (jejunum) increase in GIP-positive cells in
Pten∆IEC (Figure 3B and C) when compared to control mice
(Figure 3A and C) (respectively 1.45 positive cells vs 0.9 in
the duodenum and 1.6 cells vs 1.28 in the jejunum). SST
immunostaining in both duodenum and jejunum revealed
an increase of 45% in the number of SST-positive cells in
Pten∆IEC (Figure 3E and F) vs control mice (Figure 3D and F)
(respectively 1.65 cells vs 1.15 cell and 0.85 cell vs 0.6 cell).
Hence, these data suggest that Pten signalling negatively
controls specification of CgA-negative cells in the intestinal epithelium.

levels, respectively, were observed in Pten∆IEC mice when
compared to control littermates. No significant difference
in ghrelin levels was observed between Pten∆IEC mice and
control mice (Figure 4A).
Pten expression impacts differently on various
pro-enteroendocrine specification factors
Comparative analysis of secretory lineage and specific
pro-enteroendocrine determination factors was next investigated by quantitative PCR to clarify the role of Pten
during enteroendocrine subtype specification. The Notch
pathway, and more specifically the transcription factors
Hairy enhancer of Split (Hes-1) and Math1, is crucial
in the determination of the intestinal progenitor cell to
absorptive or secretory cell fate (Figure 5)[27,28]. We also
investigated if loss of epithelial Pten could deregulate the
production of secretory precursors. Quantitative PCR
analysis of mutant vs wild-type littermates revealed no
modulation of Math1 or Hes-1 mRNA levels in the mutant animals (Table 1). Modifications downstream of the
Notch pathway during enteroendocrine cell determination were also subsequently assessed. The proendocrine
bHLH transcription factor Ngn3 has been shown to contribute to the maintenance and specification of enteroendocrine precursors (Figure 5)[29]. Our analysis revealed that
the Ngn3 mRNA expression was significantly reduced
by 2.07-fold in the mutant animals (Table 1). BETA2/

Loss of epithelial Pten signalling leads to deregulation
of circulating GIP and SST levels
In light of these observations, we next investigated whether deregulation in the number of enteroendocrine cells
in the intestinal epithelium of the Pten∆IEC mice has an
impact on their circulating levels. We chose to focus on
the enteroendocrine subpopulations where the deregulation was more considerable. Circulating ghrelin, GIP and
SST levels were analysed by ELISA assay. A 1.5-fold and
1.3-fold increase in GIP (Figure 4B) and SST (Figure 4C)
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Forkhead box O1
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mice (Table 1). Finally, the winged helix transcription
factors Foxa1 is essential for the differentiation of SST-,
GLP-1- and PYY-expressing endocrine cells (Figure 5)[33].
Accordingly, we found an increase of 2.64-fold in Foxa1
gene transcript expression in Pten∆IEC mice (Table 1).
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Target expression was quantified relatively to PDGB expression. Fold
changes represent the ratio of mean expression values (control/mutant).
Negative values indicate reduction in Pten∆IEC intestines. NS: Non significant fold change (Mann-Whitney test).
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DISCUSSION
Endocrine cells found scattered in the gastrointestinal
epithelium represent the major endocrine organ of the
body[15,16]. The various hormones produced by these
endocrine cells control numerous physiological functions [16,18,19] . Recently, by using conditional tissuespecific disruption of Pten in the epithelium of the gut,
we revealed a key role for epithelial Pten in intestinal
morphogenesis, in the maintenance of crypt-villus axis
architecture, in cell proliferation and in secretory cell
commitment[10]. We had also reported an overall decrease
in the number of enteroendocrine cells using a CgA antibody. However, the choice of CgA as a pan marker for
all enteroendocrine cells has been challenged. Commonly
used as a biomarker for endocrine granules, CgA plays a
role in the biogenesis of mobile secretory granules and
the release of hormones through the regulated secretory pathway[37]. Over the years, there has been a lingering controversy in which some studies showed that all
endocrine cell subpopulations express CgA[18,24,25] while
others reported that enteroendocrine cell subpopulations
producing GIP, GLP-1 or SST do not express CgA[17,26].
Fixation artefacts and different CgA antibodies may
account for this controversy. Also, it has been demonstrated that CgA expression in enteroendocrine subpopulations varies from one species to another as well as in
pathologies such as colorectal cancer and inflammatory
bowel diseases[38-42]. Herein, our analysis of the various
intestinal endocrine subpopulations with CgA antibodies
confirmed the absence of co-expression between GIP
and SST with CgA. Therefore, the important role of enteroendocrine cells in whole body homeostasis prompted
us to further analyze the effect of intestinal epithelial
deletion of Pten on the specification of the various en-

1.5
1.0
0.5
0.0

Figure 4 Loss of epithelial Pten signalling modulates circulating levels of
glucose-dependent insulinotropic peptide and somatostatin. A: Analysis of
circulating ghrelin level revealed no significant modulation between adult Pten∆IEC
mice (n = 10) and control littermates (n = 10); B: Analysis of circulating glucosedependent insulinotropic peptide (GIP) level revealed a 1.5-fold increase in adult
Pten∆IEC mice (n = 10) when compared to control littermates (n = 10); C: Analysis of circulating somatostatin (SST) level revealed a 1.3-fold increase in adult
Pten∆IEC mice (n = 10) when compared to control littermates (n = 10). Error bars
represent SE. aP < 0.05.

NeuroD1, Pancreatic and duodenal homeobox 1 gene
(Pdx1), the winged helix Foxa1 and the forkhead boxcontaining (FoxO1) transcription factors have also been
shown to control the determination of specific enteroendocrine subpopulations[16,30-33]. The gene transcript level
of BETA2/NeuroD1, linked to specification of secretin
and CCK producing cells[34], was reduced by 1.40-fold in
mutant animals (Table 1). Pdx1, which regulates serotonin
and GIP producing cells (Figure 5)[31,32], was found to be
significantly increased by 2.15-fold at the gene transcript
level in mutant mice (Table 1). FoxO1 factors are downstream targets of the PI3K/AKT pathway[35] and affect
the subcellular localization of Pdx1 in the pancreas and,
hence, its transcriptional activity[36]. FoxO1 gene transcript
level was found to be reduced by 1.95-fold in the Pten∆IEC
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Figure 5 Proposed model for mode of action of epithelial Pten signalling in intestinal epithelial determination and specification of enteroendocrine progenitor cell fate. Epithelial Pten signalling is not essential for maintenance or determination of the secretory precursor. Pten represses specification of glucosedependent insulinotropic peptide (GIP)-expressing cells by maintaining FoxO1 in the nucleus. GHR: Ghrelin; GRP: Gastrin-releasing peptide; SCT: Secretin; CCK:
Cholecystokinin; SST: Somatostatin; GIP: Glucose-dependent insulinotropic peptide; CgA: Chromogranin A.

teroendocrine subpopulations. Since all enteroendocrine
subtype cells are still detectable in the mutant mice, our
results suggest that Pten is not a direct and indispensable
regulator of enteroendocrine cell determination. Nevertheless, our data revealed a dual role for Pten signalling
in enteroendocrine cell specification. Indeed, our results
indicate that Pten signalling facilitates the specification
of CgA-expressing enteroendocrine cell subpopulations
while it negatively controls specification of CgA-negative
cells in the intestinal epithelium. Furthermore, our results
showed that the number of GIP and SST cells as well as
their associated circulating hormone levels was increased
in mutant mice. Although the number of ghrelin cells
was decreased, no significant modulation in ghrelin serum level was observed in the Pten∆IEC mice. This may be
explained by the fact that ghrelin endocrine cells found in
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the stomach epithelium are strong contributors for total
circulating ghrelin levels[43,44], and are not likely affected
by the loss of epithelial Pten in the intestine. Nevertheless, the lack of modulation in circulating levels of ghrelin does not imply that the reduction observed in the cell
number in the intestine has no local consequences in this
tissue. Indeed, such a reduction could influence specific
physiological intestinal functions, such as motility, digestion and epithelial renewal[16,18,19]. Finally, analyses of each
enteroendocrine cell subtypes along the rostro-caudal
axis of the small intestine confirmed that the loss of Pten
does not influence normal distribution of these endocrine cell subpopulations.
Our data also indicate that Pten affects the expression of key regulators for cell lineages and/or proenteroendocrine determination. Since the Notch/Hes-1
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path is required for the specification of progenitor cells
into the absorptive lineage and since Math1 is required
for specification into the secretory lineage[27,28], we therefore analyzed whether the loss of epithelial Pten could
alter their expression. Lack of modulation in Math1 and
Hes-1 gene transcripts suggest that Pten is not involved
in the initial decision steps for lineage determination.
Once the initial decision is made between secretory and
absorptive cell lineages, the fate of enteroendocrine progenitor cells is defined by proendocrine bHLH transcription factors such as Ngn3 and BETA2/NeuroD1. Ngn3
acts downstream of Math1[27,29] and has been shown to
contribute to the maintenance of the enteroendocrine
precursors and to the differentiation of all enteroendocrine subpopulations in mice[29,45,46]. Unlike Ngn3, expression of BETA2/NeuroD1 is restricted to a subset
of enteroendocrine cells[34]. BETA2/NeuroD1 controls
terminal differentiation of secretin and CCK producing
cells in the intestine as revealed by the absence of these
subpopulations in BETA2/NeuroD1 null mice[34]. In addition, BETA2/NeuroD1 acts downstream of Ngn3[45].
Our analysis revealed that the expression of both bHLH
transcription factors was reduced in absence of epithelial
Pten, thereby impacting on the production of specific enteroendocrine subpopulations (Figure 5). Over the years,
other factors have been shown to be important in the
differentiation/specification of several enteroendocrine
cell subpopulations[16,30-33]. Such is the case for the winged
helix transcription factor Foxa1, previously shown to be
essential for the differentiation of SST, GLP-1 and PYY
expressing cells[33]. Foxa1 expression was found to be
increased in Pten∆IEC mice, hence correlating with the increased production of SST-expressing cells in these mice
(Figure 5). The same logic can be applied to Pdx-1. Indeed, studies from Pdx1-null mice revealed an increase in
the number of serotonin cells and a decrease in the GIPexpressing cell population[31,32]. Herein, Pdx-1 gene transcript was found to be significantly increased in absence
of epithelial Pten, thereby matching the deregulation seen
in GIP cell specification (Figure 5). In addition, FoxO1
gene transcript was found to be significantly reduced in
the absence of epithelial Pten. FoxO1 competes with
FoxA2 for binding to the Pdx1 promoter, resulting in
inhibition of Pdx1 transcription[36] (Figure 5). Aside from
these observations, one could speculate that phosphorylation of FoxO1 affects its subcellular localisation leading
to its exclusion from the nucleus. This nuclear/cytoplasm
shuttling phosphorylation of FoxO1 ultimately decreases
its transactivation potential[36,47]. Furthermore, PI3K/Akt
is a major upstream signalling pathway leading to the
phosphorylation of FoxO1 and its exclusion from the
nucleus[35]. In a previous study with Pten∆IEC mice, we reported that loss of Pten resulted in increased phosphorylation levels of Akt[10]. Thus, it is tempting to extrapolate
that following the loss of intestinal epithelial Pten and
activation of Akt, targeted FoxO1 protein would become
more phosphorylated and exported to the cytoplasm allowing expression of Pdx1 and specification of GIPexpressing cells.
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In summary, our results reveal a distinctive role for
Pten in specification/differentiation of enteroendocrine
cell subpopulations. Pten signalling negatively regulates the enteroendocrine subtype specification of nonexpressing CgA cells such as GIP and SST expressing
cells. In contrast, Pten signalling positively affects CgAexpressing cells such as ghrelin, gastrin and CCK cells.
Many of these enteroendocrine cell subtypes are known
to play critical roles in whole body physiological functions. Incretin hormones such as GLP-1 and GIP have
been shown to potentiate glucose-stimulated insulin secretion[48], while double-mutant mice for GIP and GLP-1
exhibit glucose intolerance[49]. Likewise, the importance
of enteroendocrine cells in lipid absorption has recently
been shown with the generation of intestinal-conditional
Ngn3 null mice[46]. A study with Gip-receptor null mice
revealed a crucial role for GIP in promoting the efficient
storage of ingested fat suggesting that inhibition of the
GIP signal could represent a therapeutic approach against
obesity[50]. Further analysis will be needed to better evaluate the impact and possible networking of small intestinal
endocrine cell deregulation following the loss of Pten
signalling on overall metabolism in the mouse.
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The phosphatase and tensin homolog (PTEN) tumour suppressor gene is a lipid
and protein phosphatase frequently mutated/deleted in various human cancers.
Its best-known substrate, the phosphatidylinositol 3,4,5-trisphosphate, is a lipid
second messenger mainly produced by class IA phosphatidylinositol 3-kinases
(PI3Ks). PI3Ks have been implicated in many signalling pathways that regulate
cell survival, growth, proliferation, migration, phagocytosis, and metabolism. In
previous study, authors reported that Pten is important for intestinal homeostasis as well as in the commitment of enteroendocrine cells. The important role
of enteroendocrine cells in whole body homeostasis prompted people to further
analyze the effect of intestinal epithelial deletion of Pten on the specification of
the various enteroendocrine subpopulations.

Research frontiers

Enteroendocrine cells located in the gut epithelium are the largest and least
understood population of hormone-producing cells in the body. The various
hormones and peptides produced by these endocrine cells control important
physiological functions, such as gastrointestinal motility, glycaemia, exocrine
pancreatic secretion, biliary secretion, digestion, gut epithelial renewal and
appetite. In recent years, studies have placed the regulation of these gut hormones as potential targets for novel treatments of metabolic diseases such as
type 2 diabetes and obesity.

Innovations and breakthroughs

In the current study, the authors report a distinctive role for Pten in specification/differentiation of enteroendocrine cell subpopulations. Pten signalling negatively regulates the enteroendocrine subtype specification of non-expressing
chromogranin A (CgA) cells such as glucose-dependent insulinotropic peptide
and somatostatin expressing cells. In contrast, Pten signalling affects positively
CgA-expressing cells such as ghrelin, gastrin and cholecystokinin cells.
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Applications

15

Many of these enteroendocrine cell subtypes are known to play critical roles
in whole body homeostasis. These experimental data can be used in further
studies to better evaluate the impact on general metabolism and possible networking of small intestinal endocrine cell deregulation following the loss of Pten
signalling.
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Peer review

This is a high quality descriptive study in which authors analyze the impact of
the PTEN intestinal knockdown in the specification of intestinal enteroendocrine
subpopulations.
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ORIGINAL ARTICLE

Overexpression of Dickkopf-3 induces apoptosis through
mitochondrial pathway in human colon cancer
Zi-Rong Yang, Wei-Guo Dong, Xiao-Fei Lei, Meng Liu, Qi-Sheng Liu
in LoVo cells. Dkk-3 overexpression inhibited the proliferation and invasion of LoVo cells and induced cell
cycle arrest at G0/G1 phase and subsequent apoptosis,
as indicated by increased chromatin condensation and
fragments, upregulated Bax and cytochrome c protein,
downregulated survivin and Bcl-2 protein, and the
activation of caspase-3 and caspase-9. Furthermore,
Dkk-3 overexpression reduced the accumulation of cytosolic fraction of β-catenin.
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CONCLUSION: Dkk-3 overexpression induced apoptosis in human colon cancer possibly through the
mitochondrial pathway. Dkk-3 may be involved in the
Wnt/β-catenin signaling pathways in colon cancer.
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Abstract
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AIM: To investigate the mechanisms of the biological
roles of Dickkopf-3 (Dkk-3) in cell invasion, survival and
apoptosis in colon cancer cells.

Post Graduate Institute of Medical Sciences, 4/9J, Medical
Enclave, PGIMS, Rohtak 124001, India

Yang ZR, Dong WG, Lei XF, Liu M, Liu QS. Overexpression of Dickkopf-3 induces apoptosis through mitochondrial
pathway in human colon cancer. World J Gastroenterol 2012;
18(14): 1590-1601 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i14/1590.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i14.1590

METHODS: Three human colon cancer cell lines, i.e.,
HT-29, LoVo and SW480, were used. Overexpression
of Dkk-3 induced by pEGFP-N1-Dkk-3-GFP plasmid in
LoVo cells was performed using Lipofectamine 2000
reagent. Reverse transcription polymerase chain reaction and Western blotting were performed to determine the mRNA and protein expression levels of Dkk-3,
respectively. Cell proliferation assay, cell cycle analysis,
hoechst 33258 assay and Matrigel invasion assay were
performed on Dkk-3 overexpressing transfectants.

INTRODUCTION
The prevalence of colorectal cancer is increasing in Asia.
Many Asian countries, including China, Japan, South Korea, and Singapore, have experienced a 2-4 folds increase
in the incidence of colorectal cancer (CRC) during the
past few decades[1]. Even in the United States, colorectal
cancer is the third most commonly diagnosed cancer and
the second leading cause of cancer deaths among cancers

RESULTS: The mRNA and protein expressions of
Dkk-3 in HT-29 (mRNA: 0.06 ± 0.02, protein: 0.06 ±
0.01) and LoVo (mRNA: 0.07 ± 0.02, protein: 0.07 ±
0.02) cells were significantly lower than that in SW480
cells (mRNA: 0.92 ± 0.04, protein: 0.69 ± 0.13; all P
< 0.05), and the greatest levels of invasiveness was
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that affect both men and women[2,3]. However, the cellular mechanisms involved in CRC are not fully described.
Recent studies have shown that the Wnt signaling pathway, which is composed of canonical Wnt signaling via
Wnt/β-catenin and noncanonical Wnt signaling via the
Wnt/Ca2+ pathway and Wnt/c-Jun N-terminal kinase
(JNK) (planar cell polarity), regulates proliferation, fate
specification, polarity and migration of cells [4,5]. The
Wnt signaling pathway can be blocked by two functional
classes of Wnt antagonists: the secreted frizzled-related
proteins (sFRP) and the Dickkopf (Dkk)[6].
Dkk-3, also known as reduced expression in immortalized cells, is a member of a recently identified gene family
encoding secreted proteins that control cell fate during
embryonic development[7-9]. Deletion at Dkk-3 locus has
been found in many cancers, such as lung cancer[10], gastric
cancer[11] and ovarian cancer[12]. In acute lymphoblastic leukaemia[13], prostate cancer[14], bladder cancer[15,16] and renal
cell carcinoma[16], Dkk-3 expression is reduced or silenced.
Interestingly, Dkk-3 is strongly expressed at the base of
the crypts in human colon, which is known to contain
proliferating epithelial precursor cells[17]. Therefore, Dkk-3
may be an important component of the gastrointestinal
proliferative regulatory net work[17].
However, the relationship between Dkk-3 and colon
cancer remains unclear. We hypothesized that: (1) Dkk-3
expression may be inhibited epigenetically in colon cancer cells; (2) Dkk-3 may be a tumor suppressor and plays
an important role in mitochondria-mediated apoptosis;
and (3) Dkk-3 may be involved in the Wnt/β-catenin
signaling pathways in colon cancer cells. In the present
study, we investigated the mechanisms of the biological
roles of Dkk-3 in cell invasion, survival and apoptosis
of human colon cancer cells.

for cell cycle analysis, hoechst 33258 assay, Matrigel invasion assay, reverse transcription polymerase chain reaction (RT-PCR) analysis and Western blotting analysis.
The transient expression of green fluorescent protein
(GFP) was detected under a fluorescence microscope
(Olympus; Shinjuku-ku, Tokyo, Japan) at an excitation
wavelength of 460-490 nm.
RT-PCR
After 48 h of transfection, total cellular RNA was isolated
by Trizol (Invitrogen, Carlsbad, CA) and 2 μg of RNA
was treated with DNase and used as a template for the
reverse transcription reaction following the manufacturer’
s instructions (Fermentas, United States). The resultant
cDNA was then used in PCRs and analyzed by gel electrophoresis. The following primers were used: Dkk-3 sense
5’-GGGAGACGAAGAAGGCAGAAGG-3’ and Dkk-3
antisense 5’-CCAGGTGATGAGGTCCAGAAGC-3’;
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
sense, 5’-AGGTGAAGGTCGGAGTCAAC-3’, and
GAPDH anti-sense, 5’-CGCTCCTGGAAGATGGTGAT-3’. The PCR conditions were as follows: 94 ℃ for 5
min, followed by 35 cycles of 94 ℃ for 30 s, 60 ℃ for 30
s, and 72 ℃ for 1 min. The final extension was at 72 ℃
for 5 min. PCR products were analyzed on 1.2% agarose
gels containing 0.5 g/mL ethidium bromide and were visualized under ultraviolet light. Band density was analyzed
and quantified using Genetools software (Syngene, Cambridge, United Kingdom).
Western blotting analysis
Equal amounts of proteins were resolved by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred onto nitrocellulose membranes (Millipore,
Bedford, MA, United States) by wet transfer system (BioRad, Hercules, CA, United States). Membranes were
blocked with 10% non-fat dry milk in Tris-buffered saline
Tween-20 and incubated first with primary antibodies
at 4 ℃ overnight and then with horseradish peroxidaseconjugated anti-mouse, anti-rabbit or anti-goat secondary
antibody for 2 h at room temperature. The following antibodies were used: Dkk-3 (R and D Systems Inc., Minneapolis, MN, United States) 1.5 μg/mL, β-catenin (Abcam,
Cambridge, United Kingdom) 1:5000, survivin, Bax, Bcl-2
and Cyt-c (Santa Cruz Biotechnology, Santa Cruz, CA,
United States) 1:1000, Caspase-9 (Abcam, United States)
1:1000, Caspase-3 (Abcam, United States) 1:250 and Actin (Santa Cruz Biotechnology, Santa Cruz, CA, United
States) 1:2000. Specific proteins were visualized using an
enhanced chemiluminescence system (Millipore, Bedford,
MA, United States) and then exposed with Kodak X-ray
film. Protein band intensities were determined densitometrically using the video-imaging CMIASWIN system
(Bio-Rad, Hercules, CA, United States).

MATERIALS AND METHODS
Construction of expressing plasmids
The pEGFP-N1-Dkk-3-GFP plasmid constructed to
target Dkk-3 (RefSeq ID: BC007660) was obtained from
Genechem Co., Ltd. (Shanghai, China). pEGFP-N1
plasmid (Genechem Co., Ltd.) was cut with XhoⅠ/Kpn
Ⅰand ligated by T4 DNA ligase with gene encoding
Dkk-3, making Dkk-3-pEGFP construct. The plasmid
construct was confirmed by DNA sequencing.
Cell culture and transfection conditions
The human colon cancer cell lines HT-29, LoVo and
SW480 were obtained from the Cell Collection Center
of Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) (GibcoBRL, Grand Island, NY, United
States) supplemented with 10% fetal bovine serum and
were maintained in a humidified incubator at 37 ℃ with
a supply of 5% CO2/95% air atmosphere. Transfections
were performed using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA) according to the manufacturer’
s instructions. After 48 h of transfection, cells were used
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Cell proliferation assay
Cell proliferation was determined by the WST-8 tetrazolium salt assay (Cell Counting Kit-8, Beyotime Inst Bio-
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tech, China), which quantifies the amount of formazan
dye formed when tetrazolium salt is cleaved by cellular
mitochondrial dehydrogenase present in viable cells.
Cells were seeded in 96-well plates at a density of 2 ×
103/well in 0.1 mL of culture medium. Viability of cells 0,
12, 24, 36, 48, 60 and 72 h after transfection was evaluated. Two hours before the end of the specified incubation period, 10 μL WST-8 reagent was added to the cells.
At the end of the incubation, cell density was estimated
by measuring the absorbance of the colored formazan
reaction product at 450 nm using an iMark Microplate
Absorbance Reader (Bio-Rad, United States).

tal bovine serum. After 24 h incubation, the cells remaining on the upper surface of the filter were removed using
cotton tips, and the cells that migrated to the underside
of the membrane were fixed with 4% paraformal dehyde
and stained with Giemsa (Sigma). Cells in 10 random
fields of view at ×400 magnifications were counted and
expressed as the average number of cells/field of view.
Colony formation assay
Cells from the colon cancer cell line LoVo (2 × 105 cells
per well) were transfected with 0.5 μg Dkk-3-expressing
or empty vector (pEGFP-N1) using Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA). Transfected cells were
selected with antibiotic G-418 Sulfate (0.4 mg/mL) (Merck,
Darmstadt, Germany) for 2 wk. Colonies were fixed with
methanol/acetone (1:1), stained with Giemsa, and counted. All experiments were performed in triplicate.

Cell cycle analysis
Cell cycle status was determined by measuring cellular
DNA content after staining with propidium iodide by
flow cytometry. After 48 h transfection, cells were centrifuged, washed twice with ice-cold phosphate buffer
saline (PBS), and fixed in 70% ethanol at 4 ℃ for 24 h.
Cells were then centrifuged at 1000 r/min for 5 min, and
the supernatant was discarded. The pellets were then
washed twice with 4 mL PBS and then stained with 0.5
mL RNase A (2 mg/mL) and 0.5 mL propidium iodide
(0.1% in 0.6% Triton-X in PBS) for 30 min in the dark.
Samples were then analyzed on a FACSCalibur flow cytometer (Beckman Coulter, Inc. Fullerton, CA).

Statistical analysis
All continuous values were expressed as mean ± SD.
One-way analysis of variance was used for comparisons
among groups. Student’s t test was used for comparison
of the values between two groups. SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, United States) was used
for statistical analysis. Statistical significance was defined
as P < 0.05.

Hoechst 33258 assay for apoptosis
Apoptotic cells were detected by Hoechst 33258 staining following the manufacturer’s protocol (Apoptosis
Hoechst staining kit, Beyotime Biotechnology, Jiangsu,
China) after 48 h transfection. Briefly, cells were first
fixed in 0.5 mL methanol for 30 min and then rinsed
with PBS twice; 1 mg/mL Hoechst 33258 reagent was
used to stain the apoptotic cells in dark at room temperature for 5 min, after which the cells were again
washed with PBS twice. The stained cells were examined
and immediately photographed under a fluorescence
microscope (Olympus; Shinjuku-ku, Tokyo, Japan) at an
excitation wavelength of 330-380 nm. Apoptotic cells
were identified on the basis of morphologic changes in
their nuclear assembly by observing chromatin condensation and fragment staining by Hoechst 33258. In each
group, ten microscopic fields were selected randomly
and counted.

RESULTS
Correlation between Dickkopf-3 expression levels and
invasion ability in human colon cancer cell lines
To determine the endogenous expression of Dkk-3, we
compared the Dkk-3 level in three human colon cancer
cell lines (HT-29, LoVo and SW480). As shown in Figure 1A and B, Dkk-3 expression was significantly higher
in SW480 cells (mRNA: 0.92 ± 0.04, protein: 0.69 ± 0.13;
all P < 0.05) as compared with HT-29 (mRNA: 0.06 ±
0.02, protein: 0.06 ± 0.01) and LoVo cells (mRNA: 0.07
± 0.02, protein: 0.07 ± 0.02). We also examined the ability of these cells to invade Matrigel, which is a well-established in vitro model for assessing tumor invasiveness.
The result showed that the greatest levels of invasiveness
was in LoVo cells (19.25 ± 1.65), which was followed by
the SW480 (15.50 ± 2.12) and HT-29 (8.75 ± 2.10, P <
0.05 vs LoVo or SW480), an order consistent with their
known metastatic potentials (Figure 1C). These preliminary findings provoked us to track the question of
whether modulation of Dkk-3 could affect colon cancer
progression.

Invasion assay
Transwell chambers (Corning, New York, NY, United
States) were used to examine the ability of cells to invade
through a Matrigel-coated filter following the manufacturer’s instructions. DMEM was added to the upper
chambers and allowed to hydrate for 2 h at 37 ℃ with
5% CO2. Next, 1 × 105 LoVo cells transfected with various plasmids were added to the upper chamber and
grown in serum-free medium on 8.0 μm porous polycarbonate membranes, which were coated with diluted
Matrigel basement membrane matrix. The lower chambers were filled with DMEM medium containing 10% fe-
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Overexpression of Dickkopf-3 by pEGFP-N1-Dkk-3-GFP
plasmid in human colon cancer LoVo cells
To study the biological role of Dkk-3 in colon cancer
progression, we used pEGFP-N1-Dkk-3-GFP plasmid coding for full-length human Dkk-3 to enhance
the Dkk-3 gene expression in the human colon cancer
LoVo cells. The expression of the recombinant human
Dkk-3 was analyzed by RT-PCR and Western blotting
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Figure 1 Levels of Dickkopf-3 mRNA and protein expression correlate with invasive potential of human colon cancer cell lines. A: Semi-quantitative reverse
transcription polymerase chain reaction of RNA extracted from colon cancer cell lines, HT-29, LoVo and SW480, respectively, and the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) mRNA was amplified as a control. aP < 0.05 vs HT-29 or LoVo using Student’s t test; B: Endogenous Dickkopf-3 (Dkk-3) protein expression
was examined by immunoblot analysis of total cellular protein isolated from three colon cancer cell lines: HT-29, LoVo and SW480, and actin was utilized as a loading
control. cP < 0.05 vs HT-29 or LoVo using Student’s t test; C: Human colon cancer cells, HT-29, LoVo and SW480 invading through the Matrigel were counted under a
microscope in ten random fields at × 400 magnification. eP < 0.05 vs LoVo or SW480 using Student’s t test.
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Figure 2 pEGFP-N1-Dkk-3-GFP plasmid induces overexpression of Dickkopf-3 in human colon cancer LoVo cells. A: Semi-quantitative reverse transcription
polymerase chain reaction of RNA extracted from pEGFP-N1-Dkk-3-GFP plasmid transfected LoVo cells and the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA was amplified as a control; B: Immunoblotting of total protein lysates extracted from pEGFP-N1-Dkk-3-GFP plasmid transfected LoVo cells, and actin was
included as a loading control; C: Green fluorescent protein (GFP) was also detected under a fluorescence microscope in pEGFP-N1-Dkk-3-GFP plasmid transfected
LoVo cells (× 400). aP < 0.05 vs LoVo or pEGFP-N1 using Student’s t test.

analysis. As shown in Figure 2A, analysis of the transfected cells (1.09 ± 0.11, P < 0.05) for Dkk-3 expression
via semi-quantitative RT-PCR demonstrated a specific
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increase in mRNA levels for each gene relative to the
pEGFP-N1 plasmid-transfected cells (0.14 ± 0.02) or
untreated LoVo cells (0.10 ± 0.02). Immunoblot analysis
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Figure 3 Overexpression of Dickkopf-3 inhibits invasion in human colon cancer LoVo cells. Representative number of invading cells through the Matrigel was
counted under microscope in ten random fields at × 400 magnification. Each bar represented the mean ± SD. aP < 0.05 vs LoVo or pEGFP-N1 using Student’s t test.
The results are representative of three separate experiments.

of cell extracts was carried out to determine whether
increased mRNA expression, as observed, correlated
with increased translation of the gene product. Figure
2B shows that the protein expression level of Dkk-3 was
significantly increased in pEGFP-N1-Dkk-3 group (0.86
± 0.12, P < 0.05) compared with the pEGFP-N1 group
(0.26 ± 0.04) or untreated LoVo cells (0.31 ± 0.04). A
similar trend was observed by immunoblot analysis with
the result of RT-PCR. The transient expression of GFP
was observed under a fluorescence microscope after 48
h transfection (Figure 2C). Figure 2C indicates that the
efficient transduction of pEGFP-N1-Dkk-3-GFP plasmid was approximately 70% after 48 h transfection.

Dkk-3 function. Dkk-3 expression was required for colon
cancer cell invasion leading to tumor metastasis.
Effect of Dickkopf-3 overexpression on proliferation in
human colon cancer LoVo cells
To assess the potential effects of Dkk-3 overexpression
on proliferation in human colon cancer LoVo cells, we
investigated cell growth in vitro. Using the tetrazolium
salt (WST-8) cell viability assay (see “Materials and Methods”), we generated a time-response curve by incubating
cultures of transfected LoVo cells for 12, 24, 36, 48, 60
and 72 h, which showed a time-dependent inhibition
of cell viability (Figure 4A). pEGFP-N1 transfection
had no effect on the proliferative ability of LoVo cells,
whereas pEGFP-N1-Dkk-3-GFP plasmid transfection
caused a dramatic reduction in the proliferation of LoVo
cells (P < 0.05). On the other hand, we performed colony formation assays using LoVo cells transfected with a
Dkk-3 gene construct (pEGFP-N1-Dkk-3-GFP) or with
an empty vector (pEGFP-N1). The number of colonies
formed was counted after 2 wk culture. When compared
with the pEGFP-N1 plasmid-transfected cells (154.67 ±
5.86), we observed that Dkk-3 overexpression (77.00 ±
2.65, P < 0.05) decreased markedly the number of colonies (Figure 4C).

Effect of Dickkopf-3 overexpression on invasion in
human colon cancer LoVo cells
To evaluate the impact of Dkk-3 overexpression on invasion of human colon cancer LoVo cells, a Matrigel invasion assay was performed. When compared with normal
LoVo cells (36.00 ± 1.85) or cells transfected with pEGFP-N1 plasmid (36.25 ± 1.49), pEGFP-N1-Dkk-3-GFP
plasmid-transfected cells (12.50 ± 0.96, P < 0.05) showed
a substantial reduction in invasive ability. Invasion of
LoVo cells was reduced to about 70% of the controls by
pEGFP-N1-Dkk-3-GFP plasmid (Figure 3). Thus, LoVo
cell invasion into Matrigel was substantially regulated by
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Figure 4 Overexpression of Dickkopf-3 inhibits proliferation and induces G0/G1 arrest in human colon cancer LoVo cells. A: Dickkopf-3 (Dkk-3) inhibits proliferation in human colon cancer LoVo cells; B: Forty-eight hours after transfection, LoVo was used for cell cycle analysis using a FACSCalibur flow cytometer; C: The dickkopf
homolog 3 gene Dkk-3 inhibited tumor cell colony formation. LoVo cells were transfected with pEGFP-N1-Dkk-3-GFP plasmid or with pEGFP-N1 and were maintained in
the presence of G418 sulfate for 2 wk. Quantitative analysis of colony numbers are shown as the mean ± SD. aP < 0.05 vs pEGFP-N1 using Student’s t test.

Effect of Dickkopf-3 overexpression on cell cycle in
human colon cancer LoVo cells
To investigate the precise mechanisms of the decreased
cell viability observed in LoVo transient Dkk-3 transfectants, we analyzed the cell cycle distribution profile
by flow cytometry with propidium iodide. After 48 h
transfection, the cells were fixed and stained with the
DNA intercalating fluorescent dye propidium iodide. As
shown in Figure 4B, untreated LoVo cells had normal
cell cycle profiles with approximately 45% of cells in
G0/G1 phase containing 2N DNA content and 12% of
cells in G2/M phase containing 4N DNA content. The
percentage of cells in the G0/G1 phase of the cell cycle
was significantly higher in Dkk-3 transfected LoVo cells
(0.59 ± 0.01, P < 0.05).
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Effect of Dickkopf-3 overexpression on apoptosis in
human colon cancer LoVo cells
The morphological changes of the apoptotic cells were
detected by Hoechst 33258 staining (Figure 5). After 48 h
transfection, cells were fixed and stained with Hoechst
33258 at room temperature. In the untreated LoVo cells
(0.67 ± 0.52) and pEGFP-N1 group (1.33 ± 1.21), the
nuclei were stained weak homogeneous blue, while in the
group transfected with pEGFP-N1-Dkk-3-GFP plasmid
(63.67 ± 7.71, P < 0.05), bright chromatin condensation
and nuclear fragmentation were found.
Effect of Dickkopf-3 overexpression on cytoplasmic
β -catenin accumulation in human colon cancer LoVo cells
Dkk-3 has been reported to induce changes in β-catenin
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Figure 5 Detection of apoptosis by Hoechst 33285. The apoptotic feature was assessed by observing chromatin condensation and fragment staining. aP < 0.05 vs
control cells (untreated LoVo cells or pEGFP-N1-transfected LoVo cells).

Dkk-3 overexpression also induced an increase in Bax
protein levels and a decrease in Bcl-2 levels in LoVo
cells, which led to a decrease in the antiapoptotic/proapoptotic (Bcl-2/Bax) ratio (Figure 6B). In addition, the
expression levels of the cytosolic cytochrome c which
was suggested to be involved in mitochondrial damage,
the activated caspase-3 and the activated caspase-9 were
significantly increased with Dkk-3 overexpression.

localization consistent with an increase in cell-cell adhesion[9]. To address this question in colon cancer, we
examined the β-catenin expression level in mock and
Dkk-3 transfectants. As shown in Figure 6A, transient
transfection of Dkk-3 affected Wnt signaling by reducing the accumulation of cytosolic fraction of β-catenin.
β-catenin often yields doublets on Western blot analysis,
perhaps as a result of being phosphorylated (most often
tyrosine or serine phosphorylation)[9].

DISCUSSION

Overexpression of Dickkopf-3 induces apoptosis
through activation of mitochondrial pathway in LoVo cells
To further investigate the detailed apoptotic mechanism,
we examined the effect of Dkk-3 overexpression on
mitochondrial pathway. As shown in Figure 6B, Dkk-3
overexpression caused a decline in survivin levels, a
member of the inhibitors of apoptosis proteins family,
which is known to block apoptosis by inhibiting caspases and mitochondria-mediated apoptosis[18]. It has
been proposed that one of the main regulatory steps of
programmed cell death is controlled by the ratio of antiapoptotic and proapoptotic members of the Bcl-2 family of proteins[19,20]. The role of mitochondrial damage
in apoptosis was suggested to be mediated by the release
of cytochrome c[21]. Upon cleavage by upstream proteases in an intracellular cascade, the activation of caspase-3
is considered as a hallmark of the apoptotic process[22].
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The Wnt signalling pathway has long been known to
direct growth and patterning during embryonic development[23,24]. Recent evidence also implicates that Wnt
signalling pathway is involved in the postembryonic
regulation of stem-cell number in epithelia, such as
those of the skin and intestine, which undergo constant
renewal[24]. The pathway is composed of canonical Wnt
signaling via Wnt/β-catenin and noncanonical Wnt signaling via the Wnt/Ca2+ pathway and Wnt/c-JNK (planar
cell polarity)[4,5]. Wnt signaling pathway is often activated
in many cancers and the expression of Wnt antagonists
is often downregulated epigenetically[4,7,24-29]. The extracellular antagonists of the Wnt signalling pathway can
be divided into two broad classes. Both classes of molecule prevent ligand-receptor interactions, but by different mechanisms: members of the first class, including
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Figure 6 Overexpression of Dickkopf-3 inhibits downstream signaling and induces apoptosis in LoVo cells through mitochondrial pathway. A: Dickkopf-3
(Dkk-3) reduces cytoplasmic accumulation of β-catenin; B: Western blotting analysis of survivin, Bcl-2, Bax, cytochrome c, caspase-3 and caspase-9 protein after 48
h transfection with pEGFP-N1-Dkk-3-GFP plasmid in LoVo cells. Actin was used as a loading control. aP < 0.05 vs LoVo or pEGFP-N1 using Student’s t test.

the sFRP family, Wnt inhibitory factor-1 and Cerberus,
primarily binds to Wnt proteins; the second class comprising certain members of the Dkk family, binds to one
subunit of the Wnt receptor complex[6].
Human Dkk-related genes are composed of Dkk-1,
Dkk-2, Dkk-3, and Dkk-4, together with a unique Dkk-3
related protein termed Soggy (Sgy)[7]. Dkk-3, the most
divergent family member, is proposed to function as a
secreted tumor suppressor since it is downregulated in
a number of cancer cells[28]. Dkk-3 has been reported to
be silenced or down-regulated in 12 (70.6%) of 17 gastric cancer cell lines and in 3 (33.3%) of 9 colon cancer
cell lines, and the loss of gene expression was associated
with promoter methylation, which could be restored by
demethylating agents[30]. Tissue microarrays have shown
that the number of microvessels in Dkk-3-positive CRC
samples was significantly higher than that in Dkk-3negative samples (P = 0.001), and Dkk-3 expression was
also increased with rising numbers of microvessels (P <
0.0001)[29]. In addition, Dkk-3 has been revealed to inhibit cancer proliferation and induce apoptosis in several
cancers[25,26,31-36]. Overexpression of Dkk-3 in normal
fibroblasts suppresses tumor growth via induction of interleukin-7[32]. In malignant glioma[37], Dkk-3 transfection
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led to apoptosis due to the activation of phosphorylated
jun proto-oncogene, caspase-9, and caspase-3 and the reduction of β-catenin. In renal cell carcinoma[25], prostate
cancer[26,31,35], testicular cancer[38], bladder cancer[34] and
breast cancer[33], overexpression of Dkk-3 was found to
lead to apoptotic cell death in a c-JNK phosphorylationdependent manner and/or endoplasmic reticulum stress.
In osteosarcoma[9], transfection of Dkk-3 and dominantnegative LRP5 significantly lowers the cell invasion
capacity and cell motility, and also induces changes in
β-catenin localization consistent with an increase in cellcell adhesion. However, Dkk-3 functional analysis and
the regulation mechanism have not been reported in
colorectal cancer.
In the present study, we focused on proliferation
and apoptosis of colon cancer cells. We examined the
anti-proliferation ability of Dkk-3 overexpression by
pEGFP-N1-Dkk-3-GFP plasmid in human colon cancer LoVo cells, and measured the extent of cell proliferation by the WST-8 assay (Figure 4A). Interestingly,
overexpression of Dkk-3 effectively suppressed cellular
proliferation of colon cancer cells in a time-dependent
fashion (Figure 4A). On the other hand, overexpression
of Dkk-3 inhibited tumor cell colony formation in LoVo
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cells (Figure 4C).
To investigate the precise mechanisms responsible
for the Dkk-3 overexpression-mediated abortive cell
divisions, we sought to examine the cell cycle distribution profile of Dkk-3 transfectants. The percentage of
cells arrested in G0/G1 phase of the cell cycle was also
increased in Dkk-3 transfectants. It was also revealed that
Dkk-3 overexpression resulted in apoptosis (Hoechst
33258) in Dkk-3 transfectants (Figure 5). The morphological features in LoVo cells of apoptotic vs necrotic cell
death can be distinguished under microscopy[39]. Apoptotic LoVo cells were identified by observing chromatin
condensation and fragment staining by Hoechst 33258. It
suggests that if early apoptotic cells are not ingested by
phagocytes in time, secondary necrosis would proceed[40].
One of the main regulatory steps of programmed
cell death is controlled by the ratio of antiapoptotic
and proapoptotic members of the Bcl-2 family of proteins[19,20]. Overexpression of antiapoptotic Bcl-2 family
members can tip the delicate balance in favor of survival, thereby conferring drug resistance, at least in some
cellular tumor model systems[41-43]. On the other hand,
overexpression of proapoptotic Bax or Bak is sufficient
to increase the sensitivity of malignant cancer cells to
apoptosis and to overcome drug resistance[43-45]. Bcl-2
in the unphosphorylated form complexes with Bax, and
thus its phosphorylation releases Bax from the Bcl-2Bax complex [22,46-48]. Unbound Bax translocates from
cytosol to the mitochondrial membrane to signal triggering of the downstream apoptotic cascade, such as
release of cytochrome c and activation of executionery
caspases[22,44-46]. The activation of caspase-3, upon its
cleavage by upstream proteases, is considered as a hallmark of the apoptotic process[41]. In agreement with the
hypothesis, activated caspase-3 and -9 were detected in
Dkk-3 transfectants. Our results showed that overexpression of Dkk-3 decreased Bcl-2/Bax ratio, caused the
release of cytochrome c, and the activation of caspase-3
and caspase-9 in LoVo cells (Figure 6B). Further studies
are required to determine the exact mechanism whether
Dkk-3 enhances apoptosis-inducing effects on human
colon cancer cells, which is cross-talking activation of
death receptors pathway of apoptosis.
In conclusion, Dkk-3 is anti-proliferative and proapoptotic in colon cancer LoVo cells. Overexpression
of Dkk-3 caused 2N DNA accumulation in LoVo cells,
suggesting that the Dkk-3 transfectants arrest in G0/G1
phase preceding cell death. These abnormal cells probably trigger activation of programmed cell death that
is mitochondrially-driven and executed through the activated caspase by the cleavage of downstream targets.
The LoVo cell death program is also mediated through
downregulation of survivin. Therefore, Dkk-3 functions
as a tumor suppressor in colon cancer cells and its downregulation may be involved in colon cancer progression.
Moreover, Dkk-3 may be involved in the Wnt/β-catenin
signaling pathways in colon cancer cells.

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

The Wnt signal transduction pathway is activated in many cancers and the expression of Wnt antagonists are often downregulated epigenetically. Wnt antagonists can be divided into two functional classes, the secreted frizzled related
proteins and the Dickkopf (Dkk). The Dkk gene family of secretory modulators
of canonical Wnt/β-catenin signaling is involved in the control of proliferation,
polarity and migration, cell fate specification and differentiation. Dkk-3, also
known as reduced expression in immortalized cells, is the most divergent family
member and proposed to function as a secreted tumor suppressor since it is
downregulated in a number of cancer cells.

Research frontiers

Recently, Wnt antagonists have received increasing and specific attention due
to their potential role in carcinogenesis. Dkk-3 has been revealed to inhibit
cancer proliferation and induce apoptosis in malignant glioma, breast cancer,
osteosarcoma, renal cell carcinoma, prostate cancer, testicular cancer and
bladder cancer.

Innovations and breakthroughs

Few studies have described the correlation between Wnt antagonists and the
development of colon cancer. The results of this study suggest that Dkk-3 may
act as negative regulators of Wnts and may be involved in the Wnt/β-catenin
signaling pathways in colon cancer cells. Dkk-3 may be a crucial Wnt signaling
regulator in colon cancer and an important component of the gastrointestinal
proliferative regulatory net work.

Applications

In this study, the mRNA and protein expressions of Dkk-3 were investigated in
colon cancer cells and that the aberrant expression of Wnt antagonists may
play an important role in carcinogenesis of colon cancer. This finding may help
improve early diagnosis and new therapies by blocking this pathway in the
treatment of colon cancer.

Terminology

The Wnt signaling pathway is one of evolutionarily-conserved signal transduction pathways to direct growth and patterning during embryonic development,
from Hydra to humans. Wnt signals regulate many aspects of development
which include the proliferation, fate specification, polarity, and migration of cells.
Moreover, overactivation of Wnt signaling by mutation is an important factor in
oncogenesis in the human colon and other tissues. The pathway is composed
of canonical Wnt signaling via Wnt/β-catenin and noncanonical Wnt signaling
or pathways that are β-catenin independent.

Peer review

The authors investigated the mechanisms of the biological roles of Dkk-3 in colon
cancer. It revealed that Dkk-3 played an important role in mitochondria-mediated
apoptosis and Dkk-3 may be involved in the Wnt/β-catenin signaling pathways
in colon cancer cells. The article is a good attempt to work on the hypothesis and
the results may represent a molecular mechanism of colon carcinogenesis.
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Toxicarioside A inhibits SGC-7901 proliferation, migration
and invasion via NF-κB/bFGF signaling
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Feng-Ying Huang, Yue-Qiong Kong, Qi-Yi He, Kun Yang, Guang-Hong Tan, Hao-Fu Dai
METHODS: After SGC-7901 cells were treated with
toxicarioside A at various concentrations (0.5, 1.5, 4.5,
9.0 μg/mL) for 24 h or 48 h, cell viability was determined by 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl2H-tetrazolium bromide assay, and the motility and
invasion of tumor cells were assessed by the Transwell
chamber assay. Immunofluorescence staining, reverse
transcription polymerase chain reaction and Western
blotting were performed to detect the expression of
basic fibroblast growth factor (bFGF) and fibroblast
growth factor receptor-1 (FGFR1), and nuclear factorkappa B (NF-κB) activation was examined by electrophoretic mobility shift assay.
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RESULTS: The results showed that toxicarioside A was
capable of reducing cell viability, inhibiting cell growth,
and suppressing cell migration and invasion activities
in a time- and dose-dependent manner in SGC-7901
cells. Further analysis revealed that not only the expression of bFGF and its high-affinity receptor FGFR1
but also the NF-κB-DNA binding activity were effectively blocked by toxicarioside A in a dose-dependent
manner compared with the control group (P < 0.05
or P < 0.01). Interestingly, application of the NF-κB
specific inhibitor, pyrrolidinedithiocarbamate (PDTC),
to SGC-7901 cells significantly potentized the toxicarioside A-induced down-regulation of bFGF compared
with the control group (P < 0.05).
CONCLUSION: These findings suggest that toxicarioside A has an anti-gastric cancer activity and this effect may be achieved partly through down-regulation
of NF-κB and bFGF/FGFR1 signaling.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To investigate the inhibitory role of toxicarioside
A on the gastric cancer cell line human gastric cancer
cell line (SGC-7901) and determine the underlying molecular mechanism.

Key words: Anti-migration; Anti-proliferation; Basic fibroblast growth factor; Gastric cancer; Nuclear factorkappa B; Toxicarioside A
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Figure 1 The structure of toxicarioside A.

Antiaristoxicaria (Pers.) Lesch (Moraceae) is a well known
precious species widespread in the tropical rain forest
of Southeast Asia. Its latex and seeds contain a complex
mixture of cardenolide glycosides and is therefore toxic[1]. Representative toxicariosides A-L have recently been
identified from the latex and seeds of Antiaristoxicaria in
our laboratory and by others[2-5]. Classically, cardenolides
are used to treat congestive heart failure and arrhythmia[6-8]. Additionally, certain cardenolides extracted from
some plants or animals have been demonstrated to be
capable of blocking tumor cell proliferation through
regulation of cell signal transduction[9-15].
Currently, gastric cancer is one of the leading malignancies in China. However, the treatment outcome is
not satisfactory because early diagnosis of gastric cancer
remains difficult and most patients have already developed metastatic lesions when diagnosed[16].
Basic fibroblast growth factor (bFGF) has been shown
to be a multifunctional growth factor for tumor development[17-20], and it exerts its biological effects mainly
through interaction with its high-affinity receptor, fibroblast growth factor receptor-1 (FGFR1)[21-24]. Compiling
evidence has demonstrated that bFGF signaling is involved in the development of gastric cancer[25,26].
Nuclear factor-kappa B (NF-κB) is a ubiquitous dimeric transcription factor that plays pivotal roles in regulating the expression of genes encoding cytokines and
chemokines that are involved in tumor proliferation, angiogenesis, and synthesis of anti-apoptotic proteins[27,28].
It has been documented that NF-κB can mediate bFGF
signaling[29] and some types of cardiac glycosides can
block the activation of NF-κB[30,31]. As a result, we hypothesize that cardiac glycosides may suppress gastric
tumor growth via a decrease in NF- κ B activity and
blocking of the bFGF signaling pathway. In the present
study, we attempted to test this hypothesis in an in vitro
cell culture model.

Wang at the Institute of Crops Genetic Resources, Chinese Academy of Tropical Agricultural Sciences. The
specimen was numbered as No. AN200511.
Chemicals and reagents
Rabbit-anti human bFGF and FGFR1 were purchased
from Santa Cruz (Santa Cruz, CA, United States). Rhodamine (TRITC)-conjugated mouse anti-rabbit immunoglobulin G (IgG), fluorescein isothiocyanate (FITC)conjugated mouse anti-rabbit IgG, 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT),
trypan blue and pyrrolidinedithiocarbamate (PDTC)
were obtained from Sigma (Sigma Aldrich, St Louis, MO,
United States). Fetal bovine serum (FBS), RPMI 1640
medium and trypsin were procured from Gibco (Gibco,
Carlsbad, CA, United States).
Extraction and isolation of toxicarioside A
With 95% EtOH, 4.0 L of the latex of Antiaristoxicaria
were extracted thrice at room temperature and filtered.
The combined extract was evaporated in vacuo to yield a
syrup (263.8 g), which was fractionated sequentially with
petroleum ether, EtOAc, and n-BuOH. The EtOAc fraction (8.68 g) that showed potent cytotoxic activity in the
bioassay was passed through pressure-reduced column
chromatography using step-wise elution with CHCl3MeOH (50:1, 20:1, 10:1, 5:1, 2:1, 1:1 and 0:1, v/v), generating seven corresponding fractions, A1-A7. Fraction
A7 (2.55 g) was further separated on silica gel column
chromatography, from which compound 1 (788.1 mg)
was eluted with CHCl3-MeOH (14:1, v/v). On the basis
of spectral data and chemical analyses, compound 1 was
defined as toxicarioside A (Figure 1).
Cell culture
Human gastric cancer cell line (SGC-7901) was obtained
from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences, Shanghai Institute of Cell
Biology. Cells were cultured in RPMI 1640 medium
supplemented with 10% FBS, 100 IU/mL penicillin and
100 mg/mL streptomycin at 37 ℃ in a humidified atmosphere with 5% CO2. Cells at the logarithmic phase were

MATERIALS AND METHODS
Plant material
Latex of Antiaristoxicaria (Pers.) Lesch collected in Lingshui
county of Hainan Province, China in November 2005
was identified with the assistance of Professor Zhunian
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used for experiments.

reaction was carried out using pairs of primers (Invitrogen) as follows for semiquantitative assessment: bFGF
(NM_002006.4) sense, 5’-AAG AGC GAC CCT CAC
ATC AA-3’; anti-sense, 5’-TCG TTT CAG TGC CAC
ATC CGT CAA TA CC-3’, yielding a 225 bp product;
FGFR1 (M34641) sense, 5’-CTT CTGT TTC AG-3’;
anti-sense, 5’-TCC ACA ATG CAG GTG TAG TT-3’,
yielding a 354 bp product. β-actin (NM_001101) sense, 5’
-GTT GCG TTA CAC CCT TTC TT-3’, anti-sense, 5’
-CGA AGG CTC ATC ATT CAA AA-3’, yielding a 443
bp product. The products were separated by electrophoresis on a 1.5% agarose gel and visualized under UV using
the gel documentation system (Bio-Rad Gel Doc1000,
Bio-Rad). The mRNA levels of bFGF, FGFR1 were calculated based on the denstometric values of the specific
bFGF, FGFR1 bands after adjustment with that of the
β-actin band.

Proliferation assay
MTT assay and trypanblue staining were used to determine the growth and viability of SGC-7901 cells. For
the MTT assay, SGC-7901 cells in logarithmic growth
were trypsinized and harvested and then the cells were
seeded onto a 96-well plate. After 24 h, fresh RPMI
1640 medium containing different concentrations of
toxicarioside A (0.5, 1.5, 4.5, 9.0 μg/mL) was added at
100 μL per well, respectively, and 6 replicate wells were
used for each of the concentrations. After incubation for
different time intervals, 10 μL of MTT (5 mg/mL) was
added to each well and the cells were further incubated
at 37 ℃ for 4 h. The supernatant was then removed and
100 μL DMSO was added into each well. Absorbance (A
value) at a wavelength of 490 nm was measured with a
Bio-TekEXL808 microplate reader (Bio-Rad, Hercules,
CA, United States). For trypanblue staining, SGC-7901
cells were trypsinized and seeded into 24-well plates at a
density of 0.5 × 104/mL. After 4.5 μg/mL toxicarioside
A was added, the cells were collected and counted using
trypan blue staining under an inverse light microscope
for 3 consecutive days.

Western blotting analysis
This was performed as previously described with minor
modifications[33]. Cells were homogenized and separated
by sodium dodecyl sulfate-polyacrylamide gel (12.5%)
electrophoresis followed by electrophoretic transfer of
proteins from the gel to a nitrocellulose membrane blot
(Bio-Rad). The blot was incubated with a rabbit antibFGF antibody (1:500) or a rabbit anti-FGFR1 antibody
(1:500) at 4 ℃ overnight, followed by incubation with the
corresponding horseradish peroxidase-conjugated antibiotin antibody (1:2000) at room temperature for 1 h. The
immunoreactive signals were visualized with enhanced
chemiluminescence reagents (Pierce, Rockford, IL, United
States).

Invasion and migration assay
Invasion assays were performed in a 24-well Transwell
chamber (Corning, Lowell, MA, United States) as previously described[32]. Briefly, each Transwell chamber was
coated with 15 μg Matrigel, 5 × 104 cells were seeded to
pre-coated filters in 200 μL of serum-free medium containing different concentrations of toxicarioside A (0.5,
1.5, 4.5, 9.0 μg/mL) in triplicate. The lower parts of the
chambers were filled with 500 μL of RPMI 1640 medium containing 10% FBS. After incubation in a 5% CO2
humidified incubator at 37 ℃ for 24 h, the cells on the
upper surface were gently removed with a cotton swab,
and the filters were fixed with 95% alcohol for 15-20
min and stained with hematoxylin-eosin for 15 min. The
number of cells on the lower surface of the filters was
quantified under a microscope. The same procedures
were followed for the migration assay except the Transwell chambers were not coated with Matrigel.

Electrophoretic mobility shift assay
To determine NF-κB activation, electrophoretic mobility shift assay (EMSA) was conducted essentially as described previously[34]. In brief, nuclear proteins (10 μg)
were incubated with the reaction buffer for 20 min at
room temperature, followed by incubation with oligonucleotide containing the consensus sequence for the
NF-κB-DNA binding site (5’-AGAGTGGGAATT TCCACTCA-3’)[35] (synthesized by Invitrogen, Shanghai,
China). The reaction mixture was separated in a nondenaturing polyacrylamide gel (6%) that was later stained
by SYBR Green EMSA staining solution from Molecular
Probes (Invitrogen) with continuous, gentle agitation for
about 20 min, protected from light. The gel was then
washed in 150 mL of dH2O2 and the stained nucleic
acids were visualized and the image documented under
UV using the gel documentation system (Bio-Rad Gel
Doc1000).

Immunofluorescence staining
To detect the expression of bFGF as well as its receptor
FGFR1 in SGC-7901 cells, the rabbit antibody (1:100)
against bFGF and FGFR1 were used. The antigenic sites
were localized by TRITC-conjugated mouse anti-rabbit
IgG and FITC-conjugated mouse anti-rabbit IgG, and images of antigenic sites were captured under a laser scanning
confocal microscope (FV500, Olympus, Tokyo, Japan).

Statistical analysis
All data are expressed as mean ± SE. For a comparison
between two groups, the Student’s t test was performed.
For comparisons among multiple groups, an ANOVA was
carried out, followed by a Student-Newman-Keuls test.
Differences were considered significant when P < 0.05.

RNA extraction and reverse transcription polymerase
chain reaction
Total RNA was extracted with Trizol reagent (Invitrogen,
Carlsbad, CA, United States) following the manufacturer’s protocols. Reverse transcription polymerase chain
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Table 1 The inhibition rates of human gastric cancer cell line
cells treated with different concentrations of toxicarioside A
for different time intervals
48 h

A value

Inhibitory rate (%)

Control 0.879 ± 0.048
0.00 ± 0.00
Toxicarioside A (μg/mL)
0.5
0.793 ± 0.062
9.79 ± 7.63
1.5
0.646 ± 0.041 27.83 ± 4.78a
4.5
0.528 ± 0.078 40.18 ± 3.32a
9.0
0.352 ± 0.092 61.84 ± 6.61b

Inhibitory rate (%)

0.932 ± 0.036

0.00 ± 0.00

0.752 ± 0.073
0.596 ± 0.113
0.443 ± 0.056
0.301 ± 0.049

19.13 ± 5.38
36.19 ± 3.81a
49.32 ± 5.17b
66.94 ± 7.03b

Toxicarioside A
Control

2.0
1.5
1.0
0.5
0.0

0

12

24
36
48
Incubation time (h)

60

72

Figure 2 Effect of toxicarioside A on the growth curve of human gastric
cancer cell line cells. Cells were plated in 24-well plates at a density of 1 ×
104/mL and treated with 4.5 μg/mL toxicarioside A for 72 h. The results shown
are representative of three independent experiments.

Data representative of six independent experiments were expressed as
mean ± SE. aP < 0.05, bP < 0.01 vs control group.

Table 2 Effect of toxicarioside A on cell migration and invasion
Groups

Dose
(μg/mL)

Control
Toxicarioside A

0.0
0.5
1.5
4.5
9.0

Migration

Invasion

A

B

C

D

Cell number Inhibition rate Cell number Inhibition rate
(%)
(%)
69.40 ± 6.38
62.50 ± 8.90
54.80 ± 7.30
41.60 ± 5.88
35.80 ± 8.32

0.00 ± 0.00
10.01 ± 9.78
22.38 ± 10.64a
39.58 ± 11.62a
48.13 ± 10.12b

65.60 ± 7.20
57.80 ± 4.32
49.70 ± 5.68
36.40 ± 7.94
30.10 ± 6.46

0.00 ± 0.00
10.89 ± 8.64
24.03 ± 9.06a
44.68 ± 9.19a
54.38 ± 8.17b

Data representative of three independent experiments were expressed as
mean ± SE. aP < 0.05, bP < 0.01 vs control group.

RESULTS
Effect of toxicarioside A on SGC-7901 cell proliferation
To assess the effect of toxicarioside A on the growth of
gastric cancer, SGC-7901 cells were treated at various
concentrations (0.5, 1.5, 4.5, 9.0 μg/mL) for 24-48 h and
cell viability following these treatments was determined
by MTT assays. As shown in Table 1, toxicarioside A
reduced SGC-7901 cell viability in a time- and dosedependent manner. Cell growth curves also showed that
toxicarioside A significantly inhibited SGC-7901 cell
growth as compared with the control (Figure 2).

Figure 3 Representative ﬁgures of cell migration and invasion in non-treated
and toxicarioside A-treated human gastric cancer cell line cells. A: Migration in
the control group; B: Migration in the thetoxicarioside A-treated (4.5 μg/mL) group;
C: Invasion in the control group; D: Invasion in the toxicarioside A-treated group.

pression, as assessed by immunofluorescence staining
(Figure 4A) and Western blotting analysis (Figure 4C). At
the mRNA level, the expression of bFGF and FGFR1
was decreased by toxicarioside A in a dose-dependent
manner in SGC-7901 cells (Figure 4B).

Effect of toxicarioside A on SGC-7901 cell migration and
invasion
The results of Transwell cell migration and invasion are
presented in Table 2 and Figure 3. Clearly, the addition
of toxicarioside A to the medium in the upper chamber
resulted in significant suppression of SGC-7901 migration and invasion in a dose-dependent manner at 1.5,
4.5 and 9.0 μg/mL, toxicarioside A inhibited SGC-7901
migration by 22.38% ± 10.64%, 39.58% ± 11.62% and
48.13% ± 10.12%, respectively (P < 0.05), and inhibited
SGC 7901 invasion by 24.03% ± 9.06%, 44.68% ± 9.19%
and 54.38% ± 8.17%, respectively (P < 0.01), as compared with the control group.

Effect of toxicarioside A on NF-κB-DNA binding activity
in SGC-7901 cells
To determine the effect of toxicariosideA on NF-κB
activation, the NF-κB-DNA binding activity was determined in both toxicarioside A-treated and control
SGC-7901 cells by EMSA. As shown in Figure 5, after
treatment with toxicarioside A at various concentrations
for 48 h, the NF- κ B-DNA binding activity was decreased in a dose-dependent manner as compared with
the control group (P < 0.05 or P < 0.01, Figure 5).
Effect of PDTC on toxicarioside A-induced
downregulation of bFGF
To further determine whether NF-κB activation was necessary for bFGF expression, and was involved in toxicarioside A-induced downregulation of bFGF, a specific in-

Effect of toxicarioside A on bFGF and FGFR1 in
SGC- 7901 cells
At the protein level, the expression of bFGF and FGFR1
was predominantly detected in the cytoplasm of SGC-7901
cells and toxicarioside A significantly decreased this ex-
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Figure 4 Basic fibroblast growth factor and fibroblast growth factor receptor-1 expression in human gastric cancer cell line cells. A: The expression of basic
fibroblast growth factor (bFGF) and fibroblast growth factor receptor-1 (FGFR1) were detected using rhodamine and fluorescein isothiocyanate-conjugated mouse anti-rabbit
immunoglobulin G in non-treated and toxicarioside A (4.5 μg/mL)-treated cells; B: bFGF and FGFR1 mRNA expression by reverse transcription polymerase chain reaction; C:
bFGF and FGFR1 protein levels by Western blotting analysis. Results are depicted as mean ± SE of three independent experiments. aP < 0.05, bP < 0.01 vs control group.
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Figure 6 Effect of inhibitor, pyrrolidinedithiocarbamate, on basic fibroblast growth factor protein expression. Administration of pyrrolidinedithiocar
bamate (PDTC) (50 μmol/L) reinforced the toxicarioside A (4.5 μg/mL)-induced
downregulation of basic fibroblast growth factor (bFGF). Results are depicted
as mean ± SE of three independent experiments. aP < 0.05 vs control group.

Figure 5 Effect of toxicarioside A on nuclear factor-kappa B-DNA binding
activity in human gastric cancer cell line cells. After cells were incubated with
various concentrations of toxicarioside A for 48 h, nuclear proteins were isolated
and electrophoretic mobility shift assay was performed to determine nuclear
factor-kappa B (NF-κB)-DNA binding activity. Results are depicted as mean ±
SE of three independent experiments. aP < 0.05, bP < 0.01 vs control group.

sion in SGC-7901 cells. It is well known that bFGF, a
regulatory factor secreted from cells, is involved in a
variety of biological processes including cell differentiation, cell growth, migration, angiogenesis, and tumor formation[19,20]. The biological effect of bFGF is achieved
mainly through interaction with its high-affinity receptor,
FGFR1[21-24]. To elucidate whether the bFGF/FGFR1
signaling pathway was a target of toxicarioside A in gastric cancer cells, we evaluated changes in the expression
of bFGF and FGFR1 in SGC-7901 cells after treatment
with toxicarioside A at various concentrations. The results demonstrated that toxicarioside A down-regulated
the expression of bFGF and FGFR1 at both mRNA
and protein levels in SGC-7901 cells in a dose-dependent manner.
Next, we sought to investigate the molecules involved
in the toxicarioside A-induced down-regulation of bFGF
in SGC-7901 cells. The NF-κB signaling pathway is a central common regulator for the process of inﬂammation,
viral replication, tumorigenesis, and apoptosis[37,38], and
as a result has emerged as a potential target of numerous pharmaceutical agents [39,40]. Our results showed
that toxicarioside A had an obvious suppressive effect
on NF-κB-DNA binding activity in a dose-dependent
manner, and treatment with an NF-κB specific inhibitor
augmented the toxicarioside A-induced bFGF down-regulation in SGC-7901 cells, suggesting that the activated
NF-κB may be partly necessary for bFGF expression in
gastric cancer.
In summary, toxicarioside A weakened the abnormal
activation of NF-κB to down-regulate the expression
of bFGF, which in turn, interfered with bFGF/FGFR1
signal transduction subsequently leading to suppression
ofproliferation, migration and invasion in SGC-7901
cells. Future research will focus on identification of new
targets to provide the theoretical basis for the potential

hibitor of NF-κB activation, PDTC, was used. As shown
in Figure 6, PDTC treatment signiﬁcantly blocked bFGF
expression, which was potentized when both PDTC and
toxicarioside A were added to SGC-7901 cells.

DISCUSSION
Antiaristoxicaria (Pers.) Lesch (Moraceae) is widespread in
the tropical rain forest of southeastern Asia, and is best
known for its remedial properties against injuries due
to poisoned arrows, darts and blowdarts[36]. The latexsap and seeds of Antiaristoxicaria consists of a complex
mixture of active cardenolide glycosides, from which
several cardenolides have been isolated in our laboratory
and other research groups[2-5]. Besides the classical effect
of the cardenolides on inhibition of the ubiquitous cell
surface Na+, K+-ATPase, the effect of cardiac glycosides
on the growth of human malignant tumor cells has been
reported in the recent past[11-15]. In the present work,
we investigated the anti-cancer activity of toxicarioside
A isolated from the latex of Antiaristoxicaria. Both the
MTT assay and the growth curve analysis revealed that
toxicarioside A resulted in inhibition of gastric cancer
cell proliferation in a dose- and time-dependent manner. Malignant tumors are characterized by invasion
and metastasis, an extremely complex process involving multi-steps. In this study, we assessed the migrating
and invasive capabilities of SGC-7901 cells using the
Transwell chamber assay. The results demonstrated that
toxicarioside A not only suppressed cell motility, but also
significantly reduced its ability to degrade the recombinant basement membrane in SGC-7901 cells.
To further investigate the molecular mechanism underlying the anti-tumor properties of cardenolides, we
assessed the effect of toxicariosideA on bFGF expres-
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application of toxicarioside A in the clinical treatment
of gastric cancer.

10
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replace endoscopic sphincterotomy?
Véronique Vitton, Salah Ezzedine, Jean-Michel Gonzalez, Mohamed Gasmi, Jean-Charles Grimaud, Marc Barthet
At the end of the follow-up period, 37 patients (62.7%)
showed more than 50% improvement. The rate of
improvement in patients who required ES was not significantly different compared with the patients treated
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CONCLUSION: Our study confirms that conservative
medical treatment could be an alternative to endoscopic sphincterotomy because, after an intermediate
follow-up period, the two treatments show the same
success rates.
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Abstract
AIM: To report the results of a medical management
of sphincter of oddi dysfunction (SOD) after an intermediate follow-up period.

Vitton V, Ezzedine S, Gonzale JM, Gasmi M, Grimaud JC,
Barthet M. Medical treatment for sphincter of oddi dysfunction:
Can it replace endoscopic sphincterotomy? World J Gastroenterol
2012; 18(14): 1610-1615 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i14/1610.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i14.1610

METHODS: A total of 59 patients with SOD (2 men
and 57 women, mean age 51 years old) were included
in this prospective study. After medical treatment for
one year, the patients were clinically re-evaluated after
an average period of 30 mo.
RESULTS: The distribution of the patients according
to the Milwaukee’s classification was the following: 11
patients were type 1, 34 were type 2 and 14 were type
3. Fourteen patients underwent an endoscopic sphincterotomy (ES) after one year of medical treatment.
The median intermediate follow-up period was 29.8 ±
3 mo (3-72 mo). The initial effectiveness of the medical treatment was complete, partial and poor among
50.8%, 13.5% and 35%, respectively, of the patients.

WJG|www.wjgnet.com

INTRODUCTION
Sphincter of oddi dysfunction (SOD) is a functional gastrointestinal abnormality characterized by pancreatobiliary pain that can be debilitating and may impair the
quality of life. The cause of SOD remains speculative,
but it could be due to hormonal or neurological disturbances of the sphincter of oddi (SO), leading to its
intermittent obstruction despite the absence of organic
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abnormalities[1-4]. The best way to establish diagnosis
and manage SOD remains controversial, mainly in SOD
type 2 and 3 of the Milwaukee classification [5,6]. The
diagnosis of SOD is usually based on a high index of
clinical suspicion. Direct endoscopic manometry of the
SO is an invasive procedure that remains the gold standard for the diagnosis of SOD[7-9]. However, dynamic
biliary scintigraphy has been used as a non-invasive tool
for evaluation of the SO by providing indirect evidence
of increased sphincter resistance. The contribution of
the biliary scintigraphy appears to predict, with good
effectiveness, the clinical success of biliary endoscopic
sphincterotomy in SOD types 1 and 2 of the Milwaukee classification[10,11]. The management of SOD is also
controversial, and it is based on the relaxation of the
SO, which should improve the symptoms of SOD. The
treatment can be accomplished pharmacologically either by an endoscopic procedure or surgically[12,13]. The
surgical procedure is often replaced by an endoscopic
procedure[14-16]. Several studies have suggested that there
is a benefit from endoscopic sphincterotomy (ES) in
SOD patients having high SO basal pressures at the time
of manometry. However, procedural pancreatitis cannot
be completely avoided, and surgical treatment will be
necessary in some cases. Morbidity and mortality after
ES have been reported to be as high as 9.8% and 2.3%,
respectively. Moreover, long-term data regarding the rate
of restenosis and complications resulting from repeated
therapy are limited. If SO manometry findings are abnormal, the relief of pain after sphincterotomy occurs in
90%-95% of patients with type 1 SOD, 85% of patients
with type 2 SOD, and 55%-60% of patients with type 3
SOD. However, almost uniformly and despite ES, some
patients continue to have pain that is consistent with
nonspecific chronic pain disorders, suggesting a multifactorial cause for SOD[17-19]. Endoscopic stenting is
no longer recommended as a routine method of treatment of SOD because endoscopic stenting is associated
with poor symptomatic relief and a high risk of stentinduced pancreatitis[20]. Many pharmacologic agents that
are known to relax the SO have already been used in
the management of SOD. However, although medical
therapy may be an attractive initial approach in patients
with sphincter of Oddi dysfunction, data on intermediate clinical outcomes associated with pharmacological
treatment is scant[21-31]. In a recent study[32], we showed
that a one-year treatment period with trimebutine could
significantly reduce pain in patients suffering from
SOD, reducing the need for ES. Our aim in the current
study was to determine the efficacy of medical therapy
in relieving symptoms of SOD compared to ES after a
prolonged follow-up period.

included 57 women and 2 men, with a mean age of 50.5
± 12.3 years old (range 20-75 years old), which were followed for a mean duration of 29 mo after the end of the
endoscopic or medical treatment. The main inclusion
criterion was biliary or pancreatic pain after cholecystectomy after ruling out the diagnosis of residual lithiasis or
the presence of a tumor. The following data were collected: age, sex, cholecystectomy, the time elapsing since
the onset of the symptoms, pain and rate of SOD occurrence. All of the patients underwent biliopancreatic
endoscopic ultrasonography in order to rule out the diagnosis of a residual lithiasis or the presence of a tumor
(none of the patients underwent secretin-magnetic resonance cholangiopancreatography). The diameters of the
main biliary pathway and the canal de Wirsung were systematically measured during these procedures. An initial
biological check-up was carried out when the first painful episode occurred after the medical consultation. The
bological check-up included the measurement of the
following proteins: transaminases (alanine aminotransférase and aspartate aminotransférase), gamma-glutamyltransferase, alkaline phosphatases, total and conjugate
bilirubin, amylase and lipase. PD-SOD was defined as
the association between recurent pancreatic pain with an
increased level of serum lipase (> 3N). An initial biliary
scintigraphy was carried out systematically on all of the
patients. An initial hepatic and pancreatic biological assessment was done at the first event of abdominal pain.
In addition, a biliary scintigraphy was performed for all
patients in order to determine the isotopic hile to duodenum transit time (HDTT). According to the Milwaukee
classification of SOD, the patients were subdivided into
three groups. All of the patients were clearly informed
about the various therapeutic modalities to manage their
disease, the chances of success and the rates of complications of the medical therapy or endoscopic treatment.
For each patients, we proposed an initial management
of SOD by medical treatment, planned for a one-year
duration; it consisted of a combined treatment, an association of trimebutine (200 mg three times per day)
and nitrates taken sublingually when needed, mainly at
the onset of abdominal pain. In the case of intolerance
or counter-indication to the nitrates, a treatment with
trimebutine alone was proposed. If previous treatment
with trimebutine had been unsuccessful, only the nitrate derivatives were prescribed. If the painful attacks
occurred too frequently (> 1 per week), a transdermal
nitrate treatment (5 mg/d) was prescribed. The patients
attended clinical follow-up consultations every four mo
for a period of one year. After one year of medical therapy, an evaluation of painful symptoms was performed
for each patient. The efficacy of the treatment was considered complete if there was a complete disappearance
of the painful symptoms; the efficacy was considered
partial if there was a greater than 50% reduction in the
frequency and intensity of the pain and considered poor
when the frequency and intensity of the pain decreased
by less than 50%. In the cases where the medical treat-

MATERIALS AND METHODS
As described in our previous study[32], fifty-nine patients
complaining of SOD were included in this prospective
monocentric study between 1999 and 2005. The patients
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Table 1 Patient’s characteristics n (%)
Age, mean ± SD, yr
Sex, M/F
Symptoms
Biliary
Pancreatic
Biliopancreatic
Occurrence of painful episodes
Once a week
Once a month
Every 3 mo
Every 6 mo
Once a year
Dilatation of biliary or pancreatic ducts
(bile duct > 12 mm; pancreatic duct > 4 mm)
Main biliary duct dilatation
Main pancreatic duct dilatation
Milwaukee classification repartition
Type 1
Type 2
Type 3
Initial elevation of laboratory data
Lengthening of the isotopic transit time

Table 2 One-year outcome after medical treatment n (%)
50.5 ± 12
2/57

Global effect
38 (64.3)
Complete or partial
Poor
21 (35)
P < 0.05
Complete or partial effect according the Milwaukee group
5 (45)
Type 1
P = 0.31
Type 2
23 (67)
10 (71)
Type 3
Complete or partial effect according to the increase of HDTT
With prolongation of HDTT
21 (55.3)
Without prolongation of HDTT
17 (44.7)
P = 0.77

47 (79.6)
9 (15.2)
3 (5)
9 (15.8)
20 (35.1)
9 (15.8)
3 (5.3)
7 (12.3)

HDTT: Hile to duodenum transit time.

29 (49.1)
1 (1.7)

RESULTS
Characteristics of the SOD and treatment
The patients developed the symptoms of SOD after a
mean period of 9.3 ± 1.2 years (range, 1-38 years) after
the cholecystectomy. The patient’s main characteristics
are presented in Table 1. According to the three Milwaukee groups, there were no significant differences in age
(type 1, 56.2 ± 2.1 years old; type 2, 48.1 ± 2.1 years old;
and type 3, 52.1 ± 3.5 years old, P = 0.22) or the time
elapsing from diagnosis to the cholecystectomy (type
1, 11 ± 3.6 years; type 2, 8.6 ± 1.6 years; and type 3, 10
± 2.4 years; P = 0.93). Five patients were treated with
nitrates only (8.4%), 12 were treated with trimebutine
only (20.3%), and 42 patients had a combined treatment
of nitrates and trimebutine (71.1%). The mean duration
of the treatment period was 11.5 ± 0.8 mo. The efficacy
of the medical therapy was considered to be complete
or partial in 38 patients (64.3%) and poor in 21 patients
(35%). Details concerning the success of the medical
treatment are presented in Table 2. Among the 21 patients with poor results from the medical management,
14 (23.7%) agreed to undergo ES, including 12 with an
isolated biliary sphincterotomy and 2 with an associated
pancreatic sphincterotomy (dual sphincterotomy). In
patients with a dual sphincterotomy, a pancreatic duct
stenting was performed. A lengthening of the isotopic
time of transit was present before the ES in 11 patients
of the 14 who underwent this intervention (78.5%) and
in 21 patients of the 45 without ES (46.6%) (P = 0.02).
Other characteristics concerning ES are presented in
Table 3. The complications of the ES were severe acute
pancreatitis in two cases, which had resolved favourably
with medical treatment. Among the patients requiring
an ES, three patients had mixed biliary and pancreatic
symptoms, and 9 patients had an isolated pancreatic pattern; among these patients, only 3 had a lengthening of
the HDTT on the biliary scintigraphy corresponding to
the 3 patients with isolated pancreatic symptoms as defined in the Materials and Methods section.

11 (18.6)
34 (57.6)
14 (23.7)
34 (57.6)
32 (54.2)

ment was only partially successful or poor, endoscopic
sphincterotomy was proposed to the patients, but not to
the remaining patients. If medical treatment was successful, endoscopic treatment was not proposed. When the
indications for endoscopic treatment had been chosen,
the patients received clear information concerning the
procedure. The endoscopic treatment was performed under general anaesthesia and consisted of an endoscopic
retrograde cholangiopancreatography, with realization of
a biliary sphincterotomy on patients with isolated biliary
symptoms or dual sphincterotomy (biliary and pancreatic) on patients with both biliary and pancreatic symptoms. All of the patients were called by telephone to
propose a follow-up examination with a hepatic biological assessment and an abdominal ultrasound in order to
measure the diameter of the main biliary and pancreatic
ducts; among the patients who refused this assessment, a
simple evaluation of the clinical symptoms was proposed.
The management was considered successful if there was
an improvement greater than 50% compared to the initial symptoms; it was considered a failure if there was an
absence of significant improvement by the patient. This
study was approved by our local ethics committee.
Statistical analysis
Statistical analysis was carried out on the data with the
Statview software program (Abacus concept, Inc., Berkeley, CA, 1992). Quantitative data were expressed as the
mean ± SD. The significance of the differences was tested
using the Student’s t test or paired t tests to make comparisons between groups. Nonparametric tests (Mann Whitney
tests) were performed when the Student’s t test was not
appropriate. The qualitative variables were compared using
the chi-square test with Yate’s correction when appropriate
and with Fisher’s exact test for 2 × 2 contingency tables.
The significance threshold was set at P < 0.05.
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Intermediate follow-up period
Five patients refused to participate in the follow-up period. The intermediate follow-up period was 29.8 ± 3
mo (3-72 mo). Thirty-seven patients either did not pres-
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Table 3 Results of the endoscopic treatment (n = 14), (%)
Time between the beginning of medical therapy
and endoscopic treatment (mo)
Patients concerned
Patients with poor response to medical treatment
Patients with a partial response
Indication according to Milwaukee group
Type 1
Type 2
Type 3
Results according to Milwaukee group
Type 1
Type 2
Type 3

Table 4 Results after intermediate follow-up (29.8 ± 3 mo)

n (%)

12.2 ± 1.5

Rate of improvement
Total rate
Without endoscopic sphincterotomy
With endoscopic sphincterotomy
According to initial lengthening of HDTT
With lengthening
Without lengthening
According to the Milwaukee group
Type 1
Type 2
Type 3

12 (57.1)
2 (25)
4 (36)
9 (27)
1 (7)
3/4 (75)
6/9 (66)
0/1 (0)

37 (62.7)
28 (62)
9 (64.2)
19 (59.4)
18 (66.7)
6/11 (54.5)
23/34 (67.6)
8/14 (57.1)

P = 0.88

P = 0.59

P = 0.75

HDTT: Hile to duodenum transit time.

ent any additional painful events or improved by more
than 50% (62.7%). Twenty-two patients still presented
painful episodes (38.6%). The characteristics of the patients following endoscopic treatment are presented in
Table 3. An abdominal ultrasound was performed in 45
patients and highlighted a dilation of the main biliary
duct in 10 patients (22%). A biological laboratory assessment was also performed in these 45 patients. Among
these patients, 6 still presented abnormal liver and pancreatic enzyme serum levels. At the end of the follow-up
period, there was no significant difference in the size of
the main biliary duct (at the beginning of the study, 49%
of patients had dilation, and at the end of the study,
22% still had dilation of the main biliary duct) (P = 0.49);
these characteristics are presented in Table 4.

and transitory[37-41]. Endoscopic management is mainly
based on the ES, requiring SOD diagnosis to be formally
established, i.e., based on the description of a basal high
pressure of the SO. However, despite its high rate of
success (86%-91%), ES is associated with high morbidity
(19%-30%). Moreover, the natural course of SOD has
not been well documented so far, so that the use of this
endoscopic strategy remains highly controversial[42-49].
Our research group previously described the effects of trimebutine on Oddi motility in a prospective
study on patients with post-cholecystectomy pain [29].
We also reported in another study[32] that a one-year
medical management could avoid the need for ES and
had a success rate of 64%. Kovács et al[21] previously
suggested that, depending on the Milwaukee classification, medical treatment should be first attempted and
its efficacy subsequently reassessed; if this treatment
fails or is poorly tolerated, ES can then be proposed,
especially for type 1 or 2 SOD patients, based on the
presence of a lengthening of the HDTT. The lengthening of the HDTT as a factor for predicting a favourable
response to ES decreases with the Milwaukee types, as
mentioned by Cicala et al[17]. In our study, 100% of the
type 1 patients, 78% of the type 2 patients and none of
the type 3 patients showed a lengthening of the HDTT
and underwent ES successfully, whereas the immediate
efficacy of ES was only 86%. This ES success ratein is
quite similar to the success rate reported in the literature,
which ranged between 86% and 91%[18,50-52]. Few studies have addressed the intermediate natural history of
SOD. The available data suggest that the clinical course
is variable depending, in part, on the initial biliary classification. In a one-year follow-up study, seven SOD type
2 patients with abnormal SO pressure treated by a sham
procedure continued to have symptoms, which ended
only after subsequent ES. All patients continued to do
well four years later. Five other SOD type 2 patients with
abnormal SO pressure refused ES; after four years, three
were unimproved while two had “fair” improvement.
The clinical course was unpredictable after a sham or ES
treatment in patients with SOD type 3 biliary pain. In
another report, 11 such patients were followed for two
years after ES. Four improved symptomatically, while

DISCUSSION
The present study demonstrates that medical management with trimebutine may improve pain in patients suffering from SOD. Moreover, our study shows that after
an intermediate follow-up period, the success of medical
treatment (62%) does not differ from that of ES (64%).
The medical treatment of SOD is usually disappointing, although nitrates or calcium-channel blockers can
decrease basal pressure of the SO[32-36]. A positive effect
of erythromycin on the motility of the SO has been
suggested, but its clinical efficacy has not been demonstrated[29]. Somatostatin also modifies the SO activity but
in the direction of an increase in the frequency of the
phasic contractions of basal pressure. Therefore, somatostatin would be of little benefit for the indication of
SOD and would not be suitable as a preventive measure
after endoscopic retrograde cholangiopancreatography.
The injection of botulinum toxin within the sphincter
was tested in humans and pigs and promoted a significant reduction in the basal pressure in 50% of the cases[37-41]. On the clinical level, the injection of botulinum
toxin was beneficial in 55% of the patients who suffered
from biliary pain post-cholecystectomy without disturbance of the hepatic enzymes or dilation of the bile
duct. However, 90% of the patients who experienced
improvement presented a recurrence of symptoms after
6 mo, making the effect of botulinum toxin inconstant
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seven had no change in their symptoms. Eleven other
patients had a sham procedure, five of which improved,
while six had no change in their symptoms during a twoyear follow-up period[53]. In our study, the monitoring
of the response rate to ES after an average period of
29 mo showed a loss of efficacy of the ES in 3 patients.
Therefore, the rate of patient improvement did not differ significantly in the presence or absence of a previous
ES according to the performance or not of an ES.
In conclusion, our study confirms that a conservative
medical treatment could be an alternative to ES because,
after an intermediate follow-up period, the two treatments show the same success rates.
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Impact of comorbidities on the severity of chronic hepatitis
B at presentation
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virus (HIV) (group HBV/HIV), 138 (10.2%) alcohol
abuse (group HBV/alcohol); 109 (8.0%) subjects had
at least two cofactors and 924 were in the cofactor-free
(CF) group.
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RESULTS: Compared with patients in group CF those
in group HBV/alcohol were older and more frequently
had cirrhosis (P < 0.001), those in group HBV/HDV
were younger (P < 0.001), more frequently resided in
the south of the country and had cirrhosis (P <0.001),
those in group HBV/HCV were older (P < 0.001) and
more frequently had cirrhosis (P < 0.001). These cofactors were all independent predictors of liver cirrhosis in
HBsAg positive patients. Multivariate analysis showed
that an older age [odds ratio (OR) 1.06, 95% CI:
1.05-1.08], alcohol abuse with more than 8 drinks daily
(OR 2.89, 95% CI: 1.81-4.62) and anti-HDV positivity
(OR 3.48, 95% CI: 2.16-5.58) are all independently associated with liver cirrhosis. This association was found
also for anti-HCV positivity in univariate analysis, but it
was no longer associated (OR 1.23, 95% CI: 0.84-1.80)
at multivariate analysis.
CONCLUSION: Older age, HDV infection and alcohol
abuse are the major determinants of severe liver disease in chronic HBV infection, while HCV replication
plays a lesser role in the severity of hepatic damage.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Chronic hepatitis B; Hepatitis B virus/hepatitis D virus dual infection; Hepatitis B virus/hepatitis C
virus dual infection; Alcohol abuse

AIM: To evaluate the clinical relevance of each cofactor
on clinical presentation of chronic hepatitis B.
METHODS: Out of 1366 hepatitis B surface antigen
(HBsAg) positive subjects consecutively observed in 79
Italian hospitals, 53 (4.3%) showed as the only cofactor hepatitis D virus (HDV) infection [hepatitis B virus
(HBV)/HDV group], 130 (9.5%) hepatitis C virus (HCV)
(group HBV/HCV), 6 (0.4%) human immunodeficiency
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the study, 25 in the North, 24 in the Centre and 30 in
the South of Italy and the two main islands (Sicily and
Sardinia).
All subjects consecutively referred from February 1
to July 31, 2001 as in-patients or out-patients to one of
the 79 Italian centres were recruited; 9997 patients with
chronic hepatitis were enrolled. Both tertiary and peripheral centres were randomly selected by a systematic
cluster sampling procedure. For each of these three geographical areas, all of the hospitals were identified and
listed numerically according to an assigned number. In
each list, a single hospital was considered as a cluster. The
first cluster was randomly chosen, whereas the others
were selected with a probability proportional to the required number of hospitals at systematic intervals. Both
prevalent and incident cases were recruited. We defined
as “incident cases” all new diagnoses of chronic liver disease made during the enrolment period, and as “prevalent
cases” all subjects with a previous diagnosis of chronic
liver disease observed during the study period.
For each subject, the demographic, clinical and aetiological data were recorded using a pre-coded questionnaire. The amount of alcohol intake was determined
using a standard questionnaire containing information on
the daily intake of various alcoholic beverages and lifetime duration of alcohol consumption. An alcohol intake
of more than 40 g daily for males and 30 g daily for females for at least 10 years was considered as an aetiological cofactor[19,20].
HBV serum markers, HBsAg, anti-HBc, hepatitis B e
antigen (HBeAg), anti-HBeAg and anti-HDV were determined by commercial immunoenzymatic assays. Antibodies to HCV were detected by 3rd generation commercial
immunoenzymatic assays. Antibodies to HIV 1 and 2 were
determined by commercial enzyme-linked immunosorbent
assay (Diasorin Biomedica, Saluggia, Vercelli, Italy; Abbott Labs, North Chicago, Illinois, United States) and the
positive results were confirmed by a Western Blot analysis
(Genelabs Diagnostics, Science Park Drive, Singapore).
Patients were enrolled in 2001 when various methods of
different sensitivity were used to detect HBV viral load in
different centres in Italy. For this reason, we preferred not
to evaluate the predicting value of HBV viral load; data on
HBV-DNA were given as positive or negative.
Data on HDV-RNA and HDV-Ag were not available.
We classified patients as asymptomatic carriers when
alanine aminotransferase (ALT) values were persistently
normal in the absence of clinical, biochemical and ultrasound signs of chronic liver disease. Chronic hepatitis
was diagnosed only on the basis of liver histology. Liver
cirrhosis was diagnosed from a liver biopsy or the presence of unequivocal clinical, biochemical and ultrasound
signs[20]. HCC diagnosis was based on histology, imaging
techniques or biochemical parameters (α1-feto protein
greater than 400 ng/mL)[21,22]. Patients with serum markers suggesting autoimmune liver disease and those with
liver disease associated with genetic disorders were excluded from the study.
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INTRODUCTION
Seroepidemiological studies on the aetiology of chronic
hepatitis in Italy performed in the 1980s, 1990s[1-3] and in
2001[4] showed a progressive reduction in the prevalence
of hepatitis B surface antigen (HBsAg) positive cases
from 60.7% observed in cases collected from 1976 to
1981[1] to 13% found in 2001[4]. Despite this, infection by
the hepatitis B virus (HBV) is still responsible for a sizable number of cases of chronic hepatitis and/or hepatocellular carcinoma (HCC), and the burden of HBV
infection on the healthcare system in Italy is still heavy.
In a multicentre study carried out on 1829 patients
with cirrhosis in 1992, the prevalence of HBV-related
cases was 13.8%; in particular, HBV was the only aetiological factor in 4.2% of cases, most cases being associated with cofactors (9.6%): hepatitis D virus (HDV) in
3.4%, hepatitis C virus (HCV) in 3.2% and alcohol abuse
in the remaining 3%[5]. In human immunodeficiency virus
(HIV)/HBV dual infection, found in 3.7%-4.6% of HIV
positive subjects in Italy but estimated around 10% in
people with HIV infection worldwide[6], the prevalence of
patients with cirrhosis is reported as higher than in HIVnegative/HBV-positive cases[7]. Cofactors may therefore
play a substantial role in the progression of HBsAg positive chronic hepatitis to the more severe clinical forms[8-10].
The gradual reduction in the percentage of HBsAg
positive cases was associated with a dramatic decrease
in the prevalence of cases with HBV/HDV dual infection[11-13]. About a quarter of HBsAg positive patients with
chronic hepatitis were anti-HDV positive in 1978-1981[14]
and in 1987[15]; this prevalence was lower in 1992 (14.4%)[16],
in 1997 (8.3%)[17] and in 2001 (9.9%)[4]. No data to this effect are available on HBV/HCV dual infection and on the
association of HBV infection/alcohol intake[18].
Our survey on the largest series of patients with
chronic hepatitis ever studied in Italy showed an overall
low HDV prevalence in HBsAg chronic carriers (9%), a
high prevalence of patients with HBV/HCV dual infection (16.9%) and alcohol abuse (10.4%)[4]. The data from
this study allow us to evaluate the current main characteristics of patients with HBV/HDV or HBV/HCV chronic infection or HBV infection/alcohol abuse compared
with a large control group of HBsAg chronic carriers
with no evident cofactor.

MATERIALS AND METHODS
The study design was more extensively described in a
previous paper[4]. Seventy-nine centres participated in
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Statistical analysis
Continuous variables were summarised as mean ± SD
or median and interquartile range, and categorical variables as absolute and relative frequencies. Differences in
the means were evaluated by an unpaired Student t test
or Kruskal-Wallis one-way analysis of variance, and the
2
χ test was applied to categorical variables. Crude odds
ratios (OR) and their 95% CI for the association of
liver cirrhosis with potential risk factors were calculated
by univariate analysis. Adjusted OR were calculated by
stepwise logistic regression analysis to identify factors
independently associated with liver cirrhosis. Only factors
associated with liver cirrhosis by univariate analysis were
included in the logistic regression analysis. In the logistic
model liver cirrhosis was the outcome variable, while age,
sex, anti-HDV, anti-HCV, alcohol intake, and body mass
index were the independent variables.

more frequently born in southern Italy or on one of the
two main islands (67.8% vs 52.9%, P = 0.029) and more
frequently had liver cirrhosis (37.3% vs 12.4%, P ≤
0.001); none of the 59 anti-Delta positive patients had
HCC (Table 1).
Comparison according to anti-HCV status
The 130 subjects co-infected with HCV were older than
those in group CF (55.2 ± 14.7 years vs 48.1 ± 14.3 years,
P < 0.0001), and more frequently showed liver cirrhosis
(23.1% vs 12.4%, P < 0.001); this group contained the
highest prevalence of patients with HCC observed in the
study (6.2%) (Table 1). Active HCV replication as evaluated by positive HCV-RNA by RT-PCR was found in 115
subjects (88.5%).
Comparison according to anti-HIV status
Only 6 patients showed HBV/HIV dual infection; all
of these patients were males and younger than those in
group CF. Four of them were HBeAg positive and none
had liver cirrhosis (Table 1).

RESULTS
Of the 1366 HBsAg positive patients, 924 (67.6%) lacked
all the cofactors investigated (HDV, HCV, HIV and alcohol abuse); this group of patients was named the cofactor-free (CF) group. Fifty-nine (4.3%) patients showed
HDV infection (anti-HDV positive) as the only cofactor
(group HBV/HDV), 130 (9.5%) HCV infection (group
HBV/HCV), 6 (0.4%) HIV infection (group HBV/HIV),
138 (10.2%) alcohol abuse (group HBV/alcohol) and
109 (8.0%) had more than one cofactor (group with two
or more cofactors). Overall, 333 (24.4%) patients had no
liver biopsy at presentation; of the remaining 1033 cases,
278 subjects (26.9%) were classified as asymptomatic
carriers, 453 (43.9%) as having chronic hepatitis, 249
(24.9%) as having liver cirrhosis and 53 (5.1%) patients
had a diagnosis of HCC. Interferon treatment was given
in 365 (26.7%) patients and 244 (17.9%) patients received
Lamivudine. Excluding cases under immunosuppressive
therapy, approximately all HBeAg positive and half of
HBeAg negative cases showed active HBV replication.
Fifty-seven (4.2%) patients were born outside Italy, and
only 4 of them were born in China.

Comparison according to alcohol abuse
Compared with patients in group CF, the 138 HBsAg
positive patients with alcohol abuse as the only cofactor
were older (52.6 ± 11.8 years vs 48.1 ± 14.3 years, P <
0.0001), were more frequently males (92.6% vs 66.5%, P
< 0.0001), had had fewer years of schooling (85.9% vs
67.0%, P < 0.001) and more frequently showed liver cirrhosis (31.1% vs 12.4%, P < 0.0001) and HCC (5.1%).
Comparison according to the presence of two or more
cofactors
Of the 109 patients in this group, 21 had HBV/HDV/
HCV concurrent infection, 12 HBV/HDV dual infection plus alcohol abuse, 64 had HBV/HCV dual infection plus alcohol abuse, and 12 had HBV/HDV/HCV
concurrent infection plus alcohol abuse. Compared with
group CF, patients with two or more cofactors were more
frequently males (86.8% vs 66.5%, P < 0.001), in-patients
(28.0% vs 18.9%, P = 0.003) and had liver cirrhosis (35.8%
vs 12.4%, P < 0.001). They more frequently belonged to
larger families (24.5% vs 14.6%, P < 0.01) and had had
fewer years of schooling (84.3% vs 67.0%, P < 0.001).
Only 4 patients showed HCC (Table 1).

Characteristics of the CF group
The 924 HBsAg positive subjects with none of the cofactors investigated were more frequently males (66.5%) and
observed as out-patients (81.1%) and as prevalent cases
(83.2%); they aged 48.1 ± 14.3 years, were infrequently
HBeAg positive (12.6%) and frequently showed a mild
clinical presentation: 26.9% of cases were asymptomatic
carriers, 56.9% of patients showed chronic hepatitis,
12.4% liver cirrhosis and 3.8% had HCC.

Variables associated with the presence of cirrhosis
At the univariate analysis older age, anti-HCV, HCV-RNA
positivity, alcohol abuse, anti-HDV and anti-HIV positivity were all associated with liver cirrhosis. Multivariate
analysis showed that age (OR 1.10, 95% CI: 1.08-1.11),
alcohol abuse (between 4 and 8 drinks daily: OR 2.30,
95% CI: 1.29-4.10; more than 8 drinks daily: OR 2.42,
95% CI: 1.31-4.46), HDV positivity (OR 2.68, 95% CI:
1.56-4.61) and anti-HIV (OR 5.78, 95% CI: 1.50-22.27)
were independent predictors of the development of cirrhosis, whereas anti-HCV and HCV-RNA positivity were
no longer associated (Table 2).

Comparison according to anti-HDV status
The 59 anti-HDV positive patients were younger than
those in group CF (46.7 ± 11.8 years vs 48.1 ± 14.3 years;
P < 0.001) and showed higher ALT levels (128 ± 116 IU/L
vs 98 ± 290 IU/L, P = 0.008); they were more frequently
observed as in-patients (25.4% vs 18.9%, P = 0.3), were
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Table 1 Comparison of baseline features of hepatitis B surface antigen positive patients, according to different cofactors (mean ±
SD) n (%)
HBsAg positive HBsAg/anti-HDV HBsAg/anti-HCV HBsAg/anti-HIV
positive
positive
(n = 924)
positive
(n = 6)
(n = 130)
(n = 59)

Variable

Age (yr)
Males
In-patients
Out-patients
Prevalent cases
Incident cases
Born in Italy
North
Centre
South/islands
Born Abroad
Asymptomatic carrier
Chronic hepatitis1
Liver cirrhosis
HCC
ALT (× ULN) (median, IQR)
BMI (kg/m2)
Years of schooling
<6
6-13
> 13
HBeAg positive
HBeAg negative

HBsAg/alcohol
abuse
(n = 138)

HBsAg/two or
more cofactors
(n = 109)

P value

< 0.001
< 0.001
0.060

48.4 ± 14.0
606 (66.5)
171 (18.9)
732 (81.1)
769 (83.2)
155 (16.8)

46.5 ± 11.7
41 (71.9)
15 (25.4)
44 (74.6)
53 (89.8)
6 (10.2)

55.2 ± 14.7
87 (68.0)
29 (22.7)
99 (77.3)
111 (85.4)
19 (14.6)

37.0 ± 3.6
6 (100)
0
6 (100)
6 (100)
0

52.7 ± 11.7
126 (92.6)
20 (14.7)
116 (85.3)
115 (83.3)
23 (16.7)

45.8 ± 12.1
92 (86.8)
30 (28.0)
77 (72.0)
95 (87.2)
14 (12.8)

192 (21.0)
195 (21.3)
484 (52.9)
44 (4.8)
233 (33.5)
313 (45.0)
115 (16.5)
34 (4.9)
1.0 (1.0-1.8)
25.0 ± 3.4

11 (18.6)
5 (8.5)
40 (67.8)
3 (5.1)
3 (6.0)
25 (50.0)
22 (44.0)
0
2.2 (1.1-4.8)
25.5 ± 5.0

36 (27.7)
16 (12.3)
76 (58.5)
2 (1.5)
17 (17.7)
41 (42.7)
30 (31.3)
8 (8.3)
1.4 (1.0-2.1)
24.8 ± 3.1

3 (50.0)
0
2 (33.3)
1 (16.7)
1 (100)
0
0
0
1.5 (1.1-1.8)
22.8 ± 2.0

32 (23.7)
26 (19.3)
73 (54.1)
4 (2.9)
19 (17.6)
39 (36.1)
43 (39.8)
7 (6.5)
1.1 (1.0-2.1)
26.1 ± 3.5

35 (32.4)
21 (19.4)
49 (45.4)
3 (2.8)
5 (6.0)
35 (42.2)
39 (47.0)
4 (4.8)
1.8 (1.0-2.9)
25.6 ± 4.1

239 (26.3)
369 (40.7)
299 (33.0)
116 (12.6)
808 (87.4)

9 (16.4)
31 (56.4)
15 (27.2)
9 (15.3)
50 (84.7)

46 (36.5)
53 (42.1)
27 (21.4)
10 (7.7)
120 (92.3)

62 (46.3)
53 (39.5)
19 (14.2)
10 (7.2)
128 (92.8)

31 (28.7)
60 (55.6)
17 (15.7)
15 (13.8)
94 (86.2)

1 (16.7)
1 (16.7)
4 (66.6)
4 (66.7)
2 (33.3)

0.500

0.010

< 0.001

< 0.001
0.006
< 0.001

< 0.001

1

Only subjects with liver biopsy. HBsAg: Hepatitis B surface antigen; HDV: Hepatitis D virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency
virus; HCC: Hepatocellular carcinoma; ALT: Alanine aminotransferase; × ULN: Times the upper limit of the normal; IQR: Interquartile range; BMI: Body
mass index; HBeAg: Hepatitis B e antigen.

Comparison according to the severity of liver cirrhosis
The Child-Pugh Score was calculated for 229 (92.0%) of
the 249 patients with cirrhosis: 104 cases in group CF, 43
cases in group HBV/Alcohol, 19 cases in group HBV/
HDV, 30 cases in group HBV/HCV and 33 cases in the
HBV/two or more cofactors group. The prevalence of
patients in the Child-Pugh Classes B or C was lower in
group CF (31.7%), than in group HBV/Alcohol (44.2%),
in group HBV/HCV (43.3%) and in the HBV/two or
more cofactors group (75.8%, P < 0.001) (Table 3).

prevalence of HCC (3.9%) refers to HCC at the time of
diagnosis. No information is available on the risk of occurrence of HCC, death or orthotopic liver transplantation over time, since the present study is cross-sectional
and no evaluation of the clinical outcomes was made.
Despite the decreasing endemicity levels, HDV infection maintains its geographical distribution in our country,
i.e., more frequent in southern Italy and on the two main
islands, as previously described[15-17]. Compared with those
in group CF, patients in group HBV/HDV showed a
more severe clinical presentation: they were younger, more
frequently hospitalised and with evidence of cirrhosis. In
accordance with the low prevalence of patients with HCC
in previous studies[5], no patient in our HBV/HDV group
showed HCC, most probably reflecting a more severe
course of the illness with a rapid transition to death or to
the need for liver transplantation before HCC becomes
evident[23]. On the other hand, patients in group HBV/
HCV were older than those in group CF, more frequently
had liver cirrhosis and showed an almost double prevalence of HCC. These differences, although not statistically
significant, may suggest that subjects with long-lasting
HBV/HCV dual infection are at a higher risk of developing liver cirrhosis with or without liver cancer[24-26].
Most patients in group HBV/Alcohol were males
with a low educational level, a combination more frequently associated with a high risk of alcohol abuse.
The prevalence of patients with cirrhosis was 2.5 times
higher in group HBV/alcohol than in group CF, a dif-

DISCUSSION
This study is based on three strong points: the first, a
large sample size, the second, the validity of the random
selection including both tertiary and peripheral hospitals
all over the country, which may have avoided the selection of “difficult-to-treat” patients, and lastly, the homogeneity of each single cofactor group and of the comparative CF group, making this study the first to investigate
the clinical presentation of CF HBsAg positive chronic
hepatitis and the influence of each single cofactor (HDV,
HCV and alcohol intake).
Excluding the 442 patients with one or more cofactors enabled us to examine a group of almost a thousand
patients with HBsAg positive chronic hepatitis and no
cofactor. Most of these patients showed a mild clinical
presentation and only a minority of them had liver cirrhosis (12.4%), prevalently in the Child A stage. The low
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Table 2 Risk factors associated with cirrhosis in hepatitis B surface antigen positive patients n (%)
Variable
Age (mean ± SD, yr)
Gender
Male
Female
HBeAg
Negative
Positive
Anti-HCV
Negative
Positive
HCV-RNA
Negative
Positive
Anti-HDV
Negative
Positive
Anti-HIV
Negative
Positive
Alcohol (drinks/d)
0
<4
4-8
>8
BMI (kg/m2)
< 25
25-30
> 30

Chronic hepatitis

Cirrhosis

Crude OR (95% CI)

Adjusted OR (95% CI)

P value

44.9 ± 12.0

56.2 ± 11.6

1.06 (1.05-1.07)

1.10 (1.08-1.11)

< 0.001

371 (81.9)
82 (18.1)

192 (77.1)
57 (22.9)

1
1.34 (0.92-1.97)

387 (85.4)
66 (14.6)

225 (90.4)
24 (9.6)

1
0.63 (0.38-1.03)

382 (84.3)
71 (15.7)

187 (75.1)
62 (24.9)

1
1.78 (1.22-2.62)

1
1.23 (0.84-1.80)

0.300

382 (86.2)
61 (13.8)

187 (77.3)
55 (22.7)

1
1.84 (1.23-2.76)

1
1.44 (0.65-1.72)

0.200

410 (90.5)
43 (9.5)

207 (83.1)
42 (16.9)

1
1.94 (1.23-3.06)

1
2.68 (1.56-4.61)

< 0.001

449 (99.1)
4 (0.9)

241 (96.8)
8 (3.2)

1
3.73 (1.11-12.50)

1
5.78 (1.50-22.27)

0.010

247 (54.5)
143 (31.6)
35 (7.7)
28 (6.2)

117 (47.0)
56 (22.4)
37 (14.9)
39 (15.7)

1
0.83 (0.57-1.21)
2.23 (1.34-3.72)
2.94 (1.73-5.01)

1
0.69 (0.48-1.07)
2.30 (1.29-4.01)
2.42 (1.31-4.46)

247 (54.5)
173 (38.2)
33 (7.3)

121 (48.6)
107 (43.0)
21 (8.4)

1
1.26 (0.91-1.75)
1.30 (0.72-2.34)

0.080
0.005
0.005

Crude and adjusted odds ratios (OR) deriving from multiple logistic regression analysis. Patients with HCC were excluded from
the analysis. HCC: Hepatocellular carcinoma; HDV: Hepatitis D virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency
virus; BMI: Body mass index.

Table 3 Percentages of cases in different child-pugh classes in 229 of the 249 patients with liver cirrhosis, by aetiology n (%)
Child-pugh
class
A
B+C

CF group
(n = 104)

HBV/alcohol group
(n = 43)

HBV/HDV group
(n = 19)

HBV/HCV group
(n = 30)

HBV/ two or more
cofactors group (n = 33)

71 (68.3)
33 (31.7)b

24 (55.8)
19 (44.2)

13 (68.4)
6 (31.6)

17 (56.7)
13 (43.3)

8 (24.2)
25 (75.8)b

b

P < 0.001 vs hepatitis B virus (HBV)/two or more cofactors. Patients with hepatocellular carcinoma are not included. CF: Cofactor-free; HCV:
Hepatitis C virus; HDV: Hepatitis D virus.

ference most probably due to alcohol intake rather than
to the association of the two aetiological factors, since,
as described in a previous paper[4], 41.8% of 761 patients
showing alcohol abuse as the only aetiological factor had
liver cirrhosis. The group of patients with two or more
cofactors is a miscellany of 4 subgroups that are too
small to be analysed or compared with group CF or with
the other cofactor groups. This miscellaneous group with
more than one cofactor may be more frequently exposed
to the aetiological agents of liver disease and to a higher
risk of developing liver cirrhosis and/or HCC.
As observed in previous Italian studies[4,17,18], the majority of HBsAg positive patients in this study were found
to be HBeAg negative. Patients with HBV/HCV dual
infection and those with HBV plus alcohol abuse showed
a lower prevalence of HBeAg positive cases than those in
the other aetiological groups, probably because they were
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older and HBeAg loss is, at least in part, a time-dependent phenomenon.
In conclusion, HBV chronic infection was frequently
associated with a mild or moderate clinical condition. Liver cirrhosis and HCC were detected in less than one sixth
of cases, and viral and metabolic cofactors unfavourably
influenced the clinical course in patients with chronic
HBV infection since their presence was associated with
an increased risk of cirrhosis, an association proven by
multivariate logistic regression analysis for HDV infection and alcohol abuse.
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with homodimeric recombinant human OPG and tested
by western blotting with an anti-OPG antibody after immunoprecipitation.
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RESULTS: Despite persistent negative CD-related serology and strict adherence to GFD, 49 out of the 70
(74%) patients displayed low BMD. Among these patients, 13 (24%) showed osteoporosis and 36 (76%)
osteopenia. With the exception of age, conventional
risk factors for osteoporosis did not differ between
patients with normal and low BMD. Circulating serum
calcium and PTH levels were normal in all patients.
Duodenal mucosa healing was found in 31 (82%) out
of 38 patients who underwent repeat duodenal biopsy
with 20 (64%) still displaying low BMD. The remaining
7 patients had an incomplete normalization of duodenal
mucosa with 6 (84%) showing low BMD. No evidence
of circulating antibodies against OPG was found in the
serum of 30 celiac patients who were tested for, independent of BMD, duodenal histology, and HLA status.
CONCLUSION: If any, the role of circulating autoantibodies against OPG in the pathogenesis of bone derangement in patients with CD is not a major one.

Abstract
AIM: To investigate risk factors for low bone mineral
density (BMD) in celiac disease (CD) patients, focusing on
circulating autoantibodies against osteoprotegerin (OPG).

© 2012 Baishideng. All rights reserved.
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METHODS: Seventy asymptomatic CD adult patients
on gluten-free diet (GFD) and harbouring persistent
negative CD-related serology were recruited. Conventional risk factors for osteoporosis (e.g., age, sex,
menopausal status, history of fractures, smoke, and
body mass index) were checked and BMD was assessed
by dual energy X ray absorptiometry. Serum calcium
and parathyroid hormone (PTH) levels were evaluated. Thirty-eight patients underwent repeat duodenal
biopsy. Serum samples from a selected sub-group of
30 patients, who were also typed for human leukocyte
antigen (HLA) DQ2 and DQ8 haplotype, were incubated
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INTRODUCTION

MATERIALS AND METHODS

Celiac disease (CD) is a permanent gluten intolerance
in genetically predisposed individuals who display an
inflammatory process in the small intestinal mucosa with
villous atrophy, crypt hyperplasia, and increased number
of lymphocytes[1].
Evidences indicate that a low bone mineral density
(BMD) is found in 20%-50% newly diagnosed patients
with CD[2]. By means of dual energy X ray absorptiometry (DEXA) it can be now rapidly and easily obtained
semi-quantitative values of BMD[3].
Osteoporosis is a quantitative and qualitative alteration in the components of bone tissue, in which the process of demineralization becomes intense and prolonged
and minerals are used up more quickly than they can be
replaced resulting in bones fragility and increased risk of
fractures[4,5]. Individual’s gender, constitution and age as
well as variations in endocrine systems associated with
factors such as the menopause, and the presence of other
pathologies, can all interact with lifestyle factors, including smoking, lack of exercise and low dietary calcium
intake, to determine the onset of osteoporosis[6].
Impaired absorption of calcium during CD is thought
to result principally from loss of villous in the proximal
intestine, where calcium is most actively absorbed, and
also from the unabsorbed fatty acids, which bind calcium
in the intestinal lumen and may reduce dietary vitamin
D absorption[7]. Adherence to a strict gluten-free diet
(GFD) will reverse the histological changes in the intestine and also the biochemical evidence of calcium malabsorption[8], resulting in normal BMD in these treated
patients[9]. Nevertheless, there may be long-term impairment of bone mineralization in some otherwise healthy
CD patients adhering to GFD[10]. Furthermore, osteopenia has been found in treated CD patients who showed
improvement or even complete healing of intestinal
mucosa[11]. These findings suggest that other mechanisms
of bone injury than calcium malabsorption are probably
involved in patients with CD[12].
Mediators of inflammatory immune-mediated responses (e.g., cytokines), parathyroid hormone (PTH), estrogens, androgens, corticosteroids and vitamin D are all
acknowledged to affect BMD by modulating the receptor
activator of nuclear factor B/receptor activator of nuclear factor B-ligand/osteoprotegerin [RANK/RANK-L/
osteoprotegerin (OPG)] system[13]. Furthermore, neutralizing auto-antibodies against OPG have been recently
shown in the sera of a few patients with CD, leading
to the hypothesis that blocking the inhibitory effect of
OPG on RANKL may have a role in the development of
bone derangement in these patients[14]. Nevertheless, this
finding has not yet been confirmed by others, so the role
of auto-antibodies against OPG, if any, in the pathogenesis of reduced BMD in patients with CD remains to be
established.
This study aimed at investigating risk factors associated with low BMD in patients with CD, focusing on
circulating auto-antibodies against OPG.

Patients recruitment
Seventy consecutive outpatients with CD (13M, 57F; median age 40.5 years, range 20-68 years) who reported no
current symptoms, claimed to be adherent to a GFD for
at least 2 years and harboured persistent (at least 18 mo)
negative CD-related serology (anti-endomysium and
anti-transglutaminase IgA antibodies) were recruited.
Diagnosis of CD was performed on the basis of clinical
presentation, positive CD-related serology and suggestive
histological findings on duodenal biopsy[15]. Dietary compliance was assessed by periodic interview during followup visits and classified as good according to Leffler et al[16].
Data on height, weight, time since diagnosis, symptoms
beginning, age at menarche, cycle regularity, menopausal
status, drug use, calcium intake, life style, smoking, and
history of fracture were collected. Blood samples were
collected in the morning after a 12 h fast in order to measure serum calcium and parathormone levels. Thirty-eight
patients (8M, 30F; median age 41 years, range 20-60 years)
underwent repeat duodenal biopsy after a period of at
least 12 mo since GFD beginning.
A subgroup of 30 patients (8M, 22F; median age 44
years, range 21-60 years), who were typed for HLA-DQ2
and DQ8 haplotype, were selected in order to measure
antibodies against OPG.
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Histology
At least four duodenal biopsies were collected during
upper gastrointestinal endoscopy. Intraepithelial lymphocytes have been identified using CD3 immunostaining
and a value ≤ 25 lymphocytes⁄100 epithelial cells was
considered normal. Histological changes were classified
according to Marsh criteria (stage 0: Normal mucosa;
stage 1: Increased number of intra-epithelial lymphocytes; stage 2: Crypts proliferation; stage 3a-3b-3c: Respectively mild, moderate and severe villous atrophy)[17].
Measurement of BMD
All patients underwent lumbar spine and femoral neck
BMD evaluation by means of DEXA. A T-score 1 to
2.5 and > 2.5 distinguished osteopenia and osteoporosis,
respectively.
Measurement of antibodies against osteoprotegerin
Non-fasting serum samples were obtained from the selected subgroup of 30 CD patients. Measurement was performed according to Riches et al[14]. Briefly, serum samples
were incubated at a 1:100, 1:50, and 1:25 dilution with 12.5
ng of homodimeric recombinant human OPG (R and D
Systems, Minneapolis, United States) and also with protein
G-coated agarose beads (Calbiochem, Darmstadt, Germany) that had been pre-incubated with 5% albumin to reduce
non-specific binding. After incubation for 1 h at 37 ℃, the
beads were washed five times with phosphate-buffered
saline, suspended in 30 μL of reducing sample buffer, and
incubated at 90 ℃ for 5 min. After brief centrifugation,
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Table 1 Characteristics of the 70 treated celiac disease
patients with negative serology according to bone mineral
density as assessed by dual energy X ray absorptiometry
Variables

Overall
(n = 70)

Normal BMD
(n = 21)

Low BMD
(n = 49)

P

Sex (M/F)
Age (yr)
Time since diagnosis
BMI
Smoke
Fracture
Menopausal status

13/57
40.5 ± 10.5
2.8 ± 0.6
22.2 ± 1.4
13
0
6

2/19
31.0 ± 9.7
2.5 ± 0.5
22.5 ± 1.3
3
0
0

11/38
43.0 ± 9.7
2.4 ± 0.4
22.0 ± 1.4
10
0
6

0.31
0.00
0.37
0.40
0.74
0.17

Table 2 Bone mineral density according to dual energy X
ray absorptiometry in celiac disease patients with and without
duodenal mucosa healing after gluten free diet
Duodenal
mucosa lesions

Total

20
11
31

6
1
7

26
12
38

Low BMD
Normal BMD
Total
BMD: Bone mineral density.

Table 3 Characteristics of the 30 celiac disease patients
who underwent measurement of serum antibodies against
osteoprotegerin

BMD: Bone mineral density; BMI: Body mass index; M: Male; F: Female.

the supernatant was loaded onto a 12% polyacrylamide
gel, subjected to electrophoresis at 200 V for 60 min, transferred to membrane, and therefore probed with a mouse
monoclonal antibody against human OPG (Abcam, Cambridge, United Kingdom). A peroxidase-conjugated donkey
anti-mouse antibody (Jackson, Suffolk, United Kingdom)
at a 1:5000 dilution was used for detection. Equal loading was assessed by probing the blot with peroxidaseconjugated goat anti-human antibody (Jackson) at a 1:5000
dilution. Immunolabeled bands were detected with the use
of a chemiluminescent substrate and a chemiluminescence
imager. A homodimeric recombinant human OPG (R and
D Systems) was used as positive control. A 55-kDa band
indicated the presence of antibodies against OPG.
The study was approved by the local research Ethical
Committee, and informed consent was obtained from all
participants.

Variables

Overall
(n = 30)

Sex (M/F)
8/22
Age (yr)
43.5 (21-60)
Time since
2.8 (1.0-3.5)
diagnosis (yr)
BMI (kg/m2)
22.3 (19.2-25.1)
Smoke
4
Fracture
0
Menopausal status
1
Duodenal mucosa histology (n = 22)
Healing
17
Lesions
5
HLA status
DQ2
23
DQ8
7

Normal BMD
(n = 6)
1/5
31.0 (21-54)
2.7 (1.8-3.2)

Low BMD
(n = 24)
7/17
44.5 (32-60)
2.9 (1.0-3.5)

21.8 (19.2-24.7) 22.4 (20.0-25.1)
0
4
0
0
0
1
5
1

12
4

4
2

19
5

BMD: Bone mineral density; BMI: Body mass index; HLA: Human
leukocyte antigen.

Statistical analysis
Comparison of proportions was performed using χ 2 test.
A multivariate analysis was performed using Multivariate
Analysis of Variance (MANOVA) to identify variables
associated with low BMD. Difference was considered
significant if the P value was < 0.05. Data were analyzed
using the Statistical Package for Social Services, Version
16.0 (SPSS Inc., IL, United States).

for, indicating no presence of auto-antibodies against
OPG (Figure 1). The characteristics of this subgroup of
CD patients, including HLA DQ2 and DQ8 status, are
shown in Table 3.

DISCUSSION
Currently, serology is employed to select individuals needing
to underwent intestinal biopsy for diagnosing CD as well as
to monitor adherence and response to GFD[18,19]. However,
confirming a previous observation[20], this study shows that,
despite a persistent negative serology, 18% of CD patients
with good adherence to GFD have an incomplete normalization of intestinal mucosa (e.g., 82% negative predictive
value in detecting intestinal mucosal recovery).
A GFD normally gains mucosal damage in CD patients restoring calcium absorption, and this can support
an improvement in bone mineralization in one year[21].
Nevertheless, a GFD rarely normalizes BMD in adult
patients, so nutritional supplementation may be necessary[22,23]. Findings of this study show a higher prevalence
(74%) of bone demineralization in adulthood diagnosed
CD patients notwithstanding long-term strict adherence
to GFD and persistent negative CD-related serology.
No differences in acknowledged risk factors for osteoporosis have been found between patients with low

RESULTS
Forty-nine out of the 70 (74%) CD patients displayed low
BMD, with 13 (24%) accounting for osteoporosis and 36
(76%) for osteopenia (Table 1). Multiple logistic regression
analysis showed that age was the only one variable which
positively correlated with low BMD (Table 1). Serum calcium and PTH levels were normal in all patients. A complete healing of duodenal mucosa was found in 31 out of
38 (82%) patients who underwent repeat intestinal biopsies. In this specific subgroup, 20 (64%) patients showed
a low BMD compared to 6 out of 7 (86%) patients who
were found to carry an incomplete duodenal mucosa healing (n = 1 Marsh 1, n = 2 Marsh 2, n = 4 Marsh 3) (Table 2,
P = 0.4).
No evidence of the 55-kDa band was found in serum
samples of the subgroup of 30 patients who were tested
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the inhibitory effect of OPG on RANKL and this lead
to the hypothesis that they may play a role in the development of bone derangement. In the same report, authors
detected these circulating auto-antibodies in three among
15 additional patients with CD and low BMD, while there
was no evidence of them in serum specimens from 10
healthy controls and 14 patients with autoimmune hypothyroidism. If these CD patients were or were not on
GFD was not indicated by the authors and data on duodenal mucosa histology were not provided.
It is unlikely that discrepancy between Riches et al[14]
and findings of this study relies on the selection of patients neither on the used methodology. Indeed, it seems
that the subgroup of 30 CD patients who were tested for
antibodies against OPG is representative enough with respect to the variables that may affect the possible appearance of auto-antibodies (e.g., BMD, duodenal histology,
HLA). Furthermore, Riches et al[14] anti-OPG antibodies
measurement methodology has been strictly followed. A
positive control has been checked in order to validate the
procedure and several serum sample dilutions have been
tested in order to increase sensitivity. Nevertheless, that a
long-term GFD, as is the case of this study, may reduce
the production of circulating auto-antibodies against
OPG towards undetectable levels may be a possibility. At
this regard, the occurrence of a limited amount of mucosal antibodies could be taken into account. Furthermore,
genetic background affecting the immune system (e.g.,
auto-antibody development) may be another issue. Indeed, HLA DQ2 heterodimer has been shown to be more
involved than HLA DQ8 heterodimer in complicated
CD[32]. While for HLA-DQ2 a single deamidation in a gluten peptide is enough to produce a CD4+ T cell response,
for HLA-DQ8 it is necessary a deamidation at two positions in the gluten peptide, resulting in a more limited
generation of strong antigenic gluten peptides than HLA
DQ2 haplotype[33]. Furthermore, the HLA-DQ8 peptidic
domain is more easily degraded limiting the availability for
antigen presentation[34]. With this in mind, in this study all
30 CD patients who were screened for antibodies against
OPG were also tested for HLA DQ2/DQ8 alleles. As
expected[35], a proportion of 77% and 23% for DQ2 and
DQ8 haplotype, respectively, was found, indicating an unselected sample at this regard. Anyway, although the role
of HLA molecules and the association to particular genotypes has been well established in CD pathogenesis, HLA
is estimated to contribute only for the 35% of the genetic
risk, suggesting that more genetic risk factors had to be
involved in CD susceptibility[36].
In conclusion, the negative results of this study indicate that auto-antibodies against OPG, if any, do not play
a major role in the pathogenesis of bone demineralization in patients with CD, suggesting that other mechanisms should be investigated.

Immunoprecipitation
Panel A
Anti-OPG
antibody
55 kDa

Anti-immunoglobulin
antibody
Panel B

M

1 2

3

4

5

6

7

8

9

10

Figure 1 No evidence of the 55-kDa band was found in serum samples of
the subgroup of 30 patients who were tested for, indicating no presence
of auto-antibodies against osteoprotegerin. A: Western blotting (representative serum samples from a series of 30 celiac disease patients) showing the
absence of antibodies against osteoprotegerin (OPG) after immunoprecipitation. Positive control indicates a 55 kDa band (arrow, lane 2) as the presence
of antibodies against OPG. Negative control is shown in the lane 1; B: Western
blotting confirms the equal loading of the gel by means of the addition of staining for immunoglobulins. Molecular-weight markers are shown in lane M.

and normal BMD except for age, suggesting that CD is
a major one. Even though serum calcium levels may not
adequately reflect calcium absorption, no patient showed
low levels of serum calcium, and this was in accordance
with the finding that calcium absorption returns to normal setting after one year GFD[24]. Furthermore, a significant proportion of patients (64%) on GFD showed
low BMD, even if they displayed complete recovery of
duodenal lesions as assessed by Marsh classification[25].
Nevertheless, recent observations suggested that normal
Marsh grade does not exclude villous atrophy when assessed morphometrically[26].
Despite the high frequency of low BMD, there is
still not a consensus about the timing for BMD evaluation in CD patients[27]. A novel finding of this study is
that DEXA performed 92% negative predictive value in
detecting intestinal mucosa recovery. So, based on this
finding, the use of DEXA could be proposed for its additive value in this specific issue (e.g., a non-pathological
DEXA has 92% probability to predict intestinal mucosa
recovery in CD patients on GFD).
Insight of the molecular mechanism regulating osteoclast formation and activation progressed a lot in the past
10 years, with the identification of the RANKL/RANK
signaling system as well as the discovering of OPG, a
protein that appeared to protect from excessive bone
reabsorption[28,29]. Fiore et al[30] demonstrated that OPG/
RANKL ratio was significantly lower in CD patients
with normalization of duodenal histology than in healthy
controls and it positively correlated with low BMD. It has
been hypothesized that in some patients OPG is bound
to a plasma protein(s) and this could inactivate it[31].
In this study, circulating antibodies against OPG were
not found in 30 CD patients. This contrasts with findings
of Riches et al[14] who showed auto-antibodies against
OPG in a man with CD on GFD presenting with severe
osteoporosis and high bone turnover. As authors demonstrated, these auto-antibodies had the potential to block
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Background

Evidences indicate that a low bone mineral density (BMD) is found in 20%-50%
newly diagnosed patients with celiac disease (CD). Adherence to a strict glutenfree diet (GFD) will reverse the histological changes in the intestine and also
the biochemical evidence of calcium malabsorption, resulting in normal BMD
in these treated patients. Nevertheless, there may be long-term impairment of
bone mineralization in some otherwise healthy CD patients adhering to GFD.
Furthermore, osteopenia has been found in treated CD patients who showed
improvement or even complete healing of intestinal mucosa.
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Research frontiers

Other mechanisms of bone injury than calcium malabsorption are probably
involved in patients with CD. Mediators of inflammatory immune-mediated responses (e.g., cytokines), parathyroid hormone (PTH), estrogens, androgens,
corticosteroids and vitamin D are all acknowledged to affect BMD by modulating the receptor activator of nuclear factor B/receptor activator of nuclear factor
B-ligand/osteoprotegerin [RANK/RANK-L/osteoprotegerin (OPG)] system. Recently, circulating neutralizing autoantibodies against OPG have been shown in
CD patients with low BMD leading to the hypothesis that blocking the inhibitory
effect of OPG on RANKL may have a role in the development of bone derangement in these patients.
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Innovations and breakthroughs

This study aimed at investigating risk factors associated with low BMD in patients with CD, focusing on circulating auto-antibodies against OPG. Findings
confirm a high prevalence of low BMD in CD patients despite strict adherence
to GFD, persistent negative serology, and healing of duodenal lesions. Since
auto-antibodies against OPG have not been found in serum samples from a
subgroup of patients who were tested for, it can be argued that, if any, the role
of antibodies against OPG in the pathogenesis of reduced BMD in patients with
CD remains to be established.
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The study further supports the importance of early diagnosis in order to avoid
bone complications in CD patients. Furthermore, it remarks that autoantibodies
against OPG do not play a major role in the pathogenesis of bone demineralization in patients with CD, suggesting that other mechanisms of bone derangement should be investigated.
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This is an interesting study showing antibodies to OPG are not present at least
systemically to explain persistent low bone density in coeliac subjects. Authors
guess there is a small possibility that mucosal antibodies could still be present
which should still be alluded to.

21
22

REFERENCES
1
2
3
4
5
6
7
8

9

23

National Institutes of Health Consensus Development Conference Statement on Celiac Disease, June 28-30, 2004. Gastroenterology 2005; 128: S1-S9
Bianchi ML, Bardella MT. Bone in celiac disease. Osteoporos
Int 2008; 19: 1705-1716
Johnston CC, Slemenda CW, Melton LJ. Clinical use of bone
densitometry. N Engl J Med 1991; 324: 1105-1109
Roschger P, Paschalis EP, Fratzl P, Klaushofer K. Bone mineralization density distribution in health and disease. Bone
2008; 42: 456-466
Teitelbaum SL. Bone resorption by osteoclasts. Science 2000;
289: 1504-1508
Sambrook P, Cooper C. Osteoporosis. Lancet 2006; 367:
2010-2018
Corazza GR, Di Sario A, Cecchetti L, Tarozzi C, Corrao G,
Bernardi M, Gasbarrini G. Bone mass and metabolism in patients with celiac disease. Gastroenterology 1995; 109: 122-128
Sategna-Guidetti C, Grosso SB, Grosso S, Mengozzi G,
Aimo G, Zaccaria T, Di Stefano M, Isaia GC. The effects of
1-year gluten withdrawal on bone mass, bone metabolism
and nutritional status in newly-diagnosed adult coeliac disease patients. Aliment Pharmacol Ther 2000; 14: 35-43
Valdimarsson T, Toss G, Ross I, Löfman O, Ström M. Bone
mineral density in coeliac disease. Scand J Gastroenterol 1994;

WJG|www.wjgnet.com

24

25

26

27
28

1626

29: 457-461
Walters JR, Banks LM, Butcher GP, Fowler CR. Detection
of low bone mineral density by dual energy x ray absorptiometry in unsuspected suboptimally treated coeliac disease.
Gut 1995; 37: 220-224
Pazianas M, Butcher GP, Subhani JM, Finch PJ, Ang L, Collins C, Heaney RP, Zaidi M, Maxwell JD. Calcium absorption and bone mineral density in celiacs after long term
treatment with gluten-free diet and adequate calcium intake. Osteoporos Int 2005; 16: 56-63
Tilg H, Moschen AR, Kaser A, Pines A, Dotan I. Gut, inflammation and osteoporosis: basic and clinical concepts.
Gut 2008; 57: 684-694
Hofbauer LC. Pathophysiology of RANK ligand (RANKL)
and osteoprotegerin (OPG). Ann Endocrinol (Paris) 2006; 67:
139-141
Riches PL, McRorie E, Fraser WD, Determann C, van’t Hof
R, Ralston SH. Osteoporosis associated with neutralizing
autoantibodies against osteoprotegerin. N Engl J Med 2009;
361: 1459-1465
Moore JK, West SR, Robins G. Advances in celiac disease.
Curr Opin Gastroenterol 2011; 27: 112-118
Leffler DA, Edwards George JB, Dennis M, Cook EF, Schuppan D, Kelly CP. A prospective comparative study of
five measures of gluten-free diet adherence in adults with
coeliac disease. Aliment Pharmacol Ther 2007; 26: 1227-1235
Oberhuber G. Histopathology of celiac disease. Biomed
Pharmacother 2000; 54: 368-372
Rostom A, Murray JA, Kagnoff MF. American Gastroenterological Association (AGA) Institute technical review on the
diagnosis and management of celiac disease. Gastroenterology 2006; 131: 1981-2002
van der Windt DA, Jellema P, Mulder CJ, Kneepkens CM,
van der Horst HE. Diagnostic testing for celiac disease
among patients with abdominal symptoms: a systematic
review. JAMA 2010; 303: 1738-1746
Lanzini A, Lanzarotto F, Villanacci V, Mora A, Bertolazzi
S, Turini D, Carella G, Malagoli A, Ferrante G, Cesana BM,
Ricci C. Complete recovery of intestinal mucosa occurs very
rarely in adult coeliac patients despite adherence to glutenfree diet. Aliment Pharmacol Ther 2009; 29: 1299-1308
Bianchi ML, Bardella MT. Bone and celiac disease. Calcif
Tissue Int 2002; 71: 465-471
Capriles VD, Martini LA, Arêas JA. Metabolic osteopathy
in celiac disease: importance of a gluten-free diet. Nutr Rev
2009; 67: 599-606
McFarlane XA, Bhalla AK, Reeves DE, Morgan LM, Robertson DA. Osteoporosis in treated adult coeliac disease. Gut
1995; 36: 710-714
Molteni N, Bardella MT, Vezzoli G, Pozzoli E, Bianchi P.
Intestinal calcium absorption as shown by stable strontium
test in celiac disease before and after gluten-free diet. Am J
Gastroenterol 1995; 90: 2025-2028
Kemppainen T, Kröger H, Janatuinen E, Arnala I, LambergAllardt C, Kärkkäinen M, Kosma VM, Julkunen R, Jurvelin
J, Alhava E, Uusitupa M. Bone recovery after a gluten-free
diet: a 5-year follow-up study. Bone 1999; 25: 355-360
Cummins AG, Alexander BG, Chung A, Teo E, Woenig JA,
Field JB, Thompson FM, Roberts-Thomson IC. Morphometric evaluation of duodenal biopsies in celiac disease. Am J
Gastroenterol 2011; 106: 145-150
Scott EM, Gaywood I, Scott BB. Guidelines for osteoporosis
in coeliac disease and inflammatory bowel disease. British
Society of Gastroenterology. Gut 2000; 46 Suppl 1: i1-i8
Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang
MS, Lüthy R, Nguyen HQ, Wooden S, Bennett L, Boone
T, Shimamoto G, DeRose M, Elliott R, Colombero A, Tan
HL, Trail G, Sullivan J, Davy E, Bucay N, Renshaw-Gegg L,
Hughes TM, Hill D, Pattison W, Campbell P, Sander S, Van
G, Tarpley J, Derby P, Lee R, Boyle WJ. Osteoprotegerin: a

April 14, 2012|Volume 18|Issue 14|

Larussa T et al . Osteoprotegerin and celiac disease

29

30

31

32

novel secreted protein involved in the regulation of bone
density. Cell 1997; 89: 309-319
Taranta A, Fortunati D, Longo M, Rucci N, Iacomino E,
Aliberti F, Facciuto E, Migliaccio S, Bardella MT, Dubini A,
Borghi MO, Saraifoger S, Teti A, Bianchi ML. Imbalance of
osteoclastogenesis-regulating factors in patients with celiac
disease. J Bone Miner Res 2004; 19: 1112-1121
Fiore CE, Pennisi P, Ferro G, Ximenes B, Privitelli L, Mangiafico RA, Santoro F, Parisi N, Lombardo T. Altered osteoprotegerin/RANKL ratio and low bone mineral density in
celiac patients on long-term treatment with gluten-free diet.
Horm Metab Res 2006; 38: 417-422
Rogers A, Eastell R. Circulating osteoprotegerin and receptor activator for nuclear factor kappaB ligand: clinical utility in metabolic bone disease assessment. J Clin Endocrinol
Metab 2005; 90: 6323-6331
Cassinotti A, Birindelli S, Clerici M, Trabattoni D, Lazzaroni
M, Ardizzone S, Colombo R, Rossi E, Porro GB. HLA and
autoimmune digestive disease: a clinically oriented review
for gastroenterologists. Am J Gastroenterol 2009; 104: 195-217;
quiz 194, 218

33

34
35

36

Henderson KN, Tye-Din JA, Reid HH, Chen Z, Borg NA,
Beissbarth T, Tatham A, Mannering SI, Purcell AW, Dudek
NL, van Heel DA, McCluskey J, Rossjohn J, Anderson RP.
A structural and immunological basis for the role of human
leukocyte antigen DQ8 in celiac disease. Immunity 2007; 27:
23-34
Tjon JM, van Bergen J, Koning F. Celiac disease: how complicated can it get? Immunogenetics 2010; 62: 641-651
Sollid LM, Markussen G, Ek J, Gjerde H, Vartdal F, Thorsby
E. Evidence for a primary association of celiac disease to
a particular HLA-DQ alpha/beta heterodimer. J Exp Med
1989; 169: 345-350
van Heel DA, Franke L, Hunt KA, Gwilliam R, Zhernakova
A, Inouye M, Wapenaar MC, Barnardo MC, Bethel G, Holmes GK, Feighery C, Jewell D, Kelleher D, Kumar P, Travis
S, Walters JR, Sanders DS, Howdle P, Swift J, Playford RJ,
McLaren WM, Mearin ML, Mulder CJ, McManus R, McGinnis R, Cardon LR, Deloukas P, Wijmenga C. A genome-wide
association study for celiac disease identifies risk variants
in the region harboring IL2 and IL21. Nat Genet 2007; 39:
827-829
S- Editor Gou SX

WJG|www.wjgnet.com

1627

L- Editor A E- Editor Zheng XM

April 14, 2012|Volume 18|Issue 14|

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i14.1628

World J Gastroenterol 2012 April 14; 18(14): 1628-1634
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Mucosa-associated bacteria in two middle-aged women
diagnosed with collagenous colitis
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found in both patients and constituted 47.5% of the
total number of clones. Of these, the most dominating were clones similar to Bacteroides cellulosilyticus,
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Bacteroides caccae, Bacteroides thetaiotaomicron,
Bacteroides uniformis and Bacteroides dorei within
Bacteroidetes. Sequences similar to Faecalibacterium
prausnitzii and Clostridium citroniae were also found in
both patients.

CONCLUSION: A predominance of potentially pathogenic Bacteroides spp. , and the presence of clones showing similarity to Clostridium clostridioforme were found
but the overall colon microbiota showed similarities to a
healthy one. Etiologies for collagenous colitis other than
an adverse bacterial flora must also be considered.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To characterize the colon microbiota in two
women histologically diagnosed with collagenous colitis
using a culture-independent method.
METHODS: Biopsies were taken from the ascending
colon and the total DNA was extracted. Universal bacterial primers were used to amplify the bacterial 16S rRNA
genes. The amplicons were then cloned into competent
Escherichia coli cells. The clones were sequenced and
identified by comparison to known sequences.

INTRODUCTION
Collagenous colitis (CC), an idiopathic inflammatory bowel
disease, is a subtype of microscopic colitis (MC) together
with lymphocytic colitis (LC)[1]. It is considered as a common cause of chronic diarrhea. In Sweden the incidence is
approx four to five cases per 100 000[2]. The incidence for

RESULTS: The clones could be divided into 44 different phylotypes. The microbiota was dominated by
Firmicutes and Bacteroidetes. Seven phylotypes were
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both CC and LC in Europe and North America is almost
as high as for Crohn’s disease and ulcerative colitis[2].
CC is clinically characterized by chronic non-bloody
diarrhea, often combined with abdominal pain and weight
loss[2]. The colonic mucosa appears macroscopically normal or near-normal and the diagnosis is made by microscopic examination of mucosal biopsies that reveals diagnostic histopathological changes. CC was first described
in 1976 by Lindström[3] in a woman with chronic watery
diarrhea in whom histological examination revealed a
thick subepithelial collagenous deposition in the rectum.
In 1989, Lazenby et al[4] proposed the term lymphocytic
colitis in a group of patients with chronic diarrhea and
normal colonoscopy with only minor histological changes,
where the microscopic evaluation of colonic biopsy specimens revealed modestly increased inflammation in the
lamina propria without subepithelial collagen deposition
or other mucosal changes.
The peak incidence of MC is in individuals between
55 years and 70 years of age. The female:male ratio is
about 7:1 for CC. For LC the female predominance is
less pronounced, with a female:male ratio of 2-3:1[5].
However, the disease can occur at all ages, and a few
children with CC have been reported[6,7]. Bile acid malabsorption is found in about 27%-44% of patients with
CC and 9%-60% in patients with LC [5,8-9]. Treatment
with bile acid binding medications is effective in patients
with bile-acid malabsorption but can also be effective in
patients without bile-acid malabsorption[10].
Both etiology and pathogenesis of MC are uncertain.
The most widely held hypothesis is that a noxious agent
in the lumen, probably originating from the bacterial microflora, may have a major pathogenic role in the chronic
intestinal inflammation. This is supported by regression
of symptoms and histopathological changes after diversion of the fecal stream, and recurrence after restoration
of intestinal continuity[11,12]. Other observations supporting this hypothesis are the sudden onset of diarrhea
and that treatment with antibiotics may have positive effects[2,13]. The increased infiltration of lymphocytes in the
mucosa also indicates a proinflammatory component in
the lumen. There are case reports of linking pathogenic
bacteria such as Clostridium difficile, Yersinia enterocolitica,
Campylobacter jejuni and Aeromonas hydrophila to MC[2,7,14-16].
The human microbiota in healthy persons as well as
in patients with inflammatory bowel disease has been
analyzed in several studies using culture-independent
methods[17-19]. However, to our knowledge no such studies have been performed on patients diagnosed with CC.
The aim of the present study was to characterize the
mucosa-associated microbiota in the ascending colon in
two women histologically diagnosed with CC, by cloning
and sequencing of the bacterial 16S rRNA genes.

with a known diagnosis of MC, took part in the study.
Patient A, otherwise healthy, started to experience watery, non-bloody diarrhea after an antibiotic treatment
for gastroenteritis 10 years earlier. Colonoscopy was performed and she was diagnosed with LC. She was treated
with Loperamid® (Merck NM AB, Stockholm, Sweden).
Two years later she had a relapse of watery, non-bloody
diarrhea and a second colonoscopy was performed, still
indicating LC. This time she improved spontaneously. At
the time of the present study, after a period of stress and
a viral gastroenteritis, she started to lose weight and had
frequent, watery, non-bloody diarrhea. The present colonoscopy showed a slightly swollen mucosa and increased
vascular pattern. The histological examination revealed
a thickened subepithelial collagen layer as well as inflammation in the lamina propria and a damaged surface
epithelial layer. Patient B had a history of chronic thyreoiditis but was otherwise healthy. She was diagnosed
with CC as well as with bile acid malabsorption 4 years
before the study. At that time she improved spontaneously but had a recurrence after a period of major stress.
Previously, she was treated with non-steroidal anti-inflammatory drugs due to muscular stiffness and actually
experienced an improvement of her bowel function by
this treatment. At the time of the present colonoscopy
her symptoms had improved due to dietary fat reduction. Colonoscopy showed an increased vascular pattern
in the right colon but was otherwise normal. Histological
examination could verify a collagenous colitis.
Neither patient had any medication at the time of the
colonoscopy. Celiac disease had been excluded in both
women. They were both non-smokers.
The patients were asked to avoid fiber-rich foods
such as fruits, vegetables, grains and seeds some days
before the colonoscopy. The day before the examination
they ate a plain breakfast, and no solid food was allowed
after noon. Intestinal cleansing was carried out with
Phosphoral® (Clean Chemical Sweden AB), a salt preparation with osmotic effects. Colonoscopy was performed
and serial biopsies throughout the colon as well as two
extra biopsies from the right colon were collected. The
histological examination followed routine procedures.
The latter were placed in tubes with TE-buffer [10
mmol Tris-HCl, 1 mmol ethylenediaminetetraacetic acid
(EDTA), pH 8.0], frozen immediately in liquid nitrogen
and stored at -80 ℃. The study was approved by the
Ethics Committee at Lund University. The women gave
written, informed consent before entering the study.
DNA extraction and amplification
Frozen tissue samples were thawed on ice and a single biopsy was transferred to a 1.5 mL tube with 190 µL Buffer
G2 (DNA Tissue Kit; Qiagen, Gmbh, Hilden, Germany)
and 10 µL of Proteinase K (Qiagen). Eight to ten sterile
glass (2 mm) beads were added and the cells were lysed
at 56 ℃ for 3-4 h in a shaking water bath. Tubes were
cooled on ice and shaken for 30 min on an Eppendorf
Mixer 5432 (Eppendorf, Hamburg, Germany) at 4 ℃

MATERIALS AND METHODS
Subjects and samples
Two female patients, 51 years and 60 years old (A and B)
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to disintegrate all bacteria. After centrifugation at 300 ×
g for one minute, the solution was transferred to a Qiagen sample tube, and total DNA was extracted by using
Biorobot EZ1 (Qiagen) according to the manufacturer’s
instructions. DNA was eluted in 200 µL.

and the accession numbers are HQ992999- HQ993042.
Diversity calculations
Shannon and Simpson’s indices were used for diversity
calculations. The Shannon index is based on the proportional abundance of species and accounts for both
evenness and species richness. Simpson’s index is the
dominance measure where the abundance of commonest species is considered more than species richness[25].
The Simpson’s index was expressed as 1/D.

Polymerase chain reaction amplification and cloning
The bacterial 16S rRNA genes were amplified by the
universal primers ENV1 and ENV2 annealing to positions 8-27 and 1492-1511, respectively, according to
Escherichia coli (E. coli) numbering[20]. The reaction mixture contained 5 µL of 10× polymerase chain reaction
(PCR) buffer (100 mmol Tris-HCl, 15 mmol MgCl2, 500
mmol KCl, pH 8.3), each deoxynucleotide phosphate
at a concentration of 200 µmol, 2.5 U of Tag DNA
Polymerase (Roche Diagnostics, GmbH, Mannheim,
Germany) and 10 pmol of each primer. To each tube,
5 µL of extracted sample DNA was added and sterile
water was added to 50 µL. As negative controls, water
was added to the reaction mixture instead of DNA.
Amplification was performed on an Eppendorf Mastercycler (Eppendorf AG, Hamburg, Germany). Initially,
the reaction was heated to 94 ℃ for 3 min, followed by
25 cycles of denaturing at 94 ℃ for 1 min, annealing at
50 ℃ for 45 s and elongation at 72 ℃ for 2 min. Finally,
the reaction was held at 72 ℃ for 7 min before cooling
down to 4 ℃. Six PCR tubes were prepared from each
sample and then pooled. Forty-two µL of the pooled reaction mixture from one sample was separated on a 1.5%
(w/v) agarose gel (Agarose Type Ⅲ; Sigma Aldrich, St
Louis, Mo., United States) in TBE-buffer (89 mmol Tris,
89 mmol boric acid and 2.5 mmol EDTA, pH 8.3). The
agarose gel was stained with ethidium bromide (0.5 mg/
L) and the band was cut out from the gel. DNA was purified by using Wizard® SV Gel and PCR Clean-Up System (Promega Corp., Madison, WI, United States). For
cloning Promega pGEM®-T Vector System and E. coli
JM 109 (Promega Corp.) competent cells were used as
described previously[20]. Colonies were selected randomly
and recultivated on LB-agar containing ampicillin, and
then harvested and stored in freezing buffer at -80 ℃.

RESULTS
Two clone libraries were constructed, one for patient A
with 87 clones and one for patient B with 90 clones. Five
clones were suspected chimeras and were removed from
the dataset before analysis. The lengths of the sequenced
fragments were approximately 750 bp. Sequences showing > 98% similarity to each other were assigned to a
single phylotype and a total of 44 phylotypes were identified (Table 1).
Sequences could be grouped into 22 phylotypes in
patient A and 29 phylotypes in patient B. Shannon’s and
Simpsons diversity indices were calculated and both
the patients showed similar values. The Shannon index
was 2.61 for patient A and 2.78 for patient B, and the
Simpson index was 8.13 for A and 9.29 for patient B.
Firmicutes and Bacteroidetes were the dominating phyla
with 50.6% and 47.2% in patient A and 57.8% and 42.2%
in patient B, respectively (Figure 1).
In patient A Porphyromonadaceae constituted 1.2%
of the clones and in patient B, Porphyromonadaceae and
Rikenellaceae constituted 11.1% of the clones. Only two
clones (2.3%) similar to Enterobacteriaceae were found
in patient A.
The most common phylotypes were sequences similar to Blautia wexlerae (23 clones), Faecalibacterium prausnitzii (13 clones) and Clostridium citroniae (9 clones) within
Firmicutes, and Bacteroides dorei (29 clones), Bacteroides
caccae (16 clones) and Bacteroides cellulosilyticus (9 clones)
within Bacteroidetes (Table 1). These phylotypes showed
> 97% similarity to the closest type strain except for C.
citroniae. Out of the 44 phylotypes identified, the two patients had 7 in common and 5 of these were assigned to
Bacteroidetes and two to the Firmicutes. The phylotypes
in common constituted 84 clones (47.5%) of the total
number of clones. Sequences similar to F. prausnitzii and
C. citroniae were found in both patients (Table 1). Within
Bacteroidetes the shared phylotypes were most similar
to, Bacteroides thetaiotaomicron, Bacteroides uniformis, B. cellulosilyticus, B. caccae and B. dorei.

Sequencing
Selected clones were single-strand sequenced by MWG
Biotech (Ebersberg, Germany). ENV1 primer was used
as sequencing primer. Sequences were edited using
Bioedit Sequence Alignment editor 7.0.5.3[21]. Sequences
were identified by comparing them to sequences using
the option “seqmatch” available at the Ribosomal Database Project[22]. Sequences were checked for chimeric
artifacts by using the Bellerophon server[23] and by creating phylogenetic trees of both 5’- and 3’- ends of the
sequences. DNAdist calculations were performed using
the Phylip DNAdist program using the “similarity table”
option (available at: http://mobyle.pasteur.fr/ cgi-bin/
portal.py?form=dnadist)[24]. Sequences representing the
different phylotypes have been submitted to Genbank
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Table 1 Sequences grouped into phylotypes at 98% similarity
Phylotype No.
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
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Closest type strain
Faecalibacterium prausnitzii
Faecalibacterium prausnitzii
Subdoligranulum variabile
Anaerofilum agile
Ruminococcus lactaris
Oscillibacter valericigenes
Ruminococcus lactaris
Ruminococcus lactaris
Clostridium jejuense
Marvinbryantia formatexigens
Roseburia intestinalis
Anaerostipes caccae
Anaerostipes caccae
Roseburia intestinalis
Roseburia faecis
Roseburia intestinalis
Pseudobutyrivibrio ruminis
Dorea longicatena
Dorea longicatena
Dorea longicatena
Dialister pneumosintes
Eubacterium plautii
Streptococcus thermophilus
Blautia wexlerae
Clostridium citroniae
Clostridium asparagiforme
Clostridium clostridioforme
Clostridium citroniae
Clostridium clostridioforme
Clostridium aldenense
Clostridium asparagiforme
Clostridium asparagiforme
Clostridium clostridioforme
Clostridium ramosum
Escherichia fergusonii
Barnesiella intestinihominis
Barnesiella viscericola
Barnesiella viscericola
Parabacteroides distasonis
Bacteroides cellulosilyticus
Bacteroides caccae
Bacteroides xylanisolvens
Bacteroides thetaiotaomicron
Bacteroides thetaiotaomicron
Bacteroides uniformis
Bacteroides dorei
Alistipes putredinis
Alistipes onderdonkii

1

Acc. No
AJ413954
AJ413954
AJ518869
X98011
L76602
AB238598
L76602
L76602
AY494606
AJ505973
AJ312385
AJ270487
AJ270487
AJ312385
AY305310
AJ312385
X95893
AJ132842
AJ132842
AJ132842
X82500
AY724678
AY188354
EF036467
DQ279737
AJ582080
M59089
DQ279737
M59089
DQ279736
AJ582080
AJ582080
M59089
X73440
AF530475
AB267809
AB267809
AB267809
AB238922
AJ583243
X83951
AM230650
AE015928
AE015930
AB050110
AB242142
L16497
AY974071

Similarity (%)
98.4-98.5
98.4-99.1
97.0
90.6
94.0
92.5
95.9
95.1
94.7
95.7
94.1
99.2
95.8
100.0
96.9
97.1
94.2-94.3
94.9-95.2
96.4-97.0
100.0
99.6
91.5
99.9
99.1-99.9
95.1-96.2
95.1-95.5
95.0-95.2
95.0
99.4-99.7
99.1
95.7
96.5
95.1-95.9
100.0
99.7-99.9
99.1-99.3
92.1
90.0
99.4-100.0
97.6-98.9
99.4-99.9
97.7
99.9
99.3
99.7-100.0
97.3-98.7
92.4-92.7
99.7

2

3

4

No. of clones

Distribution of clones

9
4
1
1
1
1
2
2

8 (A); 1 (B)
4 (B)
1 (B)
1 (B)
1 (B)
1 (B)
2 (A)
2 (B)

1
1
2
1
2
2

1 (B)
1 (B)
2 (A)
1 (B)
2 (A)
2 (B)

2
3
5
3
1
1
1
23
9
5
3
1
1
1
5
2
2
2
1
1
4
9
16
1
6
1
6
29
2
1

2 (A)
3 (A)
5 (A)
3 (B)
1 (A)
1 (B)
1 (B)
23 (B)
7 (A); 2 (B)
5 (A)
3 (A)
1 (A)
1 (A)
1 (B)
5 (B)
2 (A)
2 (A)
2 (B)
1 (B)
1 (A)
4 (B)
4 (A); 5 (B)
2 (A); 14 (B)
1 (A)
4 (A); 2 (B)
1 (B)
3 (A); 3 (B)
26 (A); 3 (B)
2 (B)
1 (B)

Assignment of clones
Ruminococcaceae
Ruminococcaceae
Ruminococcaceae
Ruminococcaceae
Ruminicoccaceae
Ruminicoccaceae
Ruminococcaceae
Ruminococcaceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Lachnospiraceae
Veillonellaceae
Eubacteriaceae
Streptococcaceae
Insertae cedis XIV
Unclass Clostridiales
Unclass Clostridiales
Unclass Clostridiales
Unclass Clostridiales
Unclass Clostridiales
Unclass Clostridiales
Unclass Clostridiales
Unclass Clostridiales
Unclass Clostridiales
Unclass firmicutes
Gammaproteobacteria
Porphyrmonadaceae
Porphyrmonadaceae
Porphyrmonadaceae
Porphyrmonadaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Rikenellaceae
Rikenellaceae

The type strain showing the highest similarity to the sequence is shown. Assignment of the clones to bacterial family level was done using the “sequence
match” option in the Ribosomal data base[22]. 1Accession number for the type strain; 2Similarity to the closest type strain; 3The total number of clones assigned to the phylotype; 4Number of clones found in patient A and B, respectively.

Bacteroidetes as dominating phyla, making up 97.7% and
100.0% of the clones in patient A and B, respectively.
Only two clones close to Enterobacteriaceae were found
in patient A. In several studies, the microbiota of healthy
persons have been analyzed by sequencing of the 16S
rRNA genes using either fecal samples or tissue samples
from the intestinal mucosa [17,18,26-28]. All these studies
showed a predominance of Firmicutes and Bacteroidetes while Verrucomicrobia, Actinobacteria and gamma
proteobacteria were detected at lower frequency.
The proportion of clones belonging to Bacteroides

WJG|www.wjgnet.com

was 47.0% in patient A and 31.1% in patient B. These
were higher figures than Wang et al[18], using a similar
methodology, found in biopsies taken from the ascending colon from a healthy, 54-year old woman where Bacteroides constituted 24.4% of the clones. Hayashi et al[17]
analyzed fecal samples of 3 healthy men aged 27, 34 and
54 years, and the proportion of Bacteroides was 4.2%,
3.4% and 14.9%, respectively. In another study of fecal
samples from a healthy 40-year old man, Bacteroides constituted 14.4% of the total number of clones[26]. Delgado
et al[27] analyzed clones from the descending colon from
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A

Unclass Firmicutes (2.3%)

Enterobacteriaceae (2.3%)

B
Unclass Clostridiales (8.9%)

Porphyromonadaceae (1.2%)

Porphyromonadaceae (7.8%)
Rikenellaceae (3.3%)

Unclass Clostridiales (19.5%)

Incertia sedis XIV (25.6%)
Bacteroidaceae (31.1%)

Bacteroidaceae (46.0%)

Ruminococcaceae (11.5%)

Streptococcaceae (1.1%)
Eubacteriaceae (1.1%)

Lachnospiraceae (16.1%)

Ruminococcaceae (11.1%)

Veillonellaceae (1.2%)

Lachnospiraceae (10.0%)

Figure 1 Distribution of clones at family level. Assignment of the clones were done using the Ribosomal Data Base Project Release 10 and the option “seqmatch”[22].
A: Patient A; B: Patient B.

strains of Clostridium, Prevotella and Bacteroides are able
to degrade mucin[35,36]. The type strain B. thetaiotaomicron
NCTC 10582 was shown to express glycosidases and glycosulphatase and could degrade pig gastric mucin[37]. In
the present study 4 clones from patient A and 3 clones
from patient B showed high similarity (99.3%-99.9%)
to the type strain B. thetaiotaomicron NCTC 10582 (Table
1). Clones belonging to Akkermansia muciniphila were
not found. However, it has been shown that this species
represents only about one percent of the microbiota in
healthy children and adults[38]. One might speculate that
specific components present within the microbiota of
the CC patients, i.e., Bacteroides spp., that has an impact
both on the colonic mucin layer and the intestinal permeability, leading to an immune response.
The clones resembling Clostridium clostridioforme, Clostridium citroniae, Clostridium aspargiforme and Clostridium
aldenense were distributed into 7 phylotypes showing
95%-99.7% similarity to the different type strains. Four
clones from patient A showed high similarity to C. clostridioforme and C. aldenense. Also in patient B, 5 clones
resembling C. clostridioforme were found, but they showed
lower similarity to the type strain. They are all related
and belong to cluster XIVa as defined by Collins et al[39],
Warren et al[40] and Mohan et al[41]. Strains of C. clostridioforme and closely related species have been involved in
a variety of infections[42]. In a study of autistic children,
all of whom had gastrointestinal symptoms, high counts
of fecal isolates showing 95% similarity to C. clostridioforme were found in the diseased children but not in the
controls. It cannot be excluded that the presence of sequences resembling C. clostridioforme might play a role in
the disease in the patients analyzed here.
Clones identified as F. prausnitzii of the Ruminococcaceae family were found in both patients and constituted about 7% of the total number of clones. These
bacteria together with Eubacterium rectale and Roseburia spp.
are known as butyrate producers and usually make up
about 5%-10% of the human microbiota and can be re-

a healthy 45-year old man and found one clone out of
20 (5%) belonging to Bacteroides. Of the 44 phylotypes
found here, the two patients had only 7 in common.
However, these shared phylotypes constituted 47.5% of
the total number of clones. Within Bacteroides five phylotypes were common to both patients. Of these the most
dominating were clones similar to B. caccae and B. dorei
making up 25.4% of the total number of clones (Table 1).
Both species belong to the Bacteroides fragilis group that
are opportunistic pathogens isolated from a variety of
anaerobic infections and cause about 50% of all anaerobic bacteremias[29,30].
A subgroup of B. fragilis, enterotoxigenic B. fragilis
(ETBF), that can secrete a proinflammatory enterotoxin,
has been found to be implicated in traveller´s diarrhea[31].
In a study by Zhang et al[32], significantly more ETBF
were found in patients with watery diarrhea (26.8%) than
in the control group (12.4%). ETBF was also found at a
higher frequency in patients over 30 years of age compared to the control group. Additonally, it was shown
that 27.0% of patients over the age of 60 carried ETBF
compared to 3.7% for the control group. It has been
suggested that Bacteroides fragilis toxin can bind to receptors on the epithelial cells, leading to a signal cascade and
clevage of cadherine promoting an increased intestinal
permeability[33]. An increased intestinal permeability was
shown in one patient with CC, using an Ussing chamber [12]. Permeability was measured on biopsies taken
from the sigmoid colon and it was shown that the intestinal integrity was improved after a fecal diversion by an
ileostomy, but after restoration of the bowel continuity
the permeabilty increased again[12]. Some improvement
has been reported when CC patients were treated with
metronidazole, penicillin or erythromycin[34]. Bacteroides
are sensitive to metronidazole and that might point to
Bacteroides as a possible disease-provoking agent[30]. On
the other hand, the positive effect shown with penicillin
and erythromycin speaks against Bacteroides[34].
It has been shown that Akkermansia mucinciphila and
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garded as commensals[43]. No clones resembling Lactobacillus nor Actinobacteria or Verrucomicrobia were found.
This can probably be explained by the fact that too few
clones were sequenced and that they usually constitute
a minor part of the microbiota. Previously published
case reports have suggested Clostridium difficile, Yersinia
enterocolitica, Campylobacter jejuni and Aeromonas hydrophila
to CC as possible pathogens[2,7,14-16]. This could not be
confirmed in the present study. As different pathogens
are described, and the fact that the colonic microbiota
was similar to a healthy one, the etiology to CC may not
primarily depend on abnormal microbiota, and antibiotics may not be the treatment of choice in this entity, as it
is sometimes considered[34].
This study has some limitations. Only two patients
were examined and the method applied here only detects
the dominant bacteria. Future research needs to examine
the presence of common pathogens in the bowel, but also
etiologies of CC other than bacteria must be considered.
To the best of our knowledge, this is the first study
of the intestinal microbiota in patients with a histologically diagnosed CC, by a culture-independent method.
The overall composition of the colonic microbiota was
similar to a healthy one with dominance of Firmicutes
and Bacteroidetes. Due to the fact that only two patients
were analyzed it is difficult to draw any conclusions, but
in both patients a high proportion of potentially pathogenic species of Bacteroides and clones related to C. clostridioforme were found.

biota from controls, but no speculation have been made about findings in this
paper and clinical applications, limitations of the study and future of research in
this field.
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RESULTS: The mean age (± standard deviation) was
67.4 ± 13.8 years and the male: female ratio was
68:52. In the stent group, the mean age was 66 ± 13
years and the male: female ratio was 33:27, and in
the non-stent group, the mean age was 68 ± 14 years
and the male: female ratio was 35:25. There were no
significant differences between groups with respect to
age, gender, final diagnosis, or type of endoscopic intervention. The frequency of post-ERCP pancreatitis in
PD stent and non-stent groups was 1.7% (1/60) and
13.3% (8/60), respectively. The severity of pancreatitis
was mild in all cases. The frequency of post-ERCP pancreatitis in the stent group was significantly lower than
in the non-stent group (P = 0.032, Fisher’s exact test).
The rate of hyperamylasemia were 30% (18/60) and
38.3% (23 of 60) in the stent and non-stent groups,
respectively (P = 0.05, χ 2 test). The placement of a
PD stent was successful in all 60 patients. The rate of
spontaneous dislodgement by the third day was 96.7%
(58/60), and the median (range) time to dislodgement
was 2.1 (2-3) d. The rates of stent migration, hemorrhage, perforation, infection (cholangitis or cholecystitis) or other complicationss were 0% (0/60), 0% (0/60),
0% (0/60), 0% (0/60), 0% (0/60), respectively, in the
stent group. Univariate analysis revealed no significant differences in high risk factors between the two
groups. The pancreatic spontaneous dislodgement
stent safely prevented post-ERCP pancreatitis in high
risk patients.

Abstract
AIM: To determine the effectiveness of pancreatic duct
(PD) stent placement for the prevention of pancreatitis
after endoscopic retrograde cholangiopancreatography
(ERCP) in high risk patients.
METHODS: Authors conducted a single-blind, randomized controlled trial to evaluate the effectiveness of
a pancreatic spontaneous dislodgement stent against
post-ERCP pancreatitis, including rates of spontaneous
dislodgement and complications. Authors defined high
risk patients as having any of the following: sphincter
of Oddi dysfunction, difficult cannulation, prior history
of post-ERCP pancreatitis, pre-cut sphincterotomy,
pancreatic ductal biopsy, pancreatic sphincterotomy,
intraductal ultrasonography, or a procedure time of
more than 30 min. Patients were randomized to a
stent group (n = 60) or to a non-stent group (n = 60).
An abdominal radiograph was obtained daily to assess
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CONCLUSION: Pancreatic stent placement is a safe
and effective technique to prevent post-ERCP pancreatitis. Therefore authors recommend pancreatic stent
placement after ERCP in high risk patients.
© 2012 Baishideng. All rights reserved.
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60 patients allocated to the
stent placement group

Figure 1 Trial profile.

creatic sphincterotomy in some cases of difficult cannulation. Exclusion criteria were as follows: (1) Inability
to provide written informed consent; (2) Performance
status of 4; (3) Age 19 years or younger; (4) Pregnancy
or breastfeeding; (5) Inability to access duodenal papilla
endoscopically; (6) Previous endoscopic sphincterotomy
or endoscopic papillary balloon dilation; (7) Inability to
insert a guidewire into the PD; (8) Patients requiring PD
drainage; (9) Patients requiring endoscopic papillectomy;
(10) Pancreatic head cancer; or (11) Pancreas divisum.
Of 148 patients screened, 120 patients who satisfied
the inclusion criteria participated in this study. Patients
were randomly assigned into a stent placement group (60
patients) and a non-stent placement group (60 patients)
after the completion of diagnostic or therapeutic ERCP
(Figure 1). Randomization was conducted by a simple
randomization method without any stratification factor.
After diagnostic or therapeutic ERCP was achieved and
eligibility was confirmed, a research assistant assigned
patients to either the stent or non-stent group, allocating
patients using a uniform random number algorithm. All
patients provided written informed consent before study
entry. This study was approved by Institutional Review
Board of Tokai University Hospital (Clinical Trials; University Hospital Medical Information Network Identification Number in Japan, 3995).

INTRODUCTION
Acute pancreatitis is a serious complication of endoscopic
retrograde cholangiopancreatography (ERCP). The
frequency of post-ERCP pancreatitis varies between
1% and 9%[1-6] in average risk patients, and its prevention remains a critical issue. Impaired drainage of the
pancreatic duct (PD), leading to acinar injury, is a commonly accepted mechanism of injury[7,8]. Possible causes
of impaired drainage include mechanical, chemical and
thermal injury, as well as subsequent edema and spasm
of the duodenal papilla.
Several prospective studies have confirmed that PD
stent placement prevents post-ERCP pancreatitis, especially in high risk patients[9-13]. However, no consensus
has yet been reached on the indications for prophylactic PD stent placement or on the type of stent which
should be used. Therefore, we conducted a single-blind,
randomized controlled trial (RCT) to evaluate the effectiveness of spontaneous dislodgement stents in preventing post-ERCP pancreatitis in high risk patients.

MATERIALS AND METHODS

Endoscopic procedures and patient cares
Each patient’s past medical history was obtained and
physical examination was performed prior to ERCP.
Lidocaine gel (4%) was used for pharyngeal anesthesia.
Intravenous administration of midazolam with pethidine hydrochloride was used for conscious sedation. All
patients received an intravenous drip infusion of 20 mg
nafamostat mesilate during the examination, starting before ERCP, with the same dose of nafamostat mesilate
as well as antibiotics administered afterwards.
ERCP was performed in standard fashion with JF-240,
JF-260V or TJF240 video endoscopes (Olympus, Tokyo,
Japan); PR-V216Q, PR-V234Q or PR-V220Q catheters
(Olympus) and Jagwire guidewires (Boston Scientific
Japan, Tokyo, Japan) were used. We used 5 Fr straight
polyethylene stents, 3 cm in length, unflanged on the
PD side, and with two flanges on the duodenal side
(GPDS-5-3; Cook Endoscopy Inc., Winston-Salem, NC,

Study design
This RCT was conducted in Tokai University Hospital,
Japan between April 2006 and June 2010. During this
period, we performed 1438 ERCPs on patients with pancreatobiliary diseases. All procedures for this study were
performed by one physician (Kawaguchi Y), an experienced surgeon with more than 2000 prior ERCP cases.
Independent patient-related and procedure-related risk
factors for post-ERCP pancreatitis have been previously
published [3-5,14-16]. Patients at high risk of post-ERCP
pancreatitis who met any of the following criteria were
enrolled in this RCT: (1) A previous history of postERCP pancreatitis; (2) Sphincter of Oddi dysfunction; (3)
Difficult cannulation; (4) Pre-cutting; (5) PD biopsy; (6)
Intraductal PD ultrasonography; or (7) ERCP procedure
time > 30 min prior to PD stent placement. Difficult
cannulation was defined as > 10 min of attempted cannulation. We performed PD guidewire placement or pan-
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Table 2 Final diagnosis n (%)

Table 1 Patient characteristics

No. of patients
Mean age (range) (yr)
Sex: female/male
Reasons of high risk
Previous post-ERCP pancreatitis
Sphincter of Oddi dysfunction
A difficult cannulation
Pre-cut
Pancreatic sphincterotomy
Pancreatic duct biopsy
IDUS for pancreatic duct
Procedure time greater than 30 min

Non-stent

Stent

P value

60
68 (27-92)
25/35

60
66 (24-88)
27/33

0.35
0.46

5 (8%)
0 (0%)
10 (17%)
0 (0%)
5 (8%)
5 (8%)
27 (45%)
29 (48%)

5 (8%)
0 (0%)
10 (17%)
0 (0%)
4 (7%)
6 (10%)
25 (42%)
33 (55%)

0.65
0.68
1
1
0.15
0.50

Non-stent
Biliary disease
CBD stone
Cholangitis
Cholangiocarcinoma
Cholangiocellular carcinoma
Benign biliary stricture
Primary sclerosing cholangitis
GB stone
GB polyp
GB adenomyomatosis
Cholecystitis
GB carcinoma
Pancreatic disease
IPMN
MCN
SCN
Chronic pancreatitis
Pancreatic cyst
Pancreatic carcinoma

ERCP: Endoscopic retrograde cholangiopancreatography; IDUS: Intraductal ultrasonography.

United States). Stent dislodgment was confirmed by daily
serial abdominal radiography. If the stent remained on
the third day, it was removed endoscopically. In the stent
group, we performed PD cannulation followed by contrast injection, guidewire insertion, and stent placement
under fluoroscopy. All 120 patients were hospitalized for
at least 3 d after the procedure for observation of potential pancreatitis or other complication, regardless of stent
placement. On the assumption that the frequency of
post-ERCP pancreatitis was 2.3% and 20% in the stent
and non- stent group, respectively, 60 patients were needed in each group for 80% power and 5% typeⅠerror.

P value

16 (27)
2 (3)
4 (7)
2 (3)
1 (2)
2 (3)
1 (2)
1 (2)
1 (2)
1 (2)
3 (5)

15 (25)
2 (3)
3 (5)
1 (2)
2 (3)
1 (2)
0 (0)
1 (2)
1 (2)
1 (2)
3 (5)

0.68
0.49
1
1
1
1
1
1
0.46
0.46
0.47

10 (17)
0 (0)
1 (2)
3 (5)
1 (2)
11 (18)

11 (18)
1 (2)
0 (0)
3 (5)
2 (3)
13 (22)

0.67
1
1
0.47
1
0.65

CBD: Common bile duct; GB: Gallbladder; IPMN: Intraductal papillary
mucinous neoplasm; MCN: Mucinous cystic neoplasm; SCN: Serous cystic
neoplasm.

for comparing continuous variables. Univariate evaluation was made for each potential risk factor. All statistical analyses were performed with StatView Ver. 5.0 (SAS
Institute, Cary, NC, United States) and StatMate 4 (ATMS,
Tokyo, Japan).

RESULTS

Definitions
The definition of post-ERCP pancreatitis was based on
Cotton’s criteria[17], with a modified definition of severity.
Instead of the number of hospital days, we evaluated the
degree of severity of pancreatitis by number of days before resuming feeding. Post-ERCP pancreatitis was defined
as pancreatic pain and hyperamylasemia within 24 h postprocedure. Pancreatic pain was defined as persistent pain
in the epigastric or periumbilical region. Hyperamylasemia
was defined as an amylase level greater than three times the
upper limit of normal in our institution.

Patient characteristics
Tables 1 and 2 show basic patient characteristics including risk factors for post-ERCP pancreatitis and final
diagnosis in both groups. The mean age (± standard deviation) of all patients was 67.4 ± 3.8 years and the male:
female ratio was 68:52. In the stent group, the mean age
was 66 ± 13 years and the male: female ratio was 33:27,
whereas the mean age was 68 ± 14 years and the male:
female ratio was 35:25 in the non-stent group. There
were no significant differences between groups with
respect to age, gender, final diagnosis, or type of endoscopic intervention (Table 1).

Outcomes
The primary outcome was frequency and severity of postERCP pancreatitis. As secondary outcomes, we evaluated
the frequency of serum hyperamylasemia, the success rate
of stent placement, time to stent dislodgement, and other
complications.

Pancreatic stenting
The placement of the PD stent was successful in all 60
patients and no complications were observed (Table 3).
Post-ERCP pancreatitis
The overall rate of post-ERCP pancreatitis was 7.5%
(9/120). The rate of post-ERCP pancreatitis in the stent
and non-stent groups was 1.7% (1/60) and 13.3% (8/60),
respectively (P = 0.032, Fisher’s exact test). The severity
of pancreatitis was mild in all nine patients (Table 4). The
rate of hyperamylasemia was 30% (18/60) and 38.3%
(23/60) in the stent and non- stent groups, respectively (P
= 0.05, χ 2 test).

Statistical analysis
This trial was designed as a superiority study to detect
differences in clinical effectiveness to prevent post-ERCP pancreatitis with the addition of PD stent placement.
The effectiveness of pancreatic stenting was analyzed on
an intention-to-treat basis.
The χ 2 test or Fisher’s exact test were used to evaluate proportional differences. The Student t test was used
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Table 3 Placement of the pancreatic duct stent

Table 5 Final diagnoses in post-endoscopic retrograde cholangiopancreatography pancreatitis patients

No. of patients
60
Success rate in stent placement
100%
Rate of spontaneous stent dislodgement
96.7%
Duration time to dislodgement, d, (range)
2.1 (23)
Complications
Stent migration
0%
Post-ERCP pancreatitis
1.7%
Hyperamylasemia
30%
Hemorrhage
0%
Perforation
0%
Infection (cholangitis, cholecystitis)
0%
Others
0%
Mean serum amylase level after procedures, U/L, (range) 1246 (746-1964)

Non-stent Pancreatitis Stent Pancreatitis
Biliary disease
CBD stone
Cholangitis
Cholangiocarcinoma
Cholangiocellular carcinoma
Benign biliary stricture
Primary sclerosing cholangitis
GB stone
GB polyp
GB adenomyomatosis
Cholecystitis
GB carcinoma
Pancreatic disease
IPMN
MCN
SCN
Chronic pancreatitis
Pancreatic cyst
Pancreatic carcinoma

ERCP: Endoscopic retrograde cholangiopancreatography.

Table 4 Overall post-endoscopic retrograde cholangiopancreatography pancreatitis in non-stent and stent groups
Non-stent
No. of patients
Hyperamylasemia
Average serum amylase
level (IU/L) (range)
Post-ERCP pancreatitis
Mild
Moderate
Severe
Average serum amylase
level in pancreatitis cases
(IU/L) (range)

Stent

P value

60
23 (38.3%)
842.4 (381-2040)

60
18 (30%)
0.862
746.2 (420-1620) 0.798

8 (13.3%)
8
0
0
1720 (820-2040)

1 (1.7%)
0.0322
1
0.0322
0
0
1240 (746-1964) 0.04

3 (19%)
0
1 (25%)
0
0
0
0
0
0
0
1 (33%)

15
2
3
1
2
1
0
1
1
1
3

0
0
0
0
0
0
0
0
0
0
0

10
0
1
3
1
11

1 (10%)
0
0
0
0
2 (18%)

11
1
0
3
2
13

0
0
0
0
0
1 (8%)

CBD: Common bile duct; GB: Gallbladder; IPMN: Intraductal papillary
mucinous neoplasm; MCN: Mucinous cystic neoplasm; SCN: Serous cystic
neoplasm.

with reported rates of post-ERCP pancreatitis, ranging
from 1% to as high as 40% in patients with risk factors[1-5,7-13,18-22]. The rate of post-ERCP pancreatitis in the
stent and non-stent groups was significantly different
at 1.7% and 13.3%, respectively. Thus, prophylactic PD
stenting may reduce the rate of post-ERCP pancreatitis
from 13.3% to 1.7% in high risk patients. Our study suggested that PD stent placement prevented post-ERCP
pancreatitis in high risk patients. However the severity
of pancreatitis in this study was mild in all cases and
we were therefore were unable to assess the efficacy
of pancreatic stents for severe post-ERCP pancreatitis.
Considering the sample size of this study and no cases
of severe post-ERCP pancreatitis, this study had a limitation to determine any significant difference in severity
between the two groups.
Several prospective studies have suggested that prophylactic PD stent placement decreases the risk of pancreatitis in high risk patients[9-14]. In contrast, Smithline
et al[2] reported that PD stent insertion after ERCP did
not have a significant beneficial effect in individuals undergoing biliary sphincterotomy for various indications.
These differences may be attributed to variable levels of
risk for pancreatitis in the individual study populations.
However, two independent meta-analysis on the use of
pancreatic stent placement for post-ERCP pancreatitis
prophylaxis in patients at high risk of post-ERCP pancreatitis have demonstrated that stent placement significantly reduced the incidence of post-ERCP pancreatitis[10,23]. Based on these meta-analyses, European Society
of Gastrointestinal Endoscopy guidelines recommend
prophylactic pancreatic stent placement to prevent postERCP pancreatitis in high risk patients[24]. An updated
meta-analysis of RCTs involving pancreatic stent place-

ERCP: Endoscopic retrograde cholangiopancreatography. The Chi-square
test or Fisher’s exact test was used to determine the significance of associations, and P < 0.05 was regarded as significant.

Stent dislodgement
The rate of spontaneous dislodgement by the third day
was 96.7% (58/60), and the median (range) time to dislodgement was 2.1 (range, 2-3) d (Table 3).
Other complications
The rates of stent migration, hemorrhage, perforation,
infection (cholangitis or cholecystitis) or other complications were 0% (0/120) in both groups (Table 3).
Risk factors of post-ERCP pancreatitis
Table 5 shows the final diagnoses of those patients with
post-ERCP pancreatitis patients in both groups. Regarding
univariate analysis of risk factors for post-ERCP pancreatitis, there were no significant differences between groups
with respect to various high risk factors studied (Table 6).

DISCUSSION
We conducted a single-blind, randomized controlled
clinical study to evaluate the effectiveness of spontaneous dislodgement PD stents for preventing post-ERCP
pancreatitis in high risk patients. The overall rate of
post-ERCP pancreatitis was 7.5%. This was consistent
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2
4
2
1
2
1
1
1
1
3
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Table 6 Analysis of risk factors for post-endoscopic retrograde cholangiopancreatography pancreatitis n (%)
Non-stent
No. of patients
Age (< 60 yr)
Female
Previous post-ERCP pancreatitis
Sphincter of Oddi dysfunction
A difficult cannulation
Pre-cut
Pancreatic sphincterotomy
Pancreatic duct biopsy
IDUS for pancreatic duct
Procedure time greater than 30 min

60
17 (28)
25 (42)
5 (8)
0 (0)
10 (17)
0 (0)
5 (8)
5 (8)
27 (45)
29 (48)

Pancreatitis
8
3 (18)
3 (12)
1 (20)
0 (0)
2 (20)
0 (0)
1 (20)
1 (20)
3 (11)
4 (14)

Stent
60
18 (30)
27 (45)
5 (8)
0 (0)
10 (17)
0 (0)
4 (7)
6 (10)
25 (42)
33 (55)

Pancreatitis
1
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (17)
1 (4)
0 (0)

Univariate P value
0.72
0.78
0.68
0.68
0.68
0.87
0.74
0.72

ERCP: Endoscopic retrograde cholangiopancreatography; IDUS: Intraductal ultrasonography.

ment also showed that pancreatic stent placement after
ERCP reduced the risk of post-ERCP pancreatitis and
was beneficial for patients at high risk compared to those
who did not have stenting[25]. However, several areas
requiring further clarification were noted, including the
efficacy of pancreatic stents for severe post-ERCP pancreatitis, identification of risk factors and management
of adverse events, optimal stent design and material,
timing of both placement and removal, and comparison
of stenting with wire-guided cannulation or pharmacoprophylaxis[25]. Several of these points warrant further
investigation.
Regarding indications for stenting, prophylactic
pancreatic stent placement has been shown to be costeffective in patients at high risk of post-ERCP pancreatitis, but not in those at average risk[26]. Caution should
be used when attempting prophylactic pancreatic stent
placement due to the incidence of post-ERCP pancreatitis after failed attempts, which may be as high as 65%[27].
As such, prophylactic pancreatic stent placement in high
risk patients is cost-effective only if the success rate
of stent placement exceeds 75%. Careful selection of
patients with risk factors for post-ERCP pancreatitis is
therefore critical.
The type of stent used may also play an important
role in prophylactic care. As for diameter of stents, most
recent studies have used 3 Fr and 5 Fr diameter pancreatic stents. In two recent RCTs, 5 Fr stents proved
equivalent to 3 Fr stents for most outcomes studied,
though successful insertion of 5 Fr stents was achieved
significantly more often[28,29]. Placement of 3-4 Fr stents
require a small-caliber guidewire (0.018-0.025 inch), a
procedure that is difficult and which requires a high level
of experience[17,18,30,31]. In contrast, the 0.035-inch guidewire used for 5 Fr stents is relatively easy to use for stent
placement. Regarding stent length, we used very short
(3 cm) stents in this study. Long stents may be more
difficult to place and may have higher rates of spontaneous dislodgement, causing damage to the intestines. We
therefore recommend the use of shorter stents.
Regarding placement of PD stents, previous studies
reported a 5%-10% failure rate and a low rate of complications (2%)[2,9,13]. It is difficult to cannulate the PD after
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all the procedures, and PD cannulation itself may cause
pancreatitis. Unsuccessful cases were reported to be at
a higher risk of pancreatitis[7,27]. In our study, we could
place PD stents successfully in all patients. PD stentrelated complications, such as migration or occlusion,
did not occur in any patients. Based on the previous literature and our outcomes, we recommend 5 Fr diameter
and very short (3 cm) stents.
As for optimal stent design, Sofuni et al[12] reported
that the unflanged duodenal pigtail-type stent dislodged
spontaneously at a higher rate, and that handling of
the short duodenal pigtail stent may be complicated,
such as the sudden forward movement of the stent on
release, requiring close attention and experience. In addition, an internal flange may make spontaneous PD
stent dislodgement difficult. In contrast, stents without
an internal flange may dislodge spontaneously into the
duodenum by pancreatic juice flow or friction with passing food. Since we used 5 Fr straight type stents without
an internal flange, stents dislodged spontaneously in 1 d
or 2 d in most cases. In our study, the spontaneous dislodgement rate was 96% at 3 d, with a median of 2.1 d.
In the absence of spontaneous migration out of the PD
at 5-10 d post-ERCP, prompt endoscopic stent removal
is recommended due to the increased risk of post-ERCP
pancreatitis (relative risk 5.2 in patients without vs with
spontaneous stent elimination at 2 wk) and potential for
stent-induced damage to the PD[28,29]. It is our recommendation to avoid the use of stents with an internal flange
and to confirm stent dislodgement, or to remove stents
in a timely interval, preferably within 1-2 wk after ERCP.
Finally, prophylactic pancreatic stent placement by
operator and location warrants discussion. According
to survey data, only a small percentage of endoscopists
utilize prophylactic pancreatic stenting. The incidence of
post-ERCP pancreatitis and a high ERCP volume were
independently associated with the use of prophylactic
pancreatic stenting[32-35]. From these surveys, endoscopists who did not place prophylactic pancreatic stents
cited lack of experience in this technique as a primary
reason[32]. We anticipate that a stent insertion success
rate and low rate of complications can also be achieved
in other institutions by ERCP specialists. Placement of
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pancreatic stents is quickly becoming standard practice.
However, many endoscopists remain unfamiliar with the
specific techniques required to achieve safe and effective
PD guidewire access and stent placement. It is critically
important that all endoscopists performing ERCP become proficient in techniques for safe and effective stent
placement.
Our study has several limitations. First, this study is
single-blind and observation bias is inevitable. Second, we
could not evaluate the risk of post-ERCP pancreatitis in
patients who failed PD stent placement. Third, we could
not evaluate the efficacy of PD stenting alone because
nafamostat mesilate was administered in both groups.
In conclusion, pancreatic spontaneous dislodgement
stent placement decreases the risk of post-ERCP pancreatitis in patients who are likely to develop post-ERCP
pancreatitis.
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portion of BMI ≥ 27), and family history of diabetes
(i.e., self reported). For stability of results, a sensitivity analysis was conducted including only prospective
studies.
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RESULTS: Combining the electronic database and hand
searches, a total of 35 observational studies (in 31
articles) were identified for the final analysis. Based
on random-effects model, 17 studies (n = 286 084)
compared hepatitis C-infected patients with those
who were uninfected [summary odds ratio (OR): 1.68,
95% CI: 1.15-2.45]. Of these 17 studies, 7 were both
a cross-sectional design (41.2%) and cohort design
(41.2%), while 3 were case-control studies (17.6%).
Nineteen studies (n = 51 156) compared hepatitis C-infected participants with hepatitis B-infected (summary
OR: 1.92, 95% CI: 1.41-2.62). Of these 19 studies, 4
(21.1%), 6 (31.6%) and 9 (47.4%) were cross-sectional, cohort and case-control studies, respectively. A
sensitivity analysis with 3 prospective studies indicated
that hepatitis C-infected patients had a higher risk of
developing type 2 diabetes compared with uninfected
controls (summary odds ratio: 1.41, 95% CI: 1.17-1.7;
I 2 = 0%). Among hepatitis C-infected patients, male
patients (OR: 1.26, 95% CI: 1.03-1.54) with age over
40 years (summary OR: 7.39, 95% CI: 3.82-9.38) had
an increased frequency of type 2 diabetes. Some caution must be taken in the interpretation of these results because there may be unmeasured confounding
factors which may introduce bias.

Abstract
AIM: To investigate the association between hepatitis
C infection and type 2 diabetes mellitus.
METHODS: Observational studies assessing the relationship between hepatitis C infection and type 2 diabetes mellitus were identified via electronic and hand
searches. Studies published between 1988 to March
2011 were screened, according to the inclusion criteria
set for the present analysis. Authors performed separate analyses for the comparisons between hepatitis C
virus (HCV) infected and not infected, and HCV infected and hepatitis B virus infected. The included studies
were further subgrouped according to the study de2
sign. Heterogenity was assessed using I statistics. The
summary odds ratios with their corresponding 95% CIs
were calculated based on a random-effects model. The
included studies were subgrouped according to the
study design. To assess any factor that could potentially affect the outcome, results were further stratified
by age group (proportion of ≥ 40 years), gender (proportion of male gender), body mass index (BMI) (pro-
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CONCLUSION: The findings support the association
between hepatitis C infection and type 2 diabetes mellitus. The direction of association remains to be determined, however. Prospective studies with adequate
sample sizes are recommended.
© 2012 Baishideng. All rights reserved.
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we searched Cochrane Database of Systematic Reviews,
Cochrane Central Database of Controlled Trials, Database of Abstracts of Reviews of Effects, Google
Scholar, European Association for the Study of the Liver, Eurosurveillance (http://www.eurosurveillance.org/
ViewArticle.aspx?ArticleId=695), and GlaxoSmithKline
(http://www.gsk.com/reportsandpublications.htm). We
also searched the reference lists of the retrieved articles
and reviews of this field[9,10,13,14]. Our search was limited
to human studies and English publications. We also contacted the corresponding authors for any missing data or
clarification.

enterology, Toranomon Hospital, 2-2-2 Toranomonminato-ku,
Tokyo 105-8470, Japan
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INTRODUCTION

Study selection
Inclusion criteria for studies were: (1) An epidemiologic study design to conduct a primary or secondary
data analysis; (2) At least 1 comparison group without
HCV; (3) Provision of sufficient data to calculate odds
ratio (OR) or relative risk (RR) comparing type 2 DM in
HCV infected patients to non-HCV infected patients;
(4) Controlled for at least age and gender in the study
design or analysis; and (5) Conducted with not less than
20 HCV-infected patients. HCV was confirmed with the
detection of anti-HCV (tested with ELIZA) or HCV
RNA (detected by reverse transcriptase polymerase
chain reaction). Type 2 DM was confirmed with one of
the following criteria; (1) Self-reported type 2 DM (i.e.,
physician diagnosed); (2) Self-reported diabetes with
no history of insulin medication; (3) If fasting plasma
glucose exceeding 7.0 mmol/L (126 mg/dL) on two
separate occasions; or (4) Impaired fasting glycaemia was
between 6.1 mmol/L and 7.0 mmol/L with no insulin
medication. Where available, hepatitis B virus (HBV is
confirmed with positive hepatitis B surface antigen and/
or detectable serum HBV DNA. Definition of covariates such as family history of diabetes was taken directly
from included studies. Studies with patients having other
causes of chronic liver disease such as cirrhosis, autoimmune hepatitis, steatohepatitis, primary biliary cirrhosis,
primary cholangitis, and hepatocellular carcinoma were
excluded. One author (Mak JW) first screened titles and
abstracts of publications using eligibility criteria.
Two authors (Naing C, Ahmed SI) independently
recorded the detailed information from each primary
study using piloted forms that include relevant items: author, year of publication, country, confirmation of type
2 DM, confirmation of HCV, confirmation of HBV (if
presented), study design, number of controls and of cases, genotype of HCV (if provided), distribution of age
and gender, family history of diabetes. Any discrepancy
between these two investigators was resolved by discussion, and by consultation with another author (Maung M).

Hepatitis C virus (HCV) infections has been identified
as one of the leading causes of chronic liver disease with
serious sequelae such as end-stage cirrhosis and liver
cancer[1]. Moreover, chronic HCV infection has been associated with several extrahepatic complications[2-4]. The
suggestion that HCV may be associated with type 2 diabetes mellitus (type 2 DM) was first made by Allison in
1994. Since then, scores of observational studies assessing the association between HCV and type 2 DM have
been published. However, these studies have provided
inconclusive results, with some studies supporting the
excess type 2 DM risk with HCV infection compared to
non-HCV infected controls[3,5], and some studies showed
differently[6-8]. There are narrative reviews which have assessed the association between HCV infections and type 2
DM[9-13]. In 2008, a meta-analysis of observational studies
reported an excess type 2 DM risk with HCV infection[14].
After these reviews were published, new observational
studies in which prevalence of type 2 DM in patients
with HCV infection was assessed have been carried out in
endemic countries. As the epidemiology of HCV is complex and heterogeneous, information from studies across
geographic regions is important. Moreover, the current
review also assesses the traditional risk factors.
The objectives were (1) to investigate the available
evidence on the association between HCV infections
and type 2 DM; and (2) to assess the effect of study design and traditional risk factors on the association.

MATERIALS AND METHODS
Data sources and search strategy
Published studies that assess the association between
HCV and type 2 DM were searched in MEDLINE, EMBASE and PubMed databases covering the period from
1980 to March 2011. Literature search was carried out
using the combination of terms “diabetes”, “diabetes
mellitus”, “type Ⅱ diabetes mellitus”, “type 2 diabetes
mellitus”, “type Ⅱ diabetes”, “T2D”, “T2DM”, “type 2
DM”, “non-insulin dependent diabetes”, or “NIDDM”
and “hepatitis”, “hepatitis C”, “hepatitis C virus”, “
HCV”, “HVC”, or “chronic hepatitis” and “risk”, “risk
factor”, “case-control”, “cohort”, “clinical trial”, “crosssectional”, “epidemiology”, “observational”, “metaanalysis”, “systematic review”, or “review”. In addition,
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Statistical analysis
The degree of heterogeneity between studies was assessed using chi-square and I2 test. An I2 value greater
than > 50% is considered substantial heterogeneity[15].
We used the assumptions that OR from a case control
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Table 1 Preferred reporting items for systematic reviews and meta-analysis reporting
Section/topic
TITLE
Title
ABSTRACT
Structured summary

No.

Checklist item

Reported on page

1

Identify the report as a systematic review, meta-analysis, or both

2

Provide a structured summary including, as applicable: background; objec- Abstract
tives; data sources; study eligibility criteria, participants, and interventions;
study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number

INTRODUCTION
Rationale
Objectives

3
4

Describe the rationale for the review in the context of what is already known Introduction
Provide an explicit statement of questions being addressed with reference to Introduction
participants, interventions, comparisons, outcomes and study design

METHODS
Protocol and registration

5

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web
address), and, if available, provide registration information including registration number
Specify study characteristics (e.g., PICOS, length of follow-up) and report
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale
Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date
last searched
Present full electronic search strategy for at least one database, including any
limits used, such that it could be repeated
State the process for selecting studies (i.e., screening, eligibility, included in
systematic review, and, if applicable, included in the meta-analysis)

Eligibility criteria

6

Information sources

7

Search

8

Study selection

9

Data collection process

10

Data items

11

Risk of bias in individual studies 12

Summary measures
Synthesis of results

13
14

Title: Meta-analysis

NA

Methods: Search strategy and eligibility of relevant studies
Methods: Search strategy and
eligibility of relevant studies
Search strategy

Methods: Eligibility of relevant
studies; PRISMA flowchart provided
Describe method of data extraction from reports (e.g., piloted forms, indeMethods: Data extraction and
pendently, in duplicate) and any processes for obtaining and confirming data outcome measures
from investigators
List and define all variables for which data were sought (e.g., PICOS, funding
sources) and any assumptions and simplifications made
Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level),
and how this information is to be used in any data synthesis
State the principal summary measures (e.g., risk ratio, difference in means) Methods: Statistical analysis
Describe the methods of handling data and combining results of studies, if
done, including measures of consistency (e.g., I2) for each meta-analysis

PICOS: Participants, interventions, comparisons, outcomes and study design; PRISMA: Preferred reporting items for systematic reviews and meta-analysis;
NA: Not available.

study approximates the RR in a cohort study. The summary OR with their corresponding 95% CI was calculated based on a random-effects model. We performed
separate analysis for the comparisons between (1) HCV
infected and not infected and (2) HCV infected and
HBV infected. The included studies were subgrouped by
the study design. In order to assess any factor that could
potentially affect the outcome, results were stratified by
age group (proportion of ≥ 40 years), gender (proportion of male gender), body mass index (BMI) (proportion of BMI ≥ 27), and family history of diabetes (i.e.
self reported), where there was enough data. We also
examined the funnel plots for potential publication bias
among the included studies. A sensitivity analysis was
conducted including only prospective studies Data entry
and analysis was performed using RevMan 5.1[16]. The
methods and findings of the present review have been
reported based on the preferred reporting items for systematic reviews and meta-analysis checklist (PRISMA)
(Table 1)[17].
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RESULTS
Study selection
Figure 1 provides a flowchart of the present review. We
retrieved 57 full articles. Of these, 26 publications were
excluded because: (1) They were reviews[10-12]; (2) They did
not adequately distinguish type 2 DM from diabetes[18,19]; (3)
They were conducted in a special population such as transplant patients[20,21], patients with Human immunodeficiency
virus[22], with cryoglobulinemia[23], or with thalassemia[24]; (4)
They did not include or provide data on patients without
HCV infection[25-31]; (5) They were conducted in patients
with known chronic liver disease[32-35]; (6) It had less than
20 HCV infected patients[36-38]; and (7) It had duplicate
data[39]. The remaining 31 publications of 35 independent
studies[5,7,8,40-67] were eligible for inclusion in the present
meta-analysis. Four publications[8,55,56,66] assessed both HCV
positive vs negative and HCV positive vs HBV positive.
Study characteristics
A summary of study characteristics in the present analy-
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Table 2 Characteristics of the included studies
Study
Akbar et al[40]
Antonelli et al[41]
Arao et al[42]
Boschi-Pinto et al[43]
Butt et al[44]
Caronia et al[45]
Chehadeh et al[8]
Chen et al[46]
Gulcan et al[47]
Howard et al[48]
Huang et al[49]
Imazeki et al[50]
Jadoon et al[51]
Kaabia et al[52]
Knobler et al[53]
Lecube et al[54]
Li-Ng et al[55]
Mason et al[5]
Marzouk et al[56]
Mehta et al[57]
Nwokediuko et al[58]
Okan et al[59]
Olokoba et al[60]
Papatheodoridis et al[7]
Qureshi et al[61]
Rouabhia et al[62]
Ryu et al[63]
Sangiorgio et al[64]
Simó et al[65]
Wang et al[66]
Wang et al[67]

Country

Type of study

Age, yr (mean ± SD)

Confirmation of HCV

Confirmation of T2D

Saudi Arabia
Italy
Japan
Japan
United States
Italy
Kuwait
Taiwan
Turkey
United States
Taiwan
Japan
Nigeria
Tunisia
Israel
Spain
United States
United States
Egypt
United States
Nigeria
Turkey
Nigeria
Greece
Pakistan
Pakistan
Korea
Italy
Spain
Taiwan
China

CC
CC
CC
Cohort
Cohort
CC
Cohort
CS
CC
CS
CC
CC
Cohort
CS
CC
Cohort
Cohort
CS
Cohort
CS
CS
CS
CS
Cohort
CS
CS
Cohort
CS
CC
Cohort
CC

94% had > 402
65 ± 10

Anti-HCV
Anti-HCV, HCV RNA
Anti-HCV, HCV RNA
Anti-HCV

FBS
FPG
Random, FBG
Nil
ICD-9
FPG
FPG

65% had > 542
50.82
57.5 ± 8
51 (23-73)3
56.89 ± 11.9
51 (37-75)3
52.7 ± 0.73
45 ± 16.5
48.19 ± 10.32
55.62
54 ± 14
52.9 ± 14.1
30-794
72% had > 37
> 252
> 202
55.8 ± 11.84
51.92
51.5 ± 12
48.1 ± 15.3
42 ± 13
55 ± 9
44 ± 14
46.4 ± 21.2
50.9 ± 14.2
50.9 ± 14.2

Anti-HCV
HCV RNA
Anti-HCV
Anti-HCV, HCV RNA
Anti-HCV, HCV RNA
Anti-HCV, HCV RNA
Anti-HCV, HCV RNA
Anti-HCV
Anti-HCV, HCV RNA
HCV RNA
Anti-HCV, HCV RNA
HbsAg1
Anti-HCV
Anti-HCV, HCV RNA
Anti-HCV
Anti-HCV
Anti-HCV, HCV RNA
Anti-HCV
Anti-HCV, HCV RNA
Anti-HCV
Anti-HCV, HCV RNA
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
HCV RNA

Guideline5
Patient reported, FPG
FPG
FBS
Clinic diagnosed
Patient reported
FPG
FPG
ICD-9
FPG, Random
FBS
FPG
FPG
Nil
FBS
FPG
Random
FPG
FPG
WHO
FPG
FBS

1

For HBV infection; 2Mean; 3Mean and range; 4Range only; 5American Diabetes Association Guideline. CC: Case-control study; CS: Cross-sectional study;
FPG: Fasting plasma glucose; FBS: Fasting blood sugar; IFG: Impaired fasting glycaemic; HCV: Hepatitis C virus; T2D: Type 2 diabetes mellitus; HbsAg:
Hepatitis B surface antigen; ICD-9: International Classification of Diseases, Ninth Revision; WHO: World Health Organization.

385 of records
identified through
database searching

4 studies[51,60,62,67] identified for the present analysis were
published between 2010 and March 2011. Of the included studies, 17 studies (n = 286 084) compared HCVinfected participants with those uninfected; 7 were both
a cross-sectional design (41.2%) and cohort design
(41.2%), while 3 (17.6%) were case-control studies (Figure 2). Nineteen studies (n = 51 156) compared HCVinfected participants with HBV-infected; 4 (21.1%), 6
(31.58%) and 9 (47.4%) were cross-sectional, cohort and
case-control, respectively (Figure 3). The sample size of
the included studies widely varied from 135[52] to 126 926
participants[43].

1 of additional records
identified through
hand searches

22 of records after
duplicates removed

364 of records screened

307 of records
excluded (based on
inclusion criteria)

57 of full-text articles
assessed for eligibility

26 of full-text articles
excluded, with
reasons (see text)

Main results
Of the included studies, 17 studies (n = 286 084) compared HCV-infected participants with those uninfected
and the pooled OR was 1.68 (95% CI: 1.15-2.45). There
was, however, substantial heterogeneity among studies (I2
= 95%, heterogeneity P < 0.001). Nineteen studies (n =
51 156) compared HCV- infected participants with HBVinfected and the pooled OR was 1.92 (95% CI: 1.41-2.62).
There was evidence of considerable heterogeneity among
studies (I2 = 91%, heterogeneity P < 0.001). Among HCVinfected patients, based on available data, male patients

31 publications (of 35
independent studies)
included in quantitative
synthesis (meta-analysis)

Figure 1 Flowchart of studies identified for the present review.

sis is presented in Table 2. Five studies were carried out
in United States[5,44,48,55,57], and three each in Italy[41,45,64],
Japan[42,43,50] and Taiwan[46,49,66], among others. Notably,
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Study or subgroup

HCV presence
Events
Total

HCV absence
Odds ratio
Events
Total Weight, % IV, random, 95% CI

Odds ratio
IV, random, 95% CI

1.1.1 Case control study
[47]

Gulcan et al
19
20
598
610
[51]
Jadoon et al
124
906
593
12 094
[65]
Simo et al
14
18
102
158
Subtotal (95% CI)
944
12 862
Total events
157
1293
2
2
2
Heterogeneity: Tau = 0.33; Chi = 4.36, df = 2 (P = 0.11); I = 54%
Test for overall effect: Z = 1.61 (P = 0.11)

2.3
7.2
4.3
13.8

1.1.2 Cohort study
[43]
Boschi-Pinto et al
5
222
6
743
4.2
[44]
Butt et al
18 023 126 926
16 627 126 926
7.3
[8]
Chehadeh et al
72
181
170
181
5.9
[54]
Lecube et al
115
498
26
144
6.6
[55]
Li-Ng et al
61
113
109
388
6.7
[56]
Marzouk et al
16
177
25
577
6.0
[66]
Wan et al
157
1356
300
3486
7.2
Subtotal (95% CI)
129 473
132 445
44.0
Total events
18 449
17 263
2
2
2
Heterogeneity: Tau = 0.39; Chi = 121.42, df = 6 (P < 0.00001); I = 95%
Test for overall effect: Z = 0.26 (P = 0.79)
1.1.3 Cross sectional study
[46]
Chen et al
56
78
[48]
Howard et al
39
265
[52]
Kaabia et al
16
24
[58]
Nwokediuko et al
27
32
[59]
Okan et al
52
692
[60]
Olokoba et al
26
40
[64]
Sangiorgio et al
115
1514
Subtotal (95% CI)
2645
Total events
331
2
2
Heterogeneity: Tau = 1.13; Chi = 83.22, df = 6 (P
Test for overall effect: Z = 2.29 (P = 0.02)

764
59
1133
174
12
254
30

1641
101
2441
303
1014
835
1300
7715

6.5
6.6
5.3
4.9
6.1
6.0
6.8
42.2

0.38
3.08
1.92
2.03

[0.05,
[2.50,
[0.60,
[0.86,

3.08]
3.78]
6.12]
4.83]

2.83
1.10
0.04
1.36
3.00
2.19
1.39
1.07

[0.86, 9.36]
[1.07, 1.12]
[0.02, 0.08]
[0.85, 2.19]
[1.95, 4.62]
[1.14, 4.21]
[1.13, 1.71]
[0.64, 1.78]

2.92 [1.77, 4.83]
0.36 [0.23, 0.57]
2.31 [0.98, 5.42]
4.00 [1.50, 10.68]
6.78 [3.59, 12.81]
4.25 [2.18, 8.27]
3.48 [2.31, 5.24]
2.63 [1.15, 6.01]

2426
2
< 0.00001); I = 93%

Total (95% CI)
133 062
153 022 100.0
Total events
18 937
20 982
2
2
2
Heterogeneity: Tau = 0.51; Chi = 339.70, df = 16 (P < 0.00001); I = 95%
Test for overall effect: Z = 2.68 (P = 0.007)
2
2
Test for subgroup differences: Chi = 3.93, df = 2 (P = 0.14); I = 49.2%

1.68 [1.15, 2.45]

Decreased risk of T2D

Increased risk of T2D

Figure 2 Forest plot of comparison: Hepatitis C virus-infected patients vs hepatitis C virus-noninfected patients, outcome is type 2 diabetes mellitus. HCV:
Hepatitis C virus; IV: Inverse variance; T2D: Type 2 diabetes mellitus.

years (summary OR: 7.39, 95% CI: 5.82-9.38) had significantly increased type 2 DM prevalence (Table 3). Funnel
plots of the associations between HCV and type 2 DM
were investigated, providing little evidence of publication
bias (Figure not shown).
For better stability of the results, sensitivity analysis
with three prospective studies (n = 6449)[43,54,66] provided
the pooled OR: 1.41 (95% CI: 1.17-1.7, I2 = 0%), supporting the increased frequency of type 2 DM in HCV
(Figure 4).

Table 3 Stratified analysis of type 2 diabetes mellitus in
hepatitis C virus-infected participants
Description
Age (k = 3; n = 599)
≥ 40 yr
< 40 yr
BMI (k = 3; n = 190)
≥ 27
< 27
Gender (k = 8; n = 757)
Male
Female
Family history of diabetes (k = 3; n = 580)
Yes
No

Cases

OR

95% CI

455 vs 144

7.39

5.82-9.38

65 vs 190

0.87

0.08-9.19

401 vs 356

1.26

1.03-1.54

420 vs 164

4.64

0.57-38.04

DISCUSSION
This review indicates that patients with HCV infections
were at higher risk of developing type 2 DM compared
with patients with HBV infection. Findings of this review
are comparable with a previous review[14], and a large
sample-individual study[56]. In the 2008 review[14] an excess
risk of type 2 DM in HCV-infected cases was observed in

OR: Odds ratio; BMI: Body mass index; k: Number of primary studies; n:
Number of participants.

(summary OR: 1.26, 95% CI: 1.03-1.54) with age over 40
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HCV
Study or subgroup
2.1.1 Case control study
[40]
Akbar et al
[41]
Antonelli et al
[42]
Arao et al
[45]
Caronia et al
[47]
Gulcan et al
[49]
Huang et al
[50]
Imazeki et al
[53]
Knobler et al

HBV

Events

Total

Events

31
71
148
272
19
645
74
15

153
564
707
1151
20
9932
544
45

33
26
19
17
31
130
18
5

Odds ratio
Total Weight, % IV, random, 95% CI
226
384
159
181
32
9932
286
90

5.6
5.9
5.7
5.7
1.0
6.6
5.6
3.7

[67]

Wan et al
46
296
5
63
4.1
Subtotal (95% CI)
13 412
11 353
43.9
Total events
1321
284
2
2
2
Heterogeneity: Tau = 0.31; Chi = 44.81, df = 8 (P < 0.00001); I = 82%
Test for overall effect: Z = 4.38 (P < 0.0001)
2.1.2 Cohort study
[8]
Chehadeh et al
72
181
[55]
Li-Ng et al
61
113
[56]
Marzouk et al
9
111
[7]
Papatheodoridis et al
33
260
[63]
Ryu et al
23
260
[66]
Wan et al
116
812
Suntotal (95% CI)
1737
Total events
314
2
2
Heterogeneity: Tau = 0.46; Chi = 43.41, df = 5 (P
Test for overall effect: Z = 0.15 (P = 0.88)

108
21
25
25
27
300

170
36
577
174
260
3486
4703

6.0
4.8
4.7
5.6
5.5
6.5
33.1

1.49
1.98
1.95
2.99
0.61
5.24
2.34
8.50

Odds ratio
IV, random, 95% CI

[0.87, 2.55]
[1.24, 3.17]
[1.17, 3.26]
[1.78, 5.01]
[0.04, 10.39]
[4.33, 6.34]
[1.37, 4.01]
[2.85, 25.39]

2.13 [0.81, 5.61]
2.64 [1.71, 4.07]

0.38 [0.25, 0.58]
0.84 [0.39, 1.79]
1.95 [0.88, 4.30]
0.87 [0.50, 1.52]
0.84 [0.47, 1.50]
1.77 [1.41, 2.23]
0.95 [0.53, 1.73]

506
2
< 0.00001); I = 88%

2.1.3 Cross sectional study
[5]
Mason et al
145
604
64
486
6.3
[57]
Mehta et al
1237
8528
546
9551
6.7
[61]
Qureshi et al
74
302
19
98
5.5
[62]
Rouabha et al
102
261
6
121
4.5
Subtotal (95% CI)
9695
10 256
23.0
Total events
1558
635
2
2
2
Heterogeneity: Tau = 0.18; Chi = 20.70, df = 3 (P = 0.0001); I = 86%
Test for overall effect: Z = 4.15 (P < 0.0001)
Total (95% CI)
24 844
26 312 100.0
Total events
3193
1425
2
2
2
Heterogeneity: Tau = 0.37; Chi = 210.73, df = 18 (P < 0.00001); I = 91%
Test for overall effect: Z = 4.13 (P < 0.0001)
2
2
Test for subgroup differences: Chi = 9.10, df = 2 (P = 0.01); I = 78.0%

2.08 [1.51, 2.88]
2.80 [2.52, 3.11]
1.35 [0.77, 2.38]
12.30 [5.22, 28.99]
2.77 [1.71, 4.47]

1.92 [1.41, 2.62]

0.01
0.1
1
Decreased risk of T2D

10
100
Increased risk of T2D

Figure 3 Forest plot of comparison: Hepatitis C virus-infected patients vs hepatitis B virus-infected patients, outcome is type 2 diabetes mellitus. HCV:
Hepatitis C virus; HBV: Hepatitis B virus; IV: Inverse variance; T2D: Type 2 diabetes mellitus.

comparison to HBV-infected controls (summary OR: 1.63,
95% CI: 1.11-2.39). In the present analysis, this is also
encountered (summary OR: 1.92, 95% CI: 1.41-2.62) and
the association becomes stronger over time.
As both these viruses can replicate in extra-hepatic
sites they can produce β-cell damage resulting in diabetes[10,61]. The lower risk in HBV infection could be
explained by two factors: (1) Hepatitis B has been controlled in most developed countries, with active HBV
vaccination programme; the occurrence of chronic HBV
and its complications in these countries is very low; and
(2) The disease progression is rather fast in HBV infection and therefore very few patients reach the level of
cirrhosis and thus diabetes frequency is lower in this
population[61].
An excess risk of type 2 DM in HCV infected cases
was also observed in comparison to non-HCV infected
controls in the present analysis (summary OR: 1.63, 95%

WJG|www.wjgnet.com

CI: 1.11-2.39). The evidence of heterogeneity in these
studies could be explained by variation in definition of
case and control subjects and in the sample size of the
primary studies.
Available studies had suggested that an expression of
the HCV core protein induces hepatic insulin resistance
through alterations in signaling in the insulin receptor
substrate-1 pathway. This, along with other factors such
as diet and obesity, can result in expression of the diabetic phenotype[38,61,68-70]. When insulin resistance reaches
extents no longer compensated by the β-cell, insulin
secretion declines and hyperglycemia emerges[10,68,70]. The
complex interaction of chronic HCV infection with the
host hepatic glucose and lipid metabolism has not been
fully understood[10,65,67,70] and it remains to be determined.
In the studies identified, anti-HCV antibody was assessed only at the entry point of the study. Anti-HCV
is considered as time-varying[43]. As such, there may be
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Study or subgroup

HCV-infected
Events
Total

HCV-noninfected
Odds ratio
Events
Total Weight, % M-H, random, 95% CI

1.2.2 Cohort study
[43]
Boschi-Pinto et al
5
222
[54]
Lecube et al
115
498
[66]
Wan et al
157
1356
Subtotal (95% CI)
2076
Total events
277
2
2
Heterogeneity: Tau = 0.00; Chi = 1.34, df = 2 (P =
Test for overall effect: Z = 3.64 (P = 0.0003)

6
26
300

743
144
3486
4373

2.4
15.3
82.3
100.0

2.83
1.36
1.39
1.41

100.0

1.41 [1.17, 1.70]

Odds ratio
M-H, random, 95% CI

[0.86, 9.36]
[0.85, 2.19]
[1.13, 1.71]
[1.17, 1.70]

332
2
0.51); I = 0%

Total (95% CI)
2076
4373
Total events
277
332
2
2
2
Heterogeneity: Tau = 0.00; Chi = 1.34, df = 2 (P = 0.51); I = 0%
Test for overall effect: Z = 3.64 (P = 0.0003)
Test for subgroup differences: Not applicable

0.01
0.1
1
Decreased risk of T2D

10
100
Increased risk of T2D

Figure 4 Sensitivity analysis with prospective studies: Hepatitis C virus-infected patients vs hepatitis C virus-non-infected patients, outcome is type 2 diabetes mellitus. HCV: Hepatitis C virus; M-H: Mantel-Haenszel; T2D: Type 2 diabetes mellitus.

a likelihood of changes in serological status of antiHCV over the study period. Liver disease and endocrine
disorders, both common in the general population, have
a bidirectional and complex relationship[69]. In addition,
it is conceivable that patients with an earlier stage of
chronic HCV infection have β-cell dysfunction but that
diabetes does not become established until cirrhosis has
supervened. Thus, a combination of β-cell dysfunction
and insulin resistance is required for overt expression of
diabetes mellitus[2,10,45]. Patients in some of the primary
studies were not confirmed for the absence of cirrhosis
by liver biopsy which is the best predictor of disease
progression[2]. As such, we were unable to rigorously
exclude cirrhosis individuals from the present analysis,
and including these patients in the analysis may have
exaggerated the association estimated. Of interest, it has
been postulated that HCV has a permissive rather than
a direct effect on the development of diabetes and acts
in concert with other determinants to lead to diabetes[70].
Recent animal model evidence suggests a more direct effect of HCV infection on insulin resistance in the liver[38]
indicating the role of hepatic tumor necrosis factor-α in
affecting insulin signaling in this animal model of HCV
infection[71]. In the present review, as cross-sectional and
longitudinal prospective studies both show the same
evidence, an excess type 2 DM risk in HCV-infected persons suggests a direct role of HCV in inducing derangement of glucose metabolism[9,10,45]. Further, there may be
other factors influencing the development of type 2 DM
in HCV infected patients which is not possible to address in the present analysis.
There are limitations to the present study. Most, if
not all, observational studies have the potential for ascertainment bias[10,70] particularly for the studies in which
diabetes status was defined by self report. Thus, there
may be biased estimates of association. Moreover, recall
bias is a factor in case-control studies. Although confounding factors were addressed in many of these observational studies, it is likely that there may be unmeasured
confounding factors which may introduce bias into our
findings. Further, as patient level data were not available
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for each study, we could not make further adjustments
for important factors such as genotype that were not included in most of the primary studies.
Biological plausibility
Findings of those prospective studies[42,53,66] which have
measured HCV prior to diagnosis of type 2 DM support
evidence for a temporal relationship between exposure
and outcome. In a study[43], a significant link between
viral load and diabetes was found and it supported the
diabetogenic role of HCV infection. The influence of
viral load on the progression rate of type 2 DM was
not examined in most of the studies. More research is
needed to assess a dose-response association. It is also
recommended that surveillance of HCV could indicate
whether trends in its incidence continue to reflect changes in the prevalence of type 2 DM in the defined group.
Public health implications
If the associations do support temporality, the early detection and provision of aggressive antiviral treatment
for HCV could prevent the development of type 2 DM,
particularly in patients at high risk of HCV.
Nevertheless, the findings of the current analysis, to
a certain extent, represent the HCV endemic countries.
The present study has significant strengths in two ways:
(1) It is comprehensive, including most recent studies;
and (2) It addresses traditional risk factors (age, gender,
BMI, family history of diabetes) which could potentially
affect the outcome. As the prevalence of obese patients
obtained in the group of HCV-positive patients with
type 2 DM was significantly lower than that in diabetic
HCV-negative patients found in an independent study[8]
and also in the present meta-analysis, it is suggesting the
pathogenesis of diabetes in HCV infection could be different from that in the general population.
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METHODS: The study was conducted by analyzing
the National Health Research Institutes (NHRI) dataset
of ambulatory care patients, inpatient claims, and the
updated registry of beneficiaries from 2000 to 2008. A
total of 615 532 diabetic patients without a prior history of hospital treatment or ambulatory care visits for
symptomatic GSD were identified in the year 2000.
Age- and gender-matched control individuals free from
both GSD and diabetes from 1997 to 1999 were randomly selected from the NHIR database (n = 614 871).
The incidence densities of symptomatic GSD were estimated according to the subjects’ diabetic status. The
distributions of age, gender, occupation, income, and
residential area urbanization were compared between
diabetic patients and control subjects using Cox proportion hazards models. Differences between the rates
of selected comorbidities were also assessed in the
two groups.
RESULTS: Overall, 60 734 diabetic patients and 48 116
control patients developed symptomatic GSD and underwent operations, resulting in cumulative operation
rates of 9.87% and 7.83%, respectively. The age and
gender distributions of both groups were similar, with a
mean age of 60 years and a predominance of females.
The diabetic group had a significantly higher prevalence of all comorbidities of interest. A higher incidence
of symptomatic GSD was observed in females than in
males in both groups. In the control group, females under the age of 64 had a significantly higher incidence of
GSD than the corresponding males, but this difference
was reduced with increasing age. The cumulative incidences of operations for symptomatic GSD in the diabetic and control groups were 13.06 and 9.52 cases per
1000 person-years, respectively. Diabetic men exhibited
a higher incidence of operations for symptomatic GSD
than did their counterparts in the control group (12.35
vs 8.75 cases per 1000 person-years).

Abstract
AIM: To investigate the prevalence of gallstone dis-

WJG|www.wjgnet.com

1652

April 14, 2012|Volume 18|Issue 14|

Liu CM et al . Cohort of symptomatic GSD in diabetes

CONCLUSION: The association of diabetes with increased symptomatic GSD may provide insight to the
treatment or management of diabetes in clinical settings.

as either cholesterol stones or pigment stones according
to their morphology and composition. The composition
of cholesterol stones varies widely across different populations. For example, gallstones consist of more than
50% cholesterol in Western patients and an overwhelming 95% in Germany[17-20]. A mechanistic link between
diabetes and GSD was recently defined using an animal
model with increased cholesterol secretion and insulin
resistance[21].
The inconsistent reports of the prevalence of GSD
in diabetic patients have been attributed primarily to
variations in study design[22-26]. One case-control study
reported an estimated GSD rate of 32.7% in patients
with diabetes and 20.8% in corresponding non-diabetic
controls[14]. In contrast, Persson et al[22] reported no differences in the prevalence of GSD between diabetic patients and controls. Another case-control study reported
that diabetes increased the prevalence of gallstones in
females but not in males (47% vs 26%)[23]. To our knowledge, few studies have investigated the incidence of
GSD in diabetic and non-diabetic patients using a cohort
design. Furthermore, the majority of studies have been
hospital-based or community-based, which might compromise the representativeness of the study sample, thus
reducing the statistical power for comparisons of GSD
risk in patients with and without diabetes. A populationbased follow-up study conducted in Kinmen, Taiwan,
reported that the incidence of GSD was 3.56% per year
among type 2 diabetics[24-27]. However, it seems to be
inappropriate to generalize the results from this small
sample (n = 281) to the entire Taiwanese population.
Examining the co-occurrence of medical conditions
related to diabetes and GSD may shed light on a common etiology and enable the identification of common
biological mechanisms or pathways, which may greatly
contribute to clinical interventions for GSD. Furthermore, diabetic patients with a number of complications
must be aware of the symptoms and treatment for all of
these diseases[28]. Given that most patients with GSD are
asymptomatic and are not aware that they have gallstones,
although the assessment of GSD risk among diabetic
patients may add disease burden to policy makers responsible for planning health care resources, this may draw attention to the importance of managing diabetes per se and
its related complications in clinical settings[1,29,30].
This study aimed to examine the risks of developing
GSD among diabetic patients. The presence of comorbidities associated with diabetes was also evaluated in
the representative diabetic cohorts retrieved from the
Taiwanese National Health Research Insurance (NHRI)
database.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gallstone disease (GSD) is one of the most common
and costly digestive diseases worldwide, and it is more
prevalent in Europe and America than in Asia and Africa. Symptomatic GSD and its related complications
inflict heavy economic costs and social burdens [1-3]
because surgical gallbladder removal, usually by laparoscopic cholecystectomy, is often required. GSD affects
10%-15% of the United States population (over 25 million people). Approximately 25% of the patients require
treatment, at a cost of several billion dollars annually[4].
The prevalence of GSD in Taiwan is 4.3%-10.7% and
increases significantly with age, which is consistent with
reports from other countries[5]. In addition, an increasing
trend in the incidence of severe GSD among patients
aged 20-39 years has been reported in Taiwan[6]. Published epidemiological studies of GSD have revealed a
steady upward trend in the admission rates for treatment
of gallstones since the 1990s[7]. However, the reported
prevalence of GSD varies considerably depending on
study design, patient ethnicity, and geographic region[8-11].
A number of factors, including old age, female gender,
genetics, diet, obesity, diabetes, and the use of oral contraceptives or hormone therapy, have been associated
with increased risk of GSD[12,13].
Diabetic patients appear to have an increased risk of
developing gallstones[14,15]. Although previous studies reported mixed results regarding the temporal relationship
between GSD and diabetes, the reciprocal relationship
between GSD and diabetes suggests a common etiological or biological mechanism[16] that may be reflected in
gallstone composition. Gallstones are generally classified
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MATERIALS AND METHODS
Data source
The Department of Health in Taiwan created the universal National Health Insurance (NHI) system in 1995,
and approximately 96% of the Taiwanese population
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had been covered in the NHI program by the end of
1996 [28]. The Bureau of NHI (BNHI) has contracts
with 97% of hospitals and 90% of clinics across the
island[31,32]. To ensure the accuracy of the claim data, the
BNHI conducts expert reviews of a random sample of
50-100 ambulatory and inpatient claims from each hospital and clinic quarterly. The computerized administrative claims and datasets compiled by the NHRI are made
available to investigators for research purposes after the
individual health information is encrypted to ensure
privacy[33]. This study was conducted using the NHRI
dataset of ambulatory care claims, inpatient claims, and
the updated registry of beneficiaries from 2000 to 2008.

were diagnosed.
Statistical analysis
The age, sex, occupation, income, and residential urbanization level were compared between diabetic patients
and control subjects. The differences in the rates of
selected comorbidities were assessed in the two groups.
We also estimated the incidence densities of symptomatic GSD according to the subjects’ diabetic status.
Cox proportion hazards models were generated to
assess the gender- and age-specific effects of diabetes
on the risk of developing gallstones. Hazard ratios (HR)
and 95% CI were calculated to estimate the relative risk
of developing symptomatic GSD. All analyses were performed using SAS statistical software (version 9.1 for
Windows; SAS Institute, Inc., Cary, NC), and the results
were considered to be statistically significant when twotailed P values were less than 0.05.

Study cohorts and comorbidities
Diabetic ambulatory care claims record the patients
with diabetes-related diagnoses (ICD-9: 250 or A-code:
A181). An individual was classified as a diabetic patient
if she or he had an initial diabetes-related diagnosis at
any time in 2000 and then experienced one or more additional diagnoses within the subsequent 12 mo. The
first and last outpatient visits within a given year must be
at least 30 d to avoid the accidental inclusion of miscoded patients[34]. To detect newly diagnosed gallstone cases,
we excluded patients who sought hospital or ambulatory
care treatment for gallstones (ICD-9: 574) from 1997 to
1999. A total of 615 532 diabetic patients were identified
in the year 2000.
Subjects in the control group were selected from
all beneficiaries insured in 2000 who were free from
both diabetes and GSD from 1997 to 2000. A total of
614 871 control individuals were randomly selected to
generate an age- and gender-matched control population
for the diabetic group.
Once the study subjects were identified, we examined
the ambulatory care visits and hospitalization claims for
selected comorbidities including hypertension (ICD-9:
401, 405), gout (ICD-9:274), hyperlipidemia (ICD-9:
272.0-272.9, A182), cystic fibrosis (ICD-9: 277.0), sickle
cell anemia (ICD-9: 282.6), cirrhosis (ICD-9: 571.2,
571.5, 571.6), cholangitis (ICD-9: 576.1), Caroli’s disease (ICD-9: 576.2), Crohn’s disease (ICD-9: 555.9),
and hemolytic anemia (ICD-9: 282-283). The comorbidities mentioned above were counted only when the
initial diagnosis had been made during the study period
(2000-2008).

RESULTS
A total of 615 532 diabetic patients and 614 817 control
participants who were initially free of symptomatic GSD
were included in this study (Table 1). The two groups
had similar baseline age and gender distributions, with
a mean age of 60 years and a greater proportion of
females. Although the average insurance premium was
lower for patients in the diabetic group, the Charlson
score was extraordinarily higher. The geographical distributions and urbanization scores of diabetic patients
were also similar to those of the control group.
The diabetic group exhibited significantly higher
baseline rates for all comorbidities of interest (Table 2).
The largest discrepancy in prevalence was noted for hyperlipidemia (73.4% vs 37.8%), followed by hypertension
(86.7% vs 61.8%) and gout (32.4% vs 23.3%).
Over the 8-year follow-up period, 60 734 diabetic patients and 48 116 controls developed symptomatic GSD
and underwent operations. The cumulative operation rates
for the diabetic and control groups were 9.87% and 7.83%,
respectively (Table 3). A higher incidence of symptomatic
GSD was also found in females than in males in both
groups. Particularly, females under the age of 64 in the
control group had a significantly higher incidence of GSD
(20% and 22% more) than the corresponding males, but
this difference decreased with increasing age. A similar
but less significant pattern was also observed in the diabetic group (Table 3). Figure 1 shows that the cumulative
incidence rates of operations for symptomatic GSD in
the diabetic and control groups were 13.06 and 9.52 cases
per 1000 PYs between 2000 and 2008. Diabetic men had
a higher incidence of operations for symptomatic GSD
than did their control counterparts (12.35 vs 8.75 cases per
1000 PYs), representing a significantly increased adjusted
hazard ratio of 1.12 (95% CI: 1.07-1.16) for diabetic men.
Furthermore, diabetic women also had a modest but
significant additional risk of developing GSD during the
8-year follow-up period (HR = 1.05; 95% CI: 1.01-1.08).

Study endpoints
The study subjects from the diabetic and control groups
were linked to ambulatory care visits and hospitalization
claims from 2000 to 2008 for possible gallstone episodes (ICD-9-CM 574). Person-years (PYs) of followup were calculated for each diabetic patient from the
time of his/her first diagnosis of diabetes in 2000 to the
date of the first ambulatory care visit or hospitalization
due to gallstones prior to the end of 2008. The PYs for
control subjects were defined as the period between the
first day of insurance coverage by NHI in 2000 and the
date that the first gallstone symptoms developed and
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Table 1 Characteristics of diabetic and control groups in this
study, 2000-2008, Taiwan, China
Variables

1

Control group

n

%

Age, yr
< 45
69 617
11.3
45-64
296 810
48.3
> 64
248 444
40.4
Mean age (± SD)
60.0 ± 12.8
Sex
Female
319 308
51.9
Male
295 563
48.1
Insurance premium (NTD)2
Dependent
156 296
25.4
< Median (19 200)
135 948
22.1
322 627
52.5
≥ Median
Mean premium (± SD)3
20 142.6 ± 15 269.4
Charlson score
0
551 094
89.6
1
49 777
8.1
14 000
2.3
≥2
Mean score (± SD)
0.1 ± 0.4
Geographic area
Northern
269 239
44.2
Central
151 693
25.0
Southern
168 995
27.8
Eastern
17 938
3.0
Urbanization status
Metropolis
243 808
39.8
Satellite city/town
163 515
26.8
Rural area
202 343
33.2
Total
614 871
100.0

Table 2 Prevalence of selected comorbidities at baseline in
diabetic and control groups, 2000-2008, Taiwan, China
Variables

Diabetic group

n

%
Hypertension
No
Yes
Gout
No
Yes
Hyperlipidemia
No
Yes
Cystic fibrosis
No
Yes
Cirrhosis
No
Yes
Cholangitis
No
Yes
Caroli’s disease
No
Yes
Crohn’s disease
No
Yes
Hemolytic anemia
No
Yes
Total

69 825
11.3
297 142
48.3
248 562
40.4
60.1 ± 12.7
319 310
295 566

1

51.9
48.1

169 761
27.6
137 408
22.3
308 363
50.1
19 307.7 ± 14 454.7
0
0.0
444 658
72.2
170 874
27.8
1.4 ± 0.8
269 920
141 321
178 627
17 944

44.4
23.2
29.4
3.0

255 467
159 687
193 949
615 532

42.0
26.2
31.8
100.0

1

Control group

Diabetic group

n

%

n

235 138
379 733

38.2
61.8

81 913
533 619

13.3
86.7

471 346
143 525

76.7
23.3

416 400
199 132

67.6
32.4

382 560
232 311

62.2
37.8

163 598
451 934

26.6
73.4

614 836
35

99.9
0.1

615 470
62

99.9
0.1

589 838
25 033

95.9
4.1

569 024
46 508

92.4
7.6

605 197
9674

98.4
1.6

602 604
12 928

97.9
2.1

612 979
1892

99.7
0.3

613 326
2206

99.6
0.4

590 912
23 959

96.1
3.9

590 404
25 128

95.9
4.1

612 100
2771
614 871

99.6
0.4
100.0

612 111
3421
615 532

99.4
0.6
100.0

P value2

%
< 0.001

< 0.001

< 0.001

0.006

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

1

The inconsistencies between the total population and the sums of the populations for individual variables are due to missing information; 2NTD:
New Taiwan Dollars; 3Dependent insurers were not included.

Hypertension (ICD-9: 401-405, A260, A269), gout (ICD-9: 274), hyperlipidemia (ICD-9: 272.0–272.4, A182), cystic fibrosis (ICD-9: 277.0), cirrhosis
(ICD-9: 571.2, 571.5, 571.6), cholangitis (ICD-9: 575.8, 576.1), Caroli’s disease (ICD-9: 576.2), Crohn's disease (ICD-9: 555.0, 555.1, 555.9), hemolytic
anemia (ICD-9: 282–283); 2Based on χ 2 test.

DISCUSSION
potential explanation for this discrepancy might be that
the control group in this study, which was age- and gender-matched to the diabetic group, was older than the
study cohorts in previous reports.
Despite the controversies about the prevalence of
GSD in diabetic vs non-diabetic groups, GSD is not uncommon in patients with diabetes. Previous studies have
reported that roughly 14%-30% of diabetic patients
develop GSD[14,22-25]. One population-based follow-up
study indicated that 3.56% of type 2 diabetic patients developed GSD per year. However, no conclusions about
relative risk can be made based on these estimated incidence rates because no control groups were included in
these studies[27]. Our study, based on a population-based
dataset in Taiwan, illustrated that approximately 9.52%
of the Taiwanese population developed symptomatic
GSD annually, and the incidence density was higher in
diabetic group than in the general population (13.06% vs
9.52%). In addition, females and older individuals were
more likely to develop symptomatic GSD, regardless of
their diabetes status. The results were consistent with the
previously described epidemiology of GSD. It is noteworthy that gender differences in symptomatic GSD in-

This study aimed to explore the risk of developing
symptomatic GSD in diabetic patients compared with
the general population and to examine the risk of comorbidities related to diabetes. The study revealed a
higher incidence of symptomatic GSD in patients with
diabetes in all age groups. Furthermore, the cumulative incidence trends were more marked in women than
in men. The prevalence of selected comorbidities was
higher in the diabetic group with symptomatic gallstones
than in those without gallstones.
A previous study in an Italian population reported
that the cumulative incidence of GSD was 0.67% per
year, and GSD was more common in females than in
males[13]. Another study reported that the 5-year incidence of gallstone disease was approximately 2%-3%
among Danish individuals over the age of 40[12]. Our
analysis of the Taiwanese NHRI datasets revealed that
the incidence and the incidence density of symptomatic
GSD in non-diabetic patients were approximately 7%
and 9% per year, respectively. These incidence estimates
are slightly higher than those measured in Western countries. Previous evidence has shown that both incidence
and prevalence increase with age[1,9-12]. Therefore, one
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Table 3 Overall age- and sex-specific incidence densities and relative hazards of gallstone disease (ICD-9: 574) in diabetic and control groups, 2000-2008, Taiwan, China
1

Variables

Control group
No. of
patients

Men
< 45
45-64
> 64
Total
Women
< 45
45-64
> 64
Total
Overall

No. of
events

No. of
patients

ID (per 1000
patient-years)
2,3
(95% CI)

40 537
141 899
113 127
295 563

1467
9184
10 241
20 892

4.25 (4.24-4.25)
7.59 (7.58-7.59)
12.31 (12.30-12.31)
8.75 (8.75-8.76)

29 080
154 911
135 317
319 308
614 871

1292
12 596
13 336
27 224
48 116

5.11 (5.11-5.12)
9.30 (9.29-9.30)
12.61 (12.60-12.61)
10.21 (10.21-10.22)
9.52 (9.52-9.53)

2

Increased % vs males
+ 20.8%
+ 22.5%
+ 20.8%
+ 2.4%

No. of
events

2

ID (per 1000
patient-years)
2,3
(95% CI)

40 537
141 899
113 129
295 566

2360
12 561
12 224
27 145

7.06 (7.06-7.07)
11.23 (11.22-11.23)
16.40 (16.39-16.40)
12.35 (12.34-12.35)

29 079
154 911
135 318
319 310
615 532

1898
15 989
15 685
33 572
60 734

7.69 (7.69-7.70)
12.59 (12.58-12.59)
16.81 (16.81-16.82)
13.70 (13.70-13.71)
13.06 (13.06-13.07)

2,4

aHR (95% CI)
in association with
diabetic group

Diabetic group

2

0.80 (0.66-0.96)4
1.03 (0.96-1.09)4
1.20 (1.14-1.27)4
1.12 (1.07-1.16)5
Increased % vs males
+ 8.9%
+ 12.1%
+ 2.5%
+ 10.9%

0.75 (0.60-0.94)4
0.96 (0.90-1.02)4
1.13 (1.07-1.18)4
1.05 (1.01-1.08)5
1.08 (1.05-1.10)6

1

Inconsistencies between the total population and the sums of populations for individual variables are due to missing information; 2ID: Incidence density;
aHR: Adjusted hazard ratio; 3Based on poisson assumption; 4Based on Cox proportional hazard regression adjusted for all variables, except for age and sex;
5
Based on Cox proportional hazard regression adjusted for all variables, except for sex; 6Based on Cox proportional hazards regression adjusted for age, sex,
insurance premium, Charlson score, geographic area, urbanization status, and status of diabetes, hypertension, gout, hyperlipidemia, cystic fibrosis, cirrhosis, cholangitis, Caroli’s disease, Crohn's disease and hemolytic anemia.

Cumulative event rates

atic GSD in diabetes may be attributable to the higher
prevalence of hypertension and hyperlipidemia among
diabetic patients.
Considerable clinical evidence has indicated that an
array of abdominal manifestations is likely to be associated with GSD and diabetes, including cystic fibrosis,
cirrhosis, cholangitis, Caroli’s disease, and Crohn’s disease[5,11,42-48]. Calcium salts of unconjugated bilirubin in
the enterohepatic circulation have been suggested to
underlie these co-occurring manifestations. For instance,
bilirubin excretion may be related to an increased risk of
calcium bilirubinate precipitation, especially in chronic
hemolytic disorders. Chronic bacterial infections of the
bile ducts may also contribute to gallstone formation by
increasing the combination of unconjugated bilirubin
with calcium[41,46]. Based on the results of this study (Table
2), we strongly suggest that gallstones developed in
diabetic patients were primarily cholesterol stones; this
hypothesis will be examined directly in future studies.
Gallstone formation may be caused by many etiological factors, each of which may produce different clinical
consequences. Most patients remain asymptomatic for a
long period, frequently for life. Gallstones may traverse
the cystic duct with or without symptoms of obstruction.
Transient cystic duct obstruction causes periodic painful
episodes, whereas persistent obstruction usually produces
inflammation and acute cholecystitis, leading to the onset
of symptomatic GSD. However, there is little information regarding the direct mechanisms that underlie the
increased onset of GSD in diabetes. Because elderly patients are more likely to develop symptomatic GSD, it is
important to diagnose GSD early in patients with diabetes. Patients may benefit from the early detection of GSD
and the underlying comorbidities that may promote both
GSD and diabetes, which could subsequently enhance
the effectiveness of diabetes management.

Control men
Control women
Diabetic men
Diabetic women

0.15

0.10

0.05

0.00
0

1

2

3

4

5

6

7

8

9

yr

Figure 1 Cumulative incidence of gallstone disease in patients with or
without diabetes over the study period.

cidence were not significant in patients over 64 years of
age in either the diabetic or the control group, suggesting that age is a more important variable than gender.
Our findings indicate that subjects in the diabetic
group suffer from more comorbidities than those in
the control group, which was not surprising, but the
significantly higher incidence rates of hypertension and
hyperlipidemia were particularly noteworthy. Gallbladder function and bile acid metabolism are the two major
factors associated with gallstone formation[35]. Diabetes
or insulin resistance may affect gallbladder motility or
contractility, further promoting the formation of gallstones[36-40]. This may be explained by the fact that diabetes tends to lower the levels of high-density-lipoprotein
cholesterol and raise the triglyceride and low-densitylipoprotein levels, that may subsequently affect gallbladder dysmotility[35,37,39]. Previous evidence has shown that
hypersecretion of hepatic cholesterol and altered lipid
profiles derived from diabetic dyslipidemia may also be
linked to the super-saturation of bile with cholesterol,
thereby altering bile acid metabolism and cholesterol
crystallization[40,41]. The higher incidence of symptom-
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Urban-rural differences were also detected in this
study. Diabetic patients in metropolitan areas had a higher incidence of symptomatic GSD than patients from
rural areas. The observed urbanization-level differences
likely reflect the differences in the distribution of medical resources and/or treatment-seeking behaviors[49]. Future research is needed to explain the urban-rural variations and enable policy-makers to promote policies that
will reduce or eliminate these differences.
There were several limitations that should be noted
in this study. First, potential misclassification might arise
due to our exclusive reliance on claims datasets. A previous report showed that the accuracy of diabetes diagnoses in the NHI claims data was only 74.6%[50]. In order
to avoid this bias, we included and analyzed only the
patients that had been diagnosed with diabetes at least
twice, with the first and the last outpatient visits at least
30 d but less than one year apart. It is also possible that
newly diagnosed or undiagnosed diabetic cases without
records of ambulatory care visits were included in the
control group. Therefore, the overall difference in incidence of GSD could have been underestimated[51]. Second, type 1 and type 2 diabetes were not differentiated
in this dataset, which limited our interpretation of the
study findings. However, other studies have shown that
type 2 diabetes accounted for the majority of diabetic
patients in Taiwan; as a result, the interpretations of our
results are likely to be most relevant for type 2 diabetes[52,53]. Third, other factors that might confound our
results were not available, such as body mass index, socioeconomic status, duration and treatment of diabetes,
smoking, alcohol use, family history of GSD, etc. Fourth,
the incidence of symptomatic GSD among diabetic
patients with/without comorbidities was not reported;
therefore, these differences in prevalence could not be
analyzed.
Despite the above-mentioned limitations, this is one
of very few studies to examine the risk of symptomatic
GSD in patients with diabetes using a Taiwanese population-based cohort study design. Given the high coverage rate of National Health Insurance in Taiwan, the
likelihood of non-response and loss to follow-up was
relatively limited, ensuring the representativeness of the
sample. In addition, we took advantage of the longitudinal nature of the NHI dataset to follow up the incidence
rate of symptomatic GSD and related comorbidities in
diabetic and control groups.
In conclusion, an increased risk of symptomatic
GSD in diabetic patients over an 8-year study period was
observed in this study. Diabetes and GSD may share a
number of common risk factors or etiologies. A crucial
link between insulin resistance and increased cholesterol
predisposed the diabetic patients to gallstone formation[21]. These results may provide insight into the treatment or management of diabetes in clinical settings. Future research is needed to facilitate public health prevention or intervention programs to reduce the incidence of
symptomatic GSD[54].
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Background

Gallstone disease (GSD) is a one of the most common of all digestive diseases
worldwide. Symptomatic GSD and related complications necessitate surgical
removal of gallbladder, inflicting a heavy economic costs and social burdens.
Most patients with GSD are asymptomatic and unaware of having gallstones.
Diabetic patients with complications particularly require an adequate awareness
for care management of GSD. The apparent incongruity for GSD prevalence in
diabetic patients should be attributable to varied study designs.

Research frontiers

This study aimed to investigate the incidence of GSD and examined the risks
of developing symptomatic GSD among the diabetes using a cohort design
and retrieving data from the National Health Insurance Research database of
Taiwan.

Innovations and breakthroughs

The results showed that the cumulative operation rates for diabetes and controls
were 9.87% and 7.83% among 615 532 diabetic patients and 614 817 control
participants over the 8-year follow-up period. Diabetic patients also tended to
have significantly higher prevalence in developing comorbidities, most notably
hyperlipidemia and hypertension. Higher incidence of symptomatic GSD was
found in females than in males in both groups. Females aged < 64 years in
control group had a significantly higher incidence than corresponding males, but
the difference reduced with increasing age. A similar but less significant pattern
was also observed in diabetic group. Both diabetic men and women were characterized with higher incidence of symptomatic GSD operation than their corresponding counterparts after 8-year follow-up. The authors concluded that higher
incidence of symptomatic GSD was found in patients with diabetes in all age
groups and the trends of cumulative incidence were more marked for women
than men. In addition, the prevalence of selected comorbidities in diabetic group
with gallstone was also higher than those without symptomatic GSD.

Terminology

GSD is caused by gallstones that block the normal flow of bile if they lodge in
any of the ducts that carry bile from the liver to the small intestine. Severe damage or infections affecting the gallbladder, liver, or pancreas can occur if any of
these ducts remain blocked for a significant period of time, which necessitate
surgical removal of gallbladder, usually by laparoscopic cholecystectomy.

Peer review

This is a good study in which authors analyzed incidence of symptomatic GSD
in patients with diabetes by using a representative database over a long period
of time. The results are interesting and suggest that diabetes is associated with
increased risk of developing symptomatic GSD. The investigators also drew a
conclusion that patients with diabetes developed more symptomatic GSD in all
age groups and were more notable for women than men. This study was based
on a nationwide population-based datasets, which illustrated that about 9.52%
population in Taiwan developed symptomatic GSD per year and the incidence
density was higher in diabetic patients (13.06%). Diabetes associated with
increased risk of developing symptomatic GSD was observed over an 8-year
study period. Being female and with older ages were associated with increased
incidence of symptomatic GSD, however, the potential importance of gender
was overridden by aging.
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CONCLUSION: A full reprocessing cycle of an AER
with HLD is adequate for disinfection of the machine.
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contamination of AERs after reprocessing should also
be kept in mind.
© 2012 Baishideng. All rights reserved.

Key words: Automated endoscope reprocessor; Gastrointestinal scope; High-level disinfection; Swab culture;
Monitoring; Decontamination
Peer reviewer: Dr. Arjuna P de silva, Faculty of Medicine,

University of Kelaniya, PO Box 6, Thalagolla road, Ragama, Colombo 145, Sri Lanka
Lu LS, Wu KL, Chiu YC, Lin MT, Hu TH, Chiu KW. Swab culture monitoring of automated endoscope reprocessors after highlevel disinfection. World J Gastroenterol 2012; 18(14): 1660-1663
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i14/1660.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i14.
1660

Abstract
AIM: To conduct a bacterial culture study for monitoring decontamination of automated endoscope reprocessors (AERs) after high-level disinfection (HLD).
METHODS: From February 2006 to January 2011,
authors conducted randomized consecutive sampling
each month for 7 AERs. Authors collected a total of
420 swab cultures, including 300 cultures from 5 gastroscope AERs, and 120 cultures from 2 colonoscope
AERs. Swab cultures were obtained from the residual
water from the AERs after a full reprocessing cycle.
Samples were cultured to test for aerobic bacteria, anaerobic bacteria, and mycobacterium tuberculosis.

INTRODUCTION
Gastrointestinal (GI) scopes are complex reusable instruments that require unique consideration with respect to
decontamination. Most of the guidelines with updated
guidance emphasize decontamination of these scopes[1-3].
While decontamination has been reviewed by several
working groups in Britain, problems related to preventing contamination of rinse water, and procedures to
monitor contamination have not been addressed thus far.
In a recent study, we reported that GI scope contamination might be the result of a contaminated automated

RESULTS: The positive culture rate of the AERs was
2.0% (6/300) for gastroscope AERs and 0.8% (1/120)
for colonoscope AERs. All the positive cultures, including 6 from gastroscope and 1 from colonoscope AERs,
showed monofloral colonization. Of the gastroscope
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endoscope reprocessor (AER)[4]. There is currently no
literature on the quality of disinfection of AERs after reprocessing with high-level disinfection (HLD). Therefore,
we conducted this bacterial culture study on AERs after
HLD in order to monitor the quality of disinfection.

Table 1 Rate of positive swab culture from the automated
endoscope reprocessor after gastroscope and colonoscope
reprocessing n (%)

Gastroscope (n = 300)
Colonoscope (n = 120)
Total (n = 420)

MATERIALS AND METHODS
From February 2006 to January 2011, a 5-year prospective bacterial study was conducted with randomized consecutive sampling every month in GI scope unit, Chang
Gung Memorial Hospital, Kaohsiung Medical Center. We
took a total of 420 swab cultures, including 300 cultures
from gastroscope AERs and 120 cultures from a colonoscope AER. The swab cultures were obtained from the
dependent part of the inner surface of the AER after a
full reprocessing cycle. Collected samples were cultured
to test for aerobic and anaerobic bacteria and mycobacterium tuberculosis. The samples were incubated at 37 ℃
and examined for bacterial growth at 24 h and 48 h and
for mycobacterium growth at 6 wk, and then the results
were analyzed.
Culture results were reported as positive or negative. If a culture was positive, the specific AER was reprocessed and could only be used again for clinical use
after repeated cultures were found negative according
to our previous method[2]. GI scope decontamination
was performed in accordance with the guidelines of the
European Society of GI Endoscopy (ESGE)[3]. Manual
cleaning was performed by trained GI nurses, with tap
water, enzymatic soap, brushing, and irrigation, followed
by AER, performed by a trained health technician. The
liquid disinfectant used was 2.4% alkaline glutaraldehyde,
and disinfectant-soaking duration was 20 min. If the cultures were positive, the soaking duration was prolonged
to 25 min. The disinfectant was forced into the working
channels and the GI scope was completely submerged.
Then, the GI scopes were flushed with sterile filtered
water prior to forced air-drying. The disinfectant solution, 2.4% alkaline glutaraldehyde, was stored at a temperature of 15 ℃-30 ℃ and changed every 2 wk despite
overstorage[4].

P value
NS
NS
NS

AER: Automated endoscope reprocessor; NS: Not significant.

Table 2 Organisms from swab culture of automated endoscope reprocessor after a full cycle of reprocessing with highlevel disinfection
Category
GNGN Bacteria1
Moraxella osloensis
Yeast-like organisms
Candida glabrata
Total positive culture

Gastroscope

Colonoscope

Total

2
1
2
1
6

1
1

3
1
2
1
7

1

All of the positive cultures had aerobic bacteria and mono-floral colonization. GNGN: Glucose-nonfermenting gram-negative bacteria.

in each reprocessing. The disinfectant was forced into
the suction channels and the scope was completely submerged. The normal relief valve pressure of the AER was
1.85 ± 0.05 kgf/cm2, and the water supply requirements
were 17 L/min. Subsequent flushing with 200 cc of 90%
alcohol for 10 min, rinsing, and drying were essential steps
to remove the chemical solution and prevent bacterial
colonization during storage. The rinse cycle used reverse
osmosis-treated water for decontamination.
Statistical analysis
The χ 2 test was used to analyze independent and paired
samples. Statistical analyses were performed using the
SPSS statistical software for Windows, version 19.0 (Chicago, IL, United States). P values less than 0.05 were considered statistically significant.

RESULTS
The overall positive culture rate was 1.7% (7/420) in
swab cultures from AERs after a full reprocessing cycle
with HLD. For gastroscope and colonoscope AERs, the
positive swab culture rates were 2.0% (6/300) and 0.8%
(1/120) respectively, without a statistically significant difference in the culture rate between the upper and lower
GI scope AERs (Table 1). All 7 positive swab cultures,
including 6 gastroscope reprocessing culture and 1 colonoscope reprocessing culture, showed monofloral colonization. None of the cultures was positive for mycobacterium tuberculosis, and no anaerobic bacteria were found
in any swab cultures. Among the cultures from gastroscope reprocessing, 50% (3/6) were positive for aerobic
bacteria, while the remaining 50% (3/6) showed fungal
contamination (Table 2).

Reprocessing cycle of AER
After each scope procedure, thorough manual cleaning with Endozime Premium (Ruthof Corporation, NY,
United States), including brushing and flushing of all accessible endoscope channels, was performed before automatic endoscope disinfection. We used the EW-30 AER
(Aizu Olympus Co., Ltd, Tokyo, Japan) for reprocessing.
Manual cleaning and reprocessing was performed by a
fully trained scope nurse using accredited standards of
practice as defined by the Digestive Endoscopy Society of
Taiwan. HLD involved total immersion of the scope in
2.4% alkaline glutaraldehyde solution (Cidex 14, Ethicon,
Inc., NJ, United States) for 20 min at a preset temperature of 25 ℃ and an additional washing cycle of 30 min

WJG|www.wjgnet.com

AER
6 (2.0)
1 (0.8)
7 (1.7)

Category

1661

April 14, 2012|Volume 18|Issue 14|

Lu LS et al . Swab culture monitoring for AERs after HLD

of endoscopes that have been repeatedly flushed with
aldehydes[3]. This again underscores the importance of
manual pre-cleaning and brushing of all accessible internal
channels and valve chambers before disinfection. Glutaraldehyde and its derivatives kill most bacteria and viruses
(including human immunodeficiency virus and hepatitis B)
in less than 5 min. Mycobacteria are more resistant to 2%
glutaraldehyde, and earlier guidelines recommended that
endoscopes be immersed in 2% glutaraldehyde for 20 min
at room temperature[1]. Although we did not detect mycobacterial contamination in our study, we found that of the
1.7% positive cultures from AERs, 50% (3/6) were positive for fungal contamination. The high rate of fungal contamination is most likely due to failure to properly dry the
AER after completion of reprocessing. Other than manual
pre-cleaning and reprocessing disinfection, the last of the
major processes of decontamination of a scope is drying
before storage[3]. This step can prevent contamination by
fungus or bacterial colonization on the surface of the GI
scope after disinfection. It has been recommended that,
before the start of each list, each scope to be used should
undergo a full reprocessing cycle unless last used and decontaminated within the preceding 3 h. Many GI units
are now using drying and storage chambers built purposefully for these scopes, some of which have been shown
to prevent colonization of endoscope channels for up to
72 h. Therefore, all AERs should be validated and tested
in accordance with guidance provided in the DoH Estates
and Facilities HTM publications and relevant standards[12].
AERs should also include flow monitoring for each individual channel to detect blockages.
Furthermore, variant Creutzfeldt-Jacob disease (vCJD)
is a rare and fatal condition cause by the consumption of
beef contaminated by the bovine spongiform encephalopathy agent[13]. In contrast to the traditional forms of
CJD, vCJD contaminated in GI tract, conventional HLD
with AER was reported hard to full decontamination.
ESGE guideline suggested that endoscope study is not
recommended in possible patients[14]. Fortunately, there is
no patient with suspicion of vCJD infection before endoscope examination, and there was no positive culture
for vCJD in our seriers. The further study is necessary.
In conclusion, a full reprocessing cycle of an AER
with HLD is adequate for disinfection of the machine.
Swab culture is a useful method for monitoring AER
decontamination after each reprocessing cycle. Fungal
contamination of AER after reprocessing should be
considered.

DISCUSSION
The British Society of Gastroenterology Endoscopy Committee first published recommendations on endoscope
decontamination practices in 1988, and recommendations from the fourth working group were published in
the journal Gut in 1998[1]. Some of these decontamination recommendations are based on microbiological
studies[5-8]. Most of the decontaminating guidelines are
directed towards GI scopes and associated devices, but
no literature is available on AER decontamination. According to our previous report, leakage of the inflow
water valve of an AER could be one of the reasons for
failure of decontamination of GI scopes and associated
devices, even after subjecting them to a full reprocessing cycle[4]. Therefore, in this study, we aimed to monitor
proper disinfection of AERs after HLD; to the best of
our knowledge, this is the first study to do so. The overall
positive culture rate of swab cultures from AERs after
a full reprocessing cycle with a HLD process was 1.7%
(7/420). Surprisingly, the rate was lower than the previously reported 18.4%-24% contamination rate for GI
scope culture[5-8]. This suggests the contamination of GI
scopes is not fully caused by AER contamination. We
would like to clarify that since drying has been shown to
be an important component of GI scope decontamination, the same is true of AERs as well?
The importance of drying in decontamination to make
this point clearer is performing in our ongoing study. On
the other hand, controlled trials in the field of GI scope
decontamination are lacking because of a reluctance to
expose “placebo control” patients to the risk of an infection. A controlled study to clarify the relationship between
AER and GI scope contamination is necessary and is
ongoing in our lab. An AER should be used for all GI
scope decontamination following manual cleaning. Effective disinfection is difficult to achieve due to the complex
nature of the internal structures of these long and narrow
diagnostic instruments[4,9,10]. Manual disinfection is unacceptable. Inflow water used in an AER should be free of
particulate contamination and microorganisms. This can
be achieved either by using bacteria-retaining filters or by
reverse osmosis. In our GI scope units, we used water
treated by reverse osmosis in AER reprocessing[10]. The
final rinse water should be sampled from the AER and
regularly tested for microbiological quality in accordance
with the current Health Technical Memorandum (HTM)[11].
A glutaraldehyde-based disinfectant (Cidex®) that was
widely used in the past has been withdrawn from the
United Kingdom market by its manufacturer. This is not
only because there have been advances in the development
of disinfectants with superior bactericidal activity but also
because glutaraldehyde is chemically related to formaldehyde and has similar toxic effects on the skin and mucous
membranes as formaldehyde does. The resulting adverse
effects include severe dermatitis, conjunctivitis, sinusitis,
asthma, and even chemical colitis. A further problem with
glutaraldehyde-based disinfectants is their potential to
cross-link residual protein material. The resulting amalgam is very difficult to remove from the working channels
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either gastric GIST or small intestinal GIST. Immunohistochemical analysis revealed that Ki-67 labeling indexes
(LIs) < 5% predicted higher disease-specific survival
(DSS) in gastric and small intestinal GIST. CD44s positivity and PTEN LIs ≥ 50% correlated with higher DSS
in gastric GIST. MMP-9 and TIMP-1 had no correlation
with survival. Multimarker analysis revealed that the
expression pattern of PTEN LIs ≥ 50% combined with
Ki-67 LIs < 5% and CD44s positivity reliably predicted
favorable outcomes for gastric GIST (P = 0.009), as did
the combination of PTEN LIs ≥ 50% and Ki-67 LIs <
5% for small intestinal GIST (P = 0.011). Authors also
found that high NIH risk grade was correlated with DSS
in patients with gastric GIST and disease-free survival
in patients with small intestinal GIST.
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CONCLUSION: PTEN LIs ≥ 50%, Ki-67 LIs < 5% and
CD44s positivity provides an accurate, favorable prognosis for gastric GIST. PTEN LIs ≥ 50% and Ki-67 LIs
< 5% does the same for small intestinal GIST. Ki-67 LIs
enhances the NIH assessment.
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Abstract
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AIM: To develop a prognostic approach for gastrointestinal stromal tumors (GISTs) using a cluster of indicators and follow-up information.

Peer reviewer: Vittorio Ricci, Professor, Physiology, Human

Physiology Section, University of Pavia Medical School, Human
Physiology Sect, Via Forlanini 6, 27100 Pavia, Italy

METHODS: One hundred and four GISTs that had not
been subjected to targeted therapies were collected
and classified by NIH risk assessment and anatomic
location. By immunohistochemistry, the expressions of
PTEN, Ki-67, CD44s matrix metalloproteinase (MMP)-9
and TIMP-1 were detected on tissue microarray. Univariate and multimarker survival analyses were performed and then a COX hazard proportion model was
constructed to evaluate a cluster of predictors of GIST.

Liang YM, Li XH, Li WM, Lu YY. Prognostic significance of
PTEN, Ki-67 and CD44s expression patterns in gastrointestinal
stromal tumors. World J Gastroenterol 2012; 18(14): 1664-1671
Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i14/1664.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i14.1664

RESULTS: Our data showed small intestinal GIST
are more aggressive than gastric GIST. The NIH risk
assessment correlated with disease-free survival for
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Gastrointestinal stromal tumor (GIST) is the most com-
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risk assessment[6], all the tumors were classified into four
grades of risk: very low, low, intermediate and high.

mon mesenchymal tumor in the alimentary tract. The
principle pathogenesis of GIST has been identified as the
continuous activation of KIT, caused by gain-of-function
mutation in c-kit[1] or platelet derived growth factor α
(PDGFRA)[2]. Based on this finding, the molecular targeted therapy of imatinib[3] or sunitinib[4,5] has achieved
great success.
Clinicians are trying to improve the survival rate of
GIST patients by prophylactic interference of imatinib or
sunitinib, based on the prognosis. Because of the expense
of the targeted therapy, an accurate prognosis is very
important, but prognoses of GIST are highly variable.
Although the NIH risk assessment is currently used as a
standard guideline for localized tumors[6], many researchers consider that evaluation of large cohorts is necessary
for reliable data. Some modifications have been made to
the NIH assessment, to enhance prediction accuracy[7,8].
Current researchers have also found some molecular indicators, such as p16INK4a[9], PTEN[10], p53[11,12], p27[13,14],
CD44s[15,16] and some other cell-cycle regulators[17], but
their utility is debated. Despite the mixed opinion, there
are limitations in using one marker for a prognosis. A
tumor is resulted from the accumulation of numerous
molecular incidents, and one prognostic marker may only
be applicable to a minority of patients. Our objective was
to find a multi-marker indicator to improve prognoses
for all patients. PI3K/Akt has been found to be a major
signal transduction pathway in GIST[18]. Accordingly, we
selected PTEN, the inhibitor of PI3K/Akt, for analysis.
The markers related to adhesion and metastasis, such as
CD44s, matrix metalloproteinase (MMP)-9 and TIMP-1,
were also selected. Ki-67 was chosen to analyze the prognostic value of cell proliferation. All five markers were
detected on tissue microarray of 104 GISTs. Followup survival data was collected. The prognostic values of
these five markers were analyzed and compared to the
NIH risk assessment.

Tissue microarray and immunohistochemistry
Three tissue cores, 1 mm in diameter, were sampled from
each tumor specimen to construct the tissue microarray
(TMA). The TMA blocks were sectioned at 4 μm and
stained with hematoxylin-eosin sequentially. Antigen retrieval was carried out with EDTA (pH 8.0; Santa Cruz
Biochemistry, Calif) for 15 min by microwave. The primary antibody was incubated for 1 h at room temperature
and subsequently detected using a Two-step PicTure™
kit (PV6000, Invitrogen Co. Carlsbad California United
States). The primary antibodies, sources, and dilutions
were as follows: CD117, A4502, polyclonal, Dako A/S
Co. Ltd., Denmark, 1:200; SMA, clone 1A4, Invitrogen
Co. Carlsbad California, United States, 1:100; S-100, clone
4C4.9, Invitrogen Co. Carlsbad California, United States,
1:50; Ki-67, clone K-2, Invitrogen Co. Carlsbad California, United States, 1:50; PTEN, clone 28H6, Invitrogen
Co. Carlsbad California, United States 1:100; CD44s,
clone 156-3c11, Novocastra Laboratories Ltd. Newcastle,
United Kingdom, 1:50; MMP-9, clone 15W2, Novocastra Laboratories Ltd. Newcastle, United Kingdom, 1:25;
TIMP-1, clone 6F6a, Novocastra Laboratories Ltd. Newcastle, United Kingdom, 1:50.
The labeling indexes (LIs, %) of PTEN and Ki-67
were determined by counting 1000 cells in the most active area. For CD117, SMA, S-100, CD44s, MMP-9 and
TIMP-1, staining of more than 10% of the tumor cells
was considered positive.
Statistical analysis
All the patients were followed up after the resection of
the tumor. The death of patients with GIST, untreated
with imatinab, was selected as the end point. We analyzed
follow-up data using Stata Statistical Software (Intercooled
Stata 7.0, Stata Co., College Station, TX). The χ 2 test
was used to analyze the expression status of the selected
markers. Survival analysis was performed using KaplanMeier plots and the log-rank test to reveal the prognostic
usefulness of the selected markers. Univariate and multivariate COX proportional hazard models with both
backward and forward elimination of variables were also
constructed to find the most significant factor for prognosis. Statistical significance was set at P < 0.05.

MATERIALS AND METHODS
Case collecting
A total of 155 gastric and small intestinal GISTs were
collected from the archive of the Pathology Department
of Chinese PLA General Hospital. All the tumors were
reassessed by the immunohistochemical panel of CD117,
CD34, SMA and S-100 protein. The cases with CD117
positivity were diagnosed as GIST. One hundred and
four cases were completely followed-up. One hundred
and twenty one samples were obtained from these 104
cases. These tumor samples included primary, recurrent
and metastatic GIST. All the tumor paraffin blocks were
used to construct the tissue microarray.

RESULTS
Clinicopathologic features and the follow-up data
In a total of 155 patients, having a male-to-female ratio of
2.5:1 (111 vs 44), there were 83 gastric and 72 small intestinal GISTs. A total of 104 cases had complete follow-up
data. The median follow-up time was 33 mo, within the
range of 3 to 230 mo. Fifty one cases without follow-up
data were excluded from the subsequent survival analysis.
In 83 gastric patients, the male to female ratio was 2.1:1
(55 vs 26). The age ranged from 13 to 82 years (mean: 55.4

Risk assessment
Formalin fixed, paraffin embedded, HE stained slides
were reviewed by two experienced pathologists. The
mitotic index was determined by counting 50 adjacent
high-power fields in the most active areas. Using the NIH
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years; median: 57 years). The 62 followed-up cases included
42 males and 20 females. Thirteen patients died of GIST,
four were alive with GIST and 45 were disease-free. The survival time of the 13 died patients ranged from 6 to 132 mo.
The 3-year disease-specific survival rate (DSS) was 80.77%
± 11.5% and the 5-year DSS was 66.51% ± 17.06%.
In 72 small intestinal patients, the male to female ratio
was 3.3:1 (55 vs 17). The age ranged from 20 to 77 years
(mean: 50.6 years; median: 51.5 years). Forty-two followedup cases included 31 males and 11 females. Fifteen patients
died of GIST, four were alive with GIST and 23 were
event-free. The survival time of the died patients ranged
from 3 to 230 mo. The 3-year DSS was 73.65% ± 14.24%
and the 5-year DSS was 61.76% ± 18.30%. There was no
significant difference between the DSS of patients with
gastric and small intestinal GIST (P = 0.274).
There were 23 patients that suffered recurrence, nine
with gastric GIST and 14 with small intestinal GIST. Most
of them were noted to have intra- abdominal spreading. A
total of 16 patients developed metastasis, eight with gastric GIST and eight with small intestinal GIST. Small intestinal GIST presented a higher liability to recurrence and
metastasis than gastric GIST (22/42 vs 17/60, P = 0.013).
GIST metastasized to the liver in 15 cases, indicating that
the liver was another common metastatic site. One of
these 15 patients suffered multi-organic metastases to the
bone, brain and lung at the same time. Beside liver metastasis and abdominal spread, one patient also suffered
metastasis to subcutaneous tissue. Detailed information
on the 155 GISTs is provided in Table 1.
Five patients suffered a secondary malignant tumor.
Two patients with gastric GIST had early and advanced
gastric adenocarcinoma, respectively. Three small intestinal GIST patients were found to have early gastric carcinoma, sigmoid colonal adenocarcinoma and bile duct
adenocarcinoma, respectively.

Table 1 Clinical and pathological parameters in 155 cases of
gastrointestinal stromal tumor

Total case
Followed-up cases
Age (yr)
< 50
≥ 50
Gender
Male
Female
Tumor size (cm)
<2
2.1-5
5.1-10
> 10
Mitotic index
≤ 5/50HPF
5-10/50HPF
> 10/50HPF
Risk grade
Very low risk
Low risk
Intermediate Risk
High risk
Recurrence
Metastasis
Survival rate (%)
3-yr disease specific
5-yr disease specific

Gastric
GIST

Small intestinal
GIST

153
104

81
62

72
42

38
64

14
46

24
18

72
30

41
19

31
11

1
31
46
24

1
20
29
10

0
11
17
14

54
15
33

31
9
20

23
6
13

2
23
28
49
22
15

2
14
17
27
8
7

0
9
11
22
14
8

76.64 ± 9.38
69.05 ± 11.18

80.77 ± 11.50
66.51 ± 17.06

73.65 ± 14.24
61.76 ± 18.30

GIST: Gastrointestinal stromal tumor.

ing CD44s, MMP-9, and TIMP-1, showed no significant
difference.
Significance of PTEN, Ki-67 and CD44s on GISTs
prognosis
For gastric GISTs, PTEN LIs < 50% was significantly
correlated with lower specific survival rate (P = 0.006,
Figure 2B), as was Ki-67 LIs ≥ 5% (P = 0.004, Figure 2C)
and CD44s negativity (P = 0.006, Figure 2D). In a total of
13 patients who died of GIST, there were five with PTEN
LIs < 50%, six with Ki-67 LIs ≥ 5% and eight patients
who lost the expression of CD44s. For small intestinal
GISTs, Ki-67 LIs ≥ 5% significantly correlated with worse
outcomes. Multivariate analysis did not reveal an independent factor for gastric or small intestinal GISTs. In a
total of 15 patients who died of GIST, there were 10 with
Ki-67 LIs ≥ 5%.
No statistically significant difference was observed in
disease specific survival for the patients grouped by the
expressions of MMP-9 or TIMP-1. The balance between
MMP-9 and TIMP-1 also did not correlate with disease
specific survival. We failed to find an independent prognosis indicator after constructing the univariate and multivariate COX hazard proportional model (Table 3).

Comparison of selected immunohistochemical markers
in gastric and small intestinal GISTs
Sixty-one gastric and 42 small intestinal GIST patients
were included in the analysis of survival data based on
the expressions of selected immunohistochemical markers. These results are summarized in Table 2 and displayed in Figure 1. All 103 GISTs were CD117 positive.
Among these 103 cases, 83 were positive for CD34, 32
for SMA and four for S-100. The expressions of CD44s
and MMP-9 were statistically predominant in small intestinal GISTs. TIMP-1 and Ki-67 had no significant
difference between the gastric and the small intestinal
GIST. The expression of Ki-67 was negatively correlated
to PTEN (P = 0.027) and CD44s (P = 0.02). In patients
that died of gastric GIST, the expressions of MMP-9
and Ki-67 were statistically higher than in those who survived. In contrast, CD44s and PTEN were significantly
lower. The difference in TIMP-1 was not significant.
In patients that died of small intestinal GIST, Ki-67
LIs were much higher than in those who survived, while
PTEN was significantly lower. The other markers, includ-
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Combined analysis of PTEN, Ki-67 and CD44s
Combined analysis revealed that for gastric GISTs, the
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Table 2 Expressions of 5 molecular markers in gastric and small intestinal gastrointestinal stromal tumor
Protein

Gastric GISTs

CD44s
MMP-9
TIMP-1
PTEN
< 50%
≥ 50%
Ki-67
< 5%
≥ 5%

Small intestinal GISTs

P value

Positive (%)

P value

Positive (%)

DOD (n = 13)

Alive (n = 48)

DOD (n = 15)

Alive (n = 27)

5 (38.4)
11 (84.6)
7 (53.8)

35 (72.9)
23 (47.9)
22 (45.8)

0.020
0.018
0.608

15 (100)
11 (73.3)
3 (20.0)

23 (85.2)
22 (81.5)
14 (51.9)

0.397
0.339
0.085

5 (38.5)
8 (61.5)

8 (8.3)
44 (91.7)

0.014

11 (73.3)
4 (26.7)

6 (22.2)
21 (77.8)

0.003

7 (53.8)
6 (46.2)

41 (85.4)
7 (14.6)

0.022

5 (33.3)
10 (66.7)

24 (88.9)
3 (11.1)

0.0001

GIST: Gastrointestinal stromal tumor; MMP: Matrix metalloproteinase.

A

B

C

D

E

F

Figure 1 Examples of the selected markers expressed in gastrointestinal stromal tumor. A: The tumor cells were strongly positive for CD117 with diffuse membrane staining; B: Nuclear positivity of Ki-67 in the tumor cells; C: Nuclear positivity of PTEN in gastrointestinal stromal tumor; D: CD44s was diffusely positive in tumor
cell membrane; E: Matrix metalloproteinase 9 was diffusely positive in cytoplasm; F: TIMP-1 was diffusely positive in cytoplasm. Immunostains counterstained with
hematoxylin-eosin, original magnifications × 200.
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Figure 2 Kaplan-Meier cumulative survival plots of patients with gastric gastrointestinal stromal tumor. The end point was death due to gastrointestinal stromal tumor (GIST). A: High NIH risk assessment correlated significantly with worse outcomes in patients with gastric GIST (P = 0.004); B: PTEN labeling indexes (LIs)
≥ 50% correlated significantly with favorable outcomes in patients with gastric GIST (P = 0.006); C: In patients with gastric GIST, those with Ki-67 LIs < 5% had significantly more favorable outcomes than those with Ki-67 LIs ≥ 5% (P = 0.004); D: CD44s positivity was a significant, favorable indicator for patients with gastric GIST
(P = 0.006); E: For patients with small intestinal GIST, the immunophenotype of PTEN LIs ≥ 50% and Ki-67 LIs < 5% was a favorable indicator (P = 0.009); F: Gastric
GIST patients with immunophenotype of PTEN LIs ≥ 50%, Ki-67 LIs < 5% and CD44s positivity had significantly more favorable outcomes than those with other immunophenotypes (P = 0.011).

survival rate of the patients with the expression pattern of PTEN LIs ≥ 50%, Ki-67 LIs < 5% and CD44s
positivity was significantly higher than those with other
immunophenotypes (P = 0.009, Figure 2E). In the 13
patients who died of gastric GIST, 11 did not show the
above immunophenotype. Of the two patients with the
phenotype, one survived over 10 years after the resection
of GIST and the other survived 53 mo.
For patients with small intestinal GIST, the survival
rate was significantly higher in those with the combined
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expressions of PTEN LIs ≥ 50% and Ki-67 LIs < 5%
relative to those with other immunophenotypes (P =
0.011, Figure 2F). In the 15 patients who died of small
intestinal GIST, only two showed this favorable immunophenotype.
Prognostic impact of NIH risk assessment
The NIH risk assessment showed excellent correlation
with disease-specific survival. The patients were classified as higher risk with worse prognosis (P = 0.001).
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Table 3 Univariate and multivariate COX regression analyses of molecular markers in gastric gastrointestinal
and small intestinal stromal tumor
Univariate analysis
Gastric GIST
PTEN
Ki-67
CD44s
PTEN, Ki-67, CD44s
MMP-9
TIMP-1
MMP-9/TIMP-1
Small intestinal GIST
Ki-67
PTEN, Ki-67

Multivariate analysis

OR (95% CI)

P value

OR (95% CI)

P value

0.23 (0.07-0.74)
4.54 (1.45-14.16)
0.21 (0.07-0.73)
5.92 (1.29-27.08)
4.22 (1.92-19.31)
0.90 (0.29-2.82)
0.72 (0.22-2.38)

0.013
0.009
0.013
0.022
0.042
0.862
0.586

0.35 (0.10-1.20)
2.69 (0.73-9.87)
0.43 (0.83-9.98)
1.35 (0.15-11.80)

0.100
0.130
0.320
0.780

3.29 (1.14-9.46)
4.02 (1.25-16.09)

0.019
0.021

MMP: Matrix metalloproteinase; GIST: Gastrointestinal stromal tumor; OR: Odds ratio.

GIST arising from gastric and small intestine showed
different recurrent potential; we subsequently analyzed
the prognostic value of risk assessment in these two
anatomic sites. For gastric GIST, high risk stratification
was correlated with significantly worse prognoses (P =
0.004, Figure 2A). But for small intestinal GIST, the risk
stratification had no significant correlation with DSS (P
= 0.205). Considering the disease-free survival rate, the
risk stratification was significantly correlated with survival
not only in small intestinal GISTs (P = 0.011), but also in
gastric GISTs (P = 0.044).

conflict phenomenon is also very common in patients
with gastric GIST when the prediction is based only on
Ki-67 or CD44s. This also occurs for Ki-67 or PTEN in
patients with small intestinal GIST. Combining the expressions of PTEN, Ki-67 and CD44s can improve the
specificity and accuracy of the prognosis.
Our results showed that Ki-67 LIs is negatively correlated with PTEN and CD44s. PTEN and Ki-67 are
both involved in cell proliferation. PTEN can upregulate
p27kip1 resulting in apoptosis and cell cycle arrest, suppression of cell proliferation by a mechanism independent of Akt activity in nuclei[19]. Also, PTEN upregulates
p53 activity by maintaining the high acetylation of p53[20].
In our study, PTEN was exclusively located in nuclei,
and PTEN LIs < 50% was statistically correlated with a
worse outcome of gastric GIST. A similar result was also
reported by Ricci, regarding the correlation of decreased
PTEN expression with worse outcomes[10].
Ki-67 is widely used to predict the proliferation potential of malignant tumors. Many reports have confirmed
the prognostic value of Ki-67 in GIST[21-23]. The differences in these reports are the cut-off value of the Ki-67
index, which varied from 4.5% to 10%. Whether Ki-67 is
one of best predictors is debatable. Nakamura proposed
that Ki-67 LIs and risk assessment were useful for predicting GIST outcome[17], while Wong considered that mitotic count[24], not Ki-67 LIs, remained the best predictor
of gastric GIST. Our results revealed that higher Ki-67
LIs were associated with worse outcomes. Interestingly,
there were four cases of low risk gastric GISTs with high
Ki-67 LIs that suffered worse outcomes. Another two
cases of low risk intestinal GISTs that had high Ki-67 LIs
also resulted in worse outcomes. This indicates that Ki-67
may enhance the NIH consensus criteria, especially when
applied to patients of low risk. Though the absolute cutoff of Ki-67 LIs is difficult to define, Ki-67 may become
one of the most robust indicators of GIST.
CD44 is now widely accepted as a stem cell marker
in many kinds of carcinomas, including gastric cancer,
colorectal cancer[25], and breast cancer. While only a
minority of the cancer cells have the capability of car-

Ki-67 and risk assessment
In our series, 29 gastric patients who were graded as high
risk had shorter survival time than the other three grades
(61.31 ± 17.28 mo vs 121.64 ± 17.06 mo). Fourteen gastric patients with Ki-67 LIs ≥ 5% had shorter survival
time than those with Ki-67 LIs < 5% (49.75 ± 10.84 mo
vs 111.46 ± 15.26 mo). Ten of these 14 cases were classified as high risk grade, four were not in this group but
suffered relapse or metastasis.
For small intestinal GISTs, two cases with Ki-67 LIs
≥ 5% suffered relapse and one died of the GIST in 32
mo. Neither of these two cases were classified as high
risk grade by NIH risk assessment.

DISCUSSION
In this study based on follow-up data, we developed a
cluster of immunohistochemical markers that can facilitate the assessment of GIST prognosis in Chinese
patients. The expression patterns of PTEN, Ki-67 and
CD44s can help clinicians evaluate the clinical outcome
of the patients with gastric GIST, as can the combination
of PTEN and Ki-67 for those with small intestinal GIST.
Although PTEN, Ki-67 and CD44s can individually
assist the prognosis, there are still apparent limitations because each marker just focuses on some of the patients.
When tested by follow-up data, although eight patients
expressed PTEN LIs ≥ 50%, seven of them died of
GIST within 5 years after the surgery resection. Such a
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cinogenesis, this portion of the cell population is stem
cells; in Du’s series, no more than 5% of the cells were
positive for CD44. In GISTs, once CD44 is positive, it is
diffusely expressed by nearly all the cells. Based on this
finding, CD44 may not be a suitable stem cell marker for
GIST. CD117 and CD34 are stem cell markers for the
haematopoietic stem cells. In GIST, CD117 is the crucial
diagnostic marker; CD34 is one of the most important
differential diagnostic markers. The expression of these
stem cell markers in GIST may support the hypothesis
that GIST originates from mesenchymal stem cells. The
suitable robust stem cell markers for GIST needs further
investigation. CD44 and its associated partner proteins
monitor changes in the extra-cellular matrix that influences cell growth, survival and differentiation. It can be
a molecular switch between growth and arrest depending
on the extra-cellular conditions. As reported for CD44deficient fibroblasts, the recruited CD44s suppress
metastasis and proliferation[26]. Furthermore, CD44 can
promote tumor invasion by recruiting MMP-9[27]. In small
intestinal GIST, the expressions of CD44s and MMP-9
are significantly higher than in gastric GISTs. The coexpression of CD44s and MMP-9 may be responsible for
the high metastatic liability of small intestinal GIST.
The anatomic site of GIST is now believed to be a
prognostic factor. Some experts believe that when GIST
is considered as a location-specific entity, multiple clinicopathologic parameters can be used together to define
the biological behavior. In the revised version of NIH
risk stratification, anatomic location was considered to
be an important factor in the assessment of moderate
and high risk[6]. In our series, the small intestinal GIST
was more aggressive than gastric GIST. Of the patients
with small intestinal GIST, 52.38% suffered recurrence
or metastasis, while only 25% of gastric GIST patients
did. The molecular makers expressed in gastric and small
intestinal GIST were also different, as were the prognostic indicators. CD44 had no impact on the prognoses for
patients with small intestinal GIST, and a similar result
has been reported for rectal GIST[28]. The dissimilar anatomic locations may be responsible for these difference.
Based on these facts, we believe that GIST should be
sub-grouped by anatomic location first and then assessed
by other factors.
In conclusion, the expression patterns of PTEN,
Ki-67 and CD44s are useful for the prognosis of patients
with gastric GIST, and PTEN and Ki-67 are valuable outcome indicators for patients with small intestinal GISTs,
Ki-67 LIs can enhance the NIH consensus criteria.

NIH risk assessment is widely used for GIST risk stratification; the revised version is based on tumor location, diameter and mitotic index. Many investigators
have analyzed the prognostic value of other factors including stage, grade, KIT
mutation and immunohistochemical markers.

Innovations and breakthroughs

Based on follow-up information on patients without targeted therapy, we comprehensively analyzed anatomic location, NIH risk assessment and a number
of immunohistochemical markers including PTEN, Ki-67, CD44s, matrix metalloproteinase 9 and TIMP-1.

Applications

This study provides a new cluster of prognostic markers for GIST. PTEN LIs ≥
50%, Ki-67 LIs < 5% and CD44s positivity correlates with favorable outcomes
for gastric GISTs, as does PTEN LIs ≥ 50% and Ki-67 LIs < 5% for small intestinal GISTs. Anatomic location is a prognostic indicator of GISTs; depending
on location, GISTs may have different biological features. The intrinsic nature
needs further investigation.

Terminology

GIST is the most common mesenchymal tumor of digestive tract. Gain-of-function mutation of in c-kit or platelet derived growth factor α are hypothesized as
the principle molecular pathogenesis. Based on this point, the targeted therapy
of imatinib or sunitinib has achieved great success. But the biological behavior
of GIST is highly variable; many experts are investigating improvements in
prognostic markers.

Peer review

This is an interesting, well done and well written paper adding useful insights in
the field.
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RESULTS: In the meta-analysis performed, only the

Bsm I polymorphism was found to be associated with
colorectal cancer risk. In particular, the Bsm I B geno-

type was found to be related to an overall decrease
in the risk for colorectal cancer [BB vs bb : odds ratio
-4
(OR) = 0.87, 95% CI: 0.80-0.94, P = 3 × 10 ; BB vs
Bb + bb : OR = 0.90, 95% CI: 0.84-0.97, P = 5 × 10-4].
Moreover, in subgroup analyses, the Bsm I B genotype
was significantly associated with colon cancer, and not
rectal cancer. An absence of between-study heterogeneity was also observed.
CONCLUSION: A meta-analysis of 23 published studies identified the Bsm I polymorphism of the VDR gene
to be associated with an increased risk of colon cancer.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the relationship between polymorphisms present in the vitamin D receptor (VDR ) gene
and colorectal cancer risk, a systematic meta-analysis
of population-based studies was performed.

Bai YH, Lu H, Hong D, Lin CC, Yu Z, Chen BC. Vitamin
D receptor gene polymorphisms and colorectal cancer risk:
A systematic meta-analysis. World J Gastroenterol 2012;
18(14): 1672-1679 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i14/1672.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i14.1672

METHODS: A total of 38 relevant reports published
between January 1990 and August 2010 were identified, of which only 23 qualified for this meta-analysis
based on our selection criteria. Five polymorphic variants of the VDR gene, including Cdx -2 (intron 1e) and
Fok I (exon 2) present in the 5’ region of the gene,
and Bsm I (intron 8), Apa I (intron 8), and Taq I (exon
9) sites present in the 3’ untranslated region (UTR),
were evaluated for possible associations with colorectal
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INTRODUCTION
Colorectal cancer represents the third most common
cancer worldwide, second only to lung cancer and gastric

1672

April 14, 2012|Volume 18|Issue 14|

Bai YH et al . VDR polymorphisms and colorectal cancer

cancer[1]. Furthermore, it is estimated that there are more
than 370 000 cases of colon and rectal cancer diagnosed
in Europe every year, with 200 000 cases resulting in
death[2]. However, the underlying etiology of colorectal
cancer, including cancerous growths of the colon, rectum, and appendix, remains poorly understood. It has
been proposed that some categories of external agents,
including physical, chemical, and biological carcinogens,
may contribute to the development of this disease, and
the role of these factors in carcinogenesis would depend
largely on genetic factors. Correspondingly, a recent study
showed that insufficient levels of vitamin D may result
in colorectal cancer[3]. Furthermore, genetic variations in
genes controlling vitamin D activity would be hypothesized to play an important role in determining susceptibility to colorectal cancer.
In vivo, vitamin D helps bones and muscles grow, and
may also help prevent many diseases, such as prostate
cancer and breast cancer. The biological activity of vitamin D is mediated by the vitamin D receptor (VDR)[4],
which interacts with other cell signaling pathways to
influence cell behavior. Expression of VDR has been
detected in various organs and tissues of the human
body, including the kidney and bone cells. VDR is also
expressed in normal colon mucosa[5]. In the intestine,
VDR plays an important role in regulating cell proliferation, differentiation, and the induction of apoptosis[6].
Furthermore, VDR may be associated with the effects of
calcium on colorectal epithelial proliferation[7].
Molecular epidemiological studies have shown that
polymorphisms in the VDR gene may be linked to biological functions of vitamin D. At the 5’ end of the VDR
gene, a FokI polymorphism (rs2228570/rs10735810, exon
2) has been associated with a frameshift in the VDR protein[8]. Moreover, polymorphisms in the 3’ untranslated
region (UTR), including BsmI (rs1544410, intron 8), ApaI
(rs7975232, intron 9), and TaqI (rs731236, exon 9) sites,
have been shown to influence gene transcription and
mRNA stability[9]. Additionally, these polymorphisms have
exhibited the potential for strong linkage disequilibrium
(LD)[10,11], and functional differences have been associated
with the associated haplotypes[11,12]. Given that polymorphisms in the VDR gene could potentially influence the
binding of 1, 25(OH)2D3 and the anti-proliferative effects
of vitamin D, VDR polymorphisms have been hypothesized to be associated with colorectal cancer risk.
In 2001, the ﬁrst report of an association between
colorectal cancer and the VDR gene was published by
Kim and colleagues[13]. They identified a random subset
of 393 cases of colorectal adenomas and 406 colonoscopy-negative controls from a clinic-based, case-control
study conducted in the United States between 1991 and
1994. Based on their analysis, the BsmI BB genotype was
found to be associated with a reduced risk of colorectal adenoma when intake of calcium and vitamin D
was reduced. In addition to the BsmI site[12,14-23]. Other
polymorphic sites present in the VDR gene, including
Cdx-2[12,19,21,24,25], FokI[12,15,16,18,19,21-24,26-33], ApaI[12,16,19,21,34], and
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TaqI[12,16,19,23,24,29,31,33-35], have been evaluated in genetic association studies. However, the results are inconsistent.
Since it can be difficult for individual studies to achieve
sufficient statistical power to detect associations between
VDR polymorphisms and colorectal cancer risk, a metaanalysis that combines data from all published studies
may detect genetic associations more accurately. In addition, a reduced probability of false-negatives might also
be achieved[36]. Therefore, a systematic meta-analysis of
population-based studies was performed to investigate
the association between VDR polymorphisms and the
risk of colorectal cancer. Based on the search strategy
and criteria used, 23 studies were analyzed which identified several important polymorphic variants.

MATERIALS AND METHODS
Search strategy and data extraction
To examine the association between VDR polymorphisms and colorectal cancer risk, a search of the MEDLINE database (from January 1990 to August 2010) and
the US National Library of Medicine’s PubMed database
(http://www.ncbi.nlm.nih.gov/pubmed) was performed.
In addition, various scientific research tools available on
the web were used to search relevant references such as
Google (http://scholar.google.com/) and Scirus (http://
www.scirus.com/). In particular, data relevant to five
well-characterized polymorphic variants was identified,
including: Cdx-2, FokI, BsmI, ApaI, and TaqI sites within
VDR. Keywords used in searches included “vitamin D
receptor” in combination with “polymorphism”, “vitamin
D”, “genotype”, “allele”, “colorectal cancer”, or “risk”.
Papers selected for this meta-analysis included a casecontrol study and complete data, including the authors’
names; the subjects’ region/country; year of publication;
numbers of cases and controls; mean age (or range) of
the case/control group; diagnostic criteria used; and
number of subjects with the VDR genotype in both case
and control groups. All relevant references that met these
inclusive criteria and that were published as articles or abstract containing original data, were included in this study.
In contrast, case-only studies, studies with incomplete
data, or studies with inadequate control groups were excluded. In addition, the data extracted needed to conform
to the guidelines of MOOSE, a proposal for reporting
meta-analyses of observational studies[37]. If the same or
overlapping data were reported in multiple publications,
the most recent publication was selected[38].
Statistical analysis
For each data set included in this study, the odds ratios
(ORs) and corresponding 95% CI for the incidence of
cancer in subjects with or without particular restriction
sites (lowercase vs uppercase lettering), was compared.
Furthermore, deviations from the Hardy-Weinberg
equilibrium for each control group were assessed using
the goodness-of-fit test. To estimate associations with
colorectal cancer risk, various genotypic models were

1673

April 14, 2012|Volume 18|Issue 14|

Bai YH et al . VDR polymorphisms and colorectal cancer
Table 1 Characteristics of case-control studies included in the meta-analysis
First author

Year

Country

Racial
descent

Mean age Mean age in
in cases
controls

Cases/
controls

Genotyping Quality Adjusted
method control

Ingles et al[11]
Kim et al[13]
Peters et al[27]
Slatter et al[23]
Speer et al[14]
Grau et al[29]
Wong et al[28]
Peters et al[35]
Slattery et al[15]
Murtaugh et al[30]
Park et al[16]
Flügge et al[12]

1998
2001
2001
2001
2001
2003
2003
2004
2004
2006
2006
2007

United States
United States
United States
United States
Hungary
United States
Singapore
United States
United States
United States
South Korea
Germany

American
American
American
American
European
American
Asian
American
American
American
Asian
European

62.3
58.0 ± 9.7
18-74
NR
64
60.8 ± 9.0
66
62.9
30-79
30-79
55
61.9 ± 10.0

62.2
53.0 ± 11.0
18-74
NR
63
60.9 ± 9.0
56.5
62.3
30-79
30-79
55
62.2 ± 11.2

373/394
393/406
208/184
424/366
56/112
372/379
217/890
763/774
1936/2130
2450/2821
190/354
256/256

PCR-RFLP
TaqMan
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP

Yes
Yes
Yes
NR
NR
Yes
Yes
Yes
NR
NR
NR
Yes

Yes
Yes
NR
Yes
NR
Yes
Yes
NR
Yes
Yes
Yes
Yes

Kadiyska et al[19]
Slattery et al[18]
Yaylim-Eraltan et al[31]
Grünhage et al[32]
Hubner et al[17]

2007
Bulgaria
2007
United States
2007
Turkey
2008
Germany
2008 United Kingdom

European
American
European
European
European

59
30-79
59.1 ± 4.0
65 ± 9
NR

59 ± 5
30-79
52.0 ± 0.8
63 ± 8
NR

133/94
PCR-RFLP
2380/2990 TaqMan
26/52
PCR-RFLP
192/220 PCR-RFLP
137/409
TaqMan

NR
Yes
NR
NR
Yes

Yes
Yes
Yes
Yes
Yes

Ochs-Balcom et al[24]
Parisi et al[20]
Theodoratou et al[21]
Wang et al[33]
Jenab et al[22]
Mahmoudi et al[34]

2008
United States
2008
Spain
2008 United Kingdom
2008
China
2009
Europe
2010
Iran

American
European
European
Asian
European
Asian

62.8 ± 10.2
NR
62.0 ± 10.8
38-78
NR
52.7 ± 14.0

58.5 ± 12.1
NR
62.4 ± 10.5
19.6 ± 1.3
NR
44.4 ± 17.7

250/246
170/120
3005/3072
69/218
1248/1248
160/180

Yes
NR
Yes
NR
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

TaqMan
PCR-RFLP
Microarray
PCR-RFLP
TaqMan
PCR-RFLP

Studied
polymorphisms
FokI
BsmI
FokI
FokI, BsmI, TaqI
BsmI
FokI, TaqI
FokI
TaqI
FokI, BsmI
FokI
FokI, BsmI, ApaI, TaqI
Cdx-2, FokI, BsmI,
ApaI, TaqI
BsmI
FokI, BsmI
FokI, TaqI
FokI
Cdx-2, FokI, BsmI,
ApaI, TaqI
Cdx-2, FokI, TaqI
BsmI
Cdx-2, FokI, BsmI, ApaI
FokI
FokI, BsmI
ApaI, TaqI

NR: Not reported.

selected, including codominant, additive, recessive, and
dominant. Both the Peto Mantel-Haenszel fixed-effects
model and the DerSimonian Laird random-effects model
(with weights based on the inverse variance) were used to
calculate summary ORs, and both within- and betweenstudy variations were considered[39]. A P-value less than
0.10 was considered statistically significant when comparing trials showing heterogeneity, and random-effects
analysis was selected. In contrast, fixed-effects analysis
was used for comparing trials exhibiting homogeneity.
Inverted funnel plots were also used to examine asymmetry, in which the ORs were plotted on a logarithmic
scale against the inverse of their corresponding standard
errors[40]. In the presence of publication bias, the funnel
plot was asymmetric and the data showed remarkable
skewness. There may be many reasons for this, most
notably that some studies with negative findings are not
published. In contrast, the plots were symmetric when
bias was absent.
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, version 13.0)
and Review Manager (version 4.2, The Cochrane Collaboration), and all P-values were two-sided.

risk were reviewed. Fifteen of these papers were excluded
due to insufficient clarity in data presentation, repeated
literature, or significant differences were present in their
study design compared with the other papers identified[41].
The remaining 23 eligible case-control studies are listed
in Table 1, and were included in a meta-analysis to investigate possible associations between Cdx-2, FokI, BsmI,
ApaI, and TaqI polymorphisms present in the VDR gene
and the risk of colorectal cancer.
In 21/23 studies, data regarding the 5’ end of the
VDR gene were provided. In four of these studies, 2639
cases and 2948 controls were analyzed for the Cdx-2
polymorphism, while 17 studies included 13 301 cases
and 15 942 controls analyzed for the FokI polymorphism. In addition, the 3’ UTR region of the VDR gene
has been analyzed. For example, 12 studies containing
10 083 cases and 11 242 controls analyzed the BsmI
polymorphism, 5 studies including 2739 cases and 3200
controls analyzed the ApaI polymorphism, and 9 studies including 2580 cases and 3016 controls analyzed the
TaqI polymorphism.
Among controls, the frequency of the c allele at the
Cdx-2 site ranged from 65.6% in Berlin-Bush populations
of Germany, to 80.0% in a United Kingdom population[12,19,21,24,25]. In contrast, the frequency of the f allele of
FokI among controls ranged from 31.7% in Turkey, to
47.2% in a Singapore population[12,15,16,18,19,21-24,26-33]. The frequency of the b allele at BsmI among controls ranged from
56.1% in a Bulgarian population, to 94.7% in a Korean
population[12,14-23], while the frequency of the a allele at ApaI

RESULTS
Characteristics of case-control studies included in the
meta-analysis
According to the criteria defined above, 38 published
studies relevant to the VDR gene and colorectal cancer
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Table 2 Summary odds ratios and 95% CI in the vitamin D receptor gene
SNP

Model

Cdx-2

Codominant (CC vs cc)
Codominant (Cc vs cc)
Codominant (C vs C)
Dominant (CC + Cc vs cc)
Recessive (CC vs Cc + cc)
Codominant (ff vs FF)
Codominant (Ff vs FF)
Codominant (f vs F)
Dominant (ff + Ff vs FF)
Recessive (ff vs FF + Ff)
Codominant (BB vs bb)
Codominant (Bb vs bb)
Codominant (B vs b)
Dominant (BB + Bb vs bb)
Recessive (BB vs Bb + bb)
Codominant (AA vs aa)
Codominant (Aa vs aa)
Codominant (A vs a)
Dominant (AA + Aa vs Aa)
Recessive (AA vs Aa + aa)
Codominant (tt vs TT)
Codominant (Tt vs TT)
Codominant (t vs T)
Dominant (tt + Tt vs TT)
Recessive (tt vs Tt + TT)

FokI

BsmI

ApaI

TaqI

Total No. cases

Total No. controls

OR (95% CI)

P value2

P value3

146/1820
982/2802
1279/4622
1208/1820
146/2802
2377/5982
7583/13 565
12 190/19 329
9960/5982
2377/13 565
1817/4122
5303/9425
8937/13 577
7120/4122
1817/9425
1004/603
1593/2196
3601/2799
2597/603
1004/2196
398/1320
1298/2618
2098/3938
1696/1320
398/2618

1.25 (0.98-1.59)
1.09 (0.97-1.22)
1.10 (1.01-1.21)
0.98 (0.88-1.09)
1.22 (0.96-1.54)
0.94 (0.87-1.01)
0.98 (0.93-1.03)
0.97 (0.94-1.00)
0.96 (0.92-1.01)
0.95 (0.89-1.02)
0.87 (0.80-0.94)
0.94 (0.88-0.99)
0.93 (0.90-0.97)
0.92 (0.87-0.97)
0.90 (0.84-0.97)
0.85 (0.73-0.99)
0.91 (0.79-1.04)
0.92 (0.85-0.99)
0.89 (0.78-1.01)
0.89 (0.80-1.00)
1.05 (0.89-1.24)
0.93 (0.83-1.05)
0.99 (0.92-1.08)
0.95 (0.85-1.07)
1.07 (0.92-1.25)

0.07
0.15
0.03
0.72
0.10
0.09
0.34
0.07
0.15
0.13
< 0.001
0.03
< 0.001
0.003
0.006
0.03
0.18
0.02
0.07
0.05
0.58
0.23
0.86
0.42
0.38

0.26
0.64
0.47
< 0.001
0.23
0.001
0.001
< 0.001
< 0.001
0.01
0.65
0.64
0.85
0.84
0.28
0.06
0.39
0.04
0.12
0.21
0.07
0.30
0.10
0.37
0.01

152/1561
926/2487
1230/4048
1078/1561
152/2487
1844/5068
6189/11 257
9867/16 320
8033/5068
1844/11 257
1512/3838
4733/8571
7757/12 409
6245/3838
1512/8571
748/578
1378/1956
2944/2534
2161/578
783/1956
382/1112
1086/2198
1850/3310
1468/1112
382/2198

1

1

Based on fixed effects model; 2Test for overall effect; 3Test for heterogeneity. OR: Odds ratios.

among controls ranged from 23.0% in a Korean population
to 49.3% in a population of the United Kingdom[12,16,19,21,34].
Lastly, the frequency of the t allele at TaqI among controls
ranged from 8.8% in a Korean population to 43.6% in a
population of the United States[12,16,19,23,24,29,31,33-35].

Review
VDR polymorphisms and colorectal cancer risk
Comparison: Bsm I
B vs b
Outcome:

0.0
0.1
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SE (log OR)

Qualitative assessment of included studies
Genotyping of the Cdx-2, FokI, BsmI, ApaI and TaqI
polymorphisms was performed using the polymerase
chain reaction-restriction fragment length polymorphism
technique in 75% of the studies included in this metaanalysis. Due to the low sensitivity of this classic technology, quality control of this genotyping was required, and
included blindness to the case-control status, random repeats of samples, or validation using a different genotyping method. However, only 38.9% (7/18) of the eligible
studies provided sufficient quality control. Regarding
sample size, only 5/24 (20.8%) studies employed more
than 1000 cases or controls. Moreover, most of these
studies were associated with poor statistical power due
to sample sizes that were less than 500 and in some cases
contained less than 100 cases or controls.
Assessment of Hardy-Weinberg proportion is regarded
as an important criterion for evaluating genetic association studies[38]. Most of the studies included in this metaanalysis reported genotype frequencies in their control
groups that were consistent with Hardy-Weinberg proportions (P > 0.05). For example, deviations from HardyWeinberg proportions in controls were observed in three
studies for FokI[29,31,32], two studies of BsmI[19,21], one study
of ApaI[19], and two studies of TaqI[23,24].

0.2
0.3
0.4

0.1

0.2

0.5

1
OR (fixed)

2

5

10

Figure 1 A funnel plot was used to estimate the publication bias of the
studies included in the meta-analysis performed.

Funnel plotting was performed to evaluate whether
publication bias was present in the meta-analysis performed. As shown in Figure 1, the shapes of the funnel
plots obtained appear to be symmetrical in codominant,
dominant, and recessive models, suggesting that publication bias is absent in the meta-analysis performed.
Cdx-2, FokI, BsmI, ApaI, TaqI polymorphisms and
colorectal cancer risk
A heterogeneity test of potential associations between
the Cdx-2, FokI, BsmI, ApaI, and TaqI polymorphisms
and risk of colorectal cancer are presented in Tables 2
and 3.
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Table 3 The Bsm I effect odds ratios stratified by anatomical site
Model

Colon cancer

Codominant (BB vs bb)
Codominant (Bb vs bb)
Codominant (B vs b)
Dominant (BB + Bb vs bb)
Recessive (BB vs Bb + bb)

Rectal cancer

Total No. cases/controls

OR (95% CI)

P value1

Total No. cases/controls

OR (95% CI)

P value1

1365/1581
2257/2438
5328/5972
2664/2986
2664/2986

0.80 (0.68-0.93)
0.99 (0.88-1.12)
0.91 (0.84-0.98)
0.94 (0.84-1.05)
0.80 (0.69-0.92)

0.004/0.21
0.92/0.95
0.01/0.25
0.25/0.65
0.002/0.19

659/790
1029/1240
2440/2966
1220/1483
1220/1483

0.92 (0.73-1.15)
0.94 (0.80-1.11)
0.95 (0.85-1.06)
0.94 (0.77-1.16)
0.93 (0.80-1.09)

0.46/0.90
0.48/0.21
0.38/0.99
0.59/0.40
0.40/0.51

1

Test for overall effect and heterogeneity, respectively. OR: Odds ratios.

Cdx -2 polymorphism: Currently, only four studies have

signiﬁcant association with colorectal cancer risk, the P
value of 0.05 suggested that this genetic model was statistically heterogeneous.
TaqI polymorphism. Except for the recessive model
(tt vs Tt + TT, P = 0.06), there was little evidence of statistical heterogeneity among the nine studies that investigated an association between the TaqI polymorphism and
colorectal cancer risk (P ≥ 0.35)[12,16,19,23,24,29,31,33-35]. When
the two studies in which controls were not in HardyWeinberg equilibrium were excluded, the pooled ORs for
all genetic models for TaqI were shifted, yet the results
remained null[23,24].

investigated the relationship between the VDR Cdx-2
polymorphism and colorectal cancer risk, and all of these
studies were in Hardy-Weinberg equilibrium[12,19,21,24,25].
Furthermore, in the overall and subgroup analyses performed, the Cdx-2 polymorphism did not appear to be
linked to colorectal cancer risk.

Fok I polymorphism: Seventeen studies included in the

meta-analysis performed found the FokI polymorphism
to be statistically heterogeneous in all genetic models (P
[12,15,16,18,19,21-24,26-33]
. Moreover, no signiﬁcant as≤ 0.01)
sociation was found between FokI and colorectal cancer
risk in overall and subgroup analyses.

DISCUSSION
This study was undertaken to assess whether VDR polymorphisms in both the 5’ (Cdx-2 and FokI) and 3’ (BsmI,
ApaI and TaqI) regions of the VDR gene are associated
with colorectal cancer risk. A total of 38 reports had previously evaluated a possible genetic association, and only
23 of these were eligible for this study based on the selection criteria employed. The pooled ORs (95% CI) for
these studies were identical according to both fixed- and
random-effects models. Moreover, only the polymorphic
variant, BsmI, was found to be associated with increased
risk for colorectal cancer. The meta-analysis performed
also showed that the BsmI B genotype was related to a
significant decrease in overall risk for colorectal cancer,
with the co-dominant BB and the BB + Bb vs bb dominant
model exhibiting 0.87- and 0.92-fold increases in the risk
for disease, respectively. The BB vs Bb + bb recessive model also had a 90% decreased risk for colorectal cancer.
In addition, subgroup analyses by anatomical site
identified the BsmI polymorphism to be signiﬁcantly associated with colon cancer, and not rectal cancer. Furthermore, compared with the bb or Bb + bb genotypes,
the BB genotype was associated with a 90% decrease in
the risk for colon cancer. However, it remains unclear
why the BsmI site is related to the risk of colon cancer,
and not rectal cancer. It is possible that the difference in
epithelial cells between the two cancers plays a role, with
ciliated columnar epithelial cells being present in the lining of the colon, while squamous epithelial cells are present in the rectum. The role of the micro-environment
may also be a contributing factor, since physical damage
as a result of oxygen or poisonous food residues is more
likely to influence the rectum than the colon. In addition,

Bsm I polymorphism: A total of 12 studies examined

the association between colorectal cancer and the BsmI
polymorphism, and there was little statistical evidence
of heterogeneity among the studies (P ≥ 0.28)[12,14-23].
Individuals with the BB genotype (OR = 0.87; 95% CI
= 0.80-0.94, P = 3 × 10-4; P = 0.65 for heterogeneity),
or the Bb genotype (OR = 0.94; 95% CI: 0.88-0.99, P =
0.03; P = 0.48 for heterogeneity), were associated with
a significant decrease in colorectal cancer risk compared
with patients carrying the bb genotype. The Dominant
model (BB + Bb vs bb) and the recessive model (BB vs Bb
+ bb) also showed a signiﬁcant association with colorectal cancer risk, with the associated ORs being 0.92 (95%
CI: 0.87-0.97, P = 0.003; P = 0.84 for heterogeneity) and
0.90 (95% CI: 0.84-0.97, P = 0.006; P = 0.28 for heterogeneity), respectively (Figure 2). Although two of these
studies were not consistent with Hardy-Weinberg proportions[17,21], the effect was negligible. In addition, the BB
genotype showed a decreased risk for colon cancer compared with the bb (OR = 0.80, 95% CI: 0.68-0.93, P =
0.004; P = 0.21 for heterogeneity), or Bb + bb genotypes
(OR = 0.80, 95% CI: 0.69-0.92, P = 0.002; P = 0.19 for
heterogeneity). However, no significant differences were
observed between these polymorphisms and rectal cancer
risk (Table 3).

Apa I polymorphism: The association between the

ApaI polymorphism and colorectal cancer was investigated in five studies, of which only one study was not
consistent with Hardy-Weinberg proportions[12,16,19,21,34].
Moreover, although the codominant model (AA vs aa,
OR = 0.83; 95% CI: 0.71-0.97, P = 0.02) showed a
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Outcome: BB vs bb
Study or sub-category
[23]

Slatter et al
2001
[13]
Kim et al
2001
[14]
Speer et al
2001
[15]
Slattery et al
2004
[16]
Park et al
2006
[19]
Kadiyska et al
2007
[12]
Flügge et al
2007
[18]
Slattery et al
2007
[17]
Hubner et al
2008
[20]
Parisi et al
2008
[21]
Theodoratou et al
2008
[22]
Jenab et al
2009
Total (95% CI)
Total events

Treatment (n /N )

Control (n /N )

59/220
60/204
13/35
279/1020
0/165
20/71
39/145
351/1222
23/73
24/95
469/1553
175/547
5350
1512

76/200
74/208
21/58
349/1127
1/288
17/41
35/140
474/1530
55/194
19/68
476/1502
220/583
5939
1817

OR (fixed) (95% CI)

Weight (%)

OR (fixed) (95% CI)

4.76
4.23
0.81
19.69
0.09
1.27
2.13
24.53
1.68
1.35
27.61
11.84
100.00

0.60 (0.40-0.90)
0.75 (0.50-1.14)
1.04 (0.44-2.49)
0.84 (0.70-1.01)
0.58 (0.02-14.30)
0.55 (0.25-1.24)
1.10 (0.65-1.88)
0.90 (0.76-1.06)
1.16 (0.65-2.09)
0.87 (0.43-1.76)
0.93 (0.80-1.09)
0.78 (0.61-0.99)
0.87 (0.80-0.94)

4.84
4.24
0.74
19.54
0.08
1.16
2.04
24.49
1.58
1.31
27.31
12.69
100.00

0.61 (0.42-0.89)
0.81 (0.56-1.17)
1.31 (0.60-2.86)
0.86 (0.72-1.02)
0.56 (0.02-13.79)
0.80 (0.39-1.63)
1.13 (0.69-1.86)
0.92 (0.79-1.07)
1.30 (0.76-2.21)
0.87 (0.45-1.68)
1.00 (0.87-1.15)
0.76 (0.61-0.94)
0.90 (0.84-0.97)

4.11
4.02
0.72
19.55
0.46
1.20
2.29
24.56
1.90
1.31
28.97
10.90
100.00

0.80 (0.65-0.98)
0.87 (0.71-1.07)
0.96 (0.61-1.53)
0.92 (0.85-1.01)
1.26 (0.74-2.14)
0.79 (0.55-1.15)
1.03 (0.80-1.32)
0.95 (0.88-1.03)
1.02 (0.77-1.35)
0.94 (0.67-1.33)
0.95 (0.88-1.02)
0.90 (0.80-1.02)
0.93 (0.90-0.97)

2

2

Test for heterogeneity: c = 8.66, df = 11 (P = 0.65), I = 0%
Test for overall effect: Z = 3.43 (P = 0.0006)
Outcome: BB vs Bb + bb
[23]

Slatter et al
2001
[13]
Kim et al
2001
[14]
Speer et al
2001
[15]
Slattery et al
2004
[16]
Park et al
2006
[19]
Kadiyska et al
2007
[12]
Flügge et al
2007
[18]
Slattery et al
2007
[17]
Hubner et al
2008
[20]
Parisi et al
2008
[21]
Theodoratou et al
2008
[22]
Jenab et al
2009
Total (95% CI)
Total events

59/424
60/393
13/56
279/1936
0/190
20/133
39/256
351/2313
23/137
24/170
469/2984
175/1091
10 083
1512

76/364
74/406
21/112
349/2130
1/320
17/94
35/256
474/2902
55/409
19/120
476/3038
220/1091
11 242
1817
2

2

Test for heterogeneity: c = 13.28, df = 11 (P = 0.28), I = 17.2%
Test for overall effect: Z = 2.75 (P = 0.006)
Outcome: B vs b
[23]

Slatter et al
2001
[13]
Kim et al
2001
[14]
Speer et al
2001
[15]
Slattery et al
2004
[16]
Park et al
2006
[19]
Kadiyska et al
2007
[12]
Flügge et al
2007
[18]
Slattery et al
2007
[17]
Hubner et al
2008
[20]
Parisi et al
2008
[21]
Theodoratou et al
2008
[22]
Jenab et al
2009
Total (95% CI)
Total events

322/848
309/786
47/112
1474/3872
25/380
102/266
189/512
1793/4626
110/274
123/340
2369/5968
894/2182
20 166
7757

2

316/728
346/812
96/224
1701/4260
34/640
87/198
186/512
2320/5804
325/818
90/240
2488/6076
948/2182
22 494
8937
2

Test for heterogeneity: c = 6.31, df = 11 (P = 0.85), I = 0%
Test for overall effect: Z = 3.45 (P = 0.0006)
0.1
0.2
0.5
1
Favours treatment

2
5
10
Favours control

Figure 2 Forest plot of the meta-analysis performed to investigate the association between the BsmI polymorphism of the vitamin D receptor gene and
colorectal cancer risk (fixed-effects model).

genetic factors may have a more important role in colon
cancer than rectal cancer.
Based on the distribution differences observed between cases of colorectal cancer and controls, we hypothesized that the BsmI B allele might have a protective

WJG|www.wjgnet.com

effect against tumorigenesis. Correspondingly, of the 12
relevant reports reviewed, 9 studies supported this hypothesis. In these studies, the populations analyzed were
from Asia (n = 1), Europe (n = 4), and the United States
(n = 4). In addition, Jenab et al[22] evaluated different Cau-
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Innovations and breakthroughs

casian populations from 23 centers in Denmark, France,
Greece, Germany, Italy, the Netherlands, Norway, Spain,
Sweden, and the United Kingdom. In this study, the BB
genotype, rather than the wild-type bb genotype, was associated with a reduced risk of colorectal cancer. The
BsmI BB genotype was also found to be associated with
a reduced risk of colorectal cancer among non-aspirin/
NSAID users[42]. Thus, multiple lines of evidence support
the hypothesis that the BsmI B allele mediates a protective
effect against the development of cancers in the digestive
tract, especially colon cancer.
The BsmI polymorphism is located in the 3’ UTR
of the VDR gene, and does not alter the amino acid
sequence of the VDR protein. Thus, for a single BsmI
polymorphism, there is a low probability that it directly
influences VDR function[9]. The BsmI polymorphism
also does not affect mRNA or protein levels of VDR[20],
or levels of 25(OH)2D3 or 125(OH)2D3[43]. However, the
BsmI site does exhibit strong LD with other VDR polymorphisms, including eTru9I, ApaI, TaqI, and Poly(A)
microsatellites. Based on these results, it appears that
the BsmI polymorphism affects some type of biological
function, and these could potentially include regulation
of VDR transcription, translation, or RNA processing[9].
Other unidentified SNPs in the VDR gene, as well as
SNPs in other genes such as CYP3A5[44], may also affect
the function of the BsmI. Furthermore, patients carrying
the BsmI allele have also been shown to have significantly
higher levels of erbB-2 expression, suggesting other tumor-related molecules may also be involved in the function of the BsmI polymorphism[14].
Although the BsmI B allele has been associated with
a protective effect, the frequency of this effect has been
found to be lower in Asian populations than in Caucasian
populations. However, this is inconsistent with the incidence of colorectal cancer identified in recent epidemiological data[2]. Moreover, in the meta-analysis performed
in the present study, no significant association was found
between VDR genotypes and the risk of colorectal cancer in group analyses (not shown). In combination, these
results suggest that other factors may be involved. For
example, environment, food, and lifestyle may play a more
significant role, in combination with genetic factors, in the
occurrence and development of colorectal cancer than
previously thought, which would potentially account for
the inconsistent results obtained from previous studies.

In the present study, all relevant reports published between January 1990 and
August 2010 were reviewed, with a focus on five well-characterized polymorphic variants of VDR: Cdx-2, FokI, BsmI, ApaI, and TaqI. In the meta-analysis
performed, BsmI was found to be associated with colorectal cancer, while the
Cdx-2, FokI, ApaI, and TaqI sites did not exhibit any significant association.
Moreover, the BsmI ‘B’ genotype was associated with a significant decrease in
the risk of colorectal cancer, especially colon cancer. Based on these results, it
is hypothesized that BsmI may mediate a protective effect on tumorigenesis.

Applications

The results of this meta-analysis have the potential to partly explain the genetics that influence the pathogenesis of colorectal cancer. This study also helps
provide a basis for clinical diagnosis and methods for early intervention.

Peer review

The authors performed a systematic meta-analysis of population-based studies to investigate the association between VDR polymorphisms and colorectal
cancer risk. The authors found a BsmI site in the 3’ UTR of the VDR gene to
be associated with colon cancer risk, and then analyzed the underlying mechanism. The results are interesting and may help explain the genetic mechanism
of colorectal carcinogenesis.
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BRIEF ARTICLE

Heme oxygenase-1 prevents liver fibrosis in rats by
regulating the expression of PPARγ and NF-κB
Hui Yang, Long-Feng Zhao, Zhong-Fu Zhao, Yan Wang, Jing-Jing Zhao, Li Zhang
sion levels of alpha-smooth muscle actin (α-SMA) in
liver tissue were measured by real-time quantitative
polymerase chain reaction (RT-PCR). The expression
levels of PPARγ and NF-κB were determined by RT-PCR
and Western blotting.
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RESULTS: The expression of HO-1 increased with the
development of fibrosis. Induction of HO-1 by hemin
significantly attenuated the severity of liver injury and
the levels of liver fibrosis as compared with inhibition
of HO-1 by ZnPP-Ⅸ. The concentrations of serum ALT,
AST, HA and Ⅳ-C in group E decreased compared with
group C and group D (P < 0.01). Amount of Hyp and
α-SMA in the liver tissues in group E decreased compared with group C (0.62 ± 0.14 vs 0.84 ± 0.07, 1.42 ±
0.17 vs 1.84 ± 0.17, respectively, P < 0.01) and group
D (0.62 ± 0.14 vs 1.11 ± 0.16, 1.42 ± 0.17 vs 2.56 ±
0.37, respectively, P < 0.01). The expression of PPARγ
at levels of transcription and translation decreased with
the development of fibrosis especially in group D; and
it increased in group E compared with groups C and
D (0.88 ± 0.15 vs 0.56 ± 0.19, 0.88 ± 0.15 vs 0.41 ±
0.11, respectively, P < 0.01). The expression of NF-κB
increased with the development of fibrosis especially in
group D; and it decreased in group E compared with
groups C and D (1.43 ± 0.31 vs 1.89 ± 0.29, 1.43 ± 0.31
vs 2.53 ± 0.54, respectively, P < 0.01).

Abstract
AIM: To investigate the effects of heme oxygenase
(HO)-1 on liver fibrosis and the expression of peroxisome proliferator-activated receptor gamma (PPARγ)
and nuclear factor-kappa B (NF-κB) in rats.
METHODS: Sixty Wistar rats were used to construct
liver fibrosis models and were randomly divided into 5
groups: group A (normal, untreated), group B (model
for 4 wk, untreated), group C (model for 6 wk, untreated), group D [model for 6 wk, treated with zinc protoporphyrin Ⅸ (ZnPP-Ⅸ) from week 4 to week 6], group
E (model for 6 wk, treated with hemin from week 4 to
week 6). Next, liver injury was assessed by measuring
serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and albumin levels. The degree
of hepatic fibrosis was evaluated by measuring serum
hyaluronate acid (HA), type Ⅳ collagen (Ⅳ-C) and by
histological examination. Hydroxyproline (Hyp) content
in the liver homogenate was determined. The expres-
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CONCLUSION: Our data demonstrate a potential
mechanism that HO-1 can prevent liver fibrosis by enhancing the expression of PPARγ and decreasing the
expression of NF-κB in liver tissues.
© 2012 Baishideng. All rights reserved.
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restricting the transformation of heme to biliverdin[15].
Hemin is a well-known physiological substrate and potent inducer of HO activity[16]. Both ZnPP-Ⅸ and hemin
were purchased from Sigma Chemical Co. (St. Louis,
MO, United States). Polyclonal antibodies HO-1 and
PPARγ were purchased from Cell Signaling (Danver,
MA, United States). Anti-phospho-NF-kB p65 monoclonal antibody was purchased from Santa Cruz (Santa
Cruz, CA, United States). Anti-bete actin antibody was
purchased from Biogenesis (Bournemouth, United
Kingdom). All other chemicals were of analytical grade
and commercially available.

Yang H, Zhao LF, Zhao ZF, Wang Y, Zhao JJ, Zhang L. Heme
oxygenase-1 prevents liver fibrosis in rats by regulating the
expression of PPARγ and NF-κB. World J Gastroenterol 2012;
18(14): 1680-1688 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i14/1680.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i14.1680

INTRODUCTION
Liver fibrosis is the mechanism of compensation and
reparation after chronic hepatic injury, which is a necessary pathological stage for the development of chronic
hepatitis. Heme oxygenase-1 (HO-1), also known as
heat shock protein 32, is a microsomal enzyme and ratelimiting enzyme that catalyzes the degradation of heme
into biliverdin, iron atoms and carbon monoxide (CO)[1].
HO-1 and its breakdown products play vital physiological roles in anti-inflammation, anti-oxidation and
regulation of apoptosis according to reports[2,3]. Many
researchers have recently confirmed that HO-1 has
protective effects on liver cells under such conditions as
acute liver injury, alcoholic liver disease, liver transplantation and ischemia/reperfusion injury[4-8]. In chronic liver
disease, induction of HO-1 is important to prevent the
development of liver fibrosis[9]. However, the underlying
molecular mechanisms are still unknown.
Peroxisome proliferator-activated receptor (PPAR)
is a ligand-activated transcription factor which is widely
distributed in tissues[10]. Three PPAR subtypes have been
identified, namely α, β and γ. PPARγ is mainly expressed
in hepatic stellate cells (HSC). Studies have shown that
the expression of PPARγ benefits the maintenance of
HSC static phenotype[11]. Up-regulation of PPARγ resulted in a signiﬁcant reduction of HSC activation, and
reversed the development of liver fibrosis.
Nuclear factor-kappa B (NF-κB) is an important nuclear transcription factor, which plays an important role
in the regulation of gene transcription such as cytokines,
chemokines, adhesion molecules and other inflammatory
mediators[12]. Up-regulating the activation of NF-κB promotes HSC proliferation and decreases HSC apoptosis.
Therefore, inhibiting the activation of NF-κB resulted in
reduction of HSC activation, promoting HSC apoptosis
and decreasing extracellular matrix production[13,14].
In the present study, we have evaluated the role of
HO-1 in liver fibrosis caused by carbon tetrachloride
(CCl4) in rat models, then observed the expression of
PPARγ and NF-κB in liver after up-regulation of HO-1
by ferriprotoporphyrin Ⅸ chloride (hemin) or inhibition
of HO-1 by zinc protoporphyrin Ⅸ (ZnPP-Ⅸ) pretreatment, and we finally hypothesize about a potential
mechanism for the cytoprotection by HO-1.

Animals and experimental design
Male Wistar rats (Medical University Laboratory Animal
Center, Shanxi, China) weighing 220 g-250 g were used
to establish fibrogenesis models[17-19]. All procedures used
in this study were approved by the Ethics Committee
for the use of experimental animals at Shanxi Medical
University. All rats were kept at 21 ℃-25 ℃ under a 12 h
dark/light cycle, drank normal water and were fed with
79.5% corn meal, 20% lard and 0.5% cholesterol for the
first two weeks, then 99.5% corn meal and 0.5% cholesterol thereafter. Sixty rats were randomly divided into
five groups (twelve rats/group); groups B, C, D and E
received subcutaneous injections of 40% CCL4 (a mixture of pure CCl4 and olive oil, 0.3 mL/100 g) every four
days for six weeks. The rats in group A were fed with normal diet and received a 0.9% NaCl subcutaneous injection. In the fourth week, Group B and some of group
A were killed, while group D and group E began to be
peritoneally injected with ZnPP-Ⅸ (20 μmol/kg) or hemin (30 μmol/kg) every other day until the sixth week
when they were killed with group C and the remnants
of group A. The dose and preparation of ZnPP and
hemin solution were based on our preliminary studies
and references[20-22]. The numbers of rats were reduced
to 11, 9, 9 and 10 in groups B, C, D, and E, respectively,
due to deaths during the process. A small portion of the
liver was removed for histological analysis by fixation
with 10% formalin and subsequent embedding in paraffin. The remaining liver was cut into pieces and frozen
in liquid nitrogen and kept at -80 ℃ until it was used for
extraction of total RNA and proteins.
Serum biochemical and liver fibrosis indicator
measurements
Markers of hepatic damage such as serum alanine aminotransferase (ALT), aspartate transaminase (AST) and albumin (ALB) levels were measured by using an automated
biochemistry clinical analyzer (Hitachi, Japan) according to
an automated procedure. The levels of serum hyaluronic
acid (HA) and type Ⅳ collagen (Ⅳ-C) were determined
using Chemiluminescence Quantitative Immunoassay Kit
(Beijing Yuande Bio-Medical Engineering Co., Ltd.).

MATERIALS AND METHODS

Quantification of hydroxyproline assay
Hydroxyproline (Hyp) content in the liver specimens
represented the total amount of collagen in livers, which

Reagents
ZnPP-Ⅸ is a selective HO inhibitor which can suppress
the activity of HO-1 by blocking CO production and
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was quantiﬁed to evaluate the degree of liver fibrosis by
using a colorimetric method[23]. Kits for the measurement were purchased from Nanjing Jiancheng Bioengineering. In brief, 100 mg of freeze-dried liver specimens
were weighed and tested according to the manufacturer’s
directions. At the end of the experiment, absorbance of
each sample was read at 550 nm using a spectrophotometer. The content was obtained according to a formula
and expressed as micrograms Hyp/milligram liver. Each
sample was analyzed in triplicate.

overnight in 5% bovine serum albumin in tris buffer
saline Tween20 buffer at 4 ℃, and then incubated with a
1:1000 dilution of anti-HO-1 polyclonal antibody, a 1:1000
dilution of anti-PPARγ polyclonal antibody, a 1:1000 dilution of anti-NF-κB monoclonal antibody or anti-betaactin monoclonal antibody overnight at 4 ℃. Then the
membranes were treated with horseradish peroxidaseconjugated secondary antibody. Blots were visualized using the Super ECL detection kit (Amersham Pharmacia
Biotech) according to the manufacturer’s instructions.
Relative densities of the bands were analyzed using the
Kodak Digital Science Imaging System.

Histologic evaluation
Liver tissues were ﬁxed in 10% neutral formalin solution
overnight, embedded in parafﬁn blocks, and then were
sectioned at 4 μm thickness for staining with hematoxylin and eosin (HE) or Masson by using standard techniques. The results were analyzed by light microscopy.
Representative views of liver sections are shown.

Statistical analysis
Data were expressed as mean ± SE and were analyzed
with SPSS Version 13.0. Differences between experimental groups were analyzed using one-way analysis of
variance or Student’s t test. All differences were considered statistically significant when P < 0.05.

RNA isolation and real-time polymerase chain reaction
Total RNA was extracted from liver tissue using the
RNA Trizol isolation reagent kit (Invitrogen, United
States). cDNA was obtained by reverse transcription
of RNA by using random primer and Moloney murine
leukemia virus reverse transcriptase (Gibco BRL, Merelbeke, Belgium). The conditions were 25 ℃ for 5 min,
42 ℃ for 60 min and 70 ℃ for 5 min, finally cooling at
5 ℃ for use. Ampliﬁcation reactions were performed
with a SYBR green polymerase chain reaction (PCR)
master mix (Applied Biosystems). Three microliters
of diluted cDNA samples were used for quantitative
analysis. The cycle conditions were 95Mul for 10 min
for denaturation, followed by 50 cycles of 15 s at 95Mul,
30 s at 55Mul and 45 s at 72Mul. Each sample was analyzed in triplicate. The primers were as follows: HO-1,
(forward) 5’-CAC GCA TAT ACC CGC TAC CT-3’ and
(reverse) 5’-AAG GCG GTC TTA GCC TCT TC-3’;
PPARγ, (forward) 5’-CCC TGG CAA AGC ATT TGT
AT-3’ and (reverse) 5’-ACT GGC ACC CTT GAA AAA
TG-3’; NF-κB, (forward) 5’-AAC ACT GCC GAG CTC
AAG AT-3’ and (reverse) 5’-CAT CGG CTT GAG
AAA AGG AG-3’; alpha-smooth muscle actin (α-SMA),
(forward) 5’-TGT GCT GGA CTC TGG AGA TG-3’
and (reverse) 5’-GAA GGA ATA GCC ACG CTC
AG-3’; Beta-actin, (forward) 5’-GTC AGG TCA TCA
CTA TCG GCA AT-3’ and (reverse) 5’-AGA GGT CTT
TAC GGA TGT CAA CGT-3’. Beta-actin was used as
an internal control.

RESULTS
Expression of HO-1 in the liver of rats in different groups
Long-term application of CCl4 can induce hepatic fibrogenesis not only in humans but also in rats. We established CCl4 rat models to evaluate the effect of HO-1
expression on liver fibrogenesis (Figure 1). The process
lasted for 6 wk. In this study, we used two opposite reagents, i.e., hemin (induction of HO-1) and ZnPP-Ⅸ
(inhibition of HO-1) from week 4 to week 6 to observe
the regulation and mechanism of HO-1 in rat liver fibrosis. The mRNA and protein expressions of HO-1 in
groups B and C were significantly higher than group A
and increased with the severity of fibrosis, but all values
were lower than in group E (P < 0.01); while those in
group D were lower than in group C (P < 0.01), but still
higher than in group A (P < 0.01).
Effects of HO-1 expression on rat model of hepatic
fibrogenesis
The rat model for group B exhibited inflammatory infiltration, hepatic steatosis and slight fibrosis (Figure 2B
and G), while group C showed obvious fibrosis (Figure
2C and H). Treatment with hemin from week 4 to week
6 markedly reduced the severity of hepatic inflammatory
infiltration and fibrosis (Figure 2E and J), whereas hepatic steatosis, inflammatory infiltration, especially fibrosis
in hepatic portal areas, varying degrees of fibrosis around
the central vein and extension to the hepatic lobule were
aggravated in groups treated with ZnPP-Ⅸ (Figure 2D
and I). These results indicate that HO-1 induction could
protect rats from CCl4-induced liver injury and fibrosis.

Western blotting analysis
Proteins were extracted from frozen liver samples with
radioimmuno-precipitation buffer containing 50 mmol/L
Tris-HCl (pH 7.5), 100 mmol/L NaCl, 1% Nonidet P-40,
2 µg/mL aprotinin, 1 mmol/L phenyl-methylsulphonyl
ﬂuoride, 1% sodium dodecyl sulfate (SDS) and 0.5%
deoxycholate, then centrifuged at 10 000 g for 10 min at
4 ℃. Samples were subjected to 12% SDS-polyacrylamide
gel electrophoresis and proteins were transferred to nitrocellulose membranes. The membranes were blocked
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Effects of HO-1 on the levels of serum ALT, AST and ALB
The levels of serum ALT and AST increased with the
development of fibrosis, and were higher in group C
than in group B (Table 1). The increase in serum ALT
and AST was markedly augmented by ZnPP-Ⅸ in group
D (P < 0.01), but attenuated by hemin in group E com-
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Table 1 Quantitation of alanine aminotransferase, aspartate
aminotransferase and albumin in the serum from different
groups of rats (mean ± SE)

a,c

3.0

A

A

B

B

C

C
Groups
D

D

E

E

n

ALT (U/L)

AST (U/L)

ALB (g/ L)

12
11
9
9
10

20.80 ± 5.49
102.00 ± 24.54b
166.50 ± 19.47b
265.67 ± 43.61b,d
114.40 ± 22.99b,d

29.40 ± 4.45
122.00 ± 31.43b
211.83 ± 29.16b
323.83 ± 40.22b,d
152.20 ± 25.65b,d

40.2 ± 1.789
37.33 ± 2.42
28.50 ± 2.59b
26.17 ± 2.93b
32.80 ± 2.68b,d

P < 0.01 vs the levels in group A; dP < 0.01 vs the levels in group C. ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; ALB: Albumin.
b

Groups

real-time PCR and Western blotting showed that the
expression of PPARγ decreased with the development
of liver fibrosis (Figure 4A). The expression of PPARγ
decreased more obviously after application of HO-1 inhibitor in group D as compared with group C (P < 0.05).
On the contrary, PPARγ increased significantly after pretreatment with hemin in group E, and was higher than
group C (P < 0.01). However, the expression of NFκB gradually increased with the development of liver
fibrosis, which was consistent with the change of HO-1
(Figure 4B). After using the inhibitor of HO-1 in group
D, the expression of NF-κB increased as compared with
group C, whereas expression decreased more significantly
than group D and even group C when HO-1 was induced in group E (P < 0.01).

HO-1

b-actin

Figure 1 Effects of hemin and zinc protoporphyrin on the expression of
heme oxygenase-1 in the liver of rats with fibrosis caused by CCl4. Group
A (normal, untreated); group B (model for 4 wk, untreated); group C (model for
6 wk, untreated); group D (model for 6 wk, treated with zinc protoporphyrin Ⅸ
from week 4 to week 6); group E (model for 6 wk, treated with hemin from week
4 to week 6). A: Heme oxygenase-1 (HO-1) mRNA levels, determined by realtime quantitative polymerase chain reaction; B: HO-1 protein levels, detected
by Western blotting. Data are expressed as the mean ± SE (n = 4 per group).
a
P < 0.01 vs the levels in group A; cP < 0.01 vs the levels in group C.

pared to group C (P < 0.01). The levels of ALB in group
E increased significantly compared to group C (P < 0.01).
Meanwhile, ALB levels decreased in group D but did not
differ significantly from group C.

DISCUSSION
Liver fibrosis is the mechanism of compensation and
reparation after chronic hepatic injury, which is a necessary pathologic stage from chronic hepatitis to cirrhosis.
Previous studies have found that 25%-40% of liver
fibrosis will eventually develop to cirrhosis and even
liver cancer[25]. Therefore, it is essential to further clarify
the mechanism of liver fibrosis in order to block and
reverse the process of liver disease. We constructed liver
fibrosis models in rats by using composite factors which
had been confirmed successfully in the Department of
Pathophysiology, Shanxi Medical University[18,19]. At the
fourth week we observed inflammatory infiltration, hepatic steatosis and slight fibrosis in livers, and obvious
liver cirrhosis could be seen at the sixth week.
HO-1 is the rate-limiting enzyme for heme degradation in a wide range of human and mammalian tissues.
Prior clinical and animal research has confirmed that
an external irritant could up-regulate the expression
of HO-1 with increasing levels of oxygen-derived free
radicals in cells[26]. It has previously been reported that
induction of HO-1 is an important defense mechanism
against many kinds of liver injuries. In chronic liver
disease, especially liver fibrosis, induction of HO-1 can
reduce the secretion of type Ⅰcollagen, thus effectively
preventing the development of liver fibrosis[27-30]. In this
study, we also examined the effects of HO-1 inhibitor
or inducer, and found that with the development of
liver fibrosis, the expression of HO-1 was significantly

Effects of HO-1 on the expression of fibrosis-related
indicators
To evaluate the effect of HO-1 induction on fibrosis, we
assessed the expression levels of hepatic fibrosis-related
indicators, i.e., HA, Ⅳ-C, Hyp and α-SMA. Rats in group
D injected with ZnPP-Ⅸ showed enhanced expression
of hepatic α-SMA and Hyp, which correlated with the
levels of serum HA and Ⅳ-C. Meanwhile mice in group
E injected with hemin exhibited depressed expression of
these compared with group C (P < 0.01), which still did
not recover to the levels of group B (P > 0.05) (Figure 3).
Role of HO-1 in the expression of PPARγ and NF-κ B at
mRNA and protein levels
Studies have shown that up-regulating the activation of
PPARγ resulted in a signiﬁcant reduction of type Ⅰcollagen
and α -SMA expression, inhibited HSC proliferation
and even reversed the development of liver fibrosis[2-4].
Studies also have found that up-regulating the activation
of NF-κB inhibited HSC apoptosis and promoted the
release of inflammatory response factors[24]. To evaluate
the mechanism of the effect of HO-1 on fibrosis, we explored the expression of PPARγ and NF-κB at levels of
transcription and translation. Unlike the trends of HO-1,
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A

B

D

E

F

G

I

J

C

H

Figure 2 Effects of heme oxygenase-1 on the histopathology of rat liver fibrosis induced by CCl4. A, F: Group A (normal, untreated); B, G: Group B (model for 4
wk, untreated); C, H: Group C (model for 6 wk, untreated); D, I: Group D (model for 6 wk, treated with zinc protoporphyrin Ⅸ from week 4 to week 6); E, J: Group E (model
for 6 wk, treated with hemin from week 4 to week 6). A-E: Hematoxylin and eosin staining (magnification × 200); F-J: Masson staining of collagens (magnification × 200).

enhanced in liver of rats, whereas hemin pretreatment
made this induction more prominent. We analyzed the
biochemical parameters reflecting liver damage related
to function and structure, such as serum ALT and AST
levels, which indicated a remarkable decrease after HO-1
induction. Liver histopathology also clearly showed that
HO-1 induction markedly reduced the severity of hepatic inflammatory infiltration and fibrosis. To further
validate the protection by HO-1, we pretreated rats with
concomitant ZnPP-Ⅸ (a competitive HO-1 inhibitor)
and observed that the liver damage was more serious
than in the control group and hemin-treated group.
Then we assessed the levels of HA and Ⅳ-C in serum
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and detected the content of Hyp and α-SMA mRNA
in rat liver tissues of the different groups, in order to
determine the proliferation levels of fibrosis. Results
showed that the induction of HO-1 could reduce all the
biochemical indicators of fibrosis and attenuate the degree of fibrosis detected pathologically, while the inhibitor of HO-1 caused an opposite result. Taken together,
we concluded that induction of HO-1 in hepatic tissues
could produce anti-inﬂammatory effects and slow the
process of liver fibrosis effectively; however the inhibition of HO-1 could enhance the liver fibrosis.
PPAR, including α, β and γ subtypes, are new steroid
hormone receptors and ligand-activated transcription
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Figure 3 Effects of heme oxygenase-1 on hyaluronate acid, type Ⅳ collagen, hydroxyproline and α-smooth muscle actin expression. A: Levels of serum hyaluronate acid (HA); B: Levels of serum type Ⅳ collagen (Ⅳ-C); C: Quantity of liver hydroxyproline; D: Levels of liver alpha-smooth muscle actin (α-SMA) mRNA. Values
are expressed as mean ± SE. aP < 0.01 vs the levels in group A; cP < 0.01 vs the levels in group C; eP < 0.05 vs the levels in group B; fP > 0.05 vs the levels in group B.

factors. PPARγ plays an important role in many biological processes, including adipogenesis, inflammatory reaction, cell growth regulation and cell differentiation[31].
The expression of PPARγ is beneficial in maintaining
the quiescent phenotype of HSC; however the inhibition
of PPARγ may be an early event in HSC transformation
from quiescent to activated state[11]. Studies found that the
PPARγ agonist rosiglitazone could be used to increase the
expression of PPARγ in activated HSC, which could reduce oxidative stress, decrease the expression of α-SMA
and the synthesis of typeⅠcollagen, inhibit cell proliferation and promote cell apoptosis[32]. Recent studies also
found that PPARγ activation reduced TGF-β1-induced
CTGF expression at both transcriptional and posttranscriptional levels in HSC[33]. Enhancement of PPARγ
activity might interrupt the signaling pathways for plateletderived growth factor and epidermal growth factor, and
then suppress hepatic fibrogenesis[34].
NF-κB is a nuclear transcriptional activator that plays
a central role in stress response and inflammation[35]. Activation of NF-κB can promote HSC proliferation, reduce
HSC apoptosis and increase the production of collagen
and inflammatory chemokines in the process of liver fibrosis. But inhibiting the activation of NF-κB can induce
apoptosis of HSC. Studies have found that a decrease
of PPARγ was accompanied with an increase of NFκB in lung tissues, which played an important role in the
development of lung fibrosis[36]. PPARγ can inhibit the
transcription and DNA synthesis of NF-κB by binding
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p50/p65 subunits to form transcriptional repressor complexes directly or by binding p300 and CBP co-activating
factors to inhibit the transcription and expression of NF[37]
κB competitively . Other research showed that a specific
inductor of PPARγ such as troglitazone could interfere
with NF-κB signaling pathway by activating PPARγ[38].
Studies in other areas have shown that co-regulation
exists between HO-1 and PPARγ. Research regarding
the interaction of HO-1 and PPARγ in human vascular
endothelial cells demonstrated that HO-1 enzymatic
activity mediated antiinflammatory and antiproliferative
effects exerted by PPAR ligands, and that a clinically relevant (GT)n dinucleotide length polymorphism within
the human HO-1 promoter significantly influenced the
transcriptional regulation of HO-1 by both PPARα and
PPARγ[39]. Li et al[40] reported that induction of HO-1
could mediate the effect of PPARγ in suppressing the
proliferation of rat pulmonary artery smooth muscle
cells, but that this effect was blocked by knockdown
of HO-1 through siRNA transfection. Recent studies demonstrated that HO-1, as an identifier of novel
trophoblast invasion-related genes, controlled motility
via up-regulation of PPARγ; researchers found that upregulation of PPARγ protein and activity by HO-1 was
required to down-regulate cell motility, but blocking of
PPARγ largely abolished the effect of HO-1[41]. Studies also found that there was an NF-κB binding site in
the HO-1 promoter region. The activity of HO-1 was
directly related to NF-κB[42]. HO-1 played an important
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Figure 4 Levels of peroxisome proliferator-activated receptor gamma mRNA and nuclear factor-kappa B mRNA in rat liver analyzed by real-time polymerase chain reaction assay and associated protein assessed by Western blotting. A: Peroxisome proliferator-activated receptor gamma (PPARγ) mRNA and
protein. The molecular weight of PPARγ is 55 kD; B: Nuclear factor-kappa B (NF-κB) mRNA and protein. The molecular weight of NF-κB is 50 kD. β-Actin was
used as an invariant control. Values are expressed as mean ± SE (n = 4 per group). aP < 0.01 vs the levels in group A; cP < 0.05 vs the levels in group C; dP < 0.01 vs
the levels in group C; eP < 0.01 vs the levels in group D. Control for equal loading.

ishing NF-κB activation in both cultured human tracheal
smooth muscle cells and the airways of mice[45].
In this study, we found that the expression of PPARγ
was decreased in group D, which was treated with ZnPPⅨ to inhibit the expression of HO-1, whereas the expression of NF-κB was increased. But PPARγ was overexpressed in group E by treating with hemin to induce the
expression of HO-1, whereas the expression of NF-κB
was reduced. By examining the HE stained liver histology,
we found that the degree of liver fibrosis was significantly
higher in group D than in groups C and E. Masson staining for collagen showed the same results: that the collagen
content in group D was significantly increased compared
to group C, but was markedly reduced in group E compared with groups D and C. Thus we hypothesize that
induction of HO-1 could alleviate the liver injury and
reverse the process of liver fibrosis by up-regulating the
expression of PPARγ and down-regulating the expression
of NF-κB, and then affect the releasing of inflammatory cytokines such as TNF-α in NF-κB-related signal
pathways or induce HSC apoptosis. Among these, the
inhibition of NF-κB may be regulated directly by HO-1
on the one hand, or on the other hand be regulated by the
expression levels of PPARγ which are associated with the
expression of HO-1 (Figure 5). In conclusion, our data

Liver fibrosis

(-)
PPARγ

(+)

(-)
HO-1

(+)
(-)

NF-kB

(-)

Figure 5 The regulatory pathway between heme oxygenase-1 and peroxisome proliferator-activated receptor gamma or nuclear factor-kappa B
in liver fibrosis of rats. (+) indicate promoting; (-) indicate inhibiting. PPARγ:
Peroxisome proliferator-activated receptor gamma; HO-1: Heme oxygenase-1;
NF-κB: Nuclear factor-kappa B.

role in the down-regulation of NF-κB activation. Yeh
et al[43] showed that HO-1 activation could attenuate the
surge of inflammation-related cytokines and decrease the
occurrence of cardiomyocytic apoptosis via inhibition of
NF-κB and AP-1 translocation. Liu et al[44] indicated that
up-regulation of HO-1 could alleviate severe acute pancreatitis-associated lung injury in rats by decreasing NFκB activity drastically and inhibiting the serum levels of
tumour necrosis factor alpha (TNF-α) and interleukin-6
significantly. Overexpression of HO-1 could protect
against TNF-α-mediated airway inflammation by dimin-
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demonstrate that the ability of HO-1 to alleviate liver fibrosis is correlated with the regulation of PPARγ and NFκB, which construct a complex network system. Further
study with regard to this mechanism will help us to form
new strategies for the effective treatment of liver fibrosis.
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COMMENTS
Background

6

Heme oxygenase-1 (HO-1) is a microsomal enzyme and rate-limiting enzyme.
HO-1 and degradation products are important defense mechanisms against
many kinds of liver injuries. In chronic liver disease, induction of HO-1 is important to prevent the development of liver fibrosis effectively. However, the underlying molecular mechanisms are still unknown.

7

Research frontiers

Peroxisome proliferator-activated receptor gamma (PPARγ) is a ligand-activated transcription factor which benefits the maintenance of the hepatic stellate
cell (HSC) static phenotype. Nuclear factor-kappa B (NF-κB) plays an important
role in the regulation of gene transcription which can promote HSC proliferation
and decrease HSC apoptosis, then aggravate liver fibrosis. Studies have shown
that co-regulation exists between HO-1 and PPARγ. HO-1 can mediate the effect of PPARγ. Studies have also found that there is an NF-κB binding site in
the HO-1 promoter region. HO-1 plays an important role in the down-regulation
of NF-κB activation.

8

9
10

Innovations and breakthroughs

In this study, by establishing a model of liver fibrosis in rats, the authors attempted to investigate the effects of HO-1 on liver fibrosis, and to evaluate
whether the role of HO-1 in liver protection was achieved by regulating the expression of PPARγ and NF-κB, which are both important in the process of liver
fibrosis.

11

12

Applications

This study further clarified one of the mechanisms of HO-1 in liver protection,
which could help provide a new strategy for treating liver fibrosis.

13

Terminology

HO-1, also known as heat shock protein 32, is a microsomal enzyme and ratelimiting enzyme that catalyzes heme degradation into biliverdin, iron atoms and
carbon monoxide. HO-1 and its breakdown products play vital physiological
roles in anti-inflammation, anti-oxidation and regulation of apoptosis according to
reports. PPAR is a ligand-activated transcription factor which is widely distributed
in the tissues. Three PPAR subtypes have been identified, namely α, β and γ.
NF-κB is an important nuclear transcription factor, which plays an important role
in the regulation of gene transcription such as cytokines, chemokines, adhesion
molecules and other inflammatory mediators. Zinc protoporphyrin-Ⅸ is a selective HO inhibitor which can suppress the activity of HO-1 by blocking carbon
monoxide production and restricting the transformation of heme to biliverdin.
Hemin is a well-known physiological substrate and potent inducer of HO activity.

14
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Peer review

The authors explored the protective effect of HO-1 in the CCl4 rat model of liver
fibrosis. In order to determine the mechanism of such protection, the authors
evaluated the expression of two important transcription factors, PPARγ and NFκB. These transcription factors are involved in regulation of hepatic stellate cell
activation, the primary cell responsible for liver fibrosis. This study proposes a
pathway for the protective action of HO-1 in liver fibrosis. If reproduced by other
investigators, this pathway could provide information that helps in designing
new therapies for prevention and treatment of liver fibrosis.
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RESULTS: A search of the literature published from
1977 through 2009 yielded 1468 articles in Chinese
and 9 in other languages; and 93.92% of the articles focused on clinical studies. No article was of
level Ⅰ evidence, and 9.26% were of level Ⅱ evidence.
The literature cited by Science Citation Index (SCI),
MEDLINE and core Chinese medical journals accounted
for 0.41%, 0.68% and 7.29%, respectively. Typically,
the articles featured in case reports of illness, examined
from the perspective of EBM, were weak in both quality
and evidence level, which inconsistently conflicted with
the fact that most of the papers were by authors from
Level-3 hospitals, the highest possible level evaluated
based on their comprehensive quality and academic
authenticity in China.
CONCLUSION: The published literature on TCM treatment of cholecystitis is of low quality and based on low
evidence, and cognitive medicine may functions as a
useful supplementary framework for the evaluation.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To analyze the literature on the use of Chinese
herbal medicines for the treatment of cholecystitis.

Key words: Cholecystitis; Traditional Chinese medicine;
Literature analysis; Randomized controlled trials; Cognition-based medicine

METHODS: The literature on treatment of cholecystitis with traditional Chinese medicines (TCM) was analyzed based on the principles and methods described
by evidence-based medicine (EBM). Eight databases
including MEDLINE, EMbase, Cochrane Central (CCTR),
four Chinese databases (China Biological Medicine
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discuss the necessity for a systematic review as well as
producing a reference to enable better research of TCM.

Dong ZY, Wang GL, Liu X, Liu J, Zhu DZ, Ling CQ. Treatment of cholecystitis with Chinese herbal medicines: A systematic review of the literature. World J Gastroenterol 2012;
18(14): 1689-1694 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i14/1689.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i14.1689

MATERIALS AND METHODS
Literature search
Electronic literature searches were conducted on the following databases: China Biological Medicine Database
(CBM), Chinese National Knowledge Infrastructure Database (CNKI), Database of Chinese Science and Technology Periodicals (VIP), Database of Chinese Ministry
of Science and Technology (Wanfang), The Cochrane
Central Register of Controlled Trials (CENTRAL),
MEDLINE (via PubMed) and EMbase. The databases
were searched from the earliest possible date until June
1, 2009. The search terms included (“Cholecystitis” or
“Acalculous Cholecystitis” or “ Emphysematous Cholecystitis” or “Cholecystitis, Acute” or “Cholecystitis,
Chronic”) and (“Chinese herbs” or “TCM” or “Chinese medicine” or “Integrated TCM WM” or “herb” or
“herbs” or “traditional Chinese medicine” or” Drugs,
Chinese Herbal”). The search terms were adjusted depending on the database being searched. Titles and abstracts of all citations were screened independently by
two reviewers (Dong ZY and Wang GL).

INTRODUCTION
Cholecystitis, defined as a type of acute or chronic inflammation occurring in the gallbladder caused by infection, bile stimulus, reflux of pancreatic juice to the biliary
passage, as well as bilirubin and lipoid metabolic disorders etc. Cholecystitis is often secondary to previously
asymptomatic gallstone disease[1]. Around 90%-95% of
cholecystitis cases are claimed to be caused by gallstone
disease, the incidence of which is 8%-10% in America
and 3%-11% in China[2,3]. Recent epidemiological studies
have shown that the incidence of cholelithiasis has been
continuously rising, and the rate is doubling every 10
years[4]. The incidence rate of cholelithiasis grows steadily
with age, varies by race, and occurs more frequently in
female patients than in male patients[2].
For symptomatic cholecystitis, antibiotics and antispasmodic treatment are conventional therapy while cholecystectomy or laparoscopic cholecystectomy are also
appropriate modalities of treatment[5]. However gallstone
disease of this type may recur within several months.
Gallstones may also recur in the biliary tract after cholecystectomy[2]. Therefore, it is important to identify effective treatment options and adjuvant therapeutic methods
for cholecystitis. Traditional Chinese medicines (TCM)
has a long history of use for treating cholecystitis and
has developed an intecrate system of medical examination and treatment. Classic TCM works such as Huang
Di Nei Jing and Shang Han Za Bing Lun have both expounded on this disease in depth. In TCM, cholecystitis
is categorized as a type of illness with symptoms such as
aching over the lateral torso, jaundice, hepatic distention,
gallbladder distention and abdominal pain, etc[6,7]. Cholecystitis is considered by TCM to be caused mainly by unrestrained food and drink, exogenous heat and moisture,
chronic illness and/or injury[8].
The large quantity of research literature on the TCM
treatment of cholecystitis in China stimulates the development of innovative and improved therapeutic methods for
the treatment of the disease. However, even basic information about the literature such as the level of evidence,
quantity, trends in publication, and existence of research
institutes remains unclear since they have not been sufficiently studied or evaluated outside of China due to barriers by language and access. Thus, a comprehensive analysis
of this large quantity of literature is urgently required.
Based on the principles and methods described by
evidence-based medicine (EBM), this study conducted an
examination and statistical analysis of current literature
on the treatment of cholecystitis with TCM, aiming to

WJG|www.wjgnet.com

Literature selection criteria
Articles on TCM treatment of cholecystitis were included;
and articles on cholecystitis treated by integrated traditional
Chinese and modern medicine were included.
Data acquisition and quality assessment
The full-text of articles that met all the selection criteria
was retrieved. The data were screened independently by
two reviewers (Dong ZY and Wang GL) using a selfmade data extraction form which collected the following
information: year of publication, first author, the organization of the first author, the hospital level of the first
author, titles of authors, study design, type of article,
journal name, and indexed/citation situation by medical
indexing databases. The first author of each article was
contacted if there were any missing data. Articles that did
not meet the inclusion criteria were excluded by reading
the titles and summaries. Disagreements whether a paper
was to be included were resolved by discussion.
Methodology of data classification
Methodology of data classification were listed below.
(1) Classified by types of study[9]; (2) Classified according to indexed/citation situation (evaluated according to
2008 edition of “Guide to the Core Journals”, and the
list of MEDLINE contains Chinese journals 2008)[10,11];
(3) Classified according to the first authors’ hospitallevel[12]: Level-3 hospital - The national, provincial, municipal large hospitals and affiliated hospitals of medical
colleges; Level-2 hospital - General hospitals of cities,
counties, districts, hospitals affiliated to factories, mining
enterprises and institutions; Level-1 hospital - Country-
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CBM
N = 1403

VIP
N = 889

CNKI
N = 140

Wanfang
N = 172

2666 relevant articles

1468 articles of TCM
for cholecystitis

Acute
cholecystitis
N = 292

Chronic
cholecystitis
N = 512

Acute exacerbation of
chronic cholecystitis
N = 16

MEDLINE N = 23
EMbase N = 34
CLB N = 5 CCTR N = 0

Excluded due to:
Duplicate database citation
(N = 835)
Duplicate publications
(N = 29)
Irrelevant or incomplete article
(N = 197)
Mongolian, Tibetan and Uighur language
(N = 33)
Articles on fundamental research,
theoretical or drug research, aftertreatment care and other therapies
(N = 104)

Cholecystitis complicated
by cholelithiasis
N = 543

Other diseases complicated
by cholecystitis
N = 105

Figure 1 Prism flow diagram. CBM: China Biological Medicine Database; VIP: Database of Chinese Science and Technology Periodicals; CNKI: Chinese National
Knowledge Infrastructure Database; CLB: The Cochrane Library; CCTR: Cochrane Central; TCM: Traditional Chinese medicines; N: Number.

side primary hospitals, townships or neighborhood community and private clinics and hospitals; and (4) Classified
according to the strength of evidence (Grading quality
of evidence and strength of recommendations, strength
grading standards by Cochrane Collaboration)[13].

We also searched Evidence Based Complementary
and Alternative Medicine (eCAM), The American Journal
of Chinese Medicine (AJCM), Journal of Chinese Integrative Medicine (J Chin Integr Med), Chinese Journal of
Integrated Traditional and Western Medicine and Alternative Medicine Review (Altern Med Rev). No relevant
articles were found in any of these sources.

Statistical analysis
Statistical data were collected and recorded in Excel and
SPSS 17.0. Percentages, percentage bar charts and trends
lines were produced to analyze the situation and trends,
while the constituent ratios were expressed in terms of
percentages in order to perform a descriptive analysis.

Literature type
In total, 1468 articles on TCM treatment of cholecystitis
were retrieved: 15 articles on treatment and care, 24 on
animal and fundamental experimental research, 25 on
theoretical research, 9 on relevant drug research and 22
on other therapies including massage, ear points, diet,
infrared ray, acupuncture and ultrasonic therapy, etc. The
data revealed that researches on clinical treatment covered the majority of the relevant literature, with the percentage as high as 93.92%, and that TCM was applied to
treat almost all types of cholecystitis (Table 1).

RESULTS
Results of literature screening
Altogether 2666 potentially relevant articles were retrieved
from eight databases, among which 1822 were written in
Chinese and 835 were duplicate citations between databases. Twenty-nine duplicate articles were excluded; there
were 197 irrelevant or incomplete articles; 33 articles were
written in Mongolian, Tibetan and Uighur; and 104 articles
were on fundamental research, theoretical or drug research,
after-treatment care and other therapies. Thus, there were
1468 articles on the TCM treatment of cholecystitis in
total. Among these articles, there were 292 concerning
cholecystitis, 512 regarding chronic cholecystitis, 16 regarding acute exacerbation of chronic cholecystitis, 543
regarding cholecystitis complicated by cholelithiasis, and
105 on other diseases complicated by cholecystitis. Among
the retrieved articles, 9 were foreign articles, including 2 in
Bulgarian, 1 in Russian and 6 in English (Figure 1).

WJG|www.wjgnet.com

Evidence level of the literature
The 1468 articles were categorized according to the
Cochrane collaboration criteria as shown in Table 2.
No article was included into the category of the highest
evidence strength, namely level Ⅰ, while 136 (9.26%) articles were categorized into level Ⅱ, 101 articles (6.88%)
into level Ⅲ, 961 articles (65.46%) into level Ⅳ; and 270
articles (18.39%) into level Ⅴ. This revealed that, with
randomized controlled trial (RCT) forming a low percentage, the evidence level of the research literature on
TCM treatment of cholecystitis appears to be relatively
low, requiring a further systematic evaluation of RCT in

1691

April 14, 2012|Volume 18|Issue 14|

Dong ZY et al . Chinese herbal medicines for cholecystitis
Table 1 Literature type
Acute
cholecystitis

Chronic
cholecystitis

292
3
3

512
0
3

16
0
0

543
12
17

105
0
1

1468
15
24

3
3
2
306

10
12
4
541

0
0
1
17

10
7
2
591

2
0
0
108

25
22
9
1563

Clinical trial study
Treatment and care
Animal and fundamental
experimental research
Theoretical research
Other therapies
Relevant drug research
Total

Acute exacerbation of Cholecystitis complicated Other diseases complicated
chronic cholecystitis
by cholelithiasis
by cholecystitis

Total

Table 2 Evidence strength analysis
Acute cholecystitis Chronic cholecystitis Acute exacerbation of
(H/M)
(H/M)
chronic cholecystitis
Systemic review
RCT
Case-control
Case report
Experience reports/
Masters experience
Review
Total

0
35 (2/2)
19 (1/0)
203 (9/3)
31 (2/0)

Cholecystitis
complicated by
cholelithiasis (H/M)

Total Evidence
Other diseases
level
complicated by
cholecystitis (H/M)

0
62 (6/0)
40 (2/1)
336 (26/0)
54 (4/0)

0
6 (1/0)
1
7 (1/0)
2

0
28 (1/1)
37 (4/1)
344 (27/1)
109 (7/2)

0
5 (1/0)
4 (1/0)
71 (7/0)
20 (1/0)

0
136
101
961
216

Ⅰ

19
511

0
16

25 (2/0)
543

5 (1/0)
105

54
1468

Ⅴ

5 (1/0)
293

Ⅱ
Ⅲ
Ⅳ
Ⅴ

H: Core Chinese Journals; M: MEDLINE; Foreign literatures number = 9: 2 pieces of Literatures in Bulgarian, 1 in Russian, 6 in English (SCI), 1 RCT Chronic
Cholecystitis, 2 case reports, 1 case comparison, 1 review (cholecystitis), 1 case report (other complicated cholecystitis). RCT: Randomized controlled trial.

Table 3 Distribution of the first authors' hospital level

Level-3 hospitals
Level-2 hospitals
Level-1 hospitals and
others
Medical schools and
universities
Research institutes

Acute
cholecystitis

Chronic
cholecystitis

Acute exacerbation of
chronic cholecystitis

Cholecystitis complicated
by cholelithiasis

Other diseases complicated
by cholecystitis

Total

107
106
76

149
197
132

10
5
1

163
193
163

35
37
28

464
538
400

4

26

0

16

5

51

0

7

0

6

2

15

order to determine the efficacy and safety of the TCM
treatment of cholecystitis.

and universities 51 (3.47%); research institutes 15 (1.02%);
and level-1 hospitals, township hospitals and private
clinic/hospitals contributed 400 (27.25%). This shows
that the authors of the research literature in this study
mainly came from level-3 and level-2 hospitals, which accounted for 68.26% of the total. The RCT distributed as
such: level-3 hospitals contributed 62 articles (45.59%);
level-2 hospitals 43 (31.62%), level-1 hospitals and others
25 (18.38%); medical schools and universities 6 (4.41%)
(Figure 2). Literature with a higher evidence level was
also mainly contributed by authors from level-3 hospitals
and medical schools/universities.

General status of the literature included by databases
Among the 1477 articles on TCM treatment of cholecystitis both in Chinese and English, 107 (7.24%) were included by core Chinese journals. The 10 articles included
in MEDLINE and the 6 in SCI represented 0.68% and
0.41% of the articles, respectively. This reflects a seemingly inadequate writing quality, low research level of the
literature, and a generally low international recognition.
Distribution of the first authors’ hospitals
The 1468 Chinese articles on TCM treatment of cholecystitis were categorized according to the first authors’
hospital levels as shown in Table 3. Among the literature,
authors from level-3 hospitals contributed 464 articles
(31.61%); level-2 hospitals 538 (36.65%); medical schools

WJG|www.wjgnet.com

DISCUSSION
From the above analysis, two major weaknesses were
revealed by the selected literature on TCM treatment of
cholecystitis. The first one is that only few papers were
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different treatment methods and medication might be
applied to the same disease and even the same syndrome
according to different physical conditions of the individual patient or even according to the different time and
place that the illness occurs. This makes it hard for TCM
to conduct a high-quality RCT which might be the major
cause resulting in the low evidence level of these Chinese
papers.
By examining the literature on the treatment of cholecystitis with TCM according to the principles of EBM,
we hope to expose the problems and weakness in current
TCM clinical studies so as to raise the quality of TCM
research.
Here arises the question, how to evaluate the therapeutic effectiveness of TCM more scientifically? This is
the right and urgent question that not only TCM but also
the entire alternative and complementary medicine should
address. EBM experts are trying to further perfect the research standard of RCTs and drafting research guidelines
that can better meet the characteristics of TCM. Besides,
more scholars are trying to improve the present frame of
EBM. Professor Keine[18] from the Institute for Applied
Epistemology and Medical Methodology in Germany has
conducted a study of cognition-based medicine. Cognition-based medicine is a newly-developed methodological
system of scientific medicine. Its primary element is the
criteria-based assessment of therapeutic causality at the
level of the individual patient[19]. Principles and criteria of
single-case causality assessment have been analyzed and
explained. Cognition-based medicine enables a methodological professionalization of clinical judgment as well
as the explication of physician experience and expertise.
Cognition-based medicine study design expands the current range of clinical research, extending from criteriabased causality assessment in single cases to new forms
of cohort evaluations. Though cognition-based medicine
studies only started recently, this trend is inspiring and
promising. It will not only facilitate the evaluation of
TCM, which greatly emphasize individualized medical
treatment solution, but also accord with the trend of
medical development which stresses the significance of
individualized treatment, and cognition-based medicine,
a beneficial complement to EBM, may play a significant
role in clinical research[20,21].

Number of articles
Medicine academy, 4%
Level-1 hospitals, 18%

Level-3 hospitals, 46%

Level-2 hospitals, 32%

Figure 2 Distribution of the hospitals where the first authors of the randomized controlled trial research on traditional Chinese medicines treatment of cholecystitis come from.

included by SCI and MEDLINE. Although it is not appropriate to evaluate the quality of papers merely according to whether they are included by SCI, MEDLINE and
other core medical databases, it is an objective index to
certain degrees, based on the strict selection rules and expert evaluation system of SCI and MEDLINE[14].
The second weakness of the literature in general lies
in its low evidence level. The concept of evidence levels
originated from the emergence and development of EBM,
and was first proposed by the clinical epidemiologist Dave
Sackett from McMaster University of Canada in 1990[15-17].
High-quality papers and RCTs require an adequate highquality research platform. Is the large quantity of papers
with low evidence level given rise to by an inadequate
platform for the research of TCM? To answer this question, after analyzing the distribution of the hospitals, institutions or universities of the first authors, we discovered
that 35.08% of the papers were contributed by authors
from level-3 hospitals and universities. This accounts
for all the articles included by SCI or published in core
journals not included in SCI, while 64.92% of the articles
were from level-1 and level-2 hospitals with a relatively
low research capacity, which indicates a close correlation
between the quality of published papers and the research
platform. We also found from the data that RCTs hold
only less than 10% of all TCM clinical studies, which is
an outstanding difference compared to the 70% share of
RCTs in the clinical study of modern medicine. Why such
a low percentage TCM clinical study is from RCTs is a
significant question that deserves further consideration[18].
EBM is a young discipline; the first International EBM
Research Center was established in the United Kingdom
in 1993, and the first EBM Research Center in China was
set up three years later and quickly motivated the spread
of EBM theory within China. Although the preference of
Chinese TCM researchers for clinical study models somewhat limits the strict RCT research to a certain degree,
TCM has its own unique treatment models and standards
which deserves proper recognition. For example, it advocates individualized treatment and medication. Namely,
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INTRODUCTION
Conventional manometry presents considerable challenges
in evaluation of oropharyngeal dysphagia because of the
asymmetry and deglutitive movements of oropharyngeal
structures[1]. Introduction of high resolution manometry
(HRM), which employs pressure sensors at 1 cm intervals
across the entire anatomic region from the oropharynx to
the stomach represented a significant improvement in data
recording and diagnostic yield, especially in cases of functional dysphagia over conventional manometry[1,2]. However identifying a manometric abnormality does not equate
to identifying a disease and thus achalasia and (perhaps) diffuse esophageal spasm are relevant to manometric findings,
which have a functional correlate and can cause dysphagia[3]. Most recently, high resolution impedance manometry
(HRIM) has been introduced to combine the benefits of
HRM and impedance-based bolus transit assessment. Actually patients with normal manometry can have abnormal
bolus transit, and patients with abnormal manometry can
have normal bolus transit[4]. Koya et al[5] reported that abnormal impedance even in patients with normal manometry may be a sensitive indicator of esophageal functional
abnormality as represented by the symptom of dysphagia
in these patients.
To our knowledge, little is known with regard to in-

Abstract
Conventional manometry presents significant challenges, especially in assessment of pharyngeal swallowing,
because of the asymmetry and deglutitive movements
of oropharyngeal structures. It only provides information about intraluminal pressure and thus it is difficult to
study functional details of esophageal motility disorders.
New technology of solid high resolution impedance
manometry (HRIM), with 32 pressure sensors and 6 impedance sensors, is likely to provide better assessment
of pharyngeal swallowing as well as more information
about esophageal motility disorders. However, the clinical usefulness of application of HRIM in patients with
oropharyngeal dysphagia or esophageal dysphagia is
not known. We experienced a case of Huntington’s disease presenting with both oropharyngeal and esophageal dysphagia, in which HRIM revealed the mechanism
of oropharyngeal dysphagia and provided comprehensive information about esophageal dysphagia.
© 2012 Baishideng. All rights reserved.
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vestigation of dysphagia using the HRIM technique. We
experienced a case of Huntington’s disease presenting
with both oropharyngeal and esophageal dysphagia, in
which HRIM revealed the mechanism of oropharyngeal
dysphagia, and provided comprehensive information
about esophageal dysphagia.

barium powder, the patient had a tendency to eat rapidly. Labial closure was normal but disorganized tongue
movement, as well as postural instability induced by chorea resulted in residual bolus in the vallecula and pyriform sinuses.
HRIM study
A solid-state HRIM manometry assembly (Sandhill Scientific Instruments Inc. United States) was used to evaluate
dysphagia in the patient. A HRIM study was also performed in 26 healthy persons to compare the characteristics of pharyngeal motility. The HRIM catheter was 4.0
mm diameter with 32 solid pressure sensors and 6 impedance sensors. The 4 active impedance channels were
located in the traditional locations for analysis, i.e., 5, 10,
15 and 20 cm above the high pressure zone of the lower
esophageal sphincter (LES). There were 32 pressure
sensors which spanned the esophagus from UES to the
LES to allow for evaluation of swallows from initiation
of the swallow to closure of the LES. The zero mark on
the probe was located at the channel used for LES analysis. The study was performed in a sitting position after at
least 6-h fasting. The HRIM assembly was passed transnasally and positioned to record from the hypopharynx
to the stomach with about 3-5 intragastric sensors. The
catheter was fixed in place by taping it to the nose. The
manometric protocol included a 5-min period to assess
basal sphincter pressure, 10 5-mL saline swallows and
10 5-mL viscous swallows (so called standard method).
Manometric data were acquired and stored using software (Sandhill Scientific Instruments Inc. United States).
The HRIM catheter was pulled back by 10 cm and the
same sessions were repeated because of inability to assess all the pharyngeal manometric information and
bolus transit of pharyngoesophageal segment (so called
modified method). Takasaki et al[6] reported that vocalizing “kakakaka” in investigation of pharyngeal swallow using high resolution manometry easily identified
the locations of the velopharyngeal swallowing pressure. Therefore vocalizing “kakakaka” was added to the
HRIM study using modified method.

CASE REPORT
Present illness
A 65-year-old male was admitted to the hospital because
of a 5-year history of progressive dysphagia. Five years
before admission, he began to have difficulty in swallowing liquids such as tea and thin soup. Three years later
he complained of difficulty in eating liquids as well as
solid foods, pain extended up to the manubrium, and he
had lost 12 kg in weight. Ten years before admission, the
patient became aware of involuntary movements of all
his limbs and face. In his family history, his mother and
younger brother complained of the same symptoms.
Physical study in general and neurological study
The patient had a history of pulmonary tuberculosis, which had been cured 30 years previously. He had
smoked cigarettes for 40 years. He had drunk moderate
amounts of alcohol for 40 years, but he had stopped
drinking 3 years before admission. His body temperature
was 36.5 ℃, pulse was 85 bpm, and respirations were 18
breaths/min. Blood pressure was 125/85 mmHg. Physical examination revealed mild dysarthria, chorea, and
limitation of down gaze in eye movement. No muscle rigidity, muscle atrophy or pathologic reflexes were noted.
Brain magnetic resonance imaging exhibited ventriculomegaly and mild atrophy in all regions of his brain. The
patient was finally diagnosed with Huntington’s disease
by the result that the CAG repeat numbers in the Huntington gene were 44 in comparison with the normal
numbers of 10-35.
Endoscopic study
The whole mucosa of the hypopharynx and esophagus
was normal except for a mucosal break less than 5 mm
from the esophagogastric junction. Endoscopy revealed
relatively normal opening of the upper esophageal
sphincter (UES) and low esophageal sphincter, and no
presence of residual food in the esophagus. However,
spastic contraction of the mid esophagus was noticed.

Initial HRIM findings by the standard method
The results of HRIM by the standard method are summarized in Table 1. Impedance results demonstrated
100% swallowing with incomplete bolus transit of both
the liquid and the viscous solution. Manometric results revealed high LES pressure with incomplete relaxation (Figure 1A). For liquid bolus, distal esophageal high pressure
simultaneous repetitive contraction was observed in 70%
of swallows on the manometric topographic view and abnormal liquid transit was noted on the impedance contour
view. For viscous bolus, contractile pressures were higher,
and simultaneous repetitive contractions were noted on
the manometric topographic view, which was associated
with the sensation of retrosternal bolus hold-up, chest
pain, and abnormal viscous transit (Figure 1B).

Esophagogram study
Esophagography demonstrated barium retention with
significant delay of contrast passage into the stomach.
There were frequent irregular contractions between the
mid and distal esophagus. There were no typical signs of
primary esophageal motility disorder such as bird-beak
appearance or corkscrew appearance.
Video fluoroscopic swallowing study
On swallowing of a spoonful of pudding mixed with
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A

Table 1 High resolution impedance manometric findings by
the standard method
Initial finding
Manometry
LES pressure (mmHg)
Relaxation of LES
Residual pressure (mmHg)
Duration (s)
Relaxation percent (%)
Body peristalsis
Simultaneous contraction (%)
Peristaltic contraction (%)
Aperistalsis (%)
Amplitude of lower esophagus
(mean, mmHg)
Impedance
Liquid swallow
Incomplete bolus transit (%)
Complete bolus transit (%)
Viscous swallow
Incomplete bolus transit (%)
Complete bolus transit (%)

After botulinum
toxin injection

44.2

37.2

12.1
10.1
74

10.8
9.3
71

70
30
0
441

60
40
0
382

100
0

70
30

100
0

70
30

B

C

LES: Lower esophageal sphincter.

A

Figure 2 High resolution impedance manometry findings using modified
protocol. A: Patient; unremarkable peristaltic contraction and bolus transit
between the hypopharynx and upper esophagus are seen after pull back of the
catheter; B: Patient; irregular contractions are seen at the velopharyngeal zone,
and simultaneous contraction between velopharyngeal and mesohypo- pharyngeal zone accompanying impaired bolus transit of pharyngo-upper esophageal
segment after vocalizing “kakakaka”; C: Healthy subject without dysphagia;
regular contractions are noted at the velopharyngeal zone, and peristaltic contractions of pharyngo-upper esophageal segment are normal as well as bolus
transit after vocalizing “kakakaka”.

B

HRIM findings by the standard method after
post-botulinum toxin injection
Given the esophageal dysmotility with a spastic component,
subsequent trials of a proton pump inhibitor, a nitrate, a
calcium channel blocker, and a phosphodiesterase inhibitor were made for 1 mo. There was no response to these
drugs in the patient. Treatment with 100 U botulinum toxin
injected around the lower esophagus showed considerable
improvement in the impedance results and in symptoms
such as retrosternal bolus hold-up and chest pain despite
no change in the manometry results (Figure 1C).

C

Initial HRIM findings by the modified method
HRIM using the standard method demonstrated normal
UES relaxation and peristaltic pharyngeal pressure (UES
pressure 41.1 mmHg, residual pressure -1.1 mmHg, duration 0.6 s, 100% relaxation). After withdrawal of the
catheter by 10 cm, HRIM revealed unremarkable bolus
transit and peristalsis between the meso hypopharynx
and upper esophagus (Figure 2A). However, HRIM using the modified method and vocalizing “kakakaka”

Figure 1 High resolution impedance manometry findings using the standard protocol. A: Liquid swallowing at admission reveals high amplitude, simultaneous contractions of esophageal body with incomplete lower esophageal
sphincter relaxation, and incomplete bolus transit; B: Viscous swallowing at admission demonstrates higher amplitude, repetitive contractions and incomplete
bolus transit; C: After injection of botulinum toxin, the isocontour of impedance
shows considerably improved bolus transit compared with those at admission
during saline swallows (Figure 1A), but spasms are still seen on the isocontour
of manometry.
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revealed irregular contractions of the velopharyngeal
zone, simultaneous contraction between the velopharyngeal and mesohypopharyngeal zone, and impaired
bolus transit of the pharyngo-upper esophageal segment
(Figure 2B). In contrast to the HRIM findings of our
case, HRIM findings using the modified method from
all healthy persons showed regular contractions of the
velopharyngeal zone and normal bolus transit between
mesohypopharyngeal zone and the upper esophagus
(Figure 2C).

likely secondary to the disruptive effects of chorea in the
aerodigestive tract. To our knowledge there has been no
report regarding spastic esophageal dysmotility in Huntington’s disease. The cause of the spastic esophageal
motility disorder in the patient was unknown. There are
a few studies documenting acid reflux-induced esophageal spasm[12,14,15]. Simultaneous contractions from gastroesophageal reflux should be treated first by a proton
pump inhibitor[16]. Reflux esophagitis in this case may be
considered the cause of the esophageal dysmotility with
a spastic component. However, there was no improvement under therapy with a proton pump inhibitor.
Considering dysphagia associated with chest pain
attributable to esophageal spasm, subsequent trials of
a nitrate, a calcium channel blocker, and a phosphodiesterase inhibitor were performed. There was no response
to these drugs in the patient. Actually current treatments
for esophageal spasm, including calcium channel blockers and nitrate donors, are limited by poor efficacy and
side effects[17]. Recently botulinum toxin injections in the
lower esophagus and at the level of the gastroesophageal
junction have been reported to have a beneficial effect
in patients suffering from DES[18-20]. These beneficial
effects of botulinum toxin are perhaps related to the
improved manometric results. Interestingly, injection of
botulinum toxin in this case showed improvement in
impedance results and symptoms despite no improved
manometry results. It suggests that the esophageal symptoms are more closely related to disturbed bolus transport and impaired clearance than esophageal dysmotility
per se[4]. It may also suggest that esophageal dysmotility
in terms of abnormal contractility and impaired bolus
transit is limited in explaining the dysphagia. Dysphagia
symptoms are related to factors other than esophageal
dysmotility, e.g., esophageal sensitivity disorder.
In conclusion, HRIM enabled us to obtain more
detailed and important information in the Huntington’
s disease patient with both oropharyngeal dysphasia and
esophageal spastic dysmotility. Further investigation of
HRIM will be needed to assess its role in either oropharyngeal or esophageal dysphagia.

DISCUSSION
To our knowledge, this report is the first study of Huntington’s disease using HRIM, which indicated the combined oropharyngeal and esophageal dysphagia. The
patient had difficulty in initiating swallowing and had
retrosternal bolus hold-up. Insidious onset of dysphagia
associated with some neurologic symptoms such as chorea and dysarthria suggested oropharyngeal dysphagia
from a neurologic basis. A video fluoroscopic swallowing
study provided the diagnosis of oropharyngeal dysphagia which resulted from a lack of coordination between
the oral and pharyngeal stage. Unexpected involuntary
movement in the oral cavity induced oropharyngeal incoordination. Oropharyngeal dysphagia in Huntington’
s disease results from tachyphagia, or rapid uncontrolled
swallowing, secondary to impaired sensory and cognitive function[7]. Furthermore, it is caused by buccolingual
chorea resulting in food being transferred impulsively[7].
Respiratory chorea, marked by involuntary respiratory
movements, occurs in approximately 40% of patients,
and interrupts the normal respiratory-deglutition cycle[8].
Given the anatomical structures involved in vocalization, the HRIM findings using the modified method
may reflect the mechanism of oropharyngeal dysphagia
in the Huntington’s disease patient. In other words, the
modified test may disclose oropharyngeal incoordination
related to buccolingual chorea, which cannot be detected
even with HRM or HRIM using the usual protocol such
as the liquid and viscous swallow test. Further investigation should be carried out to confirm the role of the
vocal test in either HRM or HRIM studies for assessing
oropharyngeal dysphagia related to chorea.
HRIM results concerning esophageal dysphagia appeared to indicate diffuse esophageal spasm (DES) such
as simultaneous contraction associated with > 10% of
wet swallows, mean simultaneous contraction amplitude
> 30 mmHg, and repetitive contractions. Esophageal
dysmotility of the patient, however, can be better classified as an atypical disorder of LES relaxation because
there was incomplete relaxation of the LES [9]. The
esophageal dysmotility in this case may be an intermediate form between DES and achalasia because a few case
reports have suggested a transition from DES to achalasia in some patients[10-12].
Kagel et al[13] reported esophageal dysphagia was relatively uncommon in Huntington’s disease. It was most
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TO THE EDITOR
We read with great interest the article by Biecker et al[1]
regarding management of ascites published on World J
Gastroenterol 2011; 17: 1237-1248. Development of spontaneous bacterial peritonitis (SBP) is a major complication of ascites and possibly the final step in a series of
events, including intestinal bacterial overgrowth (IBO),
bacterial translocation (BT) resulting in bacteremia, endotoxemia, and colonization of mesenteric lymph nodes,
and finally seeding of bacteria into the ascitic fluid
(AF). Indeed, SBP in non-hospitalized patients is mostly
caused by gram-negative bacteria of intestinal origin. It
has been hypothesized that patients at risk of SBP have
probably sustained multiple episodes of colonization
and resolution before they present with the first clinically apparent infection. In this respect, a previous study
showed that higher neutrophil counts in sterile AF are
associated with higher risk of subsequent development
of SBP[2]. The high mortality of SBP warrants its prevention with administration of antibiotics aimed at decreasing the burden of gut bacteria, thus interrupting the
sequence of events leading to AF infection. Norfloxacin
is widely used for primary prophylaxis of SBP; however
its extensive long-term use has increased the incidence
of quinolone-resistant and gram-positive SBP[1].
Rifaximin is an antibiotic with a broad-spectrum
activity against gram-positive and gram-negative microorganisms within the gastrointestinal tract. The main

Abstract
According to a review article by Biecker et al published
in a previous issue of World Journal of Gastroenterology in March 2011, intestinal decontamination with norfloxacin remains the mainstay of primary prophylaxis of
spontaneous bacterial peritonitis (SBP) at the expense
of development of quinolone-resistant bacteria after
long-term use. In our research, the administration of a
4-wk regimen with rifaximin 1200 mg/d reduced significantly the ascitic neutrophil count in cirrhotic patients
with sterile ascites in line with a significant decrease in
plasma endotoxin levels. Our observations concur with
recent findings, showing a significantly reduced 5-year
probability of SBP in cirrhotic patients taking rifaximin.
© 2012 Baishideng. All rights reserved.

Key words: rifaximin; cirrhosis; ascites; spontaneous
bacterial peritonitis
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Figure 1 Individual changes in ascitic fluid white blood cell (A), neutrophil count (B) and proportion of neutrophils (C), and plasma endotoxin levels (D)
after administration of rifaximin for 4 wk.

treatment with antibiotics during the last 8 wk before
inclusion. For ethical reasons, only patients with AF total
protein concentration >1 g/dL were studied. AF white
blood cell (WBC) and neutrophil count, the proportion
of neutrophils in AF (AF% neutrophils), and plasma endotoxin levels were measured at baseline and at the end
of observational or treatment period. For the detection
of plasma endotoxin levels, the Limulus amebocyte lusate chromogenic endpoint assay (Hycult biotech, Uden,
The Netherlands) was used as instructed by the manufacturer. The Wilcoxon matched pairs test was used for
comparing variations within the same group. Results
were expressed as mean ± SE. Statistical significance was
designated as P < 0.05.
Rifaximin caused significant reductions in AF WBC,
neutrophil count, AF% neutrophil count, and plasma
endotoxin levels (Table 1); the values of the abovementioned parameters decreased uniformly in all patients
(Figure 1). No significant changes in the AF cytological
characteristics or plasma endotoxin levels were noted in
Group 2. No patient developed AF infection during the
study period and no side-effects were noted by the use
of rifaximin.
Our findings strongly suggest that rifaximin suppresses IBO, which in turn reduces BT and the subclinical activation of AF defence mechanisms from prior
silent colonisations with bacteria in cirrhotic patients
with sterile ascites. The reduction of endotoxemia by ri-

advantage of rifaximin is that it is virtually unabsorbable, which minimizes the antimicrobial resistance and
adverse events and renders the drug safe in all patient
populations. In addition, rifaximin has a better activity
against gram-positive organisms than norfloxacin[3].
We investigated whether rifaximin can reduce the
burden of gut flora and BT, which are the requisite effects of a drug used for SBP prophylaxis, by studying its
effects on circulating endotoxin levels and AF neutrophil
counts in cirrhotic patients with sterile ascites.
Sixteen cirrhotic patients with ascites with no history of previous SBP episodes who required regularly
a large-volume paracentesis were included in our study.
Cirrhosis was established by non-invasive and/or histological criteria; all patients were Child Pugh class C.
The patients were studied at baseline and after a 4-wk
regimen with rifaximin 1200 mg/d (Group 1, n = 9;
alcohol/viral etiology: 7/2) or an observational period
(Group 2, n = 7; alcohol/viral etiology: 5/2). Exploratory paracentesis was performed in association with each
therapeutic paracentesis to exclude ascitic fluid infection. All patients were included after written informed
consent was obtained from them and the local scientificethical committee approved the study. Criteria for inclusion were: (1) Abstinence from alcohol for at least 6 mo
before inclusion; (2) Absence of clinical and laboratory
signs of bacterial infections; (3) No history of variceal
bleeding within the 2 wk preceding the study; and (4) No
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Table 1 Ascites cytological characteristics and plasma endotoxin levels in patients after rifaximin treatment or in observational period

3

WBC count (per mm )
Neutrophil count (per mm3)
AF% neutrophils
Plasma endotoxin (EU/mL)

Baseline

Group 1 (n = 9)
4 wk

147.7 ± 24.1
28.4 ± 9.3
17.1 ± 3
3.3 ± 1.1

107.7 ± 16.6
13.5 ± 4.3
11.2 ± 2.1
1.6 ± 0.5

P value
0.004
0.01
0.0008
0.03

Baseline

Group 2 (n = 7)
4 wk

P value

164.5 ± 30.2
34.6 ± 6.4
21.6 ± 3.5
2.9 ± 0.9

175 ± 20.8
37.9 ± 7.2
22.1 ± 2.5
3 ± 0.8

NS
NS
NS
NS

Data are expressed as mean ± SE. WBC: White blood cell; NS: Not significant; AF: Ascitic fluid. Group 1: 9 cirrhotic patients with refractory ascites at baseline and after 4-wk rifaximin treatment; Group 2: 7 patients in the observational period.

faximin may further reduce BT by causing a fall in portal
pressures[4] considering that portal hypertension induces
structural abnormalities in intestinal mucosa leading to
an enhanced permeability[1]. Overall, the effects of rifaximin on IBO and BT in our study are consistent with
recent findings, showing a significantly reduced 5-year
probability of SBP in cirrhotic patients taking rifaximin[5]. In conclusion, the role of rifaximin as an alternative mean of preventing SBP deserves further attention
in prospective studies.

3
4

5
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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 1007-9327 (print)
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homogeneous 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].
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Kjell Öberg, MD, PhD, Professor, Department of Endocrine
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Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of
Medicine, Chief Gastroenterology, VA Long Beach Health Care
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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 Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 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 from to evaluate the statistical method
used in the paper, including t-test (group or paired comparisons),
chi-squared 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

WJG|www.wjgnet.com

II

April 14, 2012|Volume 18|Issue 14|

Instructions to authors

for important intellectual content; and (3) final approval 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/1007-9327office. 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 for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in WJG,
reviewers of accepted manuscripts will be announced by publishing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor XinWei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

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.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.

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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).

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.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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. Immunolog-

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 la-
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ic 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]
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]

eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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 dis-
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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
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Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm

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.
com/1007-9327/g_info_20100315222607.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

Proof of financial support
For paper supported by a foundation, authors should provide
a copy of the document and serial number of the foundation.

Brief articles: http://www.wjgnet.com/1007-9327/g_info_2010
0312231400.htm
Case report: http://www.wjgnet.com/1007-9327/g_info_2010
0315221946.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.

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

Science news releases
Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
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INTRODUCTION
Restorative proctocolectomy (RP) with ileopouch-anal
anastomosis (IPAA) is considered the treatment of choice
for patients affected by ulcerative colitis (UC) and familial
adenomatous polyposis (FAP) who require surgery. RP
removes the disease, reduces the long-term risk of carcinogenesis and preserves transanal defecation[1]. Shortterm results demonstrate excellent functional outcomes
with good quality of life, while some deterioration of
function is reported in the long term. Pelvic sepsis is the
most serious complication of RP, leading to pouch failure
or malfunction[2,3]. Since the first description of IPAA[4],
many techniques have been introduced to prevent or limit
the consequences of an IPAA leak; the necessity of fashioning a covering ileostomy at the time of RP remains
controversial. The aim of this review is to establish the
role of a covering ileostomy in patients undergoing RP
for UC or FAP.

Abstract
Restorative proctocolectomy (RP) is the treatment of
choice in patients affected with refractory ulcerative
colitis or familial adenomatous polyposis. Surgery in
elective settings is often performed in 2 stages, fash�
ioning an ileostomy which is closed 2-3-mo later. It is
still debated whether omitting ileostomy could offer
advantages in the management of patients undergoing
RP.

ILEOSTOMY AND PELVIC SEPSIS/POUCH
FAILURE
RP is generally performed in two stages in elective settings, but it can be performed as a single-stage procedure
in order to avoid ileostomy and its complications [5,6].
Sugerman et al[5] reported a high rate of pelvic sepsis
(12%) in 192 patients undergoing IPAA without covering
ileostomy, with excellent function retained in 19 out of
the 23 patients who developed pelvic sepsis. Texeira et al[7]
suggested that ileostomy does not eliminate the risk of
pelvic sepsis; they found that an IPAA stricture was more
frequent in patients undergoing IPAA without a covering
ileostomy (31.3% vs 4.7%). Furthermore, Ikeuchi et al[8]
found that the incidence of post-operative complications
after the first intervention did not differ significantly between patients with or without an ileostomy: pouch-related complications affected 12 patients (8%) without ileostomy, with surgery being required in 5 cases (3.3%), and 4
patients (4.3%) with ileostomy, all of who were managed
conservatively. Despite this, the authors reported that the

© 2012 Baishideng. All rights reserved.
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tioning the utility of detecting asymptomatic defects[13].
Moreover, managing these tiny tracks aggressively could
result in overtreatment. Previous studies have not clearly
compared clinical data - obtained through anamnesis plus
clinical examination - and pouchography. In our experience, a preoperative pouchogram in patients at risk of
developing complications adds valuable information[20],
but it should not be intended as a routine examination in
symptomatic UC patients with negative results of a clinical/endoscopic examination.
Comparison of data from two groups of clinically
negative UC pouch patients who did (n� =� ���������������
37) or did not
(n� =� �����������������������������������������������
33) undergo pouchography before ileostomy takedown in our centre revealed that 10.8% of patients in
the former group exhibited an asymptomatic radiological
abnormality that was otherwise undetected (four pouch
sinuses). However, the failure rate was similar in the two
groups (3% vs 2.7%, P =� ��������������������������������
NS), as was the overall rate of
complications. In addition, patients in the pouchography
group who experienced failure had a normal pouchogram
at the time of ileostomy closure[22]. We follow the following algorithm in our practice: a clinical/endoscopic assessment is always applied to patients scheduled to undergo
ileostomy takedown, and a pouchography study is carried
out if symptoms or the clinical examination make us suspect that a complication has occurred. The ileostomy of
asymptomatic, clinically negative patients is closed without radiological evaluation of the pouch.

overall incidence of post-operative complications was significantly higher in the group with ileostomy than in the
non-ileostomy group: 55.4% vs 32%.
It needs to be remembered that omitting ileostomy
appears to expose the patient to a high risk of pouch
failure due to early anastomotic leakage. In St. Mark’s
Hospital the rate of pouch failure was higher in patients
undergoing IPAA without a covering ileostomy: 15% vs
8%[9]. Data from the Cleveland Clinic of 1965 patients
undergoing RP revealed that anastomotic leak occurred
in 5.3% of the patients with ileostomy, but in > 14%
when ileostomy was omitted[10]. The global rate of complications after 1504 ileostomy closures was as high as
11.4%[11,12].

COMPLICATIONS/CONSEQUENCES OF
ILEOSTOMY
Fashioning a covering ileostomy can be burdened by
complications due to diversion, such as dehydration from
excessive stoma output, the need for a second intervention and hospitalization to undergo ileostomy closure, the
risk of anastomotic leak and a presumed increased risk of
subsequent small-bowel occlusion, which some authors
attribute to either internal hernias around the stoma or to
adhesions in the proximity of the stoma site[5]. Complications such as irritation of the peristomal skin or stoma
prolapse are well described in the literature[13]. Ileostomy
closure is associated with longer hospitalization, and some
authors report that this can increase the cost of the proce
dure[14]. Moreover, the preternatural anus, even if temporary, can have psychological effects and affect the patient’s
perception of their body[15,16].

ILEOSTOMY AND BASELINE DISEASE
Intuitively, patients undergoing a pelvic pouch procedure
for non-inflammatory disease are at lower risk of developing septic complications, because they do not need
to be treated with steroid medications. The findings of
several studies suggest that a loop ileostomy can be safely
-���
30]
omitted, even in patients undergoing IPAA for UC[8,23����
.
However, a recent retrospective multivariate analysis of
patients undergoing RP at the Cleveland Clinic and at
St. Mark’s Hospital revealed that FAP is associated with
a higher probability of a safe one-stage RP (odds ratio,
2.6)[31].

ILEOSTOMY AND PRE-TAKEDOWN ASSESSMENT (SECOND-STAGE SURGERY)
A covering ileostomy after RP should be taken down after
a minimum of 8 w�������������������������������������
k������������������������������������
to allow IPAA healing. Takedown is
usually performed after a clinical examination (often including pouchoscopy) and a pouch enema (pouchogram/
pouchography)[17]; the latter can reportedly enable the detection of pouch or IPAA leaks and IPAA strictures[18,19].
Few studies have investigated the role of pouchography
in the assessment of patients with IPAA scheduled for
ileostomy closure. It has been hypothesized that a discontinuous ileoanal anastomotic ring at pouchography
is sensitive (88%) but not specific (57%) in predicting a
subsequent pelvic sepsis, whereas a leak is quite specific
(81%) but not sensitive (56%) in predicting pelvic collections[20]. These data suggest that tiny tracts often heal
spontaneously, and justify delaying ileostomy closure if a
leak is observed. Pouch sinuses are tiny blind tracts originating from IPAA, and are seen at pouchography in <�
8% of patients undergoing RP[21]. A leak leading to pelvic
sepsis can reportedly occur even after radiological healing
of a sinus[21]. A study from the Mayo Clinic suggests that
pouch function is not affected by occult sinuses, ques-

WJG|www.wjgnet.com

ILEOSTOMY AND STEROID DRUGS
Therapy for UC includes the use of steroid drugs, sometimes administered at a high dosage, and these patients
are at risk of becoming steroid-dependent or steroid-refractory. Matikainenen et al[23] stated that steroid therapy at
the time of RP does not contraindicate one-stage surgery.
However, most experienced centres consider a daily prednisone dose of ≥ 20�������������������������������������
���������������������������������������
mg
������������������������������������
an exclusion criterion for a onestage procedure[11,32]. Although not agreeing with this cutoff value, Sugerman et al[5] suggested that treatment with
steroids is relevant to evaluating patients scheduled for
RP. Ziv et al[33] considered that omission of ileostomy is an
unacceptable procedure in patients treated with steroids at
the time of RP. Ikeuchi et al[8] showed that patients taking
steroids at the time of IPAA are more likely to develop
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complications. Although they did not establish a cut-off
value for steroid therapy, those authors suggest that steroid treatment is a relevant factor in selecting patients who
are suitable for a one-stage procedure.

was always fashioned. SILS RP is a viable procedure that
produces good results if the surgeon is highly skilled in
laparoscopic surgery. Gash et al[37] found that fashioning
a protective ileostomy at the site of SILS trocar introduction seemed to be a prudent choice in their series of ten
patients.
The minimally invasive approach per se probably does
not reduce the need for a protective ileostomy. The selection criteria for the addition or omission of a protective
ileostomy in minimally invasive RP remain to be clearly
defined. In our opinion further studies are needed before
definitive conclusions can be drawn about the advisability
of avoiding an ileostomy using the most recent tech-���
38]
niques[36����
, with this also being dependent on the acquisition of better technical skills by surgeons and the use of
longer follow-ups.

ILEOSTOMY AND TYPE OF ILEOPOUCHANAL ANASTOMOSIS
During RP, the IPAA can be either hand-sewn (with or
without mucosectomy) or stapled using a circular stapler
introduced transanally. Some authors have reported that
the type of IPAA can affect the outcome of patients
undergoing RP with or without ileostomy. A hand-sewn
IPAA is technically more difficult to perform, which has
resulted in there being few reports of patients undergoing RP with a hand-sewn IPAA in the literature. Ikeuchi et
al[8] reported one of the largest series, since they routinely
use a hand-sewn technique. They compared 150 patients
undergoing hand-sewn IPAA without ileostomy with 92
hand-sewn IPAA patients operated on with a two-stage
procedure. While the rate of pouch-related complications was high, it did not differ significantly between the
two groups. Some authors have reported that fashioning
a hand-sewn IPAA leads to an unacceptably high risk of
complications if a covering ileostomy is omitted, especially if steroid medications are taken at the time of RP.
However, there is no definitive evidence regarding the
impact of this factor on patient selection[11,33,34].
With respect to the pouch shape, patients with a Wpouch are at higher risk of complications when ileostomy
is omitted than those with a stapled J-pouch[31].

ILEOSTOMY AND SAMPLE SIZE/STATISTICAL POWER
It should be noted that studies promoting a one-stage
procedure generally lack significant statistical power, whi
ch thus renders evaluation of the pelvic sepsis rate unreliable. Heuschen et al[24] compared the results of 57 onestage procedures with 114 controls and found that the
rate of IPAA stricture was higher in patients with a covering ileostomy, but this finding could have been due to the
selection of case patients.
Failure was more common at St. Mark’s Hospital[9]
when higher ileostomy was omitted (15% vs 8%). Conver
sely, in concurrent experience MacRae et al[39] found that
the pouch failure rate was <� ��������������������������
1% in patients undergoing
one-stage RP. Recent multicentre studies[30,31] have involved wider series but only retrospective analyses. The
lack of randomization, which is often incompatible with
acceptable ethical conduct in such patients, represents a
limitation that has yet to be overcome.

ILEOSTOMY AND TECHNOLOGICAL
ADVANCES IN SURGERY
Surgical technology has made huge advances in recent
years. Laparoscopic RP is widely used nowadays. Pouch
surgery can be performed as a totally laparoscopic three-/
four-trocar access procedure, as a laparoscopic-assisted
procedure (with the pouch being constructed outside
the body through a Pfannenstiel incision[35]), as a handassisted laparoscopic proctocolectomy (HALP), by means
of a special port designed to allow the surgeon to introduce his or her hand inside the body while preserving the
pneumoperitoneum[36], and as single-access laparoscopic
surgery (SILS)[37]. A recently introduced technique uses a
laparoscopy-assisted robotic surgery approach to RP[38].
In the context of a minimally invasiveness, the omission
of a protective ileostomy has definite advantages regarding the overall cosmetic result. Kienle et al[35] performed
59 laparoscopic RP procedures with extracorporeal pouch
construction, omitting a primary ileostomy in 16 patients:
3 FAP (18.75%) and 6 UC (37.5%) patients developed
complications (7 pelvic sepsis) requiring reoperation and
secondary ileostomy. Agha et al[36] reported that HALP is a
safe procedure with a rapid learning curve; in their experience of 19 patients undergoing RP, a protective ileostomy

WJG|www.wjgnet.com

ILEOSTOMY AND EVIDENCE BASED
MEDICINE
Several factors make it difficult to perform randomized
controlled trials around this topic: (1) the difficulty in
enrolling sufficient patients for revealing statistically relevant differences����������������������������������������
;���������������������������������������
(2) omitting a stoma is not indicated
in some patients because of surgical safety and (3) the
unethical problems of randomizing patients at risk. With
regard to UC, the most recent Consensus Paper of the
European Crohn’s and Colitis Organization stated that a
diverting ileostomy is generally recommended, but that
it can be avoided in selected patients (Evidence Level 3b,
Recommendation Grade C)[40]. Currently the best way to
select patients remains unclear.

ILEOSTOMY AND PATIENTS
The responsibility regarding surgical outcomes has gained
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such importance that it is now deemed necessary to invol
ve the patient in surgical decision-making. Obese patients
(body mass index ≥ �������
30�����
����
kg/m2) could benefit from stoma
omission, since fashioning an ileostomy in these patients
could be technically more difficult[5]. Most importantly,
the patient’s will to avoid ileostomy should be considered
in light of the psychological implications, such that if
complications do arise following one-stage surgery, the
eventual subsequent need for an ileostomy will certainly
affect a patient who has also undergone reintervention in
an emergency setting[16].

CONCLUSION
At the present time, given the information in the literature
and wider described series under the critical light of the
EBM, the decision to omit ileostomy substantially represents an exercise in risk management. Most surgeons opt
for a protective ileostomy because this is reported to diminish the risk of detrimental pelvic contamination, even
if it does not abolish the risk of pelvic sepsis. Centres
specializing in pelvic pouch procedures have reported that
the rate of patients undergoing one-stage RP ranges between 15% and 25%[29,30]. By adopting stringent selective
criteria, the rate of patients undergoing RP without an
ileostomy did not reach 10% in our series. It is our opinion that omitting ileostomy is a viable alternative in a very
limited number of patients who fit specific selection criteria; they must be highly motivated to avoid a stoma and
well informed regarding the eventual subsequent risks.
This option could be proposed to them, but it is only at
the end of each pelvic pouch procedure that the surgeon
will be able to take the final decision.

PERSONAL EXPERIENCE
Between 1987 and 2011, we performed 241 RPs for UC,
FAP or cancer (1 S-pouch, 121 W-pouches, and 119 Jpouches); 23 (9.5%) of these patients underwent onestage RP. The global rates of pelvic sepsis were 7.7% and
13% among patients with or without ileostomy, respectively, while failure occurred in 5% and 4.3% of case.
However, there were no statistically significant differences.
Since our series covered a very long period of time (24�
years), and considering the recent technical advancements,
we stratified our experience into two periods, focusing on
stoma omission. Between 1987 and 2000, we performed
nine one-stage RPs, with a pelvic sepsis rate of 22.2%
and a failure rate of 11.1%; these figures are higher than
those for staged procedures (9.2% and 7%, respectively),
although the difference did not reach statistical significance. Between 2001 and 2011, we performed 14 straight
RPs: 7.1% of patients developed pelvic sepsis, while none
of them experienced failure. Again, these data did not differ significantly from those of patients undergoing two-/
three-stage procedures (pelvic sepsis in 6% and failure in
4%).
In addition to the increased level of expertise among
surgeons, these improved findings are due to increasingly
careful patient selection among those who could benefit from stoma omission. Most of the selected patients
were female, overweight, young, affected with FAP and
undergoing stapled J-pouch with stapled IPAA. Patients
taking steroids were not considered suitable for a onestage procedure. The type of surgery (laparoscopic, open
or HALP) was not per se a selection criterion, since the
choice was patient-tailored. Any bias could be attributable
to us omitting ileostomy more frequently as our experience with the pelvic pouch procedure increased, especially
when the surgeon had reached the plateau of the learning
curve for the RP surgical technique. This is relevant, since
we believe - in agreement with the great majority of the
reported studies - that it is as now impossible to predict
preoperatively whether a patient would be suitable for
one-stage surgery. A straightforward surgery (e.g.������
,�����
contained blood loss, short operative time, lack of tension
and good vascularization of the IPAA, no contamination,
intraoperative testing of the anastomosis) is a desirable
condition when choosing to omit ileostomy. These factors
are definitively surgeon-related.
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Abstract
Inflammatory bowel disease (IBD), including both ulcerative colitis (UC) and Crohn’s disease (CD), emerged
and dramatically increased for about a century. Despite
extensive research, its cause remains regarded as unknown. About a decade ago, a series of findings made
me suspect that saccharin may be a key causative factor for IBD, through its inhibition on gut bacteria and
the resultant impaired inactivation of digestive proteases and over digestion of the mucus layer and gut barrier (the Bacteria-Protease-Mucus-Barrier hypothesis).
It explained many puzzles in IBD such as its emergence
and temporal changes in last century. Recently I further found evidence suggesting sucralose may be also
linked to IBD through a similar mechanism as saccharin
and have contributed to the recent worldwide increase
of IBD. This new hypothesis suggests that UC and CD
are just two symptoms of the same morbidity, rather
than two different diseases. They are both caused by
a weakening in gut barrier and only differ in that UC is
mainly due to increased infiltration of gut bacteria and
the resultant recruitment of neutrophils and formation
of crypt abscess, while CD is mainly due to increased
infiltration of antigens and particles from gut lumen
and the resultant recruitment of macrophages and
formation of granulomas. It explained the delayed appearance but accelerated increase of CD over UC and
many other phenomena. This paper aims to provide a
detailed description of a unified hypothesis regarding
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INTRODUCTION
As we know, inflammatory bowel disease (IBD) refers
to ulcerative colitis (UC) and Crohn’s disease (CD), two
highly related debilitating diseases of the digestive tract
with similar clinical, pathological, and epidemiological
features[1,2]. Although some descriptions in ancient books
had been suspected as symptoms of IBD, clustered cases
only started to emerge around the end of the 19th century[1]. Right now, IBD has become one of the most common chronic inflammatory conditions only after rheumatoid arthritis, with millions of patients all over the world[3].
It is most prevalent in young adults and remains regarded
as incurable, with the patients usually requiring lifelong
heavy medication and multiple devastating surgeries like
bowel resection, proctocolectomy, ileostomy, and ileal
pouch-anal anastomosis, etc.[2,4]. As stated by Dr. Kirsner,
“ulcerative colitis and Crohn’s disease today represent two
of the more challenging diseases in all of medicine”[1].
Since its appearance, people had been puzzled by the
constant changes of manifestations of IBD in age, gender, ethnic, temporal and geographical distributions[3,5,6].
Great efforts have been taken to find out its cause. Many
factors had been suspected, including bacteria such as
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Bacillus coli, Bacillus proteus, Bacillus pyocyaneus, Bacillus lactis
aerogenes, diplostreptococci, dysentery bacillus, Spherophorus necrophorus, Bacillus morgagni, Escherichia coli, spirochetes,
Mycobacteria (Mycobacteria tuberculosis, Mycobacteria paratuberculosis and Mycobacteria kansasii), Pseudomonas maltophilia,
Bacillus vulgatus, Aerobacter aerogenes, Aerobacter coprococcus,
Aerobacter bifidobacteria, Campylobacter fetus ssp. jejuni, Yersinia enterocolitica, and Chlamydia trachomatis, Aeromonas
hydrophila, Plesiomonas shigelloides, Edwardsiella tarda, Blastocystis hominis, Bacteroides necrophorum, Bacteroides fragilis,
Pseudomonas maltophilia, Helicobacter hepaticus or pylori species[1,7,8]; fungi like Histoplasma and Monilia[1]; virus such as
lymphopathia venereum, Behcet’s virus, cytomegalovirus,
Echo A, B adenovirus, Epstein-Barr, rotavirus, Norwalk
virus, influenza, mumps, measles, herpes, Coxsackie A and
B, Reovirus, Polio virus, Paramyxovirus[1,7,8]; protozoa and
parasites like Escherichia histolytica[1]; vaccines such as the trivalent measles, mumps and rubella and Bacillus CalmetteGuérin[9,10]; microparticles of aluminum, titanium , silicon
oxides, calcium phosphate from the diet, tooth paste,
dust or soil[8,10-12]; drugs like oral contraceptives and nonsteroid anti-inflammatory drugs (NSAIDs)[10,13]; dietary
components like protein, fat, sugar, fruits and vegetables,
margarine, dairy products, coffee, coca cola, fast food[10],
or glycoalkaloids in potato[14], and carrageenan in seaweeds[15]; smoking[1]; and other factors like refrigeration
(cold chain)[8,10,16]. Despite that, the cause of IBD remains
virtually unknown, as none of them can well explain
the dynamically changed profiles of IBD. For instance,
smoking is currently regarded as the most determined
environmental factor for IBD: it reduces the risk of UC,
while exacerbates CD[2]. Despite that, the low prevalence
of CD in heavily smoking countries like China and high
prevalence of CD in the low smoking countries like
Canada suggest the contribution of smoking in the general population being negligible and other factors in the
environment would have played the predominant role[2].
Another example would be the Mycobacterium avium
subspecies paratuberculosis (MAP), a bacteria that causes
Johne’s disease in cattle, that had been suspected the
causative factor for CD as early as 1913[17]. Despite a century long research and debate, a causal relationship between MAP and CD still cannot be established[18,19]. MAP
hypothesis also failed to explain the cause of UC, which
has been the main form of IBD in most circumstances.
About a decade ago, I found that digestive proteases
like trypsin and chymotrypsin can be inactivated by
free (unconjugated or deconjugated) bilirubin but not
conjugated bilirubin or biliverdin. Further pursuit in
the literature led me to suspect that impairment in this
process due to inhibition of gut bacteria (thus the major
source of β-glucuronidase that is needed for deconjugation of the mostly conjugated biliary bilirubin) by dietary
chemicals like saccharin may have played an important
causative role in IBD, as the result of damage of the
protective mucus layer and the underlying gut tissue by
the poorly-inactivated digestive proteases[20]. Recently, I
further found that sucralose, the new generation of arti-
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ficial sweetener, may exert an even potent impact on gut
bacteria than saccharin and have probably contributed
to the record high incidence of IBD seen recently in
many countries[21]. Based on the evidences gathered and
thoughts evolved and developed in the last decade, this
paper aims to provide a detailed description of a unified
hypothesis regarding the etiology of IBD, including the
cause and mechanism of IBD, as well as the relationship
between UC and CD.

LARGE COMMERCIAL MARKETING OF
SACCHARIN IN 1887 AND THE EMERGE
OF CLUSTERED CASES OF ULCERATIVE
COLITIS SINCE 1888, STARTED FROM
THE UNITED KINGDOM
The discovery of saccharin in 1878 from coal tar and its
large-scale production and marketing since 1887
Saccharin was discovered in 1878 by Constantin Fahlberg,
a young chemist from Germany who engaged in research
in Professor Ira Remsen’s laboratory at Johns Hopkins
University in Baltimore, Maryland, the United States[22-24].
One evening, Fahlberg found extra sweetness of bread
and his hand during dinner, and tracked to its source to a
coal tar product in the lab. Later, it was revealed that this
chemical was 300 to 500 times as sweet as sugar and had
little toxicity[22-25]. In 1882, Constantin Fahlberg himself
consumed 10 g of the chemical and experienced no adverse reactions[26]. Most of it passed the body unchanged,
through urine or feces[22,25]. In 1884, associated with his
uncle, Adolph List, of Leipzig, Germany, Fahlberg tried
pilot experimental production of this chemical in New
York and named it as saccharin (also called saccharine at
some occasions)[23]. Due to the high expenses of labor
and materials in New York, Fahlberg, together with his
cousin, established the firm Fahlberg, List and Co. and
built a factory in Salbke, Germany in 1886 for the commercial production of saccharin[22-24,27]. Large quantities
of saccharin were produced and reached the market in
1887[28]. After that, more factories were established in
Germany[22]. The production of saccharin in Germany
before its ban by the end of 1902 is showed in Table
1[29-33]. Since later 1890s, factories were also built in other
countries like France[34] and the Switzerland[31,35]. In 1901,
John Francis Queeny established Monsanto in St. Louis,
Missouri, the United States for the sole purpose of saccharin production[27,36]. For the first several years, all the
saccharin it produced was sold to Coco Cola, then a small
company in Atlanta[27,36].
The favorite use of saccharin in United Kingdom since
1887 but dislike or ban of saccharin in Germany and
most of the other western countries in the early years
Although saccharin was only produced in Germany in
the early years after its marketing in 1887, only about
3% of saccharin was actually consumed in Germany[37],
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waters and, presumably, for use wherever it could take
the place of genuine sugar. It is altogether different in
France, where it has been entirely contraband and even
in Germany, where it is manufactured to so considerable
an extent, efforts are made to hold it under control”[48].
Therefore, it would be not surprising that, shortly after its
marketing, saccharin soon appeared in almost any family
grocer, instead of chemists’ shop in United Kingdom[49].
As the result, United Kingdom was the biggest buyer of
saccharin at that time. As stated in the publication: “the
American trade (of saccharin) has been inconsequential.
In 1891 the export to New York was only about eight
hundred kilograms (1800 pounds approximately), while
during the same period 7200 kg were shipped to England”[50].

Table 1 Saccharin production in Germany before its ban by
the end of 1902
Year

Number of factories

Production (tons)

1888
1889
1896
1897
1898
1899
1900
1901
1902
1903

1
1
3
4
5
6
6
6
6
1

5.2[29]
14.6[30]
33.5[31]
34.7[31]
78.4[31]
130.3[31]
159.4[32]
189.7[31]
174.8[31]
40[33]

mainly due to the bad image of this coal tar product in
that country. Saccharin was regarded as being inferior
and only consumed by people who could not afford the
luxury of sugar[38]. A domestic servants’ club even advocated a commitment not to working for people who
sweetened their coffee with saccharin instead of sugar[38].
In 1902, saccharin production was eventually brought
under strict control in Germany[24]. Only one firm, Fahlberg, List and Co, among the six factories was allowed
to continue producing saccharin[24], and it was regulated
that saccharin can only be used for medicinal purpose
and available through pharmacies[24]. The production of
saccharin in Germany reduced from nearly 190 tons in
1901 to about 40 tons in 1903[33], among which only 3
tons were consumed within Germany, with the remaining
being exported to other countries[33]. Similar as Germany,
many other countries like France, Italy, Spain, Belgium,
Holland, Portugal, Russia, Austro-Hungary also put strict
regulations on the importation, production, and use of
saccharin during these early years[39,40]. These restrictions
greatly stimulated the smuggling of saccharin in Europe,
with saccharin being hidden in chocolate or match boxes,
oil or milk cans, artificial stones or candles, coats, vests,
suits with secret pockets, feed bags for horses, carousel,
or even coffin[41].
In contrast to the countries above, saccharin was great
ly appreciated in the United Kingdom. Even before its
appearance on the market, saccharin had been highly
praised by some eminent authorities like Sir Henry E.
Roscoe, who had been a member of the parliament, a fellow of royal society, and presidents of Chemical Society,
the Society of Chemical Industry, and the British Association[42-44]. In the presidential inaugural address on August
27, 1886, he stated that: “the most remarkable instance is
the production of an artificial sweetening agent, termed
saccharine, prepared by a complicated series of reactions
from coal tar”[42,43]. People were assured by official analysts and doctors that saccharin was harmless and enjoyable[45,46]. Pamphlets with detailed descriptions of many
formulae and uses of saccharin were written by professor
and editor and distributed to households[46,47]. As stated in
a publication in early twenty century: “Here we now have
a coal oil product deliberately recommended in England
as a valuable and suitable agent for sweetening mineral

WJG|www.wjgnet.com

Emergence of clustered cases of ulcerative colitis since
1888, started from United Kingdom
Although it was suspected that some forms of diarrhea
described in ancient books could be sporadic case of
UC[1], it appeared that clustered cases of UC only started
to emerge after 1888. As stated by Dr. Sidney Philips in
his discussion during the first symposium on IBD in the
world in 1909 that presented a collection of more than
three hundreds of UC patients from 9 hospitals in London: “Ulcerative colitis appeared to be much more common now in this country than formerly. There was no
mention of it in any of the published reports of any of
the London hospitals before 1888, when Dr. Hale White
published cases in Guy’s Hospital Reports. It was not
mentioned in St. Bartholomew’s or Westminster Hospital
Reports before 1893, nor in the London Hospital Reports till 1897. And the textbooks used twenty or thirty
years ago, such as Bristowe’s and Hilton Fagge’s, made no
allusion to it. The speaker himself had seen many cases
at St. Mary’s Hospital and elsewhere since 1888, but not
before then”[51]. In addition, Dr. Philips even suspected
that the increase in UC might be caused by some food
additives. He stated: “Possibly the cause of acute ulcerative colitis was connected with our food supply; tinned
or preserved foods might have something to do with it[51].
Interestingly, saccharin was largely used in early years in
canned foods to preserve vegetables, fruits and meats,
taking the advantage of both its sweet and antiseptic
properties[25,52].

THE WIDESPREAD USE OF SACCHARIN
DURING THE TWO WORLD WARS AND
THE SPREAD OF ULCERATIVE COLITIS IN
WESTERN COUNTRIES
During World War Ⅰ, the shortage of sugar caused great
demand for saccharin[53,54]. Figure 1 demonstrated this
dramatic increase of saccharin consumption in Germa
ny[38,54]. The ban on saccharin was lifted in Germany and
other countries, accompanied by a striking increase in
saccharin production[53,54]. In 1916, saccharin production
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Figure 1 Saccharin consumption in Germany over time (1888-1944).

in Germany resumed to 1 ton per day[33]. In France, four
more factories were equipped to produce saccharin[55].
In the United States, saccharin became allowed using in
soft drinks and foods[56]. In addition to increased production, the importation of saccharin in the United States
increased from 8 pounds in 1914 to 5617 pounds in 1915
and 12954 pounds in 1916[57]. Despite the increased production and importation, the price of saccharin in New
York market increased from $1.15-1.25 per pound in
1914 to $2.85-11.50 in 1915, $11.50-21.50 in 1916, and
$20.50-46.00 in 1917[53], reflected the great increases in
the demand and consumption of saccharin during this
period.
In accordance with the spread use of saccharin since
World War Ⅰ, UC cases were also more frequently seen
in countries other than United Kingdom. As stated by
Dr. Evans: “During the recent war (1914-1918), while
acting as surgeon to an improvised hospital for Turkish prisoners in Mesopotamia, and later as civil surgeon
of Baghdad, an opportunity arose of observing a large
number of cases of colitis; the majority were chronic
and were complicated by scurvy. The combination of
these two diseases made the colitis extremely intractable, and in consequence large numbers died. While in
Mesopotamia Ⅰ performed appendicostomy for intractable ulcerative colitis in ten patients-Turks, Arabs, and
Indians”[58]. This helped the recognition of UC as an
independent entity other than, for instance, dysentery.
As stated by Lups S: “In the latter part of the nineteenth
century most clinicians considered this affection which
later was called ‘ulcerative colitis’ belonging to the dysentery group, even after 1903, when Boas expressed the
view that ulcerative colitis was an independent disease.
About 1914, however, there was a marked change in the
viewpoints of many observers on this question although
many still felt that it was of dysenteric origin. They knew
full well that only in a few cases true dysenteric organisms were found”[59]. In another paper published in 1928,
Dr. Thorlakson stated that:“the subject of ulcerative
colitis has received a great deal of attention in the medical literature of all countries during the past decade. In
reviewing the English, German, French and American

WJG|www.wjgnet.com

literature on this disease, one is struck by the similarity
of the articles. It seems obvious that these writers from
various countries are all dealing with the same condition,
and not, as has been suggested, with different diseases
brought under the same name-ulcerative colitis”[60].
In the United States, more cases of UC were seen
since World War Ⅰ. For instance, Logan reported 117 cases of UC treated in Mayo Clinic up to 1918, with 19 cases
being before 1915, 18 cases during 1915, 23 cases during
1916, 57 cases during 1917 and to April 1, 1918[61], while
there were 693 cases between 1923-1928[62,63]. In 1922,
Dr. Yeomans in the Department of Surgery, Columbia
University College of Physicians and Surgeons reported
65 cases of UC mostly observed during 1916 and 1921
with only 6 cases before that[64]. During this period, many
UC patients were also reported in California[65], Massachusetts[66], and other places[67].
World War Ⅱ resulted in another jump in saccharin
consumption (Figure 1). In the United States, Sigma
Chemical Co. was formed to manufacture saccharin and
Monsanto resumed large-scale production to meet the
high demand[68]. Interestingly, record high incidence of
IBD was also seen during this period. For instance, 525
cases of UC were diagnosed in male United States Army
in 1944, with a rate as high as 12 per 100 000 in 40-45
age group[69]. This may relate to the preferred use of
saccharin in the United States army. As early as in 1896,
United States army had chosen saccharin rather sugar as
the emergence ration for sweetening coffee or tea, taking
the advantage of its immaterial weight as well as the antiseptic property to reduce the prevalence of diarrheas[70].

THE DRAMATIC INCREASE IN
SACCHARIN CONSUMPTION SINCE
1950S AND THE REMARKABLE
INCREASE IN INFLAMMATORY BOWEL
DISEASE DURING 1950S AND 1970S IN
COUNTRIES LIKE THE UNITED STATES
Although the shortage of sugar in World War Ⅰ and Ⅱ
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kies, cereals, gums, jams, candles, ice cream and puddings,
in addition to as a non-nutritive tabletop sweetener[72]. It
was also used in drugs, toothpaste, mouthwashes, and
cosmetics[72].
In accordance with this dramatic increase in saccharin
consumption, the incidence of IBD also showed a striking increase during this period. This was clearly demonstrated in the study by Stowe et al[73], which showed the
annual incidence of both UC and CD in Monroe County,
New York between 1920s and 1986 (Figure 2A). From
Figure 2B we can see the increase in IBD for up to later
1970s paralleled neatly with the increased consumption
of saccharin during the same period[74], with a very significant correlation (Figure 2C). The correlation coefficient
between saccharin consumption in the United States and
the new cases of UC, CD and IBD (UC + CD) in Monroe County were 0.930, 0.935 and 0.948, and the P value
being 3.43 × 10-8, 1.90 × 10-8, and 3.85 × 10-9, respectively.
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From Figure 2A, we can see the incidence of both UC
and CD in Monroe County reached a peak in 1978, followed by a mysterious rapid decrease after that. Again,
this change was in accordance with the finding of the
carcinogenicity of saccharin in animals and the attempted
ban for its use in the United States in 1977[26]. Due to
the protest from the public the congress imposed a two
year moratorium instead of a complete ban on saccharin,
but passed the Saccharin Study and Labeling Act that required further studies on saccharin and putting a warning
label on products containing saccharin[26]. Study showed
that these events indeed affected saccharin consumption,
especially for those with high education and families with
children[75]. Not only in Monroe County in New York, the
leveling off or decrease in IBD in later 1970s and 1980s
was also seen in other cities of the United States such as
Olmsted County, Minnesota[76], as well as in many other
countries such as Canada[77], Demark[78,79], Germany[80],
Japan[81], Israel[82], Sweden[83-86] and United Kingdom[87-90]
(Figure 3). In 1981 aspartame was approved by Food and
Drug Administration (FDA) for use in dry food products[91]. On July 8, 1983 FDA further approved the use of
aspartame in carbonated beverages and syrups[91]. Aspartame soon became the main high intensity sweetener in
the market, with a sharp decline in saccharin use and consumption[91], which was in accordance with the remarkable decrease in the incidence of UC and CD observed
in Monroe County at this period (Figure 2A).
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Figure 2 The dramatic increase in saccharin consumption since 1950s
and the remarkable increase in inflammatory bowel disease during 1950s
and 1970s in countries like the United States. A: Occurrence of ulcerative
colitis (UC), Crohn’s disease (CD), and inflammatory bowel disease [inflammatory bowel disease (IBD) = UC + CD] in Monroe County, New York during 1920s
to 1980s; B: A comparison of the temporal change of IBD in Monroe County,
New York and the saccharin consumption in the United States; C: Correlation
between IBD in Monroe County, New York and the saccharin consumption in
the United States.

led to increased consumption of saccharin as a sugar
substitute, a huge increase only occurred since late 1950s,
when low calorie high intensity sweetener began to be
used in foods and drinks designated for special diets[56,71].
In 1976, approximately 7 million pounds of saccharin
were consumed in the United States, with soft drinks accounted for 74 percent of those used in foods and beverages[72]. Saccharin had been used in juices and drinks,
sauces and dressings, canned fruits, dessert toppings, coo
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Figure 3 A leveling off or decrease of ulcerative colitis or Crohn’s disease during 1970s and 1980s in the different countries such as Canada, Demark, Germany, Japan, Israel, Sweden, United Kingdom, and United States. UC: Ulcerative colitis; CD: Crohn’s disease.

1980s, the increase again of IBD since 1990s was observed in many of these places such as Denmark[92], Sweden[86,93,94], United Kingdom[89], and the United States[76].
This was again in accordance with the rebounded use of
saccharin. After finding the carcinogenicity of saccharin
in animals in 1970s, many studies were carried out. As
the result, most studies failed to show a link between saccharin consumption and bladder cancer in humans[95,96].

THE REBOUNDED USE OF SACCHARIN
AND THE INCREASE AGAIN OF
INFLAMMATORY BOWEL DISEASE
SINCE 1990S
Although a leveling off or decrease in IBD was observed
in many places (Figure 3) during the later 1970s and early
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People gradually regained confidence in saccharin consumption. Saccharin production boomed again, largely
because saccharin is very cheap and also very stable thus
can be used in a wide range of drink and food products
and put on the shelf for a long time[97,98]. In China, saccharin production increased from about 8000 tons in
middle 1980s[99], to 13 126 tons in 1991 and 29 175 tons
in 1998, accompanied by dramatic increases in both domestic use and exportation[100]. The great adverse impact
on sugar industry led the Chinese government adopting
strict measures to limit the production and domestic use
of saccharin. In the United States, after multiple times of
renewal of the two year moratorium, the National Institute of Environmental Health Sciences finally delisted
saccharin from carcinogen list in 2000 and the “Sweetest
Act” of the Congress eliminated the requirement for putting the warning label on saccharin products[26]. This is
accompanied by a dramatic increase in saccharin importation from 2 772 000 pounds in 2000 to 8 346 000 pounds
in 2008[101]. In 2007, 52 212 000 pounds of saccharin were
exported world wide, with millions of pounds of saccharin being imported in countries like Germany, Spain,
United Kingdom, South Korea, Japan, India and Brazil[101].
These massive use of saccharin may have contributed to
the worldwide increase of IBD in recent years[102].

thus IBD. Recently, I found evidences suggesting sucralose, the new generation of artificial sweetener, might
be just an example. Sucralose is synthesized by replacing
three hydroxyl groups of sucrose with three chlorides,
which makes it 600 times as sweet as sucrose[109]. Like
saccharin, sucralose is stable under heat and over a broad
range of pH, and most of it passes through the body
without further metabolism[97,109]. However, sucralose has
a much lower absorption rate but a much high acceptable
daily intake and thus a more potent impact on gut bacteria[97,110]. Sucralose was first approved for use in drinks
and foods in Canada in 1991, which was in accordance
with the dramatic increase of IBD seen in Alberta[111]
and CD in Montreal[112] since early 1990s, as well as the
finding in recent studies that Canada suddenly became a
country with the highest incidence of IBD[113,114]. After
Canada, sucralose was approved in Australia in 1993, in
New Zealand in 1996, in the United States in 1998, and
in the European Union in 2004, which was again in accordance with the dramatic increase or the record high
incidence of IBD in Australia[115], New Zealand[116], the
United States[117], and Norway[118] (Figure 4)[21]. Currently,
sucralose has been approved for use in more than 80
counties[119], and started to appear in rivers and other
surface waters of many countries[120]. In countries like the
United States artificial sweeteners are now used by more
than half of the population, with sucralose by far the
number one in the market and being used in thousands
of food and drink products[121]. This unrestricted use
of sucralose may be also the explanation for the recent
remarkable increase of IBD in children as observed in
many studies[122]. We may expect to see more reports on
record-breaking incidence of IBD, both in adults and
children.

SUCRALOSE, A NEW GENERATION OF
ARTIFICIAL SWEETENER, MIGHT BE
ANOTHER IMPORTANT RISK FACTOR
THAT CONTRIBUTED TO THE RECORD
HIGH INCIDENCE OF INFLAMMATORY
BOWEL DISEASE SEEN RECENTLY IN
MULTIPLE COUNTRIES

THE POSSIBLE MECHANISM OF
INFLAMMATORY BOWEL DISEASE: THE
BACTERIA-PROTEASE-MUCUS-BARRIER
HYPOTHESIS

The evidences demonstrated above provided a simple
explanation for many puzzles of IBD such as the emergence and temporal changes of IBD in last century. It
suggests saccharin might be the key causative factor for
IBD, by primarily its inhibition on gut bacteria[20]. This no
tion is supported by the recent large-scare studies showing antibiotics greatly increased the risk of IBD[103,104].
Although both saccharin[105-107] and antibiotics can inhibit
bacteria, saccharin would have a much more great impact on the general population due to the wide extensive
use[108]. When United States FDA attempted a ban on
saccharin in 1977, saccharin was used as the only nonnutritive sweetener by up to 70 million Americans[74].
Saccharin was the first and oldest artificial sweetener.
From its marketing in 1887 until a temporary decline
in the market due to the heavy use of aspartame since
1980s saccharin had been the only or the predominant
artificial sweetener, which made it a key dietary chemical
in last century. However, more and more chemicals were
introduced and became heavily used as food additives in
modern society. It would be no surprising that some of
them may also have a significant impact on gut bacteria,
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After the emergence of IBD about a century ago, numerous hypotheses had been suggested as the possible mechanism, which included infection, toxicants, psychogenic
disturbances, nutritional deficiencies, allergy to pollens or
foods, abdominal trauma, impaired vascular or lymphatic
circulation, lysozymes and other enzymes[1,123,124], or the
excessive or deficient immune response due to reduced
exposure to bacteria or helminthes[125,126]. Most of them
were invalidated and forgotten. Up to date, a full coherent mechanistic explanation for IBD is still lacking, but
people start to realize that the pathogenesis of IBD involves four fundamental components: the environment,
gut microbiota, the immune system and the gene[127-129].
Currently, the dominant theory regarding the increase of
IBD (as well as other autoimmune and allergic diseases)
in modern society is the “hygiene hypothesis”, which
proposes that these diseases are caused by an aberrant

1714

April 21, 2012|Volume 18|Issue 15|

Qin X. Etiology of IBD

B

Canada

6

6

5
4
3
2
Approval of sucralose
use in Canada in 1991

1

5
4
3
2

2002

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

7
6
5
4
3
2

Approval of sucralose use
in United States in 1998

1
2004

2003

2002

2001

2000

1999

2005

2004

2002
2003

2001

1998
1999
2000

1996
1997

1994
1995

1993

1990
1991
1992
Incidence of pediatric IBD Oslo

12

8

0

0

E

2006

50

9

1998

100

Approval of
sucralose use in
Australia in 1993

United States

10

1996

150

2001

200

2005

D

Australia

Incidence of IBD (CD + UC)
in children in north California

New cases of IBD in Brisbane

250

1990

0
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

300

Approval of sucralose use
in Canada in 1991

1

0

C

Canada

7

1997

Incidence of IBD in Alberta

7

Prevalence of Crohn's
disease in Quebec

A

Norway

10
8
6
4
2

Approval of sucralose use by
European Union in 2004

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

0

Figure 4 Relationship between the increase of inflammatory bowel disease and approval of sucralose in countries like Canada, Australia, the United
States and Norway. UC: Ulcerative colitis; CD: Crohn’s disease.

development and response of the immune system due
to the reduced exposure to microorganisms such as the
microbes in the gut[127,128]. However, this theory neglected
another fact: the increased intestinal permeability, which
has been observed not only in these patients and their
healthy relatives[130,131], but also in their spouse[130,132], suggesting likely a prerequisite condition for these diseases.
As the gut contains such a large amounts of bacteria that
are ten times of the number of cells of our body and can
kill the host thousands of times over, I believe it would
be the permeability of the gut rather the absolute number
of the bacteria in gut lumen that determined the level of
exposure[133]. Therefore, the enhanced immune activities
seen in these patients may just be a normal response to
the increased infiltration of bacterial and dietary components from the gut lumen[133]. Then the key to the mystery
would be to know what caused the increased intestinal
permeability in modern society. Here I propose a mecha-
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nism for the increased intestinal permeability as well as
IBD, featured by the Bacteria-Proteases-Mucus-Barrier
hypothesis.
As shown in Figure 5, this hypothesis proposes that
the increased intake of dietary chemicals like saccharin
and sucralose caused a significant reduction in gut bacteria, along with a failure for prompt replenishment due
to the improved hygiene in modern society. This led to a
remarkable decrease in β-glucuronidase in gut lumen, resulting in impaired deconjugation of the biliary bilirubin
and the subsequent inactivation of digestive proteases.
Then these poorly inactivated proteases work synergistically with the glycosides from the remaining bacteria
to cause an accelerated degradation of the mucus layer,
resulting in damage of the gut barrier (the Bacteria-Protease-Mucus-Barrier hypothesis). This will further result
in infiltration of bacteria and their components (mainly
in the large intestine) and recruitment of neutrophils lead
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Figure 5 An overall hypotheses for the cause and mechanism of inflammatory bowel disease (both Crohn’s disease and ulcerative colitis).

ing to the formation of crypt abscess[20], the characteristic change of UC[134]; while at places or situations being
relative sterile, the increased infiltration of antigens and
particles from gut lumen would result in accumulation
of macrophages and formation of inflammatory granulomas[20], the hallmark of CD[134] (Figure 5). This would
further induce enhanced immune response of the body,
leading to further damage of the gut as well as extraintestinal manifestations in the joints, skin, eyes, and
mouth, etc.[135,136]. More detailed descriptions regarding the
proposed mechanism can be found in the corresponding
references[20,21,108,133,136-151].

dance with many facts. Figure 6 further illustrated the
mechanism of IBD as well as the relationship between
UC and CD. It explained why gut damage and IBD started to appear and became more prevalent along with the
improved sanitary condition but failed to develop under
both conventional and germ-free condition[144], and predicted a shift of predominance from the bacteria-mediated UC to antigen/particle-mediated CD along with the
decrease in gut bacteria in modern society or other circumstances (Figure 6B). It provided a simple explanation
for many big puzzles in IBD such as: (1) the discrepancy
between the temporal changes of UC vs CD: Many studies had revealed a regular pattern that UC emerged first,
then reached a plateau or even started to decrease, while
CD showed a delayed appearance but accelerated increase
with an eventual tendency to pass UC[2]. This would be
just the pattern demonstrated in Figure 6B; (2) The increase in colonic CD over time: Studies in Stockholm
County, Sweden found that colonic CD increased from
15% during 1959-1964 to 32% during 1980-1989, and
further to 52% during 1990-2001, while the ileocaecal
CD decreased from 58% during 1959-1964 to 41% during 1980-1989, and to 28% during 1990-2001[86,93]. Similar
changes were also observed in other long-term studies
such as the one conducted in Cardiff, United Kingdom[89].
Again, Figure 6B illustrated the anticipated shift of UC
to colonic CD over time; (3) the inverse relationship between age and colonic CD in children: It is found that
the younger the children, the more likely they had colonic
CD[153]. This may be just due to the younger the children,

ULCERATIVE COLITIS AND CROHN'S
DISEASE ARE LIKELY JUST TWO
SYMPTOMS OF THE SAME MORBIDITY
RATHER THAN TWO DIFFERENT
DISEASES
The Bacteria-Protease-Mucus-Barrier hypothesis and
mechanism of IBD as described above and illustrated
in Figure 5 suggest that UC and CD share virtually the
same cause, thus UC and CD would be just two symptoms of the same morbidity rather than two different
diseases. This notion contradicts the current main stream
of thoughts that are trying to dissect UC and CD into
multiple subtypes with different causes and diverse mechanisms[152]. Nevertheless, this new perception is in accor
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with genes related to neutrophil extravasation and epithelial defense such as LSP1[154].
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degraded by glycosidases enriched in gut bacteria
Core peptide that can be broken down by digestive proteases
Single mucin
molecule

CONCLUSION
Currently, tremendous efforts have been taking for research on the genes, the microbiota and the immune
system: genome-wide association studies to find out the
susceptible loci among the tens of thousands of genes
in our body; metagenome, metaprotome, and metabolome analyses of gut microbiota that contains more than
100 times of genes than our own genome[155] to find
out the bacteria responsible; and extensive studies on
the many cells, signal pathways, mediators and cytokines
of the immune system to find out aberrant immune response[127,128,156-158]. IBD emerged and became epidemic
for about a century, suggesting the factors in environment rather than the gene or other factors within the
body would be the primary cause. Increased risk of IBD
in twins, families, or the same ethnic groups may attribute
to not only the gene, but also environmental factors they
shared such as the type of diet[159,160]. This article proposes saccharin being the key causative factor that contributed greatly to the emergence and epidemic of IBD in
last century. As described above, there were big variations
in saccharin regulation and consumption among the different countries and also in the different periods or even
different parts (such as the different states in the United
States[161]) within a country. This may explain the constant
temporal changes and big geographical variations in IBD,
and why similar changes were more likely seen within the
border of a country rather than the closeness between
cities[3,5]. In the developed countries, saccharin may be
more frequently used by white collars working in the office, while saccharin may be more likely consumed by
people in lower class in the developing countries due to
its cheapness. This may contributed to the high incidence
of IBD in high social, economical, educational status in
the developed countries[162], while some early study in India found almost all the patients belonged to the middle
and poorer classes under poor hygiene condition[163], in
accordance with a heavy saccharin consumption in that
country[164]. This would suggest improved hygiene itself
might facilitate but still not be sufficient, while some
dietary chemicals might be enough to cause significant
impact on gut bacteria and IBD. This notion is also in
accordance with the close relationship of IBD with westernization rather industrialization, as demonstrated by the
much low incidence of IBD in the developed countries
like Japan, Singapore and Hong Kong[138,156]. The recent
increase again of IBD in the developed countries is also
unlikely attribute to a further improvement in hygiene
condition. At early times, saccharin was mainly used as a
tabletop sweetener in the restaurants, tea houses or coffee
shops, thus men may have more chance to consume than
housewives. However, in modern society, dietary drinks
or foods may be more consumed by young ladies for
concerns on their body weight. This may account for the
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Figure 6 Ulcerative colitis and Crohn’s disease are likely just two symptoms of the same morbidity rather than two different diseases. A: The
structure of mucin; B: Mechanistic sketch of the temporal changes of ulcerative
colitis (UC) and Crohn’s disease (CD) and their relationship. A reduction in
gut bacteria along with the improved hygiene and increased intake of dietary
chemicals like saccharin and sucralose will result in impairment in digestive
proteases inactivation. The poorly inactivated proteases will work together with
glycosidases from the gut bacteria to cause accelerated degradation of the
mucus layer that is proposed here paralleling the risk of developing inflammatory bowel disease (IBD = UC + CD). UC and CD differ in that UC is caused by
the increased infiltration of bacteria and the resultant recruitment of neutrophils
and formation of crypt abscess, while CD is caused by increased infiltration of
luminal antigens and particles and the resultant recruitment of macrophages
and formation of granulomas. Thus the reduction in gut bacteria along with
the modernization or other factors will result in a shift of predominance from
the bacteria-meditated UC to antigen/particle-mediatedCD. IBD: Inflammatory
bowel disease.

the less population of bacteria in their gut; (4) the more
pronounced increase in the risk of CD than UC along
with the use of antibiotics[103]: again, this would be just
the result of shift from UC to colonic CD along with the
dramatic decrease in gut bacteria by the antibiotics; and
(5) the proposed mechanisms as demonstrated in Figure
5 and Figure 6 may even provide some explanation for
the similarities and discrepancies in the susceptible genes
between UC and CD: UC and CD as well as other disea
ses like psoriasis and ankylosing spondylitis shared some
common genes related to chronic inflammation such as
interleukin-23 pathway, while CD being more associated
with genes related to the function of macrophages such
as NOD2 and autophage, but UC being more associated
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come the main form of CD[166-168]. Apparently, the CD we
are talking about today is no more the “regional ileitis”
when this disease was defined by Crohn et al[169] in 1932.
These CD cases are also no more the resemblance of
Johne’s disease in cattle, but rather IBD frequently seen
in dogs and cats[146]. Many of the colonic CD diagnosed
today would be just UC cases early. On the other hand,
the advance in endoscopies and other technologies led
to reveal that a substantial portion of UC patients have
ileitis (backwash ileitis) and the prevalence of inflammation seen in the esophagus, stomach, and duodenum is
comparable among CD and UC[170], further suggesting
the intimate similarities between UC and CD. As stated
above, the discrepancy between the temporal changes of
UC vs CD would actually reflect their intimate connection. Elucidating the true relationship between UC and
CD would be the crucial step for a full understanding of
IBD.
This paper proposed a unified hypothesis regarding
the etiology for IBD, including the cause and mechanism
of IBD as well as the relationship between UC and CD.
It provides a simple explanation for many puzzles of
IBD. However, just like all other hypothesis and even existing theories well written in textbooks, it must be tested
against facts. In the last decade, I have contacted multiple
national and international organizations and IBD professionals suggesting checking out the possible link between
saccharin and IBD, but failed to raise any action. I have
also tried multiple times to apply grants from different
agents, but remain unsuccessful. Hope this article may
draw more attention and efforts. IBD just emerged and
became epidemic for about a century and would be preventable and also likely curable, but first we may need to
find out the key causative factors and thus the primary
and fundamental mechanism[171].

changes and variations in gender and age of IBD over
time[3,5,6]. The recent finding of the even stronger impact
of sucralose on gut bacteria further provided a possible
explanation for the record high IBD observed recently in
multiple countries[21,114], as well as the remarkable increase
of IBD in children[122]. Epidemiological study revealed
spotted areas with high IBD[165]. Probably we should add
another thing to the checklist: to see if there is any famous bakery, restaurant, or bar where foods or drinks are
sweetened heavily by these artificial sweeteners.
Although it is proposed here that saccharin and sucralose might be the key causative factors for IBD, it does
not mean to rule out that some other genetic or environmental factors may also be capable of affecting or contributing to IBD one way or the other.
However, the peculiar changes of IBD such as the
recent worldwide increase of IBD, especially in the developed countries in children, seems unlikely to be explained
by any of the currently suspected factors like the genes,
smoking, NSAIDs, conceptive, appendectomy, sunshine
and vitamin D, refrigeration, reduced exposure to bacteria, virus or worms, etc. Therefore, a fundamental breaking through in IBD would largely depend on finding out
the key causative factors in the environment and thus the
root mechanism of IBD. This paper proposed that impaired inactivation of digestive proteases due to the inhibition of gut bacteria by dietary chemicals like saccharin
and sucralose being the primary mechanism. This would
suggest it is not any pathogen but the digestive proteases
produced by our body to digest the food for survival
being the principal culprit for IBD. Under conventional
conditions, the commensal bacteria (the microbiota)
would be a valuable partner of our body by helping
promptly inactivating these destructive proteases, probably by simply providing their enriched β-glucuronidase
needed for deconjugation of biliary bilirubin. Thus the
gut microbiota should be treated as an ‘‘microbial organ”
of the body and taken into consideration when assessing the toxicity of chemicals or the adverse effects and
efficacy of drugs[150]. However, the microbiota could be
beneficial and also could be detrimental. Once there were
not enough gut bacteria to help maintaining the function
of gut barrier, they would start to leak into the body and
become the driving force for the chronic inflammation
seen in IBD. Once getting into the body, none of the
commensal bacteria will remain our friend and our body
will fight desperately against it. It seems unlikely and
might also be unnecessary to pin down to one or a couples strains of bacteria exclusively responsible for IBD by
screening the tens of thousands of species of bacteria in
gut microbiota[149]. The enhanced immune activity in IBD
would be just the normal reaction to the infiltrated bacterial and dietary components from gut lumen rather than
an unbalanced or aberrant immune response, which may
explain the remarkable increase of both the Th1-medicated CD and Th2-mediated UC in modern society[133]. It
is proposed here that UC and CD are just two symptoms
of the same morbidity rather than two different diseases.
Some recent studies revealed that colonic CD had be-
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risk of flare-ups. In most studies the overall mortality
is comparable to the background population. To date,
the most effective treatment options in acute flares
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(TNF)-α- blockers. Azathioprine/methotrexate and TNFα-blockers are effective in maintaining remission.
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The authors��������
review ��������������������������������������
the clinical outcome in patients with
Crohn’s disease (CD) based on studies describing the
natural course of the disease.� �������������������������
Population-based studies
have demonstrated that the incidence rates and preva�
lence rates for CD have increased since the mid 1970s.�
The authors s����������
earch for ��������
English ���������
language ��������������
articles from
1980 until 2011.� Geographical
������������������������������������
variations, incidence,
prevalence, smoking habits, sex, mortality and medi�
cations are investigated. An increasing incidence and
prevalence of CD have been found over the last three
decades. The disease seems to be most common in
northern Europe and North America, but is probably in�
creasing also in Asia and Africa. Smoking is associated
with an increased risk of developing CD. Age < 40 at
diagnosis, penetrating/stricturing complications, need
for systemic steroids, and disease location in terminal
ileum are factors associated with higher relapse rates.
A slight predominance of women diagnosed with CD
has been found. Ileocecal resection is the most com�
monly performed surgical procedure, and within the
first five years after the diagnosis about one third of
the patients have had intestinal surgery. Smoking is as�
sociated with a worse clinical course and with increased
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INTRODUCTION
The incidence rates for Crohn’s disease (CD) and ulcerative colitis (UC) in Western countries have increased
since the mid-1970s. The same trend, although less pronounced, is also seen in the developing world[1-3]. The
reported geographical variations in incidence may in part
be due to differences in diagnostic tools and study design, and many of the epidemiological studies have been
retrospective and hospital-based[4]. CD is a disease with a
broad spectrum of clinical manifestations, and the initial
presentation is seldom a good predictor of the clinical
course[5-7]. Patients with newly diagnosed CD often ask
about expectations related to the course of the disease.
To answer this question, information on the natural
course of CD based on observational, population-based
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cohort studies is crucial. The “natural course” in CD
might be different in 2011 compared to the situation for
instance in the 1980s, and there are at least two reasons
for this: we now have better tools to diagnose the condition in an earlier phase, and we have new therapeutic
agents that hopefully will alter the course of the disease.
The primary aim of this article is to review the clinical
outcome in patients with CD based on population-based
studies conducted over the last thirty years, focusing
predominantly on studies describing the natural clinical
course in representative cohorts of patients with CD.
The factors investigated include incidence, prevalence,
age, sex, smoking, geographical differences, surgical aspects, extra-intestinal manifestations, mortality, medication, clinical course with focus on relapse and surgery, the
location and behavior of the disease, and finally, the need
for sick leave/unemployment. A Medline search (1980 to
2011) for English language articles was conducted.
The MESH term “Crohn disease” was combined
with free text search for “population based” and “clinical”. This search yielded sixty-seven articles. All potential
relevant articles were evaluated.

divided in three groups by year of diagnosis: 1986-1991,
1992-1997 and 1998-2003. Of a total of 341 subjects diagnosed with CD, 62% were females. In all time intervals,
the median age at diagnosis was 30 years. In a prospective
study from Denmark, all patients in Copenhagen County
diagnosed with UC and CD from 2003 to 2005 were followed for 11.3 mo (median); 54% of the CD patients
were females, and median age at diagnosis was 31 years[8].
A retrospective study from Olmsted County, Minnesota,
United States showed that 54% of the patients were females, and the median age at diagnosis was 29.5 years[10].
In Norway, the Inflammatory Bowel South-Eastern
Norway (IBSEN) group, in a prospective study, has followed patients with inflammatory bowel disease (IBD)
since the beginning of the 1990s[17]. This study reported
a slight predominance of women diagnosed with CD,
with a male/female-ratio of 0.95. The median age at diagnosis was 30 years. In Finland, no significant difference
between the genders was found[12]. A population-based
Canadian study[18] found a female predominance: 58% of
the patients were women. Cigarette smoking is associated with increased risk of developing CD[19]. Smoking
negatively influences the clinical course of CD and is also
associated with the clinical recurrence of CD after surgical resection in CD patients[20]. Cosnes et al[21] found that
smoking, particularly heavy smoking, markedly increased
the risk of flare-ups of the disease.
Based on these studies, the conclusion is that there
is a slight predominance of women diagnosed with CD,
that the age at diagnosis is approximately 30, and that
cigarette smoking is harmful in patients with CD.

EPIDEMIOLOGICAL ASPECTS OF
CROHN'S DISEASE
Incidence, prevalence and time-trends
The incidence of CD differs depending on the region
studied. The United Kingdom, North America and the
northern part of Europe are the areas with the highest
incidence[8-10]. A Danish study from 1997 found that the
mean incidence rate for men per 100������������������
000
�����������������
person years
increased from 3.3 in 1981-1984 to 4.1 in 1989-1992[11].
For women in the same area and in the same time intervals, the incidence rate increased from 4.6 to 6.2. A peak
incidence rate was found among 15-29-year-olds, with an
incidence rate among men and women of 5.3 and 9.1,
respectively. A recent study in which all new CD cases in
Finland between 2000 and 2007 were included revealed
an overall incidence rate of 9.2 per 100 000 inhabitants[12].
The incidence rate in Olmsted County, Minnesota, United States was 5.7 cases per 100 000 person years between
1940 and 1993[10]. During the study period, a marked
increase in incidence was found: in 1940-1943 the incidence rate was 1.0, while the rate in 1984-1993 was 6.9.
Traditionally, the incidence has been low in Asia and Africa. Studies from these areas suggest that the incidence
of CD is increasing[2,13].
The prevalence of CD in Europe varies from less
than 10 to about 150 per 100 000 inhabitants[9,14]. An adjusted prevalence of 133 per 100 000 was found in Minnesota, United States in 1991[10]. One study from South
Korea indicated prevalence of 11.2[15]. From the existing
data, one can conclude that the incidence and prevalence
rates of CD have increased over last decades.

Appendectomy
The relationship between appendectomy and the risk
of developing CD has been debated, and in 2009, a systematic review of the literature was performed[22]. The
authors found that the relative risk (RR) for having CD
diagnosed following an appendectomy was significantly
elevated. Within the first year after the surgery, the RR
was 6.69 (95% CI 5.42-8.25). An increase in the risk of
developing CD also was found 1-4 years after the appendectomy, but thereafter the risk was not increased. Another study confirmed these results, but no increased risk
of developing CD was found in patients who underwent
appendectomy before the age of ten[23]. It seems that
there was an inverse relationship between appendectomy
and the development of UC, at least in patients who underwent appendectomy before the age of 20[24].
Geographical differences
The occurrence of CD seems to vary according to geographical location. A north-south axis has been found in
both Europe and in the United States, with higher incidence and prevalence in the northern regions. In a study
from 1996[25] on the incidence of IBD across Europe,
incidence rates were found to be 80% higher in northern
centers than in southern. A French study from 2006[26]
also demonstrated a north-south gradient within France.
Data from Columbia support the clinical experience that

Sex and age at diagnosis and smoking
In a retrospective study from the United Kingdom on
patients diagnosed with CD[16], the patient population was
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CD is rare in South America[27]. Based on a prospective
European population-based inception cohort of 380 CD
patients, a difference in management was observed between northern and southern centers, indicating that CD
patients in the north had a more severe disease course
than did those in the south[28]. One problem is that there
are still huge differences in diagnostic facilities. South
Asians who live in Europe are more likely to develop
IBD than South Asians who do not. In some regions of
the world, there are diagnostic challenges due to overlap
with intestinal tuberculosis[1]. In Brazil, Argentina, Puerto
Rica and Panama, the prevalence of CD and UC together
is between 20-100/100 000 inhabitants, but very few
reports exist, and the ratio between CD and UC is uncertain. This is in marked contrast to the numbers from the
United States and Canada, where the prevalence numbers
vary between 320/100 000 and 511/100 000 inhabitants[27]. The reasons for these differences are not fully
elucidated.
Hispanics in the United States are less prone to develop IBD than the non-Hispanic population. It is known
that the NOD2 gene on chromosome 16 is a marker for
the susceptibility to CD. A recent study showed that 4.4%
of Hispanics and 9.1% of the white population have
NOD2[29]. This indicates that there are real differences in
incidence/prevalence between North and South America.

1987. In the earlier period, as many as 35% of the CD
patients underwent bowel resection performed within the
first year of diagnosis. A shorter delay from the onset of
symptoms to diagnosis and the introduction of more intensive immunosuppressive therapy might be among the
explanations for this decreased risk of surgical resection.
The Montreal classification of CD includes the location (L) of the disease, where L1 is location in the terminal ileum, L2 is in the colon, L3 is an ileocolonic location,
and L4 is an upper GI location[33]. In one study, patients
with L1 location at diagnosis had increased likelihood of
intestinal surgery[5]. Oral corticosteroid use within three
months of diagnosis, stricturing disease and low age at
diagnosis were also associated with increased likelihood
of resection. In the IBSEN study, the cumulative probability of surgery was 13.6%, 27.0% and 37.9% at one,
five, and ten years after diagnosis[30], respectively. In this
cohort, L1 location was strongly associated with surgery
compared to L2 and L3 locations (Table 1).
A United Kingdom study of changes in medical
treatment and surgical resection rates from 1986 to
2003 found a marked reduction in the proportion of
patients needing intestinal surgery[16]. Within five years
of diagnosis of CD, 59% of the patients diagnosed from
1986-1991 had intestinal surgery. In patients diagnosed
between 1992-1997 and 1998-2003, 37% and 35%, respectively, had intestinal surgery within five years of diagnosis. In addition, there was a significant reduction in
patients undergoing any surgical procedure (surgery for
perianal disease or intestinal surgery) during an advanced
stage of disease. Ileocecal resection was the most commonly performed procedure. The most striking reductions were seen in the numbers of ileocecal resections
and in the numbers of panproctocolectomies.
A French retrospective study with 2573 CD patients[34]
divided the cohort in five groups according to the year of
diagnosis (1978-1982, 1983-1987, 1988-1992, 1993-1997
and 1998-2002). The main outcome criterion was the
time to first intestinal resection. The cumulative probability to receive immunosuppressants [azathioprine (AZA),
methotrexate (MTX)] increased from 0 in the 1978-1982
cohort to 0.56 in the 1998-2002 cohort. Interestingly, in
contrast to the study from the United Kingdom[16], one
found that the year of diagnosis did not have any significant effect upon the need for surgery.

Clinical important risk factors
In many studies, risk factors predicting a disabling course
of CD are described. The IBSEN group[30] has described
the relapse rates and need for surgery one, five, and ten
years after the diagnosis. Age < 40 at diagnosis and the
need for systemic steroids to treat the first flare-up were
factors associated with higher relapse rates. Age < 40 at
diagnosis, disease location in terminal ileum and penetrating/stricturing complications were associated with
higher risk for surgery (���������������������������
T��������������������������
ables 1 and 2). Beaugerie et al[31]
also found that age < 40 at diagnosis of CD, presence of
perianal disease, and initial requirement for steroids were
independent factors predicting disabling disease during
the first five years after the diagnosis. Henriksen et al[32]
did not find any association between CRP levels and a
risk of surgery for the CD group as a whole, but a significant linear association between CRP levels and a risk
of surgery was found with L1 localization (disease localization in terminal ileum).�

Extra-intestinal manifestations
Extra-intestinal manifestations of CD include musculoskeletal, dermatologic, ocular, hepatobiliary, vascular
and renal complications[35]. About 25%-46% of the patients with CD will experience extra-intestinal manifesta,���
37]
tions[36����
. Primary sclerosing cholangitis (PSC) is in many
ways the most serious, and the most serious complication from this condition is cholangiocellular carcinoma
(CCC)[37]; 7% to 15% of the patients with PSC eventu,���
39]
ally develop CCC[38����
, 60������������������������������
%�����������������������������
-70% of the PSC patients are
male, and the age at diagnosis is about 40 years. There is a
close relationship between UC and PSC. The relationship

SURGERY
Bowel resection
Stenoses, fistulas and abscesses are the main reasons for
bowel resection in patients with CD.
In a Danish study from 2003-2005, 12% of CD patients underwent bowel resection performed within one
year after the diagnosis, and the median time from diagnosis to resection was one month (range 0-8 mo)[8]. The
authors compared the results to what was seen in patients
diagnosed with CD in the same area between 1962 and

WJG|www.wjgnet.com

1725

April 21, 2012|Volume 18|Issue 15|

Hovde Ø et al . Crohn´s disease: Epidemiology and clinical course
Table 1 Solberg et al

[30]

, with permission
Relapse during the 1st year

Variables at diagnosis
Age groups
A1 < 40 yr
A2 ≥ 40 yr
Gender
Female
Male
Location
L1: Terminal ileum
L2: Colon
L3: Ileocolon
L4: Upper GI
Behavior
B1: Inflammatory
B2: Stricturing
B3: Penetrating
Systemic steroids
No
Yes
Missing
Smoking status
Never
Current smoker
Ex-smoker
Missing
Total

Relapse between 1-5 yr

P

cum%
(CI)

54 (50-58)
51 (44-58)

0.7

95
102

54 (49-59)
53 (48-58)

51
94
48
4

Relapse between 5-10 yr

P

cum%
(CI)

80 (77-83)
76 (70-82)

0.6

61 (57-65)
43 (36-50)

0.03

0.9

76 (72-80)
81 (77-85)

0.4

56 (51-61)
57 (52-62)

0.9

54 (47-61)
57 (52-64)
44 (37-51)
75 (53-97)

0.4

78 (72-84)
76 (72-80)
81 (75-87)
100 (-)

0.8

57 (50-64)
49 (44-54)
69 (62-76)
75 (53-97)

0.1

127
50
20

56 (52-60)
49 (42-56)
50 (39-61)

0.7

79 (75-83)
74 (68-78)
85 (77-93)

0.6

54 (50-58)
64 (57-71)
55 (44-66)

0.4

86
109
2

47 (42-52)
59 (54-64)
-

0.08

69 (64-74)
85 (82-88)
-

0.008

47 (42-52)
63 (58-68)
-

0.02

82
82
29
4
197

52 (47-57)
57 (52-62)
45 (36-54)
54 (50-57)

0.5

79 (75-84)
79 (75-84)
76 (68-84)
79 (76-82)

0.9

59 (54-64)
61 (56-66)
38 (29-47)
56 (53-60)

0.09

Total in each
subgroup

cum%
(CI)

148
49

value

value

P

value

Cumulative rate (cum%) of Crohn’s disease patients with relapsing disease during the first year and in the periods 1-5 years and 5-10 years after diagnosis.
2
χ comparisons within each subgroup; CI: Confidence interval; GI: Gastrointestinal.

Table 2 Solberg et al

[30]

, with permission
Unadjusted

Variables at diagnosis
Age
A1: < 40 yr
A2: ≥ 40 yr
Gender
Female
Male
Location
L1: Terminal ileum
L2: Isolated colonic
L3: Ileocolon
L4: Upper GI1
Behavior
B1: Inflammatory
B2: Stricturing
B3: Penetrating
Smoking status2
Never
Current < 10 cigarettes/d
Current > 10 cigarettes/d
Ex-smoker
Systemic steroids3
No
Yes

HR

95% CI

Adjusted

P

Number in
analysis

Number with surgery
(%)

165
72

69 (42)
16 (22)

1
0.5

[Ref]
0.3-0.9

0.03

118
119

40 (34)
45 (38)

1
1

[Ref]
0.7-1.6

0.9

64
115
54
4

38 (59)
26 (23)
17 (32)
4 (100)

1
0.2
0.3
1.4

[Ref]
0.1-0.4
0.2-0.6
0.5-3.8

< 0.001

147
64
26

32 (22)
36 (56)
17 (65)

1
3.5
4.9

[Ref]
2.1-5.6
2.7-8.8

< 0.001

103
57
36
35

38 (37)
18 (32)
18 (50)
11 (31)

1
0.8
1.9
0.8

[Ref]
0.4-1.4
0.8-2.6
0.4-1.6

0.2

Not included

106
129

36 (34)
48 (37)

1
1.1

[Ref]
0.7-1.6

0.8

Not included

value

HR

1
0.5

95% CI

[Ref]
0.3-0.9

P

value
0.03

Not included

1
0.3
0.3
1.6

[Ref]
0.2-0.6
0.2-0.5
0.5-4.4

0.001
< 0.001
0.4

1
2.3
5.4

[Ref]
1.3-4.1
3.0-9.9

0.004
< 0.001

Difficult to conclude because of an insufficient number of patients; 2data unknown in 6 cases. There were none in the operated group; 3data unknown in 2
cases; There was one in the operated group. Risk factors at diagnosis associated with surgery during follow-up analyzed by Cox regression. Ref: Reference
variable; HR: Hazard ratio; CI: Confidence interval;
1
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between CD and PSC is less pronounced but marked.
Studies form Sweden and Holland showed that 72% and
73%, respectively, of the PSC patients with IBD had UC,
and 7% and 25%, respectively, of the PSC patients with
,���
41]
IBD had CD[40����
.
In both studies, a certain proportion of patients with
PSC did not have a diagnosis of IBD. To date, no medical
treatment has been established to be effective. A hydrophilic dihydroxy bile acid, ursodeoxycholic acid, is used in
the treatment of PSC, but the efficacy of the treatment is
not well established. A recent study even concluded that
serious adverse events were more common in the drugtreated group than in the placebo group[42].
Five-year follow up data from the IBSEN study show
ed that the cumulative occurrence of peripheral arthritis
related to CD is 14%; 6% had ankylosing spondylitis;
1% had psoriatic arthritis; and 19% had undifferentiated
spondyloarthropathy[43-45]. In Canada, one study following the patients from 1984 to 1997 showed that 6027
patients suffering from IBD had a 40% increased risk
of fractures compared to the control group[46]. The incidence rate ratio (IRR) for fracture at the hip was 1.59
(95% CI�������������
:������������
1.27-2.00��,� P� < 0.001); the IRR for fracture of
the spine was 1.74 (95% CI��������������
:�������������
1.34 -2.24��,� P <
����������������
0.001); while
the IRR for rib fracture was 1.25 (95% CI�������������
:������������
1.02�������
-������
1.52��,� P =
0.03). No differences were found in the IRR between CD
and UC patients. A study from Olmsted County, United
States, showed that the relative risk for osteoporotic fractures in CD patients was 1.4 (95% CI��������������������
:�������������������
0.7-2.7), and the
risk ratio for thoracolumbar vertebral fracture was 2.2
(95% CI����������
:���������
0.9-5.5)[47].

was comparable to the background population, but the
disease-specific mortality risk was significantly increased
for gastrointestinal causes in both CD and UC patients.
Overall, a slight increase in mortality was found in CD
patients. This is mainly caused by malignant diseases in
the gastrointestinal tract and in the lungs[52].
Medication
CD is a chronic disorder that, at least so far, is not curable. The induction and maintenance of symptom improvement and, at best, the induction and maintenance
of mucosal healing are the goals of treatment[55]. Disease
location, disease severity and complications should be
taken into consideration when therapy is to be decided.
Even at high doses and prolonged administration,
glucocorticosteroids (GCSs) induce endoscopic remission
in less than one third of the patients with colonic CD[56].
Use of GCSs has a favorable effect on the symptoms of
Crohn´s disease of the small intestine but will not achieve
a significant reduction in endoscopically observed inflammation[57].
A few decades ago, a large clinical trial[58] showed
that CD patients with colonic involvement were especially responsive to sulfasalazine, but a European multicenter double-blind study from the 1980s did not show
any beneficial effects from sulfasalazine as compared
to 6-methylprednisolone[59]. Oral mesalamine has been,
and still is, widely used in the treatment of CD. A metaanalysis of three large, double-blind, randomized studies
in the treatment of active CD showed that mesalamine 4
g/d was better than placebo in reducing the Crohn’s Disease Activity Index, but the clinical significance was unclear[60]. The recently published European evidence-based
consensus on the diagnosis and management of CD[61]
concluded that active colonic CD may be treated with
sulfasalazine if only mildly active, and that mesalazine
should be considered no more effective than placebo in
the treatment for active ileal or colonic CD.
The rationale for the use of antibiotics in the treatment of mild to moderate CD is the hypothesis that
bacteria may cause or exacerbate CD. Metronidazole,
10 or 20 mg/kg���������������������������������������
per day,
����������������������������������
compared to placebo, did not
show any difference in the ability to induce remission in
patients with mild/moderate disease[62]. Comparison of
ciprofloxacin and mesalamine did not reveal any consistent pattern[63]. About 50% in each group achieved clinical remission. A recent meta-analysis[64] concludes that
long-term treatment with nitroimidazoles or clofazimine
appeared to be effective in CD patients.
A recent review on the effect of AZA or 6-mercap
topurine for the maintenance of remission in CD[65] concluded that both AZA and 6-mercaptopurine had a positive effect on maintaining remission. The study reported
weak evidence for a steroid-sparing effect of AZA. In a
recent single-center study[66], the authors found that MTX
is efficient as a second-line immunomodulator in chronic
active CD. In steroid-dependent CD patients, complete
remission and steroid withdrawal were seen in 77% of
the cases after 22.9 mo of treatment. After six months,

Mortality
During the decades from 1970 to 1990, population-based
studies have shown a slightly decreased life expectancy
in CD patients[48-50]. Because these studies are from the
era before the introduction of the immunomodulating
agents, the applicability might be of limited value.
A meta-analysis from 2007[51] identified 13 papers that
reported standardized mortality ratios (SMR). Most of
these papers included patients diagnosed in the 1950s to
the 1970s, although four of them included patients diagnosed from 1980 to 1985. In this study, an age-adjusted
mortality risk in CD patients was more than 50% greater
than in the general population, but three of the studies actually reported an SMR below 1.0. A meta-analysis
from 2010[52] also confirmed slightly increased mortality
in CD patients (SMR 1.39������������������������������
, ����������������������������
95% CI:���������������������
��������������������
1.30-1.50). In a recent report, a complete 10-year follow-up was achieved in
197 of 237 patients[30]. Two deaths during follow-up were
probably CD-related. Another study did not show any
decrease in survival curves for the total group of 373 CD
patients followed for five years compared to the background population, although a small subgroup of patients diagnosed at the age of 20-29 and a subgroup with
extensive small bowel disease displayed slightly increased
mortality[53]. In the Netherlands, 1187 patients diagnosed
with IBD during a 12-year period from 1991 were included[54]. The mortality in CD, UC, and indeterminate colitis
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one, two, and three years on MTX, 95.3%, 89.5%, 70.6%
and 62.8%, respectively, were in remission[67]. However,
a high proportion of the patients developed side-effects
(79% and 39%, respectively), including hepatotoxicity and
,���
67]
hair loss[66����
. Side effects associated with the use of AZA
and 6-mercaptupurine include leucopenia, thrombocytopenia, pancreatitis and an increased risk of developing
lymphoma[65]. The introduction of anti-tumor necrosis
factor (TNF) agents has changed the treatment of refractory CD. Although the causes of CD are not known,
many of the molecules involved in the disease process
have been identified and can act as targets of biological
treatment. TNF is a cytokine that promotes inflammatory
responses in many diseases, including CD[68]. Infliximab
,���
70]
is effective in both luminal and fistulizing CD[69����
and is
[71]
highly effective and safe in children . The combination
of infliximab and AZA is more effective in moderateto-severe CD than infliximab alone[72]. One problem is
that, each year, about 10% of patients, for different reasons, drop out of treatment[73]. Adalimumab is a human
monoclonal antibody against TNF. It is administered
subcutaneously and has proven effective in the treatment
of luminal CD[74]. Certolizumab pegol is approved in the
United States for the treatment of CD[68]. No trials exist
that compare the three different anti-TNF agents, but
it seems that infliximab, adalimumab and certolizumab
pegol are comparable in efficacy. Anti-TNF agents definitely deserve to be considered as a treatment option for
patients with CD; it is therefore widely discussed when
patients should be introduced to these agents, and further studies are needed to establish this aspect of the approach to treatment.
In a review article, Vermeire et al[75] summarized the
therapies that have been shown to alter the natural history of CD. Mucosal healing, the need for hospitalizations/surgery together with decreased recurrence after
surgery, are surrogate markers of changes in the natural
course of the disease. Anti-TNF agents have shown the
ability to induce mucosal healing and to reduce the need
for surgery in randomized, placebo-controlled studies.
It is not known, however, if they can reduce the risk of
recurrence after surgery.

rate was as high as 90% (Table 2). Because we have had
the opportunity for biological treatment for some years
now, we are looking forward to evaluating new epidemiological studies on the clinical course of the disease.
Sick leave/unemployment
There are just a few reports on sick leave/unemployment
in patients with CD. In 2006, Bernklev et a�l[76] found that
24.6% of women with CD were on a disability pension
(DP) five years after the diagnosis was established, which
was a three-fold increase compared to the background
population (8.8%). Five years after the diagnosis, 53% of
the CD patients reported taking sick leave during the prior six months; 23% of the sick leaves were CD-related. A
Dutch study from 2002 also concluded that CD patients
had a significantly higher frequency of sick leave than the
controls (odds ratio 1.7, 95% CI: 1.2-2.6)[77]. Both studies
concluded that having CD is correlated to an increased
unemployment rate. An earlier Danish study did not find
any differences in the state of employment between CD
patients nine years after the diagnosis compared to a control group, and as few as 3% were on DP[78].�

CONCLUSION
Population-based studies have demonstrated that the incidence and prevalence of CD have increased over the last
three decades. CD is most common in northern Europe
and North America, and there is a slight predominance
of women diagnosed with the disease. The majority of
patients experience progression from inflammatory disease to the development of strictures and fistulas. Within
the first five years of the disease, at least one third of the
patients have had intestinal surgery, where ileocecal resection is the most commonly performed procedure. Appendectomy is associated with an increased risk of having
CD diagnosed within the first four years after the surgery.
A rising incidence and a slight female predominance is
found in CD. The diagnosis is made when the patients
are approximately thirty years old. Smoking is associated
with an increased risk of developing CD, with a negative
clinical course in patients with CD, and with increased
risk of flare-ups of the disease in both operated and nonoperated patients.
The overall mortality in most studies is comparable to
the background population, although subgroups of CD
patients seem to have slightly increased mortality. New
therapeutic approaches are promising. To date, the most
effective treatment options in acute disease are GCSs and
TNF-α-blockers. TNF-α-blockers and AZA/MTX are
effective in maintaining remission��.�

CLINICAL COURSE
Markov models will show the probability of changes in
state from one time-point to another. This model was
used in a Danish study from 1995[6]. One found that the
disease activity course in CD is not dependent on age,
sex, or localization of the disease. The United Kingdom
study and the French study[16,31] showed conflicting results, at least in the proportion of patients requiring surgery. The IBSEN study showed that ten years after the
diagnosis was made, the course was generally better than
in earlier reports[30]. The need for immunosuppressives
and GCSs declined from the first five-year period to the
second five-year period. The probability of surgery was
37.9%, and fewer patients than expected developed complicated disease behavior; however, the cumulative relapse
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AIM: To investigate the influence of macrophages on
hepatocyte phenotype and function.
METHODS: Macrophages were differentiated from
THP-1 monocytes via phorbol myristate acetate stimulation and the effects of monocyte or macrophageconditioned medium on HepG2 mRNA and protein
expression determined. The in vivo relevance of these
findings was confirmed using liver biopsies from 147
patients with hepatitis C virus (HCV) infection.
RESULTS: Conditioned media from macrophages,
but not monocytes, induced a transient morphological
change in hepatocytes associated with upregulation of
vimentin (7.8 ± 2.5-fold, P = 0.045) and transforming
growth factor (TGF)-β1 (2.6 ± 0.2-fold, P < 0.001) and
downregulation of epithelial cadherin (1.7 ± 0.02-fold,
P = 0.017) mRNA expression. Microarray analysis revealed significant upregulation of lipocalin-2 (17-fold, P
< 0.001) and pathways associated with inflammation,
and substantial downregulation of pathways related to
hepatocyte function. In patients with chronic HCV, realtime polymerase chain reaction and immunohistochemistry confirmed an increase in lipocalin-2 mRNA (F0 1.0
± 0.3, F1 2.2 ± 0.2, F2 3.0 ± 9.3, F3/4 4.0 ± 0.8, P =
0.003) and protein expression (F1 1.0 ± 0.5, F2 1.3 ±
0.4, F3/4 3.6 ± 0.4, P = 0.014) with increasing liver injury. High performance liquid chromatography-tandem
mass spectrometry analysis identified elevated levels
of matrix metalloproteinase (MMP)-9 in macrophageconditioned medium, and a chemical inhibitor of MMP-9
attenuated the change in morphology and mRNA expression of TGF-β1 (2.9 ± 0.2 vs 1.04 ± 0.1, P < 0.001)
in macrophage-conditioned media treated HepG2 cells.
In patients with chronic HCV infection, hepatic mRNA
expression of CD163 (F0 1.0 ± 0.2, F1/2 2.8 ± 0.3,
F3/4 5.3 ± 1.0, P = 0.001) and MMP-9 (F0 1.0 ± 0.4,
F1/2 2.8 ± 0.3, F3/4 4.1 ± 0.8, P = 0.011) was significantly associated with increasing stage of fibrosis.
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CONCLUSION: Secreted macrophage products alter
the phenotype and function of hepatocytes, with increased expression of inflammatory mediators, suggesting that hepatocytes actively participate in liver injury.

dy using a human cell co-culture model, macrophages
triggered secretion of proinflammatory cytokines from
bile duct epithelial cells, as well as apoptosis[14]. The au
thors speculated that this cellular interaction provided a
mechanism to amplify chronic inflammation and bile duct
destruction in vanishing bile duct syndromes[14]. The role
of activated macrophages in modulating the hepatocyte
inflammatory response to injury has not been determined.
Accumulating data also suggest that during inflammatory
liver injury, some hepatocytes and cholangiocytes may lose
epithelial markers and acquire partial mesenchymal char
acteristics, although the direct role of macrophages and
the contribution of this process to fibrogenesis have not
been determined[15,16].
The aim of this study was to investigate the influence
of macrophages on hepatocyte phenotype and function,
and in particular, to determine whether macrophage-se
creted products induce a proinflammatory response in he
patocytes. In order to address this, the effect of monocyte
and macrophage-conditioned medium on cell morphol
ogy and gene expression was examined in two hepatocyte
cell lines, along with the macrophage-secreted products
that modulated the hepatocyte phenotype. We also evalu
ated human liver samples from patients with chronic
hepatitis C virus (HCV) infection. Our data indicate that
secreted products from activated macrophages induce an
inflammatory phenotype in hepatocytes, which may have
implications for persistent inflammation and fibrogenesis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Most of the morbidity/mortality from chronic liver disea
ses occurs in subjects with advanced fibrosis or cirrhosis,
who are at risk of developing complications of end-stage
liver disease including hepatocellular cancer. Activated liv
er macrophages have a key role in the progression of liver
injury and repair, and knowledge about their interaction
with hepatocytes and other cells in the liver microenviron
ment may provide new targets for antifibrotic therapy.
In experimental models of liver disease, an increase in
the number of macrophages correlates with the extent
of injury, and damage can be attenuated by depletion
of these cells[1-6]. Similarly, in diseased human liver, par
ticularly chronic viral hepatitis, there is an increase in the
density and size of macrophages[7,8]. This is seen largely
at inflammatory sites with prominent mononuclear cell
infiltration or within inflamed portal tracts. These tissueresident macrophages appear to be derived from circulat
ing monocytes even in steady state conditions, although
there is a marked increase in recruitment of these cells to
the liver following inflammatory insults[9]. A recent study
has demonstrated that monocytes increase in the circula
tion as well as in the liver of patients during progression
of chronic liver disease, and that they are activated and
release high amounts of proinflammatory cytokines and
reactive oxygen species[10].
Secreted products from activated macrophages con
tribute to stellate cell activation and fibrosis. However,
relatively little is known about the influence of macro
phages on hepatic epithelial cell phenotype and function.
Early studies have shown that secretions from activated
macrophages influence hepatocyte DNA synthesis and
cytochrome P-450 metabolism[11-13]. In a more recent stu
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MATERIALS AND METHODS
Cell culture
The human hepatoma-derived cell lines, HepG2 and
Huh7, and the human acute monocytic leukemia cell line,
THP-1, were purchased from American Type Culture
Collection (ATCC) (Manassas, VA, United States). Cells
were maintained at 37 ℃ and 5% CO2. Unless otherwise
indicated, cells were cultured in “complete medium” com
prising Dulbecco’s Modified Eagle’s Medium (Invitrogen,
Carlsbad, CA, United States) supplemented with 10%
foetal bovine serum (Invitrogen), 100 U/mL penicillin
and 100 µg/mL streptomycin (Invitrogen), 2 mmol Glu
taMAX™ (Invitrogen) and 20 µmol MEM non-essential
amino acids (Invitrogen).
Macrophages were generated as described previous
ly[17,18]. Briefly, THP-1 monocytes were seeded in six-well
plates (Nunc, Roskilde, Denmark) at a density of 4 × 106
cells per well in 3 mL of complete medium and incubated
for 2 h. Cells were treated with phorbol myristate acetate
(PMA) (200 nmol; Sigma-Aldrich, St. Louis, MO, United
States) for 24 h, washed three times with 1 × phosph
ate buffered saline (PBS) and cultured for 42 h in 2 mL
of fresh complete medium. The resulting macrophageconditioned media (MφCM) was collected, clarified by
centrifugation at 400 × g and stored at -20 ℃ until use.
Conditioned media from THP-1 monocytes (MonoCM)
was harvested in a similar fashion. For some experiments,
MφCM was generated in the presence of matrix metallo
proteinase (MMP)-9 Inhibitor Ⅰ, (100 µmol, Cat# 444278,
Calbiochem, Merck Pty Ltd, Kilsyth, Victoria, Australia).
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Patients and clinical data
The study involved 147 consecutive patients with chronic
hepatitis C, who had undergone a liver biopsy at the Prin
cess Alexandra Hospital, Brisbane, Australia. Informed
consent was obtained from each patient and the protocol
was approved by the University of Queensland and Prin
cess Alexandra Hospital Research Ethics Committees. Di
agnosis of chronic HCV infection was based on standard
serological assays and abnormal serum aminotransferase
levels for at least 6 mo. All patients were positive for HCV
antibody by the third-generation enzyme-linked immu
nosorbent assay (Abbott Laboratories, North Chicago,
IL, United States), with infection confirmed by detection
of circulating HCV RNA by polymerase chain reaction
(PCR) using the Amplicor HCV assay (Roche, New Jersey,
United States). Viral genotyping was performed using the
Inno-Lipa HCV Ⅱ assay (Innogenetics, Zwijnaarde, Bel
gium). Patients with other forms of chronic liver disease
or antibodies to human immunodeficiency virus were not
considered for the analysis. Patients with comorbidity such
as acute coronary artery disease, unstable angina, conges
tive heart failure, significant renal impairment, acute and
chronic infectious diseases, autoimmune and rheumatic
diseases, cancer, endocrine diseases or inflammatory bow
el diseases were not included in the study. Demographic
and clinical details for the patients are presented in Table 1.
A fragment of liver tissue (2-3 mm) was immediate
ly frozen in liquid nitrogen at the time of biopsy and
stored at -80 ℃ until extraction of RNA was performed.
The remaining core was fixed in buffered formalin and
embedded in paraffin. The degree of inflammation was
graded according to the method of Ishak[23], and fibrosis
was staged (0-4) according to the method of Scheuer[24].
Steatosis was graded as follows: 0 (< 5% hepatocytes af
fected); 1 (5%-33% of hepatocytes affected); 2 (34%-66%
of hepatocytes affected); or 3 (> 66% of hepatocytes af
fected).

Table 1 Demographic and clinical features of patients with
chronic hepatitis C virus infection
No. of patients
Age (yr)
Sex
Viral genotype
Stage of fibrosis
Grade of steatosis
Necroinflammatory score
BMI (kg/m2)
BMI
Alcohol - current (g/d)
Alcohol - past (g/d)
Creatinine (μmol/L)
Platelets (× 109/L)
Red blood cells (× 1012/L)
Total WBC (× 109/L)
Neutrophils (× 109/L)
Lymphocytes (× 109/L)
Monocytes (× 109/L)

n
mean ± SEM
M/F
1/ 2/ 3
0/1/2/3-4
0/1/2-3
1-3/4-5/6-8
mean ± SEM
Lean, overweight, obese1
Median (range)
Median (range)
mean ± SEM
mean ± SEM
mean ± SEM
mean ± SEM
mean ± SEM
mean ± SEM
mean ± SEM

147
42.3 ± 0.9
98/49
80/6/61
13/65/44/25
73/44/29
56/61/30
26.2 ± 0.4
66/51/24
1 (0-120)
30 (0-500)
77.8 ± 1.5
213 ± 6
4.8 ± 0.3
7.2 ± 0.2
4.0 ± 0.1
2.3 ± 0.06
0.6 ± 0.02

Lean: ≤ 25 kg/m2; overweight: > 25 and < 30 kg/m2; obese: ≥ 30 kg/m2.
BMI: Body mass index; WBC: White blood cell.
1

HepG2 and Huh7 cells were seeded in six-well plates
at a density of 2 × 105 cells per well in 3 mL of complete
medium. After 24 h, cells were washed and cultured with
50% MφCM or 50% MonoCM in complete media for
24 h unless indicated otherwise. Cell morphology was
observed by phase contrast microscopy using the Nikon
Eclipse TS100. Culture in CM did not influence cell vi
ability as determined by trypan blue exclusion.
Microarray analysis of HepG2 cells treated with
macrophage-conditioned media or MonoCM
Total RNA was extracted from untreated, monocyte CM
and MφCM-treated HepG2 cells using TRI Reagent®
(Sigma-Aldrich). RNA quality was assessed with an Agi
lent 2100 BioAnalyser (Agilent Technologies, Santa Clara,
CA, United States) and only samples with a RNA integrity
number above 8.0 were included. cRNA was generated
from 500 ng total RNA using the Illumina TotalPrep
cRNA Amplification Kit (Applied Biosciences, Carlsbad,
CA, United States) and hybridised to Human HT-12 V3
Expression BeadChips (Illumina, San Diego, CA, United
States). Array data were processed using the Illumina
GenomeStudio software, transformed by variance sta
bilization transformation[19] and normalized by robust
spline normalization[20] with Lumi[21]. Differential gene ex
pression patterns between MφCM-treated and untreated
HepG2 cells were identified using class comparison cor
rected for multiple testing with BRB ArrayTools (National
Cancer Institute, Bethesda, MD, United States)[22]. Gene
Ontology (GO), KEGG and BioCarta analyses were ap
plied to the differentially expressed gene sets to identify
altered pathways and cell functions. Least-squares (LS)/
Kolmogorov-Smirnov (KS) permutation tests, EfronTibshirani’s gene set analysis maxmean test and Goeman’s
global test were used to identify relevant pathways and a
significance threshold of 0.005 was applied.

WJG|www.wjgnet.com

Real-time polymerase chain reaction
Total RNA was extracted from liver biopsy tissue, Huh7,
HepG2, Mφ and THP-1 cells using TRI Reagent® (SigmaAldrich) according to the manufacturer’s instructions and
reverse-transcribed to cDNA by SuperScript® Ⅲ Rever
se Transcriptase (Invitrogen). Liver tissue RNA quality
was assessed using an Agilent 2100 Bioanalyser (Agilent
Technologies) and the RNA 6000 Nano LabChip accord
ing to the manufacturer’s instructions. The median RNA
Integrity Number (RIN) of RNA extracted from the liver
biopsy samples was 8.0 (range: 6.0-9.2). Semi-quantitative
real-time PCR (qPCR) for genes of interest was per
formed using Platinum® SYBR® Green qPCR SuperMix
(Invitrogen) and analysed with MxPro QPCR software for
MxPro 3000P QPCR systems (Stratagene, La Jolla, CA,
United States) as previously described[25]. The expression
of the housekeeping genes glyceraldehyde-3-phosphate
dehydrogenase, human acidic ribosomal protein and 18S
ribosomal RNA was determined using a multiplex realtime PCR protocol as previously described[25]. The relative
mRNA expression of genes of interest was normalized to
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States). Antigen retrieval was performed with 10 mmol
Tris/1 mmol EDTA, pH 9.0 solution and sections were
blocked with 20% heat-inactivated goat serum (SigmaAldrich) to prevent non-specific binding. Positively stained
macrophages were observed using the Zeiss LSM 510
Meta confocal microscope.
Immunohistochemistry was also performed on nine
biopsy specimens using an antibody directed against lipo
calin-2 (LCN2) (diluted 1/35, ab23477; Abcam). Immu
noreactivity was revealed using the Novolink Polymer de
tection system (Leica Microsystems Pty Ltd, North Ryde,
NSW, Australia) according to the manufacturer’s instruc
tions, and sections were photographed using the Nano
Zoomer (Olympus, Centre Valley, PA, United States).
The sections were assessed for intensity of staining (weak,
1; moderate, 2; heavy, 3) and multiplied by the proportion
of cells stained (0%-24%, 1; 25%-49%, 2; 50%-74%, 3;
75%-100%, 4) to give a value between 1 and 12.

Table 2 Primer and probe sequences used in real-time polymerase chain reaction assays
E-cadherin
Vimentin
TGF-β1
MMP-9
CD163
Lipocalin-2
GAPDH

HuPO

18s

for
rev
for
rev
for
rev
for
rev
for
rev
for
rev
for
rev
probe
for
rev
probe
for
rev
probe

5΄-ATTGCAAATTCCTGCCATTC-3΄
5΄-GCTGGCTCAAGTCAAAGTCC-3΄
5΄-GTTTCCAAGCCTGACCTCAC-3΄
5΄-GCTTCAACGGCAAAGTTCTC-3
5΄-AAGTGGACATCAACGGGTTC-3΄
5΄-TGCGGAAGTCAATGTACAGC-3
5΄-TTCGACGTGAAGGCGCAGATGG-3΄
5΄-AACTCACGCGCCAGTAGAAGCG-3΄
5΄-CCAACAAGATGCTGGAGTGAC-3΄
5΄-TGACAGCACTTCCACATTCAAG-3΄
5’-TCACCCTCTACGGGAGAACCAAGG-3’
5’-TGTGCACTCAGCCGTCGATACAC-3’
5’-TGCACCACCAACTGCTTAGC-3’
5’-GGCATGGACTGTGGTCATGAG-3’
5’-CCTGGCCAAGGTCATCCATGACAACTT-3’
5’-GCTTCCTGGAGGGTGTCC3-3’
5’-GGACTCGTTTGTACCCGTTG-3’
5’-TGCCAGTGTCTGTCTGCAGATTGG-3’
5’-GCCCGAAGCGTTTACTTTGA-3’
5’-TCCATTATTCCTAGCTGCGGTATC-3’
5’-AAAGCAGGCCCGAGCCGCC-3’

Identification of macrophage-secreted products
CM from Mφ and THP-1 cells were subjected to sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE) on 4%-20% polyacrylamide gels (Invitrogen)
and stained with SimplyBlue™ Safestain (Invitrogen).
Bands differentially displayed in MφCM (n = 10) were
precisely excised, de-stained, in-gel-trypsin-digested and
analyzed by high performance liquid chromatographytandem mass spectrometry (HPLC/MS/MS) and data
base searching[26,27]. One hundred and thirty-six proteins
were identified. Following pruning to eliminate proteins
of incorrect molecular weight or proteins not known to
be secreted, database and literature searching identified
probable candidates, of which MMP-9 was further inves
tigated.

E-cadherin: Epithelial cadherin; TGF-β1: Transforming growth factor-β1;
MMP-9: Matrix metalloproteinase-9; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; 18s: 18S ribosomal RNA; HuPO: Human acidic
ribosomal protein; for: Forward; rev: Reverse.

the geometric mean of the expression of the three house
keeping genes. Primers for SYBR® Green assays were cus
tom made by Geneworks (Thebarton, SA, Australia). Cus
tom made primer-probe sets were purchased from SigmaAldrich (Castle Hill, NSW, Australia). Specific primer and
probe sequences are shown in Table 2.
Immunofluorescence and immunohistochemistry
To visualise epithelial cadherin (E-cadherin) and vimentin
protein expression, HepG2 and Huh7 cells were cultured,
as described above, on sterile glass cover slips (Deckgla
ser, Freiburg, Germany). After treatment, cells were fixed
with 4% paraformaldehyde (Thermo Fisher Scientific,
Waltham, MA, United States), washed with 1% glycine in
1 × PBS and permeabilized for 5 min with 0.2% Triton
X-100 (Sigma-Aldrich). Non-specific binding was blocked
with 10% heat-inactivated goat serum (Sigma-Aldrich) for
30 min. Cells were incubated with primary antibodies (1/50
dilution in 1% heat-inactivated goat serum) against E-cad
herin (mouse monoclonal, ab1416; Abcam, Cambridge,
MA, United States) or vimentin (mouse monoclonal,
ab8069; Abcam) for 1 h at room temperature. After wash
ing, goat anti-mouse IgG conjugated with Alexa Fluor 488
(Invitrogen; 1/200 dilution) was added for 1 h at room
temperature. Cell nuclei were stained with 4’,6-diamidino2-phenylindole (Invitrogen) and observed using the Zeiss
LSM 510 Meta confocal microscope (Carl Zeiss, North
Ryde, NSW, Australia).
Immunofluorescence was performed on sections of
formalin-fixed, paraffin-embedded liver from patients with
chronic HCV using monoclonal antibodies to MMP-9 (di
luted 1/400, ab76003; Abcam) and CD163 (diluted 1/300,
NB110-59935; Novus Biologicals, Littleton, CO, United
WJG|www.wjgnet.com

Western blotting analysis
MφCM (PMA-differentiated THP-1 cells) and MonoCM
(THP-1 cells) was subjected to SDS-PAGE on 4%-20%
polyacrylamide gels (Invitrogen) and transferred to Im
mobilon P membrane (Millipore) using standard methods.
Blots were incubated overnight at 4 ℃ with monoclonal
anti-MMP-9 (diluted 1/5000, ab76003; Abcam) followed
by Envision horseradish-peroxidase-linked anti-mouse
polymer (Dako Australia, Botany, NSW, Australia; dilution
1/30). Blots were washed as previously described[28]. Pro
teins were detected with the enhanced chemiluminescence
(ECL+) system (GE Healthcare Bio-Sciences, Rydalmere,
Sydney, NSW, Australia).
Zymography
Zymography was performed on CM from Mφs (PMAdifferentiated THP-1 cells) and monocytes (THP-1 cells)
using Novex® 10% Zymogram (Gelatin) Gel (Invitrogen)
according to the manufacturer’s instructions. Gels were
stained with SimplyBlue™ Safestain (Invitrogen) to visu
alize bands of protease activity.
Statistical analysis
Continuous normally distributed variables were repre
sented graphically as mean ± SEM. Grade of steatosis,
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A

B

C

D

Figure 1 Macrophage-conditioned media induces a fibroblast-like morphological change in hepatocytes. Phase contrast microscopy of HepG2 (A and B) and
Huh7 cells (C and D) grown in complete media (A and C) or 50% macrophage-conditioned media in complete medium (B and D). The images shown are representative of six experiments of cells after 24 h of culture in the indicated medium.

grade of hepatic inflammation, stage of fibrosis, alcohol
consumption and RIN were summarized as median and
range. For normally distributed variables, analysis of vari
ance (ANOVA) or Student’s t test was performed to com
pare the means between groups. To determine differences
between groups not normally distributed, medians were
compared using the Kruskal-Wallis or Mann-Whitney U
test.
Multivariate analysis was performed, including terms
for age at biopsy, sex, viral genotype, stage of fibrosis,
body mass index (BMI), alcohol consumption, total in
flammatory score and grade of steatosis. Independent
effects of normally distributed variables were assessed
by ANOVA using general linear models. A backward
elimination approach was used to remove non-significant
variables and determine the most parsimonious model.
All analyses were performed using SPSS version 17.0 (SPSS
Inc, Chicago, IL, United States) and P < 0.05 was consid
ered significant.

gated spindle shape with loss of cell-cell contact. To de
termine if the morphological change in hepatocytes was
permanent, after the initial MφCM treatment, HepG2
and Huh7 cells were washed and cultured in fresh growth
medium for a further 2 d. Following release from treat
ment with MφCM, cells that were initially elongated and
spindle-shaped after 24 h of treatment, formed epithelial
clusters similar to untreated hepatocytes (Figure 2).
In association with the observable morphological chan
ge, HepG2 and Huh7 cells treated with MφCM dem
onstrated a substantial reduction in mRNA and protein
expression of the epithelial marker E-cadherin (Figure
3A-C). mRNA and protein levels of vimentin, an inter
mediate filament and a marker of mesenchymal cells, were
substantially enhanced in MφCM-treated hepatocytes
(Figure 3D-F). mRNA expression of the pro-fibrogenic
cytokine transforming growth factor-β1 (TGF-β1) was
also increased (HepG2, 2.9-fold induction, P < 0.001;
Huh7, 3.2-fold induction, P = 0.002), whereas collagen
and α-smooth muscle actin (SMA) levels were not signifi
cantly altered (not shown).
In contrast to MφCM, no morphological changes or
alteration in the levels of epithelial and mesenchymal
markers were observed in hepatocytes treated with THP-1
monocyte CM (data not shown).

RESULTS
Macrophage-conditioned media induces transient
morphological change in hepatocytes
We began by assessing the effects of macrophage culture
supernatants on hepatocyte morphology and gene ex
pression. HepG2 and Huh7 cells typically form epithelial
clusters with well-developed cell junctions (Figure 1A-C).
Upon treatment with MφCM, these hepatocytes displayed
an observable change (Figure 1B-D), acquiring an elon

WJG|www.wjgnet.com

Differential gene expression in macrophage-conditioned
media-treated HepG2 cells
Our initial analysis of expression of epithelial and mes
enchymal marker genes was next extended more globally
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A

B

C

Figure 2 Macrophage-conditioned media induces a transient change in hepatocytes. Phase contrast microscopy of HepG2 cells grown in complete media (A)
for 72 h, macrophage-conditioned media (MφCM) for 72 h (B) or MφCM for 24 h followed by washing and culture in complete medium for a further 48 h (C). The images shown are representative of cells after 72 h of culture in the indicated medium.

1.5

HepG2

Huh7

1.0

P = 0.017
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P = 0.001
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(relative gene expression)

E-cadherin
(relative gene expression)

A

MφCM

HepG2

1.5

P = 0.045

E

C

F

P = 0.045

1.0

0.5

0.0
Untr

B

Huh7

MφCM

Untr

MφCM

Figure 3 Expression of E-cadherin is reduced and vimentin is increased in hepatocytes treated with macrophage-conditioned media. A, D: Following culture
in complete media or 50% macrophage-conditioned media (MφCM) for 24 h, E-cadherin (A) and vimentin (D) mRNA levels in HepG2 and Huh7 cells were measured
by real-time polymerase chain reaction. Results are expressed as fold of untreated cells (mean ± SEM, n = 8) (P < 0.05 vs untreated); B, C: Immunofluorescence
staining for E-cadherin (green) in untreated (B) and MφCM-treated (C) Huh7 cells; E, F: Immunofluorescence staining for vimentin (green) in untreated (E) and
MφCM-treated (F) Huh7 cells. 4',6-diamidino-2-phenylindole stained nuclei blue (63 × magnification). Untr: Untreated.

WJG|www.wjgnet.com

1737

April 21, 2012|Volume 18|Issue 15|

Melino M et al . Macrophages influence hepatocyte phenotype
Table 3 Selected altered gene ontology, KEGG and BioCarta pathways
ID
Gene ontology

KEGG
BioCarta

0034097
0034341
0000302
0031663
0019882
0032393
0019217
hsa00071
hsa00120
h_tnfr2Pathway
h_ctlPathway
h_nkcellsPathway
h_cd40Pathway
h_fxrPathway

Biological process (no. genes)
Response to cytokine stimuli (80)
Response to interferon-γ (11)
Response to reactive oxygen species (73)
LPS-mediated signalling pathway (12)
Antigen processing and presentation (58)
MHC class Ⅰreceptor activity (15)
Regulation of fatty acid metabolic process (48)
Fatty acid metabolism (51)
Bile acid biosynthesis (41)
TNFR2 signaling pathway (17)
CTL mediated immune response against target cells (15)
Ras-independent pathway in NK-cell-mediated cytotoxicity (22)
CD40L signaling pathway (15)
FXR and LXR regulation of cholesterol metabolism (7)

Differential expression

P valuea

↑
↑
↑
↑
↑
↑
↓
↓
↓
↑
↑
↑
↑
↓

0.00125
0.00165
0.00123
0.00144
0.00172
0.00160
0.00127
0.00001
0.00001
0.00130
0.00157
0.00179
0.00221
0.00135

a

Average P-value < 0.005 as measured by least-squares permutation, Kolmogorov-Smirnov permutation, Efron-Tibshirani’s gene set analysis test and Goeman’s global test. LPS: Lipopolysaccharide; TNFR2: Tumour necrosis factor receptor 2; NK: Natural killer; CTL: Cytotoxic lymphocyte; FXR: Farnesoid X
receptor; LXR: liver X receptor.

Table 4 The 21 most differentially expressed genes between control and macrophage-conditioned media-treated HepG2 cells as determined by microarray
Gene
LCN2
TIMP1
UBD
SERPINA3
IGFBP1
S100A3
RASD1
CEBPD
SERPINE1
NDRG1
EMP3
DUSP5
SOD2
F2RL1
CCL20
SDC4
TGM2
NR1H4
LIME1
DDC
ANKRD38

Lipocalin-2
Metallopeptidase inhibitor 1
Ubiquitin D
Serpin peptidase inhibitor clade A member 3
Insulin-like growth factor binding protein 1
S100 calcium binding protein A3
RAS dexamethasone-induced 1
CCAAT/enhancer binding protein delta
Serpin peptidase inhibitor clade E member 1
N-myc downstream regulated gene 1
Epithelial membrane protein 3
Dual specificity phosphatase 5
Superoxide dismutase 2, mitochondrial
Coagulation factor Ⅱ receptor-like 1
Chemokine ligand 20
Syndecan 4
Transglutaminase 2
Nuclear receptor subfamily 1, group H, member 4
Lck interacting transmembrane adaptor 1
Dopa decarboxylase
Ankyrin repeat domain 38

through expression profiling. The microarray contained
48 000 probes; 34 693 of which were found to be ex
pressed in at least one sample. Using this probe set, un
supervised hierarchical clustering showed good delinea
tion between untreated and MφCM-treated HepG2 cells.
MonoCM-treated HepG2 cells did not cluster differently
from untreated cells and were thus not included for fur
ther analysis.
GO, KEGG and BioCarta analyses revealed signifi
cant upregulation of genes associated with inflammatory
pathways; the majority of which included responses to cy
tokines and reactive oxygen species in addition to antigen
processing and presentation (Table 3). Pathway analysis
also identified a number of significantly downregulated
hepatocyte functional processes including fatty acid and
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Fold change

Differential expression

P valuE

17.8
11.8
10.9
7.5
7.5
6.6
6.4
6.2
5.9
4.8
4.6
4.6
4.4
4.4
4.2
4.1
4.1
4.2
4.2
4.3
5.1

↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↓
↓
↓
↓

< 1E-07
< 1E-07
< 1E-07
< 1E-07
< 1E-07
< 1E-07
< 1E-07
< 1E-07
9.00E-07
< 1E-07
< 1E-07
< 1E-07
< 1E-07
< 1E-07
< 1E-07
6.00E-07
< 1E-07
< 1E-07
1.00E-07
< 1E-07
< 1E-07

cholesterol metabolism and bile acid biosynthesis (Table 3).
To identify genes regulated by MφCM in HepG2 cells,
we carried out a two-sample t test (with random variance
model) corrected for multiple comparisons. 2665 genes
were identified as significantly differentially expressed
between untreated and MφCM-treated HepG2 cells with
a P value ≤ 0.005 (corrected for false discovery rate). A
significant > 4-fold change in expression was seen for 21
genes (17 upregulated and four downregulated) (Table 4).
The most differentially expressed gene was LCN2 with
an ~18-fold change in expression.
Fibrosis, inflammation and steatosis are associated with
increased expression of lipocalin-2
To validate observations from the in vitro studies, we ex
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LCN2 relative gene expression

A

5

P = 0.009

D

4
3
2
1
0
0

LCN2 relative gene expression

B

3

1
2
3/4
Stage of fibrosis

P = 0.002

E

2

1

0
1/2
3/4/5
6/7/8
Inflammation score

F

3

P = 0.000
2

1

LCN2 protein expression

LCN2 relative gene expression

C

5

P = 0.012

4
3
2
1
0

0
0

1
2/3
Grade of steatosis

0

1
3/4
Stage of fibrosis

Figure 4 Lipocalin-2 mRNA expression was increased in hepatitis C virus-infected patients with increasing stage of fibrosis (A), grade of inflammation
(B) or grade of steatosis (C). D and E: Lipocalin-2 (LCN2) staining by immunohistochemistry was minimal in hepatitis C virus (HCV)-infected patients with stage 1
fibrosis (D; 400× magnification) compared with stage 4 fibrosis (E; 400 × magnification); F: Increased LCN2 protein expression in HCV-infected patients with stage 3/4
fibrosis. P < 0.05 vs fibrosis stage 0 (A), inflammation grade 1/2 (B) steatosis grade 0 (C) or fibrosis stage 1 (D).

amined the expression of LCN2 in liver biopsies from pa
tients with chronic HCV. A significant increase in hepatic
mRNA levels of LCN2 was seen with increasing stage of
fibrosis (Figure 4A), grade of inflammation (Figure 4B)
and grade of steatosis (Figure 4C). Following multivariate
analysis (correcting for BMI, age, sex, alcohol consump
tion, viral genotype, grade of inflammation and presence
of stainable iron), stage of fibrosis (OR: 1.6, 95% CI:
1.1-2.2) and grade of steatosis (OR: 1.7, 95% CI: 1.1-2.5)
remained independently associated with hepatic mRNA
expression of LCN2.
Immunohistochemistry was performed on a subset
of liver biopsies selected due to their varying levels of
LCN2 mRNA expression. Although negligible LCN2
staining was observed in patients with minimal fibrosis,

WJG|www.wjgnet.com

enhanced protein expression was evident with increasing
stage of fibrosis, predominantly within the hepatocyte
cytoplasm, sparse sinusoidal neutrophils and some portal
mononuclear cells (Figure 4D and E). To quantify LCN2
expression, tissue sections were scored for intensity of
staining (1, weak; 2, moderate; 3, heavy) and multiplied by
the proportion of cells stained (1, 1%-24%; 2, 25%-49%;
3, 50%-74%; 4, 75%-100%). In support of the mRNA
data, enhanced LCN2 protein expression was observed in
patients with stage 3-4 fibrosis (Figure 4F).
Activated Mφ s secrete matrix metalloproteinase-9 that contributes to changes in hepatocyte phenotype and function
To address mechanisms by which macrophages may regu
late hepatocyte function, we surveyed proteins present in
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Figure 5 Matrix metalloproteinase-9 mRNA expression is significantly increased in macrophages compared with THP-1 monocytes. A: Results are expressed as fold of monocytes (mean ± SEM, n = 6) (P < 0.05 vs monocytes); B: Western blotting analysis (top) and zymography (bottom) of matrix metalloproteinase
(MMP)-9 in MonoCM and macrophage-conditioned media (MφCM) from three independent experiments; C: Generation of MφCM in the presence of MMP-9 inhibitor Ⅰ (100 μmol) prevented the MφCM-induced morphological change in HepG2 cells; D: Zymography gel confirming MMP-9 inhibitor Ⅰ reduces MMP-9 activity in
MφCM at 100 μmol; E-G: MMP-9 Inhibitor Ⅰ significantly attenuated downregulation of E-cadherin (E) and upregulation of transforming growth factor-β1 (TGF-β1) (F)
but not lipocalin-2 (LCN2) (G) mRNA expression in response to MφCM. Results are expressed as fold of untreated cells (mean ± SEM, n = 5), P < 0.05 vs untreated.

Fibrosis is associated with increased expression of
CD163 and matrix metalloproteinase-9
To validate observations from the in vitro studies, we exa
mined expression of MMP-9 and the macrophage marker
CD163 by qPCR and immunofluorescence in liver bi
opsies from patients with chronic HCV. Hepatic mRNA
expression of the macrophage marker CD163 (Figure 6A)
as well as MMP-9 (Figure 6B) was significantly associated
with increasing stage of fibrosis. Immunofluorescence in
liver biopsies from patients with chronic HCV demon
strated MMP-9 expression in CD163+ macrophages (Figure
6C-E). Thus, macrophage-expressed MMP-9 may contrib
ute to hepatocyte dysfunction during chronic liver disease,
but macrophages are also likely to regulate hepatocyte

MφCM (generated in serum-free medium). HPLC/MS/
MS analysis identified the presence of MMP-9 in MφCM
but not MonoCM. qPCR (Figure 5A), Western blotting
and zymography (Figure 5B) confirmed the significantly
enhanced levels of MMP-9 expression in MφCM. Gen
eration of MφCM in the presence of MMP-9 Inhibi
tor Ⅰ (100 µmol) prevented the MφCM-induced morpho
logical change in HepG2 cells (Figure 5C). The efficacy
of MMP-9 inhibitor Ⅰ (100 µmol) was confirmed by zy
mography (Figure 5D). This reduction in MMP-9 activity
significantly attenuated the downregulation of E-cadherin
(Figure 5E) and the upregulation of TGF-β1 (Figure 5F).
In contrast, inducible LCN2 expression was not attenu
ated by the MMP-9 inhibitor (Figure 5G).
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B

8

P = 0.006
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2
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(relative gene expression)
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A

6
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4
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2

0
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3/4

0
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E

MMP-9
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Figure 6 In patients with chronic hepatitis C, increased hepatic mRNA expression of the macrophage marker CD163 (A) as well as matrix metalloproteinase-9 (B) was significantly associated with increasing stage of fibrosis (P < 0.05 vs F0). C-E: Immunofluorescence in liver biopsies from patients with chronic
hepatitis C demonstrated matrix metalloproteinase (MMP)-9 expression in CD163+ macrophages.

function independently of this pathway, as demonstrated
by the failure of the MMP-9 inhibitor to antagonize in
ducible LCN2 expression.

conditioned medium from lipopolysaccharide-stimulated
Kupffer cells[31]. In a more recent study, exposure of
hepatocytes to bile acids led to increased production of
inflammatory mediators, including cytokines, chemokines,
adhesion molecules and other proteins that may modulate
immune cell accumulation and function[32]. Analogous
to hepatocytes, cholangiocytes alter their phenotype in
response to co-culture with macrophages, with increased
secretion of cytokines involved in inflammation as well as
apoptosis[14]. These studies suggest that liver epithelial cells
are not simply targets of injury, but actively participate in
propagating liver injury by amplifying the inflammatory
response.
In the current study, hepatocytes treated with MφCM
showed downregulation of genes associated with hepatic
metabolism and biosynthetic functions, such as bile acid
biosynthesis, fatty acid and cholesterol metabolism. In
contrast, genes associated with a number of inflammatory
pathways, including the CD40L, interferon-γ and TNF
receptor 2 signaling pathways were significantly upregu
lated. Our data therefore suggest that macrophages both
perturb normal homeostatic hepatocyte functions and
promote a proinflammatory phenotype within these cells.
MφCM was a potent inducer of LCN2. LCN2 is a
small glycoprotein that is secreted by macrophages and
antagonizes the actions of bacterial siderophores. It there
fore plays a crucial role in innate immunity by limiting

DISCUSSION
Macrophages are a prominent feature of chronic inflam
matory liver diseases and have a pivotal role in hepatic
stellate cell activation and fibrogenesis[29]. This study was
undertaken to determine whether macrophages also have
a proinflammatory or profibrogenic effect on other cell
populations within the hepatic microenvironment, specifi
cally hepatocytes. Indeed, macrophage-secreted products
induced a morphological change in hepatocytes accom
panied by an altered gene expression program associated
with the production of inflammatory mediators and fi
brogenic agonists. This hepatocyte phenotypic change was
transient, at least in vitro, with prompt reversal following
removal of MφCM.
Relatively little is known about the contribution of
liver epithelial cells to the local inflammatory response to
injury. Studies performed more than a decade ago showed
that human hepatocytes secrete a narrow repertoire of
inflammatory cytokines and chemokines in response to
stimulation with interleukin (IL)-1β or tumor necrosis
factor (TNF)- α [30], and primary hepatocytes isolated
from rat liver produce increased IL-8 in the presence of
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iron availability to bacterial pathogens[33]. It also has direct
effects on inflammatory cells[34], and can facilitate muco
sal regeneration[35]. Some studies have also linked LCN2
expression to chronic disease. During chronic kidney dis
ease progression, epidermal growth factor (EGF) receptor
activation leads to LCN2 expression, which subsequently
mediates the mitogenic effect of EGF[36]. Circulating
LCN2 levels are elevated in obese subjects[37] and patients
with non-alcoholic fatty liver disease[38], and mRNA levels
of the gene are markedly upregulated in the liver of db/
db obese/diabetic mice compared with their lean litter
mates[37]. A recent study using chronic liver injury models
in the rat showed increased expression of LCN2, via an
IL-1β-nuclear factor-κB-dependent pathway, in hepato
cytes and proliferative bile duct epithelia[39]. The authors
suggested that measurement of this protein may have di
agnostic value as a biomarker of inflammatory liver dam
age. In keeping with this view, we demonstrated for the
first time that LCN2 was expressed in liver biopsy samples
from subjects with chronic HCV infection, and that the
level of expression was significantly associated with the
extent of liver injury. Furthermore, immunohistochemis
try demonstrated LCN2 protein expression in hepatocytes,
neutrophils and other inflammatory cells, and immunore
activity in hepatocytes was particularly prominent in sub
jects with severe fibrosis. The pathophysiological function
of LCN2 in liver disease remains unclear. It is not known
at present whether LCN2 has an anti-inflammatory, pro
tective role or whether it contributes to injury. Neverthe
less, it appears to be a very good surrogate marker of a
proinflammatory state.
Together with the induction of a proinflammatory
profile, hepatocytes exposed in vitro to MφCM underwent
a reversible change in cell shape. This was accompanied
by a decrease in the epithelial marker E-cadherin, and
increases in the expression of the mesenchymal marker
vimentin, and the profibrogenic cytokine TGF-β1. These
epithelial cells did not acquire α-SMA or type 1 collagen
expression however, consistent with the concept that the
observed morphological change is a response to injury,
rather than a permanent transition into a mesenchymal
cell[40]. Recent studies in human chronic liver disease have
shown dual expression of epithelial and mesenchymal
markers in bile duct cells and in some hepatocytes adja
cent to portal tracts[16]. In addition, strong expression of
TGF-β1 mRNA was seen in epithelial cells comprising
the ductular reaction at the interface with parenchyma.
In a carbon-tetrachloride-induced liver fibrosis model,
abundant TGF-β1 protein expression was seen, not only
in inflammatory cells and myofibroblasts, but also in cells
with the morphology of hepatocytes immediately adjacent
to the scars[41]. Similarly, in liver biopsies from patients
with chronic hepatitis, TGF-β1 was detected in the cyto
plasm of hepatocytes at the portal tract interface and in
close proximity to areas of fibrosis[42]. Our study confirms
expression of another secreted protein, LCN2, in hepato
cytes adjacent to inflammatory/fibrotic areas in patients
with chronic liver disease. Hence, accumulating data sug
gest that, in response to injury or inflammatory stimuli,
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hepatocytes are not simply bystanders but may directly
contribute to the inflammatory/fibrogenic milieu. Impor
tantly, our in vitro results provide support for the plasticity
of this process, with reversal of the phenotypic change
following withdrawal of the inflammatory stimulus. This
is an important finding from a therapeutic perspective
because it implies that, in a chronic setting, it may be pos
sible to reverse the propagation of inflammation.
The inflammatory cell or signal driving the hepatocyte
inflammatory response in vivo remains unclear. In the cur
rent study, MMP-9 was differentially expressed in MφCM
vs MonoCM, and its inhibition prevented the morphologi
cal change in hepatocytes and the increase in TGF-β1
production (although chemical inhibitors of MMPs may
also inhibit other unknown proteins and so may not be
as specific as claimed). In contrast, MMP-9 inhibition led
to a paradoxical increase in hepatocyte LCN2 mRNA
levels. LCN2 has been shown to co-localize with MMP-9
in chronic vascular disease[43] and in the urine of patients
with cirrhosis[44], where it may modulate proteolytic ac
tivity by binding to and preventing the degradation of
MMP-9[45]. Further studies are required to determine the
additional factors responsible for inducing the phenotypic
change in hepatocytes.
In conclusion, this study provides evidence that macro
phage-secreted products can induce transient phenotypic
changes in hepatocytes that may contribute to chronic in
flammation and fibrogenesis. Importantly, the data suggest
that hepatocytes contribute to LCN2 production during
inflammatory liver injury with recruitment and activation
of liver macrophage populations. In the future, strategies
aimed at blocking macrophage-mediated hepatocyte phe
notypic changes could be considered as potential thera
peutic approaches for diseases in which liver inflammation
contributes to pathology.
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injury and repair, and knowledge about their interaction with hepatocytes and
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Macrophages are a prominent feature of chronic inflammatory liver diseases.
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with chronic hepatitis C, fibrosis, inflammation and steatosis are associated with
increased expression of LCN2.
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ORIGINAL ARTICLE

Wnt5a participates in hepatic stellate cell activation
observed by gene expression profile and functional assays
Wu-Jun Xiong, Li-Juan Hu, Yi-Cheng Jian, Li-Jing Wang, Ming Jiang, Wei Li, Yi He
RESULTS: Of the 28 700 genes represented on this
chip, 2566 genes displayed at least a 2-fold increase or
decrease in expression at a P < 0.01 level with a false
discovery rate. Of these, 1396 genes were upregulated,
while 1170 genes were downregulated in culture-activated HSCs. These differentially expressed transcripts
were grouped into 545 GO based on biological process
GO terms. The most enriched GO terms included response to wounding, wound healing, regulation of cell
growth, vasculature development and actin cytoskeleton organization. KEGG pathway analysis revealed that
Wnt5a signaling pathway participated in the activation
of HSCs. Wnt5a was significantly increased in cultureactivated HSCs as compared with quiescent HSCs. qRTPCR validated the microarray data. Lentivirus-mediated
suppression of Wnt5a expression in activated LX-2 resulted in significantly impaired proliferation, downregulated expressions of type Ⅰ collagen and transforming
growth factor-β1. Wnt5a was upregulated in the fibrotic
liver of a CCl4-induced fibrosis rat model.
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Abstract
AIM: To identify differentially expressed genes in quiescent and activated hepatic stellate cells (HSCs) and
explore their functions.

CONCLUSION: Wnt5a is involved in the activation of
HSCs, and it may serve as a novel therapeutic target in
the treatment of liver fibrosis.

METHODS: HSCs were isolated from the normal Spra
gue Dawley rats by in suit perfusion of collagenase and
pronase and density Nycodenz gradient centrifugation.
Total RNA and mRNA of quiescent HSCs, and cultureactivated HSCs were extracted, quantified and reversely
transcripted into cDNA. The global gene expression
profile was analyzed by microarray with Affymetrix rat
genechip. Differentially expressed genes were annotated with Gene Ontology (GO) and analyzed with Kyoto
encyclopedia of genes and genomes (KEGG) pathway
using the Database for Annotation, Visualization and
Integrated Discovery. Microarray data were validated by
quantitative real-time polymerase chain reaction (qRTPCR). The function of Wnt5a on human HSCs line LX-2
was assessed with lentivirus-mediated Wnt5a RNAi.
The expression of Wnt5a in fibrotic liver of a carbon
tetrachloride (CCl4)-induced fibrosis rat model was also
analyzed with Western blotting.
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help illustrate the molecular mechanisms involved in
liver fibrogenesis and provide preliminary experimental
evidence for the feasibility of targeting Wnt5a in gene
therapy of liver fibrogenesis.

INTRODUCTION
Liver fibrosis is a common pathological change characterized by excessive deposition of extracellular matrix (ECM)
that occurs in most types of chronic liver diseases. Hepatic stellate cells (HSCs) are a major source of ECM
and activation of HSCs is one of the key steps in the
development of liver fibrosis[1,2]. However, the molecular
mechanisms underlying the activation of HSCs are not
fully understood.
Previous studies have reported the differentially expressed gene profiles in quiescent and activated HSCs
with gene chip. De Minicis et al [3] determined gene expression changes in three different models of HSC activation: culture-activated HSCs, HSCs isolated from CCl4treated mice and mice underwent bile duct ligation (BDL).
They found that the gene expression pattern of cultureactivated HSCs was different from that of BDL- and
CCl4-activated HSCs. Woo et al[4] performed a time-based
study to investigate the differences in gene expression
patterns during the activation of HSCs with microarrays and revealed a number of newly discovered genes
involved in fibrogenesis during the activation of HSCs.
Sancho-Bru et al[5] investigated the differences in phenotypic, genomic and functional characteristics between
HSCs from human cirrhotic livers and HSCs from normal livers after prolonged culture. However, these three
studies are lack of intense bioinformatics analyses.
In this study, we performed gene expression profile
analyses using oligonucleotide microarrays to identify
the genes involved in HSCs activation. These analyses
revealed the altered expression of 2566 genes. On this
basis, bioinformatics analyses were done to classify the
function and explore the involved signaling pathway of
these differentially expressed genes. Bioinformatics analyses revealed that these differentially expressed transcripts
were grouped into 545 GO based on biological process
GO terms. The most enriched GO terms included response to wounding, wound healing, regulation of cell
growth, vasculature development, and actin cytoskeleton
organization. It is reported that Wnt5a signaling takes
part in wound healing, regulation of cell proliferation,
vasculature development and the formation of cell polarity [6-9]. After intensive analyses of Kyoto encyclopedia of
genes and genomes (KEGG) pathways, we found that
Wnt5a signaling pathway participated in the HSCs activation, an observation verified by quantitative real-time
polymerase chain reaction (qRT-PCR).
Because the role of Wnt5a in HSCs activation is unknown and the direct evidence has not been reported, we
treated human HSCs line LX-2 with lentivirus-mediated
Wnt5a ShRNA and found that knockdown of Wnt5a
gene expression in LX-2 led to significantly impaired proliferation, downregulated expressions of type Ⅰ collagen
and transforming growth factor-β1 (TGF-β1). Wnt5a
was upregulated in fibrotic liver of a carbon tetrachloride
(CCl4)-induced fibrosis rat model. Collectively, our data
suggest that Wnt5a may play a role in HSCs activation
and liver fibrogenesis. We expect that our results will

WJG|www.wjgnet.com

MATERIALS AND METHODS
Cell isolation, identification and culture
HSCs were isolated from normal Sprague Dawley (SD)
rats by collagenase-pronase perfusion and subsequent
density centrifugation on Nycodenz gradients as described previously[10]. Purity was tested by retinoid autofluorescence and exceeded 95% in all isolations. HSCs
were cultured in Dulbecco’s modified Eagle medium
(DMEM) containing 10% fetal bovine serum (FBS), glutamine, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid buffer and antibiotics. After 1 (quiescent HSCs) and
7 (activated HSCs) d of culture, total RNA was extracted
using an RNeasy mini-kit (Qiagen, Valencia, CA, United
States). Human HSCs line LX-2 was cultured in DMEM
(Invitrogen) supplemented with 10% FBS.
Microarray experiments and bioinformatics analysis
We used rat genome 430 2.0 array gene chips (Affymetrix,
Santa Clara, CA). The arrays were hybridized, washed and
scanned according to the standard Affymetrix protocol.
The gene chip tests were performed by professional staffs
of Shanghai Biochip Company. Chips were scanned with
a Genechip Scanner 3000 7G (Affymetrix). Data analysis
was performed using GCOS1.2 software. After background correction, we performed normalization for each
array and gene. Data were filtered based on both signal
intensity and detection call. Gene activity was considered
to differ between quiescent HSCs and culture-activated
HSCs (P < 0.01) when compared by the unpaired Student’s t test using multiple testing correction (Benjamini
and Hochberg False Discovery Rate). Molecular function and classification of differentially expressed genes
were analyzed with GO and KEGG pathway using the
Database for Annotation, Visualization and Integrated
Discovery Bioinformatics Resources 6.7[11] (http://david.
abcc.ncifcrf.gov).
Quantitative real-time polymerase chain reaction
Five differentially expressed genes were selected for qRTPCR analysis, with glyceraldehydes-3-phosphate dehydrogenase (GAPDH) as a control, to verify the reliability of
the array data. The primer sequences of analyzed genes
are shown in Table 1. Super Script Ⅲ reverse transcriptase (Invitrogen) was used for reverse transcription reactions. PCR amplification was performed using TaqMan
universal Master Mix (Applied Biosystems, Foster City,
CA, United States). Amplified reactions were quantified
using an ABI PRISM 7900 Sequence detection system
(Applied Biosystems, Foster City, CA, United States).
Experiments were performed in triplicate. Relative gene
quantities were obtained using the comparative Ct method after normalization to GAPDH control genes.
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Table 1 Primer sequences of genes validating the microarray analysis by quantitative real-time polymerase chain reaction
Gene name

Sense primer

Antisense primer

Wnt5a
Frizzled2
Calcium calmodulin mediated kinase Ⅱdelta
a-1 type Ⅰ collagen
Connective tissue growth factor
Glyceraldehydes-3-phosphate dehydrogenase

AGGGCTCCTACGAGAGTGCT
TCTCTGAGGACGGTTATCGCA
TCGGCTCACACAGTACATGGA
ACAGACTGGCAACCTCAAGAAG
GTTGGCGAACAAATGGCCTT
TCCTGCACCACCAACTGCTTAG

GACACCCCATGGCACTTG
CAGAATCACCCACCAGATGGA
CCCCGAACGATGAAAGTGAA
AAGCGTGCTGTAGGTGAATCG
TGCCTCCCA AACCAGTCATAG
AGTGGCAGTGATGGCATGGACT

Construction of lentivirus-mediated Wnt5a RNAi
Lentiviral vector pll3.7 expressing human Wnt5a ShRNA targeting 5’-GGACUUUCUCAAGGACAGA-3’
(538-556) was constructed by Shanghai Biyang Biotechology. Plasmids from correct clones were amplified by
transforming into DH5α Escherichia coli cells. We used tronolab lentiviral vector system (pRsv-REV, pMDlg-pRRE
and pMD2G) to perform lentivirus-mediated Wnt5a
RNAi. An additional scrambled sequence was produced
as a negative siRNA control. The scrambled sequence
was not homologous with any known gene in mammalian cells as determined by a Basic Local Alignment Search
Tool. 293T cells were transfected with polybrene. The
crude virus lysates were amplified in 293T cells to generate higher titre viral stocks. Virus particles were purified
and concentrated. The lentivirus titer was determined by
a limited dilution plaque assay. LX-2 transfected with lentivirus-mediated pll3.7 Wnt5a ShRNA at concentrations
of MOI 10 and MOI 20 was used as study cells; cells
transfected with negative siRNA were negative controls,
and cells without transfection were blank controls. The
effect of Wnt5a knockdown was validated with Western
blotting. Blots were developed with enhanced chemiluminescence detection reagents (Santa Cruz Biotechnology
Inc., CA, United States), exposed on Kodak Xdmat blue
XB-1 film and quantified by Bandscan 5.0 software using
β-actin as internal control.

in vitro. Experiments were performed in triplicate. The
primer of a-1 type Ⅰ collagen (COL1A1) : sense primer:
5’-TGCCAAGGGAGATGCTGGTC-3’, antisense
primer: 5’-TTCACCCTTAGCACCAACAGCA-3’, product size 238 bp; TGFβ1: sense primer: 5’-TGCAAGACTATCGACATGGAG-3’, antisense primer: 5’-ACTTGAGCCTCAGCAGACGCA-3’, product size 389 bp.
The amplified products were applied to electrophoresis
on 1% agarose gel analysis. The relative expression levels
of COL1A1 and TGFβ1 were assessed based on the
β-actin control by calculating the average ratios of light
density using symmetry computerized gel imaging system.
Experimental fibrotic model
Liver fibrosis was induced by subcutaneous injection at
hind leg of 40% CCl4-tea oil , 0.5 mL/100 g body weight
for the first time and then 0.3 mL/100 g body weight
twice a week for 8 wk. Control rats received only tea
oil. The amount of CCl4 administered was adjusted for
body weight each week. Liver tissue samples obtained
from CCl4-treated and non-treated control rats were dehydrated, embedded in paraffin, sectioned and stained
with HE and Masson staining. The expression of Wnt5a
was analyzed with Western blot with antibodies to Wnt5a
(sc-30224, Santa Cruz, United States). The bands were
semi-quantitatively evaluated by densitometric analysis.
Protein expression levels of Wnt5a were thereby normalized to those of the housekeeping gene β-actin.

Effect of Wnt5a RNAi on cell proliferation
Cells were spread onto 96-well flat-bottom plates at a
density of 5 × 104/mL, 100 μL per well, and cultured
in DMEM including 5% fetal calf serum. Subgroups included: control group, negative siRNA control group and
Wnt5a ShRNA group. Each group was repeated for 6
wells. The plates were incubated in a 5% CO2 humidified
incubator at 37 ℃ for 24 h and 200 μL of 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) (5
mg/mL) was added into each well. The plates were then
incubated for 4 h and the supernatants were removed.
After 150 μL DMSO was added into each well, the plates
were agitated for 20 min to dissolve the crystals. Finally,
the A values were measured using the enzyme-linked immunoassay at a wave-length of 450 nm.

Statistical analysis
Statistical analyses were performed using SPSS 13.0 software. Two-way analysis of variance was performed to
detect the effects of Wnt5a knockdown on cell proliferation and Student t test was used to detect the difference
between any two groups. The results were considered
statistically significant at P < 0.05.

RESULTS
Microarray analysis and validation of microarray data
Culture-activated HSCs exhibited myofibroblast-like appearance. cRNAs, prepared from quiescent HSCs and
culture-activated HSCs, were hybridized to a rat genome
430 2.0 array gene chips. Of the 28 700 genes represented therein, 2566 genes displayed at least a 2-fold increase
or decrease in expression at the P < 0.01 level with a false
discovery rate. Of these, 1396 genes were upregulated,
while 1170 genes were downregulated in culture-activated

Effect of Wnt5a RNAi on the expression of
collagen Ⅰ and transforming growth factor-β 1
Effects of Wnt5a RNAi on the expression of collagen
Ⅰ and TGF-β1 in LX-2 were analyzed with RT-PCR
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interaction, regulation of actin cytoskeleton, pathways in
cancer, dilated cardiomyopathy, hypertrophic cardiomyopathy, TGF-b signaling pathway, chemokine signaling
pathway, p53 signaling pathway, renal cell carcinoma, Wnt
signaling pathway, leukocyte transendothelial migration,
MAPK signaling pathway in HSCs activation. The top
20 significantly perturbed pathways are listed in Table 3.
Of these, Wnt signaling pathway is shown in Figure 2. It
revealed that Wnt5a/Frizzled2/PLC/CamKⅡ pathway
participated in the activation of HSCs.

qRT-PCR
Microarray

7

Fold change

6
5
4
3
2
1
0
Wnt5a

Frizzled2 CamK Ⅱ CTGF

COL1A1

Effect of Wnt5a knockdown on LX-2 cells
LX-2 cells were infected with lentiviral vector encoding
GFP at a multiplicity of infection (MOI) of 10, resulting in GFP expression in the majority of cultured cells.
Western blot analysis showed that the protein expression
levels of Wnt5a were lower in the Wnt5a ShRNA group
than in the control and negative siRNA group (P < 0.01)
(Figure 3). MTT assay indicated that the proliferation of
LX-2 cells was inhibited significantly after transfection
with Wnt5a ShRNA as compared with the control and
negative siRNA group (P < 0.05) (Figure 4). RT-PCR
showed that Wnt5a gene silencing remarkably decreased
the levels of COL1A1 and TGF-β1 mRNA (P < 0.05,
respectively) as shown in Figure 5.

Wnt5a Frizzled2 CamK Ⅱ CTGF COL1A1
qRT-PCR
6.5
2.8
2.4
6.4
6.8
Microarray
6
3.2
1.7
7
7.3
SD
0.5
0.3
0.2
0.6
0.5

Figure 1 Validation of microarray data by quantitative real-time polyme
rase chain reaction. Comparison between expression values of five selected
differently expressed genes estimated by quantitative real-time polymerase
chain reaction (qRT-PCR) and gene expression data. The detected changes
measured by qRT-PCR reflected different changes in gene expression between
quiescent and activated hepatic stellate cells obtained by microarray analysis.
SD: Sprague Dawley; CTGF: Connective tissue growth factor; CamKⅡ: Calcium calmodulin mediated kinaseⅡ.

HSCs. As expected, genes such as COL1A1 and conne
ctive tissue growth factor (CTGF) were significantly
upregulated. We were particularly interested in Wnt
proteins in view of their potential role in HSCs activation. Wnt5a was upregulated by approximately 6-fold in
activated HSCs in comparison with quiescent HSCs , its
downstream factors Frizzled2 was upregulated by 3.2-fold
and calcium calmodulin mediated kinase Ⅱ (CamKⅡ)
was upregulated by 1.7-fold. Changes in gene expression
profiles observed in the microarrays were validated by
qRT-PCR analysis using the same total RNAs analyzed in
the microarrays. We verified the upregulation of Wnt5a,
Frizzled2 and CamKⅡ as well as COL1A1, CTGF (Figure 1). This verification confirmed that all the qRT-PCR
results were in agreement with the microarray data.

Upregulation of Wnt5a in a CCl4-induced fibrosis model
Next, we investigated whether Wnt5a was induced during
liver fibrosis in vivo. Compared with the normal group,
8 wk after CCl4 treatment, collagen deposition was increased, pseudolobules formed, and numerous inflammatory cells infiltrated the portal area. Western blotting
revealed that Wnt5a was upregulated as significantly as
αSMA after 8 wk of CCl4 treatment (P < 0.01) (Figure 6).

DISCUSSION
To discover novel genes involved in activation of HSCs,
we compared gene expression profile between quiescent
and culture activated HSCs. We showed that 2566 genes
displayed at least a 2-fold increase or decrease in expression. Of these, 1396 genes were upregulated, while 1170
genes were downregulated in culture-activated HSCs.
GO classification showed the most enriched GO terms
included response to wounding, wound healing and re
gulation of cell growth. Analysis of KEGG pathways
revealed that Wnt signaling pathway participates in HSCs
activation. We were particularly interested in Wnt proteins in view of their potential role in HSCs activation.
The Wnt signaling pathway is a network of proteins
best known for their roles in embryogenesis and cancer,
but also involved in normal physiological processes in
adult animals[12]. There are at least three different Wnt
pathways: the canonical pathway, the planar cell polarity
(PCP) pathway and the Wnt/Ca2+ pathway. In the canonical Wnt pathway, Wnt ligands bind to the receptor of
frizzled family, which transduce signal to β-catenin causing β-catenin to enter the nucleus and activate the target

Gene ontology analysis
To elucidate the relationship between gene differential
expression patterns of quiescent HSCs and culture-ac
tivated HSCs, we examined the functional bias of 2566
differentially expressed transcripts according to Gene
Ontology (GO) classifications. These differentially expressed transcripts were grouped into 545 GO based on
biological process GO terms. The most enriched GO
terms included response to wounding, wound healing
and regulation of cell growth (Table 2). Analyses of GO
also indicated that there were 102 GO terms identified by
cellular component classification, and 90 GO terms identified by molecular function classification.
Kyoto encyclopedia of genes and genomes pathway
analysis
Analysis of KEGG pathways revealed many enrichmentrelated pathways including focal adhesion, ECM-receptor
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Table 2 Top 20 enriched Gene Ontology terms based on Gene Ontology classifications
Biological process

Count Percent

Molecular function

Count Percent

Cellular component

Count

Percent

Response to wounding

78

7.24

Cytoskeletal protein binding

73

6.78

Extracellular region part

125

11.61

Wound healing
Regulation of cell growth
Vasculature development

46
43
50

4.27
3.99
4.64

Actin binding
Growth factor binding
Glycosaminoglycan binding

52
24
24

4.83
2.23
2.23

180
69
61

16.71
6.41
5.66

Actin cytoskeleton organization
Actin filament-based process

42
43

3.90
3.99

76
14

7.06
1.30

34
125

3.16
11.61

Blood vessel development
Cell migration
Cell adhesion
Biological adhesion

48
51
72
72

4.46
4.73
6.69
6.69

19
24
24
11

1.76
2.23
2.23
1.02

Basement membrane
Extracellular space
Cell projection
Cytoskeletal part

25
71
92
88

2.32
6.59
8.54
8.17

55
46
27
87
54
109
72
77
62

5.11
4.27
2.51
8.08
5.01
10.1
6.69
7.15
5.76

12
39
10
10
29
57
8
20
5

1.11
3.62
0.93
0.93
2.69
5.29
0.74
1.86
0.46

Cell surface
Actin cytoskeleton
Actin filament bundle
Plasma membrane
Collagen
Actomyosin
Stress fiber
Microtubule cytoskeleton
Cell leading edge

53
39
14
216
12
14
13
53
26

4.92
3.62
1.30
20.06
1.11
1.30
1.21
4.92
2.41

38

3.52

Calcium ion binding
Extracellular matrix structural
constituent
Heparin binding
Polysaccharide binding
Pattern binding
Insulin-like growth factor
binding
Integrin binding
Carbohydrate binding
Chemokine activity
Chemokine receptor binding
Protein complex binding
Identical protein binding
Collagen binding
Growth factor activity
Platelet-derived growth factor
binding
Phospholipid binding

Extracellular region
Extracellular matrix
Proteinaceous extracellular
matrix
Extracellular matrix part
Cytoskeleton

20

1.86

Vesicle lumen

15

1.39

Regulation of growth
Regulation of cellular component size
Extracellular matrix organization
Regulation of cell proliferation
Cytoskeleton organization
Response to organic substance
Response to hormone stimulus
Response to endogenous stimulus
Cell motion
Blood vessel morphogenesis

Table 3 Signaling pathway related to activation of hepatic stellate cells
Terms
rno04510: Focal adhesion
rno04512: ECM-receptor interaction
rno04810: Regulation of actin cytoskeleton
rno05200: Pathways in cancer
rno05414: Dilated cardiomyopathy
rno05410: Hypertrophic cardiomyopathy
rno04350: TGF-beta signaling pathway
rno04540: Gap junction
rno04110: Cell cycle
rno04666: Fc gamma R-mediated phagocytosis
rno05222: Small cell lung cancer
rno04062: Chemokine signaling pathway
rno04115: p53 signaling pathway
rno05211: Renal cell carcinoma
rno04310: Wnt signaling pathway
rno04670: Leukocyte transendothelial migration
rno04010: MAPK signaling pathway
rno05219: Bladder cancer
rno04270: Vascular smooth muscle contraction
rno05212: Pancreatic cancer

Count

Percent

P value

Fold enrichment

Benjamini

51
27
36
40
18
17
17
15
19
15
14
22
12
12
19
16
28
7
14
10

4.73
2.50
3.34
3.71
1.67
1.57
1.57
1.39
1.76
1.39
1.29
2.04
1.11
1.11
1.76
1.48
2.59
0.64
1.29
0.92

6.34E-19
9.93E-13
5.18E-08
2.74E-05
3.27E-05
5.01E-05
6.76E-05
4.27E-04
7.69E-04
0.001011
0.001758
0.002121
0.002359
0.003385
0.003846
0.005063
0.008006
0.022754
0.0235
0.027028

4.16
5.30
2.74
2.00
3.18
3.22
3.148
2.94
2.40
2.71
2.68
2.04
2.89
2.76
2.08
2.21
1.67
3.09
1.97
2.30

9.90E-17
7.75E-11
2.69E-06
0.001066
0.00102
0.001302
0.001505
0.008302
0.013254
0.015653
0.024645
0.027229
0.027945
0.03708
0.039281
0.048281
0.071107
0.172201
0.169299
0.184168

genes. Wnt-Ca2+ signaling is mediated through G proteins
and phospholipases and leads to transient increases in cytoplasmic free calcium that subsequently activate the kinase protein kinase C���������
and
��������
CamKⅡ and the phosphatase
calcineurin[13-15].
With KEGG pathway analyses��������������������
,�������������������
we found that the
canonical pathway, the PCP pathway and the Wnt/Ca2+
pathway participated in the activation of HSCs. In recent
years, researches have shown that activation of Wnt signaling pathway was closely related with the development
and progress of fibroproliferative diseases, such as pul-
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monary fibrosis[16-19], renal fibrosis[20-22], post-infarct cardiac remodeling[23] and hypertrophic scars[24,25], which makes
it easy to think that Wnt pathway may have a definite
effect on liver fibrosis. It is reported that Wnt/β-catenin
signaling contributes to “antiadipogenic” activation of
HSCs and may be used as a new target for liver fibrogenesis[26].
The study about the role of Wnt5a in HSCs activation is still in its initial stage. Jiang[27] reported that expressions of Wnt5a and its receptor Frizzled 2 were highly
upregulated in culture-activated HSCs in vitro. In addition,
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the expressions of Wnt5a and Frizzled2 in HSCs isolated
from the mouse liver fibrosis model induced by bile duct
ligation were higher as compared with HSCs isolated
from normal mice. It suggests that Wnt5a signaling pathway may be involved in differentiation of quiescent HSCs
into myofibroblasts. Shackel[28] reported the highly expression of Wnt5a in primary biliary cirrhosis. We found that
Wnt5a was upregulated in activated HSCs in comparison
with quiescent HSCs as well as its downstream factors
such as Frizzled2 and CamKⅡ. Changes in gene expression profiles observed in the microarrays were validated
by qRT-PCR analysis. The direct evidence of Wnt5a on
the activation of HSCs has not been reported. Because
of this, we treated human HSCs line LX-2 with Wnt5a
ShRNA, and found that knockdown of Wnt5a gene expression in LX-2 led to significantly impaired proliferation, downregulated expressions of type Ⅰ collagen and
TGF-β1. Wnt5a was upregulated in fibrotic liver of a
CCl4 -induced fibrosis rat model.
In summary, our data suggest that Wnt5a may play
a role in HSCs activation and liver fibrogenesis, thus revealing the mechanism of HSCs activation from a new
perspective, which may provide a novel means and therapeutic target for the prevention and treatment of liver
fibrosis.

The research is the in vitro experiments showing that Wnt5a ShRNA decreases
proliferation, downregulates expression of collagen type Ⅰ and transforming
growth factor beta, that probes into a direct Wnt5a participation in the mechanism of HSC activation.
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Pro-apoptotic effects of tectorigenin on human
hepatocellular carcinoma HepG2 cells
Chun-Ping Jiang, Hui Ding, Da-Hua Shi, Yu-Rong Wang, Er-Guang Li, Jun-Hua Wu
Apoptosis was detected by morphological observation
of nuclear change, agarose gel electrophoresis of DNA
ladder, and flow cytometry with Hoechst 33342, Annexin V-EGFP and propidium iodide staining. Generation of reactive oxygen species was quantified using
2+
DCFH-DA. Intracellular Ca was monitored by Fura
2-AM. Mitochondrial membrane potential was monitored using Rhodamine 123. Release of cytochrome c
from mitochondria to cytosol was detected by Western
blotting. Activities of caspase-3, -8 and -9 were investigated by Caspase Activity Assay Kit.
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RESULTS: The viability of HepG2 cells treated by
tectorigenin decreased in a concentration- and timedependent manner. The concentration that reduced
the number of viable HepG2 cells by 50% (IC50) after
12, 24 and 48 h of incubation was 35.72 mg/L, 21.19
mg/L and 11.06 mg/L, respectively. However, treatment with tectorigenin at 20 mg/L resulted in a very
slight cytotoxicity to L02 cells after incubation for 12,
24 or 48 h. Tectorigenin at a concentration of 20 mg/L
greatly inhibited the viability of HepG2 cells and induced the condensation of chromatin and fragmentation of nuclei. Tectorigenin induced apoptosis of HepG2
cells in a time- and dose-dependent manner. Compared with the viability rate, induction of apoptosis was
the main mechanism of the anti-proliferation effect of
tectorigenin in HepG2 cells. Furthermore, tectorigenininduced apoptosis of HepG2 cells was associated with
the generation of reactive oxygen species, increased
2+
intracellular [Ca ]i, loss of mitochondrial membrane
potential, translocation of cytochrome c, and activation
of caspase-9 and -3.

Abstract
AIM: To investigate the effects of tectorigenin on human hepatocellular carcinoma (HCC) HepG2 cells.

CONCLUSION: Tectorigenin induces apoptosis of
HepG2 cells mainly via mitochondrial-mediated pathway, and produces a slight cytotoxicity to L02 cells.

METHODS: Tectorigenin, one of the main components
of rhizome of Iris tectorum , was prepared by simple
methods, such as extraction, filtration, concentration,
precipitation and recrystallization. HepG2 cells were
incubated with tectorigenin at different concentrations,
and their viability was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay.
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lung carcinoma or bearing sarcoma 180[12]. Our previous
studies revealed that tectorigenin possessed anti-proliferative and pro-apoptotic effects on hepatic stellate cells
(HSCs)[13]. However, until now there has been no report
about the anti-tumor effect of tectorigenin on human
HCC HepG2 cells and the associated mechanisms.
Considering that tectorigenin is one of the main components in rhizome of I. tectorum which had been used for
the treatment of liver cancer for centuries, we hypothesized that tectorigenin may have anti-proliferation and
pro-apoptosis effects on human HCC HepG2 cells. The
aim of the present study was to examine whether tectorigenin could suppress the proliferation of HepG2 cells
and induce apoptosis of HepG2 cells.

tosis; Hepatocellular carcinoma; HepG2; Mitochondria;
Liver cancer
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MATERIALS AND METHODS
Reagents
All reagents and solvents were purchased from commercial suppliers and were used without further purification. Roswell Park Memorial Institute (RPMI)-1640
medium was purchased from HyClone (Hyclone, UT,
United States). Fetal bovine serum (FBS) was purchased
from Hangzhou Sijiqing Biological Engineering Materials Co., Ltd. (Hangzhou, China). Annexin V-EGFP was
purchased from PharMingen (San Diego, CA, United
States). Propidium iodide (PI), 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT), Hoechst
H33258, DCFH-DA, ethidium bromide (EB), Proteinase
K, RNase A and Rhodamine 123 were purchased from
Sigma Aldrich Co. (St. Louis, MO, United States). Fura
2-AM was purchased from Dojindo Laboratories (Kumamoto, Japan). The kits used for caspase activity assays
were obtained from Beyotime Institute of Biotechnology (Nantong, Jiangsu, China). All other chemicals were
of analytic grade.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related mortality worldwide, with
600 000 deaths per year[1]. It often develops in patients
with chronic liver diseases associated with hepatitis B
virus or hepatitis C virus infections[1]. Although surgical
techniques have been improved and several non-surgical
treatment modalities have been developed, there is still
no effective therapy for significant improvement of extremely poor prognosis of HCC patients[2]. Therefore,
efforts have been made to search for mechanism-based
agents, such as sorafenib[3], chelidonine[4], 5-allyl-7-gendifluoromethylenechrysin[5], troglitazone[6], chaga mushroom extract[7] and curcumin[8], for treatment of HCC.
Sorafenib is the first substance that proved to significantly prolong the survival of HCC patients. And multikinase
inhibitor has shown to have anti-proliferative and antiangiogenic properties[3].
Apoptosis is a physiological process leading to cell
deletion and regulates the balance between cell proliferation and death. The hallmark of cancer cells is the
dysregulation of cell proliferation and apoptosis. The
tumor growth depends on the cell proliferation rate and
apoptosis. Therefore, induction of apoptosis of tumor
cells has become a strategy in cancer treatment[5-7]. The
integration of multiple survival and death signals determines whether a cell survives or undergoes apoptosis. In
recent years, mitochondrial pathways and death receptor
pathways have been identified as the two major mechanisms for induction of apoptosis[9,10].
Iris tectorum (I. tectorum), a traditional Chinese medicine, has been widely used for treating liver-related
diseases, including hepatitis, liver fibrosis, liver cirrhosis
and liver cancer. As one of the main ingredients of I. tectorum rhizome[11], tectorigenin has been reported to have
in vivo and in vitro anti-angiogenic activities[12]. A previous study also showed that tectorigenin possessed antitumor activities in mice implanted with murine Lewis
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Plant materials
The rhizomes of I. tectorum were collected at Dafeng,
Jiangsu Province, China. The voucher specimen (the
registration number NJU-603) was identified by Prof.
Gong ZN, Nanjing Normal University and deposited at
the herbarium of Nanjing University, Nanjing, Jiangsu
Province, China.
Preparation of tectorigenin
The rhizomes (400 g) of I. tectorum, after ground on an
electrical grinder, were extracted twice with 2000 mL
of 80% ethanol under reflux for 3 h. The filtrate of the
obtained 80% ethanol extract was condensed in vacuum
to afford a dark-brown residue called Crude-Extract
(73.1 g). The Crude-Extract was dissolved in 4000 mL
3% Na2CO3 solution at 85 ℃, and then the solution was
filtrated. The pH of the filtrate was regulated to 3-4 by
adding 18% HCl, and then the crude isoflavone part was
precipitated from the acid liquor. The formed crude isoflavone (23.2 g) was collected by filtration and dissolved
in 2000 mL 5% NaHCO3 solution at 85 ℃. The 5%
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NaHCO3 solution was extracted with 2000 mL EtOAc
twice. The EtOAc extract was condensed in vacuum to
afford a light-brown residue (11.5 g). The residue was
washed by 2000 mL hot distilled water and 2000 mL
ligarine successively, and sequentially dried at 50 ℃. The
dried residue (7.3 g) was recrystallized in ethanol twice
to afford pure compound (4.45 g).

age, chromatin condensation or fragmentation, were
defined as apoptotic cells.
Determination of DNA fragmentation
The integrity of DNA was assessed by agarose gel electrophoresis. Cells were harvested after 48 h incubation
with 20 μg/mL tectorigenin by centrifugation (300 × g,
5 min) and lysed in lysis buffer containing 10 mmol/L
Tris-HCl (pH 7.4), 10 mmol/L ethylenediaminetetraacetic acid (EDTA), and 0.1% of Triton X-100. Then cells
were incubated with RNase A at 37 ℃ for 60 min and
proteinase K at 50 ℃ for 120 min, respectively. After
centrifugation (2000 × g, 10 min), supernatants were
transferred to new tubes and precipitated by the addition
of 0.5 volume of 7.5 mol/L ammonium acetate and 2.5
volumes of ethanol overnight. After centrifugation at
600 × g for 5 min, the pellets were dissolved in Tris-HCl
EDTA buffer (TE buffer) (10 mmol/L Tris-HCl, pH 8.0,
1 mmol/L EDTA) and loaded on 1.5% agarose gel for
electrophoresis. The gel was stained with EB and photographed with ultraviolet illumination.

Cell culture and treatment
Human liver carcinoma HepG2 cells were purchased
from the Shanghai Institute of Cell Biology (Shanghai,
China). These cells were grown in RPMI 1640 medium
with 10% FBS in the presence of 100 U/mL penicillin
and 100 μg/mL streptomycin and maintained at 37 ℃
in a humidified atmosphere containing 5% (v/v) CO2.
L02 cells (a human hepatocyte cell line), purchased from
Xiangya Central Experiment Laboratory, Central South
University, China, were cultured in Dulbecco’s Modified
Eagle Medium (Gibco, NY, United States) supplemented
with 100 U/mL penicillin, 100 μg/mL streptomycin, and
10% FBS, in a humidified atmosphere containing 5% (v/
v) CO2 at 37 ℃. Tectorigenin was dissolved in dimethyl
sulfoxide (DMSO) at 20 mg/mL as a stock solution and
diluted to the required concentration with fresh medium
immediately before use. The final DMSO concentration
in cultures was < 0.1% (v/v), which did not influence cell
growth when compared with the vehicle-free controls.
Cells grown in the media containing an equivalent amount
of DMSO without tectorigenin served as control.

Assessment of apoptosis
Apoptosis could be determined by staining cells with
Annexin V-EGFP and propidium iodide labeling. In this
study, apoptosis was asssessed according to Hai et al[14].
Briefly, cells were harvested after having exposed to the
indicated concentrations of tectorigenin for 24 or 48 h,
washed twice with cold PBS and then resuspended in 1
mL binding buffer (10 mmol/L HEPES/NaOH (pH
7.4), 140 mmol/L NaCl, 2.5 mmol/L CaCl2) at a concentration of 1 × 106 cells/mL. The cells were incubated
with 5 μL Annexin V-EGFP (300 mg/L) for 10 min, and
then 10 μL of 20 mg/L PI for 30 min in the dark. Cell
fluorescence was measured on FACScan flow cytometer
(Becton Dickinson) using an argon ion laser (488 nm).

Cell viability assay
Cell viability was assessed by MTT method. Briefly, cells
were seeded in 96-well plate at a density of 1 × 104 cells/
well. After 24 h incubation, tectorigenin at different
concentrations was added to the cells while only DMSO
(solvent) was added as a negative control. After growing
for 12, 24 and 48 h, cells were incubated with MTT (0.5
mg/mL) for 4 h at 37 ℃. During this incubation period,
water-insoluble formazan crystals were formed, which
were dissolved by the addition of 100 μL/well DMSO.
The optical densities (A) at 570 nm were measured using an enzyme-linked immunosorbent assay plate reader.
Wells containing culture medium and MTT but no cells
acted as blanks. The percentage of cell viability was calculated as follows: Adrug-blank/Acontrol-blank × 100%.

Measurement of reactive oxygen species generation
The cellular reactive oxygen species (ROS) was quantified using DCFH-DA according to Shi et al [15]. Cells
were seeded in black 96-well plates and incubated with
tectorigenin at indicated concentrations for 1, 3, 6 or 24
h. Then cells were washed with PBS twice and incubated
with 100 μmol/L DCFH-DA in the loading medium
in 5% CO2/95% air at 37 ℃ for 30 min. After DCFHDA was removed, the cells were washed with PBS and
DCFH-DA-loaded cells were read in a Safire (Tecan,
Crailsheim, Germany) fluorescence plate reader (excitation, 485 ± 12 nm; emission, 530 ± 12 nm). The fold
increase in fluorescence per well was calculated by the
formula [Fti/Ft0], where Ft0 is the fluorescence without
tectorigenin treatment and Fti is the fluorescence with
the tectorigenin treatment at the indicated concentration.

Morphological observation of nuclear change
Cell morphological assay was carried out according to
Wu et al[13] with minor modification. In this assay, cells
were seeded in 24-well plates and treated with tectorigenin or vehicle (control). After 48 h incubation, cells
were washed carefully with phosphate buffered saline
(PBS), fixed with 4% paraformaldehyde for 10 min at
room temperature, then washed with pre-chilled PBS
three times and exposed to 5 μg/mL Hoechst 33258 at
room temperature in the dark for 20 min. Samples were
observed under a fluorescent microscope (Nikon UFXII, Japan). Cells showing cytoplasmic and nuclear shrink-
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Measurement of intracellular Ca2+
Intracellular Ca2+ ([Ca2+]i) was monitored using the fluorescent Ca2+-sensitive dye, Fura 2-acetoxymethy ester
(Fura 2-AM)[15]. Cells were seeded in black 96-well plates
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and incubated with tectorigenin at the indicated concentration for 3, 6 or 24 h. The cells were washed with
PBS twice and incubated with 1 μmol/L Fura 2-AM
which was dissolved in HEPES buffer saline (20 mmol/
L HEPES, 115 mmol/L NaCl, 5.4 mmol/L KCl, 1.8
mmol/L CaCl2, 0.8 mmol/L MgCl2, 13.8 mmol/L glucose, pH 7.4) for 30 min in the dark at 37 ℃ in a humidified incubator. They were then gently rinsed with HEPES
buffer saline twice and incubated with HEPES buffer
saline for 60 min at 37 ℃ in a humidified incubator. The
fluorescence was measured at an emission wavelength
of 510 nm and an excitation wavelength of 340 and 380
nm on a Safire (Tecan, Crailsheim, Germany) fluorescence plate reader. The ratio of fluorescence intensity of
340-380 nm (F340/F380) was used to estimate intracellular free calcium.

ning densitometer (Bio-Rad, United States).
Caspase-3, -8 and -9 activity assay
Caspases activities were measured using Caspase Activity
Assay Kit (Beyotime, C1115, C1151 and C1157) according to the manufacturer’s instructions. Briefly, cultured
HepG2 cells (5 × 106) were washed with cold PBS twice,
resuspended in lysis buffer and left on ice for 20 min. The
lysate was centrifuged at 16 000 × g at 4 ℃ for 3 min. Supernatants were collected and protein concentrations were
measured with a BCA kit. Caspase-3, -8 and -9 activities
were measured by reaction buffer (containing DTT) and
caspase substrate peptides Ac-DEVD-pNA, Ac-IETDpNA and Ac-LEHD-pNA, respectively. The release of
p-nitroanilide (pNA) was qualified by determining the
absorbance with Tecan SUNRISE at 405 nm. The fold increase in absorbance was calculated by the formula [ODi/
OD0], where OD0 is the absorbance without tectorigenin
treatment and ODi is the absorbance with tectorigenin
treatment at the indicated concentration.

Measurement of mitochondrial membrane potential
As an index to determine mitochondrial dysfunction,
mitochondrial membrane potential (MMP) was monitored using Rhodamine 123[16]. Cells were treated with
tectorigenin at indicated concentration for 3, 6 or 24 h in
a 6-well culture plate at 1 × 105 cells/mL. The medium
was then removed and washed three times with serumfree RPMI 1640 medium followed by incubation in fresh
serum-free medium containing 3 mg/L Rhodamine 123
at 37 ℃ in dark for 30 min. Finally, the cells were collected and washed twice with PBS and then analyzed by
a FACScan flow cytometer (Becton Dickinson, Franklin
Lakes, NJ, United States).

Statistical analysis
All data were expressed as mean ± SD. Origin Pro 7.0
statistical package was used to determine statistical significance. Difference between two groups was analyzed
by two-tailed Student’s t test, and difference among three
or more groups was analyzed by one-way analysis of
variance multiple comparisons. P < 0.05 was considered
statistically significant.

RESULTS

Western blotting
HepG2 cells were seeded into 60-mm dishes (1 × 106
cells/dish). On the next day, after treated for 48 h with
tectorigenin at 0, 5, 10 and 20 mg/L, respectively,
HepG2 cells were harvested, resuspended in an ice-cold
lysis buffer containing 50 mmol/L Tris-HCl, pH 8.0, 50
mmol/L KCl, 5 mmol/L dithiothreitol (DTT), 1 mmol/
L EDTA, 0.1% sodium dodecyl sulfate (SDS), 0.5% Triton X-100, and protease inhibitor cocktail tablets (Roche,
IN), incubated for 10 min on ice, disrupted in a microultrasonic cell disrupter for 10 s and centrifuged at 750
× g for 15 min at 4 ℃. The supernatant (cytosolic fraction) was removed and maintained at -80 ℃. The pellet
containing mitochondria was resolved in a lysis buffer.
Protein level was measured using a standard colorimetric
assay kit (BCA kit). Proteins were separated by polyacrylamide/SDS gel electrophoresis and transferred onto
polyvinylidene fluoride membranes (Roche, IN). The
membranes were probed with antibody (cytochrome c
diluted at 1:1000, Cell Signaling Technology, MA, United
States) overnight at 4 ℃, and incubated with a Horseradish peroxidase (HRP)-coupled secondary antibody
(HRP; 1:5000, Cell Signaling Technology, MA, United
States). Detection was performed using a LumiGLO
chemiluminescent subtract system (KPL, Guildford,
United Kingdom). β-actin (1:200, Boster, Wuhan, China)
as a loading control. Results were quantified with a scan-
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Preparation of tectorigenin
As illustrated in Figure 1A, the high performance liquid
chromatography (HPLC) profile for Crude-Extract revealed that tectorigenin is one of the main components
of the rhizomes of I. tectorum. The compound was identified as tectorigenin (CAS registry number: 548-77-6)
by chemical and spectral approaches. The structure is
shown in Figure 1A. The purity of tectorigenin was
above 98% (HPLC analysis, Figure 1B).
Effect of tectorigenin on viability of HepG2 and L02 cells
The effect of different concentrations of tectorigenin on
the viability of HepG2 cells for 12, 24 and 48 h was assessed by the MTT assay. The number of viable HepG2
cells treated by tectorigenin decreased in a concentrationand time-dependent manner (Figure 2A). When HepG2
cells were treated with tectorigenin at 5, 10 and 20 mg/L
for 24 h, the viability rate was 91%, 79% and 62%, respectively (Figure 2A). Whereas when HepG2 cells were
treated with tectorigenin at 5, 10 and 20 mg/L for 48
h, the viability rate was reduced to 83%, 57% and 33%,
respectively (Figure 2A). The concentration that reduced
the number of viable HepG2 cells by 50% (IC50) after
12h, 24 h and 48h of incubation was 35.72, 21.19 and
11.06 mg/L, respectively. However, treatment with tectorigenin at 20 mg/L resulted in a very slight cytotoxicity to
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Figure 1 The high-performance liquid chromatography profiles of the aqueous ethanol (80%) extract of Iris tectorum rhizomes (A) and tectorigenin (B).
High-performance liquid chromatography analysis was accomplished at 25 ℃ on an instrument consisting of L-7110 (Hitachi) pump, L-7420 (Hitachi) ultraviolet detector (set at 254 nm) and Alltech Apollo C18 (4.6 mm × 250 mm) column using MeOH:EtOAc:H2O (60:1:40) mixture as a mobile phase at a flow rate of 1.0 mL/min.
Sample injection: 10 μL of extract (2.5 g/L) or tectorigenin (100 mg/L) in MeOH.

L02 cells after incubation for 12, 24 or 48 h (Figure 2B).

treated with 5, 10 and 20 mg/L (Figure 3B-D) tectorigenin for 48 h, the blue emission light became much
brighter in apoptotic cells than in control cells. Condensed chromatin could also be found in many tectorigenin-treated cells and the structure of apoptotic bodies
was formed in some cells, which is one of the classic
characteristics of apoptotic cells. Moreover, after treated
with 20 mg/L tectorigenin, the nuclei of HSC-T6 cells
were further condensed with the number of apoptotic

Morphological changes of HepG2 cells after exposure to
tectorigenin
To verify tectorigenin-induced apoptosis of HepG2
cells, we observed the changes in cell morphology after
tectorigenin exposure by Hoechst 33258 staining. As
shown in Figure 3, regular and round-shaped nuclei were
observed in the control HSC-T6 cells (Figure 3A). After
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Figure 2 Effects of tectorigenin on the viability of HepG2 (A) and L02 cells
(B). Cells were treated for 12, 24 and 48 h with tectorigenin at 2.5, 5, 10, 15,
20, 30 and 40 mg/L, respectively, followed by assessing the cell viability relative
to that of untreated cells (control). Bars represent mean ± SD.
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Figure 4 DNA fragmentation of HepG2 cells induced by tectorigenin. Cells
were treated with tectorigenin at 20 mg/L for 48 h, then total DNA was isolated
as described in Methods and analyzed by eletrophoresis for detection of DNA
fragmentation. 1: Marker; 2: Control; 3: Tectorigenin.

D

bodies sharply increased.
DNA ladder of HepG2 cells treated with tectorigenin
Genomic DNA was prepared from HepG2 cells that
had been incubated in the presence or absence of 20
mg/L tectorigenin for 48 h. The integrity of the DNA
was assessed by agarose gel electrophoresis. DNA isolated from HepG2 cells cultured with 20 mg/L tectorigenin for 48 h showed a ‘‘ladder’’ pattern of apoptosis
(Figure 4). A comparison with molecular weight markers
indicated that the fragments were multiples of approximately 180-200 base pairs.

Figure 3 Morphological changes of HepG2 cells after exposure to tectorigenin. HepG2 cells were treated with vehicle (A) and tectorigenin at 5 (B), 10
(C), 20 (D) mg/L for 48 h, the cells were then fixed and stained with Hoechst
33258 and observed under a fluorescent microscope (Leica DM IRB) (Magnification × 400). Tectorigenin significantly induced condensed chromatin and
fragmented nuclei. The arrows in B-D indicate cells undergoing apoptosis.

Apoptotic rate of HepG2 cells treated with tectorigenin
Treatment of HepG2 cells with tectorigenin resulted
in significant increase of apoptotic cells in a time- and
dose-dependent manner compared with that of nontreated cells quantified by Annexin V analysis (Figure
5B), as shown in Figure 5A. Apoptotic rate of HepG2
cells treated with 5, 10 and 20 mg/L tectorigenin for 24
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h was 8%, 14%, and 30%, respectively. However, when
HepG2 cells were treated with 5, 10 and 20 mg/L tectorigenin for 48 h, its apoptotic rate was 16%, 42% and
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Figure 5 Flow cytometric analysis of apoptosis in HepG2 cells treated with tectorigenin. HepG2 cells were incubated for 24 and 48 h with tectorigenin at 0,
5, 10, 20 mg/L, respectively. And then the cells were stained with EGFP-conjugated Annexin V and propidium iodide (PI). The EGFP and PI fluorescence was measured using flow cytometer with FL1 and FL3 filters, respectively. A: Representative dot plots of Annexin V/PI staining. a: Control, 24 h; b: 5 mg/L, 24 h; c: 10 mg/L,
24 h; d: 20 mg/L, 24 h; e: Control, 48h; f: 5 mg/L, 48 h; g: 10 mg/L, 48 h; h: 20 mg/L, 48 h. The lower left quadrant contains the vital (double negative) population.
The lower right quadrant contains the early apoptotic (Annexin V+/PI-) population and upper right quadrant contains the late apoptotic/necrotic (Annexin V+/PI+)
population; B: Data pooled from three independent experiments show the percentage of apoptotic cells. Difference was considered statistically significant when aP <
0.05 and bP < 0.01 vs control.
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Figure 7 Effects of tectorigenin on the increase of intracellular Ca2+ in
HepG2 cells. Cells were treated with tectorigenin at 5, 10 or 20 mg/L for different
time points, and then loaded with Fura 2-acetoxymethy ester. Intracellular Ca2+
was measured by fluorescence analysis. The data were presented as mean ±
SD (n = 6). Difference was considered statistically significant when aP < 0.05 and
b
P < 0.01 vs control.

Figure 6 Stimulation by tectorigenin of reactive oxygen species generation
in HepG2 cells. Reactive oxygen species was measured using an oxidationsensitive fluorescent probe, DCFH-DA. Cells were treated with tectorigenin for 1,
3, 6 and 24 h, and then incubated for 30 min with DCFH-DA at 37 ℃. After washing with phosphate buffered saline, the fluorescence intensity of the cells was
analyzed with a fluorescence plate reader. Data are expressed as the mean of
three individual experiments ± SD. Difference was considered statistically significant when aP < 0.05 and bP < 0.01 vs control. DCF: Dichlorodihydrofluorescein.

MMP in HepG2 cells, flow cytometric analysis was carried out to detect the fluorescence intensity of Rhodamine 123. As shown in Figure 8B, treatment of HepG2
cells with tectorigenin at the concentrations of 5 and 10
mg/L for 3 h and 6 h caused a moderate depolarization
of MMP. However, HepG2 cells treated with tectorigenin at the concentrations of 5, 10 and 20 mg/L for 24
h (Figure 8A and B), as well as for 3 and 6h, displayed
a remarkable depolarization of MMP corresponding
to a much lower fluorescence intensity compared with
the control, suggesting the collapse of the inner mitochondrial membrane and mitochondrial dysfunction.
Compared with the control cells (without treatment of
tectorigenin), HepG2 cells treated with 5, 10 and 20
mg/L tectorigenin for 24 h decreased the MMP from
95.39% ± 5.47% to 81.39% ± 4.28%, 72.55% ± 3.97%
and 69.45% ± 3.28%, respectively.

58%, respectively. Compared with the viability rate in
Figure 2, these results suggested that induction of apoptosis was the main mechanism of the anti-proliferative
effect of tectorigenin in HepG2 cells.
Intracellular accumulation of ROS induced by tectorigenin
To determine whether tectorigenin could induce intracellular ROS generation, levels of ROS production in
HepG2 cells were determined using the fluorescence
probe DCFH-DA. As shown in Figure 6, HepG2 cells
exposed to tectorigenin at 10 and 20 mg/L for 1 or 6 h
displayed a significant increase in the intracellular level
of ROS as compared with that in the control cells. When
HepG2 cells were treated with tectorigenin at 5, 10 and 20
mg/L for 3 h, they displayed a maximal increase in the intracellular level of ROS. However, HepG2 cells incubated
with tectorigenin at 5, 10 and 20 mg/L for 24 h, showed
a mild but not significant increase in the intracellular level
of ROS compared with that in the control cells.

Effect of tectorigenin on cytochrome c release in HepG2
cells
The cytosolic and mitochondrial levels of cytochrome c
were measured to confirm apoptosis via the mitochondrial pathway in tectorigenin-treated HepG2 cells. The
results indicated that mitochondrial cytochrome c was
released into the cytosol in a dose-dependent manner
(Figure 9A). Compared with control cells (without treatment of tectorigenin), HepG2 cells treated with tectorigenin at 5, 10 and 20 mg/L for 48 h showed an increase
in levels (cytochrome c/β-actin ratio) of cytosolic cytochrome c from 0.08 ± 0.007 to 0.21 ± 0.03, 0.47 ± 0.04
and 0.89 ± 0.05, respectively (Figure 9B).

Tectorigenin-induced increase of [Ca2+]i in HepG2 cells
To determine whether tectorigenin influences the level
of intracellular Ca2+, the level of intracellular Ca2+ was
measured with Fura 2-AM staining. As shown in Figure 7,
treatment of HepG2 cells with tectorigenin at the concentrations of 5, 10 and 20 mg/L for 3 h increased the
fluorescence ratio (F340/F380) by 1.11 ± 0.09, 1.32 ±
0.11 and 1.86 ± 0.13 fold as compared with the control.
When HepG2 cells were treated with tectorigenin for 6
and 24 h, they displayed a higher increase of the fluorescence ratio (F340/F380) in a dose- and time-dependent
manner (Figure 7). Moreover, when the incubation time
was prolonged from 3 h to 24 h with the incubation concentration of 20 mg/L, the F340/F380 value increased
from 1.86 ± 0.13 to 2.52 ± 0.17.

Effect of tectorigenin on caspase-3, -8 and -9 activities
in HepG2 cells
The apoptotic process included the activation of cysteine
proteases, which represent both initiators and executors
of cell death. Tectorigenin treatment caused a significant
time- and dose-dependent increase in caspase-3 and -8
proteolytic activity in HepG2 cells (Figure 10A and C).
However, HepG2 cells treated with tectorigenin displayed

Tectorigenin-induced loss of MMP in HepG2 cells
To assess the effect of tectorigenin on the changes of
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Figure 8 Effects of tectorigenin on integrity of mitochondrial membrane in HepG2 cells. Cells were treated with tectorigenin for different time points, then incubated with Rhodamine 123 and analyzed by flow cytometry. A: HepG2 cells were treated with 0 (a), 5 (b), 10 (c) and 20 (d) mg/L tectorigenin for 24 h. Mitochondrial
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Figure 9 Western blotting analysis. After 48-h exposure to tectorigenin at 0, 5, 10 and 20 mg/L, respectively, levels of cytochrome c in HepG2 cells (A), along with
those of cytochrome c (B) in cytosol, were evaluated. Protein (50 μg) from each sample was resolved on 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis and β-actin was used as a loading control.

activities[20], and pro-apoptotic effect on hepatic stellate
cells[13]. Previous studies also have demonstrated a role
for tectorigenin in regulating prostate cancer cell number
by inhibiting proliferation through cell cycle regulation[21].
Tectorigenin also has pro-apoptotic effects and decreases tissue invasion by up-regulation of tissue inhibitor of
metalloproteinase-3 in prostate cancer[22]. Therefore, its
hepatoprotective activity and pro-apoptotic effect on hepatic stellate cells made us believe that tectorigenin is the
substance base of the utilization of I. tectorum rhizome
in the treatment of liver-related diseases. Considering
that tectorigenin is one of the main components in the
rhizome of I. tectorum (Figure 1) and I. tectorum has been
used as a folk proven prescription for the treatment of
liver cancer, we supposed that tectorigenin could be used
for the treatment of HCC. The present study revealed

a very slight increase in caspase-8 activity (Figure 10B).

DISCUSSION
I. tectorum is a kind of widely planted flower, which has
been used in traditional Chinese medicine as a folk
proven prescription for curing liver-related illnesses. By
chemical analysis, we found that tectorigenin is one of
the main components in the rhizome of I. tectorum (Figure 1) and another main component was tectoridin[11,17].
However, it has been reported that tectorigenin could be
transformed from tectoridin by intestinal microflora[17].
Therefore, we hypothesized that the main active ingredient in the rhizome of I. tectorum might be tectorigenin.
In fact, tectorigenin has been reported to have in vivo
hepatoprotective[18], estrogenic[19] and anti-inflammation
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Figure 10 Caspase activities in tectorigenin-treated HepG2 cells. Cells were treated with tectorigenin at the indicated concentrations for 24 and 48 h. Cytosolic
extracts were prepared and assayed for caspase activities as described in “Materials and Methods”. A: Alteration of caspase-3 activity in tectorigenin-induced HepG2
cells for indicated time; B: Effect of tectorigein on caspase-8 activity in HepG2 cells; C: Changes of caspase-9 activity in tectorigenin-treated HepG2 cells at 5, 10 and
20 mg/L for 24 and 48 h. Data are expressed as the mean of three individual experiments ± SD. Difference was considered statistically significant when aP < 0.05 and
b
P < 0.01 vs control.

that tectorigenin possessed considerable pro-apoptotic
effects on human HCC HepG2 cells and reinforced our
hypothesis that tectorigenin is the substance base of the
utilization of I. tectorum rhizome in the treatment of liver
cancer. Base on the results in the present study, we will
further investigate the in vivo anticancer effects of tectorigenin. After 48 h of incubation, IC50 of tectorigenin
against HepG2 cells was 11.06 mg/L and treatment with
tectorigenin at 10 mg/L resulted in about 10% cell death
of the normal L02 cells (Figure 2). The dosage of tectorigenin 10-15 mg/kg body weight is large enough to
induce in vivo apoptosis of cancer cells.
In this study, compared with the viability rate (Figure
2), the high apoptotic cell percentage (Figure 5) suggested that induction of apoptosis was the main mechanism
of the anti-proliferative effect of tectorigenin in HepG2
cells. The upstream apoptotic mechanism of tectorigenin in HepG2 cells was investigated based on the
intracellular accumulation of ROS. A previous study has
found that mitochondria are the major organelle where
ROS was generated and excessive ROS could lead to
lipid peroxidation, oxidation of proteins and DNA damage[23]. Theoretically, as a consequence of excessive ROS
generation in cells, mitochondrial dysfunction should occur[24]. The intracellular ROS peaked when HepG2 cells
were treated with different concentrations of tectorigenin for 3 h, then declined and when treated for 24 h it
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declined to the approximately normal level (Figure 6). As
expected, significant dissipation of MMP (Figure 8) was
observed in the current study, indicative of mitochondrial dysfunction. Excessive ROS could raise the Ca2+
concentration in the cytoplasm[25,26]. Marked elevation in
Ca2+ then causes the new ROS formation[27-29]. On the
other hand, the increased Ca2+ may also impair mitochondrial function[29-31], leading to a significant decrease
in MMP. In this study, tectorigenin could significantly
increase the [Ca2+]i in HepG2 cells.
In normal situation, cytochrome c resides in the mitochondrial intermembrane and serves as a transducer
of electrons in the respiratory chain. However, the increment of ROS and [Ca2+]i , and subsequent mitochondrial
dysfunction result in cytochrome c release [32]. In the
present study, release of cytochrome c from mitochondria to cytosol was detected (Figure 9). After release
from mitochondria, cytochrome c could bind with Apaf1 and participate in the activation of caspase-9 (the initiator). The activated caspase-9 then activates caspase-3
(the effector). Initiator caspases and effector caspases
act together to augment the death signal and finally lead
to apoptosis[31-36]. In this study, we detected enhanced
caspase-3 and -9 activities in tectorigenin-treated HepG2
cells (Figure 10A and C), which validated mitochondriamediated apoptosis pathway. Similarly, in the study of
Zhou et al[6], troglitazone inhibited growth and induced
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lower concentration of 20 mg/L. Furthermore, tectorigenin-induced apoptosis of HSC-T6 cells was associated
with the generation of ROS, increased intracellular [Ca2+]i,
loss of mitochondrial membrane potential, translocation of cytochrome c, and activation of caspase-9 and
-3[13]. In this study, tectorigenin could induce apoptosis
of HepG2 cells by similar mechanisms. In contrast, in
the study of Zhou et al[6], troglitazone not only drove
apoptosis-inhibiting factor survivin to translocate incompletely from the nucleus to the cytoplasm, but also
inhibited expression of survivin, while it did not affect
expression of apoptosis-promoting factor Bax.
In conclusion, tectorigenin significantly inhibits the
proliferation and induces apoptosis in human HCC
HepG2 cells mainly via mitochondrial-mediated pathway. These observations indicated that tectorigenin is a
promising chemotherapeutic and chemopreventive agent
for the treatment of HCC.
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Figure 11 Possible mechanisms by which tectorigenin induces apoptosis
in human hepatocellular carcinoma HepG2 cells. Tectorigenin produces
reactive oxygen species and increases Ca2+ concentration in cytoplasm of
HepG2 cells, leading to the depletion of mitochondrial membrane potential and
release of cytochrome c from mitochondria. Cytochrome c facilitates apoptosis
of HepG2 cells by activating caspase cascade. Tec: Tectorigenin; ROS: Reactive oxygen species; C: Cytochrome c; Casp: Caspase; AIF: Apoptosis inducing
factor; MMP: Mitochondrial membrane potential.
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Background

Human hepatocellular carcinoma (HCC) is the fifth most common cancer in
the world. Unfortunately, the disease is often diagnosed at a late stage. The
hallmark of cancer cells is the dysregulation of cell proliferation and apoptosis.
The growing of a tumor is determined by the rate of cell proliferation and the
apoptosis. Therefore, the induction of apoptosis in tumor cells has become a
strategy in cancer treatment and the mitochondrial-mediated pathways have
been identified as one of the major mechanisms for induction of apoptosis. Iris
tectorum (I. tectorum), a traditional Chinese medicine, has been widely used for
treating liver-related diseases, including hepatitis, liver fibrosis, liver cirrhosis
and liver cancer.

apoptosis of HepG2 cells in a dose-dependent manner, and induced activation of caspase-3 expression.
Caspase-8 is an initiating caspase, which modulates the
death receptor-dependent pathway. We found very mild
increase in caspase-8 activity in tectorigenin-treated
HepG2 cells (Figure 10B), which suggested that a death
receptor-mediated pathway might be excluded in the
apoptosis of HepG2 cells induced by tectorigenin. In
the study of Tsagarakis et al[37], 10-8 mol/L octreotide
could significantly inhibit the proliferation of HepG2
cells and significantly increase caspase-3, caspase-8 and
caspase-2 activities. In this study, tectorigenin increased
the ROS production and Ca2+ concentration in cytoplasm of HepG2 cells, the intracellular accumulation of
ROS and Ca2+ further induced the loss of MMP. The
disruption of MMP caused release of cytochrome c
from mitochondria to cytosol. Cytosolic cytochrome c
activated the pro-caspase-9 and subsequently, caspase-9
activated the downstream effector caspases-3, eventually
triggered apoptosis of HepG2 cells (Figure 11). In the
study of Tan et al[5], 5-allyl-7-gen-difluoromethylenechrysin was found to exert its apoptotic effect by activation
of Peroxisome proliferator-activated receptor gamma,
down-regulation of nuclear factor kappa B and Bcl-2
protein expression, up-regulation of Bax protein expression, and reduction of the ratio of Bcl-2 to Bax.
Our previous research showed that tectorigenin suppressed the proliferation of HSC-T6 cells and induced
apoptosis of HSC-T6 cells in a time- and dose-dependent manner[13]. Tectorigenin at a concentration of 100
mg/L greatly inhibited the viability of HSC-T6 cells and
induced the condensation of chromatin and fragmentation of nuclei[13]. In this study, tectorigenin could inhibit
the viability of HepG2 cells and induce apoptosis at a
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Research frontiers

Recent studies have revealed that tectorigenin possessed anti-proliferative and
pro-apoptotic effects on hepatic stellate cells (HSCs) and have potent in vivo
anti-liver fibrosis activity. However, until now there is no report about the antitumor effect of tectorigenin on human HCC HepG2 cells and the associated
mechanisms. In this study, tectorigenin was found to suppress the proliferation
of HepG2 cells and induce apoptotis of HepG2 cells.

Innovations and breakthroughs

This study revealed that tectorigenin possessed considerable pro-apoptotic
effects on human HCC HepG2 cells, which confirmed that tectorigenin is the
substance base of the utilization of I. tectorum rhizome in the treatment of liver
cancer. To be known, this is the first study to report the apoptosis induction effects of tectorigenin on human HCC HepG2 cells.

Applications

Tectorigenin significantly inhibits the proliferation and induces apoptosis in
human HCC HepG2 cells mainly via mitochondrial-mediated pathway, and
produces a slight cytotoxicity to L02 cells. These observations indicated that
tectorigenin is a promising chemotherapeutic and chemopreventive agent for
the treatment of HCC.

Peer review

The paper investigates the effect of tectorigenin on proliferation and apoptosis
in human hepatocellular carcinoma HepG2 cells. The study is of interest.
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ORIGINAL ARTICLE

Diazoxide attenuates ischemia/reperfusion injury via upregulation
of heme oxygenase-1 after liver transplantation in rats
Zhong Zeng, Han-Fei Huang, Fei He, Lin-Xi Wu, Jie Lin, Ming-Qing Chen
RESULTS: We observed that a significant reduction of
HO-1 mRNA and protein levels in HO-1 siRNA and HO-1
siRNA + DZ group when compared with I/R group,
while the increases were prominent in DZ group. Light
and transmission electron microscopy indicated severe
disruption of tissue with lobular distortion and mitochondrial cristae damage in HO-1 siRNA and HO-1
siRNA + DZ group as compared with DZ group. Serum
alanine aminotransferase, aspartate transaminase, tumor necrosis factor-α and interleukin-6 levels increased
in HO-1 siRNA and HO-1 siRNA + DZ group, and decreased in DZ group.
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CONCLUSION: The protective effect of DZ may be
induced by upregulation of HO-1. Inhibiting the expression of HO-1, this protection pretreated with DZ was
abolished.
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Abstract
AIM: To evaluate the effects of diazoxide on ischemia/
reperfusion (I/R)-injured hepatocytes and further elucidated its underlying mechanisms.

Peer reviewer:� Yasuhiko Sugawara, University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan

Zeng Z, Huang HF, He F, Wu LX, Lin J, Chen MQ. Diazoxide attenuates ischemia/reperfusion injury via upregulation of
heme oxygenase-1 after liver transplantation in rats. World J
Gastroenterol 2012; 18(15): 1765-1772 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i15/1765.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i15.1765

METHODS: Male Sprague-Dawley rats were randomized (8 for donor and recipient per group) into five
groups: I/R group (4 h of liver cold ischemia followed
by 6 h of reperfusion), Heme oxygenase-1 (HO-1) small
interfering RNA (siRNA) group (injection of siRNA via
donor portal vein 48 h prior to harvest), diazoxide (DZ)
group (injection of DZ via donor portal vein 10 min prior to harvest), HO-1 siRNA + DZ group, and siRNA control group. Blood and liver samples were collected at 6
h after reperfusion. The mRNA expressions and protein
levels of HO-1 were determined by reverse transcription
polymerase chain reaction and Western blotting, and
tissue morphology was examined by light and transmission electron microscopy. Serum transaminases level
and cytokines concentration were also measured.
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INTRODUCTION
The ATP-sensitive potassium (KATP) channel was identified in cardiac muscle[1]. Later, a similar channel was described in liver[2], brain[3,4] and skeletal muscle mitochondria[5]. The primary function of this channel is to allow
K+ ransport into the mitochondrial matrix and this phe-
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nomenon could be involved in maintaining mitochondrial
volume homeostasis[6]. KATP channels that exist in the
inner membrane of mitochondria[2] has been implicated
to mediate ischemic preconditioning’s protective effects
in ischemic heart[7,8]. Diazoxide (DZ) is a selective mitochondria ATP-sensitive potassium (mitoKATP) channel
opener, which has been reported to have protective effect
on the heart[9,10], brain[11,12] and spinal cord[13] following
ischemia/reperfusion (I/R) injury. Several recent studies
have suggested that mitoKATP channels may be only a
trigger, but not a mediator of protection[14]. The exact
mechanisms have not been fully clarified.
Ischemic preconditioning (IPC) is a well-known phenomenon in which brief episodes of ischemia and reperfusion confers a state of protection against subsequent
sustained long-term I/R injury[15,16]. Although the exact
underlying mechanisms of IPC are unknown, activation
of mitoKATP channels has been proposed to play a
pivotal role in preconditioning[17]. More studies have indicated that pretreatment with mitoKATP channel openers induces IPC-like protective effects[18], and that IPCinduced protection is antagonized by mitoKATP channel
inhibitors[19,20]. These findings support the hypothesis
that IPC is mediated through the opening of mitoKATP
channels.
Heme oxygenase-1 (HO-1) is the rate-limiting step in
the oxidative degradation of heme. Overexpression of
HO-1 exerts a cytoprotective function in a number of
I/R injury and liver transplant model[21-23]. Recent studies
suggested that IPC may protect against systemic inflammatory response via enhanced HO-1 overexpression[24-27].
The purpose of our study was to investigate that the
protective action of DZ on I/R injury and expression
of HO-1 after liver transplantation in rats. We explored
the potential molecular mechanisms for DZ to reduce
I/R injury. Using HO-1 small interfering RNA (HO-1
siRNA), we further observed the roles of HO-1 in DZinduced action.

siRNA

Reperfusion

Ischemia

Reperfusion

DZ

Ischemia

Reperfusion

DZ

Ischemia

Reperfusion

siRNA control

Ischemia

Reperfusion

48 h

4h

siRNA

DZ

siRNA + DZ
siRNA control

siRNA

6h

10 min

Figure 1 Experimental protocol. DZ: Diazoxide; siRNA: Small interfering
RNA.

Experimental protocol
S-D rats underwent ether anesthesia. The basic techniques of liver harvesting and orthotopic transplantation
without hepatic arterial reconstruction were according to
the method described previously by Kamada et al[29]. After organ harvest, liver grafts were stored for 4 h in cold
University of Wisconsin solution at 4 ℃. Subsequently,
syngeneic orthotopic liver transplantation (OLT) was
performed and the anhepatic phase was estimated to be
11-13 min for all recipients. All transplant experiments in
this study were performed by a single person. Separate
groups of rats were killed at 6 h after their vessels were
unclamped, then samples of blood and liver tissue were
taken for further analysis.
Eighty rats (16 for every group) were divided randomly into five groups (Figure 1): (1) I/R group: OLT
was performed according to method described previously; (2) siRNA group: Same treatment as I/R group, but
donors were injected with HO-1 siRNA (200 nmol/kg
of body weight) via portal vein 48 h before liver harvest; (3)
DZ group: Same as I/R group, but donors were injected
with DZ (5 mg/kg of body weight), a mitoKATP channel opener, via portal vein 10 min before liver harvest;
(4) siRNA + DZ group: Same treatment as I/R group,
donors were treated with HO-1siRNA and DZ; and (5)
siRNA control group: Same as I/R group, donors were
injected with Negative Control siRNA (200 nmol/kg of
body weight). DZ was purchased from Sigma Chemical
Co. (St Louis, MO, United States) and dissolved in dimethyl sulfoxide (DMSO) (sigma, United States) before
addition to experimental solutions. The final concentration of DMSO in the solution was less than 0.05%.

MATERIALS AND METHODS
Animals
Adult male Sprague-Dawley (S-D) rats (200-250 g) (Kunming Medical College Laboratory Animal Center, China)
were used. Rats were maintained on a standard rodent
chow and water ad libitum in a room according to the local
animal welfare guidelines. All experiments were approved
by the ethics committee for the use of experimental animals at Kunming Medical College.
Heme oxygenase-1 siRNA design
The design of HO-1 siRNA was based on the characterization by Zhang et al[28]. Additionally, a scrambled sequence was designed as a Negative Control siRNA. The
targeted sequence of rat HO-1 siRNA was 5’-AAGCCACACAGCACUAUGUdTdT-3’ (sense) and 5’-ACAUAGUGCUGUGUGGCUUdTdT-3’ (antisense). siRNA
duplexes were chemically synthesized by Guangzhou Rui
Bo Biological Technology Co (Guangzhou, China).
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Ischemia

I/R

Serum enzymes
At 6h following by liver reperfusion, blood was collected
via abdominal aorta. After centrifugation of whole blood
(3000 rpm, 15 min), serum was extracted and stored at
-70 ℃ until analysis. Alanine aminotransferase (ALT) and
aspartate transaminase (AST) levels were measured using
a clinical chemistry system (7060 automatic analyzer, Hitachi, Japan).
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paratus. The membrane was blocked overnight at 4 ℃
in 5% nonfat dry milk and TBST buffer to block nonspecific binding sites. Western blots were probed with
primary antibodies (anti-HO-1, 1:200 dilution, Millipore,
United States) at room temperature (RT) for 2 h. After
being washed, blots were incubated with horseradish peroxidase-labeled goat anti-rabbit IgG antibodies (dilution,
1:50 000, Pierce Biotechnology) for 2 h at RT. Thereafter
the proteins were visualized by ECL detection system
(Amersham Pharmacia Biotech, Piscataway, New Jersey,
United States) and analyzed by the Quantity One Analysis Software (Bio-Rad, United States). β-actin was used as
protein loading control.
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Figure 2 Serum alanine aminotransferase and aspartate transaminase
levels after reperfusion. aP < 0.05 vs ischemia/reperfusion (I/R) group, bP <
0.01 vs diazoxide (DZ) group. ALT: Alanine aminotransferase; AST: Aspartate
transaminase.

Histology and electron microscopic examination
Livers were excised rapidly and fixed in conventional
fixing solutions (10% neutral-buffered formalin) after 6
h reperfusion. Livers were paraffin embedded and sectioned into 3 μm-thick slices with a tissue chopper. The
sections were examined by hematoxylin and eosin staining. The histological severity of I/R injury was graded
according to Suzuki’s classification[30]. All slides were
judged by the same investigator who had been blinded to
the corresponding study group. The excised liver samples
were cut into small pieces, and immersed in excessive
volumes of 2.5% glutaraldehyde with 0.1 mol phosphate
buffer (pH 7.2). Following fixation for 24 h, samples
were further immersed in 2% osmium tetroxide (OsO4)
in 0.1 mol cacodylate buffer (pH 7.2) for 2 h at 4 ℃, dehydrated, and embedded in epoxide resin (EPON812).
Ultrathin sections were stained with lead citrate and uranylacetate, and examined using a JEM-1200EX transmission electron microscope.

Reverse-transcriptase polymerase chain reaction
Animals were sacrificed 6 h after transplantation. Liver
samples were obtained, shock-frozen in liquid nitrogen
and stored at -80 ℃ for further RNA isolation. Total
RNA was extracted from 100 mg liver tissues with Trizol
reagents (Invitrogen, United States) according to the
manufacturer's guidelines and quantified by UV absorption. Following DNase Ⅰ (Invitrogen, United States)
digestion, 1 μg of total RNA was subjected to reverse
transcription polymerase chain reaction (RT-PCR) with
M-MLV reverse transcriptase (Promega, United States),
using oligo-dT as primers. The mixture was inactivated at
42 ℃ for 60 min, and then the reverse transcriptase was
inactivated by heating at 70 ℃ for 10 min. Specific primers for rat HO-1 and β-actin (an internal standard) were
designed by Primer Premier 5.0. For HO-1, the primers
were 5’-TGGAAGAGGAGATAGAGCGA-3’ (sense)
and 5’-TGTTGAGCAGGAAGGCGGTC-3’ (antisense),
generating a 451-base pair fragment. For β-actin, the
primers used were 5’-CACGATGGAGGGGCCGGAC
TCATC3’ (sense) and 5’-TAAAGACCTCTATGCCAACACAGT-3’ (antisense), generating a 240-base pair
fragment. PCR reaction constituents were as follows: 2
μL of cDNA mixture was subjected to amplification in
20 μL of final volume. 94 ℃, 2 min; then 94 ℃, 1 min;
60 ℃, 1 min; 72 ℃, 2 min, for 40 cycles; and 72 ℃ 5 min
to end the reaction. The PCR products were subjected to
electrophoresis on 2% agarose gel containing ethidium
bromide and visualized by UV illumination. This semiquantitative measure for HO-1 was expressed as ratios to
β-actin.

Enzyme-linked immunosorbent assay
Serum interleukin-6 (IL-6) and tumor necrosis factor-α
(TNF-α) levels of different groups were measured using commercially available ELISA kits (R and D System, United States) according to the test protocols. All
samples, including standard and control solution, were
assayed in duplicate. Values were expressed as pg/mL.
Statistical analysis
Statistical analysis was performed using SPSS Version
13.0 for Windows (SPSS, Inc, Chicago, IL). Values are expressed as means ± SD. Difference between experimental
groups were analyzed by one-way analysis of variance. P
values < 0.05 were considered statistically significant.

RESULTS

Western blotting analysis
Proteins extracts were isolated from liver tissue with
radioimmunoprecipitation containing phenylmethyl sulfonylfluoride. Protein concentration was determined by
a bicinchoninic acid protein assay reagent (Pierce Rockford, IL). Proteins (20 μg/sample) in SDS-loading buffer
were heated to 100 ℃ for 5 min, and separated by 12%
SDS-polyacrylamide gel electrophoresis and transferred
to nitrocellulose membranes using an electroblotting ap-
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Hepatic transaminases
The hepatocellular damage was measured with the determination of ALT and AST levels. Rats treatment with
siRNA showed a significant increase in ALT and AST
compared with I/R rats. Liver function measurement in
the DZ group was significantly lower than those in the
I/R group. There was no statistical difference between
siRNA and siRNA + DZ group (P > 0.05) (Figure 2).
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RNA and siRNA + DZ group. HO-1 protein level was
determined by western blotting. The results were almost
the same as those obtained in the RT-PCR analyses.
Compared with the I/R group, HO-1 protein expression
was markedly downregulated in both siRNA and siRNA
+ DZ groups. The level of HO-1 was significantly higher
in the DZ group than all other groups. Moreover, the difference between siRNA and siRNA + DZ group did not
attain statistical significance (Figure 3B).
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Histology
Necrosis and liver damage were assessed with H and
E-stained liver tissue 6 h after reperfusion. Liver specimens from rats subjected to I/R showed macrovesicular
fatty changes, nuclear fragmentation, and sinusoidal
congestion and congested with many red blood cells. In
siRNA and siRNA + DZ groups, histological tissue damage was significantly aggravated. Moreover, multiple and
extensive ballooning/hepatocellular necrosis and massive
infiltration of neutriphils were observed. However, these
pathological changes were significantly decreased in the
DZ group (data not shown). There was no significantly
difference between I/R and siRNA control group (Figure
4A).
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Transmission electron microscopy
To further confirm hepatocytes ultrastructure alterations,
we examined the liver grafts during cold ischemia and
reperfusion by electron microscopy. In siRNA group, the
nuclei of the hepatocytes were severe irregular in shape
and contained damaged nuclear chromatin in the nucleoplasm. The hepatocytes appeared largely intact vacuolar
structures with lipid droplets were present in the cytoplasm of the cells. The mitochondria and the smooth endoplasmic reticulum were dilated and even destroyed, and
the mitochondria cristae were disorganized. By contrast,
mitochondria from rats treated with DZ appeared markedly better with less mitochondrial membrane damage
and swelling in the rat hepatocytes after ischemia and reperfusion. However, siRNA + DZ group treatment had
markedly aggravated these damages as compared with
DZ group. The I/R group and siRNA control group revealed lower hepatocytes damages than the siRNA group
(Figure 4B).
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Cytokines assay
Serum cytokine levels (IL-6/TNF-α) were determined
by ELSA. The IL-6/TNF-α levels revealed a substantial
increase in the siRNA group as compared with the I/R
group. But groups pretreated with DZ had markedly
decreased these products. Moreover, the cytokine levels
(IL-6/TNF-α) in the siRNA + DZ group were significantly higher, when compared to the DZ group. There
was no statistical difference between I/R group and
siRNA control group (P > 0.05) (Figure 5).

Figure 3 Liver heme oxygenase-1 mRNA and protein levels at 6 h after
transplantation. aP < 0.05 vs ischemia/reperfusion (I/R) group, bP < 0.01 vs
diazoxide (DZ) group.

Heme oxygenase-1 mRNA and protein expression levels
The PCR products were separated on agarose gel and
the relative expression of HO-1 were shown. As shown
in Figure 3A, HO-1 mRNA expression was decreased in
both siRNA and siRNA + DZ groups compared with the
I/R group at 6 h after I/R injury. In contrast, DZ treatment significantly enhanced the hepatic HO-1 mRNA
level. No statistical difference was observed between si
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DISCUSSION
HO-1 is up-regulated in response to oxidative stress and
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Figure 4 Liver histology and ultrastructural changes of hepatocytes. A: Ischemia/reperfusion (I/R) treated livers showed vacuolization, nuclear fragmentation,
sinusoidal congestion, and hepatocyte necrosis. However, histological tissue damage was aggravated in the small interfering RNA (siRNA) and siRNA + diazoxide (DZ)
group. In contrast, DZ treatment relieved liver damages (hematoxylin and eosin, × 400); B: The mitochondria and the smooth endoplasmic reticulum were dilated and
even destroyed, and the mitochondria cristae were disorganized in I/R treated hepatocytes.
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fects of diazoxide to inhibit succinate oxidation[42] and
succinate dehydrogenase[43] or inhibit opening of the
mitochondrial membrane pore[44] may be responsible for
its protective effects. When we inhibited the expression
of HO-1 and the above effects of DZ remains, but the
protection of DZ to hepatic I/R injury in rats almost disappeared. It is possible that DZ, through opening KATP
channels, activated an unknown pathway, which directly
or indirectly upregulated the expression of HO-1. Since
HO-1 plays a critical role in protect liver I/R injury in
rats OLT, inhibition of HO-1 activity may exaggerate I/
R injury.
We measured serum cytokine levels (IL-6/TNF-α)
by ELISA to determine the effect on anti-inflammatory.
Rats pretreated with DZ significantly decreased serum
IL-6/TNF-α levels. However, they were markedly elevated in siRNA + DZ group than those in DZ group.
Xu B et al[45] showed that DZ inhibit the production of
the proinflammatory cytokines TNF-α and IL-6 by peripheral blood mononuclear cells (PBMCs) in normal
pregnancy. But our study shows that DZ was able to
reduce the release of cytokines. But when the expression
of HO-1 was inhibited, the release of cytokines could
not reduce. HO-1 has been shown to be expressed principally in Kupffer cells[21,46,47]. Our study suggests that the
potential utility of HO-1 overexpression in preventing
I/R injury results from inhibition of Kupffer cells activation[48]. Activated Kupffer cells release a large amount of
proinflammatory cytokines[49-51], which lead to aggravation of I/R injury. Devey et al[52,53] reported that depletion
of Kupffer cells using liposomal clodronate led to loss of
hepatic HO-1 expression and much more severe injury.
It has been demonstrated that overexpression of HO-1
played an important role in a number of I/R injury and
liver transplant models. Therefore, we could think that
the protective effect of DZ was by increasing HO-1 expression in our study.
In summary, DZ can attenuate hepatic I/R injury in
rat liver transplantation and induce hepatic HO-1 expression. In addition, inhibiting HO-1 expression with a specific siRNA, this protection pretreated with DZ was abolished. Thus, the mechanism of the protective effects of
DZ is dependent on HO-1. The upregulation of HO-1
results in an alleviation of hepatic I/R injury, as well as
a decrease of the production of inflammatory cytokine
such as IL-6 and TNF-α. Our results provide an insight
into induction of HO-1, and suggest that DZ may have
the potential to be developed as a hepatic HO-1 inducer
for therapeutic purposes. Our work also raises an interest
that HO-1 can be induced by DZ to stimulate protective
process attenuating I/R injury.
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Figure 5 Serum cytokine levels (interleuki-6/ tumor necrosis factor-α)
were measured. aP < 0.05 vs ischemia/reperfusion (I/R) group, bP < 0.01 vs
diazoxide (DZ) group. IL-6: Interleukin-6; TNF-α: Tumor necrosis factor-α.

catalyzes the degradation of pro-oxidant heme to carbon monoxide (CO), iron and bilirubin[31]. Three HO
isoforms have been identified to date: HO-1, HO-2 and
HO-3. HO-1 is inducible and distributed ubiquitously in
mammalian tissue[32], while HO-2 is expressed constitutively and found mainly in the central nervous system[33].
HO-3 is only described in the rat brain and has no activity. HO-1 expression is an adaptive and protective
response to oxidative stress in a wide variety of cells[34,35].
HO-1 is induced by a variety of stimuli, including nonheme inducers and various agents that cause oxidative
stress, and prevents the oxidative DNA damage caused
by heat shock and reactive oxygen species (ROS).
Mitochondrial ATP-sensitive potassium channel
opener is responsible for more effective oxidative phosphorylation[36] and regulation of ROS generation[37,38] in
ischemic preconditioning. Prevention of mitochondrial
failure improves cellular survival after an ischemic event.
Pharmacological agents that maintain mitoKATP channels can prevent mitochondrial failure in a manner similar
to that induced by ischemic preconditioning[13,39]. MitoKATP is shown to have protective effect on the heart,
kidney and brain following I/R injury[40,41]. However, the
detailed effect of mitoKATP in liver I/R injury has not
fully studied. Diazoxide is mainly used as a vasodilator in
the treatment of clinical hypertension. But in our study,
we used DZ, the putative mitoKATP channel opener to
evaluate the effects of mitoKATP channels in liver I/R
injury in OLT.
In the present investigation, rats pretreated with DZ
results in enhanced resistance to liver cold I/R injury and
increased HO-1 expression levels. To examine whether
HO-1 was responsible for the protective effect of DZ in
liver I/R injury, we used HO-1 siRNA, which interferes
with the enzymatic expression of HO-1 to examine its
possible effect. Inhibition of the expression of HO-1
almost completely blocked the protection afforded by
DZ. These results strongly indicated that the protection
of DZ was mediated through upregulation of HO-1. We
speculate that DZ induces an increase
in HO-1 levels that
+
protect liver I/R injury. The K channel-independent ef-
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Abstract
AIM: To test the efficacy and safety of Profermin® in
inducing remission in patients with active ulcerative
colitis (UC).
METHODS: The study included 39 patients with mild to
moderate UC defined as a Simple Clinical Colitis Activity Index (SCCAI) > 4 and < 12 (median: 7.5), who were treat®
ed open-label with Profermin twice daily for 24 wk. Daily
SCCAI was reported observer blinded via the Internet.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic relapsing bowel dis-
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ease characterized by colonic mucosal inflammation.
The goal of treatment in UC is to induce and maintain
remission of the disease. Failure to induce remission
occurs in 20%-30% of patients on current treatments,
leaving colectomy as the only alternative in a proportion of patients[1,2]. Furthermore, many patients find the
side effects of treatment with corticosteroids and other
drug therapies unacceptable. Accordingly, new treatment
alternatives are being sought. The pathogenesis of UC
has still not been determined in detail; however, a major hypothesis is suggested to be an aggressive immune
response to the intestinal content including, a subset of
nonpathogenic enteric bacteria in genetically predisposed
individuals. Clinical and experimental studies point towards alterations in the relative balance of aggressive
and protective bacterial species in these disorders[3,4].
Interventions to alter the intestinal microflora in order
to decrease proinflammatory stimuli and increase antiinflammatory signaling are under investigation[3,5,6]. Some
studies have suggested an effect of probiotics in the treatment of UC[5,7-9]. The effects of probiotics on the microflora may only be limited and transient because colonization and survival of the probiotics are difficult to achieve.
However, remission from inflammatory bowel diseases
may be induced by food for special medical purposes
(FSMPs), e.g., elemental diets. In this study we investigated
a new dietary product Profermin®, which is intended to
be registered as a FSMP for the dietetic management of
UC. It consists of fermented oats, Lactobacillus plantarum
(L. plantarum) 299v, barley malt, lecithin and water. Our
aim was to investigate the safety and possible efficacy of
Profermin® in patients with mild to moderate UC. We
also assessed the usefulness of a new online daily symptom registration system.

Table 1 Simple Clinical Colitis Activity Index
Symptom
Bowel frequency (day)
1-3
4-6
7-9
>9
Bowel frequency (night)
1-3
4-6
Urgency of defecation
Hurry
Immediately
Incontinence
Blood in stool
Trace
Occasionally frank
Usually frank
General wellbeing
Very well
Slightly below par
Poor
Very poor
Terrible
Extracolonic features

Score
0
1
2
3
1
2
1
2
3
1
2
3
0
1
2
3
4
1 per manifestation

interested and had the relevant disease characteristics to
contact the trial nurse. The patients had to sign a declaration stating when and where they had been diagnosed
with UC and describing the course of their disease including the fulfillment of the inclusion criteria. The data
were confirmed by cross checking the patients’ medical
records. A specialist had diagnosed all patients.
Patients were excluded if UC medication was modified during the study period, however, a dose reduction
of ongoing drugs was accepted. The patients were also
excluded if new medication that may affect UC symptoms was prescribed for other conditions.

MATERIALS AND METHODS
Patients
The study was conducted between 2008 and 2009. Patients were eligible if they were between 18 and 50 years
of age and had an established diagnosis of UC based
on clinical, endoscopic and histological features. Active
disease was assessed by Simple Clinical Colitis Activity
Index (SCCAI) (Table 1) score > 4 and < 12[10]. Patients
who initiated treatment with azathioprine, 6-mercaptopurine, cyclosporin or methotrexate within 8 wk prior
to inclusion or tumor necrosis factor-α inhibitors within
12 wk before inclusion or had changes in UC treatment
within 2 wk before inclusion were ineligible for the
study. Concomitant celiac disease, lactose intolerance
and irritable bowel syndrome were also exclusion criteria.
In addition any malignant or premalignant condition or
recent gastroenteritis and irritable bowel syndrome rendered patients ineligible. Patients were recruited through
advertisement on the website of the local patients’ association, in local newspapers and through Google ads.
The advertisement showed a link to a website that briefly
described the trial and encouraged patients who were
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[10]

Outcome measures
Our primary endpoint was to estimate the proportion
of patients with a ≥ 50% reduction in SCCAI. Our
secondary endpoint was to estimate the proportion of
patients in remission defined as SCCAI ≤ 2.5[11].
Study design and assessment of outcome measures
A prospective open-label study design was used to gain
experience with time to response and remission and
compliance for the later design of a comprehensive
controlled study. After a run-in period of 6-14 d, the
patients were followed for 24 wk with daily SCCAI score
assessment. The SCCAI was chosen for the following
reasons. The SCCAI score has been shown to correlate
well with the more complex and invasive scoring systems
and it facilitates daily and observer blinded symptoms
registration [10,11]. Furthermore, colonoscopy may be
experienced as painful and therefore compromise the
patients’ willingness to participate in a clinical trial. Internet software was developed by a company specialized in
software development for interactive Internet solutions
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fermin® is packed in 250-mL cartons under sterile conditions. The product is tested for pH and colony forming
units (CFU) of Enterobacteriaceae, yeasts/moulds and
L. plantarum 299v. The pH must be between 3.6 and 4.2
and the CFU of Enterobacteriaceae, yeasts/moulds must
each be < 100/mL. The CFU of L. plantarum must be >
108/mL.
After 6-14 d of run in, the Profermin® intervention
was initiated by scaling the patient into a daily oral intake
of Profermin®. The initial daily Profermin® dose was
125 mL as the first meal and 125 mL as the last meal of
the day. After 2 d, the Profermin® dose was increased to
250 mL as the first meal and 250 mL as the last meal of
the day. However, the protocol was open for periodical
changes of the total dose of Profermin® in the interval
of 25 mL to 500 mL taken once or twice daily, for example, if a patient experienced AEs during the introduction, the low Profermin® dose was prolonged for up to 2
wk. The median dose was 445 mL/d with an interquartile range of 408-500 mL/d. The patients reported their
intake of Profermin® on a daily basis through the trial
website and the mean self-reported adherence therapy
was > 95%.
Patients were recommended to be cautious with
consumption of dairy products and concentrated sugar
products in accordance with routine dietetic recommendations widely used in Danish IBD clinics[6]. Compliance
with this recommendation was not monitored. Patients
continued their usual UC medication and clinical followup with gastroenterologists.

(Franklyweb, Copenhagen, Denmark). The Internet
platform was created according to protocol instructions
and used for individual patient registration of SCCAI
parameters. Regular access to a computer with Internet
access was a criterion for inclusion. Each patient received a username and a password and was instructed to
register the SCCAI parameters daily on the trial website.
Each SCCAI parameter was formulated as a question e.g.
“How many defecations have you experienced during
daytime today? Click on the appropriate answer “1-3”,
“4-6”, “7-9” or ”> 9”. Each SCCAI question needed to
be answered before the patient could continue to the
next question. After registration of the last SCCAI question, the patient was shown an overview of the answers
to every SCCAI question and was asked to confirm or
amend the information. After confirmation, the patient
was shown a graph with the daily SCCAI scores from
the first day of the run-in period up to the present date.
The patients could communicate on the trial website
with the nurse who checked the status of each patient at
least twice a week and could send reminders if patients
failed to register the daily symptoms. The symptoms
were registered on a daily basis. When a patient failed to
register a day’s symptoms, the patient was reminded by
the nurse about the lacking registration. The registration
rate (registered days out of total number of days) was >
95%. The data were transferred from the patients via the
Internet in encrypted form (Secure Sockets Layer) and
stored on a secure server. The data were instantly copied
- in raw and unprocessed form - to a similar server at
the Technical University of Denmark, Department of
Informatics and Mathematical Modelling, in order to secure the authenticity of the data and to analyze the data
statistically.
Occasionally some patients did not have access to
a computer with an Internet connection. In such cases,
these patients received paper SCCAI questionnaires to
be completed for each day of the relevant period. When
access to the Internet was again established, the patients
transferred the SCCAI parameters noted on the questionnaires to the website. During the screening process,
30 of the included patients (77%) had a face-to-face
meeting with the trial nurse. There were no other faceto-face contacts with the patients. All other communication was electronic (phone or e-mail). The patients were
instructed to report adverse events (AEs) via the trial
website. Safety of Profermin® was assessed by analyzing
the AE reports.

Ethics, approvals and patient consent
The trial was approved by the Danish Data Protection
Agency (2008-41-2961) and has been cleared with The
Ethical Committees of the Copenhagen Region and
registered (H-B-2008-FSP-20). As Profermin ® is an
FSMP and not a medicinal product, no authorization by
the Danish Medicines Agency was required. All patients
gave written informed consent according to the Helsinki
declaration. The study was registered on www.clinicaltrials.gov (NCT01245465).
Statistical analysis
In all analyses, we applied the principle of intention-totreat (ITT). Data for patients who dropped out or who
were excluded during the study period were included in
the analysis by using the principle of last value carried
forward. Unadjusted estimates for the primary and secondary endpoints were presented as total numbers and
percentages. To gain further insight into the longitudinal
effect of Profermin® on the possible decline in SCCAI
over time adjusted for the starting value, we applied the
following non-linear regression model:
Scoreij = b 0 + b 1 × 2-Dayi/q
Where the dependent variable Scoreij was the score for
person j on Day i. Time was denoted by the independent
variable Dayi. In the model, the parameters to be estimated had the following interpretation: b 0 was the ultimate

Description of the intervention
Profermin® is manufactured as follows. Oat gruel is produced by mixing oats, water and a small amount of barley
malt. The mixing process lasts for 1 h at 88 ℃. The gruel
is then cooled to 38 ℃, and a L. plantarum 299v starter
culture is added. The mixture is kept at 38 ℃ for 15 h
with constant gentle stirring. The resulting oat-fermented
gruel is cooled to about 8 ℃. Lecithin is then added
while the mixture is gently stirred and the resulting Pro-
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Patient reflection on advertisements in
newspapers, the patients’ association
website and Google Ads.

N = 401

Telephone call
N = 360
Patient excluded
Inclusion criteria not met

Nurse asking for patient’s data.
Analysis in relation to inclusion and
exclusion criteria

N = 41

Criteria met
A run-in period of 6-14 d begins
The patient enters the SCCAI symptoms daily on the website
N=2
Patient excluded
A-SCCAI not approved

Average-SCCAI (A-SCCAI) for run-in is
calculated. Must be
4 < A-SCCAI < 12
Average-SCCAI approved

N=0
Patient excluded

N = 4 excluded due to
protocol violation on
Days 10, 58, 110, 117.
Three were prescribed
antibiotics and 1
corticosteroids.
N = 8 drop-outs on
Days 9, 66, 81, 107,
111, 136, 147, 148

Consent and relevant
data and signatures not
provided

Personal or telephone meeting between
patient and nurse. Checking data and
obtaining patient’s consent. Profermin
N = 39
is provided
Consent and relevant data and signatures provided

N=4
Excluded

The 24-wk treatment course begins

On a daily basis:
Intake of Profermin
Entering symptoms on the website

N=8
Drop-outs

End of treatment

N = 27

Figure 1 Patient flow diagram. SCCAI: Simple Clinical Colitis Activity Index.

score (or asymptote), b 1 was the total reduction in score
and q was the time taken to obtain half the reduction in
score. Besides giving the parameters a marginal interpretation, it was of interest to describe the between-patient
variation. Thus, we applied a nonlinear mixed-effects
model, assuming that all three parameters in question
followed a Gaussian distribution, i.e., each parameter
was person-specific:
Scoreij = b 0,j + b 1,j × 2-Dayi/qj
Here, we assumed that b 0,j = N(b 0,sb 0), b 1,j = N(b 1,sb 1)
and q j = N(q ,sq ). The mixed-effect model led to the following interpretation: the estimated parameter sb 0 was the
between-person SD regarding the asymptote. Similarly, sb 1
was the between-person SD related to the total reduction
in score, and sq was the between-person SD related to the
time taken to obtain half the reduction in score.
Before making inference, we examined both standardized residuals and estimated random effects for
marginal normality by applying normal probability plots.
In all statistical analysis, the software R and the package
nlme were used. All tests were done as likelihood ratio
tests with a significance level of 5%.

inclusion criteria were not met (Figure 1). Reasons for
exclusions were primarily SCCAI < 5 or recent change
in oral corticosteroid treatment. During the run-in period, two additional patients were excluded because the
SCCAI criteria were not met. The study comprised 39
patients who were available for ITT analysis: four were
excluded and eight dropped out during the 24-wk treatment period (Figure 2 and Table 2).
Baseline characteristics and use of concomitant medications are shown in Tables 3 and 4.

RESULTS

Clinical response and remission
Of the 39 patients, 27 completed the entire study. For
those completing the study, the mean follow-up was

Safety and tolerability
No major AEs were reported and there were no dropouts due to AEs. An increased number of bowel movements were reported by 11 patients (28%), bloating by
four (10%) and an increased number of bowel movements and bloating by three (8%). All AEs were selflimiting or managed by dose adjustments. For example,
if a patient experienced a presumable AE during the
introduction of Profermin®, the period with the low
Profermin® dose was prolonged for up to 2 wk. None
of the eight dropout or four excluded patients left the
trial due to deterioration in UC symptoms.

The advertisements attracted 401 respondents, of whom
360 were excluded before the run-in period because the
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Table 2 Description of four excluded patients and eight
dropouts
Day

SCCAI
Reason for
run in discontinuation

Patient

Excluded patients
10
8.9
45
8.0
100
8.2
116
11
Drop-outs
9
8.9
54
4.6
73
5.9
100
5.6
102
9.0
127
6.6
140
6.7
141
8.3

0

50

100
Days since start

150

Reduction Increase

1
1
1
2

6.6
4.1
4.1
3.6

2.3
3.9
4.1
7.4

3
3
3
3
3
3
3
3

6.7
5.1
7.3
8.4
6.7
5.6
5.3
6.3

2.2
0.5
1.4
2.8
2.3
1.0
1.4
2.0

Reasons for discontinuation in the study. 1: Excluded because of new
medication prescribed for unrelated diseases; 2: Excluded because of new
medication prescribed for colitis; 3: Dropouts main reason: Not satisfied
with effect of treatment. SCCAI: Simple Clinical Colitis Activity Index.

200

Figure 2 Point indicates that patient has dropped out.

Table 3 Demographic and baseline clinical characteristics of
patients

176 d (range: 174-179 d). For those not completing the
study, the mean follow-up was 94 d (range: 9-141 d). An
ITT analysis showed that the mean reduction in SCCAI
score was 56.5%. For the primary endpoint, ITT analysis
showed that 24 of the 39 patients (62%) achieved a ≥
50% reduction in SCCAI score (Figure 3A). In per protocol (PP) analysis, 85% reached the primary endpoint. In
ITT analysis, four patients (10%) experienced deterioration in SCCAI but 13 (33%) experienced > 75% improvement in SCCAI during the study (Figure 3B). Of the 39
patients, 18 reached the secondary endpoint and obtained
remission defined as SCCAI score ≤ 2.5, with an ITT
success rate of 46% (Figure 3C). In PP analysis, 67%
reached the secondary endpoint remission. Applying only
the four defecation scores in the SCCAI (Table 1), four
patients (10%) had deterioration and 17 (44%) had > 75%
improvement in defecations scores (Figure 3D).
When applying the nonlinear model for the ITT decline in SCCAI over time, the estimated ultimate score
(or asymptote) was 2.8 points (95% CI: 92.0-3.6), the estimated mean reduction in score was 5.0 points (95% CI:
4.1-5.9, P < 0.0001) and the estimated mean time taken
to obtain half of the reduction in score was 28 d (95%
CI: 26-30) (Figure 4).

Profermin, n = 39

Characteristic
Sex, male:female
Age, yr, median and range
Mean duration of disease, yr, median and range
Disease location, n (%)
Proctitis
Left-sided colitis/procto-sigmoiditis
Pancolitis
Extraintestinal manifestations, n (%)
Initial CRP, mg/L, median and range
Initial albumin, g/L, median and range

15/24
35 (19-50)
7 (1-21)
17 (44)
11 (28)
11 (28)
17 (43)
15 (< 1-156)
41 (23-47)

CRP: C-reactive protein.

Table 4 Concomitant medications
n (%)
Mesalamine oral
Alone
Combined with immunosuppressants
Mesalamine enema or suppository
Azathioprine or 6-mercaptopurine
Corticosteroids oral
Corticosteroids enema
Antibiotics
TNF-α inhibitors
None

Descriptions of exclusions and dropouts
Protocol violations accounted for the exclusion of four
patients (10%) - days 10, 45, 100 and 116 (Table 4); three
were prescribed antibiotics for pneumonia, salmonella
infection and gastroenteritis, respectively, and one was
prescribed corticosteroids for UC. Among those excluded, the mean SCCAI on inclusion was 9.0 (range:
8.0-11) and at exclusion 4.6 (range: 3.6-6.6). There were
eight dropouts (20%) (Table 2). Among these, the mean
SCCAI at inclusion was 7.0 (range: 4.6-9.0) and at drop-
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SCCAI
dropout

21 (54)
8 (21)
6 (15)
3 (8)
0 (0)
1 (3)
0 (0)
3 (8)
3 (8)

TNF-α: Tumor necrosis factor alpha.

out 6.4 (range: 5.1-8.4). Among the dropouts, three experienced an increase in SCCAI (mean: 1.6) while in the
study and five experienced a decrease (mean: 1.8). The
three patients with an increase in their SCCAI score represented treatment failures.
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Figure 3 Intention to treat analysis of the primary (A, B) and secondary (C, D) endpoint. A, B: Proportion of patients with ≥ 50% reduction in Simple Clinical
Colitis Activity Index (SCCAI) at week 24 and the relative development in SCCAI score; A: The primary endpoint was in intention to treat (ITT) analysis reached by 24
in 39 patients (62%); B: Illustrates the relative development in SCCAI in the last week of observation compared to the run-in week; C, D: Remission at week 24 and
the relative development in the 4 defecation scores; C: The secondary endpoint was in ITT analysis reached by 18 in 39 patients (46%); D: Illustrates the relative development in the 4 defecation scores in the SCCAI (Table 1) in the last week of observation compared to the run-in week.

for clinical improvement and remission in UC found a
relevant clinical improvement to be a decrease of 1.5 SCCAI points and the best cut-off to establish remission as
an SCCAI of 2.5[11]. In ITT analysis, the average reduction was > 1.5 SCCAI points 12 d after the intervention
was initiated. After 32 d, the average reduction increased
to > 3 SCCAI points and after 84 d to > 4.5 (Figure 4).
In a repeated measure regression analysis, the mean reduction in SCCAI after 24 wk of Profermin® treatment,
adjusted for baseline value, was 5.0 and the estimated
ultimate score was calculated to be 2.8 (Figure 4), suggesting a clinically relevant and significant effect. A metaanalysis of response rates in the placebo arms of UC trials estimated the placebo rates of remission and response
to be 13% (95% CI: 9-18) and 28% (95% CI: 23-33),
respectively[12]. The ITT remission and response rates in
our study were 33 and 34 percentage points above these
standard placebo rates, supporting a possible clinical effect of Profermin® when compared with standard placebo rates of response and remission. The safety profile of
Profermin® appears favorable with no major AEs and no
withdrawals due to AEs. Mild AEs were observed mainly
in the initial days of treatment and ceased within a few
days or after dose adjustments. Safety and tolerability of
Profermin® are comparable to those of probiotics[7-9].
Profermin® is a complex product and the mode of
action is probably complex as well. However, dietary
management with Profermin® uses a novel approach and

(-Days/q)

Score = b0 + b12

17

Observed mean
Fitted mean

Score

10
8
6
4
2
0
0

50

100
Days since start

150

180

Figure 4 Development in Simple Clinical Colitis Activity Index score.

DISCUSSION
In ITT analysis, 62% of the patients reached the primary
endpoint, defined as ≥ 50% reduction in SCCAI, and
46% reached the secondary endpoint of remission, defined as an SCCAI score ≤ 2.5. A study on endpoints
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ment in UC is to induce and maintain remission of the disease, however, failure
to induce remission occurs in 20%-30% of patients on current treatments. Accordingly, new treatment alternatives and additives are being sought. Dietetic
interventions may improve symptoms in UC.

cannot be categorized as a probiotic, prebiotic or symbiotic product[13]. The dietary effect may be related to the
fermented oats components such as the relatively large
amounts of secondary metabolites from the fermentation process and the composition of oats per se. The
short chain fatty acids of secondary metabolites have
been shown to serve as a major source of energy for
colonocytes, and β-glucans have been described as biological response modifiers[14,15]. L. plantarum is a common
species in the human gastrointestinal microbiota[16-18]. L.
plantarum 299v survives passage through the gastrointestinal tract and has been isolated from feces and rectal
and jejunal biopsies 11 d after 10 d administration to
healthy volunteers, indicating at least transient colonization of the gut mucosa[19-21]. It has been shown that oat
gruel fermented with L. plantarum 299v increases iron
absorption by 50%, suggesting an important dietary effect for UC[22]. In addition, the phosphatidylcholine (PC)
in lecithin may serve as an important food component
because the content of PC in the colonic mucus of patients with UC is significantly lower compared with the
content in healthy controls[23]. Lastly, the daily intake of
relatively large quantities of fermented oats may change
the intestinal contents and environment and thereby establish an altered platform for microbial activity.
In this study, we introduced a new online self-reporting Internet-based system for assessing daily activity
in UC and for monitoring response to treatment. The
system allows electronic monitoring of data and enables
daily reporting with minimal interruption to the patient’
s daily life. The risk of patients being influenced in their
self-assessment by health personnel is limited. Independent monitoring and statistical analyses can be achieved
easily. In Denmark, where most people have Internet access, this system is a very useful research tool in a population of UC patients.
Our study had some limitations: (1) it was an uncontrolled study and the results need to be confirmed
in a randomized trial; and (2) patients were informed
to consider their consumption of dairy products and
concentrated sugar products, in particular fresh milk and
confectionary. This may have had an effect on UC or
may have reinforced the effect of Profermin®.
The present study demonstrates that Profermin® is
safe and may be effective in inducing remission of active
UC. Randomized controlled studies are planned to explore further the clinical efficacy of Profermin®.

Research frontiers

Clinical and experimental studies point towards alterations in the relative balance of aggressive and protective bacterial species in UC. Interventions to alter
the intestinal microflora in order to decrease disease activity are under investigation and prebiotics, probiotics and symbiotics have been investigated in UC
but the reported efficacies have varied.

Innovations and breakthroughs

This is believed to be the first study to assess Profermin® in UC. The study
was an open label study that investigated safety and efficacy of Profermin® in
patients with moderate active UC. Profermin® is a new developed product for
the dietary management of UC. It is a fermented oat gruel with Lactobacillus
plantarum 299v, barley malt, lecithin and water.

Applications

Profermin® is safe and well tolerated and may be effective in reducing symptoms and inducing remission in UC. Larger randomized trials should be performed to investigate further the efficacy of Profermin® in UC.

Terminology

Simple Clinical Colitis Activity Index (SCCAI) assessed active disease. SCCAI
is a clinical scoring system for UC, based on bowel frequency day and night,
urgency, fecal blood, general well being and extracolonic manifestations.

Peer review

The authors have reported a study on the safety of Profermin®, a combination
of fermented oats, probiotics and lecithin, in patients with mild to moderate UC.
This is primarily an open-label safety study in patients. The agent was welltolerated and may be efficacious.
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Glycer-AGEs-RAGE signaling enhances the angiogenic potential
of hepatocellular carcinoma by upregulating VEGF expression
Junichi Takino, Shoichi Yamagishi, Masayoshi Takeuchi
not affected by the addition of Glycer-AGEs. GlycerAGEs markedly increased vascular endothelial growth
factor (VEGF) mRNA and protein expression, which is
one of the most potent angiogenic factors. Compared
with the control unglycated bovine serum albumin (BSA)
treatment, VEGF mRNA expression levels induced by
the Glycer-AGEs treatment were 1.00 ± 0.10 vs 1.92
± 0.09 (P < 0.01). Similarly, protein expression levels
induced by the Glycer-AGEs treatment were 1.63 ± 0.04
ng/mL vs 2.28 ± 0.17 ng/mL for the 24 h treatment
and 3.36 ± 0.10 ng/mL vs 4.79 ± 0.31 ng/mL for the
48 h treatment, respectively (P < 0.01). Furthermore,
compared with the effect of the control unglycated
BSA-treated conditioned medium, the Glycer-AGEstreated conditioned medium significantly increased the
proliferation, migration, and tube formation of HUVEC,
with values of 122.4% ± 9.0% vs 144.5% ± 11.3% for
cell viability, 4.29 ± 1.53 vs 6.78 ± 1.84 for migration
indices, and 71.0 ± 7.5 vs 112.4 ± 8.0 for the number
of branching points, respectively (P < 0.01).
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CONCLUSION: These results suggest that Glycer-AGEs-RAGE signaling enhances the angiogenic potential of
HCC cells by upregulating VEGF expression.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To investigate the effect of glyceraldehyde-de
rived advanced glycation end-products (Glycer-AGEs)
on hepatocellular carcinoma (HCC) cells.

Key words: Advanced glycation end-products; Angiogenesis; Glyceraldehyde; Hepatocellular carcinoma; Nonalcoholic steatohepatitis

METHODS: Two HCC cell lines (Hep3B and HepG2
cells) and human umbilical vein endothelial cells (HUVEC) were used. Cell viability was determined using the
WST-8 assay. Western blotting, enzyme linked immunosorbent assay, and real-time reverse transcriptionpolymerase chain reactions were used to detect protein
and mRNA. Angiogenesis was evaluated by assessing
the proliferation, migration, and tube formation of HUVEC.
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RESULTS: The receptor for AGEs (RAGE) protein was
detected in Hep3B and HepG2 cells. HepG2 cells were
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ditions, but without glyceraldehyde. The unglycated and
glycated albumin were purified using a PD-10 column
(GE Healthcare UK Ltd., Buckinghamshire, England)
and dialysis against PBS. All preparations were tested
for endotoxin using the Endospecy ES-20S system (Seikagaku Co., Tokyo, Japan). Protein concentrations were
determined using the Dc protein assay reagent (Bio-Rad
Laboratories, Richmond, CA, United States), using BSA
as a standard. In all experiments, control unglycated BSA
and Glycer-AGEs were used at culture medium concentrations of�����
����
100 µg/mL.

INTRODUCTION
Advanced glycation end-products (AGEs) are formed by
the Maillard reaction, a non-enzymatic reaction between
the ketones or aldehydes of sugars and the amino groups
of proteins, which contributes to aging and the pathological complications of diabetes[1,2]. Recent studies have
suggested that AGEs can be formed not only from sugars, but also from carbonyl compounds derived from the
autoxidation of sugars and other metabolic pathways[3,4].
Among the different AGEs, there is evidence that glyceraldehyde-derived AGEs (Glycer-AGEs) are associated
with the complications of diabetes, as well as Alzheimer’s
disease, nonalcoholic steatohepatitis (NASH), and can-��
8]
cer[5���
.
NASH is recognized as a component of metabolic
syndrome and is associated with insulin resistance and
-���
11]
abnormalities in glucose and lipid metabolism[9����
. NASH
is one of a group of nonalcoholic fatty liver diseases
(NAFLD) that range from simple steatosis to steatohepatitis[12]. However, although simple steatosis appears to
be a benign and non-progressive condition, NASH is a
potentially progressive disease that can lead to cirrhosis,
liver failure, and hepatocellular carcinoma (HCC)[13,14]. In
fact, several case series of NASH-associated HCC have
been reported[15,16]. HCC, which accounts for more than
90% of all primary liver cancers, is one of the most common malignancies worldwide[17]. Its incidence is particularly high in the Asian population[18].
A recent study suggested that expression of the receptor for AGEs (RAGE) mRNA was lower in normal
liver cells than in those of hepatitis and HCC patients[19].
Furthermore, we have demonstrated that Glycer-AGEs
are present in significantly high concentrations in the sera
of patients with NASH[8]. In addition, the interaction
of Glycer-AGEs with the RAGE was found to increase
C-reactive protein expression in Hep3B cells[20]. However,
the effects of Glycer-AGEs on HCC cells remain poorly
understood.
In the present study, we examined the effects of Gly
cer-AGEs on HCC cells and showed that Glycer-AGEsRAGE signaling enhances the angiogenic potential of
HCC cells by upregulating vascular endothelial growth
factor (VEGF) expression.

Cell cultures
Hep3B and HepG2 cells were grown in Dulbecco’s mo
dified Eagle’s medium (DMEM; Sigma-Aldrich) supplemented with 10% fetal bovine serum (FBS; Equitech-Bio,
Kerrville, TX, United States) under standard cell culture
conditions (humidified atmosphere, 5% CO2, 37 ℃). Cells
(1.5 × 104 cells/cm2) were then seeded in various plates
or culture dishes (BD Biosciences, Franklin Lakes, NJ,
United States) and incubated for 48 h before the start of
all experiments, except the migration assay. The control
unglycated BSA and Glycer-AGEs (100 µg/mL) treatments were carried out in serum free DMEM.
Human umbilical vein endothelial cells (HUVEC)
were grown in endothelial cell growth medium (GM; Cell
Applications, San Diego, CA, United States) under standard cell culture conditions.
Preparation of cell lysate
Cells were washed with ice-cold Ca2+ and Mg2+ free PBS
[PBS (-)] and subjected to lysis buffer [25 mmol/L TrisHCl (pH 7.6), 150 mmol/L sodium chloride, 1% Nonidet
P-40, 1% sodium deoxycholate, 0.1% sodium dodecyl
sulfate (SDS), and 1 × protease inhibitor cocktail (complete, Mini; Roche)]. Subsequently, cell lysates were passed
through a syringe several times for further homogenization and centrifuged at 10 000 × g for 10 min at 4 ℃.
Protein concentrations were measured using the Bradford
assay (Bio-Rad Laboratories).
Western blot����
ting
Cell lysates (30 µg of proteins/lane) were dissolved in
SDS sample buffer [62.5 mmol/L Tris-HCl (pH 6.8), 2%
SDS, 10% glycerol, and 0.01% bromophenol blue] containing 5% 2-mercaptoethanol, boiled for 3 min at 95 ℃,
separated by SDS-polyacrylamide gel electrophoresis, and
then electro-transferred onto polyvinylidene difluoride
membranes (Millipore, Billerica, MA, United States).
Biotinylated markers (Cell Signaling, Beverly, MA, United
States) were used as molecular weight markers. Membranes were blocked for 1 h using 5% skimmed milk in
phosphate buffered saline (PBS) containing 0.05% polyoxyethylene sorbitan monolaurate (PBS-T). After being
washed twice with PBS-T, membranes were incubated
overnight with goat anti-RAGE antibody (N-16), mouse
anti-b-actin antibody (Santa Cruz, Santa Cruz, CA, United States), or rabbit anti-cyclooxygenase-2 (anti-COX-2)

MATERIALS AND METHODS
Preparation of glyceraldehyde-derived advanced
glycation end-products
All chemicals were commercial samples of high purity
and were used as supplied.���������������������������
��������������������������
Glycer-AGEs were prepared
as described previously[21]. Briefly, 25 mg/mL of bovine serum albumin (BSA; A0281, Sigma-Aldrich) was
incubated at 37 ℃ for 7 d under sterile conditions with
0.1 �������������������������������������������������
mol����������������������������������������������
/L glyceraldehyde and 5 m���������������������
mol������������������
/L diethylenetria
minepentaacetic acid (Dojindo Laboratories, Kumamoto,
Japan) in 0.2 mol���������������������������������������
������������������������������������������
/L phosphate buffer (pH 7.4). As a control, unglycated BSA was incubated under the same con-
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antibody (Cayman Chemical, Ann Arbor, MI, United
States). Subsequently, membranes were washed twice with
PBS-T and incubated with anti-goat IgG antibody (Santa
Cruz), anti-mouse Ig’s antibody (Biosource, Camarillo,
CA, United States), or anti-rabbit IgG and anti-biotin
antibodies (Cell Signaling) for 1 h. After being washed a
further three times with PBS-T, immunoreactive proteins
were detected with ECL Plus Western Blotting Detection
Reagents (GE Healthcare) using a luminescent image
analyzer (LAS-1000UVmini; Fujifilm, Tokyo, Japan). The
density of the bands was analyzed using a Multi Gauge
version 3.0 (Fujifilm).

using the VEGF enzyme-linked immunosorbent assay
kit (Ray Biotech, Norcross, GA, United States). All processes were performed according to the manufacturer’s
instructions.
Migration assay
The migratory capacity of Hep3B cells was evaluated
using the Oris™ Cell Migration Assay (Platypus Technologies, Madison, WI, United States). Cells (1.5×105
cells/mL) were incubated with 10% FBS/DMEM for
24 h. After removing the stopper covering the center of
the well, fluorescently-labeled cells were incubated with
control unglycated BSA or Glycer-AGEs for 24 h. The
number of cells that had migrated to the center was assessed at excitation and emission wavelengths of 485 nm
and 530 nm, respectively, using a fluorescence microplate
reader (Labsystems Fluoroskan Ascent CF, Type 374;
Thermo Fisher Scientific).

Cell viability
Cell viability was determined using the WST-8 assay,
which measures metabolic activity. After removing the
medium from a 96-well microplate that had been used to
culture cells as above, 100 µL/well of 10% FBS/DMEM
and 10 µL/well of WST-8 solution (Dojindo Laboratories) were added, and cells were incubated for 2 h. Absorbance was then measured at 450 nm and 650 nm using a
microplate reader (Labsystems Multiskan Ascent, Model
No. 354; Thermo Fisher Scientific, Kanagawa, Japan).
The net difference (A450-A650) was used as a measure of
cell viability.

Preparation of conditioned medium
Hep3B cells were incubated with control unglycated BSA
or Glycer-AGEs for 48 h. The culture medium was collected and filtered to remove any particles. The CM�����
was
����
then frozen at -80 ℃ until it was used in the experiments.
Human umbilical vein endothelial cells proliferation
assay
HUVEC (0.75× 104 cells/cm2) were incubated with GM
for 24 h, before being cultured in DMEM or CM in 10%
FBS for 72 h. HUVEC proliferation was determined using the WST-8 assay.

Real-time reverse transcription-polymerase chain
reaction analysis
Total RNA was isolated from cells with ISOGEN (Nippon Gene, Tokyo, Japan), and 50 ng of RNA were re
verse transcribed into cDNA with the PrimeScript™ reverse transcription (RT) reagent kit (Takara, Shiga, Japan)
using a GeneAmp® 9700 polymerase chain reaction (PCR)
System (Perkin-Elmer Applied Biosystems, Foster City,
CA, United States). Real-time polymerase chain reaction
was performed with SYBR Premix Ex Taq™ (Takara)
using a Smart Cycler® Ⅱ System (Takara). The reaction
mixture (25 µL) contained 1 × SYBR Premix Ex Taq
™, 0.2 µmol����������������������������
/L PCR forward primers, 0.2 µmol�������
/L PCR
reverse primers, and 10 ng of cDNA as a template. The
primers used were as follows: COX-2: 5’-GAGTACCGCAAACGCTTTATGC-3’ and 5’-GCCGAGGCTTTTCTACCAGAA-3’, VEGF: 5’-TGCAGATTATGCGGATCAAACC-3’ and 5’-TGCATTCACATTTGTTGTGCTGTAG-3’, and β-actin: 5'-TCCACCTCCAGCAGATGTGG-3’ and 5’-GCATTTGCGGTGGACGAT-3’. All processes were performed according to the manufacturer’s
instructions. Expression levels of the target genes were
calculated using a relative quantification method. β-Actin
was used as an endogenous control gene to normalize
target gene expression values. Product specificity was determined by a melting curve analysis.

Human umbilical vein endothelial cells migration assay
The migratory capacity of HUVEC was evaluated using
the BD BioCoat™ Angiogenesis System-Endothelial Cell
Migration assay (BD Biosciences). In this assay, the upper
and lower culture compartments were separated by fluorescence blocking polyethylene terephthalate filters (3 µm
pore size) coated with human fibronectin. Cells (3.3 ×
105 cells/mL) in serum-free DMEM were added to each
of the upper chambers for 20 h. Then, 0.5% FBS/CM
was added to the lower chamber and used as a chemoattractant. The number of fluorescently-labeled cells that
had migrated to the opposite side of the chamber was
then assessed at excitation and emission wavelengths of
485 nm and 530 nm, respectively, using a fluorescence
microplate reader (Thermo Fisher Scientific).
Tube formation assay
The tube formation assay was performed with the BD
BioCoat™ Angiogenesis System-Endothelial Cell Tube
Formation assay (BD Biosciences). Before the start of the
assay, the Matrigel matrix was polymerized for 30 min at
37 ℃ under a 5% CO2 environment. Cells (4 × 105 cells/
mL) were incubated with 0.5% FBS/CM for 12 h and
then photographed under a microscope, and the number
of branch points was counted in five randomly chosen
fields.

Enzyme linked immunosorbent assay
Cells were incubated with control unglycated BSA or
Glycer-AGEs for 24 h or 48 h. The culture medium was
collected and centrifuged at 200 × g for 10 min to remove
any particles, and the resultant supernatant was analyzed
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Figure 1 The receptor for advanced glycation end-products expression
in hepatocellular carcinoma cells. The receptor for advanced glycation endproducts (RAGE) expression as measured by Western blotting. Cell lysates (30
µg of proteins/lane) were loaded onto a 10% polyacrylamide gel. Size markers
(kDa) are shown on the left. Equal protein loading was verified using an anti-bactin antibody. The arrow indicates full-length RAGE.
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Figure 2 Effect of glyceraldehyde-derived advanced glycation endproducts on the viability of hepatocellular carcinoma cells. Cell viability
was determined using the WST-8 assay. Hep3B (A) and HepG2 (B) cells were
incubated with control unglycated bovine serum albumin (BSA) or glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs) (100 µg/mL) for
24 h. The open and filled bars represent results for cells treated with control
unglycated BSA and Glycer-AGEs, respectively. Data are shown as the mean ±
SD (n = 6).

Statistical analysis
All experiments were performed in duplicate and repeated at least two or three times, with each experiment yielding essentially identical results. Data are expressed as the
mean ± SD. The significance of the differences between
group means was determined by a one-way analysis of
variance. P values of less than 0.05 were considered significant.

affect the migratory capacity of Hep3B cells; i.e., GlycerAGEs did not increase the malignancy of Hep3B cells.
To investigate whether Glycer-AGEs affected the angiogenesis of HCC cells, we examined the expression levels of VEGF mRNA and protein. VEGF mRNA expression levels induced by the control unglycated BSA or the
Glycer-AGEs treatment were 1.00 ± 0.10 vs 1.92 ± 0.09
in Hep3B cells (P < 0.01) (Figure 4A), and 1.00 ± 0.11 vs
0.87 ± 0.10 in HepG2 cells (Figure 4B). The expression
levels of the VEGF protein induced by the control unglycated BSA or the Glycer-AGEs treatment for 24 and 48
h were 1.63 ± 0.04 ng/mL vs 2.28 ± 0.17 ng/mL (24 h, P
< 0.01), and 3.36 ± 0.10 ng/mL vs 4.79 ± 0.31 ng/mL (48
h, P < 0.01), respectively, in Hep3B cells (Figure 4C). In
HepG2 cells, the results were 1.15 ± 0.19 ng/mL vs 1.04
± 0.03 ng/mL (24 h), and 2.70 ± 0.10 ng/mL vs 2.53 ±
0.32 ng/mL (48 h), respectively, (Figure 4D). Thus, the
VEGF mRNA expression of Hep3B cells was increased
by Glycer-AGEs at 24 h, and VEGF protein expression
levels in these cells were also increased by Glycer-AGEs
at 24 and 48 h. However, no such changes were observed
in HepG2 cells.
We then examined the effect of CM-Glycer-AGEs
on the viability of HUVEC. Cell viabilities resulting from
treatment with the control unglycated BSA or the GlycerAGEs for 72 h were 100% ± 6.4% vs 96.2% ± 5.4%, and
the control unglycated BSA-treated CM (CM-BSA) or
the CM-Glycer-AGEs for 72 h were 122.4% ± 9.0% vs
144.5% ± 11.3% (P < 0.01) (Figure 5). There was no difference in viability between the Glycer-AGEs-treated and
control unglycated BSA-treated cells, whereas cell viability in cells treated with CM-Glycer-AGEs was significantly
higher than that of those treated with CM-BSA.
Finally, we examined the effect of CM-Glycer-AGEs
on the migration and tube formation of HUVEC. Migration and tube formation of endothelial cells play key roles
in tumor angiogenesis. Migration indices for the CMBSA or the CM-Glycer-AGEs treatment were 4.29 ± 1.53
vs 6.78 ± 1.84 (P < 0.05) (Figure 6A), and cell migration

RESULTS
To investigate whether RAGE proteins were present in
Hep3B and HepG2 cells, we carried out Western blotting using an anti-RAGE antibody. RAGE proteins of
different molecular weights were detected in Hep3B and
HepG2 cells (Figure 1). In full-length RAGE cDNAtransfected Hep3B cells, the major band (57 kDa) (indicated by an arrow in Figure 1) represented the full-length
RAGE protein. Likewise, the full-length RAGE protein
was also detected in Hep3B and HepG2 cells, and there
was no difference in its expression level between the two
cell types.
We examined the effect of Glycer-AGEs on the viability of Hep3B and HepG2 cells. Cell viabilities resulting from treatment with the control unglycated BSA or
the Glycer-AGEs for 24 h were 100% ± 3.5% vs 97.8%
± 3.3% in Hep3B cells (Figure 2A), and 100% ± 4.3%
vs 102.3% ± 6.7% in HepG2 cells (Figure 2B). Thus,
Glycer-AGEs did not have any effect on the viability of
Hep3B and HepG2 cells.
To investigate whether Glycer-AGEs affected the
malignancy of HCC cells, we examined COX-2 mRNA
and protein expression. COX-2 mRNA expression levels
induced by the control unglycated BSA or the GlycerAGEs treatment were 1.00 ± 0.27 vs 2.16 ± 0.34 (P < 0.01)
(Figure 3A), and COX-2 protein expression levels were
increased by Glycer-AGEs at 24 h in Hep3B cells (Figure
3B), whereas no such change was detected in HepG2 cells
(Figure 3B).
We also evaluated the influence of Glycer-AGEs on
cell migration, which is an index of malignancy in Hep3B
cells. However, migration indices for the control unglycated BSA or the Glycer-AGEs treatment were 18.2 ±
0.6 vs 18.7 ± 0.5 (Figure 3C), and Glycer-AGEs did not
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Figure 3 Effect of glyceraldehyde-derived advanced glycation end-products on the malignancy of hepatocellular carcinoma cells. Hep3B and HepG2 cells
were incubated with control unglycated bovine serum albumin (BSA) or glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs) for 24 h. A: In Hep3B
cells, COX-2 mRNA expression levels were analyzed using real-time reverse transcription-polymerase chain reactions, and results were normalized to the b-actin
mRNA level (n = 3); bP < 0.01 vs control unglycated BSA.B: COX-2 expression as measured by Western blotting. Cell lysates (30 µg of proteins/lane) were loaded
onto a 10% polyacrylamide gel. Size markers (kDa) are shown on the left. Equal protein loading was verified using an anti-b-actin antibody. As a positive control, A549
cells were incubated with phorbol 12-myristate 13-acetate (PMA: 100 nmol) for 6 h; C: The migratory capacity of Hep3B cells was evaluated using the Oris cell migration assay (n = 8). Cells were incubated with control unglycated BSA or Glycer-AGEs for 24 h, and the number of migrating cells was then assessed using a fluorescence microplate reader. RFU: Relative fluorescence units. The open and filled bars represent results for cells treated with control unglycated BSA and Glycer-AGEs,
respectively. Data are shown as the mean ± SD.
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Figure 4 Effect of glyceraldehyde-derived advanced glycation end-products on the angiogenesis of hepatocellular carcinoma cells. A and B: Hep3B and
HepG2 cells were incubated with control unglycated bovine serum albumin (BSA) or glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs) for 24 h.
Vascular endothelial growth factor (VEGF) mRNA expression was analyzed using real-time reverse transcription-polymerase chain reactions, and results were normalized to the b-actin mRNA level; C and D: Hep3B and HepG2 cells were incubated with control unglycated BSA or Glycer-AGEs for 24 or 48 h. The conditioned medium
was collected, and VEGF expression levels of the cells were determined by enzyme-linked immunosorbent assay. The open and filled bars represent results for cells
treated with control unglycated BSA and Glycer-AGEs, respectively. Data are shown as the mean ± SD (n = 3); bP < 0.01 vs control unglycated BSA.

with the CM-Glycer-AGEs treatment was significantly
higher than that of the CM-BSA treatment. In tube formation, the CM-Glycer-AGEs-treated HUVEC showed
an increased number of tube-like structures and larger
tube networks (Figure 6B). Furthermore, the number of
branching points for the CM-BSA or the CM-GlycerAGEs treatment were 71.0% ± 7.5% vs 112.4% ± 8.0% (P
< 0.01) (Figure 6C), and the number of branching points
with the CM-Glycer-AGEs treatment was significantly
higher than that of the CM-BSA treatment (Figure 6C).
These results showed that Glycer-AGEs enhance the
angiogenic potential of HCC cells by upregulating VEGF
expression.

virus is responsible for half of the recent increase in the
prevalence of HCC, the etiologies of 15%-50% of new
HCC cases remain unclear[23]. NASH, a component of
metabolic syndrome, is thought to be responsible for some
of these cases[15,16]. AGEs are one possible mechanistic
link between metabolic syndrome and NASH, and GlycerAGEs have been reported to be involved in NASH[8,24];
however, their role in HCC has barely been investigated.
A recent study suggested that the expression of RA
GE mRNA was lower in normal liver tissue than in the
liver cells of hepatitis and HCC patients. In addition, in
HCC, RAGE mRNA expression was high in well and
moderately differentiated tumors, but declined as the
tumors dedifferentiated to poorly differentiated HCC[19].
The Hep3B and HepG2 cells used in this experiment were
well-differentiated HCC cell lines. RAGE protein was
detected in both Hep3B and HepG2 cells and there was
no difference in its expression between the two cell lines.

DISCUSSION
The incidence of HCC in developed countries has been
increasing over the last 20 years[22]. Although hepatitis C
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Figure 5 Effect of glyceraldehyde-derived advanced glycation endproducts-treated CM on human umbilical vein endothelial cells proliferation. Cell viability was determined with the WST-8 assay. Human umbilical vein
endothelial cells were incubated with control unglycated bovine serum albumin
(BSA), glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs)
(100 µg/mL), CM-BSA, or CM-Glycer-AGEs for 72 h. The open and filled bars
represent results for cells treated with control unglycated BSA and Glycer-AGEs, respectively, and the light grey and the black grey bars represent results for
cells treated with CM-BSA and CM-Glycer-AGEs, respectively. Data are shown
as the mean ± SD (n = 6); bP < 0.01 vs CM-BSA.

CM-BSA

However, the effects of Glycer-AGEs differ between
Hep3B and HepG2 cells. A previous report found that
Hep3B cells activate AGEs signaling through RAGE[20].
On the other hand, it was reported that HepG2 cells did
not express the RAGE protein on their cell surfaces and
were not affected by Glycer-AGEs[25]. HepG2 cells were
also not affected by Glycer-AGEs in our study.
In this study, Glycer-AGEs did not increase cell grow
th or migration of Hep3B cells. However, Glycer-AGEs
slightly increased COX-2 protein expression levels in these
cells. This protein plays important roles in HCC malignancy by producing prostaglandin E2 (PGE2), including cell
growth, migration, and invasion[26,27], and PGE2 promotes
the migration of HCC cell lines in > 1.5 µg/mL[28-30]. Indeed, PGE2 protein expression levels induced by COX-2
increased by Glycer-AGEs, but the quantity was < 6
pg/mL (data not shown). The results imply that although
Glycer-AGEs induced increases in the expression levels
of COX-2 and PGE2 protein, they were not sufficient to
increase cell growth or migration.
On the other hand, Glycer-AGEs markedly increased
the VEGF protein expression levels of Hep3B cells.
VEGF is one of the most potent angiogenic factors[31],
and angiogenesis plays a significant role in HCC progression[32-34]. Proliferation, migration, and tube formation of
endothelial cells are important events in angiogenesis[35].
In addition, CM-Glycer-AGEs significantly increased
the proliferation, migration, and tube formation of HUVEC. The results suggested that Glycer-AGEs indirectly
increased angiogenesis in HCC. The formation of new
blood vessels is initiated by hypoxic or ischemic conditions[36]. Interestingly, it was reported that HCC cell lines
that are resistant to hypoxia displayed higher levels of
RAGE expression, and RAGE expression in these cell
lines increased under hypoxic conditions[19]. These results
suggest that Glycer-AGEs-RAGE signaling is increased

WJG|www.wjgnet.com
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Figure 6 Effect of glyceraldehyde-derived advanced glycation end-products-treated CM on human umbilical vein endothelial cells angiogenesis.
A: The migratory capacity of human umbilical vein endothelial cells (HUVEC)
was evaluated using the endothelial cell migration assay. Cells were incubated
with CM-bovine serum albumin (BSA) or glyceraldehyde-derived advanced glycation end-products-treated CM (CM-Glycer-AGEs) for 22 h, and the number
of migrating cells was assessed using a fluorescence microplate reader. RFU:
relative fluorescence units (n = 8); B and C: The tube formation of HUVEC was
evaluated using the endothelial cell tube formation assay (n = 5). Cells were
incubated with CM-BSA or CM-Glycer-AGEs for 12 h and then photographed
under a microscope (B); the number of branch points was counted (C). Magnification = 100 ×. The open and filled bars represent results for cells treated with
CM-BSA and CM-Glycer-AGEs, respectively. Data are shown as the mean ±
SD; aP < 0.05, bP < 0.01 vs CM-BSA.
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during the early stages of tumorigenesis, which occurs in
hypoxic conditions.
In summary, we have demonstrated that Glycer-AGEs-RAGE signaling enhances the angiogenic potential
of HCC cells by upregulating VEGF expression. These
results suggest that Glycer-AGEs-RAGE signaling plays
a critical role in the progression of HCC, and hence, is a
potential target for therapeutic intervention.
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RESULTS: This study ended in December 2009, because sample size was considered large enough. A total
of 44 patients were enrolled. Two patients in group B
were excluded from the analysis because small bowel
images could not be obtained from these patients; one
had a full stomach, while the other presented with a
massive gastric bleed. Thus, 22 patients from group
A and 20 patients from group B completed the study.
There was no significant difference in age (P = 0.22),
sex (P = 0.31), and indication for CE. No significant
adverse events occurred in any of the study patients.
In group A, image quality deteriorated as the capsule
progressed distally. However, in group B, image quality was maintained to the distal small bowel. In each of
the five segments, the visibility score was significantly
higher in group B than in group A (segment 1: 4.3 ±
0.7 vs 4.7 ± 0.5; P = 0.03, segment 2: 4.2 ± 0.9 vs
4.8 ± 0.4; P = 0.01, segment 3: 4.0 ± 1.0 vs 4.6 ±
0.7; P = 0.04, segment 4: 3.6 ± 1.1 vs 4.5 ± 0.6; P =
0.003, segment 5: 2.7 ± 1.0 vs 4.4 ± 0.8; P = 0.00004).
Thus, the use of PEG during CE examination significantly improved image quality in all time segments, and
this effect was more pronounced in the distal ileum.
The completion rate to the cecum was not significantly
different between groups A and B (81.8% vs 85.0%; P
= 0.89). There was no difference in the gastric transit
time between groups (36.2 ± 35.0 min vs 54.0 ± 56.6
min; P = 0.23), but the small bowel transit time was
significantly longer in group A than in group B (246.0 ±
107.0 min vs 171.0 ± 104.0 min; P = 0.04).

Abstract
AIM: To prospectively confirm whether a small amount
of polyethylene glycol (PEG) ingested after swallowing
endoscopy capsule improves image quality and completion rate.
METHODS: Forty-four consecutive patients referred
to us for capsule endoscopy (CE) were randomized to
two groups. All patients were restricted to clear fluids
for 12 h before the examination. Patients in group A (22
cases) received no additional preparation, while those
in group B (20 cases) ingested 500 mL of PEG within a
2 h period starting 30 min after swallowing the capsule.
Clear fluids and meals were allowed 2 h and 4 h after
capsule ingestion, respectively. Image quality was assessed as the percentage of visualized bowel surface
area as follows: 1: < 25%; 2: 25%-49%; 3: 50%-74%;
4: 75%-89%; 5: > 90%. The small bowel record was
divided into five segments by time, and the score for
each segment was evaluated. All CE examinations were
performed with the Pillcam SB capsule endoscopy sys-
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CONCLUSION: The ingestion of a small amount of
PEG after the swallowing of an endoscopy capsule
significantly improved CE image quality, but did not enhance the completion rate to the cecum.
© 2012 Baishideng. All rights reserved.
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Envelopes were provided by the study coordinator at our
institute. Gastroenterologists enrolled the participants,
and an assistant at the Endoscopy Center of our institute
assigned patients to group A or B by the envelope method. All patients were restricted to clear fluids for 12 h
before the examination, ingested 80 mg of simethicone
at the time of capsule ingestion, and were then placed in
the right lateral position for an hour. Patients in group A
received no further preparation, but 30 min after swallowing the endoscopy capsule, the patients in group B
ingested 500 mL of a PEG solution within a 2 h period.
Clear fluids and meals were allowed 2 h and 4 h after
capsule ingestion, respectively. After that, patients were
free to leave the hospital, with instructions to return at
the end of the 8 h study period to have the data recorder
removed. All CE examinations were performed with the
Pillcam SB capsule endoscopy system (Given Imaging
Co. Ltd., Yoqnem). A single experienced reviewer blinded
to the preparation analyzed each capsule study using
Rapid Reader 5 software (Given Imaging Co. Ltd.,). The
primary outcome measures of the study were CE image
quality and completion rate to the cecum, while the secondary outcome measures were gastric transit time (GTT)
and small bowel transit time (SBTT). The image quality
was evaluated only in cases in which the capsule reached
the cecum within the examination period. The visibility
of the mucosal surface was assessed as the percentage
of visualized bowel surface area as follows: 1: < 25%; 2:
25%-49%; 3: 50%-74%; 4: 75%-89%; 5: > 90% (8). The
small bowel record was divided into five segments by
time, and the score for each segment was evaluated. The
completion rate to the cecum was assessed based on the
CE images.
Based on the preliminary examination, the sample
size was determined based on the number of subjects
needed to detect a 15% change in the mean visualization
score and a 30% change in the mean transit time between
the two groups at P (alpha) = 0.05 and power = 0.70.
Interpretation of significance was adjusted for multiple
comparisons by the Bonferroni’s method. Parametric data
were expressed as mean ± SD. The Students’ two-sided
t-test was used to compare parametric data between the
groups. Nonparametric data were expressed as frequencies and were compared between the groups with the
c2 test. A P value of less than 0.05 was regarded as statistically significant in all tests. Patients in group B were
excluded from the analysis because small bowel images
could not be obtained from these patients; one had a full
stomach, while the other presented with a massive gastric
bleed. Thus, 22 patients from Group A and 20 patients
from group B completed the study. The demographic
data of the 2 groups, as well as the indication for each
CE, are shown in Table 1. There was no significant difference in age (P = 0.22), sex (P = 0.31), and indication
for CE. No significant adverse events occurred in any
of the study patients. In group A, the image quality deteriorated as the capsule progressed distally. However, in
group B, image quality was maintained to the distal small
bowel (Figure 1). In each of the 5 segments, the visibility
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INTRODUCTION
Capsule endoscopy (CE) is the first-line procedure to explore small bowel pathology[1-4]. The preparation for CE
suggested by the manufacturers of CE systems consists
only of a clear liquid diet and an 8 h fast. Preparing the
bowel with simethicone has been reported to bring about
significantly better visibility by reducing intraluminal
bubbles[5,6]. The diagnostic yield of CE, however, can be
limited due to reduced visibility of the mucosal surface
caused by residual material or dark colored bile, especially
in the distal small bowel. In addition, CE sometimes fails
to reach the cecum within the battery life of the capsule,
resulting in a failure to visualize the distal small intestine[7]. It has been suggested that ingesting a small amount
of polyethylene glycol (PEG) after the ingestion of the
capsule may improve both the quality of the CE images and the likelihood that the cecum will be visualized
before the capsule’s battery life ends (completion rate to
the cecum)[8,9]. This study aimed to prospectively confirm
whether a small amount of PEG solution ingested after
the swallowing of the endoscopy capsule improves CE
image quality and the completion rate to the cecum.

MATERIALS AND METHODS
This study was a single-center, prospective, single-blind,
parallel, randomized controlled trial that was approved
by the ethical committee at Kanto Medical Center NTT
EC. This study was registered on February 9, 2009 in the
UMIN-Clinical Trials Registry with a test ID of UMIN
000001696 (https://upload.umin.ac.jp/cgi-bin/ctr/ctr.
cgi?function=brows and action=brows and type=detail
and recptno=R000002039 and admin=0 and language=J)
and was carried out in our hospital during a period from
March 2009 to December 2009. Written informed consent was obtained from all patients, and the study was
carried out in accordance with the Declaration of Helsinki (1989). There was no funding or other support for
this study.
Patients referred to our institution for CE during the
aforementioned period were prospectively randomized
by the envelope method to group A or B. Randomization was done by means of sealed opaque envelopes.
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that of a view through natural intestinal fluid. The PEG
solution was given starting 30 min after the swallowing
of the capsule because the median pylorus passing time
of an endoscopic capsule is approximately 20 min in our
department (data not shown).
The present study confirmed that a small amount
of PEG given after endoscopy capsule ingestion significantly improves image quality, especially in the lower segments of the small intestine. As CE imaging is disturbed
by residual material or dark colored bile, especially in the
distal small bowel, we feel that the image enhancing effect
of this intervention is of significant worth. Furthermore,
this procedure causes almost no discomfort to patients.
In regards to the completion rate to the cecum, conflicting results have been reported. Some have suggested
that purgatives have completion enhancing effects[10,11]
while others have failed to show such an effect[12,16,18,19].
Our previous retrospective study described above suggested that a small amount of PEG given after capsule
ingestion may improve the cecal completion rate of
CE[8],but the present prospective single blinded randomized study failed to confirm that effect. However, the
present study did show that the SBTT is shortened by
this enhancement. Therefore, the administration of an
additional intervention that can shorten the GTT in conjunction with a small amount of PEG given after capsule
ingestion may be useful in improving completion rate.
One intriguing possibility for such an intervention would
be prokinetics, as they have been suggested to shorten
the GTT and improve completion rate to the cecum[21-25].
In conclusion, we show that as little as 500 mL of a
PEG solution given after the swallowing of an endoscopy capsule can significantly improve the quality of the
CE images in a prospective randomized study. Therefore,
we recommend the ingestion of a small amount of PEG
after the swallowing of the capsule as a standard enhancement of CE.

Group A
Group B

5

Visibility score

4
3
2
1
0
1

2

3

4

5

Segment of small bowel

Figure 1 Visualization scores of groups A and B.

score was significantly higher in group B than in group A
(segment 1: 4.3 ± 0.7 vs 4.7 ± 0.5; P = 0.03, segment 2: 4.2
± 0.9 vs 4.8 ± 0.4; P = 0.01, segment 3: 4.0 ± 1.0 vs 4.6 ±
0.7; P = 0.04, segment 4: 3.6 ± 1.1 vs 4.5 ± 0.6; P = 0.003,
segment 5: 2.7 ± 1.0 vs 4.4 ± 0.8; P = 0.00004). The completion rate to the cecum was not significantly different
between groups A and B (81.8% vs 85.0%; P = 0.89) (Table
2). There was no difference in the GTT between groups
(36.2 ± 35.0 min vs 54.0 ± 56.6 min; P = 0.23), but the
SBTT was significantly longer in group A than in group
B (246 ± 107 min vs 171 ± 104 min; P = 0.04).

DISCUSSION
Some studies have suggested that bowel preparation that
utilizes large amounts of purgatives can lead to higher
quality CE images and/or accelerate the gastrointestinal
transit of the CE[10-15]. On the other hand, others have
failed to demonstrate image quality improvement in studies utilizing a large amount of purgatives in the bowel
preparation[16-20]. All of these studies examined the effects
of bowel preparation given prior to CE. In the present
study, we examined the effects of PEG on CE image
quality and completion rate to the cecum when PEG is
given during, not before, the CE procedure. One great
advantage of CE is its extreme non-invasiveness. However, it is a considerable burden for patients to have to
take the large amount of purgatives needed as preparation for CE. Thus, we previously tried to see whether a
small amount of PEG given during the CE procedure
could improve the CE image quality and completion rate.
In that retrospective study, we suggested that such an enhancement may improve both CE image quality and cecal
completion rate[8]. The present study was undertaken to
confirm those effects in a prospective randomized controlled study. PEG passes smoothly through the intestine.
As such, it is assumed to move much faster through
the intestine than an endoscopy capsule. Therefore, if
PEG is given before capsule ingestion, it may well be
completely cleared from an area of the intestine by the
time the endoscopy capsule reaches that area. Thus, we
administered the solution after capsule ingestion. In addition, PEG is completely transparent. As such, the clarity
of a view through PEG was thought to be superior to
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Capsule endoscopy (CE) is the first-line procedure to explore small bowel pathology. The preparation for CE suggested by the manufacturers of CE systems
consists only of a clear liquid diet and an 8 h fast. Preparing the bowel with
simethicone has been reported to bring about significantly better visibility by
reducing intraluminal bubbles. The diagnostic yield of CE, however, can be limited due to reduced visibility of the mucosal surface caused by residual material
or dark colored bile, especially in the distal small bowel. In addition, CE sometimes fails to reach the cecum within the battery life of the capsule, resulting in
a failure to visualize the distal small intestine.

Research frontiers

It has been suggested that ingesting a small amount of polyethylene glycol
(PEG) after the ingestion of the capsule may improve both the quality of the
CE images and the likelihood that the cecum will be visualized before the
capsule’s battery life ends (completion rate to the cecum). This study aimed to
prospectively confirm whether a small amount of PEG solution ingested after
the swallowing of the endoscopy capsule improves CE image quality and the
completion rate to the cecum.

Innovations and breakthroughs

In the present study, the beneficial effects of a small amount of PEG solution on
CE image quality were demonstrated in a prospective single-blinded random-
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ized controlled study. In the study group without preparation, the image quality
deteriorated as the capsule progressed distally. However, in the group that took
500 mL of PEG solution after capsule ingestion, image quality was maintained
to the distal small bowel.

8
9

Applications

Ingestion of as little as 500 mL of PEG solution brings about an excellent clarity
in CE images without any discomfort. This study prospectively confirmed the
suggested beneficial effect of PEG solution on CE images, and can provide evidence for an effective, safe, cost-effective and minimally invasive preparation of
capsule endoscopy in clinical practice.

10
11

Peer review

Here is an interesting single-blinded prospective randomized controlled study
regarding the effects of PEG on capsule endoscopy image quality and completion rate to the cecum when PEG is given during, and not before, the capsule
endoscopy procedure. Data on this topic is limited and therefore the study is
welcome. What is more, the study has an excellent methodology and the results are really interesting.
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RESULTS: Fifty-six percent of the tumors showed positive cytoplasmic COX-2 expression, whereas 44% of
cases were completely COX-2-negative. There were
no significant correlations between COX-2 expression
and sex, age, grade or tumor location. However, COX-2
expression revealed a significant correlation with tumor
stage (P = 0.01) and distant metastasis (P = 0.02), and
a borderline association with lymph node involvement (P
= 0.07). Tumors with high COX-2 expression showed a
higher recurrence rate than tumors with no expression
(P < 0.009). In univariate Kaplan-Meier survival analysis, there was a significant (P = 0.026) difference in
disease-free survival between COX-2-positive and negative tumors in favor of the latter. COX-2 expression did
not significantly predict disease-specific survival, which
was much shorter for COX-2-positive tumors. In multivariate (COX) models, COX-2 did not appear among
the independent predictors of disease-free survival or
disease-specific survival.
CONCLUSION: COX-2 expression seems to provide
useful prognostic information in CRC, while predicting
the patients at high risk for recurrent disease.
© 2012 Baishideng. All rights reserved.

Key words: Colorectal carcinoma; Cyclo-oxygenase-2; Immunohistochemistry; Disease outcome; Adjuvant therapy

Abstract
AIM: To correlate cyclo-oxygenase-2 (COX-2) expression profile with clinical and pathological variables to
assess their prognostic/predictive value in colorectal
carcinoma (CRC).

Peer reviewer: Robert C Moesinger, MD, FACS, Northern
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METHODS: Archival tumor samples were analyzed using immunohistochemistry for COX-2 expression in 94
patients with CRC. Patients were diagnosed and treated
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Table 1 Correlation between cyclooxygenase-2 expression
and clinicopathological features of colorectal carcinoma
Features

INTRODUCTION

Sex
Male
Female
Age group (yr)
< 60
> 60
LN involvement
Yes
No
Distant metastasis
Yes
No
Tumor stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Tumor grade
Well
Moderate
Poor
Tumor location
Right colon
Left colon
Recurrence
Yes
No
Unknown

Numerous epidemiological and clinical studies have
shown that non-steroidal anti-inflammatory drugs (NSA
IDs) can reduce the number and size of adenomas in
patients with familial adenomatous polyposis and decrease the incidence of colorectal cancer (CRC)[1,2]. Recent studies have shown that regular use of aspirin after
the diagnosis of CRC is associated with a lower risk of
mortality, particularly when the tumors overexpress cyclooxygenase-2 (COX-2)[3,4]. It is suggested that this effect
is mediated through inhibition of COX-2, an enzyme
involved in prostaglandin metabolism, inflammation and
carcinogenesis[4,5]. Elevated levels of COX-2 have been
detected in 85%-95% of CRC samples, and in 40%-50%
of adenomas, and elevated mRNA levels of COX-2 in
86% of CRC and 43% of adenomas, in contrast to no
or weak expression of COX-2 protein or mRNA in normal colorectal mucosa[6,7]. There is some recent evidence
that COX-2 is related to apoptosis inhibition, induction
of Bcl-2 expression, as well as stimulation of angiogenesis[8-10]. However, the role of COX-2 in colorectal carcinogenesis remains unclear.
Increased COX-2 expression has been reported in
several human malignancies including uterine cervix[11],
non-small cell lung carcinoma[12], prostate[13], stomach[9]
and breast cancer[14], as well as in nonepithelial tumors
such as gastrointestinal stromal tumors[15] and Hodgkin’s
lymphoma[16]. The aim of the present study was to explore the relationship between COX-2 expression profile
and clinicopathological features of CRC as well as its
value as a predictor of disease outcome.

COX-2 expression
Negative

Positive

48 (51)
46 (49)

21
20

27
26

47 (50)
47(50)

22
19

25
28

60 (64)
34 (36)

22
19

38
15

33 (35)
61 (65)

11
30

22
31

32 (34)
62 (66)

20
21

12
41

25 (27)
56 (60)
11 (13)

11
26
3

14
30
8

38 (40)
56 (60)

16
25

22
31

31 (33)
38 (40)
25 (27)

11
19

20
19

P value
0.97

0.59

0.07

0.02

0.01

0.50

0.80

0.22

LN: Lymph node; COX-2: Cyclooxygenase-2.

and subjected to immunohistochemistry using the Avidin
Biotin detection system, following the manufacturer’s
instructions. The antibody used was a mouse anti-human
COX-2 monoclonal antibody (Dako Cytomation Norden
A/S, Glostrup, Denmark; dilution 1:50). Immunohistochemistry was carried out by an automatic immunostainer
(Ventana Bench Mark XT; Ventana Inc., Tucson, AZ,
United States). In each analysis, positive controls were
used consisting of CRC samples previously shown to
stain with this antibody. Tris-buffered saline in place of
the primary antibody was used as a negative control.

MATERIALS AND METHODS
The material of the present study consists of a series of
94 CRC specimens, retrospectively collected from the
archives of Anatomical Pathology Laboratory in King
Abdulaziz University, Jeddah, Saudi Arabia, covering
the period from January 2005 to December 2009. Serial
sections were cut from paraffin blocks, stained with hematoxylin and eosin for routine histological examination,
classification, grading and staging following the American
Joint Committee on Cancer staging system[17]. The pertinent clinicopathological data (sex, age, stage, grade and
lymph node status), and follow-up results were retrieved
from the patients’ records after obtaining the relevant
ethical approval (Table 1). The mean age of the patients
was 58 years (median: 59 years, range: 24-90 years).

Interpretation of immunohistochemical staining
Cells were considered positive for COX-2 when distinct
cytoplasmic yellow to brown staining was identified. The
extent and intensity of the staining were recorded on a
scale from 0 to +++; +++ implied strong staining that
was maximally intense throughout the specimen, and 0
implied negative staining. When dichotomized for statistical risk assessment [odds ratio (OR) calculation], negative
(-) and weak (+) staining were defined as low expression,
whereas moderate (++) and intense (+++) staining were
included in the high expression category.

Immunohistochemical procedures
Four-micrometer-thick tissue sections were cut from the
paraffin blocks (containing both tumor and benign tissues), mounted on charged poly-l-lysine-coated slides,
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n (%)

Statistical analysis
Statistical analyses were performed using SPSS (IBM,
New York, NY, United States) and Stata (Stata Corp.,
College Station, TX, United States) software (PASW Sta-
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A

B

Figure 1 Cyclooxygenase-2 expression. A: Strong diffuse brown cytoplasmic cyclooxygenase-2 (COX-2) expression in colorectal adenocarcinoma cells, in contrast
to negative expression in normal colonic cells; B: Negative COX-2 expression in poorly differentiated colorectal adenocarcinoma. Note the positive expression of stromal inflammatory cells.

Figure 2 Diffuse positive cytoplasmic cyclooxygenase-2 expression of mucoid carcinoma.

tistics for Windows, version 18.0.2 and STATA/SE version 11.1). Frequency tables were analyzed using the χ 2
test, with likelihood ratio or Fischer’s exact test to assess
the significance of the correlation between the categorical variables. OR and 95% confidence interval (CI) were
calculated when appropriate, using the exact method.
Differences in the means of continuous variables were
analyzed using nonparametric tests (Mann-Whitney or
Kruskal-Wallis) for two and multiple independent samples, respectively. Analysis of variance was only used to
derive the mean values (and 95% CI) of each individual
stratum. Univariate survival analysis for the outcome
measure [disease-specific survival (DSS) and disease-free
survival (DFS)] was based on the Kaplan-Meier method,
with log-rank (Mantel-Cox) comparison test. To assess
the value of COX-2 as an independent predictor, multivariate survival analysis was performed, using the Cox
proportional hazards regression model, controlling for
the confounding by the following variables: age, sex,
tumor localization, tumor stage, grade, (for DFS), and
recurrence as additional variable for DSS. In all tests, P <
0.05 was regarded as statistically significant.

expression, but weak cytoplasmic expression was detected
in a few inflammatory mononuclear cells (Figure 1). In
cancer cells, COX-2 expression appeared as yellow-brown
staining and was observed mainly in the cytoplasm and
occasionally in the nuclear envelope (Figures 1 and 2). Expression was high in 53 (56%) cases, and low in 41 cases
(44%).
Correlation of cyclo-oxygenase-2 expression with the
clinicopathological features
The associations between COX-2 expression and clinicopathological features are presented in Table 1. Sex, age,
grade, or tumor location had no significant relationship
with the expression of COX-2. However, the tumor
stage and distant metastasis were significantly associated
with COX-2 expression, with higher expression being
more common in advanced tumors (P < 0.01), and fewer
distant metastases being found in tumors with negative
expression (P < 0.02). Of particular interest was the borderline association between lymph node (LN) involvement and expression of COX-2 (P < 0.07); 63% of the
tumors with LN involvement tested positive for COX-2,
whereas only 37% of the cases with no COX-2 expression had LN involvement.
Similarly, COX-2 expression showed a clear association with DFS in that the patients who developed early
recurrence (22 mo) had positive COX-2 expression, in

RESULTS
Cyclo-oxygenase-2 expression profiles
Normal colorectal mucosa showed no or weak COX-2
WJG|www.wjgnet.com
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A

B

1.0

1.0
0.8

Cumulative survial

Cumulative survial

0.8
Negative

0.6

0.4

Positive

Negative

0.4

Positive
0.2

0.2

0.0

0.6

Kaplan-Meier; log-rank test: P = 0.02
0

12

24

36

48

0.0
60

72

Kaplan-Meier; log-rank test: P = 0.318
0

84

Recurrence free survival (mo)

12

24

36

48

60

72

84

96

Disease specific survival (mo)

Figure 3 Impact of cyclooxygenase-2 expression on survival in univariate (Kaplan-Meier) analysis. A: Disease-free survival (P = 0.026); B: Disease-specific
survival (P = 0.318).

present with relapse and eventually die of their disease[20].
Prediction of disease outcome in individual patients after
curative resection is still far from reliable[21]. However,
there is some hope for improvement, and in fact, our
results suggest that COX-2 expression assessed by immunohistochemistry might be helpful in this respect. In
addition, more rational decisions can be done as soon as
we learn more of the markers and other diagnostic tools
for accurate prediction of disease outcome in individual
patients[22,23].
On the basis of the present results, we do believe that
this detection can be improved using the assessment of
COX-2 expression in the primary tumors. In this assessment, quantifying the COX-2 expression seems to be important. We compared different methods of grading this
expression, and found the dichotomized negative/positive grading to provide the most consistent and meaningful correlations to the clinicopathological variables and
outcome. This leads us to suggest that classifying CRCs
as COX-2 positive/negative is the clinically most relevant
approach.
In our series, 56% of the primary CRCs expressed
COX-2, whereas the results in previous studies have show
that COX-2 was expressed in 85%-95% of CRCs [6,7].
This implies its important role in cancer progression. The
discrepancy of these observations might be explained by
differences in the technical aspects of recording COX-2
expression or by differences of interpretation of expression profiling. The possibility that these discrepancies may
have a genetic basis is one favored hypothesis. However,
the markedly different expression of COX-2 in normal
and cancer tissues substantiates the view that paracrine effects in the crosstalk between normal and cancer cells are
likely to be involved in the upregulation of COX-2 in the
tumor tissue.
In the present cohort, several potentially important
observations were made, all implying that the quantitatively measurable COX-2 expression in tumor cells could

contrast to those with no expression of COX-2 who developed recurrence much later (32 mo) (P = 0.009). The
same trend was observed in DSS time, with patients with
COX-2 negative tumors living significantly longer (P =
0.009).
In Kaplan-Meier survival analysis, there was a significant (P = 0.02) difference in DFS between patients with
COX-2-negative tumors (longer DFS) and those with
COX-2-positive tumors (Figure 3A). As to DSS, COX-2
did not show any predictive power in Kaplan-Meier analysis (P = 0.32) (Figure 3B).
To assess the value of COX-2 as an independent
predictor, a multivariate survival analysis was done, using
the Cox proportional hazards regression model controlling for confounding by the following covariates: age, sex,
tumor localization, T, grade, (for DFS), and recurrence
as additional variable for DSS. In the final multivariate
model, only tumor grade (P = 0.023) and tumor stage (P
= 0.0001) remained significant predictors of DFS, decreasing with progressing dedifferentiation and increasing
stage, as expected. In a similar model for DSS (including
recurrence as a covariate), none of the included covariates were independent predictors of DSS.

DISCUSSION
The aims of the present study were to cast further light
on the issues related to prognostication of CRC, and
assess the value of COX-2 expression profiles as predictive and prognostic markers. We focused on stage Ⅱ-Ⅳ
disease, in which molecular and other markers may help
to pinpoint a subgroup of patients who would eventually
benefit from the use of adjuvant therapy. This important therapeutic decision involves a careful weighing of
the risks of drug toxicity and complications against the
potential curability of the disease[18]. It is well established
that early CRCs can be cured with radical surgical resection alone[19]. Unfortunately, however, some 30% of all
patients who undergo curative resection subsequently
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provide significant prognostic information in CRC. First,
positive expression of COX-2 was more common among
advanced stage tumors than in early stage tumors. This is
in agreement with a study by Lim et al[24] who showed that
COX-2 expression was correlated with the depth of invasion and advanced tumor stage. Similarly, we observed a
significant correlation between COX-2 expression and
distant metastasis, and tumors with more COX-2 expression revealed more distant metastasis than did those
with no expression. This observation also substantiates
the data of Tomozawa et al[25], who have reported that
COX-2 overexpression was significantly associated with
tumor recurrence, and especially with hematogenous metastasis. In contrast to these results, however, the study by
Fujita et al[26] failed to establish any correlation between
COX-2 overexpression and metastasis.
A trend with borderline significance was observed
between COX-2 and LN involvement; 63% of the tumors with LN involvement showed positive expression
of COX-2, whereas only 37% of the cases not expressing
COX-2 had LN involvement. Xiong et al[27] have reported
that among 45 cases of CRC with LN metastasis, COX-2
detection rate was 87% in the primary tumors, whereas
diffuse cytoplasmic COX-2 staining in the cancer cells
was detected in 100% of the LN metastatic lesions. The
preferential expression of COX-2 in LN metastases is
consistent with the view of clonal selection of tumor cells
with COX-2 expression, conferring upon them a growth
advantage with a higher potential of metastasis. This
could be how COX-2 expression is related to progression
of CRC. Altogether, these observations implicate COX-2
as a biological factor that might affect the behavior of
tumor cell populations. Some studies have shown that
higher expression of COX-2 is found in benign breast tissue adjacent to breast carcinoma[28].
Obviously, one of the most important observations
of the present study is that linking COX-2 expression
with disease outcome, that is, disease recurrence and
length of DFS. This is clinically relevant for several reasons. Some CRC patients at different stages are at high
risk of recurrence, thus, it is of paramount importance
to develop reliable markers that accurately predict those
patients so that they may be considered for adjuvant therapy. In the present series, 37% of the patients eventually
developed a recurrent disease within the median followup time of 15.6 mo (mean, 22 mo; range: 15.8-28.2 mo).
This is a substantially high rate, particularly for a group
of LN-negative (stage Ⅱ) CRC patients. Importantly, our
data showed that the patients who developed an early recurrence (mean DFS of 22 mo) had positive COX-2 expression, in contrast to patients with negative expression,
who developed recurrence with a significantly longer
delay (mean DFS of 32 mo).
As shown in Figure 3, at 5 years follow-up, only 40%
of the patients with negative COX-2 expression had recurrence, as compared to 85% of those with COX-2expressing tumors. This is in agreement with the study
by Wan et al [29], who showed that the recurrence and
metastasis rates were significantly higher in COX-2-posi
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tive patients than in their negative counterparts. Similarly,
Tomozawa et al[25] also have found that COX-2 overexpression was correlated with disease recurrence and hematogenous metastasis, with DFS time being significantly
shorter for patients with high expression of COX-2
compared with low expression. Furthermore, COX-2 was
the only independent predictor of survival time when adjusted for other prognostic factors, including age, histological type, and tumor size and stage. Therefore, COX-2
overexpression is considered to be correlated with recurrence and metastasis of CRC. Tsujii et al[30] also have
found that metastatic potential increases with COX-2
overexpression. These important results suggest that selective COX-2 inhibitors might be useful chemopreventive agents, not only in growth of the primary tumor but
also for prevention of hematogenous metastasis of CRC.
When adjusted for other potential predictors in multivariate Cox regression model, COX-2 expression lost its
value as a significant independent predictor of DFS.
As to DSS, COX-2 expression was shown to be high
(positive) more often among patients who eventually died
of their disease as compared with those staying alive at
the completion of the follow-up, although the difference
was not significant (P = 0.30). However, the difference in
DSS time between COX-2-positive and -negative tumors
was significant (P = 0.009); being shorter for the former.
However, this difference did not appear significant in
univariate (Kaplan-Meier) or multivariate (Cox) survival
analysis. These observations suggest that CRC tumors
with positive COX-2 expression are at high risk for local
or distant recurrence and, because of the strong adverse
impact of the latter on survival (i.e., none of the patients
without recurrence died of disease in our cohort), these
patients are also more likely to eventually die of their disease. These patients should be appropriate candidates for
close and frequent postoperative follow-up and eventual
adjuvant therapy.
Taken together, COX-2 expression did not correlate
with sex, age or tumor grade, as confirmed by other studies[27,31]. However, COX-2 expression showed significant
associations with tumor stage and metastasis. Furthermore, positive COX-2 staining was related to a higher
recurrence rate as compared to COX-2-negative tumors,
suggesting a link towards development of a metastatic
phenotype. Finally, positive COX-2 expression was associated with shorter DSS, as compared with COX-2negative CRCs, implying some differences in the inherent
malignancy of CRC that become manifest after a reasonable follow-up period. To elucidate this fully, however,
we would need a larger cohort and a substantially longer
follow-up time to provide the basis for clinical trials that
evaluate the contribution of COX-2 inhibitors in therapy
and prevention of CRC.
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colorectal cell lines, which may partially explain the COX-2-mediated tumor
growth. Thus, in addition to COX, functional defects in PLA2 in tumor cells may
interfere with the regulatory mechanisms of tumor growth. Therefore, COX-2
represents a potential molecular target in colorectal management and specific
COX-2 inhibitors may be useful as chemopreventive as well as therapeutic
agent in humans.

9

10
11

Research frontiers

It is mandatory to find new prognostic factors capable of identifying high-risk
stage Ⅱ CRC patients for better targeting of treatment options.

Innovations and breakthroughs
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COX-2 expression did not correlate with sex, age or tumor grade, as confirmed
by other studies. However, COX-2 expression showed significant associations
with tumor stage and metastasis. Furthermore, positive COX-2 staining was
related to a higher recurrence rate as compared to COX-2-negative tumors,
suggesting a link towards development of a metastatic phenotype. Finally, positive COX-2 expression was associated with shorter disease-specific survival, as
compared with COX-2-negative CRC, implying some differences in the inherent
malignancy of CRC that become manifest after a reasonable follow-up period.
To elucidate this fully, however, we would need a larger cohort and a substantially longer follow-up time to provide the basis for clinical trials that evaluate the
contribution of COX-2 inhibitors in therapy and prevention of CRC.
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Applications

Quantification of COX-2 expression seems to provide valuable prognostic information in CRC, particularly in selecting the patients at high risk for recurrent
disease who might benefit from adjuvant therapy.
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Peer review

Although this manuscript makes the point that COX-2 expression can predict
disease outcomes in CRC, it is clear that COX-2 expression is not an independent predictor, and in fact, in the multivariate analysis, only tumor grade and
stage were independent predictors.
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73%, P < 0.001) and had undergone endoscopy more
frequently (88% vs 36%, P < 0.001) than physicians.
Absence of hernia was the most common reason for
NOTES preference in physicians (80% vs 44%, P =
0.003), whereas reduced pain was the most common
reason in patients (66% vs 52%). Physicians were
more likely to refuse NOTES as a novel and unsure
technique (P < 0.001) and having an increased risk of
infection (P < 0.001). The preferred access site in both
groups was colon followed by stomach, with vagina being rarely preferred. In multivariable modeling, those
with high-school education [odds ratio (OR): 2.68, 95%
confidence interval (CI): 1.23-5.83] and prior colonoscopy (OR: 2.10, 95% CI: 1.05-4.19) were more likely
to prefer NOTES over laparoscopic appendectomy.
There was a steep decline in NOTES preference with
increased rate of procedural complications. Male patients were more likely to consent to their wives vaginal
NOTES appendectomy than male physicians (P = 0.02).

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To investigate perception of natural orifice transluminal endoscopic surgery (NOTES) as a potential
technique for appendectomy.

Key words: Natural orifice transluminal endoscopic surgery; Patient perception; Physician perception; Appendectomy

METHODS: One hundred patients undergoing endoscopy and 100 physicians were given a questionnaire
describing in detail the techniques of NOTES and laparoscopic appendectomy. They were asked about the
reasons for their preference, choice of orifice, and extent of complication risk they were willing to accept.

Peer reviewer: Dr. Stefan von Delius, Klinikum rechts der

CONCLUSION: The preference of NOTES for appendectomy was greater in patients than physicians and
was related to reduced pain and absence of hernia
rather than lack of scarring.

Isar, Ⅱ. Medizinische Klinik, Ismaninger Str. 22, 81675 Munich, Germany
Hucl T, Saglova A, Benes M, Kocik M, Oliverius M, Valenta
Z, Spicak J. Patient and physician perception of natural orifice
transluminal endoscopic appendectomy. World J Gastroenterol
2012; 18(15): 1800-1805 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i15/1800.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i15.1800

RESULTS: Fifty patients (50%) and only 21 physicians (21%) preferred NOTES (P < 0.001). Patients
had previously heard of NOTES less frequently (7% vs

WJG|www.wjgnet.com

1800

April 21, 2012|Volume 18|Issue 15|

Hucl T et al . Perception of NOTES

pendicitis and its management in detail. The technique
of laparoscopic appendectomy with its benefits and
risks was explained. Then, the concept of NOTES was
described; stating clearly that it is still an experimental
technique with its benefits and risk being only estimated.
It was stated that the technique was not available in our
hospital and that the response of the patients would in
no way influence their further medical management.
This information was followed by a list of 12 questions. Age, sex, educational status, prior awareness of
NOTES and prior experience with endoscopy or laparoscopy were queried first. Then, preference between NO
TES and laparoscopic appendectomy was determined.
Those who preferred laparoscopy were asked for reasons
for their preference with options being safety and efficiency of the technique, willingness to tolerate scars and
pain, and because NOTES is new, concerns about the
technique and risk of infection. The options offered to
those preferring NOTES were less pain, absence of scars
and hernia, and a new unique technique. Patients who
chose NOTES were asked to score their preference for
access site (1, 2 or 3, mouth/stomach, anus/colon, vagina
in women). Men were also asked if they would object to
a vaginal NOTES procedure for their wives. Those who
preferred NOTES were asked about their tolerance for
procedure-related complications (less, equal to, 1.5 times
or two times greater than that of laparoscopic appendectomy), given a complication rate of laparoscopic appendectomy of around 8%.

INTRODUCTION
Minimally invasive surgery has been challenging traditional open surgery. Laparoscopic surgery is less traumatic than open surgery, and is generally associated with
fewer local and systemic complications, less postoperative
pain, faster recovery and better cosmesis[1]. Natural orifice transluminal endoscopic surgery (NOTES) is a novel
technique that takes advantages of natural orifices. It may
be even less invasive than traditional laparoscopic surgery
because it avoids abdominal incisions[2]. To date, a variety
of surgical procedures using natural orifices have been
performed in animals and humans[3,4].
The advantages of NOTES have not yet been fully
confirmed in randomized trials[4], but are expected to include lack of scarring, a less profound systemic response,
faster recovery, less pain and absence of hernia. Due to
limited maneuverability and lack of efficient and safe closure of NOTES access sites, hybrid procedures involving
additional laparoscopic instruments or vaginal access with
hand-sutured closures have been used in most human
procedures[5-7]. The overall complication rates reported
in the first human studies have not exceeded those of
laparoscopic surgery, but these findings remain to be
proven in controlled trials[7]. Ultimately, the acceptance of
NOTES procedures by both patients and physicians will
be crucial in determining whether this new approach will
become a part of our routine clinical practice.
Results of the few studies that have addressed the
perception of NOTES have been variable. A very high
patient preference of almost 80% for NOTES over laparoscopic cholecystectomy has been reported[8]. In contrast,
the perception of NOTES among surgeons in another
survey was receptive overall, but more cautious[9]. The aim
of our study was to evaluate the perception of NOTES
appendectomy among patients and physicians. Furthermore, we aimed to determine reasons for their preference,
the preferred access site, and the extent of acceptable
complication risk.

Statistical analysis
We hypothesized a 56% preference of NOTES based
on evidence available at the time of study design[10]. We
expected physicians’ preference to be 75% of that of patients. Thus, assuming a power of 0.8 and α of 0.05, 99
patients and physicians needed to be included to show a
statistically significant difference.
Data were analyzed for all participants overall and for
both groups separately. The between-group differences
were compared using a two-sample t test for continuous
variables and Fisher’s exact test for categorical variables.
Odds ratio (OR) and 95% confidence interval (CI) were
calculated. A two-tailed P < 0.05 was required for statistical significance. To assess the effect of individual factors,
multiple logistic regression was used. Analyses were performed using R software for statistical computing[11].

MATERIALS AND METHODS
Patients and physicians
A group of consecutive patients scheduled to undergo
procedures in the endoscopy unit were given a questionnaire by a staff member and asked to complete it
anonymously. Physicians in various departments of our
hospital (cardiology, cardiac surgery, gastroenterology,
general surgery, diabetology, nephrology and radiology)
also participated in the study and were given the same
questionnaire. One hundred questionnaires were completed by each group and were evaluated. Participation
in the study was voluntary. Only subjects with an intact
appendix were included. Prior to beginning the study, the
questionnaire was evaluated for consistency and clarity in
a group of 20 medical students.

RESULTS
Patients vs physicians
Questionnaires were obtained from a 100 patients and
100 physicians, and evaluated. Characteristics of the study
subjects are summarized in Table 1. Fifty-six patients (56%)
and 53 physicians (53%) were male. The mean age of
patients was higher than that of physicians (52 years vs 41
years, respectively, P < 0.001). Previously, 88 patients (88%)
had an endoscopy; 67 (67%) had upper gastrointestinal
endoscopy and 60 (60%) had colonoscopy. Only 36 phy-

Questionnaire
The first page of the questionnaire described acute ap-
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Table 2 Association between participant characteristics and
natural orifice transluminal endoscopic surgery preference

Table 1 Characteristics of survey participants n (%)
Patients
Age (yr)
Men
Education
Graduate
High school
Elementary school
Heard of NOTES
Prior endoscopy
Prior laparoscopy
NOTES preference
Laparoscopy preference
Reasons for preference
Pain
Cosmesis
Absence of hernia
Access site preference
Colon
Stomach
Vagina
Approval of wife’s NOTES
a

Physicians

52 (mean)
56 (56)

41 (mean)
53 (53)

28 (28)
58 (58)
14 (14)
7 (7)a
88 (88)a
20 (20)
50 (50)a
50 (50)a

100 (100)
0 (0)
0 (0)
73 (73)
36 (36)
9 (9)
21 (21)
79 (79)

33 (66)
15 (30)
22 (44)a

11 (52)
11 (52)
17 (80)

25 (50)
19 (38)
6 (12)
42/49 (86)a

12 (57)
8 (38)
1 (5)
29/46 (63)

Female
Age
High school education1
Elementary education1
Heard of NOTES
Prior colonoscopy
Prior laparoscopy

60
40
20

Patients
Physicians

less
100
100

1.5 ×
equal
82
67

1.5 ×
18
5

2×
2×
10
0

Figure 1 Varying complication rates relative to laparoscopic appendectomy and preference for natural orifice transluminal endoscopic surgery.

sicians (36%) had a previous endoscopy (P < 0.0001); 28
(28%) had upper gastrointestinal endoscopy (P < 0.0001)
and 14 (14%) had colonoscopy (P < 0.0001). There was
no statistically significant difference in prior laparoscopy
experience (20 patients vs nine physicians, P > 0.05).
Fifty patients (50%) and only 21 physicians (21%)
preferred NOTES over laparoscopic appendectomy (P
< 0.01). For the patients, the OR for NOTES preference
was 1 (95% CI: 0.676-1.480), and none of the queried
characteristics influenced the preference for NOTES.
For physicians, the OR for NOTES preference was low
(OR: 0.152, 95% CI: 0.069-0.337). However, the OR for
NOTES preference was significantly higher in female vs
male physicians (OR: 2.875, 95% CI: 1.044-7.919).
The most common reasons for NOTES preference in
patients was absence of pain [33 (66%)], followed by ab-

WJG|www.wjgnet.com

1.473
0.985
2.678
3.222
1.138
2.098
1.462

0.259
0.587
0.003
0.003
0.412
0.032
0.412

0.785-2.761
0.960-1.011
1.230-5.826
0.907-11.444
0.516-2.509
1.050-4.192
0.584-3.659

sence of hernia [22 (44%)] and cosmetic issues [15 (30%)].
The most common reasons in physicians were absence
of hernia [17 (80%)] followed by cosmetic issues and
absence of pain [11 (52%) each]. Absence of hernia was
given as a reason for NOTES preference by significantly
more physicians than patients (80% vs 44%, P < 0.001).
In both groups, the most frequently chosen reasons
for preference of laparoscopy were proven safety [33
(66%) vs 65 (82%)] followed by absence of cosmetic concerns [31 (62%) vs 43 (54%)] and proven efficiency [20
(40%) vs 43 (54%)]. Physicians were more likely to chose
laparoscopy for the reason that NOTES was a novel, unproven technique [33 (42%) vs 6 (12%), P < 0.0001] and
had a greater risk of infection [25 (32%)) vs 2 (4%), P =
0.0001].
The preferred NOTES access site was the colon in
both groups [25 (50%) vs 12 (57%)], followed by the
stomach [19 (38%) vs 8 (38%)] with the vagina being rarely preferred [6 (27%) vs 1 (7%)]. Forty-two of 49 male patients (86%) but only 29 of 46 male physicians (63%) did
not object to vaginal NOTES for their wives (P = 0.02).
There was a steep decline in NOTES preference with an
increased rate of procedural complications in both study
groups (Figure 1). When the NOTES complication rate
was lower than or equal to that of laparoscopic appendectomy (≤ 8%), it was acceptable for a vast majority
of those preferring NOTES. Once the complication rate
increased to twofold that of laparoscopy, the NOTES
preference rate dropped to 10%.

Patients
Physicians

Equal

Confidence interval

University education serving as baseline. NOTES: Natural orifice transluminal endoscopic surgery.

80

0
Less

P value

1

P < 0.05. NOTES: Natural orifice transluminal endoscopic surgery.

100

Odds ratio

Natural orifice transluminal endoscopic surgery vs
laparoscopy
When the study subjects were analyzed based on the
overall NOTES preference vs laparoscopy, those with a
university education [NOTES vs laparoscopy, 34 (27%) vs
94 (73%), P = 0.002], those who had heard of NOTES
[20 (25%) vs 60 (75%), P = 0.02] and those who had not
had prior colonoscopy [35 (28%) vs 91 (72%), P = 0.004]
were more likely to prefer laparoscopic over NOTES appendectomy. In multivariable modeling, lower education
status (high school) (OR: 2.678, 95% CI: 1.230-5.826)
and prior colonoscopy (OR: 2.098, 95% CI: 1.050-4.192)
were significantly associated with NOTES preference
(Table 2).
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completely new. In a recent study by Volckmann et al[9],
surgeons were asked whether they would choose personally to undergo NOTES cholecystectomy. Only 26% of
them opted for NOTES over laparoscopy, with most of
the surgeons citing that NOTES was too new and was
more risky. In another study by Thele et al[15], only 29%
of gynecologists would recommend NOTES to their
patients even if NOTES presented the same surgical
risks as the laparoscopic approach. Interestingly however,
female physicians in our study were almost three times
more likely to choose NOTES than male physicians. The
reason for this finding is unclear.
In patients, decreased postoperative pain was the major determinant for favoring NOTES. In physicians, the
major determinant was absence of hernia. Surprisingly,
cosmesis was considered important by only a third of
patients and half of physicians. However, such a finding is consistent with a survey comparing NOTES and
laparoscopy by Strickland et al[16], in which only 44% of
women were concerned with scarring after laparoscopy.
Even though we did not ask our subjects specifically for
reasons for refusing NOTES, those who favored laparoscopic appendectomy most frequently reported proven
safety of laparoscopy as their reason. The second most
common reason was absence of cosmesis concerns, further supporting the above stated finding of cosmesis being a relatively infrequent reason for choosing NOTES.
Thus, the most striking benefit of scarless surgery may
not be the most important one for potential patients.
In our study, patients with high-school education and
those with prior colonoscopy experience were significantly more likely to choose NOTES over laparoscopic
appendectomy. However, this finding resulting from a
multivariate analysis of the pooled data needs to be interpreted with caution. Our two groups of subjects differed
a priori in their educational status, with all physicians having a university education. Furthermore, the frequency
of prior colonoscopy was much lower in the physicians
group. Thus, university education and low rate of prior
colonoscopy experience were inherent attributes of the
physicians group having a low preference for NOTES.
Multivariate analysis of the patient group itself did not
reveal any characteristics suggestive of NOTES preference.
Interestingly, in both groups, the preferred route of
access was the colon, with the vagina preferred by only
a minority of women. This finding was surprising given
the very unpleasant bowel preparation required for transcolonic NOTES as opposed to transgastric and transvaginal NOTES, and is in contrast with some previously
reported results[8]. It may be speculated that for some
patients, removal of diseased organs may be better tolerated when performed via the anus as compared to the
mouth. Another reason might be the high rate of prior
colonoscopy experience in our subjects. The reserved
attitude of women to transvaginal access is in contrast
with previously published data[17], and deserves attention
because most of the current procedures are offered via

DISCUSSION
NOTES is an experimental surgical approach in which
an endoscope is passed through a natural opening (e.g.,
mouth, anus or vagina) and then through an internal incision in the stomach, colon or vagina. So far, NOTES has
been limited primarily to animal procedures. Although a
variety of procedures are technically possible in animals
and the first laparoscopically assisted procedures have
been performed in humans, the efficiency and safety of
NOTES as well as its expected benefits, such as less trauma, remain to be shown[12]. Wide adoption of NOTES
will depend largely on public acceptance.
Public acceptance and demand have previously been
shown to play a major role in adoption of a surgical
technique. In the 1980s when a totally new technique of
gallbladder surgery, laparoscopic cholecystectomy, was introduced, medical professionals expressed little interest in
the new approach. The early reports did not even show
much benefit of the new concept except for cosmesis[13].
However, public demand influenced in part by industry
marketing spurred adoption of this minimally invasive
technique despite unproven benefits and increased risks.
In spite of the early difference in patient and physician
perception of laparoscopy, the technique has gained
significant importance in abdominal surgery with laparoscopy cholecystectomy now representing a gold standard
procedure. In parallel to this interesting phenomenon, we
aimed to determine the perception of NOTES among
patients and physicians.
Our study results show a discrepancy between patient
and physician perception of this new technique. Half the
patients questioned would prefer to undergo NOTES
appendectomy despite the fact that the vast majority
had never heard of the technique before. In contrast,
most physicians refused the novel technique in favor of
laparoscopic appendectomy. A few differences between
the groups may have contributed to this result. First, the
medical profession is known for its general skepticism of
a new technique with an unproven rate of complications;
thus the sensitivity to potential NOTES-associated risks
was expected from the physicians[14]. Second, the mean
age of the patients was older than that of the physicians; however, older age has previously been associated
with decreased NOTES preference. Third, a majority of
patients had previously undergone an endoscopy, and a
previous positive experience with endoscopy may have
contributed to their preference for NOTES, being partly
an endoscopic technique.
Patients’ preference for NOTES in our study was
lower than previously reported. Almost 80% of patients
preferred NOTES over laparoscopy in a study performed
by Varadarajulu et al[8] in 2008. The preference decreased
to 56% in a study reported in 2009 by Swanstrom et al[10].
The observed decline may result from differences in the
study design, chosen procedure or questioned populations. It may also reflect an actual trend of NOTES moving out of the public focus.
Physicians’ negative perception of NOTES is not

WJG|www.wjgnet.com

1803

April 21, 2012|Volume 18|Issue 15|

Hucl T et al . Perception of NOTES

Innovations and breakthroughs

the transvaginal route due to uncertainty of transgastric
or transcolonic closure.
The preference for NOTES decreased dramatically,
even in those who preferred it, once the indicated rate of
complications increased. This phenomenon was observed
in both patients and physicians and has been reported
previously by others[8]. However, in our study population, the NOTES preference was significantly lower than
that reported by Swanstrom et al[10] In their study group,
almost 20% of patients would have still elected NOTES
even if the complication risk was 10 times greater than
that of laparoscopy. Only less than 5% of our patients
tolerated only twice the risk of laparoscopic appendectomy.
Interestingly, physicians were less willing than patients
to consent to their wives vaginal NOTES procedure. This
finding may be explained in part by the negative perception of NOTES itself by physicians as well as their better
awareness of the possible complications associated with
transvaginal procedures such as dyspareunia, infection
and infertility.
Several limitations of our study should be noted. On
ly patients undergoing an endoscopic procedure were
questioned. Such a study population may not accurately
represent the general public. Next, our patients were
asked about their perception of NOTES appendectomy.
Acceptance of NOTES may be disease related and may
thus be different for another procedure. Furthermore,
our patients did not suffer from complaints of acute appendicitis and their decision was being made only based
on description of the disease. They may also have been
biased in favor of NOTES due to attending an endoscopy clinic as opposed to a surgical clinic. Finally, only a
theoretical description of the benefits and risks was provided, which may change as more data are available.
In conclusion, the survey results show that there is
considerable public interest in a new and experimental
technique of transluminal surgery. In contrast, physicians
would be reluctant to undergo NOTES. Decreased pain
and absence of hernia were the most frequently reported
reasons for choosing NOTES in patients and physicians,
with cosmesis being of minor importance. Physicians
were much more concerned than patients about the risk
of infection. The study indicates that NOTES should be
seriously considered as a potential technique with considerable public demand. However, it also highlights the
importance of further development of the technique and
outcomes data reporting to enlighten physicians about
NOTES.

The study shows that there is a considerable public interest for NOTES, even
though it has declined over time. Physicians remain reluctant to undergo transluminal surgery.

Applications

The study indicates that NOTES should be seriously considered as a potential
technique, with considerable public demand. However, further development is
needed to convince physicians about the potential benefits of NOTES.

Terminology

NOTES is a minimally invasive surgical technique that eliminates abdominal
incision. Flexible endoscopes are used to create a transvisceral opening via
natural orifice access to enter the peritoneal cavity.

Peer review

This is a survey evaluating the acceptance of NOTES among patients and
physicians. The authors found considerable acceptance, which at some points
contrasts with previous studies, and is important to report.
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BRIEF ARTICLE

Differential expression of Rab27A/B correlates with clinical
outcome in hepatocellular carcinoma
Wei-Wei Dong, Quan Mou, Jian Chen, Jian-Tao Cui, Wen-Mei Li, Wen-Hua Xiao
were differentially expressed in cell lines and primary
HCC tumors. Rab27A mRNA and protein were detected
in 67% (4/6) of human cell lines and 80% (4/5) of HCC
cell lines, while Rab27B was found in 50% (3/6) of human lines and 40% (2/5) of HCC lines. Rab27A expression was higher in primary HCC (46.2%, 66/143) than
in matched adjacent tissue (24.3%, 33/136; P < 0.001),
whereas immunopositivity for Rab27B was lower in primary HCC (57.4%, 81/141) than in matched adjacent
tissue (87.5%, 119/136; P < 0.001). Analysis of clinicopathological characteristics of 148 HCC specimens
revealed significant correlations between Rab27A and
Rab27B expression and tumor tumor-node-metastasis
(TNM) classification (P = 0.046 and P = 0.027, respectively), and between strong Rab27A expression and tumor differentiation grade (P = 0.008). Survival analyses
+
+
revealed that patients with Rab27A or Rab27B tumors
had significantly reduced overall survival compared with
that of patients with Rab27A or Rab27B tumors (P =
0.015 and P = 0.005, respectively). Risk analyses re+
vealed that Rab27B and TNM Ⅲ-Ⅳ were independent
poor prognosis factors associated with a 3.36- and 3.37fold higher relative risk of death, respectively.
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Abstract

CONCLUSION: Rab27A and Rab27B expression were
closely correlated with tumor progression and can be
valuable prognostic indicators for HCC patients.

AIM: To investigate the association of Rab27A and
Rab27B expression with clinicopathological characteristics and prognosis of hepatocellular carcinoma (HCC).

© 2012 Baishideng. All rights reserved.

METHODS: We used reverse transcription polymerase
chain reaction (RT-PCR), real-time PCR, and western
blotting to detect Rab27A and Rab27B mRNA and protein expression in 5 human HCC lines and the immortalized hepatic HL-7702 cell line. We further examined
148 primary HCC samples matched with adjacent normal tissue and 80 non-HCC specimens by immunohistochemistry to evaluate the correlation of Rab27A and
Rab27B expression with clinicopathological features
and prognosis.

Key words: Rab27A; Rab27B; Hepatocellular carcinoma;
Immunohisto-chemistry; Prognosis
Peer reviewers: Fernando J Corrales, Associate Professor of

Biochemistry, Division of Hepatology and Gene Therapy, Proteomics Laboratory, CIMA, University of Navarra, Avd. Pío Ⅶ,
55, 31008 Pamplona, Spain; Thomas Kietzmann, Professor, Department of Biochemistry, University of Oulu, FI-90014 Oulu,
Finland
Xiao WH, Dong WW, Mou Q, Chen J, Cui JT, Li WM. Differential expression of Rab27A/B correlates with clinical out-

RESULTS: Our data showed that Rab27A and Rab27B
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Wang et al[27] showed that Rab27A is associated with the
invasive and metastatic potential of human breast cancer
cells. Overexpression of Rab27A protein in breast cancer
cells altered the cell cycle and increased the invasive and
metastatic abilities both in vitro and in vivo. However, in
another study, it was shown that Rab27B, not Rab27A,
regulates invasive growth and metastasis in ER-positive
breast cancer cell lines, with increased expression associated with poor prognosis in humans[28]. Despite the link
between Rab27 and breast cancer, alterations in Rab27
expression have yet to be explored in other tumor types.
During a previous study of vesicle transport and
metastasis in gastric cancer and colorectal cancer (unpublished data), we found a significant correlation between
Rab27A and Rab27B expression and clinicopathological
characteristics and prognosis. We then examined Rab27A
and Rab27B expression in HCC to determine if a similar
correlation was present. To accomplish this, we evaluated
the expression of Rab27A and Rab27B mRNA and protein in 5 HCC cell lines and the human hepatic HL-7702
cell line. Additionally, we performed parallel immunohistochemical staining of Rab27A and Rab27B in 148 primary HCCs in order to analyze the association with clinicopathological characteristics and clarify the distinct roles
of Rab27A and Rab27B in the progression of HCC.

come in hepatocellular carcinoma.World J Gastroenterol 2012;
18(15): 1806-1813 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i15/1806.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i15.1806

INTRODUCTION
Primary hepatocellular carcinoma (HCC) is one of the
top 10 most frequent tumor types globally, carrying a high
mortality rate and accounting for more than 1 million
deaths annually[1]. The identification of novel biomarkers
correlating with HCC progression is critical in order to
optimize treatment strategies. A large body of evidence
indicates that vesicle trafficking and exocytosis are important in tumorigenesis, with many reports implicating
the Rab family of proteins[2-4]. Rabs are a ubiquitously
expressed family of small (20-29 kDa) monomeric Raslike GTPases[5] composed of more than 60 mammalian
members, each thought to localize to a distinct subcellular
organelle. Rabs function as molecular switches, oscillating between GTP- or GDP-bound conformations, which
enables them to reversibly recruit GTP-dependent effectors and elicit their regulatory functions at multiple stages
of vesicular transport[6]. Rab27A and Rab27B constitute
the Rab27 subfamily and share 71% identity[7]. Rab27A is
expressed in a wide variety of secretory cell types, including exocrine, endocrine, ovarian, and hematopoietic cells,
most of which function specifically in regulated exocytic
pathways[8,9]. Loss-of-function mutations in the human
Rab27A gene result in Griscelli syndrome, a rare autosomal disorder characterized by a combination of partial
cutaneous albinism and severe immunodeficiency[10,11]. Its
clinical picture appears to be the manifestation of defects
in 2 specialized lysosome-related organelles: the failure to
distribute melanosomes in melanocytes and the inability
to release the contents of lytic granules in cytotoxic T
lymphocytes[12]. In contrast to Rab27A, Rab27B expression is much more restricted, and is mainly expressed in
platelets, the stomach, large intestine, pancreas, pituitary,
and bladder[13-16]. Unlike Rab27A, Rab27B has not been
well characterized, and no human disease or animal strain
with mutations in the Rab27B gene has been identified[8].
Several members of the Rab family have been well
studied in cancer. Rab25, for example, has been shown
to decrease apoptosis as well as increase the proliferation and aggressiveness of ovarian and breast cancer[17-19].
Increased expression of Rab25 has also been noted in
prostate cancer[20], transitional cell carcinoma of the bladder[21], and in colon cancer cells[22]. Hou et al[23] showed
that the Rab23 gene is over-expressed in gastric cancer,
and has an important role in invasion. In addition, Rab11,
Rab4, Rab14 and Rab35, among others, have been studied in various cancers[24]. However, research on Rab27 in
cancer has been limited, and focused exclusively on breast
cancer. These studies have shown that Rab27A, along
with several other metastasis-associated genes, have vesicle trafficking roles, and were differentially expressed in
murine xenograft models of breast cancer metastasis[25,26].

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and tissues
One hundred forty-eight HCC specimens and 80 nonHCC specimens were collected from 182 men and 46
women (age, 29-72 years; mean ± SD, 51.6 ± 8.9 years)
who were inpatients at the PLA General Hospital, Beijing, China, from 2005 to 2009. Survival data were available for 120 patients; 52 of 120 patients (43.3%) died of
cancer metastasis or local recurrence after surgery. Patient
data are shown in Table 1. All patients underwent surgery,
and no patients had received chemotherapy or radiation
therapy. Tissue microarray blocks containing formalinfixed and paraffin-embedded human tissues were constructed in our laboratory as described previously[29]. Tumor stage was classified according to the American Joint
Committee on Cancer tumor-node-metastasis (TNM)
classification. The study was approved by the Research
Ethics Boards of the hospitals, and informed consent
was obtained from all patients.
Cell lines and cell culture
The human HCC cell lines MHCC97L and MHCC97M3
were a kind gift from Professor Ye SL (FuDan University,
Shanghai). Cell lines BEL-7402, Huh-7, SMMC-7721
and HL-7702 were routinely cultured in our laboratory.
HL-7702 was cultured in Roswell Park Memorial Institute
medium (RPMI 1640, Gibco, Grand Island, NY, United
States), supplemented with 20% fetal bovine serum (FBS;
Gibco). BEL-7402 and SMMC-7721 cell lines were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum. The remaining cell lines were cultured
in Dulbecco’s modified Eagle’s medium (DMEM, Gibco)
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supplemented with 5% FBS. All media contained 100
units/mL penicillin and 100 μg/mL streptomycin. All
cell lines were maintained at 37 ℃ in 5% CO2.

Table 1 Rab27A status in relation to clinicopathological features in patients with hepatocellular carcinoma (%)
No. of
cases
Rab27A clinicopathological features
All patients
148
Gender
Male
108 (75.5)
Female
35 (24.5)
Age at diagnosis
< 60
116 (81.1)
≥ 60
27 (18.9)
Carcinoma and adjacent tissue
Carcinoma tissue
143 (51)
Adjacent tissue
136 (49)
Hepatic and cirrhosis tissue
Normal hepatic tissue
40 (44.4)
Hepatitis and cirrhosis tissue 50 (55.6)
Degree of differentiation
Well
39 (27.3)
Moderate
91 (63.6)
Poor
13 (9.1)
TNM classification
Stage Ⅰ/Ⅱ
106 (74.1)
Stage Ⅲ/Ⅳ
37 (25.9)
HBV
Negative
26 (19.4)
Positive
108 (80.6)
AFP
Negative
42 (32.5)
Positive
88 (67.7)
Type of hepatoma
Nodular
84 (66.7)
Massive
33 (26.2)
Diffuse
9 (7.1)
Rab27B clinicopathological features
All patients
148
Gender
Male
106 (75.2)
Female
35 (24.8)
Age at diagnosis
< 60
114 (80.9)
≥ 60
27 (19.1)
Carcinoma and adjacent tissue
Carcinoma tissue
141 (51)
Adjacent tissue
136 (49)
Hepatic and cirrhosis tissue
Normal hepatic tissue
40 (44)
Hepatitis and cirrhosis tissue 50 (56)
Degree of differentiation
Well
39 (27.5)
Moderate
89 (63.4)
Poor
13 (9.2)
TNM classification
Stage Ⅰ/Ⅱ
103 (73)
Stage Ⅲ/Ⅳ
38 (27)
HBV
Negative
27 (19.9)
Positive
109 (80.1)
AFP
Negative
43 (33.6)
Positive
85 (66.4)
Type of hepatoma
Nodular
84 (66.7)
Massive
33 (26.2)
Diffuse
9 (7.1)

Positive Negative

P

value

47 (43.5) 61 (56.5)
19 (54.3) 16 (45.7)

NS

51 (44)
65 (56)
15 (56.6) 12 (43.5)

NS

Tissue microarray immunohistochemistry
Antigen retrieval was performed for 2.5 min in citrated
buffers using a pressure cooker. A mouse monoclonal
antibody specific to human Rab27A (diluted 1:50; cat.
ab55667, Abcam, United Kingdom) was incubated on
the sections for 36 h at 4 ℃, followed by incubation with
a rabbit anti-Rab27B polyclonal antibody (diluted 1:100;
cat. 13412-1-AP, Proteintech Group, United States) overnight at 4 ℃. The rest of the immunohistochemistry
(IHC) procedure has been previously described[30]. Fewer
than 5% specimens were missing from the tissue microarrays. Phosphate buffered saline was substituted for the
primary antibodies for a general negative control. All sections were examined microscopically in a blinded fashion
and scored by 2 independent pathologists. Rab27A and
Rab27B IHC signal was scored on the following scale,
taking into account both the proportion of cells stained
and the intensity of staining in those cells: score 0: Weak
or absent cytoplasmic staining, with less than 5% of
cancer cells showing Rab27A or Rab27B localized on
the plasma membrane; score 1: Cytoplasmic staining and
between 5% and 30% of cancer cells showing Rab27A or
Rab27B localized prominently on the plasma membrane;
score 2: Cytoplasmic staining and more than 30% of
the cancer cells containing Rab27A or Rab27B localized
prominently on the membrane.

66 (46.2) 77 (53.8)
33 (24.3) 103 (75.7) < 0.001
10 (25)
13 (26)

30 (75)
37 (74)

NS

2 (5.1) 37 (94.9)
9 (9.9) 82 (90.1)
5 (38.5) 8 (61.5)

0.0081

41 (38.7) 65 (61.3)
25 (67.7) 12 (32.4)

0.002

10 (38.5) 16 (61.5)
53 (49.1) 55 (50.9)

NS

15 (35.7) 27 (64.3)
43 (48.9) 45 (51.1)

NS

39 (46.4) 45 (53.6)
12 (36.4) 21 (63.6)
5 (55.6) 4 (44.4)

NS

61 (57.5) 45 (42.5)
20 (57.1) 15 (42.9)

NS

65 (57)
49 (43)
16 (59.3) 11 (40.7)

NS

Reverse transcription-polymerase chain reaction and
real-time polymerase chain reaction
Total RNA was extracted from cell lines using TRIzol
(Qiagen, United States). The prepared RNA (5 μg) was
mixed with oligo-dT primers and reverse-transcribed with
MMLV reverse transcriptase (Promega, United States) for
60 min at 37 ℃, followed by polymerase chain reaction
(PCR) amplification with specific primers for Rab27A (F,5’
-GAAGCCATAGCACTCGCAGAG-3’,R,5’-ATGACCATTTGATCGCACCA-3’) or Rab27B (F,5’-TGCGGGACAAGAGCGGTTCCG-3’,R,5’-GCCAGTTCCCGAGCTTGCCGTT-3’). PCR amplification was performed
in 20 μL using a thermocycler (Biometra, Germany) with
the following PCR program: pre-denaturation for 3 min
at 94 ℃, denaturation for 45 s at 94 ℃, annealing for 45 s
at 56 ℃, extension for 45 s at 72 ℃, and a final elongation
at 72 ℃ for 10 min. β-Actin served as an internal positive
control. PCR was performed for 24-30 cycles (β-actin 24
cycles; Rab27A 28 cycles; Rab27B 30 cycles). PCR products
were analyzed by electrophoresis on a 1.5% agarose gel,
and band intensity was measured directly on an Alphaimager 2200 system (Alpha Innotech, San Leandro, CA). Realtime PCR reactions were carried out using Applied Biosystem’s 7500 QPCR System (ABI, Foster, CA). Results were
normalized to individual β-actin expression, and data were
analyzed according to the relative standard curve. Melting
curves for each PCR reaction were generated to ensure the
purity of the amplified products.

81 (57.4) 60 (42.6)
119 (87.5) 17 (12.5) < 0.001
29 (72.5) 11 (27.5)
38 (76)
12 (24)

NS

26 (66.7) 13 (33.3)
49 (53.9) 41 (46.1)
8 (61.5) 5 (38.5)

NS

51 (49.5) 52 (50.5)
30 (78.9) 8 (21.1)

0.002

17 (63)
10 (37)
59 (54.1) 50 (45.9)

NS

23 (53.5) 20 (46.5)
49 (57.6) 36 (42.4)

NS

40 (47.6) 44 (52.4)
15 (45.5) 18 (54.5)
6 (66.7) 3 (33.3)

NS

1

Comparing the strong positive group with the other groups. TNM: Tumornode-metastasis; NS: Not significant; HBV: Hepatitis B virus; AFP: Alpha
fetoprotein.
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Figure 1 Detection of Rab27A and Rab27B mRNA and protein in 6 human cell lines. A and C: Reverse transcription polymerase chain reaction (RT-PCR) and
real-time PCR, respectively, of Rab27A in 5 hepatocellular carcinoma cell lines and the human HL-7702 line; D and F: RT-PCR and real-time PCR, respectively, of
Rab27B; B and E: Western blotting of Rab27A and Rab27B protein levels, respectively. β-actin served as an internal control.

Western blotting
Equal amounts of protein were electrophoresed on a
12% sodium dodecylsulfate polyacrylamide gel electrophoresis gel and transferred to a polyvinylidene difluoride
membrane using standard techniques. Immunoreactivity
was tested with anti-Rab27A (diluted 1:100; cat. ab55667,
Abcam, United Kingdom) or anti-Rab27B (diluted 1:1200;
cat. 13412-1-AP, Proteintech Group, United States) antibodies. Nonspecific binding was blocked by a 5% fat-free
milk solution. Rab27A and Rab27B proteins were detected by an enhanced chemiluminescence system (Amersham
Pharmacia Biotech).

tein and mRNA were highly expressed in 67% (4/6) of
all cell lines and 80% (4/5) of HCC cell lines; Rab27B
protein and mRNA were highly expressed in 50% (3/6)
of all cell lines and 40% (2/5) of HCC cell lines. Interestingly, Rab27A expression was weaker in the low metastatic cell line MHCC97L than in the high metastatic cell
line MHCC97H, whereas Rab27B expression was higher
in MHCC97L than in MHCC97H. In addition, Rab27A
had only negligible expression in the immortal human
hepatocyte line HL-7702, while Rab27B was moderately
expressed.
Rab27A and Rab27B expression in primary
hepatocellular carcinoma specimens
To determine Rab27A and Rab27B expression in HCC
specimens, IHC was performed on tumor tissue, tumoradjacent normal tissue, unrelated normal hepatic tissue, and hepatitis or cirrhosis tissues. In primary HCC
tumors, Rab27B and Rab27A were detected in 57.4%
(81/141) and 46.2% (66/143) of specimens, respectively
(Table 1, Figure 2). In adjacent tissue, Rab27A expression
was less apparent, with significantly less positivity (24.3%,
33/136) than that in HCC specimens (P < 0.001); however, Rab27B showed strong immunopositivity (87.5%,
119/136), with significantly higher expression than that
in HCC specimens (P < 0.001). In addition, we found no
differences in immunostaining for Rab27A and Rab27B
between normal (n = 40) and hepatitis or cirrhosis tissues (n = 50), excluding the possibility that alterations in
Rab27A and Rab27B expression in primary HCC tumors
were caused by hepatitis or liver cirrhosis (Table 1).

Statistical analysis
Statistical analyses were performed using the SPSS software package (version 16.0; SPSS Inc., United States).
The χ 2 test was used to evaluate relationships between
clinicopathological variables and Rab27A and Rab27B
expression. Kaplan-Meier survival analysis with the logrank test was used to evaluate the prognosis of patients
according to their levels of Rab27A and Rab27B expression. Multivariate analysis was performed with the Cox
proportional hazards regression model to assess the effe
cts of different variables on patient survival. Differences
were considered significant at P < 0.05.

RESULTS
Expression of Rab27A and Rab27B in hepatocellular
carcinoma cell lines
Rab27A and Rab27B mRNA and protein expression
were examined in 5 HCC cell lines and the human hepatocyte line HL-7702. As shown in Figure 1, Rab27A
mRNA and protein were detected in all 6 cell lines,
though at very low intensities in some cell lines, whereas
Rab27B was more differentially expressed. Rab27A proWJG|www.wjgnet.com
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Figure 2 Differential expression of Rab27A and Rab27B in hepatocellular carcinoma patients. A: Positive staining of Rab27A in hepatocellular carcinoma (HCC)
tissue; B: Negative staining of Rab27A in adjacent tissue; C: Negative staining of Rab27B in HCC tissue; D: Positive staining of Rab27B in adjacent tissue; E and F:
Positive staining of Rab27A and Rab27B, respectively, in the same HCC tissue. Both Rab27A and Rab27B were observed in the cytoplasm and plasma membrane of
human cells. Original magnification × 100; the inset boxes are at original magnification × 400.

Survival analyses of patients according to Rab27A and
Rab27B expression status after surgery
Survival data were available for 120 patients. The overall
1-year survival rate was 71%. Patients with Rab27A+ or
Rab27B+ tumors had significantly reduced overall survival
compared with that of patients with Rab27A- or Rab27Btumors (P = 0.015 and P = 0.005, respectively; Figure
3A and B). Subsequently, we analyzed the survival curves
of the 4 groups according to the expression status of
Rab27A and Rab27B. Patients with Rab27A-/Rab27Btumors had the longest survival, with the Rab27A +/
Rab27B- group showing a similar survival curve; the
Rab27A-/Rab27B+ group had lower survival, while the
Rab27A+/Rab27B+ group had the poorest survival (P =
0.003, Figure 3C).
To determine relative risk, we analyzed the data with

148 HCC specimens revealed significant correlations
between Rab27A and Rab27B expression and tumor
TNM classification (P = 0.046 and P = 0.027, respectively; Table 1), as well as strong Rab27A expression with
tumor differentiation (P = 0.008, Table 1). Moreover,
there was a statistically significant correlation between the
expression of Rab27A and Rab27B in HCC (P = 0.017;
r = 0.192). However, we found no relationship between
Rab27A or Rab27B positivity and hepatitis B virus (HBV)
status, alpha fetoprotein level, or type of hepatoma. Further subdivision of the HCC specimens using Rab27A
and Rab27B expression as covariables (i.e., Rab27A-/
Rab27B-, Rab27A-/Rab27B+, Rab27A+/Rab27B-, and
Rab27A+/Rab27B+ specimens) showed no significant
differences between the 4 groups in relation to clinicopathological features (data not shown).
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0.8
Overall survival

series of HCC patients. Utilizing RT-PCR, real-time PCR,
Western blotting, and IHC, we found that Rab27A and
Rab27B were strongly associated with tumor TNM stage
and may serve as useful biomarkers to monitor the clinical course of patients with HCC. Although the expression of Rab27A and Rab27B was closely related, Rab27B
seemed to play a key role in determining prognosis.
Our results revealed that Rab27A and Rab27B were
differentially expressed in HCC cell lines and tissue specimens; this indicates that Rab27A and Rab27B may be
related to malignant transformation in this carcinoma.
In the present study, we found that Rab27A and Rab27B
were expressed in the cytoplasm and plasma membrane
of hepatic cells. Rab27A was expressed at higher levels in
primary HCC than in matched adjacent tissue, whereas
Rab27B expression was lower in primary HCC than in
matched adjacent tissue. In accordance with these data,
Rab27A and Rab27B mRNA and protein were differentially expressed in the 6 human cell lines. The results
from the tissue specimens were mirrored in the immortal
human hepatocyte line HL-7702, low metastatic cell line
MHCC97L, and high metastatic cell line MHCC97H. In
addition, Rab27A mRNA and protein were expressed
in all 6 cell lines, albeit at different intensities, whereas
Rab27B was differentially expressed; this finding is consistent with the findings of previous studies that Rab27A
is more widely expressed than Rab27B.
We further analyzed the association between Rab27A
and Rab27B expression and clinicopathologic variables
utilizing IHC. In HCC specimens, positive expression of
Rab27A and Rab27B was strongly correlated with stage
Ⅲ/Ⅳ, while negative expression was correlated with
stage Ⅰ/Ⅱ. Furthermore, strong expression of Rab27A
(score 2) also correlated with tumor differentiation. Our
study is the first to identify that Rab27A and Rab27B
strongly correlate with tumor progression, and provides
evidence that Rab27A might function in cell differentiation. Previous research demonstrated that when Rab27A
effectors are bound by another protein, Rab27B plays
an important role in the regulation of many secretory
mechanisms[31]. Another study showed that Rab27A and
Rab27B play both redundant and distinct roles in regulating the secretion and released quantity of platelet dense
granules[9]. In agreement with these studies, our results
provide evidence that Rab27A and Rab27B may have
redundant and distinct functions. In addition, numerous
studies have demonstrated that tumor cells use exosomes
(endosome-derived membrane vesicles) to communicate
with surrounding tissues and immune cells, creating a
suitably immunosuppressive microenvironment for tumor
growth, invasion, and metastasis[32-35]. We hypothesize that
Rab27A and Rab27B are associated with tumor progression because of their functions as transport vesicles.
Our study also showed that patients with Rab27A+ or
Rab27B+ tumors had significantly reduced overall survival
compared with that of patients with Rab27A- or Rab27Btumors. Moreover, patients with Rab27A-/Rab27B- tumors had the longest survival, while those with Rab27A+/
Rab27B+ tumors had the poorest survival. An analysis of
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Figure 3 Kaplan-Meier overall survival analysis of Rab27A and Rab27B
in hepatocellular carcinoma patients. A: Survival analysis of hepatocellular
carcinoma patients by expression of Rab27A; B: Survival analysis by expression of Rab27B; C: Survival analysis with expression of Rab27A and Rab27B
as covariables.

a Cox proportional hazards model using tumor differentiation grade, TNM stage, HBV status, hepatoma type,
and Rab27A and Rab27B expression status as covariates.
The positive expression of Rab27B as well as TNM ⅢⅣ were independent poor prognosis factors associated
with a 3.36- and 3.37-fold higher relative risk of death,
respectively (95% CI, 1.33-8.5 and 1.391-8.186; P value,
0.01 and 0.007, respectively).

DISCUSSION
To the best of our knowledge, this is the first study investigating the expression of Rab27A and Rab27B in a large
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the tumor variables as risk factors showed that Rab27B+
and TNM Ⅲ-Ⅳ were independent poor prognosis factors, conferring a 3.36-fold and 3.37-fold greater relative
risk of death. These results provide further evidence that
Rab27A and Rab27B can serve as useful biomarkers for
determining prognosis as well as monitoring the clinical
course of patients with HCC. Furthermore, Rab27B is
more useful than Rab27A as an independent prognosis
factor.
Although studies on Rab27 in breast cancer have
provided contradictory results, previous findings are
partially consistent with our results. Wang et al[27] showed
that overexpression of Rab27A is associated with invasive and metastatic potential in human breast cancer cells
both in vitro and in vivo. However, they found no Rab27B
expression in breast cancer. This discrepancy may be
because they utilized cell lines and samples from nude
mice, rather than human breast cancer tissue. Another
study on Rab27 and breast cancer showed that Rab27B
regulates invasive growth and metastasis in ER-positive
breast cancer cell lines and that increased expression is
associated with poor prognosis in humans[28]. However,
they found no expression of Rab27A in normal tissue (n
= 5) or primary breast carcinoma (n = 20), though this
may have been due to the small sample size. Additionally, the results of our previous study on GC and CRC
were not consistent with our HCC results. Expression
of Rab27A and Rab27B was much lower in primary GC
and CRC than in adjacent mucosal tissue. Among these
patients, those with Rab27A+/Rab27B+ tumors had the
longest survival, while the Rab27A-/Rab27B- group had
the poorest survival; a Cox proportional hazards model
showed that Rab27A+/Rab27B+ expression was a protective prognosis factor in both GC and CRC (unpublished
data). These findings show that Rab27A and Rab27B may
have different molecular mechanisms in HCC compared
with those in GC and CRC.
In conclusion, our study demonstrated that Rab27A
and, to a greater degree, Rab27B were correlated with
tumor progression and may serve as valuable prognostic
indicators for HCC patients. However, further investigation is required to determine the molecular mechanism
of Rab27A and Rab27B in HCC.

Innovations and breakthroughs
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This is the first study to investigate the expression of Rab27A and Rab27B in a
large series of HCC patients. It was found that Rab27A and Rab27B expression
were closely linked and both Rab27A and Rab27B were strongly associated
with tumor progression, which can be valuable prognostic indicators for HCC
patients.

Applications

Rab27A and Rab27B were closely related with tumor progression and may
serve as useful biomarkers to monitor the clinical course of patients with HCC.
The relationship between the expression of Rab27A and Rab27B and tumor
progression may be due to their functions as transport vesicles, which may provide potential therapeutic targets for HCC.

Terminology

Rabs are a ubiquitously expressed family of small monomeric Ras-like GTPases. They function as molecular switches, oscillating between GTP- or GDPbound conformations, which enables them to reversibly recruit GTP-dependent
effectors and elicit their regulatory functions at multiple stages of vesicular
transport; Rab27A is expressed in a wide variety of secretory cell types, most
of which function specifically in regulated exocytic pathways. Loss-of-function
mutations in the human Rab27A gene result in Griscelli syndrome; Rab27A
and Rab27B constitute the Rab27 subfamily and share 71% identity. Rab27B
expression is much more restricted than that of Rab27A and no human disease
or animal strain with mutations in the Rab27B gene has been identified.
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In the present study, the authors found that Rab27A and Rab27B were expressed differently in HCC. Rab27A was expressed at higher levels in primary
HCC, whereas Rab27B expression was lower in primary HCC. In agreement
with these findings, Rab27A and Rab27B mRNA and protein were also differentially expressed in 6 human cell lines. Survival analysis further showed that
Rab27 expression may be used as an indicator for prognosis in HCC patients,
providing important information for the treatment of patients.
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Propofol vs midazolam plus fentanyl for upper
gastrointestinal endomicroscopy: A randomized trial
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RESULTS: There were significantly more good quality
endomicroscopic images in the propofol group than in
the M/F group (72.75% vs 52.89%, P < 0.001). The
diagnostic accuracy for upper gastrointestinal mucosal
lesions using confocal laser endomicroscopy favors the
P group, although this did not reach statistical significance. Adverse events and patient assessment were
not significantly different for M/F vs propofol except for
more frequent intraprocedural recall with M/F. Procedure duration and sedation times were significantly longer in the M/F group, while the scores of endoscopist,
anesthetist and assistant assessment were all significantly better in the P group.
CONCLUSION: Sedation with propofol might increase
the proportion of good quality endomicroscopic images,
and may result in improved procedural efficacy and diagnostic accuracy during iCLE examination.
© 2012 Baishideng. All rights reserved.

Key words: Confocal laser endomicroscopy; Conscious
sedation; Randomized trial; Sensitivity and specificity;
Image quality
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fessor, Department of Gastroenterology, Fujita Health University School of Medicine, 1-98 Dengakugakubo, Kutsukakecho,Toyoake, Aichi 470-1192, Japan; Dieter Schilling, MD,
PhD, Department of Gastroenterology, Diakonie Hospital
Academic Teaching Hospital of the University of Heidelberg,
Speyererstrasse 91 - 93, 68163 Mannheim, Germany

Abstract
AIM: To compare the endomicroscopic image quality
of integrated confocal laser endomicroscopy (iCLE) and
sedation efficacy of propofol vs midazolam plus fentanyl
(M/F).

Zuo XL, Li Z, Liu XP, Li CQ, Ji R, Wang P, Zhou CJ, Liu H, Li
YQ. Propofol vs midazolam with fentanyl for upper gastrointestinal endomicroscopy: A randomized trial. World J Gastroenterol 2012; 18(15): 1814-1821 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i15/1814.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i15.1814

METHODS: Consecutive outpatients undergoing iCLE
were prospectively recruited and randomized to the
propofol group (P group) or M/F group. The patient,
performing endoscopist and endoscopic assistant were
blinded to the randomization. The quality of endomicro-
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cruited prospectively from the endoscopy clinic of Qilu
Hospital, Shandong University, from February to May
2010. The exclusion criteria: < 18 years of age, known or
suspected strictures or stenosis, coagulopathy, acute upper digestive tract bleeding, pregnancy or breast feeding,
allergy to propofol, fentanyl, midazolam or fluorescein
sodium, contraindications to sedation, mental disorders
or did not provide written informed consent. Informed
consent was obtained from all patients who underwent
endoscopic examination in this study. The study was approved by the Ethical committee of Qilu Hospital and
was conducted in accordance with the revised Declaration of Helsinki (1989). This trial was registered at www.
clinicaltrials.gov, ID number NCT01053871.

INTRODUCTION
Confocal laser endomicroscopy (CLE) is a novel technique for gastrointestinal (GI) endoscopy. It enables
high-resolution analysis of cellular structure during
endoscopy. Clinical applications of CLE have been validated in various GI diseases, such as Barrett’s esophagus,
gastric cancer, colorectal cancer, ulcerative colitis and
celiac disease[1-5]. Recent studies have expanded its application for in vivo molecular imaging of GI cancer[6]. However, integrated CLE (iCLE) is more cumbersome than
a standard gastroscope because iCLE has a larger outer
diameter (12.8 mm) and a longer rigid tip (43 mm) which
contains the scanning head (tip angulations: up/down
130 degrees). In addition, since endomicroscopic imaging can only be achieved by placing the confocal imaging
window directly onto the area of interest, patients may
suffer from more discomfort, especially when the lesion
is located at the pylorus or gastroesophageal junction.
Moreover, motion artifacts, which are the most common
cause of endomicroscopic image artifacts, can often be
caused by patients’ movement and unstable endoscope
positions. Thus, compared with conventional esophagogastroduodenoscopy (EGD), iCLE might require more
patients’ cooperation and better sedation to get images
of good quality and make an accurate diagnosis.
Conscious sedation is routinely used during endoscopic examination because it can provide adequate
anxiolysis, acceptance, and amnesia for most patients vs
no sedation, and is safer than deep sedation[7,8]. The combined use of a benzodiazepine (e.g., midazolam) and narcotics (e.g., fentanyl) is the most widely applied sedative
regimen for GI endoscopy[9]. Recent data suggest that the
use of propofol for sedation is increasing[10]. In some endoscopic centers, benzodiazepines, narcotics or propofol
have been administered during iCLE[11-13]. However, the
most effective and satisfactory sedation agent for iCLE
examination has not yet been investigated.
Recently, propofol has been advocated as an alternative to the commonly used combination of midazolam
and narcotic regimen (fentanyl, meperidine)[7,14-19]. Com
pared with midazolam, propofol is a short-acting sedativehypnotic agent with a faster recovery profile, and its application is associated with some additional advantages, such
as being easy to maintain an appropriate sedation level
and satisfactory amnestic effect[7,14,15,18,19]. Several studies
have reported the effect of sedation of propofol vs midazolam on the quality of upper and lower GI endoscopy
by randomized trials[16,17,20], however, no investigation has
compared propofol with midazolam plus fentanyl (M/F)
as sedatives for iCLE. Therefore, the aim of the present
study was to compare the quality of endomicroscopic
images and sedation efficacy outcomes between propofol
and M/F as sedatives for iCLE.

Sample size calculation and randomization
The sample size was calculated to achieve a statistical
power of 0.8 at an alpha value of 0.05. For patients sedated with midazolam and fentanyl, the rate of good
quality endomicroscopic images was estimated to be 66%
according to previously reported data[13]. We defined that
sedative iCLE examination using propofol increases the
rate of good quality endomicroscopic images by 21%
as compared with the administration of midazolam and
fentanyl. This resulted in a calculated sample size of 100
patients (50 per group). Therefore, we proposed recruiting 104 eligible patients to allow an attrition rate of 4%.
Patients were randomized at a 1:1 ratio into a propofol group (P group) or an M/F group using a computergenerated list. The respective randomization results were
kept in sealed envelopes that were opened before the endoscopy by the anesthetist. Because the apparent difference in the color of the sedative agents in this study, the
anesthetist was not blinded to the study agents. However,
in order to maintain the patients, the endoscopist and
the other investigators blinded about the study group, an
opaque curtain was placed upon the patient’s infusion
arm during the following procedure.
Confocal laser endomicroscopy
CLE is an advanced method which allows living tissue
to be viewed in situ, providing real-time histology during
endoscopy. The confocal microscope integrated into the
distal tip of a conventional video endoscope can collect
images with an adjustable depth of scanning ranging
from 0 to 250 μm, a field of view of 475 μm × 475 μm,
an optical slice thickness of 7 μm, and a lateral resolution
of 0.7 μm. The plane depth was controlled using two additional buttons on the back of the handpiece.
Clinical procedure
After routine preparations for gastroscopy, intravenous
access was established for both groups of patients. Patients in P group received a bolus of 0.8-1.0 mg/kg of
1% propofol before the start of endoscopy. Further
bolus of 0.5 mg/kg of 1% propofol was evaluated by
an anesthetist, and would be given if the sedation was
judged as insufficient by the endoscopist. Patients in M/F
group received a bolus of 0.05 mg fentanyl, followed by

MATERIALS AND METHODS
Patients
Consecutive outpatients who underwent iCLE were re-

WJG|www.wjgnet.com
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3-4 mg midazolam before the start of endoscopy. Further bolus of 1-2 mg midazolam was administered by the
anesthetist at certain intervals or when the sedation was
judged as inadequate by the endoscopist. A reversal agent
of midazolam (flumazenil) was administered after iCLE
examination in the M/F group if needed. Endoscopic
intubation commenced once the patient showed spontaneous eye closure, but responsive to name called.
All patients received supplemental oxygen (2-4 L/
min) by nasal cannula. Their oxygen saturation, pulse rate
and arterial blood pressure were continuously monitored
and recorded every 5 min by pulse oxymetry and sphygmomanometry. Sedation was performed in accordance
with the guidelines for conscious sedation and monitored
by a professional anesthetist (Liu XP)[8].
Patients in both groups received standard white-light
endoscopic and endomicroscopic examinations using
a Pentax EC-3870K confocal laser endomicroscope
(Pentax, Tokyo, Japan). All endoscopic procedures were
performed by one experienced endoscopist (Zuo XL),
who had performed more than 300 iCLE procedures
before the present study. After successful intubation of
the endoscope into the duodenum, 5 mL fluorescein
was administered intravenously to facilitate the endomicroscopic imaging. Endoscopic mucosal lesions (such as
mucosal color changes, elevation, depression, ruggedness) and 9 standard locations (duodenal bulb, lesser and
greater curvature of the antrum and gastric body, incisura
angularis, fundus, gastric cardia and esophagus) were sequentially examined using iCLE. Serial endomicroscopic
images were obtained from each examined area using the
“movie mode” on the iCLE displaying screen and stored
in separate files for further analysis of image quality. Image collection was started when the performing endoscopist activated the endomicroscopic scanning by pressing a
control button on the handpiece of the endoscope, and it
was stopped when the endoscopist pressed twice on the
same button. Real-time endoscopic and endomicroscopic
diagnoses were made during the procedure by the performing endoscopist and targeted biopsy specimens were
obtained for histopathological assessment.
One endoscopic assistant (Zhen L) was responsible
for the data collection, and not involved in patient selection or the randomization. The demographic data, history of alcohol or smoking, and the American Society of
Anesthesiologists status were recorded for both groups
of patients[21].

was recorded (from the first injection of the sedatives to
the moment of the withdrawal of the endoscope), and
the time required for sedation (start of the sedation to
passage of the larynx). In addition, patient monitoring/
complications, including oxygen de-saturation (< 90%),
hypotension (SBP < 80 mmHg) and bradycardia (< 40
b/min) were also noted.
Patient assessment: After the endoscopic procedure,
patients were transferred to a separate recovery area
when vital signs were stable as judged by the anesthesiologist responsible for the sedation. As the patients
awoke, a brief questionnaire was asked and collected by
a blinded endoscopic assistant (Zhen L). Patient assessment of the procedure involved 4 parameters, including
satisfaction (scores ranging from 1 to 10: 1 for “poor”
and 10 for “excellent”), pain or discomfort (scores ranging from 0 to 10: 0 for “none” and 10 for “severe”) and
intraprocedure recall (scores ranging from 0 to 10: 0 for
“none” and 10 for “complete”). Additionally, the patients
were also asked whether they would prefer lighter, deeper
or the same level sedation for their next EGD.
Endoscopist assessment: The endoscopist’s assessment
of the procedure had 4 parameters, including satisfaction
with sedation (scores ranging from 1 to 10:1 for “poor”
and 10 for “excellent”), level of sedation (apparently inadequate, inadequate, adequate, oversedated), patient cooperation and quality of endoscopy (a scale ranging from
1 to 4: 1 for “very poor”; 2 for “poor”; 3 for “fair”; and 4
for “good”).
In addition, the endoscopic assistant and anesthetist
also scored their satisfaction of sedation at the end of
each procedure independently using a 10-point scale: 1
(poor) to 10 (excellent).
Statistical analysis
Continuous outcomes were compared using the independent sample t test for normally distributed data and the
Mann-Whitney U test for nonparametric data. The χ 2 test
and the Fisher exact test were applied for the comparison
of categorical variables between the two groups. A P value less than 0.05 was considered statistically significant.
Statistical analysis was performed using the SPSS 13.0
statistical software package (SPSS, Chicago, IL, United
States). The study was reported in accordance with the
Consolidated Standards of Reporting Trials[22].

Outcome measures
Assessment of endomicroscopic image quality: Endomicroscopic images of each patient were reevaluated
after the procedure by one investigator (Rui J), who was
blinded to the patients’ data and endoscopic findings.
Good quality endomicroscopic images were defined as
“no moving artifacts, and single cells can be differentiated”. And the number of good quality endomicroscopic
images was counted for each examined area[1].

RESULTS
Over the 3-mo study period, 156 subjects who required
for sedated iCLE examination were screened for possible
enrollment. In the end, 52 patients were excluded according to predefined exclusion criteria, including 15 cases
of known or suspected strictures or stenosis, 4 cases of
acute bleeding, 26 cases of contraindications to sedation,
and 7 cases refused to participate. A total of 100 patients
completed the study and were eligible for data analysis (49
in P group and 51 in M/F group) (Figure 1). The patient

Sedation-related outcomes: The procedure duration
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156 patients screened

Table 2 Proportion of good-quality endomicroscopic images
of each examined area %

Excluded (n = 52)
Known or suspected strictures or stenosis (n = 15)
Acute upper digestive tract bleeding (n = 4)
Contraindications for sedation (n = 26)
Refused to participate (n = 7)

Duodenal bulb
Lesser curvature of antrum

Randomized (n = 104)

Greater curvature of antrum

Allocated to P group (n = 52)

Incisura angularis

Allocated to M/F group (n = 52)

Excluded (n = 3)
Severe stenosis (n = 2)
Psychological problem (n = 1)

Lesser curvature of gastric
body
Greater curvature of gastric
body
Fundus

Excluded (n = 1)
Severe stenosis (n = 1)

Cardia

Completed the study (n = 51)

Completed the study (n = 49)

Esophagus

Figure 1 Study participants.

Lesions
Total

Table 1 Clinical characteristics of patients
Patient characteristics
Patients, n
Gender (male/female), n
Mean age, yr (range)
Body weight, kg (mean ± SD)
Habit, cases (n)
Alcohol consumption
Daily drinker
Social drinker
None-drinker
Tobacco
≥ 1 PD
< 1 PD
Quit smoking
None-smoker
ASA Ⅰ
ASA Ⅱ

P group

M/F group

P value

49
24/25
53 (27-77)
64.14 ± 10.21

51
23/28
55 (32-78)
63.84 ± 9.48

NS
NS
NS

Number of lesions
Locations
Duodenum
Antrum
Incisure angularis
Gastric body/fundus
Cardia
Esophagus
Histopathology
Inflammation
Intestinal metaplasia
Neoplasia

5
5
41
5
5
1
40
37
14

NS
NS

NS: Not significant; PD: Pack-day; ASA: American Society of Anesthesiologists; P group: Propofol group; M/F group: Midazolam plus fentanyl
group.

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

P group

M/F group

P value

36

38

NS
NS

1
15
9
3
3
5

2
14
6
3
5
8

22
10
4

21
10
7

NS

NS: Not significant; P group: Propofol group; M/F group: Midazolam plus
fentanyl group.

characteristics for both groups are summarized in Table 1.
The mean dosage of sedation used was 194 mg for propofol (range 50-380 mg) and 5.4 mg for midazolam (range
3-8 mg).

quality endomicroscopic images (72.75% vs 52.89%, P
< 0.001). χ 2 test revealed significant differences in the
proportion of good quality endomicroscopic images between the two groups for each predefined area and endoscopic mucosal lesions (P < 0.001).
There were no significant differences between the two
groups for the number of endoscopic mucosal lesions, as
well as their locations and corresponding histopathology
(Table 3). According to prior published CLE diagnostic
criteria[1,2,13,23-27], the sensitivity, specificity, positive likelihood ratio (PLR) and negative likelihood ratio (NLR)
of the two groups were calculated respectively (Table 4).
The PLR of the P group for diagnosing neoplasia was
significantly higher than that of the M/F group. The
NLR of the P group for diagnosing intestinal metaplasia

Endomicroscopic image assessment
Endoscopic mucosal lesions of the duodenum, stomach
and esophagus were examined by iCLE. In addition, if
multiple lesions, such as multiple polyps of the stomach,
were detected, the endomicroscopic images obtained
from lesions in the same anatomical compartment (e.g.,
antrum, incisura angularis, gastric body/fundus and cardia) were poorly analyzed for image quality. The proportion of good quality endomicroscopic images in each
examined area is shown in Table 2. Propofol showed
superiority to midazolam plus fentanyl in obtaining good

WJG|www.wjgnet.com

P value

50.22
(577/1149)
45.73
(562/1229)
64.99
(776/1194)
50.17
(438/873)
48.07
(448/932)
66.46
(757/1139)
46.00
(236/513)
49.84
(1395/2799)
56.04
(297/530)
52.53
(1161/2210)
52.89
(6647/12568)

Table 3 Characteristics of endoscopic lesions in the two groups

NS
5
3
4
37
34
15

M/F group

72.17
(760/1053)
66.44
(778/1171)
80.49
(916/1138)
83.72
(581/694)
71.41
(602/843)
81.85
(857/1047)
67.39
(217/322)
71.83
(2068/2879)
67.94
(284/418)
67.28
(1285/1910)
72.75
(8348/11475)

P group: Propofol group; M/F group: Midazolam plus fentanyl group.

NS
8
10
31

P group
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Table 4 Diagnostic capacity of integrated confocal laser endomicroscopy for endoscopic mucosal lesions of the upper gastrointestinal tract (95% CI)
Inflammation
Sensitivity
(%)
Specificity
(%)
PLR
NLR

Intestinal metaplasia

Neoplasia

P group

M/F group

P value

P group

M/F group

P value

P group

M/F group

P value

90.48
(71.09-97.35)
92.86
(68.53-98.73)
12.67
0.10

89.47
(68.61-97.06)
94.12
(73.02-98.95)
15.21
0.11

NS

90.00
(59.58-98.21)
96.00
(80.46-99.29)
22.50
0.10

80.00
(49.02-94.33)
95.65
(79.01-99.23)
18.40
0.21

NS

100
(51.01-1)
96.77
(83.81-99.43)
31
0

85.71
(48.69-97.43)
89.66
(73.61-96.42)
8.29
0.16

NS

NS
NS
NS

NS
NS
0.014

NS
0.015
< 0.001

PLR: Positive likelihood ratio; NLR: Negative likelihood ratio; NS: Not significant; P group: Propofol group; M/F group: Midazolam plus fentanyl group.

fied by intravenous fluid administration. There was no
case of de-saturation < 90% or bradycardia during or
after the procedure. χ 2 analysis showed that there were
no statistical differences between the two groups in terms
of the above-mentioned parameters (P = 0.339) (Table 5).
In addition, the hemodynamic parameters, including the
mean values of heart rate, hemoglobin oxygen saturation,
and mean arterial pressure were all similar in both groups
(P = 0.087, P = 0.903, P = 0.244).
The results of patient assessment for the procedure
are shown in Table 5. No significant differences were
observed between the two groups in terms of patient satisfaction and pain or discomfort. However, the amnestic
effect was significantly better in the P group than in M/F
group (P = 0.006). With regard to the patients’ preference
of sedation for their next EGD, some patients in the
M/F group seemed to prefer deeper sedation and more
patients in the P group preferred lighter sedation. The
majority of the two groups (40 patients of each group)
would like to receive the same level of sedation.
The endoscopists, based on the mean sedation score
as judged by the performing endoscopist (Zuo XL), were
significantly in favor of the P group vs the M/F group.
In addition, the quality of endoscopy and patient cooperation were also rated as significantly superior in the P
group. The level of sedation, as estimated by endoscopist
immediately after the procedure, was significantly more
adequate for the P group than for the M/F group (P =
0.014 comparing “apparently inadequate and inadequate”
vs “adequate”). Furthermore, the assistant and anesthetist scores for overall sedation also favored the P group
receiving propofol as compared with the M/F group receiving midazolam plus fentanyl (P = 0.001 and P < 0.001)
(Table 5).

Table 5 Quality of sedation

Sedation time (min)
Procedure time (min)
Adverse events
Hypoxemia
Hypotension
Bradycardia
Patient assessment
Satisfaction
Pain or discomfort
Intraprocedural recall
Willingness to repeat (n)
Lighter
Deeper
Same level
Endoscopist assessment
Satisfaction with sedation
Patient cooperation
Quality of endoscopy
Level of sedation
Apparently inadequate
Inadequate
Adequate
Oversedated
Assistant satisfaction
Anesthetist satisfaction

P group

M/F group

P value

3.22 ± 1.70
25.00 ± 6.51

4.47 ± 2.40
28.45 ± 8.04

0.002
0.028
0.339

0
3
0

0
1
0

10 (10–10)
0 (0–0)
0 (0–0)

10 (9–10)
0 (0–1)
0 (0–1)

5
4
40

4
7
40

10 (9–10)
4 (4–4)
4 (4–4)

9 (8–10)
4 (3–4)
4 (3–4)

0
7
41
1
9 (9–10)
9 (9–10)

3
16
31
1
8 (7–10)
7 (5–8)

0.105
0.145
0.006
0.559

0.003
0.002
0.018
0.014

0.001
< 0.001

Continuous variables were given as the mean ± SD. Non-normally distributed variables were expressed as median (the 1st-3rd interquartile) and
compared with the Mann-Whitney U test. P group: Propofol group; M/F
group: Midazolam plus fentanyl group.

and neoplasia was significantly lower than that of the M/
F group. The diagnostic sensitivity and specificity of the
P group were higher than that of the M/F group, but the
differences were not significant (Table 4). The assessment
of intestinal metaplasia included only gastric mucosal lesions and the metaplastic esophageal mucosal lesions.

DISCUSSION

Quality of sedation
Patients in M-group required significantly more time to
achieve sedation (4.47 ± 2.40 min) than P group (3.22 ±
1.70 min). Procedure duration was also longer in M/F
group (28.45 ± 8.04 min) than in P group (25.00 ± 6.51
min). Three patients in the P group and one patient in
the M-group experienced a decrease in systolic blood
pressure below 80 mmHg which were successfully recti-
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CLE is a new endoscopic device that can instantly va
lidate tissue pathology via viewing endomicroscopic
images during ongoing endoscopy. Good quality endomicroscopic images can be obtained by achieving full
vertical contact of the confocal imaging window with
the mucosa[28] . The main cause of reduced quality of
endomicroscopic images is to the movement artifacts.
Therefore, an adequate level of sedation is desirable to
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make iCLE examination more tolerable to the patient
and easier to perform for the endoscopist. So far, several
sedative agents, such as midazolam and propofol, have
been applied in iCLE examination to achieve conscious
sedation. However, no investigation has yet compared the
sedation efficacy of propofol with the regimen of benzodiazepines and narcotics during iCLE. Results of this
prospective randomized study showed that the proportion of good quality endomicroscopic images increased
by propofol (P group) as the sedative agent rather than
midazolam plus fentanyl (M/F group).
Based on our results, the proportion of good quality
endomicroscopic images is significantly influenced by the
regimen of sedation. Propofol showed clear superiority,
either for iCLE scanning of the 9 standard locations or
endoscopic mucosal lesions of the upper GI tract. The
diagnostic sensitivity, specificity, PLR and NLR were
mostly better in patients receiving propofol, although
these did not reach statistical significance except for PLR
in diagnosing neoplasia and NLR in diagnosing intestinal metaplasia and neoplasia. In our opinion, the reason
might be that patients under propofol sedation tolerated
inflation of the stomach and the attachment of the iCLE
onto the tissue to a greater extent than patients under
midazolam and fentanyl sedation, who still tend to experience some retching and belching. The more frequent
patient movement in the M/F group not only interferes
in the full vertical contact of the confocal window on the
interested area, but also disturbs the endoscopist’s attention on making a definite judgment.
In addition, our findings suggest that propofol is
more efficient compared to the regimen of midazolam
plus fentanyl in the sedation of patients undergoing
iCLE. The procedure duration and sedation time were all
significantly longer in the M/F group. Since the number,
endoscopic location and histological spectrum of mucosal lesions were well matched between the two groups,
we therefore interpreted the prolonged procedure time
in M/F sedation as being a consequence of the necessity for short-term interruptions of the endoscopic procedure due to the time interval required until repeated
administrations of midazolam effectively resedated the
patients. Adverse event and postprocedure patient assessment were not significantly different except for more
frequent intraprocedural recall with midazolam and fentanyl. The endoscopist assessment, assistant satisfaction
and anesthetist satisfaction all favor the use of propofol.
These were in accordance with previously published data
comparing the sedation effect of propofol vs midazolambased regimen during endoscopy[7,17,18,29]. A prior study reported that propofol caused more pain on administration,
thus leadidng to a lower acceptance rate by patients[30]. In
this study, propofol was often mixed with lidocaine (50
mg of 2% lidocaine mixed with 200 mg of 1% propofol)
at the time of injection, and no patient experienced pain
or complained of pain.
Considering the extensive clinical application of the
combined use of midazolam and fentanyl, we choose this
regimen as a comparison arm to the increasingly advo-
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cated anesthetic drug propofol in the present study. Thus
the independent role of midazolam compared with propofol in sedative endomicroscopy may not be clear according to the present research. However, previous data
showed that the addition of a narcotic to midazolam may
result in better patients’ cooperation, easier insertion of
the gastroscope, and increased endoscopists’ satisfaction
with the procedure[31,32]. Nevertheless, further studies are
warranted to explicit the independent role of midazolam
in this procedure.
Our study has certain limitations. First, the difference
of the proportion of good quality endomicroscopic images between the two groups did not reach the estimated
value (19.86% vs 21%) with the current sample size (100
patients), which will certainly weaken the statistical power
of this study. However, we did not expand patient recruitment because the predetermined study period has
terminated. Anyway, χ 2 analyses demonstrated statistical
significance either for total number of good quality endomicroscopic images or for each examined area between
the two groups. Therefore, the results of this study need
to be warranted in further researches with a larger sample
size. Second, although the target level of sedation in this
study was conscious sedation, it is possible that some
patients may move to deeper sedation during the procedure since they were not continuously called or shaken in
order to judge their sedation level when being examined.
In addition, there have been reports comparing the sedation depth of propofol vs midazolam and meperidine,
which demonstrated that propofol was more likely to
produce a deeper level of sedation than midazolam and
meperidine[17,19]. Given the narrow therapeutic window
of propofol, the onset of sedation may be deeper at first,
with effect moderating over time. Indeed, the anesthetic
agents in both groups were titrated according to patient
safety and comfort rather than sedation. Nevertheless, all
patients in the present study were monitored with continuous pulse oxymetry and noninvasive arterial blood
pressure measured at 5-min intervals，and no severe side
effects were observed in either group of patients in this
study.
In conclusion, propofol was superior to midazolam
and fentanyl for conscious sedation in achieving good
quality endomicroscopic images which an accurate endomicroscopic diagnosis is based on. The sedation related
outcomes, such as procedure duration, sedation duration,
amnesia, endoscopist satisfaction and patient cooperation, also favor the application of propofol. Therefore,
conscious sedation using propofol rather than midazolam
and fentanyl might be recommended for iCLE examinations. However, the results of the present study need to
be further validated with a larger population in multiple
centers.
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Background

Confocal laser endomicrosopy (CLE) is a novel endoscopic modality which enables real-time visualization of cellular and subcellular structures in vivo. Yet in-
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tegrated CLE (iCLE) examination might require more patients’ cooperation and
better sedation so as to get endomicroscopic images of good quality and make
an accurate diagnosis. Although benzodiazepines, narcotics or propofol have
been administered during iCLE procedures, the most effective and satisfactory
sedation agent for iCLE examination has not yet been investigated.

8

Research frontiers

The clinical applications of iCLE have been validated in various gastrointestinal
(GI) diseases, including Barrett’s esophagus, early esophageal and gastric cancer, ulcerative colitis, and colorectal neoplasia. The most widely used sedative
combination for GI endoscopy is benzodiazepine and narcotics. Recent data
suggest that the use of propofol for sedation is increasing.

9

Innovations and breakthroughs

10

This study first validated that sedation with propofol could increase the proportion of good quality endomicroscopic images, and may result in improved procedural efficacy and diagnostic accuracy during iCLE examination.

Applications

11

The results of the present study help make a preferable anesthetic regimen for
sedative iCLE examination. Conscious sedation using propofol rather than midazolam and fentanyl might be recommended for iCLE examinations.

Terminology

12

CLE is an outgrowth of conventional laboratory confocal microscope. Currently,
there are 2 CLE imaging system available in clinical practice: one is the integrated CLE (iCLE) with a miniaturized confocal microscope integrated at the
distal tape of a conventional endoscope, the other is a probe-based CLE (pCLE)
which is ultrathin and can be passed through the working channel of standard
endoscopes.

13

Peer review

Sedation is a big issue in endoscopic procedures. The authors evaluated the
quality of endomicroscopic images under anesthetic condition. For getting
the good quality of endomicroscopic image, extremely sedative condition is
required. Therefore, the authors used variable anesthetic medicines. However,
the adverse effects of sedatives are sometimes very severe. In this study, the
authors found similar side effects and good quality images in propofol group.
That is an important study for the future application of sedative endomicroscopy.
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Decompression of the small bowel by endoscopic long-tube
placement
Shi-Bin Guo, Zhi-Jun Duan
CONCLUSION: For patients with adhesive small bowel
obstruction, long-tube decompression is recommended
and long-tube insertion by endoscopy was superior to
fluoroscopic placement.
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Abstract
AIM: To investigate and compare the decompression
effect on small bowel obstruction of a long tube inserted using either endoscopic or fluoroscopic placement.

INTRODUCTION
Small bowel obstruction (SBO) is a major cause of morbidity and financial expenditure in hospitals worldwide.
The etiology of SBO has changed in recent decades;
whereas SBO was once predominantly due to hernias,
it is now largely a result of adhesions[1-3]. It has been reported that about 50% to 80% of SBOs are caused by
adhesions, mostly postoperative, with a minority being
secondary to peritonitis[4-6]. Patients with partial adhesive
SBO are usually given conservative management, including fasting, intravenous hydration, and decompression
with a nasogastric tube[7]. Unfortunately, such treatments
are successful in only 40% of cases[8]. Recently, clinical
application of a long tube to decompress the obstructed
intestine by aspirating the intestinal contents has achieved
favorable outcomes[9]. However, because the procedure
involves fluoroscopy, it is difficult to intubate a long tube

METHODS: Seventy-eight patients with small bowel
obstruction requiring decompression were enrolled in
the study and divided into two groups. Intubation of a
long tube was guided by fluoroscopy in one group and
by endoscopy in the other. The duration of the procedure and the success rate for each group were evaluated.
RESULTS: A statistically significant difference in the
mean duration of the procedure was found between
the fluoroscopic group (32.6 ± 14.6 min) and the endoscopic group (16.5 ± 7.8 min) among the cases classified as successful (P < 0.05). The success rate was significantly different between the groups: 88.6% in the
fluoroscopic group and 100% in the endoscopic group (P
< 0.05).
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into the small bowel, which results in a protracted procedure, severe patient distress, increased x-ray exposure,
and a low success rate. In this report, we describe our
experience using an endoscopic technique to place a long
tube into the small bowel, and evaluate the efficacy of
the long tube to achieve decompression for treatment of
SBO.

A

MATERIALS AND METHODS
Patients
From April 2004 to August 2010, 78 patients with clinical
and radiographic evidence of SBO were enrolled in this
study (44 male and 34 female, age 20 to 94 years, average 58.6 years). None of the patients had contraindications for long-tube decompression, such as strangulation
obstruction, incarcerated hernias, radiation enteritis, and
peritonitis. The presenting manifestations were abdominal
pain in 75 cases (96.2%), distension in 63 cases (80.8%),
constipation in 47 cases (60.3%), and nausea and vomiting in 39 cases (50%). The study was conducted in compliance with the Helsinki Declaration and in accordance
with local legislation, and was approved by the Ethics
Committee of First Affiliated Hospital, Dalian Medical
University. Written informed consent was obtained from
all patients or their relatives before the study. The patients
were divided into two groups: group A (n = 35), in which
the procedure was performed under fluoroscopy; group
B (n = 43), in which the procedure was performed with
the assistance of gastroscopy.

B

C

Instruments
A hydrophilic long tube (Create Medic, Tokyo, Japan) was
used. It has an outer diameter of 16F, a working length
of 3000 mm, an anterior balloon and a posterior balloon
at its tip, a guidewire channel, and an injection channel with an anti-reflux valve. In addition to the tip hole,
there are 8 side holes near the distal end of the tube. The
guidewire was 1.24 mm in diameter and 3500 mm long
(Create Medic). An endoscope (GIF Q260J; Olympus,
Tokyo, Japan) was used in group B.

Figure 1 Endoscopic progress of a long-tube insertion. A: The guidewire
was grasped with biopsy forceps and the scope and tube were passed through
the pylorus to reach the duodenojejunal flexure; B: The anterior balloon was
inflated to engage the wall of the bowel; C: The guidewire was released and the
scope was withdrawn while maintaining the long tube in the small bowel.

Procedures
Tetracaine jelly was applied to the long tube to lessen
both patient discomfort and the friction between the
tube and the endoscope. In order to advance the long
tube more easily, a guidewire was inserted into the tube
to make it more rigid. The nasogastric tube was removed
and a long tube was gently inserted through the nose and
esophagus into the stomach. In group B, along with the
long tube, an endoscope was also inserted through the
mouth and esophagus into the stomach, with the patient
in the left lateral decubitus position. The guidewire was
placed 2 cm above the tip of the long tube so that it
could be grasped easily by the biopsy forceps. The scope
and tube were passed through the pylorus and advanced
as far as possible (Figure 1A). Then the anterior balloon
was fully inflated by injecting 20 ml of distilled water

to engage the wall of the bowel (Figure 1B), the biopsy
forceps and the guidewire was released and the scope
was withdrawn while maintaining the long tube in the
small bowel (Figure 1C). The tube was advanced through
the nose 5 cm per hour by gastrointestinal peristalsis. In
group A, the long tube was inserted under fluoroscopic
guidance. Postural change of the patients and transabdominal manipulation were frequently used to facilitate
passage of the tube through the pyloric ring. After the
long tube had reached the descending part of the duodenum, the anterior balloon was fully inflated to engage
the wall of the bowel, as described above. Successful
intubation was defined as insertion of the long tube into
the descending part of the duodenum. The time required
for the tube-insertion procedure was determined for
the 2 groups. In group A, it was regarded as a failure for
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A

B

C

D

Figure 2 Abdominal flat plate images after long tube insertion. A: Location of the long tube; B: Jejunum after ingestion of contrast medium through the long tube; C:
Ileum; D: Colon, showing complete relief of the small bowel obstruction after insertion of the long tube.

(Chicago, IL, United States). Analysis of variance (ANO
VA) or Wilcoxon statistical methods were used to determine statistical significance. All measurements in this
study were expressed as mean ± SD. P < 0.05 was considered statistically significant.

Table 1 Demographic characteristics of 78 patients with
small-bowel obstruction

Gender: male to female
Age (yr)
mean (SD)
Median (range)
Symptoms
Abdominal pain
Distension
Constipation
Nausea/Vomiting

Group A (n = 35)

Group B (n = 43)

20:15

24:19

55.6 (16.4)
57.4 (20-83)
34
29
22
18

56.5 (17.4)
59.3 (22-94)

RESULTS
There was no statistically significant difference in the
mean age, male-to-female ratio, and causes of bowel
obstruction between the 2 groups (Table 1). The time
required for placement of the long tube in the descending part of the duodenum in groups A and B was 32.6
± 14.6 min and 16.5 ± 7.8 min, respectively (P ＜ 0.05).
�������
The success rate of intubation was 88.6% in group A
and 100% in group B (P ＜ ���������������������������
0.05). Four intubations in
group A failed under the guidance of fluoroscopy but
were completed with the assistance of endoscopy; all 4
of these patients were male. No severe complications relevant to the procedure occurred in either group.
The obstructive symptoms of most patients were
relieved within 3 d. Suction was discontinued and the
balloon was aspirated when the patient had flatus. If
the clinical and radiographic signs remained stable, oral
intake was initiated. As the oral intake changed to full
liquids, the tube was removed. Sixty-eight cases (87.2%)
had complete remission. Patients who required operative
intervention were defined as treatment failures. All 10
such cases (12.8%) in our study underwent laparotomy.
Among them, 7 cases (9.0%) had neoplasms in the small

41
34
25
21

fluoroscopy-guided intubation if endoscopic assistance
was required. During the procedure, vital signs and O2
saturation were monitored if necessary. After insertion
of the long tube, intermittent continuous suction was
performed to reduce intraluminal pressure in the small
bowel, and fluid and electrolyte deficits were corrected.
Abdominal flat plate images were taken daily to evaluate
the progress of the tube and the degree of decompression (Figure 2A). In some cases, water-soluble contrast
medium was given through the long tube to determine
the cause of the SBO, whether the obstruction was partial or complete, and whether it was completely relieved
by this nonsurgical treatment (Figure 2B-D).
Statistical analysis
Data analysis was performed using SPSS 10.0 software

WJG|www.wjgnet.com

1824

April 21, 2012|Volume 18|Issue 15|

Guo SB et al . Long-tube and small bowel obstruction

the intestinal contents, decrease edema of the bowel
wall[25], enhance bowel motility, and prevent bacterial
translocation[26]. Long-tube decompression successfully
relieves the obstructive symptoms in most patients with
SBO[9], especially adhesive obstructions, and may ultimately help to avoid abdominal operations in the majority of patients[2].
Long-tube decompression achieved favorable outcomes, including reduced edema, improved circulation of
the involved intestine, and correction of intestinal kinking, so that both normal size and function are restored
in the distended loops of the bowel[9]. In our study, most
patients with SBO were relieved of the obstruction within 72 h, and about 87.2% of the patients experienced full
recovery following long-tube decompression and without
the need for surgical intervention，which is consistent
with other reports[9]. Moreover, no serious complications
were found during the long-tube decompression treatment, which is also similar to other studies.
Although most SBOs can be resolved with tube decompression alone, surgical treatment may be required in
some patients[27] because of neoplasm or strangulation.
For adhesive SBO, if ileus persists more than 3 d after
insertion of a long tube, or the drainage volume is still
> 500 mL on day 3, surgery should be recommended to
replace the conservative management[28-30].
In our study, 10 cases underwent laparotomy. Among
them, 7 cases received bowel resection because of neoplasms and 3 cases underwent adhesiolysis due to complete and multiple-site obstructions. However, even for
those patients receiving laparotomy, long-tube decompression should be done before surgery to prevent the
occurrence of perforation.
In conclusion, decompression with a long tube should
be considered for all patients with clinical and radiographic evidence of SBO but without a strangulation obstruction or other contraindications. Long-tube insertion
facilitated by endoscopy is superior to the conventional
fluoroscopic method for SBO, as evidenced by the procedural success rate and time required.

Table 2 Characteristics of patients with small bowel obstruction who underwent surgery
Group A
(n = 35)

Group B
(n = 43)

26
3
2
4
5

31
4
3
5
5

3
2

4
1

Etiology
Postoperative adhesion
Neoplasm
Inflammatory bowel disease
Unknown
Surgery needed
Surgical method
Bowel resection
Adhesiolysis

bowel and received bowel resections. The other 3 cases
(3.8%) failed to respond to long-tube decompression because of the complete SBO and underwent adhesiolysis
(Table 2).

DISCUSSION
As one of the major causes of hospitalization and surgical consultation, SBO can come from many causes[10].
It used to be a fatal condition, with mortality as high as
50%. Since 1933, when Wangsteen used a long tube to
decompress the obstructed intestine and achieved favorable results, this method has been widely used in clinical practice with improved technique[11-14]. Various long
tubes have been developed for this purpose[15,16] which
resulted in a remarkable reduction in mortality from
bowel obstruction[9,17]. Studies[15,18] demonstrated that
the decompression effect achieved with a long tube is
superior to that of a nasogastric tube for the treatment
of obstruction because a long tube can automatically
pass into the deeper portion of the intestine by balloon
transport, come closer to the obstruction and reduce the
intraluminal pressure more effectively. However, because
insertion of a long tube has traditionally been performed
under the guidance of fluoroscopy, it is difficult to insert
a long tube blindly into the small bowel, and this has
many drawbacks such as prolonged procedural time, severe patient distress, and increased X-ray exposure. But
direct observation by endoscopy makes it much easier
and quicker to guide the tube through the pyloric ring[19].
However, the long tube is easily disturbed when the
endoscope is withdrawn because of the strong friction
between the tube and the endoscope. To avoid this in our
studies, we fully inflated the anterior balloon to engage
the wall of the bowel before withdrawing the endoscope.
By using this method we improved both the success rate
and the time required for tube placement. Because the
entire procedure was performed by endoscopy, fluoroscopy was only used to confirm the position of the tube,
thus improving the safety for both the medical staff and
patients.
Postoperative adhesion is the major cause of SBO[2,3],
and adhesive SBO can be a complication of any abdominal surgery[20-24]. Long-tube decompression can aspirate
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KISS-1 inhibits the proliferation and invasion of gastric
carcinoma cells
Na Li, Hong-Xing Wang, Jie Zhang, Ya-Ping Ye, Guo-Yang He
protein in BGC-823/KISS-1 transfected cells were significantly higher than in BGC-823/pcDNA3.1 transfected
cells (P < 0.05) or the parental BGC-823 cell line (P
< 0.05). The expression level of MMP-9 mRNA and
protein in BGC-823/KISS-1 were significantly less than
in BGC-823/pcDNA3.1 (P < 0.05) or BGC-823 cells (P
< 0.05). MTT growth assays show the proliferation of
BGC-823/KISS-1 cells at 48 h (0.642 ± 0.130) and 72
h (0.530 ± 0.164) were significantly reduced compared
to BGC-823/pcDNA3.1 (0.750 ± 0.163, 0.645± 0.140)
(P < 0.05) and BGC-823 cells (0.782 ± 0.137, 0.685 ±
0.111) (P < 0.05). Invasion assays indicate the invasive
potential of BGC-823/KISS-1 cells (16.50 ± 14.88) is
significantly reduced compared to BGC-823/pcDNA3.1
(20.22 ± 14.87) (P < 0.05) and BGC-823 cells after 24
h (22.12 ± 16.12) (P < 0.05). In vivo studies demonstrate the rate of pcDNA3.1-KISS-1 tumor growth is
significantly slower than pcDNA3.1 and control cell tumor growth in nude mice. Furthermore, tumor volume
3
of pcDNA3.1-KISS-1 tumors (939.38 ± 82.08 mm )
was significantly less than pcDNA3.1 (1250.46 ± 44.36
3
3
mm ) and control tumors (1284.36 ± 55.26 mm ) (P <
0.05). Moreover, the tumor mass of pcDNA3.1-KISS-1
tumors (0.494 ± 0.84 g) was significantly less than
pcDNA3.1 (0.668 ± 0.55 g) and control tumors (0.682
± 0.38 g) (P < 0.05).
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Abstract
AIM: To investigate the function of the KISS-1 gene
in gastric carcinoma cells and to explore its potential
mechanism.
METHODS: A KISS-1 eukaryotic expression vector
was constructed and transfected into BGC-823 cells.
Resistant clones were obtained through G418 selection.
reverse transcription-polymerase chain reaction and
western blotting were used to detect KISS-1 and matrix
metalloproteinase-9 (MMP-9) expression in transfected
cells. The growth of transfected cells was investigated
by 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide (MTT) proliferation assays, and the cells’ invasive potential was analyzed by basement membrane
(Matrigel) invasion assays. The anti-tumor effects of
KISS-1 were tested in vivo using allografts in nude
mice.

CONCLUSION: KISS-1 may inhibit the proliferation
and invasion of gastric carcinoma cells in vitro and in
vivo through the downregulation of MMP-9.
© 2012 Baishideng. All rights reserved.

Key words: KISS-1; Matrix metalloproteinase-9; BGC-823
cells; Proliferation; Metastasis; Nude mice
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RESULTS: The expression level of KISS-1 mRNA and
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The ligated product was transformed into JM109 cells.
Restriction endonuclease analysis, quantitative RT-PCR
and plasmid sequencing were performed to validate the
recombinant plasmid reading frame.

Li N, Wang H, Zhang J, Ye Y, He G. KISS-1 inhibits the proliferation and invasion of gastric carcinoma cells. World J
Gastroenterol 2012; 18(15): 1827-1833 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i15/1827.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i15.1827

Cell culture and transfection
The BGC-823 cells (a gift from Zheng Zhou University)
were cultured in RPMI 1640 medium supplemented with
10% bovine calf serum, 100 U/mL penicillin and 100
U/mL streptomycin. Cells were cultured at 37 ℃ in a humidified incubator with 5% CO2. NIH3T3 cells cultured
in the same conditions were used as controls. Twelve
hours before transfection, cells were seeded onto 24-well
plates at a density of 1-2 × 105 cells per well. Cells were
transfected when plate confluence was approximately
90%-95%. The cells were transfected with 1.25 µL/well
of PcDNA3.1-KISS-1 vector using 1 µL Lipofectamine
(Invitrogen). The culture medium was replaced with a selection medium containing G418 (at concentrations ranging from 100 µg/mL to 1000 µg/mL, Alexis Biochemicals) forty-eight hours later. When stably transfected cells
were obtained, the cells were continuously maintained in
200 µg/mL of G418. BGC-823 cells were transfected
with the empty pcDNA3.1 vector as a control.

INTRODUCTION
KISS-1 has been identified as a human melanoma metastasis suppressor gene using subtractive hybridization
between the metastatic human melanoma cell line C8161
and non-metastatic variants generated after microcellmediated transfer of chromosome 6 into C8161[1]. The
KISS-1 gene maps to chromosome 1 bands q32-q41 and
encodes a largely hydrophobic 145-amino-acid protein[2].
The 54-amino-acid, C-terminally amidated fragment of
the KISS-1 protein (amino acids 68-121) is termed metastin, while the full-length protein is called kisspeptin[2,3].
Expression of KISS-1 is detectable in normal heart, brain,
liver and lung. In human tumors, KISS-1 expression is
weak or undetectable. The KISS-1 gene product functions
as tumor metastasis suppressor and is reported to act after
binding with hOT7T175, an orphan G-protein-coupled
receptor. Previous studies demonstrated KISS-1 could
suppress metastasis of human malignant melanoma and
human breast carcinoma cells without affecting tumorigenicity[4,5]. Although the loss of KISS-1 expression has
been associated with tumor progression and poor prognosis in various cancers, the mechanism underlying this
activity is still unknown. Investigating the role of KISS-1
in other cancers and identifying its potential mechanism
in suppressing tumor metastasis will require additional experiments.

Reverse transcription-polymerase chain reaction
Total RNA was isolated from cells using Trizol purification (Gibco). After denaturing RNA at 94 ℃ for 5 min,
500 ng of RNA was transcribed into cDNA. Next, cDNA
was amplified using the following primers: KISS-1 sense (5’
-ATGAACTCACTGGTTTCTTGGCAG-3’), KISS-1 antisense (5’-TCACTGCCCCGCACCTG-3’); MMP-9 sense
(5’-AGGAGCGGCTCTCCAAGAAG-3’) and MMP-9
antisense (5’-GGGCACTGCAGGATGTCATAG-3’).
Duplex amplification was performed using a thermocycler
for 30 cycles according to the following program: 1 min at
94 ℃, 30 s at 48 ℃ (KISS-1), 60 ℃ (MMP-9) and 1 min at
72 ℃. PCR fragments were separated by electrophoresis
on a 1.5% agarose gel, with glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (315 bp) as an internal standard. PCR products were quantitated using SYNGENE
gel analysis software, and GAPDH was used to normalize
the data.

MATERIALS AND METHODS
Construction of recombinant expression vectors
Two primers, K1(5’-CGAAGCTTATGAACTCACTGGTTTCT-3’, carrying a HinDⅠ site, underlined) and
K2(5’-CTGGATCCTCACTGCCCCGCACCTG-3’, carrying an BamHⅠ site, underlined), were designed for the
KISS-1 gene’s CDS (sequence coding for amino acids in
protein) domain. This sequence was amplified by quantitative reverse transcription-polymerase chain reaction
(RT-PCR) with primer K1 and K2 from 50 g of human
gastric tissue derived from 5 cm of the edge of gastric
carcinoma lesions. Quantitative RT-PCR conditions were
as follows: denaturing at 94 ℃ for 1 min, annealing at
48 ℃ for 30 s, and extension at 72 ℃ for 1 min. The PCR
was run for 30 cycles. Final extension was performed at
72 ℃ for 10 min. The fragment carrying both the HinD
Ⅰ and BamHⅠ site was acquired by quantitative RT-PCR.
This PCR produced a product of 454 bp. The product
was subjected to a double digestion with HinDⅠ and
BamHⅠ enzymes, and the digested DNA product was
ligated into a 5.4-kb fragment of pcDNA3.1 (Invitrogen,
United States) that was digested with the same enzymes.
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Western blotting
For Western blotting protein analysis, 40 µg of total
protein was separated by 10%-15% gel gradient SDSPAGE under reducing conditions. Proteins were subsequently transferred to a polyvinylidene fluoride (PVDF)
membrane. The PVDF membrane was incubated with
blocking buffer (PBS containing 5% non fat milk) for 2
h at room temperature. Primary antibodies were either
rabbit anti-KISS-1 (Boshide, China) or goat anti-MMP-9
(Santa Cruz, United States). Membranes were incubated
overnight at 4 ℃ with gentle shaking. The membrane was
washed twice with PBS for 5 min and incubated with secondary antibodies (Zhongshan, China) for 2 h at room
temperature. After washing, KISS-1 and MMP-9 were
detected using a chemiluminescence reaction. The results
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were analyzed with TotalLab2.0 software. Protein levels
were normalized to β-actin protein.

of control group-tumor volume (mass) of experiment
group/ tumor volume (mass) of control group] × 100%.

Cell proliferation assay
Cells were seeded at 5 × 103 cells per well in a 96-well
plate and cultured in the presence of 10% fetal bovine
serum for 24, 48 or 72 h. The cells were pulsed with 3-(4,
5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide
(MTT, Sigma, United States) 20 µL/well [5 mg/mL in
phosphate-buffered saline (PBS)] to measure cell growth.
The purple-blue MTT formsazan precipitate was dissolved in 200 µL of DMSO and swirled for 30 min.
Absorbance (UA) was measured at 570 nm with a spectrophotometer. Experiments were repeated five times.
Proliferation inhibition rates (%) = (1-UAE/UAC) ×
100%
UAE: Average UA value of experimental group; UAC:
Average UA value of control group.

Statistical analysis
Data were analyzed using the SPSS13.0 software. Analysis of variance was conducted followed by independentsample t-tests. A P value less than 0.05 was considered to
be statistically significant.

RESULTS
Construction and identification of recombinant plasmids
Full-length human KISS-1 CDS domain cDNA was inserted into a pcDNA3.1 vector at the HinDⅠ/BamHⅠ
site to form the recombinant plasmid pcDNA3.1-KISS-1.
Recombinant pcDNA3.1-KISS-1 vectors containing the
KISS-1 gene were selected through α-complementation.
The expression vector was further analyzed by digestion
with the restriction endonucleases HinDⅠ/BamHⅠ. The
resulting fragment sizes were consistent with the expected fragments predicted by the expression vector map.

Invasion assays
For invasion assays, transwell polycarbonate filters (8-µm
pore size, Millipore, United States) were coated with 100
µL of matrigel (Sigma, United States) at a dilution of 1:20
in serum-free medium and were then air-dried for 24 h. 5
× 105 cells in 400 µL of complete medium were seeded
into the upper chamber. Next, 200 µL of medium was
added to the lower chamber, and the plate was incubated
at 37 ℃ in a 5% CO2 incubator for 24 h. Cells on the
lower surface of the filter were stained with hexamethylpararosaniline and counted. The experiment was performed in triplicate for three different cell lines.
The invasion index is defined as the number of cells
that migrated through the 8 µm pores of the filter in the
experimental group divided by the number of cells that
migrated through the filter in the control group × 100％.
The cell invasion inhibition rate is equal to the number of cells that migrated through the filter in the control
group minus the number of cells that migrated through
the filter in the experimental group divided by the number of cells that migrated through the filter in the control
group × 100％.

Transfection of the KISS-1 gene increased expression of
KISS-1 and downregulated matrix metalloproteinase-9
expression in BGC-823 cells
Strong expression of KISS-1 was observed in pcDNA3.1KISS-1 transfected BGC-823 cells by RT-PCR and Western
blotting. BGC-823 cells transfected with pcDNA3.1-KISS-1
also showed a significant reduction in MMP-9 expression
(P < 0.05). The expression of KISS-1 in pcDNA3.1-transfected BGC-823 cells and control BGC-823 cells remained
low (P < 0.05) (Figure 1).
Transfection of KISS-1 gene suppressed cell growth
At 48 and 72 h after transfection, the absorbance values
(570 nm) of pcDNA3.1-KISS-1-transfected BGC-823
cells were significantly different from those of the
pcDNA3.1-transfected (P < 0.05) and control BGC-823
cells (P < 0.05). KISS-1 transfection decreased cell proliferation by 17.90% compared to pcDNA3.1-transfected
cells and by 22.63% compared to control BGC-823
cells. These results indicate KISS-1 protein expression in
BGC-823 cells strongly inhibits cell proliferation (Table 1).

Tumor development in nude mice
Fourteen 4-6 wk old athymic female nude BALB/c mice
(weighing 18-22 g) were purchased from the Experimental Animal Center of Shanghai, Academia Sinica.
These mice were bred in specific pathogen-free conditions and were randomly divided into three groups of 8
mice per group. Three different cell lines (pcDNA3.1KISS-1, pcDNA3.1, BGC-823) were each suspended at
a concentration of 5 × 107 cells per 0.1 mL serum-free
RMPI 1640. Cells were injected subcutaneously into the
right forelimb. Tumor diameters were measured every 3 d.
Tumor volume was calculated according to the following
formula: volume (V) = 0.5236AB2 (A and B represent
the long and short tumor diameter respectively). The in
vivo growth curve of cancer cells was drawn. The animals
were sacrificed 45 d after inoculation, and tumors were
weighed. Inhibition rate (%) = [tumor volume (mass)

WJG|www.wjgnet.com

Effects of KISS-1 transfection on cell invasion
In order to invade surrounding tissue, epithelial cancer
cells must degrade the underlying basement membrane.
The numbers of cells that digested Matrigel and migrated
through the 8-µm pores in the filter were counted after
24 h (Figure 2). The total number of pcDNA3.1-KISS-1
transfected cells that migrated through the transwell polycarbonate filter was significantly less than the number of
migrating cells in the pcDNA3.1 transfected group and
control group (P < 0.05). These data suggest that transfection with the KISS-1 expression vector results in a
significant decrease in invasive capacity (Table 2).
Tumor growth
Tumor volume was assessed 7 d after injection of tumor
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Figure 1 The expressions of KISS-1 and matrix metalloproteinase-9 mRNA and protein in BGC-823 cells. A: The expression level of KISS-1 mRNA was distinctly higher and the expression level of MMP-9 mRNA was distinctly lower in pcDNA3.1- KISS-1 group than that in pcDNA3.1 group (P < 0.05) and control group (P
< 0.05); B: The expression level of KISS-1 protein was distinctly higher and the expression level of MMP-9 protein was distinctly lower in pcDNA3.1-KISS-1 group than
that in pcDNA3.1 group (P < 0.05) and control group (P < 0.05). Lane 1: Control group; Lane 2: pcDNA3.1 group; Lane 3: pcDNA3.1- KISS-1group. MMP-9: Matrix
metalloproteinase-9; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Table 1 The influence on the proliferation ability of BGC-823 cells transfected with pcDNA3.1-KISS-1
Group

24 h
UA value

Control group
pcDNA3.1 group
pcDNA3.1-KISS-1 group
a

0.744 ± 0.126
0.713 ± 0.222
0.691 ± 0.131

48 h

Inhibition rate (%)
0
4.17
7.12

UA value
0.782 ± 0.137
0.750 ± 0.163
0.642 ± 0.130a

72 h

Inhibitionv rate (%)
0
4.09
17.90

UA value
0.685 ± 0.111
0.645 ± 0.140
0.530 ± 0.164a

Inhibition rate (%)
0
5.84
22.63

P < 0.05 vs control group and pcDNA3.1 group.

cells and every 3 d thereafter until 45 d. Time curves
show the percentage increase in tumor size (Figure 3).
The tumor volume and mass in the pcDNA3.1-KISS-1
transfected group were both significantly less than the
tumor volume and mass in the pcDNA3.1-transfected
group and the control group (P < 0.05). The tumor volume and mass inhibition rates for the pcDNA3.1-KISS-1
transfected group were 26.86% and 27.57%, respectively.
No lung or liver metastatic nodules were observed. As a
result of KISS-1 transfection, tumor growth was reduced
(Table 3).

complications caused by tumor cell metastasis rather than
as a consequence of the original tumor growth. Metastasis is a multistep process involving complex interactions
between tumor cells and host cells. To become metastatic,
primary tumor cells must migrate from the tumor, dissociate from the tumor mass and travel to nearby or distant
secondary sites. Single cells, homotypic clusters of cells,
or heterotypic emboli subsequently arrest at a distant
site with the use of both organ specific and nonspecific
mechanisms. Next, these cells invade the surrounding
tissue and respond to growth signals at the secondary
site[6-9]. Interference at any one of these steps can block
the metastatic cascade and prevent the formation of metastatic tumor growths. Consequently, there is increasing
interest in researching the metastatic process to identify

DISCUSSION
The vast majority of gastric cancer deaths result from
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A

B

C

D

Figure 2 Suppression effects on invasion potency of BGC-823 by KISS-1 transfection. A: Control group; B: Group transfected with pcDNA3.1; C, D : Group
transfected with pcDNA3.1- KISS-1.

KISS-1 has been found in a variety of tumor metastasis,
including breast cancer, bladder cancer and pancreatic
cancer[4,10,11]. These studies suggest that KISS-1 is a human metastasis suppressor gene, and loss of KISS-1 and
its receptor may correlate with human tumor progression and metastasis. The mechanism of KISS-1 suppression is still unknown. Recent publications suggest
possible mechanisms for KISS-1 metastasis suppression.
Metastin (this peptide is encoded from the KISS-1 gene)
induces Ca2+ in receptor-transfected CHO cells[2], as well
as phosphorylation of ERK1/2 and weak phosphorylation of p38/MAPK but not of SAPK/JNK3. Metastin
inhibits motility, chemotaxis, and invasion in vitro[2,12],
possibly by repressing the transcription of MMP-9 via
the induction of cytosolic IkBa[13]. Metastin also induces
excessive formation of focal adhesions and stress fibers
in hOT7T175-transfected B16/BL6 and induces the
phosphorylation of FAK and paxillin[13], possibly through
Rho[14]. Our previous work has shown that loss of KISS-1
gene expression in tumors has a significant correlation
with lymph node metastasis from gastric carcinoma. The
purpose of this study was to determine whether KISS-1
might function as a metastasis suppressor and to investigate a possible mechanism for this action in gastric carcinoma.
We constructed a eukaryotic vector containing the
full-length human KISS-1 cDNA and transfected it into
BGC-823 cells. Selection with G418 enabled stably transfected cells expressing high levels of KISS-1 protein to
be obtained. In this study, we demonstrate a significant
reduction in the growth of BGC-823 cells transfected

Table 2 The influence on the invasion potency of BGC-823
cells transfected by KISS-1
Group

24 h
Cells numbers Invasion index
Invasion ability
(%)
inhibition rates (%)

Control group
22.12 ± 16.12
pcDNA3.1 group 20.22 ± 14.87
pcDNA3.1-KISS-1 16.50 ± 14.88a,c
group
a

100.00
91.33 ± 12.14
74.66 ± 17.14a,c

0.0
8.75 ± 11.18
25. 38 ± 16.25a

P < 0.05 vs transfected with pcDNA3.1 group; cP < 0.05 vs control group.

possible ways to inhibit metastatic tumor progression.
Metastasis suppressor genes, which inhibit the spread
of cancers to secondary sites, have become the target of
mounting clinical and basic cancer research. Recently, the
KISS-1 gene was reported to be a novel metastasis suppressor gene in human melanoma and breast carcinoma
cells[4,5]. KISS-1 was found to reduce tumor cell invasive
and migratory properties without affecting their tumorigenicity[5]. Kisspeptin, the product of the KISS-1 gene,
belongs to the RF-amide family of peptides that possess
an Arg-Phe-amide sequence motif at the C terminus.
This family of peptides is involved in the control of reproduction and tumor metastasis in mammals. In 2001,
kisspeptin was first shown to be the endogenous ligand
for the orphan G protein-coupled receptor GPR54 (or
KISS1R). Kisspeptin is also called metastin in consideration of its suppressive effects on tumor growth and
tumor metastasis[2]. Blocked or reduced expression of
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In summary, KISS-1 is able to be exogenously expressed in eukaryotic cells. Its transient expression significantly suppresses the growth and invasion of tumor cells.
Importantly, our data suggests that the effect of KISS-1
on tumor growth and invasion might occur by decreasing
expression of MMP-9. In the future, additional experiments will be required to determine a role for KISS-1
in other cancers and to explore the exact mechanism of
KISS-1 function.
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KISS-1 has been identified as a putative metastasis-suppressor gene in human melanomas and breast-cancer cell lines. However, the mechanism of how
KISS-1 works and the effects of a synthesized truncated KISS-1 protein on the
proliferation and invasive ability remain unknown. Our previous studies have
shown that the loss of KISS-1 expression was correlated with lymph node metastasis in gastric carcinoma tissue.

Figure 3 Inhibition effects on growth of BGC-823 by KISS-1 transfection
in vivo. The tumor volume in pcDNA3.1-KISS-1 transfected group was significantly lower compared with pcDNA3.1 transfected group and control group.

Research frontiers

Table 3 The comparison of average tumor volume and tumor
weight and inhibition rate in groups
Group (n = 8)

Innovations and breakthroughs

Tumor volume Inhibitory
Tumor
Inhibitory
3
(mm )
rate (%) weight (g) rate (%)

BGC-823 group
1284.36 ± 55.26
pcDNA3.1 group 1250.46 ± 44.36
pcDNA3.1-KISS-1 939.38 ± 82.08a
group
a

This study investigated the function of KISS-1 in gastric carcinoma cells and
explored its possible mechanism.

2.64
26.86

0.682 ± 0.38
0.668 ± 0.55
0.494 ± 0.84a

This study explored KISS-1 inhibits the proliferation and invasion of gastric
carcinoma cells in vitro and in vivo and concluded the mechanism is mediated
through the downregulation of matrix metalloproteinase-9.

2.05
27.57

Applications

By understanding the relationship between KISS-1 and tumor-cell proliferation
and invasion in gastric carcinoma, this study may be useful in the clinical management of patients with gastric carcinoma.

Peer review

P < 0.05 vs BGC-823 group and pcDNA3.1 group.

This topic is an import topic for research and the manuscript is good.

with an exogenous KISS-1 gene. Additionally, the colonyforming ability of KISS-1-transfected cells was reduced
in vitro, and tumor growth in nude mice was inhibited.
Using a reconstituted basement membrane assay (Matrigel), we showed a reduction in the number of invading
KISS-1 transfected BGC-823 cells. This finding indicates
that the propensity for local/regional invasion and distant metastasis of gastric cancer may be dependent on its
ability to invade the basement membrane. These results
are similar to those reported by Lee et al[4] using a breast
carcinoma cell line.
Cancer mortality is largely due to distant metastases
and subsequent organ failure. Metastasis involves the
degradation of the basement membrane and stromal extracellular matrix (ECM) and subsequent migration into
the adjacent blood vessels. This phenomenon results in
tumor growth in distant organs[8,15]. Degradation of the
basement membrane and ECM involve the secretion
of several proteases, such as one or more members of
the MMP family[16-18]. MMP-9 can cleave ECM proteins
to promote cell invasion and mobility and has been described as a negative prognostic marker of metastasis and
disease-free interval[19-21]. We transfected KISS-1 cDNA
into BGC-823 cells and subsequently monitored the expression of MMP-9 by western blotting and RT-PCR.
Our results show KISS-1 gene transfection decreases the
expression of MMP-9 and suggests that KISS-1 could
downregulate expression of MMP-9.
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Preoperative predictors of portal vein thrombosis after
splenectomy with periesophagogastric devascularization
Yu Zhang, Tian-Fu Wen, Lu-Nan Yan, Hong-Ji Yang, Xiao-Fan Deng, Chuan Li, Chuan Wang, Guan-Lin Liang
RESULTS: The diameter of portal vein was negatively
correlated with the portal vein flow velocity (P < 0.05).
Thirty-three cases (47.83%) suffered from postoperative PVT. There was no statistically significant difference
in the Child-Pugh score, the spleen weights, the PT, or
PLT levels between patients with PVT and without PVT.
Receiver operating characteristic curves showed four
variables (portal vein flow velocity, the ratio of velocity
and diameter, hepatic congestion index and diameter
of portal vein) could be used as preoperative predictors
of postoperative portal vein thrombosis. The respective
values of the area under the curve were 0.865, 0.893,
0.884 and 0.742, and the respective cut-off values
-1
(24.45 cm/s, 19.4333/s, 0.1138 cm/s and 13.5 mm)
were of diagnostically efficient, generating sensitivity
values of 87.9%, 93.9%, 87.9% and 81.8%, respectively, specificities of 75%, 77.8%, 86.1% and 63.9%,
respectively.

Yu Zhang, Tian-Fu Wen, Lu-Nan Yan, Chuan Li, Chuan Wang,
Guan-Lin Liang, Division of Liver Transplantation, West China
Hospital, Sichuan University, Chengdu 610041, Sichuan Prov
ince, China
Yu Zhang, Hong-Ji Yang, Xiao-Fan Deng, Division of Trans
plantation, The Sichuan Provincial people’s Hospital, Chengdu
610072, Sichuan Province, China
Author contributions: Wen TF and Yan LN contributed equal
ly to this work; Yan LN, Wen TF and Zhang Y designed the
research; Yang HJ, Deng XF, Li C, Wang C and Liang GL con
tributed to clinical work; Zhang Y wrote the manuscript; Yan
LN and Wen TF reviewed the manuscript.
Supported by Grants from the Sichuan Provincial scientific
and technological supported project, No. 2009sz0172
Correspondence to: Tian-Fu Wen, MD, Division of Liver Trans
plantation, West China Hospital, Sichuan University, Chengdu
610041, Sichuan province,
China. zhangyu.wwww@yahoo.com.cn
288-7760157
Telephone: +86-288-7393707 Fax: +86-�����������
Received: October 14, 2010 Revised: May 23, 2011
Accepted: May 30, 2011
Published online: April 21, 2012

CONCLUSION: The ratio of velocity and diameter was
the most accurate preoperative predictor of portal vein
thrombosis after splenectomy with periesophagogastric
devascularization in hepatitis B cirrhosis-related portal
hypertension.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To evaluate the predictive value of preoperative
predictors for portal vein thrombosis (PVT) after splenectomy with periesophagogastric devascularization.

Key words: Hypertension; Portal; Thrombosis; Splenectomy; Diagnosis

METHODS: In this prospective study, 69 continuous
patients with portal hypertension caused by hepatitis
B cirrhosis underwent splenectomy with periesophagogastric devascularization in West China Hospital of Sichuan University from January 2007 to August 2010. The
portal vein flow velocity and the diameter of portal vein
were measured by Doppler sonography. The hepatic
congestion index and the ratio of velocity and diameter
were calculated before operation. The prothrombin
time (PT) and platelet (PLT) levels were measured before and after operation. The patients’ spleens were
weighed postoperatively.
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INTRODUCTION
As a potentially fatal complication, portal vein thrombosis (PVT) can aggravate liver damage and increase the risk
of gastrointestinal bleeding[1]. PVT can also increase the
difficulty of future liver transplantation[2,3]. The incidence
of PVT including splenic vein, superior mesenteric vein,
or portal vein thrombosis after splenectomy with periesophagogastric devascularization in hepatitis B cirrhosisrelated portal hypertension is 13.4%-43.5%. At present,
most of patients with PVT undergo specific treatments
after the diagnosis with color Doppler, computed tomography or magnetic resonance imaging. Alternatively, some
patients undergo preventive measure, such as antiplatelet
and anticoagulation therapy. However, it is not clear in
PVT correlates with an increase in blood platelets count.
The preventive effect of antiplatelet and anticoagulation
therapy on PVT is also not conclusive. The prevention
of PVT after splenectomy with periesophagogastric devascularization remains uncertain. A preoperative predictor of PVT is urgently required to guide clinical practice,
to assist in the selection of an appropriate surgical procedure, and for considering the success of future liver
transplantation.

1

6

Figure 1 The anatomy of the lower part of the esophagus and periesophagogastric area after surgery. 1: Gastric branch of gastric coronary vein; 2:
Esophageal branch of gastric coronary vein; 3: High esophageal branch of gastric coronary vein; 4: Aberrant high esophageal branch of gastric coronary vein;
5: Gastric short vein; 6: Gastric posterior vein; 7: Left subphrenic vein.

Child classification. Twenty-four cases were grade B and
12 cases were grade C. According to the Pugh-modified
Child’s score scale, the patients’ scores ranged from 7 to
11 (mean 7.59 ± 1.22). According to the model for endstage liver disease score scale, the patients’ score ranged
from 5 to 12 (mean 7.71 ± 2.43).
Operation
Patients underwent surgery similar to that previously described in detail by Yang and Qiu[6]. In brief, an extended
left subcostal incision or incision of the left upper abdomen was used for extreme splenomegaly. Routine splenectomy was an important part of periesophagogastric
devascularization. The right gastric vein was disconnected
near the gastric angular incisura. Then, the gastric branch
of the right gastric vein and 5-8 small branches of the
gastric coronary veins were disconnected. The esophageal branch was then disconnected and suture-ligated up
to 7-9 cm of the esophageal inferior segment. The high
esophageal branch went anteriorly and upward near the
left-lateral hepatic lobe, and entered into the esophageal
muscular layer at 4-6 cm above the cardia, and this branch
should be disconnected. The gastric posterior veins and
short gastric veins were ligated with sutures, and then the
left subphrenic vein was also ligated. In addition, the arteries accompanied by the veins, including the left gastric
artery, left gastroepiploic artery, gastric posterior artery,
and left subphrenic artery, were disconnected．The net
weight of the spleens were determined after surgery (Figure 1).

MATERIALS AND METHODS
Subjects
From January 2007 to August, 2010, 69 patients with
portal hypertension caused by hepatitis B cirrhosis underwent splenectomy with periesophagogastric devascularization in the same medical group in the West China Hospital of Sichuan University. Thirty-three (47.83%) cases
suffered from postoperative PVT. The ages of the cases
ranged from 35 to 68 years (mean 37.3 ± 10.7 years).
The inclusion criteria included clinically diagnosed portal
hypertension caused by hepatitis B-induced cirrhosis in
patients with a history of upper gastrointestinal hemorrhage or severe hypersplenism (white blood cell counts
< 3 × 103/dL or/and platelet (PLT) < 50 × 103/dL).
The values of the patients’ platelet count ranged from
9 × 103/dL to 85 × 103/dL (mean 33.2 × 103 ± 15.9×
103/dL). White blood cell counts ranged from 0.9 × 103/
dL to 5.7 ×103/dL (mean 2.4 × 103 ± 1.0 × 103/dL). All
69 patients underwent routine preoperative endoscopic
examination. The esophageal varices were evaluated by
Dagradi classification[4,5]. All patients had endoscopically
confirmed esophageal varices, with four mild cases, 15
moderate cases, and 50 severe cases. Sixteen cases were
associated with the red-color sign. Thirty-nine cases had
gastric fundus varices. Thirty patients had at least one
previous instance of upper gastrointestinal bleeding.
Before surgery, 33 cases were grade A according to the
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5

Perioperative treatment
Preoperatively, patients underwent treatment to improve
their functional hepatic reserve and blood clotting function [Vitk1 (20 mg), qd; 10% GS (500 mL) + 10% KCl (15
mL) + MgSO4 (5 g) + RI (10 U), qd; BCAA (500 mL),
qd]. On the day of surgery, Vitk1 (20 mg) and Reptilase
(2000 U) were administered. On postoperative day (POD)
1, only Vitk1 (20 mg) was used. After POD 1, no hemostatic agent was administered. Postoperative patients
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RESULTS
Postoperative complications
After surgery, 33 cases suffered from PVT, including sple
nic vein, superior mesenteric vein, or portal vein thrombosis. One case suffered from main portal vein complete
obstruction, superior mesenteric vein, and splenic vein
thrombosis and died on POD 7. The patient had suffered
from hepatic encephalopathy and upper gastrointestinal
hemorrhage before surgery, and had no opportunity to
undergo liver transplantation. No patient suffered from
hepatic encephalopathy after surgery. The remaining 68
patients have remained well postoperatively.

21
18
D
15
12
9

7.6

14.08

20.56
Vmax

27.04

33.52

Figure 2 The diameter of the portal vein is negatively correlated with the
preoperative maximum portal vein flow velocity. Vmax: The mean maximum
portal blood flow velocity; D: Portal vein diameter.

Correlation between preoperative maximum portal blood
flow velocity and the diameter of portal vein
The preoperative maximum portal blood flow velocity
of the 69 cases ranged from 7.6 cm/s to 40.0 cm/s, and
the mean value was (24.18 ± 9.08 ) cm/s. The diameters
of their portal veins ranged from 9mm to 24mm (mean
value 14.22 ± 2.86 mm). The diameter of portal vein
was negatively correlated with the portal vein flow velocity, with the linear regression equation being Y=1.69550.0113X (F = 9.88, P < 0.05) (Figure 2).

underwent treatment to improve their functional hepatic
reserve.
Color Doppler ultrasound detection
Color Doppler ultrasound detection was performed by
a color Doppler ultrasound system (Biosound AU 4, Esaote, Italy) on preoperative day 1 and postoperative day 7,
respectively. For each measurement, at least three reproducible patterns were created to calculate the mean maximum portal blood flow velocity (Vmax) at the midposition
of the main portal vein. The mean portal blood velocity
(Vmean) was calculated using the formula “Vmean = 0.57 ×
Vmax” as described by Moriyasu et al [7]. The portal vein diameter was also measured at the midposition of the main
portal vein. Hepatic congestion index (CI) and the ratio
of velocity and diameter (Vmax/D) were calculated before
surgery.
CI = portal vein cross sectional area/portal vein mean
flow velocity = (π × D2/4)/ Vmean = (π × D2/4)/0.57 ×
Vmax
Ratio of velocity and diameter= the maximum portal
blood flow velocity/ the diameter of the portal vein =
Vmax/D
All patients underwent routine PLT and prothrombin
time (PT) tests on preoperative day 1 and postoperative
day 7.

Analytic results of the differences between the portal vein
thrombosis and non-portal vein thrombosis groups
The preoperative maximum portal blood velocity of
the group with PVT was 18.06 ± 5.97 cm/s (7.6-32.3
cm/s), the preoperative maximum portal blood velocity of the group without PVT was 29.79 ± 7.75 cm/s
(14.0-40.0 cm/s). The diameter of portal vein of the
group with PVT was 15.39 ± 2.97 mm (11-24 mm),
the diameter of portal vein of the group without PVT
was 13.17 ± 2.31 mm (9-21mm). The hepatic congestion index of the group with PVT was 0.2126 ± 0.1243
cm/s-1 (0.0641-0.6614 cm/s-1), hepatic congestion index
of the group without PVT was 0.0942 ± 0.0702 cm/s-1
(0.041881-0.410575 cm/s-1). The ratio of velocity and
diameter of the group with PVT was 12.1774 ± 4.7493/s
(5-23.63636/s), the ratio of velocity and diameter of
the group without PVT was 23.3167 ± 6.7956 cm/s-1
(7.047619-32.9/s). All of the above-mentioned four
variables showed the statistically significant difference
between the two groups (P < 0.05). There was no statistically significant difference in the Child-Pugh score, the
net weight of the patients’ spleens, the value of PT and
PLT count between the two groups (Table 1).

Statistical analysis
Numeration data: patients were divided into two groups
according the presence or absence of postoperative PVT,
or were divided into two groups respectively according to
the respective cut-off values of Vmax, Vmax/D, CI and D.
Numeration data was analyzed by χ 2 tests. Measurement
data: results were expressed as mean ± SD and were analyzed by paired-sample t test and by receiver operating
characteristic (ROC) curves. All calculations were performed using the SPSS 12.0 statistical software. Results
with P values < 0.05 (paired-tailed test) were considered
statistically significant.
The Ethics Committee of our hospital approved the
study, and all patients gave their informed consent prior
to their inclusion into this investigation.
WJG|www.wjgnet.com

Receiver operating characteristic curve analysis
The ROC curve (Figure 3) showed that the two variables
Vmax and Vmax/D could be used as preoperative predictors
of postoperative portal vein thrombosis. The respective
values of the area under the curve were 0.865 (asymptotic 95% confidence interval: 0.780-0.950) and 0.893
(asymptotic 95% confidence interval: 0.815-0.970), and
the respective cut-off values (24.45 cm/s and 19.4333 /s)
were diagnostically efficient, with sensitivities of 87.9%
and 93.9%, respectively, specificities of 75% and 77.8%,
respectively (Figure 3).
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Table 1 Differences between patients with and without portal vein thrombosis
Group

Group with PVT (n = 33)

Group without PVT (n = 36)

Tort’ value

P value

18.06 ± 5.97
15.39 ± 2.97
0.2126 ± 0.1243
12.1774 ± 4.7493
619.4 ± 132.6
31.5 ± 14.3
237.8 ± 84.4
15.6 ± 1.4
16.0 ± 1.8
7.54 ± 1.24

29.79 ± 7.75
13.17 ± 2.31
0.0942 ± 0.0702
23.3167 ± 6.7956
636.4 ± 235.3
34.8 ± 17.2
267.7 ± 137.6
15.9 ± 1.3
16.4 ± 1.6
7.63 ± 1.22

6.9978
3.4935
4.812
7.9439
0.3736
0.8622
1.0978
0.923
0.9772
0.3037

< 0.05
< 0.05
< 0.05
< 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

Preoperative maximum portal blood velocity (cm/s)
The diameter of portal vein (mm)
Hepatic congestion index (cm/s-1)
The ratio of velocity and diameter (/s)
The net weight of spleen (g)
Preoperative PLT count (× 109/L)
Postoperative PLT count (× 109/L)
Preoperative PT value (s)
Postoperative PT value (s)
Child-Pugh score
PVT: Portal vein thrombosis; PLT: Platelet; PT: Prothrombin time.

of PVT in the cases with Vmax/D under 19.43/s was
significantly higher in than the cases with Vmax/D above
19.43/s (χ 2 = 36.04, P < 0.05) (Table 2).

Receiver operating characteristic curve
1.00

Source of the curve
Reference line
Vmax/D
Vmax

Sensitivity

0.75

Receiver operating characteristic curve analysis of
variable congestion index and D
This ROC curve (Figure 4) showed that the two variables
(CI and D) could also be used as preoperative predictors
of postoperative portal vein thrombosis. The respective
values of the area under the curve were 0.884 (asymptotic
95% confidence interval: 0.799-0.970) and 0.742 (asymptotic 95% confidence interval: 0.624-0.861), and the
respective cut-off values (0.1138 cm/s-1 and 13.5 mm)
were diagnostically efficient, with sensitivities of 87.9%
and 81.8%, respectively, and specificities of 86.1% and
63.9%, respectively (Figure 4).

0.50

0.25
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Figure 3 Receiver operating characteristic curve of the mean maximum
portal blood flow velocity and Vmax/portal vein diameter. Vmax: The mean
maximum portal blood flow velocity; D: Portal vein diameter.

Analytic results for the differences between cases with
congestion index�������
under �������
0.1138 ����
cm/s-1 and cases with
congestion index�������
above �������
0.1138 ����
cm/s-1
The mean CI of cases with CI under 0.1138 cm/s-1 (n =
35) was 0.0733 ± 0.0190 cm/s-1 (0.041881-0.112652 cm/
s-1). The mean CI of cases with CI above 0.1138 cm/s-1
was 0.2306 ± 0.1193 cm/s-1 (0.114922-0.661389 cm/s-1).
Twenty-nine cases suffered from PVT in the group with
CI above 0.1138 cm/s -1 (29/34, 85.29%); four cases
suffered from PVT in the group with CI under 0.1138
cm/s-1 (4/35, 11.43%). The incidence PVT in the cases
with CI above 0.1138 cm/s-1 was significantly higher than
in the cases with CI under 0.1138 cm/s-1(χ 2 = 37.71, P <
0.05) (Table 2).

Analytic results for the difference between cases with
Vmax under 24.45 cm/s (Vmax ≤ 24.45 cm/s) and cases with
Vmax above 24.45 cm/s (Vmax > 24.45 cm/s)
The mean preoperative maximum portal blood velocity of the group with Vmax under 24.45 cm/s (n = 38)
was 17.10 ± 4.60 cm/s (7.6-24.2 cm/s). The mean preoperative maximum portal blood velocity of the group
with Vmax above 24.45 cm/s (n = 31) was 32.85 ± 4.46
cm/s (24.7-40.0 cm/s). Twenty-nine cases suffered from
PVT in the group with Vmax under 24.45 cm/s (29/38,
76.32%); only four cases suffered from PVT in the group
with Vmax above 24.45 cm/s (4/31, 12.90%). The incidence of PVT in the cases with Vmax under 24.45 cm/s
was significantly higher than in the cases with Vmax
above 24.45 cm/s (χ 2 = 27.51, P < 0.05) (Table 2).

Analytic results for the differences between cases with
D under 13.5 mm and cases with D above 13.5 mm
The mean diameter of cases with D under 13.5 mm
(n = 40) was 11.79 ± 1.21 mm (9-13 mm). The mean
diameter of cases with D above 13.5mm was 16.00 ±
2.35 mm (14-24 mm). Twenty-seven cases suffered from
PVT in the group with Vmax/D above 13.5 mm (27/40,
67.5%). Six cases suffered from PVT in the group with
D under 13.5 mm (6/29, 20.69%). The incidence of
PVT in the cases with D above 13.5mm was significantly
higher than in the cases with D under13.5 mm (χ 2 ��
=
14.76, P < 0.05) (Table 2).

Analytic results for the differences between cases with
Vmax/D under 19.43/s (Vmax/D ≤ 19.43/s) and cases with
Vmax/D above 19.43/s (Vmax/D > 19.43/s)
The mean value of cases with Vmax/D under 19.43/s (n =
39) was (11.79 ± 3.99)/s (5.00-19.00/s), the mean value
of cases with Vmax/D above 19.43/s (n = 30) was (26.05
± 3.82)/s (19.87-32.90/s). Thirty-one cases suffered from
PVT in the group with Vmax/D under 19.43/s (31/39,
79.49%); only two cases suffered from PVT in the group
with Vmax/D above 19.43/s (2/30, 6.67%). The incidence
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Table 2 Analysis of respective variables
Variable(s)
Vmax
Vmax/D
CI
D

Area under the
curve

Cut-off value

Sensitivity
(%)

0.865
0.893
0.884
0.742

24.45 cm/s
19.4333/s
0.1138 cm/s-1
13.5 mm

87.9
93.9
87.9
81.8

Specificity
(%)

2

Cases above the Cases with Cases under the Cases with χ value
value
PVT
value
PVT

75
77.8
86.1
63.9

31
30
34
40

4
2
29
27

38
39
35
29

29
31
4
6

27.51
36.04
37.71
14.76

P

value
< 0.05
< 0.05
< 0.05
< 0.05

PVT: Portal vein thrombosis; CI: Congestion index.

count was not the main cause of postoperative PVTs.
The occurrence of postoperative PVTs also did not show
any correlation with the Child-Pugh score or the net
weight of spleens.
Our research showed that preoperative maximum por
tal vein flow velocity in patients with postoperative PVT
was significantly lower than in patients without postoperative PVT. The diameter of the portal vein in patients
with a PVT was significantly wider than in patients without a PVT. Thus, the preoperative portal vein flow velocity and the diameter of portal vein were the important
factors influencing the incidence of postoperative PVT.
Our study showed that the diameter of the portal vein
was negatively correlated with the preoperative maximum
portal vein flow velocity. Considering to that result, the
hepatic CI and the ratio of velocity and diameter (Vmax/D)
were both calculated before surgery.
ROC curves showed that four variables (Vmax, Vmax/D,
CI and D) could be used as preoperative predictors of
postoperative portal vein thrombosis. The area under the
curve of Vmax/D was the largest (0.893); therefore, Vmax/
D was the most accurate preoperative predictor of portal
vein thrombosis after splenectomy with periesophagogastric devascularization in hepatitis B cirrhosis-related
portal hypertension.
After surgery, four (21.90%) cases suffered from PVT
in the group with Vmax above 24.45 cm/s and only two
(6.67%) cases suffered from PVT in the group with Vmax/
D above 19.43/s. Four cases (11.43%) suffered from
PVT in the group with CI under 0.1138 cm/s-1 and six
cases (20.69%) suffered from PVT in the group with D
under 13.5 mm. Okuda et al[12] reported that the natural
incidence of PVT was 6.6% in patients with hepatitis B
cirrhosis-related portal hypertension that have not undergone surgery. We also showed that the incidence of PVT
was very low in the patients with Vmax above 24.45 cm/s,
Vmax/D above 19.43/s, CI under 0.1138 cm/s-1, or D under 13.5 mm.
Reports concerning the incidence of portal vein thro
mbosis splenectomy with periesophagogastric deva
scularization are very uniform. Our study showed that
postoperative portal vein thrombosis is mainly due to
the change of portal vein blood flow dynamics, rather
than a change in the value of PT or the PLT count. The
incidence of postoperative PVT did not show any correlation with the Child-Pugh score or the net weight of the
patients’ spleens. The change of portal vein blood flow
dynamics in patients with portal hypertension included

Receiver operating characteristic curve
1.00

Source of the curve
Reference line
CI
D

Sensitivity

0.75

0.50

0.25

0.00

0.00

0.25

0.50

0.75

1.00

1-specificity

Figure 4 Receiver operating characteristic curve of hepatic congestion
index and portal vein diameter. CI: Congestion index; D: Portal vein diameter.

DISCUSSION
The causes of PVT after splenectomy with periesophagogastric devascularization are disputed. Extrahepatic
portal vein thrombosis frequently results from multiple
concurrent factors, including procoagulant states and underlying myeloproliferative disorders (MPDs). The JAK2
V617F mutation is a point mutation in the Janus kinase 2
(JAK2) tyrosine kinase that is variably present in MPDs.
The role of screening for the JAK2 V617F mutation in
patients presenting with thrombosis without overt MPD
is unclear, but appears justified in cases of idiopathic
splanchnic vein thrombosis[8]. Silvia’s research showed
that pre-operative splenic vein diameter is a risk factor
for portal-splenic vein thrombosis after laparoscopic
splenectomy[9]. Shetty’s research showed that among the
acquired thrombophilias, MPD are the most frequent
cause, while antiphospholipid antibodies and hyperhomocysteinemia have not shown very strong association with
PVT[10]. Many scholars think that the rebound in PLT
count post splenectomy and the hypercoagulable state
cause postoperative PVTs in hepatitis B cirrhosis-related
portal hypertension. Similar to Roberto’s research[11], our
research showed that there was no statistically significant
difference in the Child-Pugh score, the net weight of
the patients’ spleens, the value of PT and the PLT count
between the group with PVT and group without a PVT.
However, our research did show a statistically significant
difference in the preoperative maximum portal blood
velocity and the diameter of the portal vein between
the two groups. This indicated that the rebound in PLT
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decreased portal vein velocity and increased portal vein
diameter[13,14]. The decreased blood flow velocity can lead
to the development of thrombus, and even the formation
of eddy currents; increased portal vein diameter would
lead to a vortex, causing venous intimal damage and “atherosclerosis-like” changes. In part, endothelial cells’ detachment and collagen exposure would lead to blood cell
adhesion and thus thrombosis. When Vmax/D was above
19.43/s, postoperative thrombosis very unlikely to occur. According to the report of Deng et al[15], thrombosis
mainly occurs in the perioperative period (within about
one month after surgery). Thus, these patients with Vmax/
D above 19.43/s should have a relatively good prognosis,
but it still require long-term follow-up. When the Vmax/D
is under 19.43/s, it is necessary to pay special attention to
the prevention of a potential PVT after splenectomy with
periesophagogastric devascularization. Further study is
required to determine whether such patients require liver
transplantation, but not splenectomy with periesophagogastric devascularization.
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CASE REPORT

Gastric angiodysplasia in a hereditary hemorrhagic
telangiectasia type 2 patient
Minsu Ha, Yoon Jae Kim, Kwang An Kwon, Ki Baik Hahm, Mi-Jung Kim, Dong Kyu Kim, Young Jae Lee, S Paul Oh
the lungs, brain and GI tract provoke a more serious
outcome. Heterozygous mutations in endoglin, activin
receptor-like kinase 1 (ACVRL1; ALK1), and SMAD4,
the genes involved in the transforming growth factor -β
family signaling cascade, cause HHT. We report here the
case of a 63 year-old male patient who presented melena and GI bleeding episodes, proven to be caused by
bleeding from multiple gastric angiodysplasia. Esophagogastroduodenoscopy revealed multiple angiodysplasia throughout the stomach. Endoscopic argon plasma
coagulation was performed to control bleeding from a
gastric angiodysplasia. The patient has been admitted
several times with episodes of hemoptysis and hematochezia. One year ago, the patient was hospitalized due
to right-sided weakness, which was caused by left basal
ganglia hemorrhage as the part of HHT presentation. In
family history, the patient’s mother and elder sister had
died, due to intracranial hemorrhage, and his eldest son
has been suffered from recurrent epistaxis for 20 years.
A genetic study revealed a mutation in exon 3 of ALK1
(c.199C > T; p.Arg67Trp) in the proband and his eldest
son presenting epistaxis.
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Abstract
Hereditary hemorrhagic telangiectasia (HHT) is a rare
autosomal-dominantly inherited disease that occurs in
approximately one in 5000 to 8000 people. Clinical diagnosis of HHT is made when a person presents three
of the following four criteria: family history, recurrent
nosebleeds, mucocutaneous telangiectasis, and arteriovenous malformations (AVM) in the brain, lung, liver
and gastrointestinal (GI) tract. Although epistaxis is the
most common presenting symptom, AVMs affecting
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INTRODUCTION

A

Hereditary hemorrhagic telangiectasia (HHT), also called
Osler-Weber-Rendu syndrome, is a rare autosomal dominant genetic disorder occurring in about one in 5000
to 8000 people worldwide[1-3]. HHT is characterized by
family history, recurrent nosebleeds, mucocutaneous te
langiectasis, and arteriovenous malformations (AVMs)
in the brain, lung, liver and gastrointestinal (GI) tract[4,5].
Clinical diagnosis of HHT is made when a person presents with three of these four symptoms [6]. However,
due to the highly variable onset and penetrance of these
clinical symptoms, HHT is often misdiagnosed. Epistaxis
and skin telangiectasis are the most common presenting symptoms that appear in over 90% of HHT patients
aged over 60 years [7]. Cerebral and pulmonary AVMs
occur in around 10%-20% and 50% of HHT patients,
respectively, and are associated with high mortality and
morbidity due to stroke or brain abscess[8]. AVMs in the
GI tract can lead to melena, brisk GI bleeding, and hematochezia. Most elderly HHT patients suffer from anemia
due to epistaxis and GI bleeding.
Genetic studies have shown that heterozygous mutations in endoglin (ENG) or activin receptor-like kinase
1 (ALK1; ACVRL1) cause HHT[9-12]. HHT by ENG or
ALK1 mutations is designated as HHT1 or HHT2, respectively, although they are clinically indistinguishable.
Some juvenile polyposis (JP) patients with SMAD4 heterozygous mutations have shown to present HHT symptoms and are designated as JP-HHT[13,14]. Two additional
genetic loci in chromosomes 5 (HHT3) and 7 (HHT4)
have been identified[15,16]. HHT1 and HHT2 account for
over 80% of HHT worldwide[17].
In this report, we describe a case of a patient presenting with multiple gastric angiodysplastic lesions, intracranial hemorrhage (ICH), and a family history of ICH and
epistaxis. Through genetic testing, we found a known
mutation in ALK1 (c.199 C > T; p.Arg67Trp) in the proband[18-23]. Additionally, the patient’s son had been suffering from epistaxis. To our knowledge, this is the first case
in Korea of genetic confirmation of HHT2 with multiple
gastric angiodysplasia.

B

Figure 1 Multiple angiodysplastic lesions were noted in the entire stomach upon endoscopic examination. A: A view of the lesser curvature of the
angle showing multiple scattered angiodysplastic lesions; B: A view of the
anterior wall of the antrum, magnified view of angiodysplastic lesions showing
vessel-pulled appearance.

for 20 years (Figure 2A). Therefore, due to the presumptive diagnosis of HHT, we carried out genetic screening
for the ENG and ALK1 genes. A heterozygous mutation in ALK1 was detected from the proband of both
the patient and his eldest son, but not from a daughter
who did not show any apparent HHT-related symptoms
(Figure 2B). A single nucleotide substitution from “C” to
“T” at the 199th coding nucleotide (c.199 C > T) in exon
3 changed the 67th amino acid, arginine, to tryptophan
(p.Arg67Trp), resulting in loss of ALK1 function (Figure
2B)[18-23]. Abdomino-pelvic computed tomography (CT)
scan of the proband, performed for evaluation of a gallbladder stone, revealed multiple intrahepatic AV shunts
(Figure 3A). Later, the proband received peritoneoscopic
cholecystectomy, and then the patient was hospitalized
again due to the sudden onset of right-sided weakness.
Brain CT revealed ICH at the left basal ganglion, and he
was transferred to a local rehabilitation facility (Figure
3B). The patient was recently admitted for percutaneous
endoscopic gastrostomy insertion.

CASE REPORT
A 63-year-old male was admitted due to melena. Examination revealed stable vital signs with normal blood
pressure and heart rate, but routine laboratory tests revealed mild anemia with a hemoglobin level of 9.6 g/dL.
Esophagogastr oduodenoscopy (EGD) revealed multiple
angiodysplastic lesions throughout the stomach (Figure
1A and B). Conservative treatment, including proton
pump inhibitors, led to a stable clinical condition. The patient was subsequently hospitalized again due to hemoptysis, and then once more due to hematochezia; all were
managed by conservative treatment regimens. We carefully investigated the patient’s medical and family history.
The patient’s mother and older sister died from ICH. His
eldest son had been suffering from recurrent epistaxis

WJG|www.wjgnet.com

DISCUSSION
In the present case, we report a patient with multiple
angioplastic lesions in the stomach, chronic hemorrhages
in the GI tract, and stroke by ICH. Presence of ICH
and epistaxis in his immediate family members (mother,
sister and son) led us to diagnose HHT. Genetic screen-
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Figure 3 Hepatic arterio-venous shunt and cerebral hemorrhage. A: Abdominal computed tomography (CT) showing an intra-hepatic arterio-venous
shunt; B: Cerebral hemorrhage was noted in the left basal ganglia on brain CT.

Affected

nificantly higher in HHT1, whereas liver AVM tend to be
more common in HHT2[20,21,24-28]. Cerebral involvement
and spinal AVMs are reported in 10%-20% and 1%-2%
of HHT1 and HHT2 cases, respectively[8,27]. Whether
genetic or environmental factors contributed to this observation in this family or the wider Korean HHT population remains to be determined. The mutation found in
this family (c.199 C > T; p.Arg67Trp) has previously been
reported by five other groups[18-23]. The 67th amino acid is
located in the ligand binding domain of ALK1. Previous
biochemical analysis of the Arg67Gln substitution resulted in a deficiency in signal transduction, suggesting a
null mutation[29]. Life-threatening cerebral and pulmonary
AVMs that form during development and the neonatal
period are often asymptomatic for a prolonged period.
Manifestations of epistaxis, skin telangiectasis, and GI
AVMs are generally absent at birth, but develop over
puberty and progressively worsen with age[7,30,31]. Genetic
screening of asymptomatic family members would allow
detection of deadly forms of vascular lesions in advance,
before complications arise.
GI bleeding associated with HHT occurs in about
15%-30% of patients, and GI telangiectasia, including
angiodysplasia, is a relatively common manifestation of
HHT[7,32,33]. However, reports of this syndrome in the
form of angiodysplasia on EGD in the GI tract, including the stomach, are rare.
Together with epistaxis, GI bleeding is a serious is-

c.199C > T
*
1

2

3
ECD

4

5

6

7

TM

8

9

10

KD

Figure 2 Pedigree and genetic analysis of an hereditary hemorrhagic
telangiectasia family. A: Pedigree of a family with genetic mutations and/or
symptoms of hereditary hemorrhagic telangiectasia (HHT) and intracranial
hemorrhage (ICH). The proband is indicated by an arrow. A divided symbol represents the individual with ICH. Deceased individuals are indicated by a slash;
B: Genetic studies of unaffected and affected family members. The affected
member had a heterozygous ALK1 mutation (c.199C > T; p.Arg67Trp). The
amino acid translation is shown above each codon. The mutation (a) was found
in exon 3. Protein domains of ALK1 are indicated under the exons: extracellular
domain (ECD), transmembrane domain (TM), and kinase domain (KD).

ing of two HHT genes, ALK1 and ENG, revealed a
substitution mutation at the 199th coding nucleotide of
the ALK1 gene, specifically in the proband and the son
presenting as epistaxis, but not in the daughter who had
no apparent symptoms[18-23]. These data confirmed the
clinical diagnosis and showed that the patient carries the
HHT2 subtype. HHT1 and HHT2 are clinically similar in
presentation, but genotype-phenotype correlation studies
have shown that occurrence of pulmonary AVMs is sig-
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sue for elderly HHT patients. Recent studies indicate that
environmental factors such as injury and inflammation,
in addition to genetic predisposition (ALK1 or ENG
mutations), are critical for development of AVMs in
adults[34,35]. Multiple anti-inflammatory, anti-angiogenic,
and anti-oxidants drugs such as thalidomide, bevacizumab and N-acetyl-cysteine have been tested as potential
therapies for ameliorating epistaxis and GI bleeding[7,36].
We report here that the proband had multiple angiodysplastic lesions in the stomach and also hematochezia,
indicating that vascular lesions had spread to the lower
GI tract. In addition, close monitoring for GI bleeding is
needed. Capsule endoscopy and conventional endoscopy
may provide important information on whether these
drugs can induce regression of existing vascular lesions.
In summary, we report the case of a patient in whom
we found multiple gastric angiodysplastic lesions. With
both clinical evaluation and genetic screening, we confirmed that the patient was suffering from HHT2. Family
history and other HHT symptoms should be carefully
evaluated when a patient shows multiple angiodysplastic
lesions. Genetic screening has tremendous benefit not
only for confirming the diagnosis but also in preventing
asymptomatic family members developing life-threatening complications.
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CASE REPORT

Solitary gastric Peutz-Jeghers type stomach polyp mimicking
a malignant gastric tumor
Jong-Shiaw Jin, Ji-Kuen Yu, Tang-Yi Tsao, Lien-Fu Lin
which measured 2 cm × 2 cm × 1 cm was noted in the
submucosa of the jejunum during surgery. The patient
was treated using a subtotal gastrectomy and partial
resection of the jejunal tumor. The final pathological
report indicated a gastric Peutz-Jeghers type polyp
with proliferation of smooth muscle bundles in the submucosal layer, and hyperplastic glands in the mucosal
layer and ectopic pancreas of the jejunum. This is the
first reported clinical case of a solitary Peutz-Jeghers
type polyp of the stomach accompanying a lymph node
enlargement and ectopic pancreas in the jejunum that
simulates stomach cancer with lymph node metastases.
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Abstract

Jin JS, Yu JK, Tsao TY, Lin LF. Solitary gastric Peutz-Jeghers
type stomach polyp mimicking a malignant gastric tumor. World
J Gastroenterol 2012; 18(15): 1845-1848 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i15/1845.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i15.1845

Most cases of Peutz-Jeghers type polyps of the stomach are associated with mucocutaneous pigmentation and multiple intestinal polyposis. A solitary PeutzJeghers type polyp of the stomach is rare. We here
report a case of a 71-year-old woman with a solitary
Peutz-Jeghers type polyp of the stomach who presented with intolerable epigastric pain and weight loss
of 5 kg over the prior two months. During the hospital
treatment course for this patient, endoscopic examination revealed a bulging lesion with a central hole,
mucosal ulceration, an asymmetrical wall thickness
and a narrowing of the gastric lumen. A gastric biopsy
further revealed ulceration with moderate dysplasia.
The patient received endoscopic ultrasonography which
showed a second subepithelial lesion that measured
4 cm × 3 cm. Computed tomography of the abdomen
subsequently showed a thickened gastric wall with
three visibly enlarged lymph nodes, all greater than
1 cm. The suspected diagnosis was malignant gastric
cancer with lymph node metastases. The other lesion,
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INTRODUCTION
A solitary Peutz-Jeghers type polyp of the stomach is
rare[1-4] and most cases are associated with mucocutaneous
pigmentation and multiple intestinal polyposis[5,6]. PeutzJeghers type polyposes occur mainly in the small intestine,
colon, and stomach, and these hamartomatous polyps are
characterized by hyperplastic epithelia and by the proliferation of smooth muscle bundles around the mucosal
glands[5]. We here report a case of a woman who had a rare
solitary gastric Peutz-Jeghers type polyp of the stomach
that mimicked gastric cancer with lymph node metastases.
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Figure 1 Image findings of gastric Peutz-Jeghers type stomach polyp. A: Abdominal computed tomography scans of the patient revealing a thickened gastric
wall over the antrum of the stomach (arrow); B: Gastroendoscopy revealing a bulging lesion (4 cm × 3 cm) of the antrum (arrow); C: The bulging lesion displayed a
central hole (arrow); D: Endoscopic ultrasonography demonstrating that the appearance of a lesion was due to a thickened subepithelial layer (second layer lesion),
submucosal layer thickened (third layer, green arrow), and corresponding hole (red arrow) over the antrum of the stomach.

muscle bundles in the submucosal layer and hyperplastic
glands in the mucosal layer. Because the results of the
clinical examination and pathology were conflicting, a
clinical diagnosis of malignant gastric cancer with lymph
node metastases was made. The patient then underwent
a subtotal gastrectomy. An additional lesion measuring 2
cm × 2 cm × 1 cm was noted in the submucosa of the
jejunum during this surgery. Partial resection of the lesion
in the jejunum was thus performed and the specimens
were sent for pathological examination.
Gross examination of the lesion revealed a 4 cm ×
3 cm polypoid tumor, with a central ulceration over the
antrum of the stomach after diagnostic endoscopic mucosectomy (Figure 2A). Seventeen lymph nodes were dissected from the perigastric region measuring up to 1.2 cm
in diameter. A submucosal lesion measuring 2 cm × 2 cm
× 1 cm was also noted in the jejunum region. Histopathological examination of the lesion that had been diagnosed
as a hamartomatous polyp of the stomach revealed a
characteristic cell growth that increased the thickness of
the mucosal glands to a maximum of about 9 mm and
of the muscularis propria to 11 mm (Table 1). Smooth
muscle bundles were found to be interspersed around
the glands (Figure 2B), and smooth muscle bundles were
observed to have proliferated over the submucosal layer
(Figure 2C).
The 17 dissected lymph nodes showed reactive hyperplasia without tumor metastasis. The jejunum lesion
contained ectopic pancreatic tissue with ducts, acini and

CASE REPORT
A 71-year-old woman presented at our hospital with an
extremely rare case of a solitary gastric Peutz-Jeghers type
polyp of the stomach. This patient had experienced intolerable epigastric pain over the previous two months and
also 5 kg of weight loss during this time. She attended the
emergency room and was subsequently admitted to the
hospital to receive treatment for pain. During her hospitalization, emergency computed tomography (CT) scans
of the abdomen were performed and revealed a thickened
gastric wall in the antrum (Figure 1A). Three enlarged
lymph nodes greater than 1 cm were also detected. The
CT report thus indicated a diagnosis of gastric cancer
with lymph node metastases.
A gastroduodenoscopy was also performed and show
ed a bulging gastric lesion of 4 cm × 3 cm with a central
hole (Figure 1B and C), in addition to an asymmetrical
wall thickness and narrowing of gastric lumen in the antrum. A gastric biopsy revealed ulceration with moderate
dysplasia of the mucosal glands. The patient’s pain was
not relieved by antacids. Further studies via endoscopic
ultrasonography showed the presence of a subepithelial
lesion of 4 cm × 3 cm with a central hole (Figure 1D).
The patient additionally underwent a diagnostic endoscopic mucosectomy (EMR), and a gastric specimen measuring 1.3 cm × 0.9 cm × 0.2 cm was thereby obtained.
The subsequent pathology report identified this specimen
as a hamartomatous polyp with proliferation of smooth
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Figure 2 Pathological findings of gastric Peutz-Jeghers type stomach polyp. A: Gross examination of a stomach specimen from the patient showed a polyplike lesion (4 cm × 3 cm) over the antrum following endoscopic mucosectomy; B: Immunohistochemical staining of smooth muscle actin in the mucosal layer revealed
a proliferation of smooth muscle bundles (× 200); C: Submucosal layer of the lesion revealed a proliferation of smooth muscle bundles (× 200); D: Photomicrogram
demonstrating the presence of an ectopic pancreas in the submucosa of the jejunum and of pancreatic ducts, acini and islet cells (hematoxylin and eosine staining,
original magnification × 200).

tions[5]. Bartholomew et al[5] have previously observed that
polyps are present in the stomach in only 24% of cases
of Peutz-Jeghers syndrome associated with intestinal polyposis, mainly in the small intestine. Moreover, only 27
cases of gastric solitary hamartomatous polyps have been
reported thus far in the literature. The predominant components of hamartomas are hyperplastic mucosal glands
and smooth muscle bundles in the mucosal layer [1-4].
Some authors have concluded that solitary Peutz-Jeghers
type polyps are histologically identical to those in PeutzJeghers syndrome[4]. In contrast, other investigators have
suggested that solitary Peutz-Jeghers type polyps of the
stomach have less branching of the muscularis mucosae
than those of the familial form[3]. Our current case demonstrated extensive branching of the muscularis mucosae
to the mucosal layer that also extended to the submucosal
layers. This distinct finding of a proliferation of smooth
muscle bundles in the submucosal layer has not been previously reported.
Gastric hamartomatous polyps are usually asymptomatic, and most cases are found incidentally during a routine gastric endoscopy. Few previous cases have presented
with intestinal obstruction or anemia due to chronic
blood loss, or were found to be accompanied by a transformation to adenocarcinoma[6-9]. Our patient presented
with intolerable epigastric pain and weight loss of 5 kg
during the two months prior to admission to our hospital. CT scans of this patient’s abdomen revealed three

Table 1 Comparison between the clinical findings of the current case and the normal characteristics of gastric antrum tissue

Mucosa layer (mm)
Smooth muscle bundles
Muscularis mucosa (μm)
Submucosal layer (mm)
Diffuse increase
Muscle propria (mm)

Patient

Normal (n = 3)

5-9
Diffuse increase
10-30
3-5
Smooth muscle bundles
5-11

3-5
Focal few
10-30
3-5
none
5-7

islet cells, with interspersed smooth muscle bundles (Figure
2D). Immunohistochemical staining revealed strong cytoplasmic signals for smooth muscle actin between the mucosal glands (Figure 2B) and the submucosal layer (Figure
2C). A gastrointestinal stromal tumor was ruled out by
negative staining for c-Kit (c-Kit pharmDx™; Dako
Corporation, Glostrup, Denmark). The final pathological determination was a gastric Peutz-Jephers type polyp
and jejunal ectopic pancreas. This is therefore the first
reported case of a solitary Peutz-Jeghers type polyp of
the stomach that presented with clinical signs mimicking a
stomach cancer with lymph node metastases.

DISCUSSION
A solitary Peutz-Jeghers type polyp of the stomach is
found in fewer than 0.1% of all endoscopic examina-
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enlarged lymph nodes, all of which measured more than
1 cm. In addition, a submucosal lesion over the jejunum
was noted. Our patient showed extensive proliferation of
smooth muscle bundles in the submucosal layer, which
gave the gastric lesion the appearance of a submucosal
tumor. These characteristics thus need to be differentiated from those of a submucosal gastrointestinal stromal
tumor (GIST). A diagnosis of gastric GIST was ruled out
in our current case by negative c-Kit (CD117) staining.
In conclusion, this is the first reported case of a solitary Peutz-Jeghers type polyp that was associated with
symptoms mimicking a gastric tumor with lymph node
metastases. In addition, the association of an ectopic
pancreas with solitary Peutz-Jeghers type polyp of stomach has also not been reported previously.

2
3
4
5
6
7
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TO THE EDITOR
Abstract

We commend Meshikhes AWN[1] for an interesting edi
torial article about the advantage of emergency lapa
roscopic appendectomy (LA) compared with interval
appendectomy (IA) as a new and safe treatment modality
for the appendiceal mass. The author concluded that
the emergency LA was a safe treatment modality for the
appendiceal mass, and might prove to be more cost-ef
fective than conservative treatment, with no need for IA.
LA is associated with a much shorter hospital stay and
it obviates the need for long-term intravenous antibiotic
treatment. If emergency LA becomes the standard of
care, IA will certainly become ‘something’ of the past.
However, on the basis of our long-term experience[2],
we would like to highlight certain issues regarding the
possibility of percutaneous catheter drainage (PCD)
as the treatment modality which can successfully solve
the appendiceal mass formed after acute perforated ap
pendicitis, thereby obviating the need for an emergency
appendectomy. LA is less aggressive than open surgery,
but it is a much more aggressive procedure as compared
with PCD performed under ultrasound or computerized

We read with great interest the editorial article by Meshikhes AWN published in issue 25 of World J Gastroenterol 2011. The article described the advantages of
emergency laparoscopic appendectomy compared with
interval appendectomy as a new safe treatment modality for the appendiceal mass. The author concluded
that the emergency laparoscopic appendectomy was a
safe treatment modality for the appendiceal mass, and
might prove to be more cost-effective than conservative treatment, with no need for interval appendectomy.
However, we would like to highlight certain issues regarding the possibility of percutaneous catheter drainage to successfully treat the appendiceal mass, with no
need for appendectomy, too.
© 2012 Baishideng. All rights reserved.

Key words: Appendiceal mass; Percutaneous drainage;
Antibiotic therapy; Interval appendectomy; Laparoscopic appendectomy
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tomography. The latter can be performed without general
anesthesia and with less tissue dramatization. We strongly
believe that PCD followed by vigorous irrigation can
achieve good results in the majority of patients with ap
pendiceal mass.
A few years ago, we conducted a randomized con
trolled trial[2] in order to evaluate whether PCD could
successfully and completely treat the appendiceal mass,
thereby avoiding the need for appendectomy. The con
clusion of our study was that PCD with antibiotics ad
ministration was a safe and effective treatment protocol
for acute perforated appendicitis. The appendicitis recur
rence rate was rather low and very often interval appen
dectomy was not required. For patients with appendiceal
mass ≥ 3 cm in diameter, antibiotic treatment alone was
insufficient and the recurrence rate was high.
Our hypothesis was based on the estimation that
obstruction of proximal appendiceal lumen by fecaliths,
foreign bodies, tumors, parasites, and lymphoid hyper
plasia accounted for approximately 70% of the causes
of appendicitis[2]. Obstruction of appendiceal lumen is
followed by mucus secretion, bacterial overgrowth, in
creasing intraluminal pressure and wall tension, vascular
congestion, gangrene, perforation, and disintegration of
appendix distal to the site of obstruction. Our idea was
derived from the fact that appendiceal lumen obliteration

with subsequent fibrosis of the rest of perforated ap
pendix after drainage of necrotic content and pus so that
appendicitis could be resolved without appendectomy[2].
We agree that the advantage of emergency laparo
scopic appendectomy lies in the detection of hidden
pathologies. However, hidden pathology can be encoun
tered occasionally and failure to detect it can be avoided
by performing appropriate follow-up investigations to
exclude its presence.
In summary, we believe that PCD is technically fea
sible in the majority of patients with appendiceal mass.
Therefore, PCD with continuous drainage and followed
by vigorous irrigation and proper administration of an
tibiotics should be considered the therapy of choice for
some patients with appendiceal mass formed after acute
perforated appendicitis.
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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)

homogeneous 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 Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 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 from to evaluate the statistical method
used in the paper, including t-test (group or paired comparisons),
chi-squared 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

WJG|www.wjgnet.com

II

April 21, 2012|Volume 18|Issue 15|

Instructions to authors

for important intellectual content; and (3) final approval 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/1007-9327office. 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 for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in WJG,
reviewers of accepted manuscripts will be announced by publishing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor XinWei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

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.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.

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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).

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.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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. Immunolog-

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 la-
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ic 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]
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]

eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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 dis-
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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
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Abstract
Recognition and management of gastrointestinal and
hepatic complications of hematopoietic stem cell transplantation has gained increasing importance as indications and techniques of transplantation have expanded
in the last few years. The transplant recipient is at risk
for several complications including conditioning chemotherapy related toxicities, infections, bleeding, sinusoidal obstruction syndrome, acute and chronic graftversus-host disease (GVHD) as well as other long-term
problems. The severity and the incidence of many complications have improved in the past several years as
the intensity of conditioning regimens has diminished
and better supportive care and GVHD prevention strategies have been implemented. Transplant clinicians,
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INTRODUCTION
The indications of both autologous and allogeneic hematopoietic stem cell transplantation have expanded
over the past decade including for malignant and nonmalignant disorders[1,2]. Transplant clinicians routinely encounter gastrointestinal and hepatic disorders and complications before, during and after the transplant. The
outcome of transplant is often closely related to how well
these complications are managed. This review provides a
current overview of these disorders including pathogenesis, clinical diagnosis and management.
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indicated in patients with positive hepatitis B surface antigen or hepatitis C antibody to rule out hepatic fibrosis
or cirrhosis which increases the risk of fatal sinusoidal
obstruction syndrome (SOS)[10]. Evidence of advanced
liver fibrosis is a contraindication to proceed to stem cell
transplantation because of excess transplant-related mortality. Pre-existing liver dysfunction can be secondary to
viral hepatitis as well as alcoholic or non-alcoholic steatohepatitis, iron overload, fungal infection, chemotherapyinduced cholestatic injury or hepatocyte damage, fibrosis,
extramedullary hematopoiesis or prior liver irradiation[11].
Myeloablative conditioning regimens, recent exposure to
alkylating agents (especially cyclophosphamide) and exposure to newer drugs, such as imatinib and gemtuzumab
ozogamicin, are known associations with increased risk
of SOS[12-14].
Hepatitis B infected transplant candidates are at risk
for hepatitis flare and fulminant hepatitis can occur in up
to 50% of transplant recipients in the absence of antiviral prophylaxis[15,16]. In the presence of isolated HBV core
antibody, observation or prophylaxis are both acceptable
approaches. If HBV surface antigen is detected, it is usually recommended that prophylaxis with oral nucleoside
therapy is initiated prior to transplant and that HBV
DNA levels are monitored frequently during the posttransplant period[17]. Even in the absence of cirrhosis,
HCV infected patients have an increased risk of SOS
especially if pre-transplant aspartate aminotransferase
is elevated[18]. There is no effective prophylaxis or treatment of hepatitis C for transplant recipients as pegylated
IFN-α is contraindicated due to myelosuppression and
has the potential to exacerbate graft-versus-host disease
(GVHD). Ribavirin alone can be tried while patient is on
immunosuppressive therapy.
Patients with conditions causing transfusion dependency such as myelodysplastic syndrome, leukemia, lymphoma and aplastic anemia should be screened for iron
overload as excess iron can impair Kupffer cell function
and increase the risk for mold infections[19]. The excess
iron can be demonstrated either by quantification of
iron in liver biopsy tissue or MRI of the liver. Patients
with severe iron overload can benefit from chelation pretransplant. However the urgent need for the transplant
may preclude this option. The relationship between iron
overload and transplant-related toxicity has not been well
established and in most cases chelation can be postponed
after the transplant.

Table 1 Emetogenic potential of chemotherapeutic agents
used in stem cell transplantation
Chemotherapeutic agent
Carmustine > 250 mg/m2
Cyclophosphamide > 1500 mg/m2
Moderate (30%-90%) emetogenic risk
Busulfan
Cytarabine > 200 mg/m2
Melphalan
Low (10%-30%) emetogenic risk
Etoposide
Minimal (< 10%) emetogenic risk
Fludarabine
Rituximab
High (90%) emetogenic risk

EVALUATION OF TRANSPLANT
CANDIDATE
Patients referred for hematopoietic stem cell transplantation undergo a detailed evaluation including history and
physical examination which encompasses the history of
disease requiring transplant as well as pre-existing conditions including dental problems, vaccination, travel, blood
transfusion and infectious disease exposure history[3,4].
Imaging studies including computerized tomography
(CT) with/without positron emission tomography scan
or magnetic resonance imaging (MRI) can be performed
to localize and restage the malignancy. Infectious disease markers including human immunodeficiency virus
(HIV)-1 and (HIV)-2, human T-cell leukemia virus
(HTLV)-1 and (HTLV)-2, hepatitis B virus (HBV) and
hepatitis C virus serologies, cytomegalovirus (CMV),
Epstein-Barr virus (EBV), herpes simplex virus (HSV)-1
and (HSV)-2, varicella zoster virus (VZV) and rubella
titers are checked within 30 d prior to transplant admission. In addition to routine blood count, liver function
and coagulation studies are obtained. Donors for allogeneic transplant also undergo the same serologic testing
within 30 d of stem cell collection. Donors with viral
hepatitis B and hepatitis C pose the risk of disease transmission to the recipient up to 30% and 100% respectively[5,6]. The risk of fatal HBV infection in recipients
who become HBsAg positive is about 12%[5] By contrast,
HCV transmission during transplant does not usually
pose an increased short or mid-term clinical risk to the
recipient yet does increase the long-term risk of cirrhosis[7]. Therefore donors should be treated with anti-viral
agents; pegylated interferon α (IFN-α), famciclovir or
lamivudine for hepatitis B and IFN-α plus ribavirin for
hepatitis C before stem cell collection if time permits[8,9].
Of note, IFN-α should be stopped at least 1 wk before
stem cell collection to avoid engraftment problems.
Patients with existing nausea, heartburn, dysphagia,
abdominal pain, diarrhea, Crohn’s disease or ulcerative
colitis should be investigated with endoscopy prior to
transplant to rule out mucosal ulcers and infections as the
risk of bleeding is increased during the periods of thrombocytopenia.
Abnormal liver enzymes and organomegaly should be
investigated with ultrasound, CT or MRI. Liver biopsy is
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NAUSEA AND VOMITING
Many chemotherapeutic agents, with or without total
body irradiation used in the conditioning regimens, have
significant emetogenic potential (Table 1). The pathogenesis includes stimulation of the chemotherapy trigger zone in the brainstem which activates the vomiting
center by increasing efferent output to target organs in
the gastrointestinal tract, resulting in subsequent emesis.
Chemotherapy also causes cell damage in the gastroin-
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Chemotherapy-related
nausea and vomiting

Nausea and vomiting due to
GVHD, infections, drugs

Chemotherapy-related
mucositis
SOS
Acute liver GVHD

Chronic liver GVHD

Transaminitis due to drug toxicity
Viral hepatitis reactivation
Chemotherapy-related
diarrhea
0

7

Chronic GI GVHD

Diarrhea due to GVHD,
infections, drugs
14

50

100

365

t /d
Conditioning Stem cell infusion Engraftment

Figure 1 Timeline summary of hepatic and gastrointestinal complications of stem cell transplantation. GVHD: Graft-versus-host disease; SOS: Sinusoidal
obstruction syndrome; GI: Gastrointestinal.

testinal (GI) tract, resulting in the release of neuroactive
agents and vagal stimulation, increasing afferent input to
the chemotherapy trigger zone and the vomiting center
in the brainstem.
Patients usually experience the chemotherapy related
side effects during the early post-transplant (15 d) period
before engraftment (Figure 1). Nausea and vomiting in
later phases may be due to other potential etiologies including upper GI acute GVHD and infections such as
HSV, VZV, CMV, adenovirus, fungus and Helicobacter pylori.
Persistent or recurrent nausea not responsive to routine
anti-emetic regimens should be investigated further for
GVHD with upper GI endoscopy which may show mucosal edema and erythema and biopsy findings consistent
with local lymphocytic infiltrates and epithelial apoptosis[20,21]. Specimens should also be studied for bacterial or
fungal cultures, HSV and CMV infections as viral infections can be detected in the GI tract without the presence
of virus DNA in serum. Other common medical etiologies such as medication intolerance, gastroparesis, intestinal obstruction, intraabdominal infections, neurologic and
metabolic causes should also be considered.
Prevention is the key to success in managing nausea
and vomiting during the peri-transplant period[22]. Acute
emesis prevention (up to 24 h after chemotherapy) can
be achieved with a combination of corticosteroids (dexamethasone 10-20 mg iv/po daily or methylprednisolone
40-125 mg iv/po daily) and 5-hydroxytryptamine-3 receptor antagonists (ondansetron 16-24 mg iv/po daily or
granisetron 1-2 mg daily). Delayed emesis (up to 5 d after
treatment) can usually be prevented with corticosteroids.
Aprepitant neurokinin-1 antagonist is an effective agent
for this purpose; however it may interact with several
post-transplant immunosuppressive agents and therefore
is sparingly and cautiously used, especially in the allogeneic stem cell transplant setting.
Treatment options for breakthrough nausea and vomit-
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ing include phenothiazines (prochlorperazine, promethazine), metoclopramide, lorazepam, haloperidol, dronabinol
and corticosteroids[23].

OROPHARYNGEAL MUCOSITIS AND
DYSPHAGIA
Breakdown of mucosal barrier presenting as mucositis is
a common complication during the early post-transplant
period. It affects up to 80% of transplant recipients, especially with radiation-based myeloablative regimens[24].
Chemotherapeutic agents commonly causing mucositis
include busulfan, etoposide, melphalan and methotrexate.
Pre-existing periodontal disease and prior radiation to the
head and neck area increase the risk of post-transplant
complications. Mucositis can result in significant oral pain
and dysphagia, decreased oral caloric intake as well as
bleeding, infection, upper airway edema and obstruction.
Clinically apparent mucositis usually starts 5-10 d after
initiation of the conditioning regimen (Figure 1). Initial
erythema and atrophy is followed by ulceration and healing phases. It may take up to two weeks for healing of
chemotherapy-induced mucositis.
Infectious causes of mucositis include CMV, HSV,
VZV, varicella zoster virus, Candida species and bacterial
pathogens. The incidence of viral and fungal infections
has been significantly lower since the standardization
of antiviral and antifungal prophylaxis regimens. Other
noninfectious causes of dysphagia should be included in
the differential diagnosis such as acid-reflux disease, pill
esophagitis and acute and chronic GVHD with esophageal strictures.
Prevention and early treatment is critical to minimize
the duration and severity of symptoms. Frequent mouth
rinsing with topical agents and oral cryotherapy with ice
chips are started with chemotherapy and continued until
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Table 2 Differential diagnosis of post-transplant diarrhea
Conditioning regimen-related
Acute GVHD
Drug toxicity
Antibiotic-related
Opioid withdrawal
Mycophenolate mofetil toxicity
Tacrolimus (thrombotic microangiopathy)
Proton pump inhibitors
Promotility agents
Magnesium salts
Metoclopramide
Infectious
Clostridium difficile
CMV
Rotavirus
Adenovirus
EBV
HSV
Astrovirus
Norovirus
Bacterial infections including ESBL
Fungal infections
Parasitic infections (Cryptosporidium, Microsporidia, Giardia)
Mycobacterial infections
Others
Lactose intolerance
Malabsorption
Pancreatic insufficiency

Figure 2 Bowel wall edema in a patient with gastrointestinal graft-versushost disease.

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; HSV: Herpes simplex virus;
GVHD: Graft-versus-host disease; ESBL: Extended spectrum β lactamase.

Figure 3 Histologic findings of acute graft-versus-host disease of the colon (hematoxylin and eosin stain, x 400). Thin arrow marks apoptotic bodies;
thick arrow marks pericryptal acute inflammation.

engraftment. Keratinocyte growth factor (palifermin) has
been shown to decrease the incidence of mucositis by
40% in patients receiving autologous stem cell transplant
with aggressive total body irradiation (TBI)-based regimens[25,26]. It is administered iv for 3 d before and after
cytotoxic therapy. Other supportive measures include
saline and bicarbonate rinses, mucosal coating agents
(such as aluminum hydroxide), topical anesthetics such as
lidocaine rinse and/or narcotic analgesia, topical nystatin
for signs of candidiasis and proton-pump inhibitor prophylaxis. Total parenteral nutrition should be considered
for patients who are unable to tolerate oral supplementation for more than 7 d.

with GVHD can be watery, mucoid and in large volumes;
can be accompanied by vomiting, gastrointestinal bleeding
and severe abdominal pain[28]. Infectious etiologies account for only 10%-15% of cases, yet diarrhea at any time
after transplant should still prompt obtaining stool studies
for Clostridium difficile toxin[29,30] as well as bacterial, viral
and parasitic cultures if indicated. Abdominal imaging
with CT may show bowel wall edema and/or pneumatosis
intestinalis which may be associated with either GVHD
or CMV infection (Figure 2). If cultures are negative, patients are usually treated with loperamide 4 mg po once
followed by 2 mg/24 h as needed up to 24 mg/24 h. If
diarrhea persists, strategies include scheduling loperamide
every 4-6 h, adding atropine and diphenoxylate or tincture
of opium. Octreotide starting at 150 mg iv every 8 h can
be considered for protracted cases and can be titrated to
response[31]. Other critical measures include maintaining
adequate hydration and electrolyte supplementation, treating infections, discontinuation of medications causing
diarrhea and assessment of nutritional status. Persistent
symptoms despite the above measures and/or new diarrhea presenting after engraftment should be investigated
with endoscopy and biopsy.
Visual findings of acute GVHD may include mucosal

DIARRHEA
Diarrhea occurs in almost half of patients receiving highdose chemotherapy conditioning and radiotherapy. It is
most commonly associated with toxicity of conditioning
regimens within the first 2 wk after transplant (Figure 1).
Alkylating agents, busulfan and combination regimens are
frequent etiologies and cause diarrhea due to mucosal inflammation. Several other etiologies should be considered
in patients having diarrhea in the post-transplant period
(Table 2). Acute GVHD is the most common reason for
diarrhea after engraftment (> 15 d) in allogeneic transplants[27]; persistent or new diarrhea beyond 3 wk of transplant should be investigated for GVHD. The diarrhea

WJG|www.wjgnet.com
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Table 3 Staging of acute graft-versus-host disease (modified
Keystone criteria)

Table 5 Differential diagnosis for liver function abnormalities
after hematopoietic stem cell transplantation

Stage

First 3 wk post-transplant
Drug toxicity
Conditioning regimens (cyclophosphamide, total body irradiation,
bis-chloroethylnitrosourea, busulfan)
Calcineurin inhibitors
Azole antifungals
SOS
Sepsis, candidiasis
Ischemic liver disease
From 3 wk to 3 mo post-transplant
Acute GVHD
Drug toxicity
SOS
Hepatitis (fulminant, acute or chronic):
Viral (HBV, HCV, HSV, VZV, adenovirus) reactivation
Bacterial or fungal Infection
Fungal abscess
Gall bladder disease/cholecystitis
Hyperalimentation
Post-transplant lymphoproliferative disorder (EBV-related)
After 3 mo post-transplant
Chronic GVHD
Iron overload
Chronic viral hepatitis
Drug toxicity
Liver fibrosis or cirrhosis:
SOS
Viral infections
Hemosiderosis
Disease recurrence or new malignancy including hepatocellular
carcinoma, lymphoproliferative disorder
Nodular regenerative hyperplasia
Gallbladder disease

Intestinal tract

Liver

Skin

0

Diarrhea ≤ 500 mL/d

No rash

1

Diarrhea
501-1000 mL/d or
nausea (± vomiting)
Diarrhea
1001-1500 mL/d

Bilirubin
< 2.0 mg/dL
Bilirubin
2.0-3.0 mg/dL
Bilirubin
3.1–6.0 mg/dL

Diarrhea
> 1501 mL/d
Severe abdominal
pain +/- ileus

Bilirubin
6.1–15 mg/dL
Bilirubin
> 15 mg/dL

2

3
4

Maculopapular
rash < 25% of
body surface
Maculopapular
rash 25%-50% of
body surface
Generalized
erythroderma
Generalized
erythroderma with
blister/bullous
formation and
desquamation

Table 4 Grading of acute graft-versus-host disease (modified
Keystone criteria)
Grade

Gut

Liver

Skin

0 (none)
Ⅰ(mild)
Ⅱ (moderate)
Ⅲ (severe)
Ⅳ (life-threatening)

0
0
1
2-4

0
0
1 or
2-3 or
4

0
1-2
3 or
0-3
4 or

edema/erythema and ulceration/bleeding. The diagnostic yield is the best when biopsies are obtained either
from the stomach and distal colon or from the colon
and ileum[32]. Histologic findings include crypt epithelial
cell apoptosis and dropout, crypt destruction (Figure 3),
pericapillary hemorrhage and variable lymphocytic and
eosinophilic infiltration of the epithelium and lamina
propria[33]. It is also important to study the biopsy specimens for CMV involvement which is the only common
infectious cause of enteritis after transplant that requires
biopsy for diagnosis. The negative predictive value of
other infectious studies in stools is high and therefore
usually does not necessitate endoscopy.
The severity of acute GVHD is clinically determined
by the amount of diarrhea which helps defining the staging and grading (Tables 3 and 4). In addition to the general management measures described above, patients with
high clinical suspicion for ≥ grade Ⅱ acute GVHD or biopsy proven acute GVHD should be promptly started on
high dose steroids[34]; methylprednisolone 0.5-2.0 mg/kg
per day iv in addition to their existing GVHD prophylaxis
regimens. Half of the patients respond to steroid treatment[35] which can be tapered starting after approximately
1 wk. Patients who do not respond to steroids tend to
have a poor prognosis; several second line immunosuppressive agents have been tried with variable success[34].
Other supportive measures consist of addition of oral
non-absorbable steroids (budesonide)[36] and cholestyramine as well as dietary adjustments (bowel rest and start-
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GVHD: Graft-versus-host disease; SOS: Sinusoidal obstruction syndrome;
EBV: Epstein-Barr virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
HSV: Herpes simplex virus; VZV: Varicella zoster virus.

ing total parenteral nutrition) particularly for moderate to
severe diarrhea.

GASTROINTESTINAL BLEEDING
The incidence of bleeding has been significantly reduced
(1%-2%) as post-transplant care has improved with routine anti-viral, anti-fungal and GVHD prophylaxis, yet
it remains one of the major causes of transplant related
mortality, particularly among patients with GVHD[37,38].
Common infectious etiologies include CMV, VZV, adenovirus, fungal and clostridial infections. Mucosal necrosis from conditioning therapy, acute and chronic GVHD,
peptic ulcer disease, mycophenolate-related ulcerations
and gastric antral vascular ectasia (GAVE) are the common known etiologies of noninfectious causes of bleeding. Treatment is mainly focused on supportive care
(platelet transfusion and continuous octreotide infusion)
as well as implementing prophylaxis for viral infections
and GVHD. Treating the underlying cause is important
as the benefit of endoscopic methods alone is limited to
focal lesions.
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usually continued through day 80 of allogeneic transplants
and reduces the incidence of GVHD[45]. The initial treatment of acute hepatic GVHD is similar to cutaneous and
GI GVHD with high dose steroids as described above.
However, only 30%-50% of patients respond to initial
treatment and half of patients develop chronic GVHD.

Table 6 Risk factors for sinusoidal obstruction syndrome
Existing liver disease:
Chronic viral hepatitis
Alcohol related hepatitis
Steatohepatitis
Cirrhosis, lobular fibrosis
Cholestatic disorders
Extramedullary hematopoiesis with sinusoidal fibrosis
Prior history of:
SOS
Extensive chemotherapy and stem cell transplantation
Hepatic radiation
Drugs
Recent gemtuzumab ozogamicin use
Conditioning agents:
High dose TBI (> 14 Gy)
Cyclophosphamide metabolite: acrolein
Busulfan
Melphalan
Concomitant use of sirolimus during conditioning

SINUSOIDAL OBSTRUCTION SYNDROME
SOS (AKA veno-occlusive disease or VOD) is a clinical entity characterized by tender hepatomegaly, elevated
serum bilirubin levels and weight gain which typically
complicates myeloablative hematopoietic stem cell transplantation (HSCT) and was first described in 1979[46]. SOS
is a well-recognized conditioning-related toxicity. The incidence is quite variable, ranging from less than 5% to as
high as 70% in different reports[47,48].
Endothelial injury appears to be the initiating event
triggering the hepatic changes and clinical manifestation
of SOS. The prevailing hypothesis centers on damage to
the hepatic venular and sinusoidal endothelium as an initial trigger inducing a hypercoagulable state by activation
of the coagulation cascade, favoring clot formation over
natural anticoagulation[49,50]. As a result, the venular and
sinusoidal lumen is reduced due to an edematous concentric subendothelial zone containing fragmented red cells
and fibrillar material, inducing partial to complete fibrotic
obliteration of the venular lamina.
There are several risk factors for SOS and patients may
present with elevated transaminase levels prior to the conditioning regimen due to various pre-existing conditions
(Table 6). Previous cumulative exposure to high doses of
cytotoxic agents may contribute to these risks including a
second HSCT. Infection with hepatitis B is not considered
a risk factor alone for SOS unless it is complicated with
cirrhosis. The relationship between HCV infection and
SOS is somewhat controversial. One report supports the
increased risk even in the absence of cirrhosis[18] while
another cohort did not confirm the association although
there was an increased long term risk of non-relapse
mortality for transplant patients who had chronic hepatitis
C[51]. Other risk factors include certain conditioning regimens such as cyclophosphamide, busulfan, and/or total
body irradiation[52-54].
Cyclophosphamide is a common conditioning agent
with the highest incidence of SOS, which becomes a
particular concern in regimens combined with TBI and
busulfan. The hepatotoxicity is usually dependent on the
toxic metabolite acrolein and the exposure to toxic metabolites can be minimized by metabolism-based dosing.
The incidence of SOS seems to be higher in transplant
recipients who receive TBI doses over 14 Gy[53]. Various
fractionated schedules of TBI have been associated with
decreased incidence. Increasing the interval between TBI
and cytotoxic therapy also may decrease the risk. Busulfan exposure, on the other hand, is not proven to be
directly related to SOS although it potentiates the toxicity
of cyclophosphamide especially when it is administered

SOS: Sinusoidal obstruction syndrome; TBI: Total body irradiation.

LIVER FUNCTION ABNORMALITIES AND
JAUNDICE
Severe liver dysfunction after transplant (total serum bilirubin > 4 mg/dL) may be an indicator of poor outcome
as there is often no curative treatment[39]. Therefore, efforts are usually geared towards identifying the transplant
candidates at risk as well as routine implementation of
prophylactic measures such as ursodiol[40] (through 80 d
post transplant), viral and fungal prophylaxis and careful
selection of conditioning regimens to minimize hepatotoxicity[41]. The incidence of liver-related complications
has declined significantly over the past decade with the
preventive measures integrated into standard care. Some
common etiologies for liver function abnormalities after
transplant are summarized in Table 5. Drug toxicity, sepsis, GVHD and SOS are the most common etiologies for
liver dysfunction. Calcineurin inhibitors (cyclosporine and
less commonly tacrolimus, sirolimus), azole antifungal
agents, trimethoprim-sulfamethoxazole, ribavirin, busulfan
and bis-chloroethylnitrosourea are commonly associated
with cholestasis. A declining incidence of acute GVHD is
observed in 20%-25% of allogeneic transplant recipients
due to widespread use of prophylactic immunosuppressive drugs, with peak incidence after engraftment (day 15)
until the first 100 d of transplant[42]. It typically follows
skin and/or GI GVHD and manifests by progressive
parallel elevations of serum bilirubin and alkaline phosphatase; serum aminotransferase enzymes are elevated
up to 10 times the upper limit of normal (Tables 3 and
4). Hepatitic-variant of GVHD has also been described
where serum aminotransferase enzymes are elevated more
than 10 times the upper limit of normal and clinical presentation resembles acute viral hepatitis[43]. The diagnosis
is usually made by transjugular liver biopsy which typically
reveals lymphocytic infiltration of small bile ducts with
epithelial cell apoptosis[44]. Routine ursodiol prophylaxis is
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after this drug[54]. Oral busulfan has a variable and unpredictable absorption and studies have shown that the
risk of SOS increases when the area under the curve for
busulfan is greater than 1500 μmol/min. When busulfan
is adjusted to normal drug levels by close monitoring, a
decreased incidence has been reported[54].
Gemtuzumab ozogamicin may induce sinusoidal injury[55] (15%-40% risk) especially if it is administered preceding a cyclophosphamide-based conditioning regimen.
Most cases are observed within the first 3 wk after
transplantation. Usually, an unexplained weight gain is the
first symptom. This weight gain, attributable to water and
sodium retention by the kidney, appears within 6 d to 8 d
following the transplant in 95% of patients. This is often
followed by varying degrees of hyperbilirubinemia and
elevation in aspartate aminotransferase and alkaline phosphatase levels. Most patients develop ascites and pain in
the upper right quadrant, and clinical examination usually
reveals a firm and painful hepatomegaly. Platelet refractoriness is a common occurrence[56]. Renal insufficiency
in the form of hepatorenal syndrome is also present in
50% of patients developing SOS (mainly patients with
severe form) and 25% of them will require hemodialysis.
Finally, patients with advanced disease can display severe
encephalopathy and/or multiorgan failure.
Doppler ultrasound of the liver usually shows reversal of portal and/or hepatic venous flow in severe cases.
Most patients are diagnosed on clinical basis, given the risk
of liver biopsy in the setting of coagulopathy and platelet
refractoriness. Nevertheless where feasible, the clinical
suspicion should be confirmed by transjugular liver biopsy
which is the gold standard for diagnosis. Hepatic venous
pressure gradients are often measured at the time of biopsy; a gradient greater than 10 mmHg is highly specific
for SOS[57] and correlates with worse prognosis.
Given the very high mortality rate in patients with severe SOS, it is critical to implement preventive measures
such as ursodeoxycholic acid which has been shown to
reduce the incidence of SOS[40]. The efficacy of low-dose
heparin has not been confirmed and is usually not part
of standard management.
Up to 70% of patients with SOS will recover spontaneously and the focus of treatment is supportive care
such as maintaining intravascular volume and renal perfusion without causing fluid overload by optimizing sodium
restriction and diuretics and transfusions to keep hematocrit levels higher than 40%. The role of albumin or other
colloids is unclear but could be considered in patients
with severe hypoalbuminemia and large third space fluid
accumulations. Low-dose dopamine has been used in
patients with renal insufficiency because the mechanism
of renal dysfunction appears to be hepatorenal in origin.
Avoidance of other hepatotoxic drugs is important in
these patients, and infections should be identified and
treated promptly. Therapeutic paracentesis can help relieve symptoms in patients with large, tense ascites and
may help improve renal function. Also, use of hemodialysis or continuous venous hemofiltration is reported to
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help with fluid overload in patients with a poor response
to diuretics.
There are no effective established treatments for patients with severe SOS characterized by rapidly increasing serum bilirubin and transaminase levels, portal vein
thrombosis and multiorgan failure. Several antithrombotic
agents have been tested with mixed results. Defibrotide
which is an antithrombotic agent without significant
systemic effects and with a manageable side effect profile, has been reported to improve signs and symptoms
of SOS in 42% of patients[58]. Its mechanism of action
is poorly understood. Other tested agents include prostaglandin E1 and tissue plasminogen activator with or
without concurrent heparin, intravenous N-acetylcysteine,
human antithrombin Ⅲ concentrate, activated protein C
and prednisone. None of these approaches are considered
a part of standard management.

LONG-TERM COMPLICATIONS
Chronic GVHD
Long-term survivors of stem cell transplantation are at
increased risk of several serious complications related
to chronic GVHD which may affect liver, GI tract, skin,
mucosal surfaces, lungs, joints, eyes and bone marrow;
these patients should be followed regularly. Complications may occur in up to 50% of transplant recipients.
Liver GVHD usually manifests with progressive or sudden elevation of alkaline phosphatase and gamma glutamyl transpeptidase. Hyperbilirubinemia is usually a late
manifestation that coincides with development of cirrhosis and findings of small bile destruction in biopsy[44]. Viral etiologies should be excluded and liver biopsy should
be performed to establish the diagnosis, followed by
initiation of immunosuppressive therapy which usually
includes steroids with or without a calcineurin inhibitor.
An improvement in liver function studies is usually observed within four weeks of treatment and 50%-80% of
patients respond to the initial therapy with improvement
in histopathologic findings. Addition of ursodeoxycholic
acid should also be considered and this is usually well tolerated. The prognosis of patients who do not respond to
immunosuppressive regimens is poor and correlates with
shortened survival[59].
Chronic GVHD may affect several parts of the GI
tract, causing esophageal webs and strictures leading to
dysphagia, failure to thrive and chronic aspiration. Early
lesions can be reversible with immunosuppression, proton pump inhibitors and dilatation. Patients may also
experience chronic intermittent diarrhea, clinically and
histologically similar to acute GVHD, which may respond
to non-absorbable steroids. Chronic malabsorption is rare
and is usually a result of long term inadequate treatment.
Chronic viral hepatitis and cirrhosis
Longstanding viral hepatitis C and B can lead to endstage liver disease in transplant survivors. Rate of progression to cirrhosis in patients with chronic hepatitis
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B is comparable to non-transplant patients whereas the
incidence of cirrhosis in transplant patients with chronic
hepatitis C infection seems to be higher than controls
and it can be as high as 24% after 20 years[60]. Otherwise
these patients are also at risk of developing hepatocellular carcinoma (HCC) (2%-8% per year) and lymphoproliferative disorders. Patients with chronic hepatitis C
should therefore be routinely monitored for viral load
and considered for combination therapy with ribavirin
and pegylated IFN-α. They should also be screened for
HCC with α-feto-protein and ultrasound every 6 mo.
Close monitoring is essential for treatment complications
such as neutropenia and thrombocytopenia secondary to
pegylated IFN-α or exacerbation of coexisting chronic
GVHD. Screening and treatment of iron overload may
augment the success of anti-viral therapy. Liver transplantation for end-stage liver disease or HCC can be considered, especially from the original stem cell donor[61].
Patients with chronic hepatitis B may have atypical serologic course due to immunosuppression. They may benefit from clearance of antigenemia particularly if the donor
has natural HBV immunity. Patients should be monitored
for HBV DNA levels and alanine transaminase levels and
considered for antiviral treatment at times of tapering of
immunosuppressive therapy as well as initiation of new
chemotherapy, as they are at risk of flares of hepatitis[62].

agents, antibiotics) liver injury.
Malignancies
The risk of new malignancies among transplant survivors
increases significantly after 10 years. Patients with chronic
hepatitis C have accelerated incidence of HCC[67] and
lymphomas[68].

CONCLUSION
Gastrointestinal and hepatic complications count for a
significant part of the morbidity during and after hematopoietic stem cell transplant. Recent advances in
transplant approaches have changed the outcome and
the post-transplant course of many patients[69]. As most
transplant survivors are affected by multiple complications, it is imperative that they should receive long-term
and systematic follow-up without compromising from
individualized care.
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EDITORIAL

Surgical treatment of ulcerative colitis in the biologic
therapy era
Alberto Biondi, Marco Zoccali, Stefano Costa, Albert Troci, Ettore Contessini-Avesani, Alessandro Fichera
remain unchanged between 20% and 30%. To overcome the reported increase in postoperative complications in patients on biologic therapies, several surgical
strategies have been developed to maintain long-term
pouch failure rate around 10%, as previously reported.
Surgical staging along with the development of minimally invasive surgery are among the most promising
advances in this field.
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Abstract
Recently introduced in the treatment algorithms and
guidelines for the treatment of ulcerative colitis, biological therapy is an effective treatment option for
patients with an acute severe flare not responsive to
conventional treatments and for patients with steroid
dependent disease. The reduction in hospitalization
and surgical intervention for patients affected by ulcerative colitis after the introduction of biologic treatment
remains to be proven. Furthermore, these agents seem
to be associated with increase in cost of treatment and
risk for serious postoperative complications. Restorative proctocolectomy with ileal pouch-anal anastomosis is the surgical treatment of choice in ulcerative colitis patients. Surgery is traditionally recommended as
salvage therapy when medical management fails, and,
despite advances in medical therapy, colectomy rates
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INTRODUCTION
Ulcerative colitis (UC) is a mucosal inflammatory process
affecting the rectum and the colon. It is characterized by
contiguous inflammation starting in the rectum and progressing for variable distance proximally[1]. Intermittent
exacerbations are typical, with symptoms characterized
by bloody diarrhea associated with urgency and tenesmus[2]. The activity of disease can range from complete
remission to fulminant symptoms along with systemic
toxic effects[3].
Although the exact pathogenesis of UC remains poorly

1861

April 28, 2012|Volume 18|Issue 16|

Biondi A et al . Modern surgical treatment of ulcerative colitis

understood, the most credited model states that the intestinal flora triggers and drives an aberrant intestinal immune
response and subsequent inflammation in a genetically
susceptible host[4]. Medical therapy aims at the control of
symptoms and the resolution of the underlying inflammatory process, classically by a variety of agents in combination, such as 5-aminosalicylates, corticosteroids, and
immunosuppressants, including purine antimetabolites
and cyclosporine[5]. Treatment schemes are based on disease severity, (defined as mild, moderate or severe based
on clinical ad laboratory parameters) and on the extent of
the disease (pancolitis, left-sided colitis, rectosigmoiditis or
proctitis)[6]. However, about a quarter of patients with UC
end up needing a colectomy because of failure of medical therapy, onset of unacceptable side effects of chronic
therapy, occurrence of acute complication of UC (fulminant colitis, severe bleeding, toxic megacolon, perforation), or development of malignancy[7].
For all of these patients, the removal of the colon and
rectum represents a definitive cure for their disease, with
cessation of symptoms, withdrawal of morbid medical
therapy, and avoidance of the risk of developing a malignancy associated with the persistence of inflammation[8].
However, surgery is not without risks and can significantly affect patients’ lifestyle, therefore, is traditionally
deemed as a salvage treatment when medical therapy is
ineffective[1].
During the last three decades astounding progress
has been accomplished both in medical and surgical
treatments, which might lead to substantial changes in
the traditional principles for the management of UC
patients. Medical therapy of UC has recently entered the
era of biologic treatments with the approval by Food
and Drug Administration (FDA) in 2005 of Infliximab,
a monoclonal antibody directed against tumor necrosis
factor-alpha. The initial enthusiasm raised by the promise to reduce the colectomy rate in acute presentations,
was subsequently partially dampened by conflicting
reports regarding Infliximab’s safety and impact on the
need for surgery in urgent/emergent setting[9-13].
As the number of available medications increases,
more and more often patients are referred for surgery
severely malnourished, immunocompromised, and experiencing the side effects of corticosteroids, immunomodulators, and biological agents. Whether they are referred for
colectomy in an acute or chronic setting, these patients
represent a unique challenge for colorectal surgeons, given
the compromised general conditions and poor nutritional
status in the former, and the side effects of long term corticosteroid use in the latter[14-16].
Together with the advances in medical therapy, the
surgical treatment and techniques in UC has evolved as
well. Restorative proctocolectomy with ileal pouch-anal
anastomosis (IPAA) is today considered the gold standard
and, in experienced hands, can now be performed safely
for UC with a low postoperative complication rate and a
long-term pouch failure rate reported less than 10%[17-19].
Moreover, the introduction of minimally invasive tech-
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niques might further decrease postoperative morbidity
and improve patients’ satisfaction, with reduced impact
on body image and better cosmesis[20-22].
The purpose of this report is to discuss the recent
advances in medical and surgical treatment of UC patients addressing surgical concerns in the era of biologic
therapy.

BIOLOGIC THERAPY IN UC: THE
GASTROENTEROLOGIST’S VIEW
The primary goals of medical therapy in the treatment
of UC are to induce remission of symptoms and maintain it on a long-term basis: by reducing the number of
relapses, which occurs in 67% of patients and, at least,
once over a 10-year period[23], medical therapy lowers the
risk of long-term complications and improves patients’
quality of life.
The majority of UC patients present with moderateto severe disease (80%) rather than mild disease (20%)[24]
and, during their illness, nearly 20% of patients afflicted
with UC will experience a severe acute episode that requires hospitalization[25].
Despite the progress accomplished in medical therapy, which broadened the horizon of possible treatments
after failure of corticosteroids[26,27], the need for surgery
in this patient population seems to be unchanged or
slightly decreased over time. Reported colectomy rates
are steadily ranging between 20% and 30% in most of
the epidemiological studies with additional risk for needing a resection as the extent and severity of the disease
increase[8,28-31]. Beside a 10% who have surgery for cancer or pre-neoplastic degeneration, the vast majority of
patients need an operation for acute colitis with severe
complications not responsive to medical therapy[32,33]. The
advantage of prolonged medical therapy vs surgery in
patients with acute severe colitis failing initial high dose
corticosteroids is still debated. About one third of these
patients undergo a colectomy within one year, most likely
in an emergency setting, and even if second-line medical
therapy may reduce the need for immediate colectomy,
most of them will require colectomy by 10 years[32,34]. In
this setting, early subtotal colectomy and ileostomy combined with a late reconstructive surgery remains a safe alternative[19] since second-line medical therapy carries with
it a not negligible mortality risk[35].
Additionally, about 20% of patients with UC have a
persistent active disease often requiring several courses
of systemic steroids, but followed by relapse of symptoms during steroid tapering or soon after their discontinuation, a condition known as steroid-dependency.
Steroid dependency is associated with serious complications, which, for a significant proportion of patients,
become an indication for surgery[36].
Although surgery is curative of the underlying inflammation and restorative proctocolectomy with IPAA
preserves the normal anatomic route for defecation, the
procedure may lead to new symptoms, such as diarrhea,
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incontinence, nocturnal leakage, and in some patients
does not obviate the need for medication. In several
surgical series that follow patients a minimum of 5 years,
up to 60% of patients are still having more than 8 bowel
movements daily, with 55% of patients experiencing
incontinence, and 50% nocturnal leakage[37-39]. Even if
surgical techniques have dramatically evolved, surgery is
still associated with significant early and late postoperative complications, e.g. anastomotic leak, pelvic sepsis,
small bowel obstruction, pouchitis, sexual dysfunction,
reduced fecundity in women and pouch failure[40,41]. Repeated surgery is sometimes necessary. A populationbased study reported that approximately 20% of patients who had undergone IPAA required at least one
additional surgery, and 15% of patients required at least
two additional surgeries[42]. Pouch leak and the associated
pelvic sepsis rate in large series have been reported to
range from 5% to 15%[43]; incidence of late small-bowel
resection after IPAA ranges from 12% to 35%. Pouchitis is the most frequent long-term complication of the
IPAA[1]. It has been reported in 12% to 50% of patients
postoperatively, and some patients (5%-19%) require
chronic therapy. Finally, the risk of long-term pouch loss
has been reported to range from 1% to 20% in different
studies with an overall rate of pouch loss less than 10%,
needing diverting ileostomy, pouch excision and end ileostomy, or pouch revision[17-19].

active UC without adequate response or who are intolerant or have medical contraindications to therapy with
corticosteroids or immune modulators[54].
Response to infliximab has been assessed in RCTs
with various endpoints such as clinical response, remission and colectomy rates. In patients with severe, steroidrefractory UC, the initial small trials demonstrated modest
efficacy after single infusions when early clinical response
was determined. The first published trial by Sands et al[55]
in 2001 randomized 11 patients with steroid refractory
UC to a single infliximab infusion or placebo, and noted a
50% (4/8) clinical response rate with infliximab at a week
2 evaluation. Subsequent studies by Probert et al[56] and
Järnerot et al[51] also enrolled patients with steroid-refractory disease. The first study failed to show any significant
difference between placebo and 2 infusions of infliximab
5 mg/kg in inducing remission as measured by endoscopy
or clinical score. However, Järnerot et al[51] demonstrated
in patients with moderate and severe steroid-refractory
UC that only 7/24 (29%) patients who received a single
infliximab infusion underwent colectomy within 90 d,
compared with 14/21 (67%) who received placebo. The
superiority of infliximab was only statistically significant
in patients with moderate to severe disease, but not in
those with more severe disease on the fulminant colitis
score, although the study was not powered to detect differences between these two last groups. Even though
a later report showed that at 2 years follow-up, the colectomy rate in patients who received infliximab had increased to 46%[57], these studies positioned infliximab as
a therapeutic option for patients with steroid-refractory
disease. The first controlled trial[58] involving patients
who had moderate to severe disease that were neither
steroid-dependent nor steroid-refractory, reported superior clinical response rates compared to those seen
in steroid-refractory populations. These trials reported
high response rates (100% and 83%, respectively), but
follow-up was short (9.7 and 3 mo, respectively). The
active ulcerative colitis trial (ACT) 1 and ACT 2 trials[59]
each randomized 364 patients with moderate to severe
UC who were failing conventional therapy (but did not
require hospitalization) to either placebo or induction/
maintenance infliximab 5 mg/kg or 10 mg/kg. Both in
ACT 1 and ACT 2, eligible patients had moderate to
severe UC despite concurrent treatment with corticosteroids, alone or in combination with azathioprine or mercaptopurine, but ACT 2 also required that the patient
had failed 5-aminosalicylic acid (5-ASA) therapy. In ACT
1, both doses of infliximab (5 mg/kg and 10 mg/kg)
resulted in a statistically significant clinical response at
week 8 (68.4% and 61.5% respectively, P < 0.01, compared to a placebo response of 37.2%). This was similar
in ACT 2, with clinical response at week 8 in 64.5% of
patients in the infliximab 5 mg/kg group and 69.2% in
the infliximab 10 mg/kg group, compared to a 29.3%
response rate in the placebo group (P < 0.001). Clinical
remission rates in the infliximab arms at week 8 ranged
from 27.5% to 38.8% across both studies compared to

Acute severe ulcerative colitis
According to current treatment algorithms, in case of
acute colitis, unless toxic megacolon, perforation or severe bleeding-which are absolute indication for surgeryoccur, patients are started on high-dose iv steroids[44].
Response to treatment is assessed by objective measures
(e.g., Oxford index or Sweden index) on day 3-4. Two
different strategies have been developed in the attempt
of avoiding surgery when a first course of steroids fails
to control an acute flare. The standard approach in
the ‘80s was to prolong the administration of steroids
for other 7-10 d, which did not show any reduction in
colectomy rates[45-47]. Ten years later, cyclosporine was
found to be effective in patients with acute severe UC
non responsive to steroids, and has been used as rescue
therapy[44,48-51]. In a randomized controlled trial (RCT)
82% of patients on cyclosporine improved, while no
patient improved in the placebo group[52]. However, as
many as 50% of patients that responded to cyclosporine,
required colectomy in subsequent studies with longer
follow-up[35,53]. Moreover, the management of patients
under cyclosporine can represent a real challenge, given
the risk of severe and potentially fatal toxicities, which
greatly limit the use of this medication.
Infliximab, an anti-tumor necrosis factor (TNF) antibody, has been approved recently by the United States
FDA for the treatment of UC to reduce signs and symptoms, to induce clinical remission and healing of the
intestinal mucosa, and to eliminate the use of corticosteroids in patients presenting with moderately-to-severely
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placebo-induced remission rates of 14.9% (ACT 1) and
5.7% (ACT 2). Mucosal healing and steroid-free remission rates were also superior in the infliximab arms of
these studies. Sandborn et al[60] reported colectomy rates
in ACT 1 and ACT 2 patients in a follow-up study. The
cumulative colectomy rate at 54 wk was 10% in patients
treated with infliximab, compared with 17% in those
treated with placebo. These colectomy rates were not
unexpected since the enrolled patients had moderate to
severe disease, however in 13% of the enrolled patients
the colectomy follow-up data was unavailable. The ACT
1 and ACT 2 studies were well-designed, large studies,
with comprehensive assessment of clinical and secondary endpoints. They provided important data to support
the use of infliximab in patients with moderate to severe
UC who have failed other therapies such as steroids, immunomodulators and mesalamine. However, infliximab
is not a panacea for all; the proportion of patients who
started the study on steroids and were able to come off
and remain in remission, was low (20%)[59].
In a recent study by Colombel et al[61], the association between early mucosal healing (defined as Mayo
endoscopy subscore at week 8 endoscopy) and clinical
outcomes in ACT-1 and ACT-2 patients was investigated.
The authors observed that a low week 8 endoscopy subscore was significantly associated with a lower rate of colectomy at 54 wk follow-up (P = 0.0004; placebo P = 0.47)
and better outcomes in terms of symptoms and need for
steroids at weeks 30 and 54 (P < 0.0001, infliximab; P <
0.01, placebo), especially for those patients who did not
achieve clinical remission at week 8[61].
A Cochrane meta-analysis of RCTs concluded that,
when compared to placebo, treatment with infliximab is
three-fold as effective in inducing clinical remission [relative risk (RR) 3.22; 95% CI: 2.18-4.76] and nearly twice as
effective in inducing clinical response (RR: 1.99; 95% CI:
1.65-2.41) or endoscopic remission (RR: 1.88; 95% CI:
1.54-2.28) at week 8 in patients presenting with moderateto-severe UC refractory to conventional treatment with
corticosteroids and/or immune modulators[10].

in these patients before surgery as a steroid-sparing treatment. However, the efficacy of azathioprine or mercaptopurine in UC is still debated[62]. Thiopurines are an effective
maintenance therapy for patients who require repeated
courses of steroids, however the quality of available data is
quite poor, as stated in a recent Cochrane review[63]. Currently, the recommendation for using thiopurines in UC is
based on the evidence shown by only one RCT of Ardizzone et al[64] which found steroid-free, clinical and endoscopic remission in 53% patients on azathioprine compared
with 21% given only 5-ASA [odd ratio (OR) on intention to
treat analysis 4.78, 95% CI: 1.57-14.5]. Azathioprine maintenance treatment of UC is beneficial for at least 2 years if
patients have achieved remission while taking the drug, but
not in those with chronic activity despite the drug[65].
When a steroid-dependent patient fails to benefit
from thiopurines or shows intolerance to them, there are
very few alternatives to conventional drugs, which lack
of current definitive evidence of efficacy. Methotrexate
has been tested and, although some uncontrolled studies
suggested some benefit with its use[66-68], the only doubleblind, placebo-controlled trial, showed no therapeutic
benefit[69]. Therefore, current guidelines do not consider
methotrexate as an evidence-based therapy in steroiddependent UC.
After the demonstration of clinical efficacy of infliximab in the treatment of moderate-severe resistant
UC, few small series have included steroid dependent
patients. Only one study from Italy[70] specifically evaluated steroid dependent UC in an open-label study on 20
patients randomized to infliximab or methylprednisolone. This was the first RCT to implement a regimen
of a triple infliximab infusion for induction followed by
infusions to maintain remission. Even if this study was
statistically underpowered, it demonstrated the benefit
of infliximab therapy for responders, who were able to
taper and then discontinue steroids during the maintenance phase (9 of 10 patients), as compared with the
methylprednisolone group (8 of 10 patients), where responders required continued steroid therapy.

BIOLOGIC THERAPY IN UC: THE
SURGEON’S VIEW

Steroid dependent ulcerative colitis
Another specific pattern of UC disease is represented
by steroid-dependent patients, in whom a response can
be obtained with systemic steroids, but the relapse will
occur as the dose is tapered or a few weeks or months
after discontinuation, making it necessary to increase the
dosage again or resume treatment to achieve control of
symptoms[36]. As UC patients become dependent-upon
or refractory to corticosteroids, the range of action from
a medical standpoint become limited and a colectomy
becomes a treatment option as the disease is deemed as
refractory to medical treatment, or because of the occurrence of complications either related to the disease
or associated with side effects of medications[1].
Often, immunomodulator therapies, such as azathioprine or mercaptopurine (6-mercaptopurine) are considered
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Biologic therapy has shown the ability to induce and
maintain remission, but, as we stated above, its introduction in the therapeutic algorithm did not substantially
affect the overall rate of colectomies, suggesting that it is
effective only in delaying but not in avoiding surgery for
a subgroup of patients who at some point will require an
operation[54,59,60,71]. The clinical efficacy of infliximab in
UC still remains unpredictable. Induction therapy is not
always effective, and, to date, clinical and/or molecular
predictors of response have not been identified. No RCT
has been conducted comparing infliximab and cyclosporine in severe UC. Most of the current knowledge comes
from the ACT 1 and ACT 2 trials. Those results are in
part influenced by the heterogeneity of the sample (in-
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Table 1 Literature-based comparison of postoperative complication risk associated with preoperative use of infliximab
Ref.

Year

Non-IFX/IFX patients

Selvasekar et al[13]
Schluender et al[12]
Kunitake et al[9]
Mor et al[85]
Ferrante et al[83]
Coquet-Reinier et al[84]
Gainsbury et al[86]

2007
2007
2008
2008
2009
2010
2011

254/47
134/17
312/101
46/46
119/22
13/13
52/29

Infectious complication
IFX group Non-IFX group OR (95% CI)

Non-infectious complication
IFX group Non-IFX group OR (95% CI)

13 (28%)
3 (18%)
6 (6%)
10 (22%)
2 (9%)
NR
5 (17%)

16 (34%)
3 (18%)
11 (11%)
6 (13%)
NR
3 (23%)
12 (41% )

25 (10%)
11 (8%)
32 (10%)
1 (2%)
29 (24%)
NR
14 (27%)

3.50 (1.64-7.5)
2.40 (0.6-9.63)
0.55 (0.22-1.36)
13.8 (1.82-105)
0.31 (0.07-1.141)
NR
1.87 (0.46-7.57)

99 (39%)
26 (19%)
17 (5%)
6 (13%)
NR
4 (38%)
16 (31%)

0.81 (0.4-1.55)
0.89 (0.24-3.33)
2.12 (0.96-4.69)
1.00 (0.3-3.37)
NR
NR
0.59 (0.19-1.87)

IFX: Infliximab; OR: Odd ratio; NR: Not reported; CI: Confidence interval.

cluding both steroid-dependent and/or immunomodulator-dependent and steroid responsive and/or immunomodulator-responsive patients). More studies are needed
to assess the role of concomitant administration of immunosuppressants and infliximab[59]. Furthermore, data
on maintenance therapy with infliximab in UC are scant
and the benefits of continued maintenance therapy, as
well as its long-term safety, are poorly known. The results
of the ACT-1 and ACT-2 extension studies conducted on
the 229 patients who achieved improvements with infliximab during the trials, showed that the benefits observed
in the main studies are basically maintained up to 3 additional years, however an high drop-off rate was observed,
due to adverse events (10.5%), lack of efficacy (4.8%),
need for surgery (0.4%), or other reasons (14.8%) [72].
Furthermore, it is not clear to what extent postponing
surgery by the means of a quite morbid medical therapy
represents a safe and effective strategy.
Because of the early onset and chronic nature of inflammatory bowel diseases, patients can be expected to
utilize considerable health care resources. Costs analysis
are complicated, because they must calculate the impact
that such therapies have on the direct costs of health
care and the indirect costs for both the patient and their
families and the health care system [73]. Surgeries and
hospitalizations account for the majority of health care
direct costs in inflammatory bowel disease (IBD), and
medication costs, on the other hand, accounted for a
quarter of total direct medical costs. Moreover, the cost
data are right-skewed, with 25% of patients accounting
for 80% of total costs[74]. This division of health care
costs implies that the most effective cost-containment
measure would be the one that reduces the number of
hospitalizations and surgeries. With the improved response and remission rates seen with the use of infliximab for induction and maintenance treatment in IBD
patients, the clinical benefits may likely translate into
economic benefits as well[75]. Surprisingly, many of the
cost-effectiveness and utility analyses suggested that infliximab use was associated with rather high incremental
cost per quality adjusted year life[73] and the expanding
use of infliximab has not significantly impacted the use
of surgical procedures for patients with either UC or
Crohn’s disease, and rates of nonsurgical hospitalizations
have actually increased[76,77]. This belief is supported by
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the observation that in the United States the hospitalization rates for IBD increased between 1998 and 2004,
leading to a concurrent rise in the economic burden,
with medical hospitalizations accounting for the largest
proportion (58%) of inpatient services costs and biologic agents representing the most costly medications[78,79].
Further pharmaco-economic analyses are needed to accurately assess the impact of infliximab treatment on the
costs associated with the treatment of UC.
Surgery in the biologic era: Treatment in evolution
The concept of pushing conservative treatment until surgery is strictly required may be risky, as it has been shown
that mortality three years after elective colectomy for UC
(3.7%) is significantly lower than that after admission
without surgery (13.6%) or when an emergency operation
is performed (13.2%)[80]. Moreover, a British study recently reported a significantly higher risk to develop major complications at a 5 year follow up for patients who
received a longer course of medical therapy for acute
severe UC before surgery, suggesting that the threshold
for elective surgery may be too high in current practice[81].
While it’s well known that high-dose systemic corticosteroid therapy (> 40 mg/d prednisolone-equivalent)
is a widely recognized risk factor for pouch-related septic
complications after restorative surgery[82], whether or not
the preoperative administration of infliximab may increase
the rates of septic complications is still controversial (Table
1)[9,12,13,83-86]. Nevertheless, the group from the Cleveland
Clinic has found a covariate-adjusted risk of early complication for patients treated with infliximab 3.54 times
higher, with the rate of sepsis increased by 13.8 folds,
despite a significantly higher rate of three-stage procedures in the infliximab group[85]. Similar results have been
shown in a paper by Mayo Clinic, where patients treated
with infliximab prior to pouch surgery had a significantly
higher incidence of anastomotic leaks, pouch specific and
infectious complications, with the administration of antiTNF-alpha as the only factor independently associated
with septic complications (OR 3.5)[13]. In another study,
a synergic interaction in increasing surgical morbidity
was found between infliximab and cyclosporine A when
administered together in the preoperative time[12]. These
concerns are supported by a recent meta-analysis conducted including 5 studies and 706 patients, which revealed an
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increased risk of short-term post-operative complications
(OR 1.80, 95% CI: 1.12-2.87) associated with preoperative
infliximab use, along with a trend towards increased postoperative infection[87].
Given the concern of increased rate of complications
in patients on aggressive medical management, several different surgical approaches have been proposed. First described by Parks and Nichols in 1978, restorative proctocolectomy with IPAA has progressively gained acceptance
to become the gold standard in the surgical treatment
of UC for the last 25 years[88,89]. The introduction of this
technique-most often fashioned as a J pouch created with
the terminal ileum and anastomosed to the anal canalwas a real breakthrough, offering a curative treatment to
these patients without the need for a permanent stoma,
thus preserving their body image, achieving a quality of
life comparable to that of the general population[38,90].
However, the procedure is technically demanding and is
associated with a significant morbidity rate (around 30%),
and an incidence of postoperative pelvic sepsis ranging
between 5%-24%[91]. Since it has been shown that the occurrence of a pelvic infection can dramatically affect the
functional outcome of the pouch, and considering that
long-term steroid use and malnutrition are recognized risk
factors for pelvic sepsis, surgical strategies have been developed in order to minimize the occurrence of infectious
complications, especially in this subset of patients[92,93]. A
total abdominal colectomy with end ileostomy is the operation of choice as first step of a restorative procedure,
as it can be performed safely and quickly in the hands of
an experienced colorectal surgeon, allowing the patient to
overcome the colitis, wean off the medications, and return
to an optimal health and nutritional status[94,95]. Moreover,
as it is well known that a postoperative diagnosis of indeterminate colitis or Crohn’s disease is not rare after colectomy in these patients[96], a multistep surgical procedure
allows for selecting the most appropriate reconstructive
surgery on the basis of the pathological findings of the
colectomy specimen[19,94,97].
The removal of the rectum and the restoration of
the bowel continuity with IPAA are performed as a second step when the patient has fully recovered, and the
creation of a temporary ileostomy, although adding the
need for one more operation, can further reduce the risk
of local sepsis secondary to anastomotic leaks[98,99]. Albeit restorative surgery is not free from long term complications, such as incontinence and soiling (10%-60% of
patients, depending on series and entity), pouchitis (about
50% of patients), and sexual dysfunction (20%-25% of
cases), with a rate of pouch failure requiring excision
ranging between 5%-15%, the majority of these conditions are manageable with medical and physical therapy,
which explains the overall satisfaction in patients after
IPAA, which exceeds the 90% in most series[40,98,100-105].
Indeed, most recent researches have shown that social
and sexual function as well as overall quality of life is significantly improved after restorative surgery, when compared
to the period with active UC or diverting ileostomy[106-109].

WJG|www.wjgnet.com

The application of minimally invasive techniques to
the surgical treatment of UC at the beginning of the
1990s contributed in significantly improving the acceptance and tolerability of the procedure[110]. Numerous
case series and, finally, two meta-analyses have been
published since then, demonstrating the feasibility and
safety of the laparoscopic approach, at the cost of longer operative times[110-117]. A subsequent RCT showed
that operative time could be significantly reduced with
the adoption of a hand-assisted technique, which at the
same time allows for preserving the advantages of a
minimal invasive approach[118]. Scant data is available so
far regarding long-term outcomes, however the few series with adequate follow-up report laparoscopy pouch
function results as good as the ones achieved with open
surgery[21,119]. Laparoscopy has also been adopted with
good results in the emergency setting[120,121], and similarly
as for open surgery, a staged approach to a minimally
invasive restorative procedure should be preferred which
is as effective in significantly reducing the rate of postoperative pelvic sepsis[121-123]. Furthermore, when a staged
procedure is planned, laparoscopy has been shown to
decrease postoperative adhesion formation with less
intraoperative adhesiolysis required during subsequent
completion proctectomy and IPAA[124]. Similarly, a study
by Indar and colleagues on 34 patients who underwent
laparoscopic IPAA, where a laparoscopic exploration of
the abdominal cavity was performed during the ileostomy
closure, found that no patient had dense adhesion and
only a minority of patients had filmy avascular adhesion
to the abdominal wall (32%) and to the adnexa (29%),
which represents a significant improvement compare to
the rates reported for open surgery (as high as 90%)[125].
Despite the lack of strong evidence about the benefits attainable with laparoscopy in terms of short-term
outcomes[21,126], it has been proven that patients treated
laparoscopically are more satisfied with the cosmetic results and perceive a better body image-aspect anything but
negligible in this usually young and socially active patient
population-especially in the women’s subset, as confirmed
by the results of a RCT with a median follow-up of 2.7
years[21,119]. More recently, the quest for further minimizing surgical trauma and extent of incisions, has led to the
development of single incision laparoscopy (SIL), which
has already been applied in the field of colorectal diseases
with proven benefits in terms of short-term outcomes
over standard laparoscopy[127-131]. To date only few cases
of SIL for UC has been reported, but preliminary results
show that particularly for the total abdominal colectomy,
this “no scar” approach have the potential for improving
not only the cosmesis, but also the postoperative course,
with less pain and reduced need for narcotics, which may
translate in shorter hospital stay and faster return to normal activities[132-135]. Considering the excellent outcome of
restorative surgery, heightened by the potentials of minimal invasive techniques, surgery should not be considered
the last resort when everything has failed, but rather a valid alternative to an expensive and risky medical therapy[136].

1866

April 28, 2012|Volume 18|Issue 16|

Biondi A et al . Modern surgical treatment of ulcerative colitis

CONCLUSION
13

Medical therapy in UC is rapidly evolving and the introduction of modern biological drugs has led to substantial changes in the traditional principles of management.
Infliximab, the first biological agent used as rescue therapy after failure of steroids in UC, appears to be effective
in reducing the need for urgent colectomy, although its
efficacy in the long-term is not proven. In addition, concerns have been raised regarding the economic burden
related to this drugs and the risk for serious postoperative complications.
Surgery continues to play an important role in UC
treatment and its evolution keeps pace with the advance
in medical therapy and the risk associated with it. Restorative proctocolectomy with IPAA, staged procedures,
and minimally invasive surgery are important treatment
tools to limit postoperative morbidity and achieve excellent long-term outcomes in these patients.
In an attempt at avoiding surgery, aggressive medical
therapy is not without complications. A complex decision making process in a multidisciplinary fashion should
take into consideration the excellent results of modern
surgical therapies to avoid unnecessary morbidity.
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OBSERVATION

Colitis associated with biological agents
Hugh James Freeman
sionally, fatal. Other agents include rituximab (an antiCD20 monoclonal antibody), bevacizumab (a monoclonal antibody against the vascular endothelial growth
factor) and anti-tumor necrosis factor agents, including
infliximab, adalimumab and etanercept.
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Abstract
In the past, there has been considerable focus on a
host of drugs and chemicals that may produce colonic
toxicity. Now, a variety of new biological monoclonal
antibody agents, usually administered by infusion,
have appeared in the clinical realm over the last decade or so to treat different chronic inflammatory or
malignant disorders.For some of these agents, adverse
effects have been documented, including apparently
new forms of immune-mediated inflammatory bowel
disease. In some, only limited symptoms have been recorded, but in others, severe colitis with serious complications, such as bowel perforation has been recorded.
In others, adverse effects may have a direct vascular
or ischemic basis, while other intestinal effects may be
related to a superimposed infection. Some new onset
cases of ulcerative colitis or Crohn’s disease may also
be attributed to the same agents used to treat these
diseases, or be responsible for disease exacerbation.
Dramatic and well documented side effects have been
observed with ipilimumab, a humanized monoclonal
antibody developed to reduce and overcome cytotoxic T-lymphocyte antigen 4, a key negative feedback
regulator of the T-cell anti-tumor response. This agent
has frequently been used in the treatment of different
malignancies, notably, malignant melanoma. Side effects with this agent occur in up to 40% and these are
believed to be largely immune-mediated. One of these
is a form of enterocolitis that may be severe, and occa-
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INTRODUCTION
Different patterns of inflammatory disease involving the
small and large intestine have been historically recognized
over the past century or so, and their features are well detailed in clinical textbooks especially focused on inflammatory bowel diseases. Crohn’s disease, for example, is
recognized as a pattern of inflammatory disease that may
involve any site along the length of the gastrointestinal
tract, usually in a segmental or focal distribution, typically
with transmural involvement, and frequently, granulomas may be demonstrated. Ulcerative colitis has been
traditionally defined by its colonic distribution, a more
continuous pattern of mucosal involvement extending
proximally within the colon from the rectum for variable
distances. In reality, however, clinical and pathological
overlap may occur frequently, and in many patients, precise differentiation of these different forms of chronic
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symptoms were recorded[12]. Up to 5% of patients may
suffer a fatal outcome attributed to a significant complication, a protracted clinical course or failure of prompt
treatment, sometimes related to limited compliance[12].
Colonoscopy and ileoscopy as well as upper endoscopy
with duodenal biopsies have documented both small
bowel and colonic inflammatory changes. In some, a diffuse, but non-specific colitis may occur, in the absence
of any detectable infectious agent, while in others, the
inflammatory process may be patchy or segmental in distribution. The appearances may not be distinguishable by
endoscopy from other forms of inflammatory bowel disease. Endoscopic biopsies may show a non-specific acute
and chronic inflammatory infiltrate, including cryptitis as
well as crypt abscess formation. Colon biopsy samples
show a colitis that has an abundant T-cell infiltrate[13].
Granulomatous inflammation has not been recorded.
Treatment for this enterocolitis largely based uponsupportive measures, specifically, fluid and electrolyte
replenishment and, sometimes, parenteral nutrition. In
addition, the colitis has often been treated with intravenous high dose steroids (or oral budesonide) and, if the
response to steroids fails or has been limited, infusions
of infliximab have been used[14,15]. If no response for the
colitis is evident, diverting ileostomy or partial/complete
colectomy has been recommended. The incidence of lifethreatening colon perforation has been recorded at 4 in
700 cases with doses of ipilimumab of 3 mg/kg or more
(i.e., less than 1%). Even during treatment with steroids
or infliximab for the colitis, the anti-tumor response for
metastatic melanoma still appears to be sustained. In a
recent study of ipilimumab with dacarbazine for previously untreated metastatic melanoma, rates of intestinal
adverse events were reported to be lower, while the rates
of altered liver chemistry test changes were higher[5].

inflammatory disease based on these descriptive parameters may not be so precise.
In the past, a variety of drugs have been used to control
the inflammatory process in these disorders and improve
quality of life. In addition, a host of biological agents have
also emerged in recent years to treat a number of chronic
inflammatory disorders, including Crohn’s disease and
ulcerative colitis, as well as a lengthening list of malignant
disorders. Some of these biological agents have also been
associated with the appearance of novel forms of colonic
inflammatory disease, often severe and potentially fatal, as
well as apparent paradoxical intestinal complications, including the de novo appearance or worsening of an underlying or
unrecognized intestinal inflammatory disorder that may, in
themselves, lead to serious complications.
Although a number of administered drugs and chemicals causing colonic toxicity have been enumerated elsewhere and reviewed in detail during the past 3 decades[1-3],
this review focuses on newer agents, largely administered
by the parenteral route, that interfere with key regulatory
biological molecules. These include ipilimumab, rituximab, bevacizumab and a number of anti-tumor necrosis
factor agents.

IPILIMUMAB-INDUCED COLITIS
A relatively novel strategy has emerged in cancer treatment
in recent years to induce tumor regression and prolong patient survival involving control and reduction of the effect
of specific immune regulatory molecules, such as the cytotoxic T-lymphocyte antigen 4 (CTLA-4). Ipilimumab is a
fully human monoclonal antibody that has been developed
to reduce and overcome cytotoxic CTLA-4, a key negative
regulator of the T-cell anti-tumor immune response. In
recent years, evidence has appeared showing tumor regression with prolonged time to progression in melanoma
patients treated with CTLA-4 antibodies[4,5]. Ipilimumab
plus dacarbazine showed improved survival in malignant
melanoma compared to dacarbazine alone, a drug most
frequently compared with new agents in randomized treatment trials on melanoma[5]. In addition to melanoma, prolonged effects with ipilimumab have been noted in other
malignancies including ovarian cancer[6], prostate cancer[7]
and renal cell cancer[8]. Inhibition of CTLA-4 with this
antibody is also associated with characteristic side effects
in an estimated 40%[4]. These are believed to be largely
immune-mediated and include an ever-lengthening list
of adverse effects such as dermatitis, endocrinopathies,
particularly hypophysitis, uveitis, nephritis, inflammatory
myopathies, hepatitis, and diarrhea or colitis[9,10]. Similar
immune-related adverse events may result from another
monoclonal CTLA-4 antibody, tremelimumab,used for the
treatment of metastatic melanoma[11].
Colonic toxicity has been recorded in about 20% and
appears to occur relatively rapidly after administration of
ipilimumab, sometimes within days marked by the onset
of abdominal cramping pain and profuse diarrhea, often
bloody[9,12].In others with few or mild symptoms, colitis
could still be present since only those with more severe
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RITUXIMAB-ASSOCIATED COLITIS
Rituximab is an anti-CD20 monoclonal antibody that has
been used in the management of nephrotic syndrome in
children and adults[16-18] as well as a form of B-cell targeted
therapy in rheumatoid arthritis[19,20]. It appears to result in
depletion of systemic as well as intestinal B cell populations. Although the agent appears to be efficacious, adverse
effects have been noted in about 27% of children treated
with rituximab for refractory nephrotic syndrome[21]. Some
of the reported adverse effects have included fever and
chills, mucocutaneous reactions, fatal infusion reactions,
progressive multifocal leukoencephalopathy, and bowel
perforation[18,22]. New onset ulcerative colitis[23] and an
exacerbation of previously documented colitis have been
recorded[24]. In a later report, it was hypothesized that a
severe colitis that developed after rituximab therapy may
have been related to an infectious torovirus agent[22].

BEVACIZUMAB-ASSOCIATED COLONIC
ULCERATION
Bevacizumab is a humanized monoclonal antibody against
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the vascular endothelial growth factor receptor. This antibody has shown promise in the treatment of recurrent
and metastatic colorectal cancer as well as metastatic nonsmall cell lung cancer. The agent has also been used to
treat other malignancies, including ovarian cancer. Several
mechanisms of action have been proposed, including an
ability to restrict or deprive tumors of their neovascularity
required to permit tumor progression and growth.
A number of cases have now been reported describing
bowel perforation following bevacizumab treatment[25-29].
There also appears to be an especially increased risk of
leakage at anastomotic suture sites following surgery for
either ulcerative colitis or colorectal cancer[26]. In some,
delayed anastomotic complications have been observed,
some more than 1 year after surgery. Some hypothesized
risk factors included anastomotic leakage during the
original operative procedure or prior pre-operative pelvic
irradiation[27]. Other mechanisms that have been recorded
include an ischemic pathogenesis with anastomotic perforation after a partial colectomy[28] or more diffuse perforation associated with histological evidence of ischemia in a
patient with non-small cell lung cancer[29].

CONCLUSION
Several intestinal, particularly colonic complications have
been recorded with the emerging armamentarium of
monoclonal antibody agents used in the management
of different inflammatory or malignant disorders. For
some, immune-mediated adverse events may occur regularly, while for others, a complication may be rare and
the mechanism not so evident. The precise frequency of
colonic complications after treatment with these agents
has been difficult to determine. In large part, this has
been related to the clinical focus being largely directed to
the most severely symptomatic cases. Although selected
patients treated for either ulcerative colitis or Crohn’s disease with these biological agents has increased over the
past decade, in retrospect, it may be that some labeled as
“refractory” or not responsive to these agents may simply have been made worse. Published clinical trials may
not always detail a failed therapeutic event as an adverse
event. Future awareness of the possible adverse intestinal
effects of monoclonal agents may be important.
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Probiotic metabolites from Bacillus coagulans GanedenBC30
support maturation of antigen-presenting cells in vitro
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Gitte S Jensen
and 30-200 kDa and activities were tested in comparison
to crude MET and cell wall in primary cultures of human
peripheral blood mononuclear cell (PBMC) as a source of
antigen-presenting mononuclear phagocytes. The maturation status of mononuclear phagocytes was evaluated
by staining with monoclonal antibodies towards CD14,
CD16, CD80 and CD86 and analyzed by flow cytometry.
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RESULTS: Treatment of PBMC with MET supported
maturation of mononuclear phagocytes toward both
macrophage and dendritic cell phenotypes. The biological activity unique to the metabolites included a reduction of CD14+ CD16+ pro-inflammatory cells, and this
property was associated with the high molecular weight
metabolite fraction. Changes were also seen for the
dendritic cell maturation markers CD80 and CD86. On
dim
CD14 cells, an increase in both CD80 and CD86 expression was seen, in contrast to a selective increase in
bright
CD86 expression on CD14
cells. The co-expression
of CD80 and CD86 indicates effective antigen presentation to T cells and support of T helper cell differentiation. The selective expression of CD86 in the absence of
CD80 points to a role in generating T regulatory cells.
CONCLUSION: The data show that a primary mechanism of action of GBC30 metabolites involves support
of more mature phenotypes of antigen-presenting cells,
important for immunological decision-making.

Abstract
AIM: To study the effects of probiotic metabolites on
maturation stage of antigen-presenting immune cells.

© 2012 Baishideng. All rights reserved.

Key words: Mononuclear phagocytes; Dendritic cell maturation; Co-stimulatory molecules; Antigen-presentation;
Probiotics; Metabolites

METHODS: Ganeden Bacillus coagulans 30 (GBC30)
bacterial cultures in log phase were used to isolate the
secreted metabolite (MET) fraction. A second fraction
was made to generate a crude cell-wall-enriched fraction,
by centrifugation and lysis, followed by washing. A preparation of MET was subjected to size exclusion centrifugation, generating three fractions: < 3 kDa, 3-30 kDa,
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One way in which commensal bacteria modulate the
immune response is by the secretion of certain bioactive
compounds. This suggests that metabolites of commensal
bacteria have effects of their own and that there may be
unique health benefits to be derived from the consumption of live probiotic cultures or probiotic metabolite
preparations. Recent studies on the bacterial compound
polysaccharide A from Bacteroides fragilis have shown the
ability of this molecule to prevent intestinal inflammation
caused by Helicobacter pylori infection and to correct the
symptoms of encephalomyelitis in mice, an animal model
for human multiple sclerosis[8-10]. The recent sequencing
data from 178 commensal microbial genomes has identified over 30 thousand potential protein-coding sequences
of which 97% are unique[11]. This suggests a vast untapped reservoir of novel genes including those coding
for potential secreted compounds.
The work presented here build on a previous study
that showed both enhancement of innate immune responses as well as anti-inflammatory effects of GBC30
in vitro[12]. In particular, the data presented here has aimed
at investigating the differences between a crude preparation versus the metabolite fraction in more detail with a
particular focus on modulation of key regulatory immune
cells by specific size-selected fractions of GBC30 metabolite (MET) compounds.

Hospital, T Block, Alma Street, Fremantle WA 6160, Australia
Benson KF, Redman KA, Carter SG, Keller D, Farmer S, Endres
JR, Jensen GS. Probiotic metabolites from Bacillus coagulans
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i16/1875.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i16.1875

INTRODUCTION
Bacteria are ubiquitous in the environment, having colonized every extreme of nature. This includes the human
body where they outnumber human cells by an order
of magnitude. The biggest reservoir of these symbiotic
bacteria on the human body is the lower gastrointestinal
tract[1] where large numbers of coexisting (commensal)
bacteria participate in nutrient assimilation including the
breakdown of indigestible carbohydrates. They also produce amino acids and vitamins for their host and play a
key role in healthy immune system development.
The immune system recognizes both pathogenic and
commensal bacteria through a family of pattern recognition receptors known as the toll-like receptor (TLR) family[2]. These receptors interact with molecules present on
the exterior surface of bacteria and include lipopolysaccharide (LPS), flagellin, lipoteichoic acid and lipoproteins
as well as bacterial DNA. Toll-like receptors are present
on cells participating in both innate and adaptive immunity such as monocytes/macrophages and dendritic cells
(DC) as well as epithelial cells of the intestinal mucosa.
The emerging picture is that commensal bacteria have
an enormous impact on health. While a healthy microbiota can aid the host by increasing nutrient absorption
and training the immune system to not respond to self,
conversely an unhealthy (i.e., unbalanced) microbiota
can lead to malabsorption, inflammation and disease[3-5].
A growing body of evidence suggests that these effects,
both positive and negative, of the microbiota on the
host are mediated by the immune system. Probiotics are
defined as microorganisms that when ingested in a sufficient amount confer a health benefit upon the host and
are known to interact with the immune system. Probiotic
microorganisms have a long history of human consumption in the form of fermented foods and have shown
health benefits in treating dysbiosis, irritable bowel syndrome, and eczema[6]. GanedenBC30™(Bacillus coagulans
GBI-30, 6086) (GBC30) is a proprietary strain of the
gram positive, lactic acid producing spore-forming bacteria known as Bacillus coagulans. This strain of B. coagulans
can survive extremes of heat and pressure in manufacturing as well as the harsh, acidic environment of the human
gastrointestinal tract, leading to a very high survival rate
and germination in the lower intestinal tract. The safety
of consumption of this strain was documented in acute
and sub-chronic studies in rats[7].
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MATERIALS AND METHODS
Reagents
The following buffers and reagents were obtained from
Sigma-Aldrich (St. Louis, MO): Histopaque 1077 and
1119, phosphate-buffered saline (PBS), RPMI-1640 culture medium, fetal calf serum, L-glutamine 200 mmol/L,
penicillin-streptomycin 100X solution, and bovine serum albumin. CD80-FITC, CD86-PE, CD16-PE and
CD14-PerCP were obtained from BD Biosciences (San
Jose, CA). Sodium Azide (NaN3) was obtained from
LabChem Inc. (Pittsburgh, PA). Low-binding 100 µm
zirconium beads were obtained from OPS Diagnostics
(Lebanon, NJ) and 0.2 µm cellulose acetate filters from
Whatman (Florham Park, NJ). The Bacillus coagulans strain
(GanedenBC30™) was obtained from Ganeden Biotech
Inc. (Mayfield Height, OH).
Preparation of Bacillus coagulans metabolite fractions
Using sterile technique, two separate samples of 2.0 g of
GanedenBC30™spores were each placed into 25 mL PBS
and heated at 70 ℃ for 30 min. Spores were then centrifuged at 2400 rpm for 5 min, PBS was removed and each
tube of spores re-suspended and placed in culture flasks
containing 25 mL of RPMI-1640 culture medium. The
cultures were incubated at 37 ℃ for 24 h at which time
an additional 20 mL of RPMI-1640 was added and the
cultures incubated for an additional 24 h. Following 48
h of incubation, the bacterial cultures contained 5 × 107
bacteria/mL.
Preparation of GanedenBC30™ culture supernatant as
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a source of metabolites (MET): Cultures were transferred
to 50 mL centrifuge tubes and initially spun at 1000 rpm
for 2 min to remove any remaining spores. The liquid
containing the bacteria and metabolites was decanted into
new tubes and centrifuged at 3500 rpm for 20 min. The
supernatant was decanted from the large bacterial pellets and combined in a single tube followed by filtration
twice through a 0.2 µm cellulose acetate syringe filter.
This filtrate was either frozen directly as 250 µL aliquots
(crude metabolite fraction) or spun through Amicon Ultra
protein size separation columns from Millipore (Bedford,
MA) followed by aliquot preparation and storage at -20 ℃.
Separation of the metabolites into different molecular
weight fractions was performed in the following manner: for the fraction that is < 3 kDa, the crude metabolite
preparation was placed onto a 3 kDa molecular weight
cutoff centrifuge column and spun at 2500 rpm for 10
min. The filtrate that passed through the filter contained
material that was less than 3 kDa. Aliquots were made
from this material and frozen (metabolites < 3 kDa fraction). The material that did not pass through the column
was then placed into a tube containing a 30 kDa molecular
weight cutoff filter and spun at 2500 rpm for 10 min. The
filtrate that passed through this filter contained material
that was 3-30 kDa. Aliquots were made from this material
and frozen (metabolites 3-30 kDa fraction). The remaining metabolite material that did not pass through the 30
kDa molecular weight filter was also aliquoted and frozen
and this fraction was called metabolites 30-200 kDa fraction. It is important to note that these size separations
are not exact and that while large molecules are excluded
from the fractions containing the smaller molecules, some
small molecules may still remain in the fractions containing the larger molecules.
Preparation of GanedenBC30™ crude cell wall (CW):
The two bacterial pellets were each processed separately
and then combined after the final bead milling step. Following centrifugation of the bacterial culture at 3500 rpm
for 20 min and decanting of the supernatant, the bacterial
pellets were washed twice in 45 mL of PBS with subsequent pelleting by centrifugation at 2500 rpm for 10 min.
The washed pellets went through one freeze/thaw cycle
followed by multiple bead milling cycles. In brief, the pellets were resuspended in 4 mL of PBS and then 4 mL of
100 µm low-binding zirconium beads were added. One
cycle of bead milling consisted of 60 one-second pulses
of the bacteria/bead mixture on a vortex mixer. Ten of
these cycles were performed. The bacteria/bead mixture
was placed on ice in between bead milling cycles. At the
end of the 10 bead-milling cycles, the beads were allowed
to settle in the tubes and the liquid removed from the two
tubes and combined. The liquid containing the fragmented bacteria was spun at 3500 rpm for 20 min followed by
transfer of the liquid to Eppendorf tubes and centrifugation at 14  000 rpm for 5 min. The high speed centrifugation was necessary to remove any large fragments of
bacteria that were not disrupted by the bead milling. The
final solution was brought up to 45 mL with PBS and fil-
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tered through a 0.2 µm cellulose acetate filter and stored
directly at -20 ℃ as 250 µL aliquots (crude cell wall). It is
important to note that the cell wall preparation will also
contain some GBC30 cellular contents in addition to cell
wall components.
Purification of peripheral blood mononuclear cells
Healthy human volunteers between the age of 20 years
and 60 years served as blood donors after obtaining written informed consent, as approved by the Sky Lakes
Medical Center Institutional Review Board. Isolation
of peripheral blood mononuclear cell (PBMC) was performed as previously described[13].
Cell surface staining of CD14 positive mononuclear
phagocytes
Complete cell culture media used for the culture of
PBMC consisted of RPMI-1640 supplemented with 10%
fetal bovine serum, 2 mmol/L L-glutamine, 100 U/mL
penicillin and 100 µg/mL streptomycin. Peripheral blood
mononuclear cells were cultured for 3 d in the presence
of serial dilutions of BC30 metabolite fractions or crude
cell wall followed by cell surface immunostaining with
CD14, CD80, CD86 and CD16 monoclonal antibodies.
Processing of cells for immunostaining was performed as
previously described[13] with the following modifications:
optimal amounts of monoclonal antibodies per sample
were 3 µL for CD14-PerCP and 4 mL for CD80-FITC,
CD86-PE and CD16-PE. Experiments were performed
three times using PBMC isolated from three different
blood donors. Each test condition was performed in duplicate and untreated and LPS-treated controls were tested
in quadruplicate and triplicate, respectively.
Statistical analysis
Statistical significance was tested using Student’s t-test
performed with Microsoft Excel. All P values were twosided and were considered significant when P < 0.05 and
highly significant when P < 0.01. Only statistically significant P values are reported.

RESULTS
GBC30 effects on mononuclear phagocyte differentiation
Mononuclear phagocyte differentiation in 3-d primary
PBMC cultures was examined by cell surface staining for
proteins expressed by monocytes/macrophages and dendritic cells. These included CD14 (Figure 1) and CD80
and CD86 (Figures 2 and 3). CD14 expression on CD14bright cells was increased following exposure of cells to
GBC30 crude MET and CW fractions (Figure 1A). Treatment of cells with crude MET showed a strong dosedependent response with statistically significant increases
occurring with the 4 highest doses. As expected, LPS
treatment of cells greatly increased CD14 expression[14].
Crude CW also led to statistically significant increases in
CD14 expression. When the effects of crude and sizeselected MET fractions of GBC30 at a 1:200 dilution
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Figure 1 CD14 expression on mononuclear phagocytes. Mononuclear phagocytes present in 3-d peripheral blood mononuclear cell cultures exposed to either the
Ganeden Bacillus coagulans 30 (GBC30) metabolites (MET), cell wall-enriched (CW), or MET fractions, were identified using electronic gating of the flow cytometry data
by gating on forward scatter/side scatter followed by gating for CD14 positivity. A comparison was made between cells that were untreated (UT), exposed to lipopolysaccharide (LPS) or to the different GBC30 fractions. A: Comparison of CD14 mean fluorescence intensity showed a dose-dependent increase in CD14 expression in cells
treated with crude MET. A milder increase was seen for cells treated with crude CW. The baseline indicates CD14 expression on untreated cells; B: The increase in
CD14 expression was primarily caused by high molecular weight compounds present in MET; C: The percent of CD14bright cells in the mononuclear phagocyte population
was decreased by all fractions of MET; D: The percent of CD14dim cells in the mononuclear phagocyte population was increased by treatment of cells with all MET fractions. Bar graphs show data from 1:200 dilutions of each MET fraction and lipopolysaccharide (1 µg/mL). aP < 0.05, bP < 0.01 and cP < 0.001. For each data point, the
mean + SD are shown for each duplicate data set. Graphs show data representative of 1 out of 3 experiments. MFI: Mean fluorescence intensity.

were compared (Figure 1B), high molecular weight fractions (crude and 30-200 kDa) increased CD14 expression
while PBMC treated with either the 3-30 kDa or < 3 kDa
fractions showed CD14 expression levels similar to untreated cultures.

fractions led to statistically significant decreases in CD80
expression on CD14bright cells (Figure 2A) while only
MET crude increased CD86 expression (Figure 2C).
When crude and size selected fractions of MET were
compared at the 1:200 dilution all fractions of MET
led to similar statistically significant decreases in CD80
expression (Figure 2B). A comparison of the effect of
MET fractions on CD86 expression showed that the 3-30
kDa and < 3 kDa fractions led to a decrease but these
changes were not statistically significant (Figure 2D).

Reduction of CD14bright cells
Because CD14 expression on mononuclear phagocytic
cells varies and expression levels have been correlated
with different cell populations, the percent of CD14bright
versus CD14dim cells was determined for PBMC cultures
exposed to different GBC30 MET fractions. All fractions
of MET at a 1:200 dilution led to decreased numbers of
CD14bright cells (Figure 1C) while an inverse pattern of response was seen regarding changes in CD14dim cell numbers (Figure 1D). In this case all fractions of MET led to
increases in the percent of CD14dim cells.

CD14dim cells: Effects of GBC30 metabolite and cell wall
on CD80 and CD86 expression
When expression of the co-stimulatory molecules CD80
and CD86 was determined for the CD14dim cell population, both MET and CW crude increased CD80 (Figure
3A) and CD86 (Figure 3C) expression with MET crude
having the biggest effect, particularly on CD86 expression. When crude and size selected fractions of MET
were compared at the 1:200 dilution, only the crude and
30-200 kDa fractions led to statistically significant increases in CD80 expression (Figure 3B). A comparison

CD14bright cells: Effects of GBC30 metabolite and cell
wall on CD80 and CD86 expression
Next, CD80 and CD86 expression was determined for
the CD14bright cell population. Both MET and CW crude
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Figure 2 Expression of the co-stimulatory molecules CD80 and CD86 on CD14bright mononuclear phagocytes from 3-d peripheral blood mononuclear cell
cultures. A: Comparison between the effects of serial dilutions of Ganeden Bacillus coagulans 30 (GBC30) crude metabolites (MET) or cell wall enriched (CW) fractions on CD80 expression on CD14bright cells showed dose-dependent decreases in CD80 expression. Both MET and CW reduced CD80 expression to levels similar
to those seen with Lipopolysaccharide (LPS) treatment; B: A comparison of the effects of size-fractionated MET on CD80 expression on CD14bright cells shows that all
MET fractions reduce expression; C: Comparison between the effects of serial dilutions of crude MET or CW on CD86 expression on CD14bright cells showed dosedependent increases in CD86 expression when cells were exposed to the three most concentrated dilutions of MET. Treatment of cells with CW resulted in a uniform
modest decrease in CD86 expression; D: The effect on increased CD86 expression is present only in the crude preparation of MET. Bar graphs show data from 1:200
dilutions of each MET fraction and lipopolysaccharide (1 µg/mL). aP < 0.05, bP < 0.01 and cP < 0.001. For each data point, the mean + SD are shown for each duplicate data set. Graphs show data representative of 1 out of 3 experiments. MFI: Mean fluorescence intensity; UT: Untreated.

of the effect of MET fractions on CD86 expression
showed that crude MET increased CD86 expression
while the 3-30 kDa and < 3 kDa fractions decreased expression (Figure 3D).

the 3-30 kDa and < 3 kDa fractions also produced statistically significant reductions in the number of CD14+
CD16+ cells.

DISCUSSION

Reduction in CD14+ CD16+ cells
Mononuclear phagocytes have also been classified according to expression of the cell surface protein CD16 with
CD14+ CD16+ cell subsets considered to be pro-inflammatory[15]. The effect of crude MET and CW fractions
on the percent of CD14+ CD16+ and CD14+ CD16cells in 3-d PBMC cultures was investigated. Crude MET
treatment of cells resulted in a dose dependent decrease
in CD14+ CD16+ cells (Figure 4A) and an increase in
CD14+ CD16- cells (Figure 4C). Crude CW had a much
milder effect that mirrored that of crude MET. When
cells were exposed to the crude or size fractionated preparations of MET at a 1:200 dilution, it was the fractions
with the largest compounds (crude and 30-200 kDa) that
showed the greatest effect on CD14+ CD16+ (Figure 4B)
and CD14+ CD16- (Figure 4D) cell numbers although
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The work presented here investigated the effects of MET
and CW fractions of the GBC30 probiotic strain on
mononuclear phagocyte phenotypes in primary PBMC
cultures. The cellular model for examining the immune
effects was carefully chosen, and primary PBMC cultures
were used because this allows the simultaneous interaction of multiple cell types and has been shown to support
the survival of blood dendritic cells without the addition
of exogenous cytokines[16]. One of the main findings was
the biological activities of the metabolites and the data
showed that a primary mechanism of action of BC30
metabolites involved support of more mature phenotypes
of antigen-presenting cells, important for immunological
decision-making.
Compounds present in the MET crude fraction con-
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Figure 3 Expression of the co-stimulatory molecules CD80 and CD86 on CD14dim mononuclear phagocytes from 3-d peripheral blood mononuclear cell cultures. A: Comparison between the effects of serial dilutions of Ganeden Bacillus coagulans 30 (GBC30) crude metabolites (MET) or cell wall enriched (CW) fractions
on CD80 expression on CD14dim cells showed that both MET and CW led to increased expression; B: The increase in CD80 expression following treatment of cells with
MET was due to high molecular weight compounds; C: Comparison of CD86 expression on CD14dim cells exposed to crude fractions of MET or CW resulted in increased
CD86 expression; D: Size-selected fractions of MET did not have uniform effects on CD86 expression on CD14dim cells. Crude MET increased expression while 3-30
kDa and < 3 kDa fractions decreased expression. Bar graphs show data from 1:200 dilutions of each MET fraction and lipopolysaccharide (1 µg/mL). aP < 0.05, bP <
0.01 and cP < 0.001. For each data point, the mean + SD are shown for each duplicate data set. Graphs show data representative of 1 out of 3 experiments. MFI: Mean
fluorescence intensity; UT: Untreated; LPS: Lipopolysaccharide.

sisted entirely of compounds that were secreted by GBC30
into the culture media. The CW crude fraction was isolated
from whole bacteria and may contain some compounds
present in the MET preparation in addition to compounds
unique to the cell wall. Size fractionation of crude MET was
used to evaluate immune modulating compounds based on
MW and their association with one or more fractions.
Probiotic organisms support mucosal immunity and
similar to commensal bacteria in the human gut, they
interact with mononuclear phagocytic cells such as dendritic cells and macrophages[17-19]. The expression levels of
CD80 and CD86 co-stimulatory molecules can be used to
indicate the differentiation of mononuclear phagocytes
to that of antigen presenting cells such as dendritic cells.
While CD14 is still present on some subsets of dendritic
cells, typically when mononuclear phagocytes adopt a dendritic cell identity, CD14 expression is down regulated with
the concurrent up regulation of CD80 and CD86[20]. The
differential roles of the co-stimulatory molecules CD80
and CD86 suggests that co-expression of both molecules
on dendritic cells leads to T helper cell differentiation,
whereas the predominant expression of CD86 support T
regulatory cells, and supports an anti-inflammatory cyto-
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kine profile by decreasing Interferon-gamma production
and increasing interleukin (IL)-4 production[21]. Since the
current literature suggests that mononuclear phagocytes
present in the circulation are already committed in their
developmental path[22], the changes seen in CD14 expression suggest that MET and CW simultaneously enhance
the maturation of two separate subpopulations of mononuclear phagocytic cells (CD14bright and CD14dim) towards
their corresponding macrophage and dendritic cell phenotypes. The effect of GBC30 on putative DC maturation in
PBMC cultures, suggests that DC may be responsible for
the IL-6 production that was previously shown in vitro[12],
and this increased IL-6 production may reflect normal
physiological interactions between DC and commensal
bacteria in the human gut[17,23].
The data suggest that live GBC30 in the gut lumen
would provide metabolites from GBC30, different from
the immune modulating compounds associated with the
cell wall enriched fraction, and support the interpretation
that the live metabolically active GBC30 has stronger immune modulating activity than accounted for by its cell
wall alone. Immune modulating activity has been identified from the supernatant of the probiotic strains Lactoba-
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Figure 4 Changes in the percent of CD14+ CD16+ and CD14+ CD16- cell populations following exposure of 3-d peripheral blood mononuclear cell cultures
to Ganeden Bacillus coagulans 30. A: Exposure of cells to serial dilutions of Ganeden Bacillus coagulans 30 (GBC30) crude metabolites (MET) led to a strong
dose-dependent decrease in CD14 CD16 double positive cells while exposure to cell wall enriched (CW) did not reduce this cell population; B: Treatment of cells
with size-selected MET fractions show that all fractions of MET reduce the number of CD14+ CD16+ cells; C: The percent of CD14+ CD14- cells in peripheral blood
mononuclear cell cultures increased in cultures treated with crude MET and CW. Treatment with MET resulted in a very strong dose-dependent increase while CW
treatment produced a milder increase at the two highest concentrations; D: Treatment of cells with size-selected MET fractions show that only fractions containing high
molecular weight compounds increase the number of CD14+ CD16- cells. Bar graphs show data from 1:200 dilutions of each MET fraction and lipopolysaccharide (1
a
b
c
µg/mL). P < 0.05, P < 0.01 and P < 0.001. For each data point, the mean + SD are shown for each duplicate data set. Graphs show data representative of 1 out of
3 experiments. UT: Untreated; LPS: Lipopolysaccharide.

cillus casei Shirota[24] and Bifidobacterium breve[25], the probiotic yeast Saccharomyces boulardii[26], the commensal bacterium
Faecalibacterium prausnitzii[27] and gut-derived lactobacilli
and bifidobacteria[28]. In the case of Faecalibacterium prausnitzii, injection of the supernatant completely protected
mice from trinitrobenzenesulphonic acid induced colitis
while live bacteria provided only partial protection[27].
Most of these studies focused on cytokine production in
monocyte-derived dendritic cell cultures[26,27] and have determined this to occur through a TLR2 dependent mechanism. In one study, it was determined that the active
component in the supernatant from Lactobacillus casei was
a polysaccharide peptidoglycan complex[24] while another
study has suggested that the immune boosting effect of
common botanical extracts is through effects of bacterial lipoproteins and lipopolysaccharides (derived from
endophytes, the resident bacteria present in all plants) on
macrophage activation[29].
Thus, due to direct effects on mononuclear phagocyte
differentiation, GBC30 metabolites lend support to two
important cell types responsible for antigen recognition,
presentation to cells within the adaptive immune system,
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and execution of regulatory functions, including immunological memory. The effect of dried/reconstituted material was tested in three different bioassays previously reported to show bioactivity[12], including anti-inflammatory
effects (data not shown), and no significant difference
was seen between this and frozen/thawed material. The
stability of the bioactive compounds in the metabolite
fraction holds promise for development of a consumable
product.
Results from the GBC30 MET fractions suggest that
the metabolic activity of this probiotic organism is an
intregral part of its immune modulating functions, and
that multiple different compounds act in synergy to support key aspects of mucosal immune protection. These
results suggest specific mechanisms of action and may
give insight into some aspects of previous clinical studies showing reduced symptoms from irritable bowel
syndrome[30]. We suggest that further studies include ex
vivo evaluation of mononuclear cells isolated from lamina
propria and Peyer’s patches, in terms of antigen presentation, dendritic cell and B lymphocyte maturation, and IgA
production. Further clinical work is warranted, not only
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receptor for bacterial lipopolysaccharide recognition. It is highly expressed on
the cell surface of monocytes and macrophages; GALT is a mucosa-associated
lymphoid tissue lining the gastrointestinal tract from the esophagus to the colon.
It contains immune cells and plays an important part in preventing the immune
system from reacting to the resident microflora as well as defence from pathogens; Anergy refers to the absence of a normal immune response to a specific
antigen or allergen.

in populations with inflammatory syndromes, but also in
populations with reduced mucosal immune protection,
and should include assessment of inflammatory markers
in serum, as well as secretion of IgA.
In conclusion, the biological activities reported here
for the metabolites point to a unified mechanism of action directed at the differentiation and maturation state
of antigen-presenting cells such as the macrophage/dendritic cells. In terms of immune regulation, this plays a
pivotal role in decision-making, for example in whether T
lymphocytes are induced into immunological anergy (unresponsiveness, tolerance) or whether they are triggered
into proliferation, cytokine production, and other mechanism of inter-cellular communication. It is conceivable
that metabolites are absorbed into the mucosal immune
tissue along the intestinal track and help direct more efficient antigen-recognition, while reducing immune reactivity towards harmless food-borne antigens. This may
provide a mechanism to explain the improved immune
protection, while also seeing a reduction in food allergies
and associated inflammatory reactions with consumption
of certain probiotic strains.

Peer review

The authors present a paper that aimed to investigate any differences between
the effects of a crude preparation of GBC30 bacterial culture metabolites compared to the fractionated preparations on the maturation of peripheral blood
mononuclear cell. It demonstrates that probiotic bacteria produce metabolites
that activate cells of the immune system, beyond what is expected from simple
bacterial cell wall components.
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RESULTS: Serum levels of alanine aminotransferase,
tumor necrosis factor-α and interleukin-6 decreased
significantly following portal vein AT Ⅲ injection compared with tail vein injection, and control rats. Portal
vein AT Ⅲ injection reduced liver cell destruction and
decreased hepatic fibrin deposition. This treatment also
significantly reduced hepatic mRNA expression of lactate dehydrogenase and heme oxygenase-1.
CONCLUSION: A clinically acceptable dose of AT Ⅲ
injection into the portal vein suppressed liver damage,
probably through its enhanced anticoagulant and antiinflammatory activities.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the effects of antithrombin Ⅲ (AT
Ⅲ) injection via the portal vein in acute liver failure.
METHODS: Thirty rats were intraperitoneally challenged with lipopolysaccharide (LPS) and D-galactosamine (GalN) and divided into three groups: a control
group; a group injected with AT Ⅲ via the tail vein; and
a group injected with AT Ⅲ via the portal vein. AT Ⅲ (50
U/kg body weight) was administrated 1 h after challenge with LPS and GalN. Serum levels of inflammatory
cytokines and fibrin degradation products, hepatic fibrin
deposition, and hepatic mRNA expression of hypoxia-
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INTRODUCTION
In some patients with acute liver injury (ALI), the liver
disease proceeds to acute liver failure (ALF); a severe
condition associated with a high mortality rate. Liver
transplantation is an effective treatment for patients with
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severe ALF[1], whereas artificial liver support systems such
as plasma exchange and hemodiafiltration are less effective[2,3]. The difficulties associated with the development
of effective treatments for ALF may be attributed to the
incomplete understanding of the mechanisms involved in
disease progression.
ALF is pathologically characterized by massive hepatocellular necrosis, therefore, intrahepatic microcirculatory disturbances are involved in the pathogenesis and
progression of liver disease. Observation of sinusoidal
fibrin deposition, increased fibrinogen catabolism and
decreased platelet counts suggest that the intrahepatic
coagulation system may be activated in ALF, and the following microcirculatory disturbances may play a role in
the formation of massive hepatocellular necrosis[4]. The
hypothesis that activation of the intrahepatic coagulation
system is a fundamental pathogenic factor underlying the
development of ALF has prompted researchers to develop new treatments using anticoagulants in experimental
animal models and in clinical trials. Intravenous injection
of antithrombin Ⅲ (AT Ⅲ), which inhibits serine proteases involved in the coagulation cascade, has been reported to attenuate the progression of liver disease in animal
models of ALF induced by concanavalin A, dimethylnitrosamine (DMN) and endotoxin[5-8]. However, the need
for high doses of AT Ⅲ (200-400 U/kg body weight)
to suppress liver damage makes it difficult to apply this
treatment in clinical practice. Therefore, the development
of regimens using clinically acceptable doses of AT Ⅲ is
necessary.
It has been shown that direct drug delivery into the
target organs is more efficient than systemic administration. Direct delivery of 5-fluorouracil and cisplatin into
the hepatic artery has been reported to control tumor
progression and to extend the median survival time of
patients with unresectable hepatocellular carcinoma,
which is resistant to systemic chemotherapy[9]. Similarly,
we have reported that the progression of severe ALI toward fulminant liver failure is inhibited by transcatheter
arterial steroid injection, in which methylprednisolone is
directly delivered into the diseased liver via the hepatic
artery[10]. The effectiveness of direct steroid delivery into
the liver has been confirmed in an experimental animal
model. Injection of steroids via the portal vein in rats
with lipopolysaccharide (LPS)- and D-galactosamine
(GalN)-induced ALF more effectively suppresses hepatic
inflammation and improves survival than injection via
the tail vein[11]. These observations suggest that the direct
delivery of AT Ⅲ into the liver, via the hepatic artery or
portal vein, may improve liver damage more effectively
than peripheral injection of AT Ⅲ.
In this study, we administered a clinically acceptable
dose of AT Ⅲ via the portal vein or a peripheral vein
(tail vein) in rats with LPS/GalN-induced ALF. The suppressive effects of AT Ⅲ on hepatic inflammation were
estimated based on the serum levels of transaminase and
inflammatory cytokines, and hepatic histology. The extent
of damage to the intrahepatic coagulation system was
estimated by determining sinusoidal fibrin deposition.
WJG|www.wjgnet.com

Hypoxia in the diseased liver, which is caused by hepatic
microcirculatory disturbances, was estimated by analyzing
the hepatic mRNA expression of hypoxia-related genes.
These parameters were compared among three groups:
a control group; rats injected with AT Ⅲ via the tail vein;
and rats injected via the portal vein. Our observations
suggest that the injection of AT Ⅲ via the portal vein
suppresses liver damage more effectively than via the tail
vein, because of its enhanced anticoagulant and antiinflammatory activities.

MATERIALS AND METHODS
Chemicals
Human concentrated AT Ⅲ (Anthrobin P500) was purchased from CSL Bering (King of Prussia, PA, United
States). LPS (Escherichia coli, 055:B5), GalN and other
chemicals were purchased from Sigma (St. Louis, MO,
United States). All experiments were performed using the
same lot of LPS.
Animals
Eight-week-old male Wistar rats weighing 200 g were purchased from Japan SLC (Hamamatsu, Japan). Rats were
maintained under controlled conditions with free access to
standard chow and water. All studies were performed in accordance with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health) and approved
by the Animal Care Committee of Kyushu University.
Animal treatment
LPS (5 μg/kg body weight) and GalN (500 mg/kg body
weight) dissolved in 500 μL phosphate buffered solution
(PBS) were injected intraperitoneally into rats. One hour
after the injections, the animals were anesthetized with
pentobarbital sodium, and AT Ⅲ (50 U/kg body weight)
dissolved in 200 μL of PBS was injected into the portal
or tail vein. Control animals underwent sham injections.
Each group consisted of 10 rats.
Transaminase and cytokine assays
Blood samples were taken from the tail vein at 6 h, 12 h
and 24 h after injection of LPS and GalN. The serum levels of alanine aminotransferase (ALT) were estimated by
Transaminase C-test (Wako Pure Chemical Industry, Osaka, Japan). Tumor necrosis factor-α (TNF-α), interferon-γ
(IFN-γ) and interleukin-6 (IL-6) were measured using enzyme linked immunosorbent assay (ELISA) kits (Endogen,
Rockford, IL, United States).
Assay of serum fibrin degradation products
Blood samples were taken from the tail vein 24 h after
injection of LPS and GalN. Serum fibrin degradation
products (FDPs) levels were measured using an ELISA
kit (Cusabio Biotech, Barksdale, DE, United States).
Histology
Liver tissue samples were collected 24 h after injecting
LPS and GalN, fixed in 10% formalin, and embedded in
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over time, reaching 1262 ± 240, 3381 ± 808 and 8906
± 766 U/L (Figure 1) at 6, 12 and 24 h, respectively.
Injection of AT Ⅲ into the tail vein did not affect ALT
levels at 6 h or 12 h after the injection of LPS and GalN.
However, at 24 h, the ALT levels in the tail vein injection
group were significantly lower than those in the control
group (8906 ± 766 U/L vs 6181 ± 823 U/L, P < 0.01).
This suggests that the suppressive effects of AT Ⅲ injected via the tail vein may be limited to the late stage of
liver disease. In contrast, in rats injected with AT Ⅲ via
the portal vein, ALT levels were reduced during the early
stage (i.e., 6 h, 369 ± 141 U/L), which was maintained at
all time-points. At 24 h, the ALT levels in this group were
significantly lower than those in the control group (2352
± 760 U/L vs 8906 ± 766 U/L, P < 0.01).
To support the effects of these treatments on the
suppression of liver damage, the serum levels of inflammatory cytokines were measured. The cytokine levels
demonstrate the greater anti-inflammatory effects of AT
Ⅲ injected via the portal vein. TNF-α levels in the tail
vein injection group were similar to those in the control
group. In contrast, TNF-α levels in the portal vein injection group were significantly lower than those in the
control group (235 ± 79 pg/mL vs 500 ± 127 pg/mL, P
< 0.01, Figure 2A). AT Ⅲ injection via the tail vein reduced the IFN-γ levels compared with the controls, but
the difference was not significant. As with other cytokines, IFN-γ was significantly reduced in the portal vein
group compared with the control group (21 ± 12 pg/mL
vs 89 ± 45 pg/mL, P < 0.05, Figure 2B). The IL-6 levels
showed similar trends to those observed for TNF-α. AT
Ⅲ injection via the tail vein did not suppress IL-6 levels, whereas its injection via the portal vein significantly
reduced IL-6 levels compared with those in the control
group (368 ± 120 pg/mL vs 572 ± 47 pg/mL, P < 0.01,
Figure 2C).
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Figure 1 Effects of antithrombin Ⅲ on serum alanine aminotransferase
levels in rats with acute liver failure. Lipopolysaccharide (LPS) and D-galactosamine (GalN) were injected intraperitoneally into 8-wk-old Wistar rats.
One hour after the challenge, antithrombin (AT) Ⅲ (50 U/kg body weight) was
injected into the portal or tail vein. Serum alanine aminotransferase (ALT) levels
were measured at 6 h, 12 h and 24 h after injection of LPS and GalN. Control:
Untreated; TV: AT Ⅲ injection via the tail vein; PV: AT Ⅲ injection via the portal
vein. Values are mean ± SD (n = 10 rats/group). aP < 0.01 vs the control group.

paraffin. The sections were stained with hematoxylin and
eosin to assess hepatic damage. To determine intrasinusoidal fibrin deposition, the sections were stained with
phosphotungstic acid-hematoxylin[12].
Reverse transcription polymerase chain reaction
Total RNA from liver tissue was prepared with TRIzol
reagent (Invitrogen, Carlsbad, CA, United States) and
cDNA was synthesized from 1.0 μg RNA by GeneAmp
RNA polymerase chain reaction (PCR) (Applied Biosystems, Branchburg, NJ, United States) using random
hexamers. Real-time PCR was performed using LightCycler FastStart DNA Master SYBR Green I (Roche, Basel,
Switzerland). The reaction mixture (20 μL) contained
Master SYBR Green I, 4 mmol MgCl2, 0.5 μmol upstream
and downstream PCR primers, and 2 μL first-strand
cDNA as a template. To control variations in reactions,
all PCR data were normalized against glyceraldehyde
3-phosphate dehydrogenase expression. The forward and
reverse PCR primers were 5’-ACTTTCAGAAGGGTCAGGTGTCC-3’ and 5’-TTGAGCAGGAAGGCGGTCTTAG-3’, respectively, for heme oxygenase-1
(HO-1) and 5’-AGACTGCCGTCCCGAACAAC-3’ and
5’-ACATCCACCAGGGCAAGCTC-3’, respectively, for
lactate dehydrogenase (LDH), respectively.

Effects of AT Ⅲ on liver damage analyzed by liver
histology
Histological examination showed extensive hepatocellular
necrosis and hemorrhaging in the control liver (Figure
3A). In tail-vein-injected rats, extensive hepatocellular
necrosis was not found but areas with confluent necrosis
were scattered throughout the liver (Figure 3B). Consistent with the suppression of ALT and inflammatory
cytokine levels, prominent histological improvement was
noted in the liver of rats injected with AT Ⅲ via the portal vein, because relatively few, scattered areas of necrosis
with disordered hepatic cords were observed (Figure 3C).

Statistical analysis
All results are expressed as means ± SD. Significant differences between two groups were assessed using Wilcoxon’s rank-sum test. A value of P < 0.05 was considered
to be statistically significant.

Effects of AT Ⅲ on hepatic mRNA expression of
hypoxia-related genes in ALF
To evaluate the extent of hepatic hypoxia, as induced by
microcirculatory disturbances, we determined the hepatic
expression of hypoxia-related genes such as LDH and
HO-1. LDH is an essential enzyme for anaerobic respiration, and its expression increases in cells exposed to
hypoxia[13-15]. The transcriptional expression of HO-1 is
also increased in hypoxia, resulting in increased produc-

RESULTS
Portal vein AT Ⅲ injection reduced liver cell destruction
more effectively than tail vein injection
In the control group, the serum levels of ALT increased
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Figure 3 Effects of antithrombin Ⅲ on liver histology. Liver samples were
obtained 24 h after lipopolysaccharide and D-galactosamine injection and
stained with hematoxylin and eosin (magnification, × 200). A: Control; B: Antithrombin (AT) Ⅲ injected via the tail vein; C: AT Ⅲ injected via the portal vein.

PV

Figure 2 Effects of antithrombin Ⅲ on serum inflammatory cytokine
levels. The serum levels of tumor necrosis factor-α (TNF-α) (A), interferon-γ
(IFN-γ) (B) and interleukin (IL)-6 (C) were determined 24 h after injection of
lipopolysaccharide and D-galactosamine. Control: Untreated; TV: Antithrombin
(AT) Ⅲ injection via the tail vein; PV: AT Ⅲ injection via the portal vein. Values
are means ± SD (n = 10 rats/group). aP < 0.05, bP < 0.01 vs control group.

AT Ⅲ via the portal vein compared with the tail vein, and
the control group (Figure 4A). The expression patterns of
HO-1 differed from those of LDH. AT Ⅲ injection via
the tail vein significantly reduced HO-1 expression levels
compared with those in the control group, and its expression was further reduced by AT Ⅲ injection via the portal
vein (Figure 4B). These observations suggest that AT Ⅲ
injection via the portal vein reduces intrahepatic hypoxia,
probably by controlling the microcirculatory disturbances.

tion of carbon monoxide, a vasodilator, and bilirubin, an
antioxidant[16,17]. Increased serum LDH levels and hepatic
expression of HO-1 have been reported in patients with
ALF and might be useful to predict prognosis[18,19]. Therefore, we speculated that the expression of these genes
could reflect the extent of hypoxia in the diseased liver.
Tail vein AT Ⅲ injection did not affect the expression of
LDH, suggesting that peripheral administration of AT
Ⅲ does not improve hepatic hypoxia. In contrast, LDH
expression was significantly reduced in rats injected with

WJG|www.wjgnet.com

Portal vein injection of AT Ⅲ injection improved activity
of the deteriorated coagulation system
Serum levels of FDPs are a marker for the extent of
deterioration in the coagulation system in ALF[20,21]. Injection of AT Ⅲ via the tail vein did not change FDP levels,
whereas injection of AT Ⅲ via the portal vein significant-
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Figure 5 Effects of antithrombin Ⅲ on serum fibrin degradation product
levels. The serum fibrin degradation product (FDP) levels were determined 24
h after injection of lipopolysaccharide and D-galactosamine. Control: Untreated;
TV: Antithrombin (AT) Ⅲ injection via the tail vein; PV: AT Ⅲ injection via the
portal vein. Values are means ± SD (n = 10 rats/group). aP < 0.05 vs control
and tail vein groups.
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We demonstrated that directly injecting AT Ⅲ into the
portal vein improved liver damage in a rat model of ALF
induced by LPS and GalN. AT Ⅲ injection via the portal
vein suppressed the increases in serum ALT and inflammatory cytokine levels, and intrahepatic fibrin deposition,
and reduced the mRNA expression of hypoxia-related
genes associated with ALF. These effects were accomplished by administering a relatively low dose of AT Ⅲ
that should be acceptable in clinical practice.
Microcirculatory disturbances are involved in the pathogenesis of ALF. Activation of the inflammatory cascade
may affect the coagulation system and the resulting intrahepatic coagulation may worsen sinusoidal blood flow,
leading to massive liver necrosis; a histological feature
of ALF[23]. Activation of macrophages, as represented
by the elevated serum levels of CD163 and osteopontin
in ALF patients, seems to be a trigger for this inflammatory process[24]. Following the onset of inflammation,
disturbances in the intrahepatic coagulation system may
enhance the destruction of liver cells. In patients with
ALF, electron microscopy has revealed disorders in sinusoidal endothelial cells (SECs)[25]. Moreover, reduced
mRNA expression of anticoagulants such as tissue factor
pathway inhibitor and thrombomodulin are observed in
SECs. Following the activation of tissue factor, intrahepatic coagulation causes sinusoidal fibrin deposition and
thus restricts blood circulation in the diseased liver[26-28].
Based on these observations, AT Ⅲ treatment has
been tested in animal models of ALF because of its anticoagulant activity. Systemic injection of AT Ⅲ (500 U/kg
body weight) prevented Con-A-induced liver injury by inhibiting macrophage inflammatory protein-2 release and
endothelial cell production of prostacyclin[7]. Meanwhile,
a similar dose of AT Ⅲ (400 U/kg body weight) reduced

0.4
0.2
0.0
Control

TV

PV

Figure 4 Effects of antithrombin Ⅲ on hepatic mRNA expression of
lactate dehydrogenase and heme oxygenase-1. Hepatic mRNA expression
of lactate dehydrogenase (LDH) (A) and heme oxygenase (HO)-1 (B) was
determined by real-time polymerase chain reaction. Reactions were normalized
for glyceraldehyde-3-phosphate dehydrogenase expression and the relative
expression in the untreated liver was used as a control. Control: Untreated; TV:
Antithrombin (AT) Ⅲ injection via the tail vein; PV: AT Ⅲ injection via the portal
vein. Values are means ± SD (n = 10 rats/group). aP < 0.05 vs the tail vein
group and the control group.

ly reduced FDP levels compared with those in the control
and tail vein groups (Figure 5). Taken together, improvements in the coagulation system were only achieved by
injecting AT Ⅲ directly into the diseased liver.
Effects of AT Ⅲ on intrahepatic fibrin deposition
Fibrin deposition in hepatic sinusoids has been observed
in ALF. It is recognized as a manifestation of disturbances
in the intrahepatic coagulation system and is mainly
caused by sinusoidal endothelial cell injury[22]. In our study,
phosphotungstic acid-hematoxylin staining revealed that
fibrin was diffusely deposited in the sinusoids in the control liver, suggesting intrahepatic coagulation (Figure 6A).
In rats treated with AT Ⅲ via the tail vein, hepatic fibrin
deposition was reduced but it was still sparsely distributed
(Figure 6B). Meanwhile, injection of AT Ⅲ via the portal
vein diminished fibrin deposition in the liver parenchyma,
which suggests that it may affect the maintenance of the
intrahepatic coagulation system (Figure 6C).
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with 3000 U AT Ⅲ, followed by a further 1000 U every
6 h. However, survival time was not improved by AT Ⅲ
and the extent of intravascular coagulation was similar
between AT-Ⅲ-treated and control patients[30]. These
different outcomes of clinical trials and animal experiments might be due to the insufficient concentration of
AT Ⅲ in the patients’ liver. Indeed, the relative doses of
AT Ⅲ per body weight used in patients were < 10% of
those used in animals. Moreover, even though the plasma
concentrations of AT Ⅲ were maintained within the
normal ranges, the survival rate was not improved, which
suggests that the intrahepatic concentration of AT Ⅲ did
not reach the levels needed to maintain the integrity of
the coagulation system in the diseased liver because of
impaired sinusoidal circulation.
From our previous experience of treating ALF rats
with methylprednisolone, we have demonstrated that
direct delivery of steroid into the liver suppresses liver
damage more effectively than does systemic injection.
We found that injecting methylprednisolone via the portal vein significantly increased the survival rate, reduced
serum cytokine levels, and decreased the number of
apoptotic liver cells compared with tail vein injection[11].
Therefore, we speculated that the anticoagulant activity of AT Ⅲ would be more effective when injected via
the portal vein than via a peripheral vein. In our study,
significant reductions in the serum FDP levels and fibrin
deposition were only observed in rats injected with AT
Ⅲ via the portal vein, suggesting that direct drug delivery
is necessary to achieve therapeutic concentrations of AT
Ⅲ in the diseased liver. Of particular interest is that, using this method, we reduced the dose of AT Ⅲ to levels
acceptable for clinical practice.
Anti-inflammatory activities of AT Ⅲ have been reported in addition to its anticoagulant activity. In septic
patients, AT Ⅲ improves lung injury by suppressing the
production of inflammatory cytokines, and prevents liver
and kidney failure[31,32]. The mechanisms involved in the
anti-inflammatory activities of AT Ⅲ have been analyzed
in rats treated with endotoxin[33]. AT Ⅲ prevents pulmonary vascular injury by inhibiting leukocyte activation
mediated by the enhanced release of prostacyclin from
endothelial cells. Additionally, AT Ⅲ has been reported
to inhibit the activation of inflammatory signaling cascades in several cell types, including the activation of nuclear factor (NF)-κB in human monocytes and vascular
endothelial cells[34]; the production of TNF-α and IL-6
in LPS-stimulated murine macrophages[35]; and human
neutrophil migration[36]. In our study, portal vein injection
of AT Ⅲ significantly reduced serum TNF-α, IFN-γ and
IL-6 levels compared with tail vein injection, and the control group. These results support two possible actions of
AT Ⅲ injected via the portal vein to suppress inflammation: (1) the anti-inflammatory activity of AT Ⅲ was enabled because the tissue concentration reached effective
levels following direct drug delivery; and (2) the reduced
liver cell destruction mediated by the anticoagulant activity of AT Ⅲ suppressed the activation of surrounding
inflammatory cells. We are currently unable to postulate

A

B

C

Figure 6 Effects of antithrombin Ⅲ on hepatic phosphotungstic acidhematoxylin staining. To estimate the extent of intrasinusoidal coagulation,
fibrin deposition was analyzed by phosphotungstic acid-hematoxylin staining
(magnification, × 400). Fibrin deposition was observed as a dense rod-like
structure (arrow). A: Control; B: Antithrombin (AT) Ⅲ injected via the tail vein; C:
AT Ⅲ injected via the portal vein.

liver damage in an ALF model with coagulopathy induced by DMN, which was characterized by marked intrasinusoidal fibrin deposition and elevated serum fibrin
monomer complexes[5]. However, large doses of AT Ⅲ,
which are unacceptable in clinical practice, were used to
suppress liver injury in these experimental models.
The effects of AT Ⅲ for the treatment of ALF
patients seem to be limited. Fujiwara et al[29] treated 26
patients with fulminant hepatic failure with daily infusion of 3000 U AT Ⅲ. Notably, survival time was longer
in patients with plasma AT Ⅲ levels within the normal
range compared with levels beyond the normal range.
However, the survival rates were not significantly different between patients treated with AT Ⅲ and control
patients. Another research group treated 13 ALF patients

WJG|www.wjgnet.com

1889

April 28, 2012|Volume 18|Issue 16|

Miyazaki M et al . AT Ⅲ injection in ALF
who need liver transplantation.

which action of AT Ⅲ might be dominant; however, it
seems reasonable to suggest that the anticoagulant and
anti-inflammatory activities of AT Ⅲ may act together to
suppress tissue inflammation.
In patients with ALF, it has been reported that microcirculatory disturbances induce hypoxia in the liver[18,19].
Increased serum LDH levels and hepatic HO-1 expression are markers for the extent of hypoxia, reflecting the
damage to the hepatic microcirculation. In this study,
serum LDH levels were significantly reduced in rats injected with AT Ⅲ via the portal vein, whereas hepatic
HO-1 expression was decreased in both groups of rats
injected with AT Ⅲ compared with the control group.
Expression of LDH and HO-1 are induced by hypoxiainducible factor-1, therefore, the different expression
patterns of these genes are unlikely to be due to hypoxiamediated transcriptional regulation[37]. In contrast, the expression of HO-1 is transactivated by activator protein-1
and NF-κB, which are transcriptional factors that can
activate various inflammatory signals[38]. In this context,
we speculate that the reduced HO-1 expression in rats
injected with AT Ⅲ via the tail vein may partly reflect decreased hepatic inflammation; however, the hypoxia may
only be improved by injecting AT Ⅲ via the portal vein.
In conclusion, we demonstrated that injecting AT
the portal vein suppressed liver damage in a rat
via
Ⅲ
model of ALF. The increased concentration of AT Ⅲ
in the diseased liver following direct drug delivery might
enhance its anticoagulant and anti-inflammatory activities. Furthermore, the dose of AT Ⅲ used in this method
was < 10% of that used in previous studies where AT Ⅲ
was injected via peripheral veins. We believe that further
studies are needed to establish this method as an effective
treatment for ALF.

Terminology

AT Ⅲ inhibits serine proteases involved in the coagulation cascade. Additionally, AT Ⅲ is reported to inhibit activation of inflammatory signaling cascades,
including the activation of nuclear factor-κB, production of tumor necrosis
factor-α and interleukin-6 in various cell types.

Peer review

The manuscript is clearly written and the authors discuss their findings in an
adequate way. Moreover, the reduction of the dose of AT Ⅲ via injection in the
portal vein has clinical implications.
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Over-expression of uPA increases risk of liver injury in
pAAV-HBV transfected mice
Xiao-Jun Zhou, Shi-Hui Sun, Peng Wang, Hong Yu, Jing-Ya Hu, Shi-Cheng Shang, Yu-Sen Zhou
fection in Dox-induced transgenic mice not only resulted in severe liver injury with hepatocarcinoma-like histological changes and hepatic AFP production, but also
showed an increased serum level of HBV antigens and
cytokines like interleukin-6 and tumor necrosis factor-α,
compared with the control group.
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CONCLUSION: Over-expression of uPA plays a synergistic role in the development of liver injury, inflammation and regeneration during acute HBV infection.
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Abstract
AIM: To investigate the relationship between overexpression of urokinase plasminogen activator (uPA)
and hepatitis B virus (HBV) related liver diseases in a
transgenic mouse model.

Zhou XJ, Sun SH, Wang P, Yu H, Hu JY, Shang SC, Zhou
YS. Over-expression of uPA increases risk of liver injury in
pAAV-HBV transfected mice. World J Gastroenterol 2012;
18(16): 1892-1902 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i16/1892.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i16.1892

METHODS: Albumin-tetracycline reverse transcriptional
activator and tetO-uPA transgenic mice were generated
respectively through pronuclear injection and crossed
to produce the double transgenic in-alb-uPA mice, for
which doxycycline (Dox)-inducible and liver-specific
over-expression of uPA can be achieved. Hydrodynamic
transfection of plasmid adeno-associated virus (AAV)1.3HBV was performed through the tail veins of the
Dox-induced in-alb-uPA mice. Expression of uPA and
HBV antigens were analyzed through double-staining
immunohistochemical assay. Cytokine production was
detected by enzyme linked immunosorbent assay and
α-fetoprotein (AFP) mRNA level was evaluated through
real-time quantitative polymerase chain reaction.

INTRODUCTION
Hepatitis B virus (HBV) infection causes a necroinflammatory liver disease of variable duration and severity,
with a high risk of developing cirrhosis and hepatocellular carcinoma. The immune response to HBV-encoded
antigens is responsible both for viral clearance and for
disease pathogenesis during HBV infection[1]. However,

RESULTS: Plasmid AAV-1.3HBV hydrodynamic trans-
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the roles of urokinase plasminogen activator (uPA)/uPA’s
receptor (uPAR) systems as important inflammatory mediators have not yet been well investigated in acute and
chronic hepatitis B, a common inflammatory disease in
China[2]. Clinical studies almost focused on the correlation
of uPA levels with the liver disease severity in hepatitis B
patients. And the role of uPA in the HBV-induced liver
injury, especially in the early stage, is less investigated.
uPA is one kind of plasminogen activator that catalyzes the conversion of plasminogen to plasmin. Together with uPAR, uPA participate in fibrinolysis, innate
and adaptive immunity, and pathology[3]. In cancer cells,
the effects of uPA and uPAR were thought to be related
to cell migration[4], metastasis[5], and a more recent role of
uPA in cancer growth has emerged[6]. The levels of uPA
and uPAR have been found to be increased in tissues,
plasma and other body fluids of cancer patients and to
be markers of cancer development and metastasis, such
as in patients with colon adenocarcinoma[7], lymphomas
and leukemia[8].
The tetracycline (Tet)-inducible expression system
is one of the most prominent and widely-used systems,
which allows relatively stringent, reversible, and quantitative regulation of transgene expression in a wide range
of cells in culture as well as in transgenic animals[9,10]. It
consists of two parts: the ligand-dependent transactivator tetracycline reverse transcriptional activator (rtTA)
as the effector and a tetO-cytomegalovirus (CMV) minimal promoter cassette regulating the expression of the
transgene as the responder[11]. When doxycycline (Dox)
is present, rtTA binds to the tetO-sequence and induces
expression of the target gene[12].Together with a tissuespecific promoter, it can result in transgene expression in
a temporally and spatially defined fashion.
In this study, an effective inducible and liver specific
uPA expression mouse model was constructed in which
the murine uPA expression was controlled by rtTA which
is regulated by murine albumin enhancer/promoter.
Through administration of Dox, the inducible expression
of uPA specifically in mouse liver can be achieved with
lower mortality. Then hydrodynamic injection of pAAV1.3HBV, which contained inverted terminal repeat elements of adeno-associated virus (AAV) and 1.3 copies of
HBV genome(ayw subtype), was performed to mimic the
acute HBV infection. The mouse liver showed specific
and inducible expression of uPA. Plasmid AAV-1.3HBV
transfection in Dox-induced transgenic mice resulted
in severer liver injury, higher HBV antigen and cytokine
expression compared to the control group. These data
further indicated for the first time in mice that the overexpression of uPA may have accelerative role in the development of liver injury, inflammation and liver regeneration during acute HBV infection.

under the control of the liver-specific albumin promoter
and was based the plasmid pTet-on (Clontech Lab, Inc).
To introduce appropriate restriction sites in pTet-on, linker sequences were designed as follows, Tet-on-linker-F:
5’-CTAGGATATCACTAGTGGTACCGGGCCCGCGGCCGCG-3’and Tet-on-linker-R: 5’-AATTCGCGGCCGCGGGCCCGGTACCACTAGTGATATC-3’.
The linkers were annealed at 95 ℃ for 10 min and then
were digested with EcoR Ⅰ and Spe Ⅰ and ligated to pTeton digested with the same restriction enzymes, and the
construct was named pTet-on-link. The albumin promoter fragment and enhancer fragment (Genbank accession
no. AC140220.4) were separately amplified by polymerase
chain reaction (PCR) using genomic DNA extracted
from C57BL/6 mouse liver as the template. The primers for albumin enhancer were Alb-En-FP: 5’-GCCGAGCTCCTGCCGGCTAGCTTCCTTAGCATG-3’
and Alb-En-RP: 5’-GGGTTAAGGATCCCAAG CTGGAG-3’. The primers for albumin promoter were
Alb-Pro-FP: 5’-CGGGATCCACAGCTCCAGATGGCAAACATAC-3’and Alb-Pro-RP: 5’-TTTGCCAGAGGCTAGTGGG GTTG-3’.
The albumin enhancer PCR product was digested
with BamH Ⅰ and cloned into pGEM-7ZF, then the
albumin promoter sequence was inserted behind the
enhancer at the site of BamH Ⅰ, and the plasmid was
named p7ZF-Albumin, which was confirmed by restriction enzyme digestion analysis and DNA sequence
analysis. Then p7ZF-Albumin was digested by Sac Ⅰ and
Kpn Ⅰ, and the released 2233bp fragment was ligased to
pTet-on-link digested by EcoR Ⅴ and Kpn Ⅰ, to yield the
recombinant construct named pTet-on-Albumin.
For rtTA responsive expression of uPA, the transgenic construct pTRE 2-uPA was generated which is
based on the plasmid pTRE2 containing tetO. The uPA
cDNA and uPA exon 11 was amplified by reverse transcription polymerase chain reaction (RT-PCR) and PCR
from the total RNA and genomic DNA extracted from
the kidney of C57BL/6 mouse, respectively. For uPA
DNA, the primers were uPA-cDNA-F: 5’-CGGGATCC
ATGAAAGTCTGGCTGGCGAGCCTG-3’ and
uPA-cDNA-R: 5’-CGGTCGACCATCAGAAGGCCAGACCTTTCTCTTC-3’. The RT-PCR product was
ligated to pMD18T and the construct pMD18T-uPA
cDNA was confirmed by sequence analysis. The uPA
exon 11 was amplified by PCR from the genomic DNA
template, the primers were uPA-3’-F: 5’-CGGTCGACGCCCTCAGGTAGCTGAGGGAAG-3’ and uPA3’-R: 5’-CGGTCGACGTGAAACCGACATTTAGTGCTAGTC-3’. The PCR product was ligated to the
Sal Ⅰ site of pMD18T-uPA cDNA to yield the construct
pMD18T-uPA and sequence was confirmed. Then the
uPA (cDNA + exon 11) fragment was subcloned into the
Pvu Ⅱ and Xba Ⅰ sites of pTRE2 to yield pTRE2-uPA.

MATERIALS AND METHODS

Generation and PCR analysis of the albumin-rtTA and
tetO-uPA transgenic mice
The albumin-rtTA and tetO-uPA transgenic mice were
generated in C57BL/6 × CBA F1 zygotes using standard

Plasmid construction
For liver-specific expression of rtTA, the transgenic construct albumin-rtTA was generated, which has rtTA gene
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pronuclear injection, which was performed by Shanghai
Research Center for Biomodel Organisms. For microinjection, the 6034 bp fragment of transgene albumin-rtTA
and the 5739 bp fragment of transgene tetO-uPA were
excised from the vector backbone of pTet-on-albumin
by Xho Ⅰ digestion and pTRE2-uPA by Pvu Ⅰ digestion,
respectively, isolated and purified using QIA quick gel
extraction kit (Qiagen), and then microinjected into the
pronuclei of one cell-stage fertilized embryos. The DNA
injected fertilized eggs were implanted into the oviducts
of 12 pseudopregant recipient mice. All together 9 positive albumin-rtTA transgenic mice and 5 tetO-uPA positive ones were confirmed by PCR. One upstream pair and
one downstream pair of primers, which were designed
to amplify the sequences between vector and inserted
fragment were designed for albumin-rtTA as follows,
1-up-F: 5’-GTGCAGCTTGGCTTGAACTCGTTC-3’;
1-up-R: 5’-GAGTATGGTGCCTATCTAACATCTC-3’;
1 - d ow n - F : 5 ’ - G AC G C G C TAG AC G AT T T C GATCTG-3’; 1-down-R: 5’-ACCTTGCACAGATAGCGTGGTC-3’. By the same way, one upstream pair and
one downstream pair of primers were designed for
tetO-uPA as follows 2-up-F: 5’-GTTTAGTGAACCGTCAGATCGCCTG-3’; 2-up-R: 5’-CTAGGCTAATAGCATCAGGTCTG-3’; 2-down-F: 5’-GGTAGCTTG
AGGAGTAGAGACACT-3’; 2-down-R: 5’-GACAATGGTTGTCAACAGAGTAG-3’. The PCR conditions were
the same for each of the primer pairs: 34 cycles of 94 ℃
for 30 s, 54 ℃ for 30 s, 72 ℃ for 30 s. Genomic DNA
from wild-type mice was amplified as negative control.
The PCR positive mice were the transgenic founders.

The total protein was isolated from different tissues
of 6-8 wk old F1 PCR-positive and negative offsprings
of the founders by using the Tissue Lysis Buffer (50
mmol/L Tris-HCl, 150 mmol/L NaCl, 5 mmol/L EDTA,
0.2 mmol/L sodium orthovanadate, 1% Triton X-100,
1% sodium deoxycholate, 1% sodium dodecyl sulfate)
supplemented with aprotinin (2 μg/mL), pepstatin A (0.7
μg/mL), leupeptin (0.5 μg/mL), phenylmethanesulfonyl
fluoride (PMSF) (1 mmol/L). Aprotinin, Pepstatin A, Leupeptin, PMSF were purchased from Amresco. For Western blotting analysis, 25 μg of the total protein was used
for each loading; the primary antibody for rtTA was TetR
monoclonal antibody (Clontech) (used in 1:1000 dilution),
and the primary antibody for GAPDH was an anti-GAPDH polyclonal antibody (Sigma) (1:10000 dilution); and
the second antibodies were HRP-labeled goat anti-mouse
IgG and goat anti-rabbit IgG (both in 1:5000 dilution), respectively. For imaging results, the SuperSignal WestDura
Trial Kit (Pierce) was used following the instructions.

Mouse propagation and PCR analysis
At 6-8 wk of age, founder mice were backcrossed with
wild-type C57BL/6J mice to generate F1. Genomic
DNA were isolated from tail biopsy samples of F1 mice
at 4 wk and analyzed by PCR, for which the protocols
were mentioned above.

Hydrodynamic transfection of AAV-HBV and histological
analysis
After 3 weeks’ induction, a 20 μg pAAV-HBV1.3 DNA
was injected hydrodynamically into the tail veins of the
in-alb-uPA mice within 5 seconds. A control group of inalb-uPA mice was injected with pAAV-internal ribosome
entry site (IRES). At 20 d post transfection, mice were
sacrificed and the livers were fixed with 4% (v/v) phosphate-buffered formalin, and paraffin-embedded liver
sections were prepared and stained with hematoxylin and
eosin. Semi-quantitative assessment of liver injury in each
group was evaluated by the area of liver necrosis on the
whole slide in each group. NP for no necrosis; P1 for <
10% area of necrosis; P2 for 10%-30% area of necrosis;
P3 for > 30% area of necrosis. All the evaluation of liver
damage was conducted by two independent observers.
The average score of three mice in each group was taken
as score for that group.
For uPA and HBV antigens detection, the expression
of uPA protein and hepatitis B core antigen (HBcAg)
were identified by double-staining with a polyclonal
rabbit anti-rodent urokinase (uPA) antibody (American
diagnostica Inc) and monoclonal anti-HBcAg antibody
(Thermo Scientific). Diamino-benzidine and alkaline
phosphatase substance (ZhongShan Goldenbridge biotech, Beijing, China) were used to visualize the uPA and
HBV antigens.

Generation of double transgenic mice in-alb-uPA and
Doxycycline administration
Double transgenic in-alb-uPA and wild type female offspring were generated from a cross between the albuminrtTA F1 transgenic positive mice and the tetO-uPA F1
positive mice. 20 d after born, these mice were given two
intramuscular injection of 2 mg Dox in 0.2 mL 0.9%
NaCl-solution each week for a period of 3 wk. Another
group of each type of mice was maintained off doxycycline administration.

rtTA expression in different tissues of albumin-rtTA F1
transgenic mice
The isolation of total RNA from different tissues of
6-8 wk old F1 PCR-positive and negative offsprings of
the founders was performed using the RNeasy Mini Kit
(Qiagen) following the instructions. Purified RNA was
eluted in 40 μL DNA-free water. 400 ng of total RNA
reverse transcribed with the Takara RNA LA PCR Kit
(AMV)Ver1.1 (TaKaRa), the reaction condition was 30 ℃
for 10 min, 42 ℃ for 30 min, 99 ℃ for 5 min, 5 ℃ for 5
min. The oligonucleotide primers used for RT-PCR were
rtTA-F: 5’-GACGCGCTAGACGATTTCGATCTG-3’;
rtTA-R: 5’-ACCTTGCACAGATAGCGTGGTC-3’, the
PCR reaction condition was 34 cycles of 94 ℃ for 30 s,
54 ℃ for 30 s, 72 ℃ for 30 s. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) served as internal control,
the primers were GAPDH-F: 5’-TTCACCACCATGGAGAAGGC-3’ and GAPDH-R: 5’-CCT CAGTGTAGCCCAAGATGC-3’, PCR reaction condition was 34
cycles of 94 ℃ for 30 s, 48 ℃ for 30 s, 72 ℃ for 30 s.
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Figure 1 Identification of pTet-on-link, pTet-on-Albumin and pTRE2-urokinase plasminogen activator by restriction endonucleases. A1 and B1: 2K plus DNA
Marker; A2: pTet-on-link/EcoR Ⅴ + Sal Ⅰ; A3: pTet-on-link/EcoR Ⅴ + BamH Ⅰ; B2: pTet-on-Albumin/BamH Ⅰ; B3:15K DNA marker; C1: 2K DNA marker; C2: pTRE2urokinase plasminogen activator (uPA)/pvu Ⅱ; C3: pTRE2-uPA/Sal Ⅰ.

Enzyme linked immunosorbent assay for HBV antigens
and cytokine production
At 10 d and 20 d post transfection, mouse serum samples
from different groups were harvested. The HBeAg and
HBsAg enzyme linked immunosorbent assay (ELISA)
kit (Wantai Biotech, Beijing) were used for the detection
of the serum HBV antigens respectively. And interleukin
(IL)-6 and tumor necrosis factor (TNF)-α ELISA kit
(Dakewei Biotech, Beijing) were used for the quantitation
of the serum cytokines. Serum ALT were measured with
an Olympus Model 640 automated analyzer.

quence into pTet-on in place of the CMV promoter, a
linker as designed and the following restriction sites were
introduced: Spe Ⅰ, EcoR V, Spe Ⅰ, Kpn Ⅰ, Apa Ⅰ, Not Ⅰ,
EcoR Ⅰ. pTet-on-link was identified by EcoR V/Sal Ⅰ and
EcoR V/BamH Ⅰ double digestion respectively (Figure
1A), and results showed that the linker was introduced
into pTet-on. pTet-on-Albumin was identified by BamH
Ⅰdigestion (Figure 1B), the expected 5022 bp, 2689 bp
and 1284 bp fragment can be observed. pTRE2-uPA
was identified by pvu Ⅱ and Sal Ⅰ respectively (Figure
1C). In addition, DNA sequence analysis of the albumin
enhance/promoter and uPA sequence shows complete
accordance with those in the National Center for Biotechnology Information database (data not shown).

qRT-PCR analysis of α -fetoprotein mRNA expression in
the livers of AAV-HBV transfected in-alb-uPA mice
The isolation of total RNA from livers of the AAV-HBV
transfected in-alb-uPA mice was performed using the
RNeasy Mini Kit (Qiagen) following the instructions. Purified RNA was eluted in 40 μL DNA-free water and 400 ng
of total RNA in a 10 μL reaction mixture was reverse transcribed with the Takara RNA LA PCR Kit (AMV) Ver1.1
(TaKaRa). Relative quantization of the α-fetoprotein (AFP)
mRNA level was performed using RNA Master SYBR
Green1 (Roche Diagnostics) by Eppendorf Replex. The
primers used for amplification were AFP-real-F: 5’-TCTGCTGGCACGCAAGAAG-3’ and AFP-real-R: 5’-TCGGCAGGTTCTGGAAACTG-3’. GAPDH serves as a
control and the primers were GAPDH-real-F: 5’-TCACCACCATGGAGAAGGC-3’ and GAPDH-real-R: 5’-GCTAAGCAGTTGGTGGTGCA-3’. The amplification
conditions included initial denaturation at 95 ℃ for 2 min,
followed by 40 cycles of denaturation at 95 ℃ for 15 s, annealing at 55 ℃ for 15 s, extension at 68 ℃ for 30 s.

Generation of the albumin-rtTA and tetO-uPA transgenic
mice and PCR analysis
The albumin-rtTA expression unit contains the mouse
albumin enhancer/promoter, rtTA coding sequence and
SV40 polyA, and the tetO-uPA expression unit contains
the TRE2-PminCMV, uPA cDNA and uPA exon11 (Figure
2A). In the end, 9 albumin-rtTA transgenic founder mice
and 5 tetO-uPA transgenic founder mice were confirmed
positive by PCR for both the upstream and downstream
primers (Figure 2B).
Specific expression of rtTA in the livers of albumin-rtTA
and in-alb-uPA transgenic mice
To identify the liver-specific expression of uPA in the
livers of transgenic mice, RT-PCR and Western blotting analysis was performed. The data showed that rtTA
mRNA expressed specifically in the livers of F1 albuminrtTA transgenic positive mice (Figure 3A, right image),
while there was no rtTA mRNA expression in all the
tissues of the albumin-rtTA transgenic negative mouse
(Figure 3A, left image). GAPDH mRNA was expressed
equally in different tissues of these mice (Figure 3A). Results from Western blotting analysis (Figure 3B) were in
accordance with those from RT-PCR analysis. By Western blotting analysis, rtTA expression was also confirmed
specifically in the livers of in-alb-uPA transgenic mice
and albumin-rtTA transgenic mice (Figure 3C). The cell

Statistical analysis
Results are expressed as mean ± SE. Statistical analysis
was performed using Student’s t test.

RESULTS
Construction and identification of pTet-on-albumin and
pTRE2-uPA
For inserting the albumin enhancer and promoter seWJG|www.wjgnet.com
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Figure 2 Establishment of albumin-tetracycline reverse transcriptional activator and tetO-urokinase plasminogen activator transgenic mice. A: The
albumin-tetracycline reverse transcriptional activator (rtTA) unit contains the mouse albumin enhancer/promoter, rtTA coding sequence, and SV40 polyA. The tetOurokinase plasminogen activator (uPA) unit contains the TRE2-PminCMV, uPA cDNA, uPA exon11. Arrowheads depict the positions and directions of the polymerase
chain reaction (PCR) primers; B: PCR identification of the transgenic founders. 1-9, PCR identification for the nine albumin-rtTA transgenic founder mice; 1-5, PCR
identification for the five tetO-uPA transgenic founder mice. CMV: Cytomegalovirus; M: Marker; NC: Negative control; PC: Positive control.
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Figure 3 The specific expression of tetracycline reverse transcriptional activator in the livers of albumin-tetracycline reverse transcriptional activatortrangenic mice and in-alb-urokinase plasminogen activator transgenic mice. A, B: Reverse transcription polymerase chain reaction (A) and Western blotting (B) analysis of tetracycline reverse transcriptional activator (rtTA) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression in different tissues of the 6-8 wk old F1
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blotting analysis of rtTA and GADPH expression in the liver extracts of mice with different genotypes.1: In-alb-urokinase plasminogen activator (uPA) mice group; 2: Liver
extracts of wild type mice group; 3: tetO-uPA mice group; 4: Albumin-rtTA mice group. pTet-on transfected Huh7 cell extracts were used as positive control (+).
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Figure 4 The expression of urokinase plasminogen activator in the livers of in-alb-urokinase plasminogen activator transgenic mice. A: Histology of livers
from wild type (WT) mice; B: Histology of livers from in-alb-urokinase plasminogen activator (uPA) mice without doxycycline (Dox) induction; C: Histology of livers from
in-alb-uPA mice with Dox induction; D: uPA expression in hepatocytes from from WT mice; E: uPA expression in hepatocytes from in-alb-uPA mice without Dox induction; F: uPA expression in hepatocytes from in-alb-uPA mice with Dox induction. Magnification, × 20.

extract from Huh7 transfected with pTet-on was used as
positive control while tetO-uPA and WT mice served as
negative control.

pression and HBV replication induced serious acute liver
injury, the in-alb-uPA transgenic mice were transfected
with pAAV-1.3HBV, a plasmid which could mediated
the production of replicative HBV virus[14] in vivo. Large
area necrosis was observed 20 d later in the liver of Doxinduced in-alb-uPA double transgenic mice that were
transfected with pAAV-1.3HBV (Figure 5C), compared
with that of non-induced in-alb-uPA mice transfected
with pAAV-1.3HBV (Figure 5B) or with the control plasmid pAAV-IRES (Figure 5A). Double-staining immunohistochemical analysis confirmed both uPA expression (in
brown) and HBcAg expression (in red) in the AAV-HBV
transfected Dox-induced in-alb-uPA mice (Figure 5F).
Interestingly, the coexpression of uPA and HBcAg exist in the most of the necrosis areas and the hepatocytes
with HBcAg expression alone were morphological intact.
The severe liver damage in the mice after HBV transfection indicated that the expression of uPA accelerated
the liver injury. The result was confirmed by a statistics
analysis that about 86.7% of the AAV-HBV transfected
Dox-induced in-alb-uPA mice experienced severe liver
pathogenic changes compared with the 20% AAV-HBV
transfected non-induced in-alb-uPA mice, which could be
explained by the leaky expression of uPA due to the teton inducible system. And about 40% of the AAV-HBV
transfected Dox-induced in-alb-uPA mice experienced
severe liver injury (Table 1).

Histological change of liver in in-alb-uPA transgenic
mice after Dox induced uPA expression
To confirm the expression of uPA in liver and its role
on the hepatocytes, uPA expression and the histological
changes of liver was analyzed with immunohistochemistry and HE staining respectively. The results showed light
degeneration of hepatocytes and mild inflammation in
the livers with in-alb-uPA double transgenic mice after 3
wk of Dox induction when compared to that of double
transgenic mice without Dox or the control group mice
(Figure 4A-C), which was coincident with that of uPA
expression with immunohistochemistry in the livers of
in-alb-uPA double transgenic mice after Dox induction
while almost no expression of uPA detected in double
transgenic mice without Dox. The data showed that the
specific expression of uPA after Dox induction induced
slight histological changes in the liver of this in-alb-uPA
double transgenic mice.
Synergistic liver injury in in-alb-uPA transgenic mice
after AAV-1.3HBV transfection
Although uPA plays critical role in hepatic repair via
proteolysis of matrix elements and clearance of cellular debris from the field of injury, clinical data showed
that the levels of uPA and uPAR in patients with acute
and chronic hepatitis B significantly higher than that
in healthy controls, which indicated that uPA level was
closely related to the degree and period of inflammation
and liver injury[13]. To confirm if the coexisting uPA ex-
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Figure 5 Synergistic injury of liver in in-alb-urokinase plasminogen activator transgenic mice after adeno-associated virus-1.3hepatitis B virus transfection. Histological and immunohistochemical staining for hepatitis B core antigen in the livers of different groups of mice 20 d later after adeno-associated virus (AAV)1.3hepatitis B virus (HBV) transfection. A: Histology of the AAV-internal ribosome entry site (IRES) transfected doxycycline (Dox)-induced in-alb-urokinase plasminogen activator (uPA) mice; B: Histology of the AAV-HBV transfected non-induced in-alb-uPA mice; C: Histology of the AAV-HBV transfected Dox-induced in-alb-uPA
mice; D: Double-staining immunohistochemical analysis of the AAV-IRES transfected Dox-induced in-alb-uPA mice; E: Double-staining immunohistochemical analysis
of the AAV-HBV transfected non-induced in-alb-uPA mice; F: Double-staining immunohistochemical analysis of the AAV-HBV transfected Dox-induced in-alb-uPA mice.
Magnification, × 20.

and 46.72 ± 2.01 (pg/mL), while the level for the noninduced in-alb-uPA mice was 14.58 ± 3.05 (pg/mL) and
18.17 ± 3.63 (pg/mL) (P < 0.01) (Figure 6E). Compared
with the non-induced in-alb-uPA mice, the average serum
HBeAg level of the Dox-induced in-alb-uPA mice was
significantly higher both at 10 d and 20 d after AAV-HBV
transfection (P < 0.01)) (Figure 6A), while there was no
significant difference between the average serum HBsAg
level of the Dox-induced and non-induced mice (Figure
6B). Compared with the non-induced in-alb-uPA mice,
the average serum ALT level of the Dox-induced in-albuPA mice was slightly higher at 20 d after AAV-HBV
transfection (P < 0.01)) (Figure 6C).

Table 1 Statistical analysis of the liver pathogenic rates for
mice in different groups (%)
Group

1

2

NP
P1
P2
P3
Total

8 (100)
0
0
0
8

8 (80)
2 (20)
0
0
10

3
2 (13.3)
2 (13.3)
5 (33.3)
6 (40)
15

Group 1: Adeno-associated virus (AAV)-internal ribosome entry site
transfected doxycycline (Dox)-induced in-alb-urokinase plasminogen activator (uPA) mice; Group 2: AAV-hepatitis B virus (HBV) transfected noninduced in-alb-uPA mice; Group 3: AAV-HBV transfected Dox-induced
in-alb-uPA mice. NP stands for number of the non-pathogenic mice; P1
stands for number of mice in which the liver pathogenic area is below
10%; P2 stands for number of mice in which the liver pathogenic area
ranges between 10% and 30%; P3 stands for number of mice in which the
liver pathogenic area is above 30%.

Relative quantitative analysis of AFP mRNA expression
in the livers of AAV-HBV transfected in-alb-uPA mice
It has been reported that AFP level in vivo decreases
abruptly soon after bith and remains at a low level
throughout life. And reactivation of AFP production occurs during liver regeneration[19]. In this study, we found
that, compared with the non-induced in-alb-uPA mice that
were transfected by AAV-HBV, the AFP mRNA level for
the Dox-induced in-alb-uPA mice that were transfected by
AAV-HBV was greatly higher. 10 d after AAV-HBV transfection, the average level of the AFP mRNA for those
induced in-alb-uPA mice increased about 21.8 times,while
the fold change further increased to 142.1 times at 20 d
after AAV-HBV transfection (Figure 6F). The data further
confirmed our hypothesis that uPA expression and HBV

IL-6, IL-8, IL-12, TNF-α and IFN-γ[15-17], among which
IL-6 and TNF-α are important components of the early
signaling pathway that lead to liver regeneration[18]. In
this study, results also confirmed the elevation of serum
IL-6 and TNF-α levels in the AAV-HBV transfected inalb-uPA mice (Figure 6). 10 d and 20 d after AAV-HBV
transfection, the serum IL-6 level for the Dox-induced
in-alb-uPA mice was 47.28 ± 0.57 and 96.97 ± 2.91 (pg/
mL), while the level for the non-induced in-alb-uPA mice
was 18.32 ± 2.38 (pg/mL) and 45.83 ± 1.50 (pg/mL)
(P < 0.01) (Figure 6D). The serum TNF-α level for the
Dox-induced in-alb-uPA mice was 50.55 ± 2.01 (pg/mL)
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Figure 6 Comparison of the serum hepatitis B e antigen, hepatitis B surface antigen, interleukin-6, tumor necrosis factor-α, alanine aminotransferase levels and hepatic α-fetoprotein mRNA levels between mice from different groups. Group 1: Adeno-associated virus (AAV)-internal ribosome entry site transfected
doxycycline (Dox)-induced in-alb-urokinase plasminogen activator (uPA) mice (n = 6); Group 2: AAV-hepatitis B virus (HBV) transfected non-induced in-alb-uPA mice (n
= 6); Group 3: AAV-HBV transfected Dox-induced in-alb-uPA mice (n = 6). HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase; IL: Interleukin; TNF: Tumor necrosis factor; AFP: α-fetoprotein.

tTA (Tet-off) system[20] and rtTA (Tet-on) system[21], and
facilitates not only the understanding of gene function
in development and pathogenesis, but also in transgenic
mouse modeling[22-24]. On the other hand, tissue-specific
expression of a target gene relies on tissue-specific promoters. Tissue-specific expression is vital for gene function research in organism development and can reduce
immunological response and side effects in gene therapy
applications. Many liver-specific promoters have been

infection have close relations and HBV infection further
accelerated liver injury and regeneration when uPA was
overexpressed.

DISCUSSION
Tet-inducible expression system is one of the most suitable inducible systems which could be used to investigate
the function of a given gene in vivo, which including the

WJG|www.wjgnet.com

1899

April 28, 2012|Volume 18|Issue 16|

Zhou XJ et al . uPA increases liver injury in mice

identified so far, such as the AFP promoter[25], the albumin promoter, mouse major urinary protein promoter[26],
hSAP promoter (human serum amyloid P component
promoter)[27], and apoE promoter (human apolipoprotein
E promoter)[28], which have been applied in liver-specific
expression of target genes. In addition, elements like enhancers influence the transcriptional activity of the these
tissue-specific promoters[29].
The urokinase plasminogen activator (uPA) is a serine
protease that can activate the plasminogen into plasmin,
and perform multiple functions in fibrinolysis, immunity
and pathology[3]. Previous studies showed uPA diverse
functions in tissue remodeling, angiogenesis,wound healing and protective effects in liver diseases[30]. The levels of
uPA have been found to be increased in tissues, plasma
and other body fluids of cancer patients and to be markers of cancer development and metastasis. And in human
immunodeficiency virus (HIV)-infected patients, the
serum levels of uPA have been found to be increased[2].
Also, the abnormal levels of plasma uPA in the patients
with acute or chronic hepatitis B were observed, and it
seems that the plasma levels of uPA are closely related
to the degree and period of inflammation for these patients[13]. Although the clinical significance of uPA in viral
chronic hepatitis B, hepatitis induced liver cirrhosis and
HCC has been evaluated, the role of uPA in the process
is less well understood, especially in the early stage.
In 1990, an Alb-uPA transgenic mouse which carried
the mouse uPA gene under the control of the mouse
albumin enhancer/promoter, was developed by Dr. Brinster’s team to study the pathophysiology of plasminogen
hyperactivation[31]. The over-expression of the uPA gene
in the liver resulted in high plasma uPA levels and hypofibrinogenemia, which led to severe and sometimes abdominal bleeding soon after birth. And the high mortality
also increases the difficulty for the generation of human
liver chimeric mice[32,33] and the study of hepatitis C virus
infections in vivo[34-36]. In this study, we established an uPA
inducible double transgenic mouse in-alb-uPA, in which
uPA can be expressed specifically in the liver only after
Dox induction. Hypofibrinogenemia and neonatal hemorrhaging were not observed in the Dox-induced in-albuPA mice, which greatly brought down the mortality rate.
Also the inducible expression of uPA makes it possible
for us to study and illuminate the relations of uPA overexpression and HBV infection clinically.
Hydrodynamic transfection method was suitable for
the AAV-mediated delivery of HBV genome in vivo[37]. To
investigate the risk of HBV induced liver injury in the
case of uPA over-expression, the hydrodynamic transfection of pAAV-HBV1.3, which could mediated the production of replicative HBV virus in vivo, was performed.
In the Dox-induced in-alb-uPA mice that were hydrodynamically transfected by AAV-1.3HBV, severe liver histological changes were observed in the liver (Figure 5). Also
uPA over-expression in the liver resulted in higher HBV
antigen expression, higher IL-6 and TNF-α produc-
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tion and slight elevation of serum ALT level (Figure 6).
Our results also found a significant increase of the AFP
mRNA level in the AAV-HBV transfected Dox-induced
in-alb-uPA mice (Figure 6). Produced by the embryonic
yolk sac and tetal liver, the AFP level decreases abruptly
soon after bith and remains at a low level throughout life.
And reactivation of AFP production occurs during liver
regeneration[19]. As IL-6 and TNF-α are proinflammatory cytokines that lead to liver regeneration, we came
to the conclusion that the uPA over-expression in AAVHBV transfected mice increased the liver necrosis injury,
inflammation and liver regeneration, which reflects a process that may eventually lead to hepatocellular carcinoma.
It is generally considered that cell-mediated immunity
and inflammation are the main mediators of the hepatic
pathology induced by HBV infection. In this study, we
found that HBV infection further accelerated liver injury
and regeneration when uPA was overexpressed, indicating a close relation between uPA expression and HBV
infection. Also as clinical data showed that the increased
level of uPA in HIV infected patients, this study may
in part explain the increased risk of liver disease during
HIV and HBV coinfection.

COMMENTS
COMMENTS
Background

Hepatitis B virus (HBV) infection causes a high risk of developing liver diseases,
such as cirrhosis and hepatocellular carcinoma (HCC). The immune response
to HBV-encoded antigens is responsible both for viral clearance and for disease pathogenesis during HBV infection. The urokinase plasminogen activator
(uPA) is a serine protease that can activate the plasminogen into plasmin, and
perform multiple functions in fibrinolysis, immunity and pathology. However, the
roles of uPA/uPA’s receptor (uPAR) systems as important inflammatory mediators have not yet been well investigated in acute and chronic hepatitis B, a
common inflammatory disease in China. Clinical studies almost focused on the
correlation of uPA levels with the liver disease severity in hepatitis B patients.
And the role of uPA in the HBV-induced liver injury, especially in the early stage,
is less investigated.

Research frontiers

Various researchers have found the levels of uPA to be increased in tissues,
plasma and other body fluids of cancer patients and to be markers of cancer
development and metastasis. And in human immunodeficiency virus (HIV)-infected patients, the serum levels of uPA have been found to be increased. Also,
the abnormal levels of plasma uPA in the patients with acute or chronic hepatitis
B were observed, and it seems that the plasma levels of uPA are closely related
to the degree and period of inflammation for these patients. Although the clinical
significance of uPA in viral chronic hepatitis B, hepatitis induced liver cirrhosis
and HCC has been evaluated, the role of uPA in the process is less well understood, especially in the early stage.

Innovations and breakthroughs

In this study, an inducible liver-specific uPA transgenic mice model was developed. Plasmid adeno-associated virus-1.3HBV transfection in doxycycline
(Dox)-induced transgenic mice resulted in severer liver injury, higher HBV
antigen and cytokine expression compared to the control group. These data
further indicated for the first time in mice that the over-expression of uPA may
have accelerative role in the development of liver injury, inflammation and liver
regeneration during acute HBV infection Also as clinical data showed that the
increased level of uPA in HIV infected patients, this study may in part explain
the increased risk of liver disease during HIV and HBV coinfection.

Applications

This study deepens our knowledge of uPA function in HBV-induced liver diseases, which may not only facilitate the elucidation of the molecular mechanism
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of HBV pathogenesis, but also provide a basis for the uPA-targeted anti-HBV
therapies.

14

Terminology

uPA is one kind of plasminogen activator that catalyzes the conversion of plasminogen to plasmin. Together with uPAR, uPA participate in fibrinolysis, innate
and adaptive immunity, and pathology. Tetracycline (Tet)-inducible expression
system consists of two parts: the ligand-dependent transactivator rtTA as the
effector and a tetO-CMV minimal promoter cassette regulating the expression
of the transgene as the responder. When Dox is present, rtTA binds to the tetOsequence and induces expression of the target gene. Together with a tissuespecific promoter, it can result in transgene expression in a temporally and
spatially defined fashion.
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Peer review

17

The authors studied the role of uPA and found that the over-expression of uPA
may have a synergistic role in the development of liver injury, inflammation and
liver regeneration during acute HBV infection. They added as such new information to the field on the knowledge about uPA function in HBV-induced liver
diseases.
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siRNA targeting of Cdx2 inhibits growth of human gastric
cancer MGC-803 cells
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chain reaction (RT-PCR) and Western blotting analysis. We also investigated the effect of Cdx2 siRNA on
growth of MGC-803 cells in nude mice in vivo .
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RESULTS: Cdx2 siRNA led to inhibition of endogenous
Cdx2 mRNA and protein expression as determined by
RT-PCR and Western blotting analysis. Cdx2 siRNA significantly inhibited cell growth and proliferation, blocked
entry into the S-phase of the cell cycle, induced cell
apoptosis, and reduced the motility and invasion of
MGC-803 cells. Cdx2 siRNA also increased PTEN expression, and activated caspase-9 and caspase-3 in MGC-803
cells in vitro . In addition, siRNA targeting of Cdx2 inhibited the growth of MGC-803 cells and promoted tumor
cell apoptosis in vivo in nude mice tumor models.
CONCLUSION: Cdx2 was involved in regulating progression of human gastric cancer cells MGC-803.
Manipulation of Cdx2 expression may be a potential
therapeutic strategy for gastric cancer.
© 2012 Baishideng. All rights reserved.
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Abstract

ment of Biochemistry, COM 190 MSB, MC-714, University of
Illinois at Urbana-Champaign, Urbana, IL 61801, United States

AIM: To investigate the effects of small interference
RNA (siRNA) targeting of Cdx2 on human gastric cancer MGC-803 cells in vitro and in vivo .

Wang XT, Xie YB, Xiao Q. siRNA targeting of Cdx2 inhibits growth of human gastric cancer MGC-803 cells. World J
Gastroenterol 2012; 18(16): 1903-1914 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i16/1903.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i16.1903

METHODS: The recombinant pSilencer 4.1-Cdx2 siRNA
plasmids were constructed and transfected into gastric
cancer MGC-803 cells in vitro . The stable transfectants
were selected. The effects of Cdx2 siRNA on growth,
proliferation, cell cycle, apoptosis, migration and invasiveness of human gastric cancer MGC-803 cells were
evaluated and the expression of phosphatase and
tensin homolog (PTEN), caspase-9 and caspase-3 was
observed in vitro by reverse transcription polymerase
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INTRODUCTION
The transcription factor, Cdx2, is a member of the caudalrelated homeobox gene family, and is mainly expressed in
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the intestine. Cdx2 plays important roles in early differentiation, proliferation, and maintenance of intestinal epithelial cells, and in the transcription of genes such as multidrug resistance 1[1,2]. Overexpression of Cdx2 in the small
intestine is associated with reduced postnatal growth, early
epithelial maturation, alterations in the development of a
differentiated phenotype in crypt base organization, and
changes in paneth and goblet cell lineages[3].
Initially, Cdx2 was reported to be a tumor suppressor.
Several investigators reported that low levels of Cdx2 is
a characteristic feature of human colon and squamous
esophageal cancer[4,5], and overexpression of Cdx2 could
decrease mobility and antagonize metastasis of colon
cancer cells[6]. However, other studies showed that strong
and robust expression of Cdx2 was found in > 80% of
colorectal cancers and non-small cell lung cancer[7,8]. In
addition, Cdx2 was found to enhance proliferation and
have tumorigenic potential in the human colon cancer
cell lines, LoVo and SW48[9]. These studies suggested
that Cdx2 also had oncogenic property. Together, these
conflicting findings point to a complex role for Cdx2 in
the regulation of cell proliferation.
Gastric cancer is the third most common cancer in
China, and is one of the most frequent causes of cancer-related mortality in China, with an incidence of 0.4
million new cases and 0.3 million deaths annually[10]. Intestinal metaplasia has been shown to be a precursor of
intestinal-type gastric adenocarcinoma. Since intestinal
metaplasia cannot be eradicated, it is important to determine how to reduce the morbidity from intestinal metaplasia to gastric cancer. However, the histogenesis of intestinal metaplasia and factors in the metaplastic epithelium that lead to its development into carcinoma is still in
dispute[11,12]. In adult humans, Cdx2 has been reported to
be associated with intestinal metaplasia in the stomach in
which ectopic expression of Cdx2 is speculated to cause
the gastric epithelial cells to trans-differentiate and take
the intestinal phenotype[13]. In addition, Cdx2 transgenic
mice have been shown to induce intestinal metaplasia
and have a high incidence of gastric carcinoma[14,15]. This
indicates a direct relationship between Cdx2-induced intestinal metaplasia and gastric carcinogenesis.
In the present study, we constructed small interference
RNA (siRNA) sequences targeting of Cdx2, transfected
them into the human gastric cancer cell line MGC-803,
selected the stable transfectants, and explored changes in
growth, proliferation, cell cycle, apoptosis, metastasis and
invasiveness. We also observed the effect of Cdx2 siRNA
on the expression of phosphatase and tensin homolog
(PTEN), caspase-9, and caspase-3. Moreover, we investigated the effects of Cdx2 downregulation on the growth
and apoptosis of MGC-803 cells in nude mice.

Biology, Chinese Academy of Sciences. Cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen, Gaithersburg, MD, United States). All media
were supplemented with 10% fetal bovine serum (FBS),
penicillin (100 U/mL), and streptomycin (100 μg/mL).
Cells were cultured in an incubator with 5% CO 2 at
37 ℃ with medium changes every 3 d.
Antibodies
Anti-Cdx2, anti-β-actin and secondary antibody were obtained from Santa Cruz Biotechnology Inc., Santa Cruz,
CA, United States. Antibodies specific for PTEN, procaspase-9, cleaved caspase-9, pro-caspase-3, cleaved caspase-3, and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were from Cell Signaling Technology, Beverly,
MA, United States.
Plasmid construction and transfection
Double strand siRNA oligonucleotides were obtained
from Gima Biotechnology Company (China). There
were two reversed repeated sequences with 21 inserted
sequences (GACAAATATCGAGTGGTGTAC, TAACCCGCGATCTGTTCTGCA) in the complementary
sequence, with BamHⅠ and HindⅢ sites for ligation into
the pSilencer 4.1 vector, which contained a neomycin
resistance marker for the selection of stable transfectants
in the presence of G418. The siRNA targeting site of the
transcripted product was nucleotides 115-818 of Cdx2
mRNA (GeneBank No. NM-001265). The negative control was the siRNA sequence with no homology to any
human gene sequence.
After ligation, the plasmid was transformed into Es
cherichia coli TOP10 cells, and then cultured on solid LB
medium (LB solid medium containing 50 ng/L ampicillin and 2% agarose gel) at 37 ℃ for 16 h. Positive clones
were identified by DNA sequence analysis (Majorbio
Biotech Co., Ltd), and the resulting plasmid was named
pSilencer 4.1-Cdx2(+) or pSilencer 4.1-Cdx2(-). Six-well
plates were inoculated with MGC-803 cells (1 × 105), and
cells were transfected with pSilencer 4.1-Cdx2(+) recombination plasmids. For selection of stable transfectants,
G418 (Life Technologies) was added to the cells 48 h
after transfection. The concentration of G418 for selection was gradually decreased as follows: 1 mg/mL for 4 d;
750 μg/mL for 4 d; 500 μg/mL for 4 d; and 250 μg/mL
as a sustaining dose. At day 20 after transfection, G418resistant clones were isolated. The selected cell colonies
were transferred from 10-mm dishes to 96-well plates,
and then from 96-well plates to 24-well plates. The transformants selected by G418 were analyzed by measuring
the expression of Cdx2 mRNA and protein. The negative control cells were transfected with vector pSilencer
4.1-Cdx2(-) alone, and maintained under identical conditions. In the case of cells that were selected in medium
containing G418, antibiotics were routinely included in
their growth medium until 1 to 2 d before experiments
were carried out. The cells were divided into 3 groups:
MGC-803/Cdx2 siRNA, MGC-803/Cdx2 negative control and MGC-803 group.

MATERIALS AND METHODS
Cell culture
The human gastric carcinoma cell line, MGC-803, was
supplied by the Cell Bank of Shanghai Institute of Cell
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Semi-quantitative reverse transcription polymerase
chain reaction
Total RNA was extracted from the positive cell clone
using TRIzol Reagent (Invitrogen). Neo gene segments
were amplified and verified by semi-quantitative reverse
transcription polymerase chain reaction (RT-PCR). Complementary deoxyribonucleic acids (cDNAs) were reverse-transcribed from 2 μg of total RNA. Primers used
in this study were as follows: Cdx2 forward primer (5’
-CGGCAGCCAAGTGAAAAC-3’) and reverse primer
(5’-GATGGTGATGTAGCGACTGTAGTG-3’), PCR
product: 100 base pairs (bp); β-actin forward primer (5’
-AACTCCATCATGAAGTGTGA-3’) and reverse primer (5’-ACTCCTGCTTGCTGATCCAC -3’), PCR product: 247 bp. The PCR products were checked by agarose
gel electrophoresis, and the abundance of each mRNA
was detected and normalized to that of β-actin mRNA.

cells were plated at a density of 5 × 103 cells/well in
96-well plates, and cultured for 72 h. The percentage
of cell survival was calculated using the backgroundcorrected absorbance: % proliferation rate = 100 × A
of experimental well/A of untreated control well. All
experiments were performed at least three times.
Colony formation assay
Cell suspensions from each group were diluted in DMEM
with 10% FBS, and immediately re-plated in 6-well plates
at a density of 20 cells/cm2. The plates were incubated
until cells in control wells formed sufficiently large colonies. After that, the colonies were fixed in 6% glutaraldehyde and stained with 0.5% crystal violet. The plates
were photographed and their digital images were analyzed
manually to determine colony number.
Cell cycle analysis by flow cytometry
For cell cycle analysis, MGC-803 cells (1 × 106) were
washed twice with ice-cold PBS, treated with trypsin,
and then fixed in 70% cold ethanol at 4 ℃ for 30 min.
The cell pellet was incubated in a solution containing 50
ng/mL propidium iodide, 0.2 mg/mL RNase, and 0.1%
Triton X-100 at room temperature for 30 min, and then
analyzed by flow cytometry using a FACscan (Becton
Dickinson, Mountain View, CA, United States). Data
were analyzed with the MultiCycle for Windows (Phoenix
Flow Systems, San Diego, United States).

Western blotting analysis
Cell lysates were prepared in a buffer containing 100
mmol/L NaCl, 10 mmol/L Tris-Cl (pH 7.6), 1 mmol/L
ethylenediaminetetraacetic acid (pH 8.0), 1 μg/mL aprotinin, 100 μg/mL phenylmethylsulfonyl fluoride, and 1%
(v/v) NP-40. After protein quantitation using the Lowry
protein assay, equal amounts of proteins were separated
by sodium dodecyl sulfate polyacrylamide gel electrophoresis, and blotted onto nitrocellulose membranes by
the semi-dry blotting method using a three buffer system. The membrane was blocked with 5% bovine serum
albumin in phosphate buffer solution Tween-20 (PBST)
(PBS, pH 7.5, containing 0.1% Tween-20), and incubated
with a 1:500 dilution of primary antibody (anti-Cdx2)
overnight at 4 ℃. The membrane was then washed with
PBST and incubated with a peroxidase-conjugated secondary antibody (1:1000) for 1 h. Specific antibody binding was detected using a chemiluminescence detection
system (Pierce, Rockford, IL, United States), according
to the manufacturer’s recommendations. Western blotting film was scanned, and the net intensities of the
bands were quantified using Image-QuanT software
(Molecular Dynamics, Sunnyvale, CA, United States).
After development, the membrane was stripped and reprobed with antibody against β-actin (1:1000) to confirm
equal sample loading.

Apoptosis assay by flow cytometry
Apoptotic cells were determined using the Annexin
V-fluorescein isothiocyanate (FITC) Apoptosis Detection Kit (Jingmei Biotech Co., Shenzhen, China) and an
EPICS XL-MCL flow cytometer (Becton Dickinson)
according to the manufacturer’s instructions. Briefly, 1
× 106 cells were stained with Annexin V/FITC for 30
min at 4 ℃ in the dark and then stained with propidium
iodide for 10 min before flow cytometric analysis.
Wound healing assay
The cells were cultured to confluence in 6-well plates,
and were then treated with mitomycin C to inhibit cell
proliferation. A central linear wound was made with a
200 μL sterile pipet tip. Media were changed gently to
remove any floating cells. Phase micrographs of the
wound cultures were taken at 0 and 36 h. The photographs were analyzed by measuring the distance from the
wound edge of the cell sheet to the original wound site.
Migratory activity was calculated as the mean distance
between edges of three points in 12 fields per well. Relative motility = (mean original distance - mean distance at
a time point)/mean original distance × 100%. Each test
group was assayed in triplicate.

Cell growth and proliferation assay
The growth of MGC-803 cells was determined by an
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay using a CellTiter 96 AQueous
assay system (Promega, Madison, WI, United States),
according to the manufacturer’s instructions. This assay
measures dehydrogenase enzyme activity in metabolically active tumor cells, as reflected by the conversion of
MTT to formazan, which is soluble in tissue culture medium and is detected by absorbance (A) at 490 nm. The
production of formazan is proportional to the number
of living cells, with the intensity of the produced color
serving as an indicator of cell viability. Briefly, MGC-803
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Cell invasion assay
Cell invasion was assessed using Transwell chambers
(6.5 mm; Corning, New York, United States) with 50 μL
serum-free DMEM containing 1 μg/mL Matrigel (De-
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partment of Biology, Beijing University, China) in the
upper chamber. The lower chamber was filled with 50
μL DMEM containing 0.1 μg/mL fibronectin (Beijing
University). Cells (1 × 105) were suspended in 100 μL
DMEM with 1% fetal calf serum and plated into the upper chamber. PBS (5%) 500 μL was added in the lower
chamber. After a 24 h incubation with 5% CO2 at 37 ℃,
the number of cells with Giemsa staining on the undersurface of the polycarbonate membranes was scored
visually in five random fields at a 400 × magnification by
light microscopy.

by counting the positive cells (brown-stained cells) as
well as the total number of cells in 10 arbitrarily selected
fields at 400 × magnifications in a double-blinded manner. The apoptotic index (per 400 × microscopic field)
was calculated as the number of apoptotic cells × 100/
total number of cells. Brown-stained nuclei immediately
at the edge of a tissue section were excluded from cell
counts to minimize false positives.
Statistical analysis
Data are expressed as mean ± SE. Statistical significance
was determined using χ 2 test, student’s t test, or one-way
analysis of variance. Statistical analysis were carried out
using SPSS, version 13.0 (SPSS Inc., Chicago, IL, United
States) or Origin 7.5 software programs (OriginLab Co.,
Northampton, MA, United States). A value of P < 0.05
was considered as statistically significant.

Analyses of PTEN, caspase-9 and caspase-3 expression
Semi-quantitative RT-PCR was performed as previously
described. Primers used in this study were as follows:
(1) PTEN forward primer (5’-CTGGAAAGGGACGAACTG-3’) and reverse primer (5’-AGGTAACGGCTGAGGGA-3’), PCR product: 368 bp; (2) Caspase-9
forward primer (5’-GGCTGTCTACGGCACAGATGGA-3’) and reverse primer (5’-CTGGCTCGGGGTTACTGCCAG-3’), PCR product: 200 bp; (3) Caspase-3
forward primer (5’-AAGCGAATCAATGGACTC-3’) and
reverse primer (5’-TTCCTGACTTCATATTTCAA-3’),
PCR product: 192 bp; (4) GAPDH (a) forward primer
(5’-ACAGCAACAGGGTGGTGGAC-3’) and reverse
primer (5’-TTTGAGGGTGCAGCGAACTT-3’), PCR
product: 252 bp; and (5) GAPDH (b) forward primer (5’
-ACCACAGTCCATGCCATCAC-3’) and reverse primer
(5’-TCACCACCCTGTTGCTGTA-3’), PCR product:
450 bp. Western blotting analysis was carried out as previously described.

RESULTS
pSilencer 4.1-Cdx2(+) inhibits Cdx2 mRNA and protein
expression
Recombinant pSilencer 4.1-Cdx2(+) and pSilencer 4.1Cdx2(-) sequences were verified by DNA sequenced
analysis (data not shown) which demonstrated that the
inserted siRNA coding frames and frame sequences were
correct. This confirmed that the construction of Cdx2
siRNA expression plasmid was successful.
The transfection of pSilencer 4.1-Cdx2(+) plasmid
into MGC-803 cells led to remarkable inhibition of Cdx2
mRNA and protein expression. Densitometric analysis
showed that Cdx2 mRNA and protein in MGC-803/
Cdx2 siRNA cells were about 11- and 7-fold lower, respectively, than those in the two control groups (P < 0.05),
while no differences were found between MGC-803/
Cdx2 negative control cells and MGC-803 cells (Figure 1).

Animal studies
BALB/c male nude mice at 5 wk old were obtained from
Guangxi Animal Center, China. All animals were kept
under specific pathogen-free conditions and tended to in
accordance with institutional guidelines. All experimental
studies were approved by the Guangxi Medical University Animal Care and Use Committee. MGC-803/Cdx2
siRNA cells, MGC-803/Cdx2 negative control cells and
MGC-803 cells were used for tumor implantation. There
were six mice in each group. Approximately 2 × 106 tumor cells were implanted subcutaneously into the flanks
of the nude mice. Tumor sizes were measured every 4
d with a caliper, and the diameters were recorded. The
tumor volume (TV) was calculated by the formula: TV =
W2 × L/2, where L was the length and W was the width
of the tumor. The relative tumor volume (RTV) was
calculated by the formula: RTV = Vt/V0 (V0 is the TV
at the day when the chemicals were given, and Vt is the
TV of subsequent measurement). After mice were killed,
total RNA and protein were extracted from tumor tissues. The expression of Cdx2 mRNA and protein were
detected by semi-quantitative RT-PCR and Western blotting analysis, respectively. Tumor cells were assessed for
apoptosis using in situ terminal deoxynucleotidyl transferase-mediated 2’-deoxyuridine, 5’-triphosphate nick
end labeling assays (TUNEL). Apoptosis was evaluated
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Cdx2 siRNA inhibits cell growth and proliferation in
gastric cancer MGC-803 cells
Next, we determined the in vitro survival rates of gastric
tumor cells stably transfected with pSilencer 4.1-Cdx2(+)
plasmids, using the gastric carcinoma cell line, MGC-803,
as a model for gastric cancer. As shown in Figure 2, Cdx2
siRNA significantly reduced cell survival, as assessed
by the MTT assay. We observed that MGC-803/Cdx2
siRNA cells obviously grew slower than MGC-803/Cdx2
negative control cells and MGC-803 cells (P < 0.05),
which was consistent with the decreased levels of Cdx2
in MGC-803/Cdx2 siRNA cells. Additionally, MGC-803/
Cdx2 negative control cells and MGC-803 cells exhibited about 3-fold higher mean proliferation rates than
MGC-803/Cdx2 siRNA cells (P < 0.05). These results indicate a suppressive effect of Cdx2 siRNA on MGC-803
cell growth and survival.
To confirm the inhibitory effect of Cdx2 siRNA on
the growth of MGC-803 cells, we performed colony
formation assays to measure the capability of the cells
to grow in an anchorage-independent environment by

1906

April 28, 2012|Volume 18|Issue 16|

Wang XT et al . Cdx2 siRNA inhibits MGC-803 cells growth

A

M

1

2

MGC-803 group
MGC-803/Cdx2 negative control group
MGC-803/Cdx2 siRNA group

3
1.2

bp
bp
bp
bp

0.9
b-actin

200 bp

Cdx2

100 bp

B

Cell viability (A 490 nm)

600
500
400
300

1

2

38 kDa

3

0.6

0.0

b-actin

a

0.3

0

12

24

36

48

60

72

84

t /h

Figure 2 Cdx2 small interference RNA inhibits cell proliferation in MGC-803
cells. MGC-803 cells, MGC-803/Cdx2 negative control cells and MGC-803/Cdx2
small interference RNA (siRNA) cells were treated with 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl tetrazolium bromide at days 1-3. The cell viability in each
group was presented. Each time point represented the mean of cell viability
for each group. aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 and
MGC-803/Cdx2 negative control group.
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42 kDa

Figure 1 Cdx2 small interference RNA significantly reduced Cdx2 mRNA
and protein expression in MGC-803 cells. A: Semi-quantitative reverse transcription polymerase chain reaction (RT-PCR) analysis. The RNA samples (2
μg in each) extracted from MGC-803 cells, MGC-803/Cdx2 negative control
cells and MGC-803/Cdx2 small interference RNA (siRNA) cells were subjected
to RT-PCR for Cdx2 and β-actin mRNAs. RT-PCR for β-actin was performed in
parallel to show an equal amount of total RNA in the sample; B: Western blotting
analysis. Whole protein extracts (100 μg in each) were prepared from MGC-803
cells, MGC-803/Cdx2 negative control cells and MGC-803/Cdx2 siRNA cells.
The expression of Cdx2 protein was determined by Western blotting with an antiCdx2 antibody. The β-actin expression levels were determined as a control for
equivalent protein loading. Lane 1: MGC-803 group; Lane 2: MGC-803/Cdx2
negative control group; Lane 3: MGC-803/Cdx2 siRNA group; M: 600 bp marker.

Cdx2 siRNA induces cellular apoptosis
To further study the effect of Cdx2 siRNA on MGC-803
cell apoptosis, cells were stained with Annexin V-FITC
and propidium iodide, and then subsequently analyzed
by flow cytometry. The dual parameter fluorescent dot
plots showed that the viable cells were in the lower left
quadrant, and the apoptotic cells were in the right quadrant. As shown in Figure 5, the apoptotic percentage of
MGC-803/Cdx2 siRNA cells was 11.7% ± 2.2%, which
was significantly higher than that of MGC-803/Cdx2
negative control (5.3% ± 1.3%) and MGC-803 cells (5.6%
± 1.1%) (P < 0.05). This implies that inhibition of Cdx2 is
able to induce apoptosis in gastric cancer MGC-803 cells.

culturing the cells in soft agarose. As shown in Figure
3, three cell lines were able to form colonies in soft agarose, but the number of colony formation in MGC-803/
Cdx2 siRNA cells after 3 wk was 51.4 ± 3.2, with a
60.1% and 57.6% decrease, compared to the two control
groups, respectively (P < 0.05). Together, these data suggest that Cdx2 siRNA inhibits cell growth and proliferation in gastric cancer cells.

Cdx2 siRNA decreases migration and invasion of gastric
cancer cells
We measured the migratory ability of three cell groups
using the wound healing assay by scratching the singlelayer cells. As shown in Figure 6, the distance between
the wound edges was determined at 0 and 36 h and
the healing rate was calculated in the three groups.
MGC-803/Cdx2 siRNA cells showed a lower migratory
ability at 36 h than MGC-803/Cdx2 negative control and
MGC-803 cells. The healing rate of MGC-803/Cdx2
siRNA cells after 36 h was 53.7% ± 7.2%, with a 39.9%
and 40.8% decrease, as compared to MGC-803/Cdx2
negative control cells and MGC-803 cells (P < 0.05).
Since siRNA targeting of Cdx2 inhibited the expression of Cdx2 gene in gastric cancer cells, we assessed its
ability to inhibit cell invasion. After incubation for 24 h
in the invasion assay, the numbers of MGC-803/Cdx2
negative control and MGC-803 cells invaded through the
membrane of Matrigel chamber were 2.9- and 3.0-fold
greater than that of MGC-803/Cdx2 siRNA cells, re-

Effect of Cdx2 siRNA on cell cycle control in gastric
cancer MGC-803 cells
We used flow cytometry to determine whether the inhibitory effect of Cdx2 siRNA on MGC-803 cell proliferation was mediated, at least in part, through affecting
cell cycle progression. We found that MGC-803/Cdx2
siRNA cells were 73.1% in G0/G1 phase and 18.2% in
S phase, with a 13.8% and 16.2% increase in the G0/G1
phase cell population, and a 17% and 18% decrease in
the S phase cell population, compared to MGC-803 cells
and MGC-803/Cdx2 negative control cells (P < 0.05)
(Figure 4). These data indicate that cell growth inhibition
by Cdx2 siRNA is associated with significant cell cycle
arrest in G0/G1 phase, and suggest that siRNA directed
against the Cdx2 gene suppresses cell proliferation by
controlling the G1 and S checkpoints and inducing a
specific block in cell cycle progression.
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Figure 3 MGC-803/Cdx2 small interference RNA cells exhibited fewer colonies than MGC-803/Cdx2 negative control cells or MGC-803 cells. A: MGC-803
cells, MGC-803/Cdx2 negative control cells and MGC-803/Cdx2 small interference RNA (siRNA) cells were plated in 6-well plates at a density of 20 cells/cm2, and
the colonies were observed under optical microscope at 13 d (×100); B: The surviving fraction of cells (visible colonies) was stained with gentian violet, and counted
manually. MGC-803/Cdx2 siRNA cells exhibited fewer colonies than MGC-803/Cdx2 negative control cells or MGC-803 cells. Each column presents as mean ± SE
from 3 independent experiments. aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 and MGC-803/Cdx2 negative control group. Lane 1: MGC-803 group; Lane 2:
MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group.
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Figure 4 Cdx2 small interference RNA caused cell cycle arrest in the G0/G1 phase. Cell cycle was analyzed by flow cytometry in MGC-803 cells, MGC-803/Cdx2
negative control cells and MGC-803/Cdx2 small interference RNA (siRNA) cells. The data were representative of 3 independent experiments. A: MGC-803 group; B:
MGC-803/Cdx2 negative control group; C: MGC-803/Cdx2 siRNA group.
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Figure 5 The mean apoptotic rate in MGC-803/Cdx2 small interference RNA cells was significantly higher than that in MGC-803/Cdx2 negative control
or MGC-803 cells. Percentages of apoptotic cells analyzed by flow cytometry. Numbers in the quadrants reflected the percentage of cells. A: MGC-803 group; B:
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Figure 6 Cdx2 small interference RNA decreased migration of MGC-803 cells in wound healing assay. MGC-803 cells, MGC-803/Cdx2 negative control cells
and MGC-803/Cdx2 small interference RNA (siRNA) cells were cultured to confluence on 6-well plates, a central linear wound was made with a 200 μL sterile pipet
tip. The central linear was photographed at different intervals (× 100). A: MGC-803 cells at 0 h; B: MGC-803/Cdx2 negative control cells at 0 h; C: MGC-803/Cdx2
siRNA cells at 0 h; D: MGC-803 cells at 36 h; E: MGC-803/Cdx2 negative control cells at 36 h; F: MGC-803/Cdx2 siRNA cells at 36 h. Lane 1: MGC-803 group; Lane 2:
MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group.
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Figure 7 Cdx2 small interference RNA decreased invasion of MGC-803 cells. MGC-803 cells (A), MGC-803/Cdx2 negative control cells (B) and MGC-803/Cdx2
small interference RNA cells (C) were loaded onto Matrigel-coated upper chambers of Transwell plates. Filtrated cells on the undersurface of the polycarbonate membranes were stained and counted under a optical microscope at 24 h (× 200).
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Figure 8 Cdx2 small interference RNA upregulated phosphatase and tensin homolog, caspase-9 and caspase-3 mRNA expression. A: Semi-quantitative
reverse transcription polymerase chain reaction (RT-PCR) analysis. The RNA samples (2 μg in each) extracted from MGC-803 cells, MGC-803/Cdx2 negative control
cells and MGC-803/Cdx2 small interference RNA (siRNA) cells were subjected to RT-PCR for phosphatase and tensin homolog (PTEN), caspase-9, caspase-3 and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNAs. RT-PCR for GAPDH was performed in parallel to show an equal amount of total RNA in the sample.
Lane 1: MGC-803 group; Lane 2: MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group; M: 600 bp marker; B: PTEN, caspase-9 and caspase-3
mRNA levels were measured at three groups, normalized to those of GAPDH and presented as mean ± SE. aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803
and MGC-803/Cdx2 negative control group.

spectively (P < 0.05) (Figure 7). The results indicate that
Cdx2 siRNA reduces the migratory and invasion ability
of gastric cancer MGC-803 cells.

sitometric analysis showed that PTEN, p37 cleaved caspase-9, and p17 cleaved caspase-3 protein of MGC-803/
Cdx2 siRNA cells were higher, while pro-caspase-9 and
pro-caspase-3 were lower than that in MGC-803 cells
and MGC-803/Cdx2 negative control cells (P < 0.05).
No differences were found between MGC-803/Cdx2
negative control cells and MGC-803 cells.

Cdx2 siRNA increases PTEN expression, and activates
caspase-9 and caspase-3
To investigate the mechanism by which Cdx2 siRNA
induces apoptosis in MGC-803 cells, we detected expression levels of several apoptotic family members including PTEN, caspase-9, and caspase-3 by semi-quantitative
RT-PCR and Western blotting analysis. As shown in
Figure 8, densitometric analysis showed that PTEN,
caspase-9, and caspase-3 mRNA of MGC-803/Cdx2
siRNA cells were higher than that in MGC-803 cells and
MGC-803/Cdx2 negative control cells (P < 0.05), while
no differences were found between MGC-803/Cdx2
negative control cells and MGC-803 cells. As shown in
Figure 9, Cdx2 siRNA led to the cleavage of pro-caspase-9 (47 kDa) and pro-caspase-3 (35 kDa) into other
multiple, cleaved, maturation products (data not shown),
but only the 37-kDa form of cleaved caspase-9 and the
17-kDa form of cleaved caspase-3 were observed. Den-
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Inhibitory effect of Cdx2 siRNA in vivo
We also examined the effect of Cdx2 siRNA on growth
of MGC-803 cells in vivo by implanting MGC-803/Cdx2
siRNA cells subcutaneously into the flanks of BALB/c
nude mice. Four weeks after implantation, tumor weight
from MGC-803/Cdx2 siRNA cells was 0.773 ± 0.054 g,
which was significantly less than 2.334 ± 0.087 g from
MGC-803 cells, and 2.356 ± 0.092 g from MGC-803/
Cdx2 negative control cells (P < 0.05). As shown in Figure 10, the tumor growth curves indicate the significant
growth inhibition in MGC-803/Cdx2 siRNA cells (P <
0.05). Densitometric analysis showed that Cdx2 mRNA
expression in MGC-803/Cdx2 siRNA cells (0.305 ±
0.053) was lower than that in MGC-803 cells (1.524 ±
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Figure 9 Cdx2 small interference RNA significantly increased phosphatase and tensin homolog, cleaved caspase-9 and cleaved caspase-3 protein concentrations while pro-caspase-9 and pro-caspase-3 are decreased. A: Western blotting analysis. Whole protein extracts (100 μg in each) were prepared from
MGC-803 cells, MGC-803/Cdx2 negative control cells and MGC-803/Cdx2 small interference RNA (siRNA) cells. The expression of phosphatase and tensin homolog
(PTEN), pro-caspase-9, p37 cleaved caspase-9, pro-caspase-3, and p17 cleaved caspase-3 was determined by Western blotting with an anti-PTEN, pro-caspase-9,
cleaved caspase-9, pro-caspase-3 and cleaved caspase-3 antibody. The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) protein expression levels were determined as a control for equivalent protein loading. Lane 1: MGC-803 group; Lane 2: MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group;
B: PTEN, pro-caspase-9, p37 cleaved caspase-9, pro-caspase-3 and p17 cleaved caspase-3 protein levels were measured at three groups, normalized to those of
GAPDH and presented as mean ± SE. aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 and MGC-803/Cdx2 negative control group.
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Figure 11 Cdx2 mRNA and protein expression was suppressed in MGC-803/
Cdx2 small interference RNA tumor tissue. A: Semi-quantitative reverse
transcription polymerase chain reaction (RT-PCR) analysis. Total RNAs (2 μg
in each) extracted from tumor tissue were subjected to RT-PCR for Cdx2 and
β-actin mRNAs. RT-PCR for β-actin was performed in parallel to show an equal
amount of total RNA in the sample; Lanes 1-3: MGC-803/Cdx2 small interference RNA (siRNA) group; Lanes 4-6: MGC-803/Cdx2 negative control group;
Lanes 7-9: MGC-803 group; M: 600 bp marker; B: Western blotting analysis.
Equal amounts of protein extracts (100 μg in each) were prepared from tumor
tissue. The expression of Cdx2 protein was determined by Western blotting
with an anti-Cdx2 antibody. The β-actin expression levels were determined
as a control for equivalent protein loading. Lane 1: MGC-803 group; Lane 2:
MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group.
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Figure 10 Tumor growth curve showed a significant growth tendency in
MGC-803 cells and in MGC-803/Cdx2 negative control cells, while the tumor growth in MGC-803/Cdx2 small interference RNA cells was obviously
inhibited. MGC-803 cells, MGC-803/Cdx2 negative control cells and MGC-803/
Cdx2 small interference RNA (siRNA) cells were implanted subcutaneously
into the flanks of the nude mice. The relative tumor volume (RTV) of nude mice
in each group were presented. Each time point represented the mean of RTV
for each group; aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 and
MGC-803/Cdx2 negative control group.

0.323) and MGC-803/Cdx2 negative control cells (1.441
± 0.269), as determined by semi-quantitative RT-PCR
(P < 0.05) (Figure 11A). In addition, the relative protein
expression of Cdx2 in MGC-803/Cdx2 siRNA cells
(0.134 ± 0.087) also significantly decreased (P < 0.05),
when compared to MGC-803 cells (0.634 ± 0.156) and
MGC-803/Cdx2 negative control cells (0.569 ± 0.167),
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as determined by Western blotting analysis (Figure 11B).
As shown in Figure 12, the percent of apoptotic tumor
cells in MGC-803/Cdx2 siRNA cells was 16.7% ± 5.6%,
which was more than 10.5% ± 4.1% in MGC-803/Cdx2
negative control cells and 11.2% ± 4.3% in MGC-803
cells, as determined by the TUNEL method.
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Figure 12 Cdx2 small interference RNA promoted tumor cells apoptosis. Tumor cells were assessed for apoptosis using terminal deoxynucleotidyl transferasemediated 2’-deoxyuridine, 5’-triphosphate nick end labeling assay. The apoptotic cells were brown-stained and counted under a optical microscope (× 400). A:
MGC-803 group; B: MGC-803/Cdx2 negative control group; C: MGC-803/Cdx2 small interference RNA group.

tract[9,23]. This suggests that the level of Cdx2 expression
may contribute to its function[9], thereby raising the possibility that intervening with Cdx2 expression in gastric
cancer cells with RNA interference may control their
growth rate.
Our study indicated that Cdx2 siRNA led to remarkable inhibition of Cdx2 mRNA and protein expression
in MGC-803 cells, inhibited cell growth, caused cell cycle
arrest in the G0/G1 phase, and induced cell apoptosis. Furthermore, RNAi-directed targeting of Cdx2 in
MGC-803 cells reduced the capability of cell motion,
invasion, and colony formation. Moreover, a strong antitumor effect of Cdx2-siRNA in vivo was observed, as
tumor growth was suppressed and tumor apoptosis was
increased in nude mice when Cdx2 mRNA and protein
was silenced by Cdx2 siRNA. These findings suggest
that Cdx2 has tumorigenic potential in the human gastric
cancer cell lines MGC-803.
However, our previous study showed that Cdx2 overexpression in human gastric cancer MGC-803 cells produce similar results as Cdx2 siRNA[24]. Moreover, Cdx2
overexpression was associated with cell cycle arrest in
the G0/G1 phase which was the same as Cdx2 siRNA.
This suggests that Cdx2 plays a double role in the regulation of MGC-803 cell growth and death. Thus, we
can only speculate on potential explanations for these
observed contrasts. First, appropriate activity and expression levels of Cdx2 are necessary for the normal cell
cycle, even in promoting tumor proliferation and regression. Just like E2F-1, both the upregulation and downregulation of E2F-1 can suppress human gastric cancer
MGC-803 cell growth in vitro[25,26]. Second, these two
conflicting results may involve different mechanisms.
Our previous data showed that overexpression of Cdx2
inhibits MGC-803 cell progression via the Wnt signaling pathway (unpublished data). In this result, PTEN,
caspase-9 and caspase-3 expression were all increment
when Cdx2 was downregulated. The PTEN protein
product is a lipid phosphatase that antagonizes PI3K
function and consequently inhibits downstream signaling
transduction through Akt[27]. Caspase-9, a member of
the protease family, is intimately associated with the initiation of apoptosis, and is thought to be activated while

DISCUSSION
The Cdx2 homeobox gene, which is homologous to the
Drosophila gene caudal, has an essential role during early
development[4]. In adults, Cdx2 expression is restricted to
intestinal epithelial cells. Overexpression of Cdx2 in human colon cancer cells induces a less malignant phenotype, inhibiting proliferation, invasion, and migration[16],
and Cdx2 expression is progressively reduced in gastric
cancer[17]. Moreover, heterozygous-null Cdx2 mice are
more sensitive to azoxymethane-induced colonic adenocarcinomas[18], and mice that are compound heterozygotes for Cdx2 and the tumor suppressor Adenomatous
Polyposis Coli (Apc) developed more adenomatous
polyps in the colon than their heterozygous Apc littermates[19]. These studies suggested that Cdx2 is a putative
tumor suppressor.
However, other reports have shown that Cdx2 plays
a pivotal role in the development of intestinal metaplasia[20,21]. The implication of Cdx2 in intestinal metaplasia
has been demonstrated in intestinal metaplasia of the
stomach where Cdx2 was ectopically overexpressed,
suggesting that it could play a major role during intestinal metaplasia formation in the stomach[21]. Intestinal
metaplasia is a precursor of intestinal-type gastric adenocarcinoma. Long-term intestinal metaplasia induced
gastric adenocarcinoma in the Cdx2-transgenic mouse
stomach, and no significant changes were noted in wildtype littermates[14]. The tumor incidence was 100% at
100 wk after birth[15]. It can thus be concluded that Cdx2induced intestinal metaplasia itself is a precancerous
lesion leading to gastric carcinoma. Furthermore, Cdx2
is overexpressed in most colorectal tumors compared
to matched normal mucosa in adults [7]. Dang et al [22]
showed that Cdx2 does not suppress tumorigenicity in
the human gastric cancer cell line, MKN45. It can be
concluded that, in contrast to the prevailing paradigm,
Cdx2 does not serve as a tumor suppressor in the development of most sporadic colorectal tumors. Rather, in
the context of earlier observations of its role in promoting the neoplastic phenotype in some cells and tissues,
many observations suggest the intriguing possibility that
Cdx2 could serve as an oncogene in the gastrointestinal
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Akt is inhibited[28]. Activated caspase-9 is able to cleave
caspase-3 in vitro, leading to apoptosis[29]. Therefore, in
the present study, inhibition of Cdx2 expression may increase PTEN expression directly or indirectly, leading to
activation of caspase-9 and caspase-3 via the PI3K/Akt
signaling pathway, which is responsible for inhibition of
MGC-803 cell growth in vitro and in vivo. Further studies
are needed to confirm our results.
Gastric cancer is a worldwide problem. Besides the
undetermined etiological factors, there are also limitations in surgery, chemotherapy and radiotherapy, which
to date, are the major therapies for gastric cancer[30].
Many patients lose the chance of surgery because of
their systemic condition, while many cannot tolerate
the side effects of chemotherapy or radiotherapy. It is
important to find a new way to effectively inhibit cancer
cell growth and avoid the side effects of drugs or radioactive rays. Gene target therapies have proved to be a
promising way to achieve this goal[26]. In this study, we
showed that Cdx2 plays a critical role in gastric cancer
cell proliferation, invasion, and apoptosis. The downregulation of Cdx2 using RNAi successfully reduced
the progression of gastric cancer MGC-803 cells in vitro
and in vivo. In conclusion, this study lays the foundation
for treatment of gastric cancer through manipulation of
Cdx2 expression.

plasmids and transfected them into human gastric cancer MGC-803 cells in vitro. The authors demonstrated that Cdx2 siRNA led to inhibition of endogenous
Cdx2 mRNA and protein expression and Cdx2 siRNA significantly inhibited
cell growth and proliferation, blocked entry into the S-phase of the cell cycle,
induced cell apoptosis, and reduced the motility and invasion of MGC-803 cells.
The authors conclude that Cdx2 is involved in the regulation of tumor growth,
proliferation, apoptosis and invasion of gastric cancer cells. Overall this is a
well-conducted pilot study.
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Caspase-cleaved cytokeratin-18 and tumour regression
in gastro-oesophageal adenocarcinomas treated with
neoadjuvant chemotherapy
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Srinivasan Madhusudan
cancers were constructed into tissue microarrays. The
first set consisted of 122 gastric/gastro-oesophageal
cancer cases not exposed to neoadjuvant chemotherapy
and the second set consisted of 97 gastric/gastrooesophageal cancer cases exposed to pre-operative
platinum-based chemotherapy. Expression of CK-18 and
caspase-cleaved CK-18 was investigated using immunohistochemistry.
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RESULTS: CK18 was commonly expressed in gastrooesophageal tumours (92.6%). Fifty-six point seven
percent of tumours previously exposed to neoadjuvant
chemotherapy were positive for caspase-cleaved CK-18
expression compared to only 24.6% of tumours not
previously exposed to neoadjuvant chemotherapy (P =
0.009). In patients who received neoadjuvant chemotherapy, caspase-cleaved cytokeratin-18 expression
correlated with favourable TRG response (TRG 1, 2 or 3,
P = 0.043).
CONCLUSION: This is the largest study to date of
CK-18 and caspase-cleaved CK-18 expression in gastrooesophageal tumours. We provide the first evidence
that caspase-cleaved CK-18 predicts tumour regression
with neoadjuvant chemotherapy.
© 2012 Baishideng. All rights reserved.
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Abstract
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AIM: To examine cytokeratin-18 (CK-18) and caspasecleaved CK-18 expression in tumours and correlate with
clinicopathological outcomes including tumour regression grade (TRG) response.

Florida, 1600 SW Archer Road, PO Box 100109, Gainesville, FL
32816, United States
Fareed KR, Soomro IN, Hameed K, Arora A, Lobo DN, Parsons
SL, Madhusudan S. Caspase-cleaved cytokeratin-18 and tumour regression in gastro-oesophageal adenocarcinomas treated

METHODS: Formalin-fixed human gastro-oesophageal
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MATERIALS AND METHODS
Patients
We identified patients referred to our centre with resectable gastric, gastro-oesophageal junction (GOJ) and lower
third oesophageal adenocarcinomas between January
2001 and May 2008. GOJ tumours were defined as per
Siewert’s classification[12]. The Union for International
Cancer Control TNM staging system for oesophageal
and gastric cancer was used in this study. The study was
approved by the Ethics Committee of Nottingham University Hospitals.

INTRODUCTION
Neoadjuvant platinum-based chemotherapy followed by
surgery is the standard of care for patients with gastrooesophageal adenocarcinoma[1,2]. However, there is an urgent need to develop predictive markers to individualize
patient therapy[3]. We have recently shown that tumour
regression grade (TRG) is a marker of histopathological
response and tumour down-staging in tumours receiving
neoadjuvant chemotherapy[4]. TRG was defined as per
Mandard’s criteria[5]. TRG1 (complete regression) showed
absence of residual cancer and fibrosis extending through
the different layers of the oesophageal wall; TRG2 was
characterised by the presence of rare residual cancer cells
scattered through the fibrosis; TRG3 was characterised
by an increase in the number of residual cancer cells but
fibrosis predominated; TRG4 showed residual cancer
outgrowing fibrosis; and TRG5 was characterised by the
absence of regressive changes[5]. In patients who received
neoadjuvant chemotherapy (CS group), 46.7% of gastric/gastro-oesophageal junction adenocarcinomas and
45.5% of lower third oesophageal adenocarcinomas had
TRG 1, 2 or 3 compared to 13.7% in patients who did
not receive neoadjuvant chemotherapy but proceeded to
primary surgery. In the CS group, responders (TRG 1, 2
or 3) showed significant tumour down-staging [early ypTstage disease (P = 0.002)]. In gastric cancers specifically,
additional associations were seen with negative nodal
disease (P = 0.044) and absence of vascular invasion (P =
0.027)[4]. More recently, we have also demonstrated that
favourable tumour regression predicts better clinical outcomes in patients receiving neoadjuvant chemotherapy in
gastro-oesophageal adenocarcinomas[6].
The anticancer activity of chemotherapeutic agents is
directly related to the induction of apoptosis in tumours.
Whilst the apoptotic pathway is complex, the intrinsic
mitochondrial pathway is the predominant apoptotic
pathway in cancer cells. In the intrinsic pathway, the mitochondrial release of cytochrome c activates caspase-9,
which in turn activates caspase-3 and caspase-7[7,8]. Among
the several cellular substrates of the capsases, members of
the cytokeratin family, including cytokeratin-18 (CK-18),
contribute to cellular collapse and apoptosis. Caspasecleaved CK-18 is a specific marker of epithelial cell death
and correlates with apoptosis in gastrointestinal epithelial
cancers[9-11].
In the current study we have evaluated full length
CK-18 and caspase-cleaved CK-18 protein expression
using immunohistochemistry. We show for the first time
that caspase-cleaved CK-18 expression in tumours correlates with histopathological tumour regression in early
stage gastro-oesophageal adenocarcinomas.
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Construction of tissue micro-array
Tissue micro-arrays (TMAs) were constructed. In brief,
HE-stained slides (5 µm) were used to identify and mark
out representative areas of viable tumour tissue. Then
0.6 mm-diameter needle core biopsies from the relevant
areas of corresponding paraffin-embedded blocks were
placed at defined coordinates in the recipient paraffin
array blocks using a tissue microarrayer (Beecher Instruments, Sun Prairie, WI). Array blocks were constructed
at a density of 80-150 cores per array. Two broad sets of
TMA blocks were constructed. An array set of 97 patient
cores to include gastric and gastro-oesophageal tumours
that had received neoadjuvant chemotherapy and an array
set of 122 cores of patients who had received no neoadjuvant chemotherapy were constructed. These TMA
blocks were constructed in triplicate, each containing one
sample from a different region of the tumour.
Immunohistochemistry
A standard streptavidin-biotin complex technique was
used. In brief, 5 µm TMA sections were deparaffinised
with xylene and rehydrated through graded alcohol.
Endogenous peroxidase was blocked with 0.3% hydrogen peroxide in methanol for 20 min. Antigen retrieval
was carried out by microwave treatment of the slides
in sodium citrate buffer (pH 6) for 10 min at 750 W
followed by 10 min at 300 W. The slides were rinsed
in phosphate buffer saline (PBS) and incubated with
Vectastain blocking serum diluted in PBS to block nonspecific absorption. The slides were incubated for 30 min
with the primary antibody M30 to detect caspase-cleaved
CK-18 (Peviva, Bromma, Sweden) at a dilution of 1:75
and primary antibody M6 to detect full length CK-18
(Peviva, Bromma, Sweden) at a dilution of 1:150 at room
temperature. After washing with PBS, sections were incubated with secondary antibody (Vectastain) for 30 min
followed by avidin-biotin complex for a further 30 min.
3-3’ Diaminobenzidine tetrahydochloride was used as a
chromogen. All sections were counterstained with Gill’
s haematoxylin, dehydrated and mounted using DPX (a
mixture of disterene, plasticizer, and xylene; Sigma).
Evaluation of staining
Evaluation of staining was performed with the observer
blinded to the corresponding clinicopathological data. For
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and Kaplan Meier curves were plotted. In all cases, P <
0.05 was considered statistically significant.

Table 1 Patient demographics n (%)
Neoadjuvant
Primary surgery
chemotherapy group
group
Total number of patients
Median age (yr)
Sex
Male
Female
T stage
T1
T2
T3
T4
TX
N stage
N0
≥ N1
M stage
M0
M1
Tumour type
Adenocarcinoma
Squamous cell carcinoma
Adenosquamous
Site of tumour
Gastric
GOJ
Lower third of oesophagus
Surgery
Total gastrectomy
Partial gastrectomy
Oesophagectomy/
Oesophago-gastrectomy
Survival status
Alive
Dead

97
64

122
74.5

74 (76)
23 (24)

92 (75.4)
30 (24.6)

6 (6.1)
29 (29.8)
50 (51.5)
8 (8.2)
1 (1)

12 (9.8)
41 (33.6)
65 (53.2)
4 (3.2)

31 (31.9)
66 (68.1)

32 (26.2)
90 (73.8)

97 (100)
-

122 (100)
-

83 (85.5)
12 (12.3)
2 (2)

122 (100)
-

20 (20.6)
47 (48.4)
36 (37.1)

122 (100)
-

22
5
70

47 (48.4)
50 (51.6)

RESULTS
Patient demographics
There were 2 groups of patients: those who received neoadjuvant chemotherapy (neoadjuvant group) and those
who underwent primary surgery only (primary group).
There were 97 patients in the neoadjuvant group with
a median age of 64 years; 76% (n = 74) were male and
51.5% (n = 50) of cases were T3 tumours. There were
122 cases in the primary group with a median age of
74.5 years; 75.4% (n = 92) were male and 53.2% (n = 65)
had T3 tumours. Patients in the primary surgery group
did not receive any adjuvant chemotherapy after surgery.
In the neoadjuvant group, 78% of patients had received
all the planned three cycles of neoadjuvant ECF/ECX
chemotherapy (adenocarcinomas) and 96.4% had received all the planned two cycles of neoadjuvant CF
chemotherapy (squamous cell carcinomas). Of the patients who received all three cycles of ECF/ECX chemotherapy, 42% went on to receive a further three cycles
of ECF/ECX chemotherapy. There was no significant
difference between the primary surgery group and the
perioperative chemotherapy group (gastric/GOJ) with
regards to T stage [T2 (33.6% vs 29.8%), T3 (53.2% vs
51.5%)] and N stage [N0 (26.2% vs 31.9%), > N0 (73.8%
vs 68.1%)]. Only adenocarcinomas were included in the
immunohistochemical and survival analyses in this study
(Table 1).

70
39
13

47 (38)
75 (62)

GOJ: Gastro-oesophageal junction.

Full length cytokeratin-18 expression
All 122 tumours in the primary surgery group were available for CK-18 analyses. One hundred and thirteen tumours stained positive for CK-18 (92.6%) (Figure 1A)
and 9 cores were negative for CK-18 expression. There
was no statistically significant correlation between tumour
differentiation, T stage, N stage, vascular/perineural invasion, resection margin involvement and full length CK-18
expression in tumours.

full length CK-18 expression, cytoplasmic expression in
cancer cells was considered positive. For caspase-cleaved
CK-18 expression, TMA cores from tumour showing any
positively stained apoptotic cells were considered positive. Caspase-cleaved CK-18 positive apoptotic cells were
counted in TMA cores and the total number of positive
cells from each tumour was taken as the number of positive cells.

Caspase-cleaved cytokeratin-18 expression
All tumours were suitable for caspase-cleaved CK-18 expression analyses (Figure 1B). In tumours previously exposed to neoadjuvant chemotherapy (neoadjuvant TMA, n
= 97), 56.7% of tumours (55/97) were positive compared
to 24.6% (30/122) of tumours not previously exposed
to neoadjuvant chemotherapy (primary TMA). This was
statistically significant (P = 0.009). The mean total number
of caspase-cleaved CK-18 positive cancer cells per tumour
was 4.16 in the neoadjuvant group (range: 1-92) compared
to 2.7 in the primary surgery group (range: 1-51).
We have previously demonstrated that TRG as assessed using Mandard’s criteria is a useful tool to assess
response to neoadjuvant chemotherapy in gastro-oesophageal adenocarcinomas; favourable TRG correlated with tumour down-staging in that study[4]. In the current study we

Statistical analysis
All statistical analyses were carried out using SPSS package (version 15 for Windows, SPSS, Inc.). Associations
between categorical variables were examined using crosstabulation and the Pearson χ 2 test. Kaplan Meier curves
were derived to assess disease-specific survival, and the
significance of differences in disease-specific survival
between groups was calculated using the log-rank test.
Patients whose death related to their oesophago-gastric
cancer were considered in the disease-specific survival
calculations. This was determined by death certification
entries. Deaths resulting from non-oesophago-gastric
cancer-related causes were censored. Survival rates were
calculated from the date of diagnosis until the 13th January 2009, when any remaining survivors were censored

WJG|www.wjgnet.com
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A

Primary surgery

Full length CK-18

Negative
Positive
Negative-censored
Positive-censored

1.0

Cumulative survival

0.8
0.6
0.4
0.2

B

P = 0.003

0.0

Caspase-cleaved CK-18

0.00

20.00

40.00 60.00
t /mo

80.00

Neoadjuvant chemotherapy
1.0

Cumulative survival

0.8

Figure 1 Immunohistochemical staining of full length cytokeratin-18 and
caspase-cleaved cytokeratin-18. A: Immunohistochemical staining of full
length cytokeratin-18 (CK-18) showing strong cytoplasmic staining; B: Immunohistochemical staining for caspase-cleaved CK-18. Cores from tumour showing
positively-stained apoptotic cells. Original magnification × 100; insets × 400.

Negative
Positive
Total

10 (23.8)
24 (43.6)
34 (35.1)

32 (76.2)
31 (56.4)
63 (64.9)

0.4

P = 0.975

0.0
0.00

20.00

40.00 60.00
t /mo

80.00

100.00

Figure 2 Kaplan Meier curves representing the relationship between
caspase-cleaved cytokeratin-18 and disease-specific survival. A: In months
from time of diagnosis in patients who received primary surgery only; B: In patients who received neoadjuvant chemotherapy.

Total
42 (100)
55 (100)
97 (100)

and caspase-cleaved CK-18 positivity were observed.
Regarding patients who had not received neoadjuvant
chemotherapy, Kaplan Meier plot showed that in patients whose tumours stained positive for caspase-cleaved
CK-18, a longer disease-specific survival was observed
compared to patients whose tumours were negative (mean
84 mo vs 51 mo, P = 0.003) (Figure 2). However, in patients who had received neoadjuvant chemotherapy, no
statistically significant differences were observed (mean
37.3 mo vs 41.6 mo, P = 0.975) (Figure 2).
Those factors found to be significant in univariate
analyses were also included in a multivariate logistic regression analysis to estimate the independent effect of
each factor after adjusting for the contributions of other
factors. There was no one factor in the cohort of patients
studied that showed significance on multivariate analysis
(Table 3).

CK-18: Cytokeratin-18; TRG: Tumour regression grade.

evaluated whether caspase-cleaved CK-18 expression correlated with TRG. We found that 43.6% of tumours that
were positive for caspase-cleaved CK18 also had a favourable tumour response (TRG 1-3) compared to 23.8% that
were negative for caspase-cleaved CK-18 expression (Table
2). This was statistically significant (P = 0.043). There was
no statistically significant correlation between tumour
differentiation, T stage, N stage, vascular/perineural invasion, resection margin involvement and caspase-cleaved
CK-18 positivity.
Clinicopathological correlations were also observed
in tumours not exposed to neoadjuvant chemotherapy.
Well-differentiated tumours were more likely to be caspase-cleaved CK-18 positive (62.5%) compared to poorand moderately-differentiated tumours which were only
positive in 23.6% and 19% of tumours respectively (P =
0.031). However, no differences between T, N stage, vascular/perineural invasion, resection margin involvement

WJG|www.wjgnet.com

Negative
Positive
Negative-censored
Positive-censored

0.6

0.2

Table 2 Caspase-cleaved cytokeratin-18 and tumour regression
in tumours exposed to neoadjuvant chemotherapy n (%)
Caspase-cleaved CK-18 TRG1, TRG2, TRG3 TRG4, TRG5

100.00

DISCUSSION
The ability to predict response to chemotherapy and individualize patient treatment is a high priority in gastrooesophageal adenocarcinomas. Whilst the role of multi-
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Caspase-cleaved CK-18 has recently emerged as a promising marker of apoptosis in gastrointestinal cancers[11]. We
therefore evaluated caspase-cleaved CK-18 expression
in gastro-oesophageal adenocarcinomas. Fifty-six point
seven percent of tumours previously exposed to neoadjuvant chemotherapy were positive for caspase-cleaved
CK-18 expression, compared to only 24.6% of tumours
not previously exposed to neoadjuvant chemotherapy
(P = 0.009). This provides direct evidence that chemotherapy exposure leads to apoptosis-induced increased
caspase-cleaved CK-18 expression in gastro-oesophageal
tumours. We then demonstrated, for the first time, that
the caspase-cleaved CK-18 expression correlated well
with favourable tumour regression in patients receiving
neoadjuvant chemotherapy (P = 0.043). Factors found to
be significant in univariate analyses were not significant
in a multivariate logistic regression analysis. This may be
because the current study is a small retrospective study
and a larger prospective study is required to confirm our
observations. However, our study provides evidence that
caspase-cleaved CK-18 may be a promising predictive biomarker in gastro-oesophageal adenocarcinomas. Moreover, our study also supports a rational hypothesis for
evaluating serial blood caspase-cleaved CK18 secretion,
using a recently developed assay[11,14,15], as a promising
non-invasive biomarker in operable gastro-oesophageal
adenocarcinomas where patients routinely receive three
cycles of platinum-based neoadjuvant chemotherapy[1,2].
In a recent study of advanced colorectal cancer, serum
levels of caspase-cleaved CK18 were significantly higher
in patients who responded to chemotherapy compared to
those who did not[11]. Similar results were also reported
in advanced colorectal, oesophageal and gastric adenocarcinoma patients receiving palliative chemotherapy[16].
Although these results are promising, whether tumour
tissue and serum caspase CK-18 levels are related to each
other is not clear. Moreover, whether similar results could
be achieved in early stage gastro-oesophageal adenocarcioma patients receiving neoadjuvant chemotherapy is an
area of ongoing investigation in our laboratory.
We also made interesting clinicopathological observations in tumours not exposed to chemotherapy. Caspasecleaved CK18 expression correlated with better differentiation and improved survival in this group. Although the
reason for this unexpected finding is not clear, whether
host immune factors such as lymphocytic infiltration
could contribute to cancer cell death is currently unknown and is an area of ongoing investigation.
In summary, we have conducted a study of full length
CK-18 and caspase-cleaved CK-18 expression in gastrooesophageal cancer. We provide evidence that caspasecleaved CK-18 is a promising predictive biomarker in patients
who receive platinum-based neoadjuvant chemotherapy.

Table 3 Univariate and multivariate analyses showing
predictive factors for disease-specific and overall survival in
neoadjuvant and surgery only groups
Univariate analysis Multivariate
analysis
Neoadjuvant group
Caspase-cleaved CK-18 positivity
TRG 1-3 vs 4-5
Tumour diff. (well/mod vs poor)
T stage (T1, 2 and 3, 4)
N stage (N0 and > N1)
M stage (M0 and > M0)
Vascular invasion
Perineural invasion
Resection margin involvement
Surgery only group
Caspase-cleaved CK-18 positivity
TRG 1-3 vs 4-5
Tumour diff. (well/mod vs poor)
T stage (T1, 2 and 3, 4)
N stage (N0 and > N1)
M stage (M0 and > M0)
Vascular invasion
Perineural invasion
Resection margin involvement

DSS

OS

OS

0.975
0.038
0.087
0.07
0.106
0.23
0.87
1.32
2.34

0.865
0.136
0.101
0.09
0.124
0.14
0.76
1.455
1.98

1.32
0.109
0.32
0.101
0.23
1.72
0.86
1.76
0.24

0.003
0.87
0.39
0.04
0.16
1.27
1.98
1.56
0.34

0.668
0.003
0.34
0.08
0.10
1.64
1.67
1.99
0.25

0.10
0.23
0.21
0.19
0.43
1.99
1.34
2.43
0.34

DSS: Disease-specific survival; OS: Overall survival; CK-18: Cytokeratin-18;
TRG: Tumour regression grade; diff.: Differentiation.

modality therapy in improving patient outcomes is well
established, these treatments are toxic and have a considerable impact on patient morbidity. In the United Kingdom, neoadjuvant chemotherapy followed by surgery is
routinely offered to patients who are fit with no significant co-morbidities. Accordingly, these patients generally
tend to be young and can tolerate toxic chemotherapy.
Patients considered not suitable for chemotherapy are
usually elderly with significant co-morbidities. Moreover,
until 2006 in the United Kingdom, the standard treatment for patients with early stage gastro-oesophageal
adenocarcinoma was surgery only and patients were not
routinely offered adjuvant chemotherapy. With the publication of results from a large United Kingdom trial of
perioperative chemotherapy[1], neoadjuvant chemotherapy
was established as a standard treatment option for patients. This is reflected in the differences in mean age
between the two groups in our study.
In the current study we have evaluated the potential
role of full length CK-18 and caspase-cleaved CK-18 as
biomarkers in gastro-oesophageal adenocarcinomas. To
evaluate the prognostic significance of full length CK-18
in gastro-oesophageal adenocarcinomas, we first evaluated CK-18 expression in tumours not exposed to neoadjuvant chemotherapy (n = 122). We found that CK-18
was commonly expressed in tumours. This is consistent
with a previously reported study[13]. Although Xu et al[13]
demonstrated that CK18 mRNA expression correlated
with lymph node metastasis and tumour differentiation in
gastric cancer, we were unable to demonstrate any positive clinicopathological correlations in our study.
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BRIEF ARTICLE

Helpfulness of the combination of acetic acid and FICE
in the detection of Barrett's epithelium and Barrett's
associated neoplasias
Marine Camus, Romain Coriat, Sarah Leblanc, Catherine Brezault, Benoit Terris, Elise Pommaret,
Marianne Gaudric, Ariane Chryssostalis, Frederic Prat, Stanislas Chaussade
light, 2% acid acetic pulverisation and FICE with high
definition videoendoscopy were performed in 20 patients including 18 patients who presented with aspects
of Barrett’s oesophagus at endoscopy examination. Two
patients used as controls had normal endoscopy and
histological results. Prospectively, videos were watched
blind from histological results by three trained FICE
technique endoscopists.
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RESULTS: The videos of patients with high-grade dysplasia showed an irregular mucosal pattern in 14% using high definition white light endoscopy and in 100%
using acid acetic-FICE combined. Videos did not identify
irregular vascular patterns using high definition white
light endoscopy, while acid acetic-FICE combined visualised one in 86% of cases.
CONCLUSION: Combined acetic acid and FICE is a pro
mising method for screening high-grade dysplasia and
early cancer in Barrett’s oesophagus.
© 2012 Baishideng. All rights reserved.
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AIM: To investigate the mucosal morphology in Barrett’s
oesophagus by chromo and magnifying endoscopy.

intestinal Research, Department of Molecular Medicine and Surgery, Karolinska Institute, Stockholm 17176, Sweden

METHODS: A prospective pilot study at a tertiary medical centre was conducted to evaluate the use of acetic
acid pulverisation combined with virtual chromoendoscopy using Fujinon intelligent chromoendoscopy (FICE)
for semiological characterization of the mucosal morphology in Barrett’s oesophagus and its neoplastic complications. Upper endoscopy using high definition white
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INTRODUCTION

Patients with Barrett’s oesophagus candidate
for surveillance endoscopy

Barrett’s oesophagus is a premalignant lesion of oesophageal adenocarcinoma and endoscopic surveillance has
been proposed for the diagnosis of this condition[1,2]. A
stepwise four quadrant biopsy protocol is considered the
gold standard procedure[3]. Current guidelines advise that
biopsies should be obtained from any visible abnormality and that four random quadrant biopsies every 2 cm
should be taken to detect inconspicuous dysplasia during
endoscopic surveillance[4,5]. In theory, a high sensitivity
endoscopic technique for the detection of high-grade
dysplasia or early carcinoma is warranted and targeting biopsies and a four quadrant biopsy protocol will be unnecessary to improve Barrett’s oesophagus cancer detection.
Chromoendoscopy with methylene blue, acetic acid,
or virtual chromoendoscopy have been proposed to improve the detection of preneoplastic lesions of Barrett’s
oesophagus. Although acid acetic pulverisation improves
visibility of the mucosal pattern by removing the superficial mucus and enhancing the pit pattern, virtual chromoendoscopy was developed to identify abnormalities from
superficial mucosal or vascular patterns, and, therefore,
facilitate diagnosis of Barrett’s associated neoplasias[6,7].
Virtual chromoendoscopy using narrow band imaging
(NBI) was first studied in this indication and abnormalities of pit and vascular patterns have been described[6].
Improvements in endoscopic material allows functional
imaging to be incorporated, which, in turn, permits visualisation of more detail in mucosal and vascular patterns
and may complement high-resolution endoscopy to increase the sensitivity of the endoscopic detection of early
neoplasia in Barrett’s oesophagus. Kim et al[8] showed that
NBI was not reproducible and had a sensitivity of 89%
in detecting preneoplastic lesions of Barrett’s oesophagus. Virtual chromoendoscopy using Fujinon intelligent
chromoendoscopy (FICE) has been shown to be a useful
tool in identifying gastric lesions[9]. Pohl et al[10] failed to
show, in a single prospective study, significant differences
between FICE and acetic acid combined with conventional chromoendoscopy for the detection of high-grade
dysplasia or early cancer in patients with Barrett’s oesophagus. No study has shown any benefit with the combination of acetic acid and FICE. These two techniques
could be complementary, since acetic acid enhances visualisation of the pit pattern and FICE allows detection of
vascular abnormalities in Barrett’s oesophagus. With the
Pohl et al[10] study in mind, we conducted a pilot study to
evaluate the combination of 2% acetic acid pulverisation
and FICE for semiological characterization of the mucosal morphology in Barrett’s oesophagus.
These two techniques could be complementary, since
acetic acid enhances visualisation of the pit pattern[11] and
FICE allows detection of vascular abnormalities in Barrett’s oesophagus.

Patients with evaluable Barrett’s
oesophagus, undergo acetic acid and
FICE evaluation (n = 18)

Histological results

Normal
histology
(n = 3)

Specialized
intestinal
metaplasia
(n = 5)

Normal
histology
(n = 2)

High grade
dysplasia
(n = 3)

Figure 1 Patient selection for the present study. FICE: Fujinon intelligent
chromoendoscopy.

consent. The study was in accordance with the Declaration of Helsinki and the Institutional review board (Centre
de protection des personnes d’Ile de France Ⅲ) approved
the study (ref: CPP: AT102).

Patients

The study population consisted of patients with Barrett’s
oesophagus, as confirmed by pathological analysis. None
of the patients had received previous therapy for Barrett’s
oesophagus. The eligibility criteria also included a fourquadrant biopsy protocol, a standardized procedure as
described above and a video record of the overall procedure. Patients were required to have at least one dysplastic lesion that could be evaluated. Data were collected
retrospectively from a review of the electronic medical
records and endoscopy database of our institution from
November 2006 to September 2009. Eighteen patients
had endoscopic Barrett’s oesophagus (Figure 1). Of these
patients, fifteen had specialized intestinal metaplasia,
dysplasia or carcinoma and three patients had normal
histology results. In addition, two patients with no history of Barrett’s oesophagus or endoscopic lesions, and
normal biopsies were included as controls.
Endoscopy procedure
All explorations were performed using a high definition
Fujinon 1.3-million-pixel EG 490 ZW5 gastroscope zoom
with optical magnification up to 100 times equipped with

MATERIALS AND METHODS
Ethics
All patients enrolled in this study gave written informed
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Patients undergo
acetic acid and FICE
evaluation (n = 2)

Histological results

Carcinoma
(n = 4)

Low grade
dysplasia
(n = 3)

Patients without
Barrett’s oesophagus
(n = 2)
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acetic acid-FICE: macroscopic appearance of the lesion
using the Paris classification[12], type of mucosal pattern
(regular: ridged/villous, circular, irregular), vascular pattern characteristics (regular, irregular) using the Sharma
classification[13], raised lesion, ulcerous lesion, pigmented
lesion; and spontaneous bleeding lesion. The last four
items were considered on clinical findings.

Table 1 Clinical characteristics of patients undergoing
combined acetic acid and Fujinon intelligent chromoendoscopy
endoscopy
Normal
mucosa
Number of patients
5 (25)
(%)
Age (yr) (mean ± SD) 56.4 ± 21.7
Sex (men/women)
5/0
Concomitant therapy
60
PPI (%)
Median Barrett’s
1 (0-1)
oesophagus
Length (cm) ± IQR

SIM or LGD

HGD or
carcinoma

All
patients

8 (40)

7 (35)

20

65 ± 10.5
7/1
100

71 ± 13.8
7/0
100

65 ± 15
19/1
90

2.3 (2-3.3)

3.5 (2.5-3.6)

2 ± 1.3

Statistical analysis
Means and standard deviations were used to summarize
continuous variables with an apparently Gaussian distribution, whereas the median and the interquartile range
(IQR) were used to summarize variables with a skewed
distribution. Kappa statistics with their 95% confidence
intervals (CI) were used to test for inter-observer agreement of the 3-step classification system using arbitrary
interpretation by Landis and Koch (0, poor agreement;
0.00-0.20, slight agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.80, substantial
agreement; 0.80-1.00, almost perfect agreement)[14]. Because Kappa statistics can only be calculated with pairwise observations, Kappa values were calculated for all
pair-wise combinations obtained by the observers.

SIM: Specialized intestinal metaplasia; LGD: Low-grade dysplasia; HGD:
High-grade dysplasia; PPI: Proton-pump inhibitor; IQR: Interquartile
range.

a short soft transparent hood by one expert endoscopist
and were video recorded. In each case, videos of the oesophagus were taken before biopsies. Endoscopies were
carried out following total intravenous anaesthesia of
the patient using Propofol. The endoscopic technique
was standardized as follows: first the oesophagus was
examined with high definition white light endoscopy, followed by 6-10 mL of 2% acetic acid pulverisation, and,
finally, FICE was activated. Acetic acid pulverisation was
performed with a spray catheter PW-1V-1 (Olympus Optical Co., Ltd., Japan) and the endoscopist gently sucked
up excess acetic acid from the oesophageal lumen before
inspection. In the case of macroscopic abnormalities in
colour or pit-pattern, the zoom was used with a magnification of 10-15. Videos were made with high definition
white light and with the combination of acetic acid and
FICE. FICE channels 4, 7 and 0 were used following
previous studies using FICE in upper endoscopy[9,10]. In
the case of macroscopic abnormalities, separate biopsy
samples were performed and then systematic biopsies
were used in “normal macroscopic areas” of Barrett’s
oesophagus using Radial Jaw® Single-Use Biopsy Forceps
(Boston Scientific, Fremont, CA, United States) with
jumbo capacity.

RESULTS
Patient characteristics
Twenty patients were included. The patients’ characteristics are shown in Table 1. Histological results were normal histology, specialized intestinal metaplasia, low-grade
dysplasia, high-grade dysplasia, and carcinoma in 25%,
25%, 15%, 15%, and 20%, respectively. With high definition white light endoscopy, abnormalities in mucosal or
vascular pattern were detected in one patient (6%) out
of the 18 patients with suspected Barrett’s oesophagus.
With combined acetic acid-FICE, seven patients (39%)
out of the 18 with suspected Barrett’s oesophagus had a
visible irregular mucosal pattern (Table 2). All of these
patients had high-grade dysplasia or carcinoma (sensitivity: 100%). With combined acetic acid-FICE, six patients
(33%) out of the 18 with suspected Barrett’s oesophagus
had a visible irregular vascular pattern. All had high-grade
dysplasia or carcinoma (sensitivity: 100%). No patient
with metaplasia or low-grade dysplasia had visible irregular mucosal vascular patterns, raised lesions, or spontaneous bleeding (Figure 1).
An irregular mucosal pattern was identified in patients
with high-grade dysplasia or carcinoma using high definition white light endoscopy or the combination of acetic
acid-FICE in 14% and 100%, respectively. An irregular
vascular pattern was identified in patients with high-grade
dysplasia or carcinoma using high definition white light
endoscopy or the combination of acetic acid-FICE in
0% and 86%, respectively (Figures 2 and 3). An irregular
mucosal or vascular pattern was not identified in patients
without high-grade dysplasia or carcinoma using the
combination of acetic acid and FICE (specificity 100%).

Histological analysis
All biopsies were evaluated by two pathologists with extensive experience in Barrett’s neoplasia, and reviewed
by a third pathologist in cases of dysplasia. Histological
results were classified according to the revised Vienna
classification[12]. The highest grade of dysplasia obtained
from any biopsy sample was used to determine the diagnosis in each patient.
Evaluation of Barrett’s oesophagus
Retrospectively, videos were watched blind from histological results by three FICE trained endoscopists. For each
patient, the most severe lesion was selected for evaluation.
Experts noted the characteristics of Barrett’s oesophagus
and any other abnormalities with and without combined
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Table 2 Correlation of the predominant mucosal and vascular patterns with histological results during high resolution white light
endoscopy or after 2% acetic acid pulverisation and Fujinon intelligent chromoendoscopy 0, 4 and 7
High resolution white light

Acetic acid pulverisation and FICE

Normal histology SIM or LGD HGD or carcinoma Normal histology SIM or LGD HGD or carcinoma
Number of patients (%)
Regular or not visualized mucosal pattern1 (%)
Irregular mucosal pattern (%)
Regular or not visualized vascular pattern1 (%)
Abnormal blood vessels (%)
Raised lesion (%)
Pigmented lesion (%)
Bleeding lesion (%)
Ulcerous lesion (%)

5
100
0
100
0
0
0
0
0

8
100
0
100
0
0
0
0
14

7
86
14
100
14
14
0
14
14

5
100
0
100
0
0
0
0
0

8
100
0
100
0
0
37.5
0
14

7
0
100
14
86
71
0
57
14

FICE: Fujinon intelligent chromoendoscopy; SIM: Specialized intestinal metaplasia; HGD: High-grade dysplasia; LGD: Indicate Low grade dysplasia.
1
Endoscopists were not able to exactly classify the mucosal pattern according to Sharma’s classification of mucosal pattern due to lack of visibility, but they
judged that the mucosa was regular.

A

B

C

D

E

Figure 2 Acetic acid and Fujinon intelligent chromoendoscopy image of the oesophagus. Specialized intestinal metaplasia using high definition white light (A), 2%
acetic acid (B), and the combination of acetic acid with Fujinon intelligent chromoendoscopy (FICE) 4 (C), FICE 0 (D) and FICE 7 (E).

A

B

C

D

Figure 3 Acetic acid and Fujinon intelligent chromoendoscopy image of an oesophageal carcinoma. Irregular pit pattern and abnormal vascularisation is
shown with 2% acetic acid (A), or following the combination of acetic acid and Fujinon intelligent chromoendoscopy (FICE) 4 (B), FICE 0 (C) and FICE 7 (D).

Among the 7 patients with high-grade dysplasia, 4 patients (57%) presented with early carcinoma on biopsy. The
sizes of the lesions were 1 cm, 0.5 cm and 0.4 cm. The
lesion size was not recorded in one patient. All patients
underwent a mucosectomy within 2 mo of the primary
endoscopy.
Definitive histological staging was intramucosal carcinoma (pT1m) for 3 of 4 patients following mucosectomy
histological analysis, and resection margins were healthy.
Only high-grade dysplasia was found in the fourth patient.

moderate on 2 items (vascular pattern: κ = 0.73, abnormal blood vessels: κ = 0.76). There was no difference in
interobserver agreement between high definition white
light images and combined acetic acid-FICE images,
except for 3 evaluations (abnormal blood vessels, vascular pattern and pigmented lesion). In the evaluation of
abnormal blood vessels using high definition white light
images, the interobserver agreement (κ = 0.76; 95% CI:
0.64-1.00) was lower than that of combined acetic acidFICE images (κ = 0.91; 95% CI: 0.86-1.00). In the evaluation of vascular pattern using high definition white light
images, the interobserver agreement (κ = 0.73; 95% CI:
0.64-0.91) was lower than that of combined acetic acidFICE images (κ = 0.83; 95% CI: 0.76-0.88). In the evaluation of pigmented lesion using high definition white
light images, the interobserver agreement (κ = 1.00; 95%
CI: 0.64-1.00) was better than that of combined acetic
acid-FICE images (κ = 0.37; 95% CI: 0.28-0.54).

Interobserver agreement for mucosal morphology
When the evaluations by the experts were grouped together, the interobserver agreement for mucosal morphology assessed on high definition white light images
was substantial on 5 items (mucosal pattern: κ = 0.97,
raised lesion: κ = 1.00, pigmented lesion: κ = 1.00, bleeding lesion: κ = 1.00, and ulcerous lesion: κ = 1.00) and
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Factors associated with the overall survival of elderly
patients with hepatocellular carcinoma
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Koichi Nishida, Yasuo Ohkawara, Kanji Yamaguchi, Masahito Minami, Takeshi Okanoue
multivariate analyses were used to identify the factors
associated with prolonged overall survival of patients
in each group. Cumulative survival rates in the two
groups were calculated separately for each modified
Japan Integrated Stage score (mJIS score) category by
the Kaplan-Meier method. In addition, we compared
the cumulative survival rates of elderly and non-elderly
patients with good hepatic reserve capacity (≤ 2 points
as per mJIS).
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RESULTS: In the elderly group, the proportion of female patients, patients with absence of hepatitis B or
hepatitis C viral infection, and patients with coexisting
extrahepatic comorbid illness was higher (56.8% vs
31.1%, P < 0.001; 27.0% vs 16.0%, P = 0.038; 33.8%
vs 22.2%, P = 0.047; respectively) than that in the nonelderly group. In the non-elderly group, the proportion
of hepatitis B virus (HBV)-infected patients was higher
than that in the elderly group (9.4% vs 0%, P = 0.006).
The cumulative survival rates in the elderly group were
53.7% at 3 years and 32.9% at 5 years, which were
equivalent to those in the non-elderly group (55.9% and
39.4%, respectively), as shown by a log-rank test (P =
0.601). In multivariate analysis, prolonged survival was
significantly associated with the extent of liver damage
and stage (P < 0.001 and P < 0.001, respectively), but
was not associated with patient age. However, on individual evaluation of factors in both groups, stage was
significantly (P < 0.001) associated with prolonged survival. Regarding mJIS scores of ≤ 2, the rate of female
patients with this score was higher in the elderly group
when compared to that in the non-elderly group (P =
0.012) and patients ≥ 80 years of age tended to demonstrate shortened survival.

Abstract
AIM: To identify the factors associated with overall survival of elderly patients with hepatocellular carcinoma
(HCC).
METHODS: A total of 286 patients with HCC (male/
female: 178/108, age: 46-100 years), who were diagnosed and treated by appropriate therapeutic procedures between January 2000 and December 2010,
were enrolled in this study. Patients were stratified into
two groups on the basis of age: Elderly (≥ 75 years
old) and non-elderly (< 75 years old). Baseline clinical
characteristics as well as cumulative survival rates were
then compared between the two groups. Univariate and
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CONCLUSION: Survival of elderly HCC patients was
associated with liver damage and stage, but not age,
except for patients ≥ 80 years with mJIS score ≤ 2.
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which is different from that of patients < 75 years.
Etiology of liver disease
The etiology of liver disease was classified as follows:
(1) hepatitis B virus (HBV), if patients were hepatitis B
surface antigen (HBsAg) positive; (2) HCV, if patients
were anti-HCV positive; (3) HCV and HBV, if patients
were both HBsAg and anti-HCV positive; and (4) non-B
non-C, if patients were negative for both HBsAg and
anti-HCV.
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Diagnosis of hepatic reserve capacity
The severity of liver damage was scored according to
the Liver Damage Classification scheme proposed by the
Liver Cancer Study Group of Japan (LCSGJ)[17].
Diagnosis and staging of hepatocellular carcinoma
The diagnosis of HCC was based on histopathology
and/or imaging studies such as ultrasonography (US),
computed tomography (CT) scans, angiography, CT angiography, and magnetic resonance imaging. The final
diagnosis was confirmed when at least two diagnostic
modalities identified the presence of HCC. The tumor
stage was defined on the basis of the LCSGJ. To compare treatment outcomes with those of other institutions,
the modified Japan Integrated Stage score (mJIS score)
was selected as the integrated staging system for HCC[17].

INTRODUCTION
Hepatocellular carcinoma (HCC), one of the most common causes of mortality worldwide, usually occurs in a
cirrhotic liver[1-3]. Moreover, the number of elderly HCC
patients is increasing, and the average age of patients
with hepatitis C is increasing in Japan[4-8]. This trend indicates the need to investigate and identify the optimal
treatment of HCC in elderly patients. Elderly patients
have a high incidence of comorbid illnesses and the risks
of major surgery are usually higher in these patients
when compared to those in younger patients. Therefore,
radical surgical resection of HCC is less feasible in elderly
patients than in younger patients.
Some studies have indicated that treatment outcomes
in elderly patients are essentially similar to those in nonelderly patients; moreover, there are several studies comparing different treatment procedures[9-16]. However, the
prognostic factors for survival in elderly patients remain
obscure. This article aims to review a retrospective cohort of elderly (≥ 75 years) and non-elderly (< 75 years)
patients in order to clarify the characteristics of elderly
HCC patients and reveal the factors associated with prolonged survival of these patients.

Treatment
After diagnosis of HCC, the most appropriate therapeutic procedure was selected according to the tumor status
and underlying hepatic reserve capacity of each patient.
As a general rule, we treated all patients except for those
with uncontrollable ascites or hepatic encephalopathy and
those who rejected any treatment. Hepatic resection (HR)
was particularly considered in patients with localized
HCC and preserved hepatic reserve capacity. Nonsurgical
treatments, such as transcatheterarterial chemoembolization (TACE), transcatheterarterial infusionchemotherapy
(TAI),percutaneous ethanol injection therapy (PEIT),
radiofrequency ablation therapy (RFA), and hepatic arterial infusion chemotherapy (HAIC) were considered
when the patients refused surgical treatment or HR was
not feasible. TACE was performed using doxorubicin
hydrochloride or cisplatin with iodized oil (Lipiodol Ultra
Fluide; LaboratoireGuerbet, Roissy, France) and gelatin
sponge particles. TAI was performed using doxorubicin
hydrochloride or cisplatin. Locoregional ablative therapies
such as PEIT and RFA were considered in patients with
one to three tumor nodules that were devoid of vascular
invasion and not associated with extrahepatic metastases. All locoregional ablative therapies were CT- or USassisted. HAIC was performed using intra-arterial hepatic
injections with low-dose 5-fluorouracil/cisplatin[18]. In
many cases, patients were treated by a combination of
several procedures. These therapies were repeated when
HCC relapsed until patients reached maximum tolerability. The best supportive care was considered when the pa-

MATERIALS AND METHODS
Study population
A total of 286 patients with HCC treated at AiseikaiYamashinaHospital between January 2000 and December
2010 were enrolled in this study. A follow up study of patient survival was performed until the end of December
2010. This study was conducted in accordance with the
Declaration of Helsinki. We explained our therapeutic
strategy and other regimens to each patient prior to every
treatment procedure and obtained written informed consent from all patients.
The 286 patients who fulfilled the inclusion criteria
were categorized into two groups as elderly (≥ 75 years)
and non-elderly (< 75 years old). The breakpoint of 75
years old was chosen because it enabled comparison with
other relevant reports. Moreover, in Japan, patients ≥
75 years of age are covered by a health insurance system
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Cumulative survival rate (%)

100

Table 1 Clinical characteristics of the patients

Elderly patients
Non-elderly patients
P = 0.601, log-rank test

80

Elderly patients Non-elderly patients P value
(n = 74 )
(n = 212 )
Age (yr) (range)
80.5 (75.4-100.0)
65.8 (46.0-74.8)
Male/female (%)
32/42 (43.2/56.8) 146/66 (68.9/31.1)
25 (33.8)
47 (22.2)
Extrahepaticcomorbidity (%)
Malignant tumors
6
12
except HCC
Cardiovascular
10
15
Renal
3
7
Pulmonary
3
4
Neurological
3
9
Cause of liver
dysfunction
HBV (%)
0
20 (9.4)
HCV (%)
54 (73.0)
155 (73.2)
HBV HCV (%)
0
3 (1.4)
Non-B Non-C (%)
20 (27.0)
34 (16.0)
Liver damage A/B/C
39/31/4
97/86/29
Stage Ⅰ/Ⅱ/Ⅲ/Ⅳ
13/24/23/14
45/71/51/45
mJIS score
9/16/22/18/8/1 24/53/59/36/27/13
0/1/2/3/4/5
Death except hepatic
10/35
18/113
disease/total death

60

40
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0
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Figure 1 Cumulative survival rates by Kaplan-Meier method in elderly (n =
74, thin line) and non-elderly groups (n = 212, thick line).

tient had compromised hepatic reserve capacity or when
he/she refused any treatment for HCC.
Comorbid illnesses
The presence of malignant tumors other than HCC, cardiovascular diseases, renal diseases, pulmonary diseases,
and neurological diseases, all of which could have potential impact on the prognosis, were recorded.

P < 0.01
NS
NS
P < 0.05
NS
NS
NS
NS

NS: Not significant; HCC: Hepatocellular carcinoma; HBV: Hepatitis B
virus; HCV: Hepatitis C virus; mJIS: Modified Japan Integrated Stage.

respectively) than those in the non-elderly group. In the
non-elderly group, the proportion of patients with HBV
infection was significantly (P = 0.006) higher than that in
the elderly group.

Statistical analysis
To evaluate the differences in clinical features of the patients and tumor characteristics, the Mann-Whitney U and
Pearson χ 2 tests were used for continuous and discrete
data, respectively. The analytical data were first collected
on the day of initial HCC diagnosis. The patients were
followed-up as long as they lived or, in some cases, until
their last visit to the hospital. The primary outcome was
overall survival. Cumulative survival rates were calculated
using the Kaplan-Meier method and compared using the
logrank test. Patient survival was followed up to 31 December, 2010. For the analysis of predictors of survival,
a Cox proportional hazards model was used, in which the
following parameters were evaluated: age (≥ 75 years or
< 75 years), gender, presence of comorbid illnesses, HCV
positivity, serum alfa-fetoprotein ≥ 200 ng/mL, serum
des-gamma-carboxyprothrombin ≥ 200 mAU/mL, and
liver damage classification and stage. A P value of ≤ 0.05
was considered statistically significant. All statistical analyses were performed using the SPSS 19.0 statistical package
(SPSS Incorporated, Chicago, Illinois, United States).

Overall survival rates
Over a median follow-up of 1.8 years, 148 patients died,
of whom 35 were elderly and 113 were non-elderly
patients. The median survival period was comparable
in the two groups [elderly: 3.46 years, 95% confidence
interval (CI), 2.26-4.66; non-elderly: 3.56 years, 95% CI,
2.58-4.55; P = 0.167] (Figure 1). The survival rates at one,
three, five, and 10 years were 79.7%, 53.7%, 32.9%, and
0.0% in the elderly group, and 77.9%, 55.9%, 39.4%, and
12.4% in the non-elderly group, respectively. There were
no significant differences in survival rates between the
two groups (P = 0.601).
With regard to the cause of mortality, 10 patients (28.6%)
in the elderly group and 18 patients (16.8%) in the nonelderly group died from causes other than hepatic diseases
(tumor progression, hepatic failure, variceal bleeding, or
other complications of cirrhosis), and there were no significant differences between the two groups (P = 0.095,
Table 1). In addition, we performed an analysis of survival
rates after excluding patients who died from causes other
than hepatic diseases. As a result, the survival rates at one,
three, five, and 10 years were 86.8%, 64.0%, 42.3%, and
0.0% in the elderly group, and 80.8%, 60.7%, 44.9%, and
18.6% in the non-elderly group, respectively. There were
no significant differences in survival rates between the two
groups (P = 0.779, data not shown).

RESULTS
Clinical features of patients
The clinical profiles of 286 patients, divided into elderly
(≥ 75 years) and non-elderly (< 75 years) groups, are
shown in Table 1. In the elderly group, the number of female patients, patients with comorbid illness, and patients
with absence of HBV and HCV infection (non-B non-C)
were significantly higher (P < 0.001, P = 0.047, P = 0.038,
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A
Cumulative survival rate (%)

Table 2 Univariate and multivariate analyses of the relative
risks for overall survival
Univariate P value Multivariate P value
analysis
analysis
relative risk
relative risk
1.107
1.155
1.335
0.636
2.098
1.763

NS
NS
NS
< 0.05
< 0.001
< 0.05

1.161
1.135
1.144
1.036
1.229
1.229

NS
NS
NS
NS
NS
NS

2.345
7.674

< 0.001
< 0.001

2.506
10.463

< 0.001
< 0.001

3.168
3.818
20.064

< 0.001
< 0.001
< 0.001

3.126
6.323
35.498

< 0.001
< 0.001
< 0.001

Univariate Multivariate Univariate Multivariate
analysis
analysis
analysis
analysis
P value
P value
P value
P value
NS
NS
NS
NS
NS

NS
NS
< 0.05
< 0.001
< 0.05

NS
NS
NS
NS
NS

NS
< 0.001

NS
NS

< 0.001
< 0.001

< 0.001
< 0.001

NS
NS
NS

< 0.001
< 0.001
< 0.001

< 0.05
< 0.05
< 0.001

< 0.05
< 0.001
< 0.001
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Figure 2 Cumulative survival rates by Kaplan-Meier method in each
modified Japan Integrated Stage score group in elderly and non-elderly
patients are shown. A: Elderly patients; B: Non-elderly patients.

ure 2A), whereas there was a clear association between
the two in non-elderly patients (Figure 2B).
Furthermore, we analyzed the clinical profile of patients with mJIS scores of ≤ 2 in both groups (Table 4).
The 5-year survival rate of these patients was expected to
be ≥ 50%. In the elderly group, the proportion of females
with this score was higher than that in the non-elderly
group. In the non-elderly group, the proportion of patients
with HBV infection was higher than that in the elderly
group. Other clinical factors were not statistically different. There was no significant difference in survival rates
between patients with this score in both groups (P = 0.386,
Figure 3A). Furthermore, we analyzed the survival rate of
elderly patients with mJIS scores ≤ 2 by dividing them
into two subgroups, one comprising patients between 75
and 80 years of age and the other comprising patients ≥
80 years of age. The survival rates tended to deteriorate in
the latter group of patients, although the difference was
not significantly different (P = 0.335, Figure 3B).

NS: Not significant; HCV: Hepatitis C virus; AFP: α-fetoprotein; DCP:
Des-gamma-carboxy prothrombin.

Factors affecting survival
The factors affecting survival in all patients were calculated by multivariate analysis, and liver damage and
stage were selected as the significant factors (Table 2). In
elderly patients, multivariate analysis demonstrated that
stage was independently associated with survival. In nonelderly patients, multivariate analysis demonstrated that
liver damage and stage were independently associated
with survival (Table 3). Gender, comorbid illness, HCV
positivity, and tumor markers were not associated with
survival in both groups.
Survival curve according to the mJIS score
Because survival was influenced by both liver damage and
stage, we applied mJIS scores to both patient groups, and
reached the conclusion that there was no clear association
between these scores and survival in elderly patients (Fig-
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Non-Elderly

NS
NS
NS
NS
NS

40
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Table 3 Univariate and multivariate analyses for overall
survival in elderly and non-elderly patients

Gender (male)
Comorbid illness
HCV+
AFP (ng/mL) ≥ 200
DCP (mAU/mL) ≥ 200
Liver damage
A/B
B/C
Stage
Ⅰ/Ⅱ
Ⅱ/Ⅲ
Ⅲ/Ⅳ

P < 0.001, log-rank test

60

0

NS: Not significant; HCV: Hepatitis C virus; AFP: α-fetoprotein; DCP:
Des-gamma-carboxy prothrombin.

Elderly

0

80

Cumulative survival rate (%)

Age ≥ 75 yr
Gender (male)
Comorbid illness
HCV+
AFP (ng/mL) ≥ 200
DCP (mAU/mL) ≥ 200
Liver damage
A/B
B/C
Stage
Ⅰ/Ⅱ
Ⅱ/Ⅲ
Ⅲ/Ⅳ

100

DISCUSSION
In this study, we reviewed HCC cases by dividing them
into two groups and demonstrated that the survival rates
of elderly patients ≥ 75 years of age were generally
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A

Non-elderly patients P value
(n = 136 )

Age (yr) (range)
80.3 (75.4-87.7)
65.8 (46.0-74.8)
Male/female (%)
21/26 (43.2/56.8) 89/47 (68.9/31.1)
16 (34.0)
33 (24.3)
Extrahepaticcomorbidity (%)
Malignant tumors
5
9
except HCC
Cardiovascular
5
8
Renal
2
4
Pulmonary
2
4
Neurological
2
8
Cause of liver
dysfunction
HBV (%)
0
11 (8.1)
HCV (%)
37 (78.7)
109 (80.1)
HBV HCV (%)
0
2 (1.5)
non-B non-C (%)
10 (21.3)
14 (10.3)
Liver damage A/B/C
32/14/1
87/45/4
13/24/10
45/64/27
Stage Ⅰ /Ⅱ/ Ⅲ/ Ⅳ

P < 0.05
NS

P = 0.386, log-rank test

80
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40

20
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9 10

t /yr

B

P < 0.05
NS
NS
NS
NS
NS

NS: Not significant; HCC: Hepatocellular carcinoma; HBV: Hepatitis B
virus; HCV: Hepatitis C virus.

equivalent to those of non-elderly patients < 75 years of
age. There have been many previous studies reporting the
efficiency and safety of each treatment modality for HCC
in elderly patients, and most reports have shown similar
survival rates and safety when compared with those of
non-elderly patients[9-16]. However, in clinical practice,
HCC is treated with several modalities in Japan. A previous paper, which evaluated the total survival rates of
older HCC patients in comparison with those of younger
HCC patients[19-21], reported cumulative survival rates
similar to those reported in our present study.
Our elderly and non-elderly HCC patients differed in
several clinical characteristics. Elderly patients were more
likely to be female and negative for both HBV and HCV.
This was expected since all these factors are known to
influence the age of HCC development. The peak age of
HCC occurrence in females is 5 years later than that in
males[22]. HCV infection is generally acquired during adult
life[23], while HBV infection frequently occurs in childhood[24]. A multifactorial etiology accelerates the progression of chronic liver disease, hence anticipating the appearance of HCC[22,25].
Despite a higher prevalence of comorbid illnesses
and a difference of 14.7 years in the mean age, elderly
patients demonstrated an overall 5-year survival similar
to that of their younger counterparts. This unexpected
result could be because of the low survival rate of both
groups (overall survival of approximately < 40% at 5
years). The Liver Cancer Study Group of Japan has reported the 5-year overall survival rate after initial HCC
diagnosis as 35.4%[5]. There may be many specific factors
that influence the treatment strategy for elderly patients.
Aggressive and risky treatments in these patients may be
avoided due to comorbid illnesses. However, the impact
of HCC occurrence on life expectancy outweighs that
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(n = 47 )
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Table 4 Clinical characteristics of the patients whose
modified Japan Integrated Stage score were two or less

100
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Figure 3 The analysis of the survival rate with modified Japan Integrated
Stage score two points or less. A: Cumulative survival rates by Kaplan-Meier
method in elderly (n = 47, thick line) and non-elderly groups(n = 136, thin line)
whose modified Japan Integrated Stage (mJIS) score is two points or less; B:
Cumulative survival rates by Kaplan-Meier method in 75-80 year-olds (n = 25,
thick line), 80 years old or more (n = 22, thin line) and non-elderly groups (n =
136, dotted line) whose mJIS score is two points or less are shown.

of both comorbid illnesses and age. We suggest that comorbid conditions and therapeutic procedures (including
hepatectomy) had little effect on the survival of the patients especially the elderly ones.
Before analyzing the prognostic factors in each group,
it was expected that the presence of comorbid illnesses
may be a poor prognostic factor for elderly patients.
However, this factor was not statistically associated with
survival rates in either the elderly or non-elderly patient
groups. The analysis of prognostic factors revealed that
liver damage and stage were significantly associated with
survival rates in both groups. Furthermore, stage was a
very strong factor in elderly patients. Patients who have
a sufficient hepatic reserve capacity may survive long
enough for HCC to develop. The association of other
factors with survival in elderly HCC patients seems insignificant in comparison with that of stage.
We also analyzed patients with a good hepatic reserve
capacity (≤ 2 points as per mJIS), whose 5-year survival
rate was expected to exceed 50% (Figure 3A). However,
there was no statistical difference between survival rates
of patients ≥ 75 and < 75 years of age. Interestingly,
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when divided into subgroups, the survival of patients
≥ 80 years of age was shorter than that of patients in
the other subgroup (Figure 3B). In other words, extreme
old age influenced the survival rate even in patients with
good hepatic reserve capacity.
With regard to the cause of death, there was no difference between elderly and non-elderly patients (Table 1).
Similar to non-elderly patients, elderly patients also died
from liver-associated diseases. If the HCC patients ≥ 80
years of age were divided into two subgroups (treated
and untreated), there were obvious differences in the
prognosis(data not shown). Further studies with a larger
sample of patients will clarify this issue in future.
In conclusion, survival of elderly HCC patients (≥
75 years old) was associated with liver damage and stage.
The effectiveness of treatment for HCC was equivalent
in elderly and non-elderly patients. Survival was unaffected by age; however, when individually evaluated for
patients with a mJIS score of ≤ 2, those ≥ 80 years of
age tended to demonstrate shortened survival.
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3
4
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6
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8
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BRIEF ARTICLE

Is hepatic arterial infusion chemotherapy effective
treatment for advanced hepatocellular carcinoma resistant
to transarterial chemoembolization?
Hiroyuki Kirikoshi, Masato Yoneda, Hironori Mawatari, Koji Fujita, Kento Imajo, Shingo Kato, Kaori Suzuki,
Noritoshi Kobayashi, Kensuke Kubota, Shin Maeda, Atsushi Nakajima, Satoru Saito
and 2010 at our hospital. 5-fluorouracil (5-FU) was
administered continuously for 24 h from day 1 to day
5 every 2-4 wk via an injection reservoir. Intra-arterial
cisplatin or subcutaneous interferon was administered
in combination with the 5-FU. The patients enrolled in
this retrospective study were divided into two groups
according to whether or not they fulfilled the criteria
for resistance to TACE proposed by the Japan Society
of Hepatology in 2010 (written in Japanese); one group
of patients who did not fulfill the criteria for TACE resistance (group A, n = 23), and another group who fulfilled the criteria for TACE resistance (group B, n = 19).
We compared the outcomes in terms of the response
and survival rates between the two groups.
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RESULTS: Both the response rate and tumor suppression rate following HAIC were significantly superior in
group A than in group B (response rate: 48% vs 16%,
P = 0.028, tumor suppression rate: 87% vs 53%, P =
0.014). Furthermore, both the progression-free survival
rate and survival time were significantly superior in
group A than in group B (3-, 6-, 12-, and 24-mo = 83%,
70%, 29% and 20% vs 63%, 42%, 16% and 0%, respectively, P = 0.040, and 9.8 mo vs 6.2 mo, P = 0.040).
A multivariate analysis (Cox proportional hazards regression model) showed that resistance to TACE was an
independent predictor of poor survival (P = 0.007).
CONCLUSION: HAIC administrating 5-FU was not effective against advanced HCC resistant to TACE. Other
tools for treatment, i.e., molecular-targeting agents
may be considered for these cases.

Abstract
AIM: To evaluate the effectiveness of hepatic arterial
infusion chemotherapy (HAIC) for advanced hepatocellular carcinoma (HCC) resistant to transarterial chemoembolization (TACE).

© 2012 Baishideng. All rights reserved.

Key words: Hepatocellular carcinoma; Hepatic arterial
infusion chemotherapy; 5-fluorouracil; Transarterial
chemoembolization

METHODS: This study was conducted on 42 patients
who received HAIC for advanced HCC between 2001

WJG|www.wjgnet.com

1933

April 28, 2012|Volume 18|Issue 16|

Kirikoshi H et al . HAIC for HCC resistant to TACE

Peer reviewers: C Bart Rountree, MD, Assistant Professor of

Table 1 Criteria for transarterial chemoembolization resistance

Pediatrics and Pharmacology, Penn State College of Medicine,
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Clifford S Cho, MD, Assistant Professor, Department of Surgery,
Section of Surgical Oncology, University of Wisconsin School
of Medicine and Public Health, H4/724 Clinical Sciences Center,
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The evaluation was performed on the day of TACE and 1 mo after the
TACE; the following were observed at least two times
Staining with the injected agent (lipiodol-anticancer agent emulsion)
was considered insufficient with evaluation CT [the occupation rate
was less than 50% of lesion(s)]
Appearance of multiple new recurrent lesions on the evaluation CT
Appearance of vessel invasion after TACE
Appearance of distal metastasis after TACE
Persistent elevation of tumor marker(s) regardless of TACE
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TACE: Transarterial chemoembolization; CT: Computed tomography.

whom the diagnosis was made on the basis of the pathological or radiological findings between January 2001 and
December 2010 at Yokohama City University Hospital,
Kanagawa, Japan. Of the 42 patients, 5 had not received
any treatment before enrollment in this study, 27 had
been treated by TACE, 8 had undergone hepatic resection, and 2 had been treated by local ablation therapy
before enrollment in this study. All the patients satisfied
the following criteria: Child-Pugh class A or B, white
blood cell > 2000/μL, neutrophil count > 1000/μL,
Plt > 50 000/μL, total bilirubin < 3.0 mg/dL, serum
creatinine < 1.5 mg/dL, unresectable or unsuitable for
local ablation therapy, 4 or more lesions throughout the
liver or presence of vessel invasion, Eastern Cooperative
Oncology Group Performance Status, 0-2[25], absence of
extra-hepatic metastases, and absence of past history of
treatment with 5-FU. The PVTT grade and tumor stage
were determined according to the criteria of the Liver
Cancer Study Group of Japan[26]. All patients gave written informed consent for participation in this study, and
the study was conducted with the approval of the Ethics Committee of Yokohama City University Graduate
School of Medicine. The patients enrolled in this retrospective study were divided into two groups according
to whether or not they fulfilled the criteria for resistance
to TACE proposed by the Japan Society of Hepatology
in 2010 (written in Japanese) (Table 1); one group of
patients who did not fulfill the criteria (group A, n = 23),
and another group of patients who fulfilled the criteria
for TACE resistance (group B, n = 19). We compared
the outcomes in terms of the response and survival rates
between the two groups. A comparison of the patient
characteristics between the two groups before the start
of HAIC is shown in Table 2. The duration of treatment from the first detection of HCC to the time of the
HAIC (i.e., to enrollment in this study) was significantly
longer in group B than in group A (36.2 mo vs 16.3 mo,
P = 0.004). The liver function parameters did not differ
significantly between the two groups.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant diseases around the world, and the number
of HCC-related deaths has been increasing worldwide[1-5].
HCC has a poor prognosis due to its rapidly-infiltrating
growth characteristic and occurrence in a background of
liver cirrhosis (LC). Surgical treatment is only indicated in
a small proportion of patients, due to the frequently large
tumor size, presence of multiple tumors, and poor hepatic
function[6,7]. Regional interventional therapies have led to
major breakthroughs in the management of HCC; transarterial chemoembolization (TACE) has been reported as
an effective treatment modality for patients with advanced
HCC, especially those with multiple nodules[8-15], therefore,
it is often repeated several times for the treatment of recurrent HCC. Furthermore, advances in implantable drug delivery systems have made it possible to administer repeated
arterial infusions of anticancer agents, and recent studies,
including our previous reports, have shown the effectiveness of combined therapy with intra-arterial 5-fluorouracil
(5-FU) plus cisplatin or subcutaneous interferon (IFN)
therapy in patients with advanced HCC[16-24]. We previously
reported a case of unresectable advanced HCC with portal
vein tumor thrombosis (PVTT) who was treated successfully by combined intra-arterial 5-FU plus subcutaneous
pegylated interferon-α2b (PEG-IFN-α2b) therapy[23], and
also a retrospective cohort study of this combined hepatic
arterial infusion chemotherapy (HAIC)[24]. However, the
precise efficacy of HAIC in patients with advanced HCC
resistant to TACE still remains unclear.
In the present cohort study, we evaluated the effectiveness and outcomes, in terms of the overall survival rate,
median survival time and response to therapy, of HAIC in
patients with unresectable advanced HCC with and without a resistance to TACE.

Arterial catheterization
The arterial catheter was inserted into the right or left
femoral artery by the Seldinger method. A heparincoated catheter (Clinical Supply, Gifu, Japan) was inserted
into the femoral artery and its tip was advanced to the

MATERIALS AND METHODS
Patients and eligibility
The subjects of this study were 42 patients with HCC in
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via the injection reservoir. Each chemotherapy cycle lasted
2-4 wk. 5-FU (300 mg/m2 per day, Kyowa Hakko, Tokyo,
Japan) was administered continuously for 24 h via the
infusion pump on days 1 to 5 of each of the two weeks.
PEG-IFN-α2b (PEG-INTRON, MSD KK, Tokyo, Japan) on Day 1 of every week or natural IFN-α (OIF,
Otsuka Pharmaceuticals, Tokyo, Japan) on Days 1, 3, 5 of
every week was administered by the subcutaneous route.
The administered dose of PEG-IFN-α2b was adjusted by
the weight of each patient (50 μg-100 μg), and the dose
of natural IFN-α was fixed at 5.0 × 106 unit. In another
HAIC regimen, cisplatin (10 mg/body per day, NihonKayaku Pharmaceuticals, Tokyo, Japan) was combined
with 5-FU (250 mg/body per day) administered continuously for 24 h via the infusion pump on days 1 to 5 of
each of the four weeks. Each of the HAIC therapy regimens was repeated for a total of at least 2 cycles until the
response changed to progressive disease (PD) or a severe
adverse reaction appeared.

Table 2 Comparison of the patient characteristics in the two
groups prior to hepatic arterial infusion chemotherapy n (%)

Patients
Age (yr)
Gender
Male/female
Etiology of LC
HCV
HBV
HCV + HBV
Alcohol
NonB-nonC
Albumin (g/dL)
Total bilirubin (mg/dL)
PT (INR)
AST (U/L)
ALT (U/L)
GGT (U/L)
WBC (/μL)
Hb (g/dL)
Plt (× 104/μL)
AFP (median, ng/mL)
DCP
(median, mAU/mL)
Child-Pugh
A/B
Child-Pugh score
Number of tumor (s)
≤ 5/6-10/> 10

Group A

Group B

P value

23
66.6 ± 6.9

19
65.5 ± 7.3

NS (P = 0.635)

20 (87)/3 (13) 15 (79)/4 (21) NS (P = 0.488)
13 (57)
2 (9)
0 (0)
4 (17)
4 (17)
3.6 ± 0.6
1.1 ± 0.7
1.19 ± 0.13
64 ± 33
47 ± 30
155 ± 169
4600 ± 1400
13.1 ± 2.0
14.3 ± 6.5
7550
12314

11 (58)
6 (32)
1 (5)
0 (0)
1 (5)
3.5 ± 0.6
1.3 ± 0.5
1.17 ± 0.10
79 ± 51
53 ± 38
76 ± 76
4400 ± 900
12.8 ± 1.0
12.1 ± 5.8
3116
3363

NS (P = 0.070)

NS (P = 0.503)
NS (P = 0.397)
NS (P = 0.607)
NS (P = 0.256)
NS (P = 0.569)
NS (P = 0.067)
NS (P = 0.431)
NS (P = 0.521)
NS (P = 0.262)
NS (P = 0.434)
NS (P = 0.159)

Evaluation
The duration of the progression-free survival was measured from the date of start of HAIC to the date on
which the response was judged to have changed to PD.
The response to the HAIC was evaluated by contrastenhanced computed tomography (CT) after every 2 cycles of treatment. The response criteria of the Response
Evaluation Criteria in Solid Tumors were used[27]. The
duration of the response was measured from the date of
start of treatment to the date of documented progression.
Adverse reactions were assessed every week during therapy based on the United States National Cancer Institute
Common Toxicity Criteria (NCI-CTC; version 3.0)[28].

12 (52)/11 (48) 6 (32)/13 (68) NS (P = 0.219)
6.8 ± 1.7
7.1 ± 1.4
NS (P = 0.582)
5 (22)/7 (30)
/11 (48)
7.3 ± 5.2

5 (26)/8 (42)
/6 (32)
3.8 ± 1.3

NS (P = 0.515)

Size of the largest tumor
P = 0.008
(cm)
Vessel invasion
presence/absence
12 (52)/11 (48) 7 (37)/12 (63) NS (P = 0.320)
Clinical stage
Ⅰ/Ⅱ/Ⅲ/ⅣA
0 (0)/0 (0)/
0 (0)/0 (0)/ NS (P = 0.180)
11 (48)/12 (52) 13 (68)/6 (32)
Duration of treatment
16.3 ± 20.7
36.2 ± 21.5
P = 0.004
received prior to HAIC
(mo)
Previous number of
0.9 ± 0.6
4.5 ± 1.8
P < 0.0001
TACE session (s)
HAIC regimens
5-FU, cisplatin
8 (35)
7 (37)
NS (P = 0.923)
5-FU, natural IFN-α
4 (17)
4 (21)
5-FU, PEG-IFN-α2b
11 (48)
8 (42)

Statistical analysis
The statistical analysis was performed using the StatView
software, version 5.0 (SAS, Cary, NC). Group comparisons were performed by the chi-square test for independence or by Fisher’s exact test for comparison of more
than two independent groups. The overall survival rate
of each group was evaluated by the Kaplan-Meier method and the logrank test from the start of HAIC until the
patient’s death, and the progression-free survival rate was
evaluated until the effect of the HAIC changed to PD. P
values of < 0.05 were considered to denote significance
in all the statistical tests. The closing date of the study
was May 31, 2011.

HCV: Hepatitis C virus; HBV: Hepatitis B virus; LC: Liver cirrhosis; PT:
Prothrombin time; INR: International ratio; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: γ glutamyl transferase; AFP:
α-fetoprotein; WBC: White blood cell; DCP: Des-γ-carboxyprothrombin;
HAIC: Hepatic arterial infusion chemotherapy; TACE: Transarterial chemoembolization; 5-FU: 5-fluorouracil; IFN: Interferon; PEG-IFN-α2b: Pegylated interferon-α2b.

common hepatic artery or proper hepatic artery. The
other end of the catheter was connected to the injection
reservoir, already implanted into a subcutaneous pocket
created in the right or left lower quadrant of the abdomen. The gastroduodenal and right gastric arteries were
occluded with coils to prevent potential gastroduodenal
injury by the anticancer agents.

RESULTS
Response to the HAIC
In group A, 2 patients (8.7%) showed complete response
(CR), 9 patients (39.1%) showed partial response (PR),
9 patients (39.1%) showed stable disease (SD), and the
remaining 3 patients (13.1%) showed PD. On the other
hand, in group B, none of the patients (0%) showed CR,
3 patients (15.8%) showed PR, 7 patients (36.8%) showed
SD, and the remaining 9 patients (47.4%) showed PD.

Treatment protocol
Patients received arterial infusions of the anticancer agents
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Figure 1 The overall survival rate tended to be superior in group A (a solid line) than in group B (a dotted line) (3-, 6-, 12-, 24-, and 36 mo = 82.6%,
78.3%, 56.5%, 32.8% and 21.9% vs 94.7%, 73.7%, 42.1%, 18.4%, and 6.1%,
respectively, P = 0.203).
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Figure 2 The progression-free survival rate was significantly superior in
group A (a solid line) than in group B (a dotted line) (3-, 6-, 12-, and 24 mo
= 82.6%, 69.6%, 29.3%, and 19.6% vs 63.2%, 42.1%, 15.8% and 0%, respectively, P = 0.040).

Figure 4 The progression-free survival rate and time tended to be superior in group A’ (a solid line) than in group B (a dotted line) (3-, 6-, 12-,
and 24 mo = 75.0%, 75.0%, 25.0%, and 0% vs 63.2%, 42.1%, 15.8% and 0%,
respectively, P = 0.192).

Both the response rate [CR and PR patients/all patients
× 100(%)] and the tumor suppression rate [CR, PR, and
SD patients/all patients × 100(%)] following HAIC were
significantly superior in group A than in group B (response rate: 47.8% vs 15.8%, P = 0.028, tumor suppression rate: 86.9% vs 52.6%, P = 0.014).

included. Therefore, to evaluate the effectiveness of HAIC
after TACE, we performed subgroup analysis compared
the patients who received TACE in group A (group A’, n =
8) to group B. In group A’, 1 patient (12.5%) showed CR,
3 patients (37.5%) showed PR, 3 patients (37.5%) showed
SD, and the remaining 1 patient (12.5%) showed PD. Both
the response rate and the tumor suppression rate following
HAIC tended to be superior in group A’ than in group B
(response rate: 50.0% vs 15.8%, P = 0.064, tumor suppression rate: 87.5% vs 52.6%, P = 0.087).
The overall survival rate and survival time tended to
be superior in group A’ than in group B (3-, 6-, 12-, 24-,
and 36 mo = 75.0%, 75.0%, 62.5%, 50.0% and 37.5% vs
94.7%, 73.7%, 42.1%, 18.4%, and 6.1%, respectively, P
= 0.095 (Figure 3), and 24.0 mo vs 14.0 mo, P = 0.086).
Furthermore, the progression-free survival rate and time
also tended to be superior in group A’ than in group B
(3-, 6-, 12-, and 24 mo = 75.0%, 75.0%, 25.0%, and 0%
vs 63.2%, 42.1%, 15.8% and 0%, respectively, P = 0.192
(Figure 4), and 9.1 mo vs 6.2 mo, P = 0.143). These results of comparison between group A’ and group B was
similar to that between group A and group B.

Survival
The overall survival rate and survival time tended to be
superior in group A than in group B (3-, 6-, 12-, 24-,
and 36 mo = 82.6%, 78.3%, 56.5%, 32.8% and 21.9% vs
94.7%, 73.7%, 42.1%, 18.4%, and 6.1%, respectively, P
= 0.203 (Figure 1), and 18.8 mo vs 14.0 mo, P = 0.267).
Furthermore, the progression-free survival rate and time
were significantly superior in group A than in group B (3-,
6-, 12-, and 24 mo = 82.6%, 69.6%, 29.3%, and 19.6%
vs 63.2%, 42.1%, 15.8% and 0%, respectively, P = 0.040
(Figure 2), and 9.8 mo vs 6.2 mo, P = 0.040).
Subgroup analysis
In group A, both the patients who received TACE once or
twice (n = 8) and who did not receive TACE (n = 15) were
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Figure 3 The overall survival rate and survival time tended to be superior
in group A’ (a solid line) than in group B (a dotted line) (3-, 6-, 12-, 24-, and
36 mo = 75.0%, 75.0%, 62.5%, 50.0% and 37.5% vs 94.7%, 73.7%, 42.1%,
18.4%, and 6.1%, respectively, P = 0.095).
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with preserved liver function. In a large prospective cohort study of 8510 patients with a long follow-up period
of 8 years, Takayasu et al[14] reported that TACE using an
anticancer agent-lipiodol emulsion with or without gelatin
sponge particles improved the survival of patients with
advanced HCC, with overall 1-, 3-, 5-, and 7-year survival
rates of 82%, 47%, 26%, and 16%, respectively, and a
median survival duration of 34 mo. We also reported
the superior effectiveness of TACE using a cisplatin- or
epirubicin-lipiodol emulsion as compared with that of
palliative treatment in a recent study of patients with advanced HCC[13]; both the overall survival rate and median
survival time in patients who received TACE were significantly superior to those in patients who received only
palliative treatment (1-, 2-, 5-, and 8-year survival rates
of 98%, 90%, 56% and 16% vs 47%, 39%, 23% and 0%,
respectively; median survival duration, 25 mo vs 10 mo).
However, repeat sessions of TACE were often required
which can potentially result in deterioration of the liver
function[29]. Another group reported that selective TACE
using conventional doses of anticancer drugs can cause
persistent, serious worsening of the liver function[30].
Several recent studies have reported the effectiveness
and survival benefit of combined therapy with intraarterial 5-FU plus cisplatin or systemic various IFN in patients with unresectable advanced HCC[16-24]. Ando et al[21]
investigated the outcomes of HAIC using a combination
5-FU plus cisplatin for HCC patients with complicating
PVTT (n = 48), and reported a response rate of 48%,
median survival time of 31.6 mo, and 1-, 2-, 3- and 5-year
survival rates of 45%, 31%, 25% and 11%, respectively.
Obi et al[18] reported an objective response rate of 52.6%
(61/116 patients) in 116 patients with advanced HCC
and Vp 3 or 4 treated with a combination of 5-FU plus
natural IFN-α. A recent study conducted by us demonstrated the effectiveness of combined therapy with 5-FU
plus subcutaneous PEG-IFN-α2b for unresectable advanced HCC (n = 18); the response rate was 33.3%, the
median survival time was 17.7 mo, and the 6-, 12-, 24and 36-mo survival rates were 89%, 71%, 39% and 29%,
respectively[24]. However, few reports have investigated
the effectiveness of HAIC in patients with advanced
HCC resistant to TACE. This study revealed that HAIC
yielded an unsatisfactory survival rate and survival time in
patients with HCC resistant to TACE, and a multivariate
analysis identified resistance to TACE as one of the independent predictors of poor survival in these patients.
Recently, a multikinase inhibitor, sorafenib, was approved as the first molecular targeted agent for advanced
HCC, and two global phase Ⅲ trials[31,32] showed survival
benefit with this drug administered orally for advanced
HCC patients with preserved liver function. The SHARP
Study was a randomized double-blind placebo-controlled
multicenter study conducted in western countries, which
showed that both the overall survival and the time to progression were significantly superior in the sorafenib group
(n = 299) than in the placebo group (n = 303) (10.7 mo vs
7.9 mo, and 5.5 mo vs 2.8 mo, respectively). Interestingly,
86 patients (29% of sorafenib group) and 90 patients (30%

Table 3 Multivariate analysis (Cox proportional hazards
regression model) to identify factors influencing the survival

Age > 66 (yr)
Gender: female
Resistance to TACE
AFP > 200 (ng/mL)
DCP > 200 (mAU/mL)
Albumin > 3.5 (g/dL)
Total bilirubin > 1.0 (mg/dL)
PT (INR) > 1.20
ALT > 50 (U/L)
Plt > 15.0 (× 104/μL)
Number of tumors > 6
Size of the largest tumor
> 5.0 cm
Clinical stage: ⅣA
Response to HAIC: CR, PR
Child-Pugh: B
Hepatic encephalopathy:
presence
Ascites: presence

Odds ratio

95% CI

P value

0.284
3.995
8.264
0.385
1.181
0.012
4.000
0.490
1.229
1.251
0.403
0.913

0.077-1.044
0.704-22.662
1.770-38.461
0.121-1.230
0.218-6.390
0.001-0.181
1.004-15.933
0.155-1.551
0.378-3.999
0.330-4.736
0.090-1.794
0.215-3.884

NS (P = 0.058)
NS (P = 0.118)
P = 0.007
NS (P = 0.107)
NS (P = 0.847)
P = 0.001
P = 0.049
NS (P = 0.225)
NS (P = 0.732)
NS (P = 0.742)
NS (P = 0.233)
NS (P = 0.902)

13.800
0.024
0.251
0.643

1.638-116.257
P = 0.016
0.004-0.160
P = 0.0001
0.019-3.307 NS (P = 0.293)
0.123-3.347 NS (P = 0.599)

3.471

0.835-14.419 NS (P = 0.087)

TACE: Transarterial chemoembolization; AFP: α-fetoprotein; DCP: Des-γcarboxyprothrombin; PT: Prothrombin time; INR: International ratio; ALT:
Alanine aminotransferase; HAIC: Hepatic arterial infusion chemotherapy;
CR: Complete response; PR: Partial response; CI: Confidence interval.

Multivariate analysis to identify factors influencing the
survival
A multivariate analysis (Cox proportional hazards regression model) was performed to identify factors that might
influence the survival following HAIC, which identified
resistance to TACE [odds ratio (OR): 8.264, P = 0.007],
serum albumin > 3.5 g/dL (OR: 0.012, P = 0.001), serum
total bilirubin > 1.0 mg/dL (OR: 4.000, P = 0.049), clinical
stage ⅣA (OR: 13.800, P = 0.016), and CR, PR to HAIC
(OR: 0.024, P = 0.0001) as significant independent predictors influencing of the survival (Table 3).
Adverse reactions
The common systemic adverse reactions were fever, loss
of appetite and general fatigue, however, none exceeded
Grade 1 to 2 in severity. Furthermore, no case of serious
leukopenia or thrombocytopenia was observed, with the
severity of these adverse reactions not exceeding Grade
1 to 2 in any of the cases; none of the patients required
administration of granulocyte-colony-stimulating factor
or blood transfusion. On the other hand, among the 42
patients, there were 3 patients who developed Grade 2
generalized skin rash, 3 patients who developed obstruction of hepatic artery, and 2 patients who developed
infection of reservoir. There were no cases of adverse
event-related death.

DISCUSSION
According to the treatment algorithm for hepatocellular
carcinoma in the Clinical Practice Guidelines for Hepatocellular Carcinoma in Japan[15], TACE and HAIC are recommended when the number of HCCs is four or more,
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TACE, and our study showed the limitation of interventional therapies to prolong the survival for advanced HCC and consideration of new strategy including
other tools for treatment, i.e., molecular-targeting agents.

of placebo group) who had previously received TACE
were included in the SHARP Study. Galle et al[33] reported
that among 176 patients after TACE, the overall survival
and the time to progression were superior in the sorafenib
group (n = 86) than in the placebo group (n = 90) (11.9
mo vs 9.9 mo, and 5.8 mo vs 4.0 mo, respectively) in subanalysis of the SHARP Study. These results suggest that
sorafenib may be an effective treatment agent for patients
with advanced HCC resistant to TACE. Furthermore, the
Asia-Pacific Study, performed in eastern Asian countries,
also showed, similar to the SHARP study, significant survival prolongation in the sorafenib group as compared
with that in the placebo group. Therefore, in Japan,
sorafenib has recently been recommended for the treatment of patients with advanced HCC and extra-hepatic
metastasis or major vessel invasion with preserved liver
function, e.g., Child-Pugh class A[34,35].
In conclusion, although the evaluation needs to be
conducted in a larger number of patients and the study
was a retrospective cohort study, the results of this study
revealed that HAIC administered with 5-FU exerted
insufficient effect against advanced HCC resistant to
TACE. Molecular-targeting agents may need to be considered in the future for patients with HCC resistant to
TACE.

Peer review

In this study, the authors report that patients with HCC resistant to TACE exhibit
a poorer response to HAIC. This paper is clearly written and the topic material
is important.
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Preoperative microcoil embolization of the common hepatic
artery for pancreatic body cancer
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was withdrawn to the CHA by an inflated microballoon
catheter. Microcoil embolization was successful in the
other 13 cases with distal microballoon inflation, with
no microcoil migration. Compact microcoil embolization
under distal microballoon inflation created sufficient resistance against the vascular wall to prevent migration.
Distal balloon inflation achieved the requisite 1 cm patency at the CHA end for vascular clamping. All patients
underwent en bloc celiac axis resection without arterial
reconstruction or liver ischemia.
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CONCLUSION: To impede microcoil migration to the
proper hepatic artery during CHA microcoil embolization, distal microballoon inflation is preferable to proximal balloon inflation.
© 2012 Baishideng. All rights reserved.

Key words: Embolization; Microcoil; Balloon inflation;
En bloc celiac axis resection; Pancreas body cancer

Abstract
AIM: To evaluate safety and feasibility of microcoil embolization of the common hepatic artery under proper
or distal balloon inflation in preoperative preparation for
en bloc celiac axis resection for pancreatic body cancer.
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METHODS: Fifteen patients (11 males, 4 females;
median age, 67 years) with pancreatic body cancer involving the nerve plexus surrounding the celiac artery
underwent microcoil embolization. To alter the total hepatic blood flow from superior mesenteric artery (SMA),
microcoil embolization of the common hepatic artery
(CHA) was conducted in 2 cases under balloon inflation
at the proximal end of the CHA and in 13 cases under
distal microballoon inflation at the distal end of the
CHA.

INTRODUCTION
The overall 5-year survival rate after surgical resection for
pancreatic cancer is extremely poor (< 10%)[1-3]. There is an
ongoing effort toward treating this difficult disease and improving survival. Surgery plays a main role for a complete

RESULTS: Of the first two cases of microcoil embolization with proximal balloon inflation, the first was successful, but there was microcoil migration to the proper
hepatic artery in the second. The migrated microcoil
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International Cancer Control (UICC)[15]. Eleven patients
were male and 4 were female; age ranged from 46 to 79
years (median, 67 years) (Table 1). All patients suffered
from severe back pain and/or abdominal pain. Enhanced
computed tomography using contrast medium revealed tumors sized 10-76 mm located in the body to the tail of the
pancreas and involving the celiac, splenic, and/or common
hepatic arteries, but with no evidence of liver metastases or
invasion to the superior mesenteric artery. Microcoil embolization of the common hepatic artery was performed
7 d to 14 d before surgery. Two interventional radiologists,
each with more than 7 years experience in transcatheter
arterial embolization, conducted the following procedure.

cure of pancreatic body cancer. En bloc celiac axis resection (modified Appleby operation) has been introduced to
expand the surgical treatment for pancreatic body cancer
with celiac axis involvement[4,5], and Hirano et al[6] report a
promising estimated 5-year survival rate of 42% for locally advanced pancreatic body cancer. This surgical procedure has the aim of en bloc lymphadenectomy together
with resection of the spleen, pancreatic body, and tail by
ligation of the celiac trunk artery and common hepatic
artery (CHA). The safety of this operation is based on the
rationale that hepatic arterial blood is supplied from the
superior mesenteric artery via the pancreatico-duodenal
arcades following ligation of the CHA. However, weak
pulsation of the proper hepatic artery was observed in
some patients during surgery, immediately after surgical ligation of the CHA[7-9]. When poor pulsation of the
proper hepatic artery is observed after clamping of the
CHA, arterial reconstruction is necessary because liver
necrosis is fatal once it occurs[10-13]. To avoid this complicated procedure, Kondo et al[14] reported the preparatory
technique of enlarging the collateral pathways from the
SMA before surgery, by preoperative embolization of the
CHA using interlocking detachable coils. Following this
report, surgeons first asked interventional radiologists to
embolize the CHA in preoperative management to enlarge the collateral pathways from the superior mesenteric
artery (SMA). However, exact microcoil embolization of
the short segment of the CHA is not easy, even for experienced interventional radiologists, because of its rapid
arterial flow and, of particular concern, the possibility of
coil migration to the proper hepatic artery. In our case, the
surgeon also asked that we retain vascular lumen patency
1 cm from the distal end of the common hepatic artery
and the proximal celiac artery trunk, to enable clamping
of these vessels. In response to these requirements, we
conducted microcoil embolization of the CHA under
either proximal or distal microballoon inflation. The purpose of this clinical study is to describe these techniques
and to evaluate their safety and feasibility.

Interventional procedure
Microcoil embolization under proximal balloon inflation: A 5F balloon catheter (balloon diameter 10 mm; Selecon MP, Catheter Rosch Ⅱ; Terumo, Tokyo, Japan) was
inserted into the celiac artery through a 6F long sheath
(Terumo) via the right femoral artery. After celiac arteriography, a 5F balloon catheter was advanced to the CHA using a guide wire (0.035, angle type; Radiofocus, Terumo).
Under balloon inflation at the proximal end of the CHA, a
microcatheter with two markers for detachable coil embolization (Rapidtransit, Johnson and Johnson, New Brunswick, NJ) was inserted coaxially and advanced to the distal
CHA, 1 cm before the branching of the gastroduodenal
artery. Detachable microcoils (interlocking detachable coil,
Boston Scientific, Boston, MA) of diameter at least 1 mm
greater than that of the CHA were deployed by making a
lengthwise and/or sidewise frame (Figure 1A).
Microcoil embolization under distal balloon inflation:
6F and 4F long sheaths (Terumo) were inserted via the
right and left femoral arteries, respectively. A 6F guiding
catheter (Elway, Terumo Clinical Supply, Tochigi, Japan)
was advanced through a 6F sheath to the celiac artery.
After celiac arteriography, a 3.3F microballoon catheter
(8 mm in maximum inflated diameter, 1 cm in length;
Iiguman, Fuji System, Tokyo, Japan) was inserted into the
common hepatic artery through a 6F guiding catheter
and placed at the distal end of the CHA (Figure 1B). The
microballoon was inflated, taking care not to interrupt
blood flow in the gastroduodenal artery (Figure 2A). A
4F catheter (Rosch celiac type, Medikit, Tokyo, Japan) was
advanced through a 4F sheath to catheterize the celiac
artery, and a microcatheter with two markers was then advanced to the proximal end of the balloon inflation (Figure
2A). Detachable coils of diameter greater than that of the
CHA were used initially, and fiber coils (Tornado, Boston Scientific) were added to fill the space if necessary.
Microcoils were placed in the CHA from the proximal
end of the microballoon inflation to the inlet of the left
gastric artery (LGA) branching from the celiac trunk artery (Figure 2B). In fluoroscopic guidance, the tube angle
that enabled the best visualization of the CHA or LGA
was used. After microcoil embolization, the microballoon
catheter was deflated and withdrawn.

MATERIALS AND METHODS
Patients
Approval of the Institutional Ethics Committee of our
institution was obtained for this clinical trial prior to initiation of the study. All patients were fully informed of
the extent of their diseases and of the risks and benefits
associated with preoperative CHA embolization and en
bloc resection.
In cases of right or common hepatic artery branching
from the SMA, it was not necessary to conduct microcoil
embolization of the CHA. Between May 2007 and January
2010, 15 patients with pancreatic body cancer involving
the nerve plexus surrounding the celiac artery were scheduled for surgical radical pancreatectomy and underwent
microcoil embolization preoperatively. Tumor stage was
T4 in 14 patients and T3 in 1 patient according to the tumor, node and metastasis classification of the Union for
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Table 1 Backgrounds of patients with pancreatic body cancer for common hepatic artery microcoil embolization
Tumor
N

Age
(yr)

Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

51
70
67
56
64
71
71
54
69
46
78
64
74
62
79

F
M
M
M
M
M
M
M
F
M
F
M
F
M
M

Coil used

Major axis Stage (UICC
Balloon catheter
Coil
CHA diameter Detachable coil diameter Fiber coil proximal/distal
(mm)
TNM ver.6) inflation proximal/distal migration
(mm)
(mm)/length (cm) × N diameters (mm) × N
10
35
40
46
30
61
35
31
76
35
42
45
37
34
45

T4
T4
T4
T4
T4
T4
T4
T4
T3
T4
T4
T4
T4
T4
T4

+/+/+/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+

+
-

7.0
6.7
6.1
5.6
7.4
6.4
7.7
4.5
5.1
4.4
6.4
2.1
3.6
4.4
5.5

8/20
10/10
8/20
7/10
10/20, 7/20, 6/10
9/20, 7/20, 6/10
10/10
6/10 × 2, 5/10
7/10
6/10
8/10, 6/10
3/10
5/10
6/10
7/10

4/8 x 3
4/8 × 2

7/3 × 2
6/2 × 2
7/3 × 2, 8/4 × 3
6/2 × 4
6/2
3/2
6/2, 5/2
7/3 × 3
8/4 × 3

N: Number; F: female; M: Male; UICC: Union for International Cancer Control; CHA: Common hepatic artery; TNM: Tumor, node and metastasis.

A

trunk artery. Specifically, when the distal balloon catheter
was deflated and withdrawn, the 5F balloon catheter was
inflated at the CHA proximal end or celiac trunk artery.
After confirming no proximal coil migration, the proximal balloon catheter was deflated, and both balloon catheters were removed.
After coil embolization in each procedure, superior
mesenteric arteriography was conducted to confirm the
alteration of blood flow from the SMA to the hepatic artery (Figure 2C). We aimed for total hepatic arterial blood
flow to be supplied from the superior mesenteric artery.
When the left hepatic artery branched from the LGA,
microcoil embolization of left gastric artery was also performed.

LGA

SA

CHA

SMA

B
LGA

RESULTS
CHA

In the present series, the first two patients underwent microcoil embolization of the CHA under proximal balloon
inflation. Successful microcoil embolization of the CHA
was completed in the first case. However, in the second
case, distal migration of the microcoils occurred from the
CHA to the proper hepatic artery after deflation of the
proximal balloon catheter following microcoil placement.
When this occurred, we immediately inserted the deflated
microballoon catheter into the proper hepatic artery,
advanced the catheter beyond the migrated microcoil, inflated the balloon catheter, and successfully withdrew the
migrated coil to the common hepatic artery (Figure 3).
The third case underwent microcoil embolization
under distal microballoon inflation. At the time of withdrawing the distal deflated balloon catheter located at the
distal end of the CHA, we inflated the proximal balloon
at the proximal end of the CHA to prevent microcoil migration from the CHA to the celiac trunk artery. However, we realized that the second (proximal) balloon catheter was not necessary because of the rigid fixation of the
microcoils against the vascular wall. Thereafter, the distal

SA
SMA

Figure 1 Schematic drawing of microcoil embolization under proximal
balloon inflation (A) and distal balloon inflation (B) in the common hepatic
artery. LGA: Left gastric artery; CHA: Common hepatic artery; SA: Splenic
artery; SMA: Superior mesenteric artery.

Microcoil embolization under distal balloon inflation
and proximal balloon inflation at the time of withdrawal: After microcoil embolization of the CHA under
distal balloon inflation, as described above, a 5F balloon
catheter (Selecon MP, Catheter Rosch Ⅱ, Terumo) was
inserted via the femoral artery to the celiac artery through
a 6F long sheath. This 5F balloon catheter was used to
prevent microcoil migration from the CHA to the celiac
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A

A

B
B

C
C

D

Figure 2 Microcoil embolization under distal balloon inflation. A: Radiograph during catheterization shows microcatheter (arrow) insertion to the
common hepatic artery (CHA) via the celiac artery under distal microballoon
inflation in the CHA; B: Radiograph during microcoil embolization shows a tight
widthwise frame; C: Superior mesenteric arteriography after microcoil embolization shows blood flow from the superior mesenteric artery to the proper hepatic
artery via the pancreatico-duodenal arcades.

E

deflated microballoon catheter was withdrawn without
the assistance of proximal balloon inflation. There was
no microcoil migration in the following 12 cases under
distal microballoon inflation (Table 1). Accordingly, distal
balloon inflation achieved the 1 cm patency at the end of
the CHA required for vascular clamping.
In three cases having the variation of left hepatic artery branching from the LGA, we performed additional
embolization of the LGA trunk using microcoils. In two
of these three cases, total hepatic arterial blood flow was
confirmed in superior mesenteric arteriography to come
from the SMA via intrahepatic communication between
the right and left hepatic arteries. In the remaining case,
there was communication between the LGA and the

WJG|www.wjgnet.com

Figure 3 Distal migration of the microcoils and the successful withdraw.
A: Following celiac arteriography; B: Microcoil embolization under proximal balloon inflation (arrow) was performed; C: Microcoil migration from the common
hepatic artery (CHA) to the proper hepatic artery occurred after deflation of the
proximal balloon catheter; D: Under fluoroscopic guidance using the tube angle
that enabled the best visualization of the CHA and with the assistance of a
microwire, a microballoon catheter was then inserted through the migrated coil
and inflated; E: The migrated coils were withdrawn to their original position in
the CHA by the inflated balloon catheter.

short gastric artery and left gastroepiploic artery, which
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As an additional positive outcome of the described tech
nique, the long dimension of the inflated microballoon (10
mm) enables patency to be maintained at the distal CHA
end. Accordingly, the distal microballoon inflation method
fulfilled the surgeon’s requirement to retain 1 cm patency at
the distal CHA end for vascular clamping.
It is a weakness of the distal microballoon catheter
method that performing the procedure is somewhat
complicated. However, the dual femoral artery approach
is minimally invasive, and maneuvering the microballoon
catheter does not have a steep learning curve.
In conclusion, the distal microballoon inflation method in CHA microcoil embolization was preferable to the
proximal balloon inflation method, in terms of creating
a compact microcoil frame that caused no coil migration
to the proper hepatic artery, and of supplying a sufficient
length of CHA patency to enable vascular clamping.

branched from the splenic artery. In this case, LGA and
the splenic artery were embolized, aiming to achieve total
hepatic blood flow from the SMA. However, following
these embolizations, hepato-petal blood flow did not
come from the SMA but from the inferior phrenic artery.
No evidence of liver ischemia was observed during surgery, enabling radical pancreatectomy to be performed.
Superior mesenteric arteriography after embolization
showed good hepato-petal blood flow from the SMA
to the proper hepatic artery in all cases except that described above. All patients successfully underwent radical
pancreatectomy without liver or gastric ischemia, and
experienced no problems or complications related to the
microcoil embolization.

DISCUSSION
In the present series, microcoil embolization under distal
balloon inflation was superior to that under proximal
balloon inflation in terms of impeding distal embolization. White[16] described two techniques of coil placement
in the pulmonary artery: an anchor technique in which
the microcoil tip was hooked into the small branch, and
a scaffold technique in which a long frame was created
lengthwise to increase friction against the vessel wall and
fill the feeding artery. There are no small branch arteries
from the CHA; therefore, using the scaffold technique
we made a lengthwise and sidewise frame, by pushing
and pulling the coils. If the microcoils continued to push
out under proximal balloon inflation, then they tended to
move to a more peripheral site than intended; in this case,
the microcoils needed to be pulled back. In the second
case of the present series, under proximal balloon inflation the microcoils migrated to the proper hepatic artery
despite the microcoils having a diameter 3 mm greater
than that of the CHA; this probably occurred because the
loose frame of placed microcoils did not create sufficient
friction against the vascular wall. The migrated microcoils
were pulled back by the distal inflated balloon catheter to
the original CHA site. We found that microcoils placed
under distal balloon inflation became more compact than
those under proximal balloon inflation, creating enough
friction against the vascular wall to prevent migration.
We anticipated that the microcoils could migrate from
the CHA to the celiac trunk artery or abdominal aorta
after retrieval of the deflated distal microballoon catheter
following microcoil embolization. For this reason, in
the third case of this series, an additional balloon catheter was inserted and inflated in the celiac trunk artery,
with the aim of blocking proximal coil migration from
the CHA to the celiac trunk. However, this precaution
proved unnecessary. The rigid friction of the microcoils
against the vessel wall resulted in no proximal migration when the distal deflated microballoon catheter was
retrieved. The use of detachable coils of diameter 1-2
mm greater than that of the CHA was sufficient to create
increased friction in the subsequent 12 cases under distal
microballoon inflation.
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Background

In preoperative management to avoid liver ischemia during surgery for pancreatic body cancer, the surgeons requested the interventional radiologists to
embolize the common hepatic artery, to enlarge the collateral pathways from
the superior mesenteric artery.

Research frontiers

This surgical procedure has the aim of en bloc lymphadenectomy together with
resection of the spleen, pancreatic body, and tail by ligation of the celiac trunk
artery and common hepatic artery (CHA). The safety of this operation is based
on the rationale that hepatic arterial blood is supplied from the superior mesenteric artery via the pancreatico-duodenal arcades following ligation of the CHA.

Innovations and breakthroughs

The previous method using microcoils was conducted to occlude CHA without a
balloon catheter. The present study occluded the CHA using microcoil embolization with the assistance of a microballoon catheter.

Applications

As the actual application for CHA occlusion, the distal microballoon inflation
method in CHA microcoil embolization was preferable to the proximal balloon
inflation method, in terms of creating a compact microcoil frame that caused no
coil migration to the proper hepatic artery, and of supplying a sufficient length of
CHA patency to enable vascular clamping.

Terminology

For surgical treatment for pancreas body cancer, en bloc lymphadenectomy is
performed together with resection of the spleen, pancreatic body, and tail by
ligation of the celiac trunk artery and CHA. Because of the risk of liver ischemia
following ligation of the CHA during surgery, preoperative occlusion of the CHA
using microcoil embolization is necessary.

Peer review

This study describes an interesting variant of interventional radiology that allows
to minimize ischemic hepatic damage in Appleby operation. All technical steps
are well and clearly described. Results are encouraging and convincing. Figure
are clear and pertaining. The study is important for surgeons and interventional
radiologists, even if only 15 patients have been enrolled.
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RESULTS: The median age of the patients was 47 ±
16 (IQR) years. At diagnosis, 54 patients had cirrhosis,
25 (37.3%) Child-Pugh class A, 23 (34.3%) Child-Pugh
class B, and six (9.0%) patients Child-Pugh class C.
During the follow-up period, HCC was developed in 17
patients, and the annual incidence of HCC in patients
with BCS was 2.8%. Patients in HCC group (n = 17)
had higher hepatic venous pressure gradient (HVPG)
than those in non-HCC group (n = 50) (21 ± 12 mmHg
vs 14 ± 7 mmHg, P = 0.019). The survival rate of BCS
patients was 86.2% for 5 years, 73.8% for 10 years,
and 61.2% for 15 years. In patients with BCS and HCC,
survival was 79% for 5 years, 43.1% for 10 years, and
21.5% for 15 years.
CONCLUSION: The incidence of HCC in patients with
BCS was similar to that in patients with other etiologic
cirrhosis in South Korea. The HVPG is expected to provide additional information for predicting HCC development in BCS patients.
© 2012 Baishideng. All rights reserved.

Key words: Budd-Chiari syndrome; Hepatocellular carcinoma; Prognosis

Abstract
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AIM: To evaluate long-term clinical course of BuddChiari syndrome (BCS) and predictive factors associated
with the development of hepatocellular carcinoma (HCC)
and survival.

Park H, Yoon JY, Park KH, Kim DY, Ahn SH, Han KH, Chon
CY, Park JY. Hepatocellular carcinoma in Budd-Chiari syndrome: A single center experience with long-term follow-up in
South Korea. World J Gastroenterol 2012; 18(16): 1946-1952
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i16/1946.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i16.1946

METHODS: We analyzed 67 patients with BCS between June 1988 and May 2008. The diagnosis of BCS
was confirmed by hepatic venous outflow obstruction
shown on abdominal ultrasound sonography, computed
tomography, magnetic resonance imaging, or venogra-
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medication, and steroid. Patients were assessed for other
risk factors of cirrhosis and HCC such as alcohol, hepatitis B virus and hepatitis C virus (HCV) infections.
Laboratory tests included complete blood count, prothrombin time, alanine aminotransferase (ALT), bilirubin,
albumin, creatinine, viral markers such as hepatitis B virus
surface antigen (HBsAg) and anti-HCV antibody. Based
on laboratory and physical examination results, Model for
End-Stage Liver Disease (MELD) score and Child Pugh
score were calculated to evaluate liver function. Every 3-6
mo, imaging studies such as computed tomography (CT),
ultrasonography or magnetic resonance imaging (MRI)
were performed, and alpha-fetoprotein (AFP) level was
checked for HCC surveillance.

INTRODUCTION
Budd-Chiari syndrome (BCS) is a rare hepatic disease
caused by occlusion of the hepatic venous outflow.
Thrombogenic conditions among the known causes of
BCS are well documented, such as coagulopathy, chronic
intake of contraceptives, myeloproliferative diseases, autoimmune diseases, and others[1]. Hepatic venous outflow
block can also be caused by malignant tumors[2]. BCS
was initially defined as a symptomatic occlusion of the
hepatic veins, but with increasing reports on various obstructive cases in the hepatic portion of the inferior vena
cava (IVC), it became to include obstructive IVC lesions
as well as the major hepatic veins. BCS induces chronic
liver congestion so that it causes hepatomegaly, ascites,
leg edema, collateral venous dilatation in the body trunk
and portal hypertension[3]. Several studies have suggested
that hepatic congestion caused by obstruction of hepatic
venous outflow can lead to cirrhosis and hepatocellular
carcinoma (HCC)[4,5]. The incidence of HCC in patients
with BCS has varied according to regions and investigators[3,6-9]. Japan and South Africa showed relatively higher
incidences compared to those of United States and
France: 6.4%-47.5% vs 4%-20%[5,7,9,10]. Prognosis of HCC
in BCS has varied as well[5,6,11].
We followed BCS patients treated at our hospital for
more than 20 years, and our long term follow-up data can
be helpful to understand the prognosis of BCS patients
and natural course of the disease. Thus, we (1) evaluated
the incidence and cumulative annual risk of HCC in BCS
patients; (2) analyzed the characteristics associated with
the development of HCC in BCS patients; and (3) investigated the prognosis of BCS and HCC in BCS patients.

Diagnosis of BCS and HCC
The diagnosis of BCS was confirmed by hepatic venous
outﬂow obstruction shown on ultrasound sonography
(US), contrast-enhanced CT, MRI, or venography. Patients
were confirmed to have HCC according to the American
Association for the Study of Liver Disease practice guidelines for the HCC diagnosis[12]. Briefly, patients were diagnosed with HCC if they had a tumor with a maximum
diameter of > 2 cm and the typical features of HCC on
dynamic CT (defined as enhancement in the arterial phase
and early washout in the portal phase), and an AFP > 200
ng/mL[12]. If the maximum diameter of the tumor was 1
cm to 2 cm, dynamic CT and MRI were performed. HCC
was diagnosed if coincidental typical features of HCC
were noted. If the tumor did not satisfy above criteria, a
biopsy was performed. During hospital stay, abdominal
ultrasonography was carried out to evaluate the presence
of cirrhosis and hepatocellular carcinoma.

MATERIALS AND METHODS

Measurement of hepatic venous pressure gradient
The hepatic venous pressure gradient (HVPG) was mea
sured through catheterization during venography or angioplasty. Forty-five patients underwent venography or
angioplasty when diagnosed with BCS or during follow up
period. Patients were diagnosed with clinical liver cirrhosis
if they satisfied one or more of the following 3 conditions: (1) a platelet count < 100  000/μL and ultrasonographic findings suggestive of cirrhosis including a blunted, nodular liver edge accompanied by splenomegaly (> 12
cm)[13,14]; (2) the presence of esophageal or gastric varices;
and (3) overt complications of liver cirrhosis, including
ascites, variceal bleeding, and hepatic encephalopathy.

Patients
From June 1988 to May 2008, 95 consecutive patients
who were diagnosed with BCS at Severance Hospital
were studied retrospectively. Among them, 28 patients
were excluded based on the criteria as follows: patients
with secondary BCS [occlusion of the hepatic venous
outflow by an outside structure (HCC, a klatskin tumor,
and renal cell carcinoma)], hematologic diseases which
could result venous obstructive disease, hepatic septic
emboli of colon cancer, or post-operative complication
of HCC. Finally 67 patients who were diagnosed with
primary BCS were investigated. The study protocol conformed to the ethical guidelines of the 1975 Helsinki
Declaration and was approved by the institutional review
board of our institute.

Statistical analysis
Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS, version 17.0). Descriptive statistics were computed for all variables, including median ± interquartile range (IQR) and percentiles
for continuous variables and frequencies for categorical
factors. Mann-Whitney U test and χ 2-test were used to
compare HCC and non-HCC groups. Kaplan-Meier analysis was performed to estimate the cumulative incidence

Methods
We retrospectively reviewed patients’ age, gender, and
presenting symptoms of decompensate liver cirrhosis
such as ascites, encephalopathy and variceal bleeding.
We also investigated their history of medication which
can induce thrombosis such as oral contraceptive, herbal
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Table 1 Baseline clinical characteristics of patients with
Budd-Chiari syndrome (n = 67)

Table 2 Characteristics of the patients with hepatocellular
carcinoma at the time point of diagnosis (n = 17)

Characteristics

Variables

Age (yr)
Gender (male)
Obstruction site
IVC
Hepatic vein
Combined
Alcohol consumption
None/social/heavy (> 80 g/d)
Positive viral marker
HBsAg/anti-HCV
Liver cirrhosis at diagnosis
Child-Pugh A/B/C
MELD score
Decompensate LC symptoms
Length of obstruction (cm)
HVPG (mmHg)
Laboratory data
ALT (IU/L)
Bilirubin (mg/dL)
Albumin (g/dL)
Hemoglobin (g/dL)
Platelet count (k/mL)
Creatinine (mg/dL)
PT (%)
Treatment modality
Angioplasty
Shunt operation
TIPS
Thrombolysis
Symptomatic medical treatment
Median follow up period (mo)

Budd-Chiari syndrome

56 (83.6)
5 (7.5)
6 (9.0)
32 (47.8)/15 (22.3)/20 (29.9)
3 (4.5)/0 (0)
54 (80.6)
25/23/6 (37.3/34.3/9.0)
11 ± 6
23 (34.3)
2.0 ± 4.0
15 ± 10

53 ± 12
51 ± 115
6 (35.3)/8 (47.1)/3 (17.6)
8 (47.1)/6 (35.3)/3 (17.6)/0 (0)

Ⅰ/Ⅱ/Ⅲ/Ⅳ

Treatment modality
TACE/TACI
Intra-arterial chemotherapy
Conservative management
Operation
Prognosis
Alive
Death
F/U loss

9 (52.9)
3 (17.6)
3 (17.6)
2 (11.9)
12 (70.5)
3 (17.6)
2 (11.9)

Data were expressed as median ± IQR or n (%). BCS: Budd-Chiari syndrome; HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization; TACI: Transarterial chemo-infusion; F/U: Follow up; IQR:
Interquartile range. 1AJCC 6th, American Joint Committee on Cancer staging system, 6th edition.

19 ± 17
1.4 ± 1.3
3.8 ± 0.7
12.3 ± 2.6
109 ± 78
0.9 ± 0.2
73 ± 27

four patients had underlying liver cirrhosis at the time of
BCS diagnosis. Twenty-five of them (37.3%) were classified as Child-Pugh class A, 23 (34.3%) as class B, and six
(9.0%) as class C. The median MELD score was 11 ± 6
(IQR). Twenty three patients (34.3%) had decompensated
liver cirrhosis symptoms such as variceal bleeding, uncontrolled ascites or hepatic encephalopathy higher than
grade 3. Twenty-seven (40.3%) patients were treated with
percutaneous angioplasty, four (5.9%) with shunt operation, three (4.5%) with transjugular intrahepatic portosystemic shunt (TIPS), and one (1.5%) with thrombolysis.
Thirty-two (47.7%) patients received only symptomatic
medical treatment. The median follow up period was 103
± 156 (IQR) mo.

27 (40.3)
4 (5.9)
3 (4.5)
1 (1.5)
32 (47.7)
103 ± 156

Data were expressed as median ± IQR or n (%). IVC: Inferior vena cava;
HCV: Hepatitis C virus; HbsAg: Hepatitis B surface antigen; MELD: Model
for End-Stage Liver Disease; LC: Liver cirrhosis; HVPG: Hepatic venous
pressure gradient; ALT: Alanine aminotransferase; PT: Prothrombin time;
TIPS: Transjugular intrahepatic portosystemic shunt; IQR: Interquartile
range.

of HCC from the time of BCS diagnosis and survival of
all BCS patients and those who developed HCC. To evaluate the factors associated with the development of HCC
in patients with BCS, multivariate Cox regression analysis
was used. A two-sided P value < 0.05 was considered to
indicate a significant difference.

Development of HCC in the patients with BCS
During follow-up periods, HCC was occurred in 17 patients. At the time of diagnosis of HCC, the median age
of the patients was 53 ± 12 (IQR) years, and time period between diagnoses of BCS and HCC was 51 ± 115
(IQR) mo (Table 2). HCC was histologically confirmed
in 2 patients with hepatic resection. According to the
Kaplan-Meier analysis, as shown in Figure 1, the cumulative probability was 18.5% at 5 years, 30.3% at 10 years,
and 42.6% at 15 years. The annual occurrence of HCC in
BCS patients was 2.8%.
We compared the baseline characteristics (at the time
of diagnosis with BCS) of HCC group (n = 17) with nonHCC group (n = 50). The differences between the two
groups are shown in Table 3. There were no significant
differences in the comparison of age, gender, obstruction
site, alcohol consumption and presence of viral markers
between two groups. HVPG was significantly higher in
HCC group [21 ± 12 (IQR) mmHg] than in non-HCC

RESULTS
Baseline clinical characteristics of the patients
The baseline characteristics of the 67 patients are shown
in Table 1. The site of obstruction was IVC in 56 patients
(83.6%), hepatic vein in five patients (7.4%), and both
IVC and hepatic vein sites in six patients who were classified as “combined”. There was no patient with history
of chronic use of medication such as oral contraceptive,
herbal medication, and steroid. Patients with heavy alcohol consumption defined as over 80 g/d were 20 (29.9%).
HBsAg was positive in 3 patients (4.5%) and there was
no patient with positive for anti-HCV antibody. Fifty-
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HCC

Age (yr)
Time period from BCS to HCC (mo)
Child-Pugh class
A/B/C
Tumor stage (AJCC 6th)1

47 ± 16
34 (50.7)

1948

April 28, 2012|Volume 18|Issue 16|

Park H et al . Hepatocellular carcinoma in Budd-Chiari syndrome

Cumulative probability

1.0

Table 3 Comparison of baseline clinical characteristics between hepatocellular carcinoma group and non hepatocellular
carcinoma group

Annual probability: 2.8%/yr

0.8

Variables

0.6

Age (yr)
Gender (male)
Obstructive site
IVC
Hepatic vein
Combined
Alcohol consumption
None
Social
Heavy (> 80 g/d)
Positive for HBsAg
LC at diagnosis
Decompensate LC symptoms
Child Pugh A/B/C
MELD score
Follow up period (mo)
Length of obstruction (cm)
HVPG (mmHg)
Laboratory data
ALT (IU/L)
Bilirubin (mg/dL)
Albumin (g/dL)
Hemoglobin (g/dL)
Platelet count (k/μL)
Creatinine (mg/dL)
PT (%)
Survival (%)
5 yr
10 yr
15 yr

0.4
15 yr: 42.6%
10 yr: 30.3%
5 yr: 18.5%

0.2

0.0
0

50

100

150

200

250

300

t/mo

Figure 1 Cumulative probability of hepatocellular carcinoma in patients
with Budd-Chiari syndrome (n = 17).

1.0

Overall survival

5 yr: 86.2%
0.8

10 yr: 73.8%
15 yr: 61.2%

0.6
0.4
0.2
0.0
0

50

100

150
t/mo

200

250

300

Non HCC group

Overall survival

0.6

P < 0.001
0.4
0.2
0.0
0

50

100

150

200

250

300

t/mo

Figure 3 Comparison of survival between hepatocellular carcinoma
Group (n = 17) and non-hepatocellular carcinoma group (n = 50). HCC:
Hepatocellular carcinoma.

47 ± 18
24 (48)

15 (88.2)
2 (11.8)
0 (0)

41 (82)
3 (6)
6 (12)

6 (35.3)
4 (23.5)
7 (41.2)
0 (0)
14 ( 82.4)
8 (47.1)
5/7/2
11 ± 6
103 ± 146
1.0 ± 2.5
21 ± 12

26 (52.0)
11 (22.0)
13 (26.0)
3 (6.0)
40 (80.0)
15 (28.0)
20/16/4
11 ± 6
103 ± 160
2.0 ± 4.4
14 ± 7

21 ± 21
1.5 ± 1.9
3.6 ± 0.85
12.5 ± 4.1
97 ± 59.5
0.9 ± 0.14
71 ± 31

18 ± 14
1.3 ± 1.3
3.8 ± 0.72
12.3 ± 2.3
113 ± 80.7
0.85 ± 0..24
74 ± 22

0.863
0.441
0.264

0.329

79
43.1
21.5

0.554
0.832
0.148
0.647
0.778
0.648
0.144
0.019
0.160
0.521
0.245
0.897
0.559
0.798
0.756
< 0.001

93.4
74.7

DISCUSSION
BCS is caused by obstruction of hepatic venous outflow
at any level from the small hepatic veins to the junction
of the IVC with the right atrium. There are two forms of
BCS according to the obstruction site: primary hepatic
vein obstruction (classical BCS) and obstruction of the

group [14 ± 7 (IQR) mmHg] (P = 0.019). However, in
the multivariate Cox regression analysis, HVPG showed
no significant difference between in HCC group and in
non-HCC group (P = 0.452).
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47 ± 11
10 (58.8)

P value

Prognosis and survival of patients with BCS and
patients who were diagnosed with HCC
We estimated the overall survival rates of all 67 BCS
patients using the Kaplan-Mayer method. The overall
survival rate was 86.2% at 5 years, 73.8% at 10 years, and
61.2% at 15 years (Figure 2). During the follow-up periods, three patients among 17 who were diagnosed with
HCC died, and two of them died from hepatic failure
and the other from massive variceal bleeding. In HCC
group, the 5-year survival rate was 79%, 10-year rate
43.1%, and 15-year rate 21.5% (Figure 3). Meanwhile,
non-HCC group (n = 50) showed significantly higher survival rates than HCC group: 93.4% for 5 years and 74.7%
for 15 years (P < 0.001).

HCC group

0.8

Non HCC
(n = 50)

Data were expressed as median ± IQR or n (%). HCC: Hepatocellular
carcinoma; IVC: Inferior vena cava; LC: Liver cirrhosis; MELD: Model for
End-Stage Liver Disease; HVPG: Hepatic venous pressure gradient; ALT:
Alanine aminotransferase; PT: Prothrombin time; IQR: Interquartile range.

Figure 2 Overall survival of patients with Budd-Chiari syndrome.

1.0

HCC
(n = 17)
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Table 4 Prevalence and characteristics of hepatocellular carcinoma in patients with Budd-Chiari syndrome from the literature
Matsui et al

Ref.
Year, country
Study design
Study period
No. of patient with BCS
HCC (%)
Cumulative incidence of HCC

Tx. for HCC

Survival rate of HCC in patients with BCS
Median survival period (mo)
Cumulative survival

[3]

Shin et al

2000, Japan
Retrospective
Apr 1968-Feb 1999
12
3 (25)
-

2004, South Korea
Retrospective
Mar 1989-Aug 2001
73
15 (20.5)
-

Resection (1)
TAE (1)
iA chemotherapy (1)

TACE (11)
Resection (2)
Conservative tx. (2)

-

Risk factors for HCC in patients with BCS
Risk factors
Chronic congestion in the liver, caused by an
outflow block of hepatic veins

Analysis method

[24]

No statistical analysis (mere presumption)

Moucari et al

[7]

Gwon et al

[6]

2008, France
Retrospective
1987-2005
97
11 (11.3)
4 yr 3%
7 yr 6%
14 yr 12%
TACE (7)
LT (3)
Conservative tx. (1)

2010, South Korea
Retrospective
Mar 1990-Nov 2008
98
23 (23)
1 yr 7.3%
5 yr 13.5%
10 yr 31.8%
TACE (20)
TACE + LT (3)

58 (range, 3-59)
1 yr 93%
2 yr 84%
3 yr 72%

-

1 yr 90%
2 yr 85%
3 yr 61%
4 yr 61%
5 yr 46%

-

Male gender,

Female gender2

-

Coagulopathy1,
IVC obstruction
Univariate analysis

Multivariate analysis

HCC: Hepatocellular carcinoma; BCS: Budd-Chiari syndrome; Tx.: Treatment; TAE: Transarterial embolization; TACE: Transarterial chemoembolization;
iA: Intra-arterial; LT: Liver transplantation. 1Coagulopathy harbored factor V Leiden; 2Female gender showed an odds ratio of 6.02 with P < 0.001 in Cox
regression analysis; IVC: Inferior vena cava.

hepatic portion of the inferior vena cava (IVCO). The
IVCO form is common in Asia and Africa but rarely
reported in Western countries[9,15]. Most of our patients
(83.6%) had the IVCO form, which is similar to previous
studies which reported the predominance of IVCO form
in Asia. The major difference between classical BCS and
IVCO is that the former is rarely associated with HCC,
while the latter is frequently complicated by HCC[3,8]. In
our study, HCC was developed in 17 of 67 patients, and
the annual incidence was 2.8%, similar to the incidence in
patients with other etiologic cirrhosis in South Korea[16,17].
Until now, the accurate pathogenesis of HCC in BCS
has not been elucidated yet. Gwon et al[6] suggested that
chronic liver injuries and congestion caused by obstruction of hepatic venous outflow might contribute to a fibrotic process and development of nodular type of HCC.
Prolonged congestion can lead to hepatocyte necrosis,
and its replacement with ﬁbrous tissue results in fibrosis,
which is assumed to be the mechanism of cirrhosis and
HCC development[18-20]. This hypothesis is supported by
frequent findings of liver parenchymal cirrhotic change
adjacent to HCC in BCS context[7].
The HVPG was significantly higher in HCC group
than non-HCC group in our study. HVPG has been accepted as the gold standard for assessing the severity of
portal hypertension[21]. With the pathogenesis proposed
above, the higher pressure gradient means a greater degree
of portal hypertension and hepatic congestion; this might
have contributed to a higher pressure gradient in HCC
group in our study. Our study that showed significantly
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high HVPG in HCC group is worthy, which supports
the hypothesis of development of HCC in patients with
BCS. Until now, there were several published reports to
analyze the risk factors for HCC in patients with BCS.
Although Moucari et al[7] showed that BCS patients with
HCC compared with those without HCC presented with
IVC obstruction more frequently, there was no report that
showed direct differences of pressure gradient as our data
presented. For comparison, other published data concerning the prevalence and characteristics of HCC in patients
with BCS were reviewed in Table 4.
Varying survival results of BCS have been reported,
and the 5-year survival rate ranges from 69% to 87%[22,23].
In our data, the overall survival rate was 86.2% for 5
years, 73.8% for 10 years, and 61.2% for 15 years. In patients with BCS and HCC, the survival rate was 79% for
5 years, 43.1% for 10 years, and 21.5% for 15 years in our
study. This is comparable with the results of other published reports[6,24]. Improvement in availability and techniques of diagnostic tools and development of treatment
modalities may allow earlier diagnosis of BCS patients
and better prognosis[18-20].
Although our study has an advantage of long-term
follow up data of patients with BCS, there are still some
limitations. First, this was retrospective and therefore has
the limitations of such an investigational design. Another
limitation was that the values of HPVG obtained during
venography were not checked in all patients. Because of
invasiveness of venography, it could not be performed
on all patients for HVPG measurement. These days,
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Doppler US is used to non-invasively assess the HPVG
with portal vein velocity. Considering the low incidence
of BCS, a multicenter study should be performed to
overcome the limitations of patient number and insufficient information. Despite these limitations, this study
is worthy to analyze the incidence and prognosis of HCC
in BCS with long-term follow-up periods in South Korea.
In conclusion, the annual incidence of HCC in patients with BCS was similar to the incidence in patients
with other etiologic cirrhosis in South Korea. Furthermore, the HVPG can be a possible predictive factor of
BCS-associated HCC development. Thus, BCS patients
who are expected to have high pressure gradient should
be actively managed as a high risk group for HCC development. An intervention to decrease the pressure
gradient in BCS patients may be helpful to reduce the incidence of HCC. A large-scale study will be necessary to
further investigate whether the treatment of congestion
decreases the incidence of HCC.
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of HCC. The study is worthy because it supports this hypothesis about the development of HCC in patients with BCS.

14

13

Innovations and breakthroughs

15

Applications

From the study, it was suggested that the HVPG can be a possible predictive
factor of BCS-associated HCC development. Thus, BCS patients who are
expected to have a high pressure gradient should be actively managed as a
high risk group for HCC development. An intervention to decrease the pressure
gradient in BCS patients may be helpful to reduce the incidence of HCC.
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This study provides basic and essential data for the clinical care of the patients
with BCS.
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Abstract
AIM: To investigate the efficacy of cap-fitted colonoscopy (CFC) with regard to cecal intubation time.

INTRODUCTION

METHODS: Two hundred and ninety-five patients
undergoing screening colonoscopy at Gospel Hospital,
Kosin University College of Medicine were enrolled in
this randomized controlled trial between January and
December 2010. Colonoscopies were conducted by a
single endoscopist. Patient characteristics including age,
sex, body mass index, history of abdominal surgery,
quality of preparation, and the presence of diverticulosis were recorded.

Colorectal cancer is a major cause of cancer-related mor
tality and morbidity, and it is evident that this fatality
rate has led to an increase in colonoscopy preventative
treatment[1-3]. A multinational and multicenter survey
performed in Asia has shown that the overall prevalence
of advanced colorectal neoplasm in asymptomatic individuals is comparable with that in the West[4]. Removal of
colonic adenomas by screening colonoscopy could reduce
colorectal cancer incidence and mortality rate.
Colonoscopy, however, can be a complicated procedure and requires a skillful endoscopist[5-7]. The anatomical factors of difficult cecal intubation can usually be
categorized into one of two problems: (1) an angulated
and/or narrowed sigmoid colon; and (2) a redundant
colon[8]. These anatomical difficulties are commonly observed in specific cases, such as female patients, older age,
previous gynecologic surgery, and the presence of diver-

RESULTS: One hundred and fifty patients were allocated into a CFC group and 145 into a non-CFC (NCF)
group. Cecal intubations were achieved in all patients.
Cecal intubation time in the CFC group was significantly
shorter than in the NCF group for specific conditions:
age ≥ 60 years, prior abdominal surgery, and poor
bowel preparation. The number of detected adenomas
was higher in the CFC group than in the NCF group (P
= 0.040).
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ticulosis[9-17]. Published studies have suggested the use of
a narrower instrument shaft or one with both a narrower
shaft and a shorter bending section for use in angulated
or narrowed sigmoid colons, and a stiffened shaft with
simultaneous application of abdominal pressure for
overcoming the problems associated with redundant
colons[8,18,19]. However, these maneuvers are not always
successful and may require the endoscopist to change instruments during the procedure.
Several studies have evaluated the efficacy of transparent cap-fitted colonoscopy (CFC) compared to that
of non CFC (NCF), and have found no difference in
cecal intubation time between CFC and NCF[20-22]. The
one established advantage of CFC is that it is more sensitive to polyp detection than is NCF[20,21]. However, these
results are not consistent with our daily experience, in
that CFC requires a shorter time for cecal intubation than
does NCF.
Short cecal intubation time is important for several
reasons: less anesthetic medication is required; colonic
inflation results in less discomfort; and sufficient withdrawal time for accurate examination. The purpose of
this study was to evaluate whether CFC could result in
shorter cecal intubation time compared with NCF. Additionally, we compared the detection rate of colonic adenomas in this study.

were encouraged to adhere to a clear liquid diet from 06:00
h to midnight on the day before colonoscopy, and further
oral intake was not allowed after midnight. All patients
drank 4 L of polyethylene glycol electrolyte lavage solution, starting 7 h before colonoscopy at a rate of 250 mL
every 15 min until all of the solution had been consumed,
as recommended by the manufacturer (Olympus Optical
Corp, Tokyo, Japan). Before colonoscopy, a physical examination and clinical hemodynamic measurements were
repeated. The transparent plastic cap (D-14304; Olympus
Optical Corp., Toyko, Japan) used for CFC was 14 mm
in outer diameter, 10 mm in length, and had a 1 mm wall
thickness. This cap can be fitted and fixed to the tip of
the colonoscope (CIF H260; Olympus Optical Corp.). To
ensure consistency in the evaluations, all colonoscopies
were performed by the same attending endoscopist using
the standard technique of negotiating the colon with as
little air insufflation as possible. The principal examination
was carried out during withdrawal. Ileal intubation was attempted when it was relevant.
Variables
For evaluating the efficacy of CFC against NCF, the duration time of insertion up to the cecum was compared
between the CFC and NCF groups. Additionally, the
number of adenomas detected during colonoscopy was
calculated. Factors presumed to influence cecal intubation time were sex, age, body mass index, and history of
abdominal surgery; all of which were evaluated before
colonoscopy. The quality of preparation was classified as
follows: grade 0, percentage of visible mucosa > 90%,
excellent visibility (small volume of clear liquid requiring
minimal suctioning for adequate visualization), and no intestinal bubbles; grade 1, percentage of visible mucosa >
90%, good visibility (large volume of clear liquid or small
amount of fecal residue, not preventing a reliable examination), and small number of intestinal bubbles; grade 2,
percentage of visible mucosa > 90%, fair visibility (some
semi-solid stool that could be suctioned or washed away,
preventing a reliable examination), and moderate number
of intestinal bubbles; and grade 3, percentage of visible
mucosa < 90%, poor visibility (large amount of semi-solid stool that could not be suctioned or washed away, not
allowing a complete examination to be done), and large
number of intestinal bubbles. The number of adenomas
was calculated during colonoscopy. Discomfort of each
patient was recorded using a four-point scale (1: easy; 2:
tolerable; 3: some pain; 4: severe pain).

MATERIALS AND METHODS
Patients
From January to December 2010, 300 consecutive patients scheduled for their first ever colonoscopy as a
routine health check at Gospel Hospital, Kosin University College of Medicine were included in the study.
Exclusion criteria were as follows: age < 18 years; hospitalization due to other diseases undergoing colonoscopy
investigation; evidence of acute or chronic renal failure;
cardiovascular diseases including recent myocardial infarction, congestive heart failure, unstable angina, and
cardiac arrhythmias; ascites; electrolyte imbalance; active inflammatory bowel disease, ileus and/or suspected
bowel obstruction; pregnant or breast feeding; or childbearing potential without adequate contraception. Patient
medical history, demographic data, and body weight were
recorded. For all patients, clinical hemodynamic, hematological, and biochemical measurements, including whole
blood count, blood sugar, blood urea nitrogen, creatinine, and serum electrolyte (sodium, potassium, chloride,
phosphorus, ionized calcium and magnesium) levels were
measured. After initial evaluations, patients who had no
exclusion criteria were randomized to receive CFC or
NCF by one physician who was blinded to the results of
previous colonoscopies. This study was approved by the
Institutional Review Board of Kosin University College
of Medicine, Busan, South Korea.

Statistical analysis
Statistical analysis was performed using SPSS version 16.0
(SPSS, Chicago, IL, United States). For normally distributed continuous variables, Student’s t test was used to assess differences between the two groups. For categorical
variables, Fisher’s exact test was used. Cox multivariate
regression analysis was performed to produce statistically
significant variables in the present study. Two-sided P values < 0.05 were considered statistically significant.

CFC and NCF
After providing informed consent, patients in both groups
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Table 1 Baseline characteristics n (%)

Table 3 Cecal intubation time in all patients (mean ± SD)

CFC
NCF
P value
(n = 150) (n = 145)
Gender
Male
94 (62.7)
87 (62.6)
Female
56 (37.3)
58 (37.4)
Age (yr) mean ± SD
65.4 ± 15.3 66.1 ± 14.8
Body mass index (kg/m2), mean ± SD 26.2 ± 10.6 27.4 ± 9.6
History of abdominal surgery
43 (28.6)
32 (22.1)
Cesarean section
20 (13.3)
15 (10.3)
Appendectomy
16 (10.6)
10 (6.9)
Distal gastrectomy due to peptic ulcer
7 (4.7)
7 (4.8)
Diverticulosis
51 (34.0)
42 (30.0)
Preparation score 2 or 3
30 (20.0)
31 (21.3)

Cecal intubation time
Gender
Male
Female
Age (yr)
< 60
≥ 60
Body mass index (kg/m2)
< 23
≥ 23
History of abdominal surgery
Yes
No
Diverticulosis
Yes
No
Quality of preparation
0 or 1
2 or 3

1.000
0.736
0.489
0.181
0.474
0.306
1.000
0.382
0.776

CFC: Cap-fitted colonoscopy; NCF: Non-cap-fitted colonoscopy.

Table 2 Comparison of two groups with regard to cecal
intubation time and number of detected colonic adenomas
(mean ± SD)
CFC
NCF
(n = 150) (n = 145)
Cecal intubation time (s)
Number of detected adenomas
Size of adenoma (cm)
Sessile type, n
Pedunculated type, n
Patient discomfort, scores

262 ± 154
2.0 ± 2.5
2.0 ± 3.1
1.8 ± 1.9
0.4 ± 0.8
2.3 ± 1.0

281 ± 138
1.2 ± 1.6
2.6 ± 2.9
1.0 ± 0.9
0.3 ± 0.7
2.3 ± 0.8

P value

0.881
254 ± 145
257 ± 135
0.012
244 ± 114
322 ± 113
0.047
243 ± 114
277 ± 125
0.044
387 ± 173
221 ± 117
0.747
251 ± 146
256 ± 142
251 ± 147
302 ± 176

0.861
0.006

Table 4 Multivariate analysis for influencing factors on cecal
intubation time(s) between cap-fitted colonoscopy and noncap-fitted colonoscopy (mean ± SD)

0.057
0.040
0.061
0.039
0.557
0.741

Gender
Male
Female
Age (yr)
< 60
≥ 60
Body mass index (kg/m2)
< 23
≥ 23
History of abdominal surgery
Diverticulosis
Quality of preparation
0 or 1
2 or 3

CFC: Cap-fitted colonoscopy; NCF: Non-cap-fitted colonoscopy.

RESULTS
Initially, 150 patients volunteered for each group. However, five patients in the conventional endoscopy group
withdrew their consent after finishing all examinations;
therefore, 150 patients for cap-assisted colonoscopy and
145 patients for conventional colonoscopy were enrolled.
There were no significant differences in the backgrounds
between the group with CFC and that with NCF (Table 1).
Cecal intubation was achieved in all cases regardless
of method. The average time for insertion from anus to
cecum was shorter in the CFC group than in the NCF
group, but the difference was not statistically significant
(262 ± 154 s vs 281 ± 138 s, P = 0.057). CFC showed
greater adenoma detection than did NCF (2.0 ± 2.5 vs
1.2 ± 1.6; P = 0.040), especially for sessile adenomas (1.8
± 1.9 vs 1.0 ± 0.9; P = 0.039). There was no significant
difference between the two groups regarding patient discomfort scores during colonoscopy (2.3 ± 1.0 vs 2.3 ± 0.8,
P = 0.741). These results are shown in Table 2.
Multivariate analyses revealed that cecal intubation
time was significantly longer in patients aged > 60 years,
with a history of abdominal surgery, and two or three
points in quality of bowel preparation as described in
Table 3.
Multivariate analyses revealed that CFC required a
significantly shorter cecal intubation time than did NCF
in specific patients, including older patients (244 ± 123 s

WJG|www.wjgnet.com

P value

CFC

NCF

P value

234 ± 109
276 ± 173

257 ± 137
257 ± 134

0.053
0.997

249 ± 130
244 ± 123

233 ± 106
330 ± 213

0.784
0.009

246 ± 125
296 ± 170
240 ± 106
218 ± 66

240 ± 118
248 ± 148
351 ± 219
279 ± 189

0.067
0.674
0.012
0.169

255 ± 133
224 ± 96

251 ± 147
302 ± 176

0.861
0.006

CFC: Cap-fitted colonoscopy; NCF: Non-cap-fitted colonoscopy.

vs 330 ± 213 s; P = 0.009), those with history of abdominal surgery (240 ± 106 s vs 351 ± 219 s; P = 0.012), and
those with bowel preparation score 2 or 3 (224 ± 96 s vs
302 ± 176 s; P = 0.006), as shown in Table 4.

DISCUSSION
Colonoscopy is a common endoscopic procedure. It is
widely used for the investigation of lower gastrointestinal
tract disorders and screening for colorectal adenomas[23].
However, failure to reach the cecum occurs in up to 10%
of cases[10,24]. A transparent cap was initially designed for
mucosectomy and was later used during colonoscopy to
enhance colonic polyp detection[22]. CFC is an effective
rescue method for patients who fail to achieve cecal intubation[25]. This benefit is more apparent for inexperienced
colonoscopists[26]. Moreover, it has been shown that such
a device can shorten cecal intubation time among experienced colonoscopists[27]. However, the present study
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Figure 2 Advantage of cap-fitted colonoscopy for observing lateral side.
A: The colonoscopist easily noticed the route of insertion because the transparent cap showed the small dark lumen at the 1 o’clock position through its lateral
wall (black arrows); B: Following the route shown through the lateral wall of the
transparent cap, a wide lumen was found easily.

time in difficult cases, such as in older patients, and those
with a history of abdominal surgery, and poor bowel
preparation. In our study, a single experienced endoscopist performed all procedures; this might be the reason
why there was no difference between the two groups in
cecal intubation time.
A possible explanation for this difference is less air
insufflation during CFC than with NCF. A recent study
revealed that the limited use of low-air insufflation in the
rectum and sigmoid colon shortened the cecal intubation
time and decreased post-procedural abdominal bloating[28]. Low-air insufflation causes less bowel inflation and
produces less angulations of the bowel, thus enhancing
cecal intubation. The use of CFC requires extremely low
air insufflations. Experts in CFC can advance a cap-fitted
colonoscope by pushing and pulling using meticulous lever manipulation without air insufflation, especially in the
rectum and sigmoid colon. Extremely low air insufflation
can be achieved in CFC because the cap prevents the mucosa from touching the lens directly and enables continuous lumen observation (Figure 1)[21]. Another important
CFC characteristic is that the lateral side can be observed
through the transparent wall of the cap (Figure 2)[21]. In
the hepatic and splenic flexures, observing the lateral side
through the transparent wall of the cap can help endoscopists determine the next step of the colonoscopy.
Another advantage of CFC in cecal intubation was
that more adenomas were observed in the CFC group

Figure 1 Advantage of cap-fitted colonoscopy for preventing red-out.
A: Although the precise direction could not be judged, colonoscopy showed a
slight fold (white arrows) without red-out; B: A subtle movement showed a dark
area at the 11 o’clock position (white arrow); C: Following the dark are at the 11
o’clock position enabled the colonoscopist to find the direction of insertion (black
arrows).

showed that there was no significant difference between
CFC and NCF in cecal intubation time, although the average cecal intubation time of CFC was shorter than that
for NCF.
Although there was no significant difference in cecal
intubation time between the two groups, CFC showed a
shorter time than did NCF in several specific situations:
age ≥ 60 years, history of abdominal surgery, and poor
bowel preparation. In previous studies, predictive factors
for incomplete colonoscopy were female sex, older age,
previous gynecologic surgery, and the presence of diverticulosis[9-12]. In addition, female sex and older age are well
known factors responsible for longer cecal intubation
times[13-17]. Consistent with these previous results, CFC
in the current study displayed a shorter cecal intubation
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Background

Colorectal cancer is a major cause of cancer-related mortality and morbidity,
and it is evident that this fatality rate has led to an increase in colonoscopy preventative treatment. Colonoscopy, however, can be a complicated procedure
and requires a skillful endoscopist. The anatomical factors of difficult cecal intubation can usually be categorized into one of two problems: (1) an angulated
and/or narrowed sigmoid colon; and (2) a redundant colon. These anatomical
difficulties are commonly observed in specific cases, such as female patients,
older age, previous gynecological surgery, and the presence of diverticulosis.
Published studies have suggested the use of a narrower instrument shaft or
one with both a narrower shaft and a shorter bending section for use in angulated or narrowed sigmoid colons, and a stiffened shaft with simultaneous
application of abdominal pressure for overcoming the problems associated with
redundant colons.

B
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Research frontiers

Several studies have evaluated the efficacy of a transparent cap-fitted colonoscopy (CFC) compared to that of non-CFC (NCF) and found that there was no
difference in cecal intubation time between CFC and NCF. The one established
advantage of CFC is that it is more sensitive to polyp detection than is NCF.

Innovations and breakthroughs

Figure 3 The opposite, blind side of the folds could be observed with fewer problems during colonoscopy. A: Compressing the tip of a fold straightened the entire fold and improved the view; B: Bending the tip of the endoscope
allowed a front view of the lesion at the blind side of the fold.

The transparent plastic cap is made by Olympus Optical Corp., Tokyo, Japan.
It is 17 mm in outer diameter, with a 2 mm wall thickness and 10 mm in length,
and can be fitted and fixed to the tip of the colonoscope. This can cause less air
insufflation during CFC than with NCF. Low-air insufflation causes less bowel
inflation and produces less angulations of the bowel, thus enhancing cecal
intubation. The present study aimed to evaluate whether CFC could result in
shorter cecal intubation time compared with NCF. Additionally, the study compared the detection rate of colonic adenomas.

during withdrawal compared to those in the NCF group.
Cap usage greatly facilitates the identification of small
adenomas. During insertion and withdrawal of the capfitted colonoscope, the lumen of the colon can always be
seen clearly because the mucosa never directly touches
the lens[21]. The opposite, blind side of the folds can easily be observed and treated with fewer problems in CFC
because they can be straightened to improve the view
(Figure 3)[20], and the lateral side can be observed through
the transparent wall of the cap[21]. Fecal matter may stick
to the inside of the cap in cases of poor bowel preparation, thereby impairing the view. Using the water insufflation button or simple flushing through the biopsy channel can lead to ineffective cap clearing. The cap, however,
was easily cleaned in CFC by pressing the whole circumference of the cap against the mucosal surface and then
flushing the biopsy channel[20]. Moreover, CFC enhanced
cecal intubation compared to that of NCF in cases of
poor bowel preparation (scores of 2 and 3).
In conclusion, CFC has advantages in overcoming the
problems associated with angulated and/or narrowed
sigmoid and redundant colon, thereby resulting in significantly higher performance in cecal intubation time in
difficult cases such as old age, prior abdominal operation,
and poor bowel preparation. Furthermore, CFC displayed a higher sensitivity in detecting colonic adenomas
than did NCF.
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Applications

CFC has advantages in overcoming the problems associated with angulated
and/or narrowed sigmoid and redundant colon, thereby resulting in significantly
higher performance in cecal intubation time in difficult cases, such as elderly
patients, and those with prior abdominal operation, and poor bowel preparation.
Furthermore, CFC displayed a higher sensitivity in detecting colonic adenomas
than did NCF.

Terminology

Transparent CFC: a colonoscopic procedure with a transparent cap at the front
view of the colonoscope.

Peer review

The present study showed that CFC had shorter cecal intubation time in difficult
cases. This is an interesting and good study.
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Abstract

Xie K, Zhu YP, Xu XW, Chen K, Yan JF, Mou YP. Laparoscopic
distal pancreatectomy is as safe and feasible as open procedure:
A meta-analysis. World J Gastroenterol 2012; 18(16): 1959-1967
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i16/1959.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i16.
1959

AIM: To evaluate the feasibility and safety of laparoscopic distal pancreatectomy (LDP) compared with
open distal pancreatectomy (ODP).
METHODS: Meta-analysis was performed using the
databases, including PubMed, the Cochrane Central
Register of Controlled Trials, Web of Science and BIOSIS Previews. Articles should contain quantitative data
of the comparison of LDP and ODP. Each article was
reviewed by two authors. Indices of operative time,
spleen-preserving rate, time to fluid intake, ratio of malignant tumors, postoperative hospital stay, incidence
rate of pancreatic fistula and overall morbidity rate
were analyzed.

INTRODUCTION
With improvement of advanced surgical techniques and
endoscopic instrument, laparoscopic distal pancreatectomy
(LDP) is becoming a primary modality for the treatment
of benign or borderline tumors of distal pancreas[1-3].
Recently, several researches have shown the advantages of LDP of shorter hospital stay and operative time
and less intraoperative blood loss[4-5]. But the efficacy of
LDP compared with open distal pancreatectomy (ODP)
required further assessment, especially the incidence of
pancreatic fistula (PF) which may lead to further com-

RESULTS: Nine articles with 1341 patients who underwent pancreatectomy met the inclusion criteria. LDP
was performed in 501 (37.4%) patients, while ODP was
performed in 840 (62.6%) patients. There were significant differences in the operative time, time to fluid in-
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plications such as an intra-abdominal abscess, sepsis or
lethal bleeding[6]. With a better understanding of the
anatomy and immune function of spleen, especially the
increased risks of overwhelming post splenectomy infection (OPSI) and long-term lung thrombosis[7], laparoscopic spleen preserving distal pancreatectomy (LSPDP)
was performed first by Kimura et al[8] and Warshaw[9].
However, the role of “laparoscopy” in the spleen preservation is still unclear.
All the published studies we retrieved were based on a
small number of patients and no randomized trials were
available. Therefore, we strictly established the inclusion criteria and conducted a comprehensive meta-analysis to evaluate more systematically the feasibility and safety of LDP.

Table 1 Database and search strategy
Database

"laparoscopy" (MeSH terms) or "laparoscopy" (all
fields) or "laparoscopic" (all fields) or (minimally
(all fields) and invasive (all fields) and ("pancreas"
(MeSH terms) or "pancreas" (all fields) or
"pancreatic" (all fields) and "humans" (MeSH
terms) and English (lang) and "1995/1/1" (PDAT):
"2011/06/30" (PDAT)
Web of Science
"pancreas" or "pancreatic" or "pancreatectomy" and
"laparoscopy" or "laparoscopic"
(limited year: 1995-2011)
Cochrane Library "pancreas" or "pancreatic" or "pancreatectomy" and
"laparoscopy" or "laparoscopic"
(limited year: 1995-2011)
BIOSIS Previews
"pancreas" or "pancreatic" or "pancreatectomy"
and "laparoscopy" or "laparoscopic" (limited year:
1995-2011) (related term and limited English and
human and year: 1995-2011)

MATERIALS AND METHODS
Search strategy
We searched databases of PubMed, The Cochrane Central Register of Controlled Trials, Web of Science and
BIOSIS Previews for the literatures comparing LDP and
ODP published between January 1995 and June 2011.
The language of the publications was confined to English. Two investigators reviewed the titles and abstracts,
and assessed the full text to establish the eligibility. The
search strategies were as follows (Table 1).

PDAT: Pulication date; MeSH: Medical subject headings.

Statistical analysis
This meta-analysis was performed according to the
Meta-analysis of Observational Studies in Epidemiology (MOOSE) and the Quality of Reporting of Metaanalyses (QUORUM) as a guideline[10,11]. Weighted mean
differences (WMD) were used for continuous variables,
and relative risk for dichotomous variables. P values < 0.05
indicated statistically significant difference between the
two groups. When heterogeneity test showed no significant differences (P > 0.05), we used fixed effects model
to calculate the summary statistics. When the heterogeneity test showed statistically significant differences (P <
0.05), we used random effects model based on DerSimonian and Laird method. If the heterogeneity was high or
extracted data were less than three sets, we performed
descriptive analysis. The potential publication bias was
determined by the Begg’s test and funnel plots based on
the dichotomous variables. All data were analyzed using
Stata SE11.0 software.

Inclusion criteria
All clinical studies should meet the following criteria
for the meta-analysis: (1) published in English with data
comparing ODP and LDP; (2) with clear case selection
criteria, containing at least the following information: the
number of cases, surgical methods and perioperative data;
(3) continuous variables (e.g., operative time and hospital
stay) expressed in mean ± SD. Dichotomous variables (e.g.,
incidence of PF and number of death) such as odds ratio
(OR) and 95% confidence interval (CI); and (4) if there
was overlap between authors, centers, or patient cohorts,
the higher quality or recent literatures were selected.
Exclusion criteria
The papers containing any of the followings were excluded: (1) intra-operative conversion of LDP to an open
laparotomy, which was classified into the laparoscopic
group; (2) single surgical procedure; and (3) laparoscopyassisted DP or hand-assisted LDP.

RESULTS
We retrieved 1663 papers in English. After the titles and
abstracts were reviewed, papers without comparison of
LDP and ODP were excluded. As a result, a total of 20
studies[12-31] were collected, of which 11 studies were excluded because of intraoperative conversion and using
“assisted” approach. However, we preserved them for the
analysis as “conversion to open”. Finally, 9 studies[23-31]
were included and extracted for detailed data. A flow
chart of search strategies is illustrated in Figure 1.
Totally, 1341 patients (sample sizes ranging from 44 to
310) entered into this meta-analysis, including 501 (37.4%)
cases of LDP and 840 (62.6%) cases of ODP. The detailed study design and surgical techniques in 10 trials are
summarized in Table 2.

Data extraction and quality assessment
Two authors independently extracted the data using a
unified datasheet, and decided the controversial issues
through discussion. Extracted data included: first author,
study period, the number of cases, operative time, spleen
preservation, hospital stay, cases of malignant tumors,
incidence of post-operative complications, and PF. Selected documents were rated according to the Grading of
the Centre of Evidence-Based Medicine (Oxford, United
Kingdom; www.cebm.net).
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data showed that time to fluid intake was shorter in
LDP than in ODP [random effects model, WMD -0.948
(-1.863, 0.032), P = 0.042] (Figure 2B). Another three
studies[23,26,28] reported the postoperative hospital stay.
The pooled data showed that postoperative hospital stay
was significantly shorter in LDP than in ODP [random
effects model, WMD -2.713 (-3.799, 1.628), P = 0.00]
(Figure 3B).
The proportion of malignant tumors reported by four
articles[24,26,28,31] was 20% (36/180) in LDP and 20.1% (54/269)
in ODP, and most of them were adenocarcinomas. The proportion of malignant tumors in LDP was not significantly
different as compared with ODP [fixed effects model,
RR 1.036 (0.708, 1.516), P = 0.000, I2 = 0%] (Figure 3C).
There was no difference in patient selection between the
two groups.
All studies illustrated the criteria for PF. Seven articles
followed the criteria by International Study Group for Pancreatic Fistula (ISGPF): any measurable volume of fluid on
or after postoperative day 3 with an amylase level > 3 times
that of normal serum amylase level. Eom et al[28] used the
following PF criteria: drainage exceeding 30 mL with an
amylase level > 600 U/dL on or after postoperative week
1. Kim et al[30] chose the PF criteria: a level of drain amylase
five times greater than the serum level and drainage of
more than 30 mL 5 d or longer after the operation.
One study was excluded[31] due to no available data, 8
studies reported 50 (12.5%) PF cases in 401 LDP (12.5%)
and 99 (13.4%) PF cases in ODP. The pooled data showed
no significant difference between the two groups [random
effects model, RR 0.996 (0.663, 1.494), P = 0.983, I2 =
28.4%] (Figure 2C) and no publication bias was found by
Begg’s test (Figure 4). Similarly, there was no significant
difference in the overall morbidity between LDP and ODP
[random effects model, RR 0.81 (0.596, 1.101), P = 0.178,
I2 = 55.6%] (Figure 5), although there was moderate heterogeneity.

Initial literature search
(n = 1663)

Abstracts excluded because of not
LDP vs ODP studies (n = 1643)

Articles retrieved for full
text evaluation (n = 20)

Articles excluded because of failure to meet
inclusion criteria (n = 11)

Articles suitable for
meta analysis (n = 9)

Figure 1 A flow chart of search strategies. The initial search strategy retrieved 1663 papers in English. Finally 9 studies were included and extracted
for detailed data. LDP: Laparoscopic distal pancreatectomy; ODP: Open distal
pancreatectomy.

Intraoperative effects
The operative time was reported in four articles[23,24,26,28].
Meta-analysis of the pooled data showed that the operative time of ODP was significantly shorter than LDP
[random effects model, WMD 44.947 (13.857, 76.037), P
= 0.005] (Figure 2A).
In the included articles, five studies[23,25,27,29,30] covered
the spleen-preserving DP, 95 cases (29.6%) of LSPDP
were conducted among 321 cases of LDP as compared
with 76 cases (13.3%) of SPDP among 571 cases of ODP.
The pooled data showed that the spleen-preserving rate
in LDP was significantly higher than in ODP [random
effects model, RR 2.380 (1.177, 4.812), P = 0.016, I2 =
73.2%], (Figure 3A). Although there was moderate heterogeneity, spleen-preservation occurred more often in LDP.
Most authors tended to use the “Kimura method”, and
“Warshaw method” was used in a few LDPs and in cases
with severe adhesion or vessels involved in tumors. Technical details of spleen-preservation are listed in Table 3.
Among 714 cases of LDP, 100 cases (14.0%) converted
to open surgery and 6 cases converted to the hand-assisted
approach as shown in 20 articles[12-31] because of severe
bleeding, abdominal adhesions, large tumor, organ injury,
and difficult anatomy.
The techniques of pancreatic stump closure in the
included studies are summarized in Table 4. Because the
pooled data was derived from 9 institutions, no single
technique was used for both procedures, but similar principles were applied. In LDP, the gland was divided by
staplers and in ODP, stapler or scalpel + suture was used.
In some cases, bio-sealant was attached to the stump reported by Baker, DiNorcia, Kim and Aly[23,24,27,30].

DISCUSSION
Since Cuschieri and Gagner[32,33] documented the earliest
attempts at LDP in humans, there have been an increasing number of reports indicating the advantages of LDP
of minimal trauma, rapid recovery, and shorter hospital
stay. But due to the high postoperative morbidity and a
high level of laparoscopic technical requirements and
extensive experiences in open pancreatic surgery, the
progression of LDP was considerably restricted. In particular, the randomized clinical trials (RCT), which are the
ideal objects of meta-analysis, have been extremely difficult to achieve. The published articles comparing LDP
and ODP were all retrospective studies with common defects such as long-term research, small number of cases
and incomplete data. With the development of surgical
technology, potential bias and inappropriate results could
be produced from the recent literature analyzed with the
earlier clinical data. Furthermore, due to a relatively low
incidence of left pancreas diseases, there are few LDP

Postoperative outcome
Three studies[23,26,30] contained information about time to
post-operative fluid intake. Meta-analysis of the pooled
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Table 2 Characteristics of the literatures
Ref.

Study
year

Nation

Case
number

Study
type

LDP ODP

Pancreatic
transection

Spleen
persevation

LDP

ODP

Aly et al[23]

1998-2009 Japan

40

35

Retro

Stapler

13

Baker et al[24]

2003-2008 USA

27

85

Pros

Butturini et al[25]

1999-2006 Italy

43

73

Retro

Stapler/
scalpel +
micro sealer
device
Stapler

Stapler/
scalpel +
suture
Scalpel +
suture

19

Casadei et al[26]

2000-2010 Italy

22

22

Stapler

DiNorcia et al[27]

1991-2009 USA

71

192

Case
control
Retro

Scalpel +
suture
Stapler

11

Eom et al[28]

1995-2006 Korea

31

62

Retro

Stapler

Jayaraman et al[29] 2003-2009 USA

74

236

Retro

Kim et al[30]

Korea

93

35

Retro

Stapler/
scalpel +
suture
Stapler

2004-2009 USA

100

100

Retro

Stapler

Stapler/
Scalpel +
suture
Scalpel +
suture
Stapler/
scalpel +
suture
Stapler/
Scalpel +
suture
NA

NA

Vijan et al[31]

Stapler

LDP ODP

Total
morbidity

PF

Mortality
%

Level of
evidence

LDP

ODP

8

11

5

6

0

0

4

10

30

6

12

0

0

2b

21

33

12

10

0

0

2b

6

6

2

4

0

0

2b

30

20

84

8

27

0

2

4

13

NA

11

15

3

4

0

0

4

14

33

11

94

6

31

NA

4

38

2

23

11

8

5

NA

4

25

NA

34

29

17

17

3

NA

8
NA

LDP ODP LDP ODP

3

1

4

Retro: Retrospective observational study; Pros: Prospective observational study; LDP: Laparoscopic distal pancreatectomy; ODP: Open distal
pancreatectomy; PF: Pancreatic fistula; NA: Not available.

A

Study
ID
[23]

Aly et al
[26]
Casadei et al
[24]
Baker et al
[28]
Eom et al
2
Overall (I = 79.5%, P = 0.002)
-142

B

0

[23]

Aly et al
[30]
Kim et al
[26]
Casadei et al
2
Overall (I = 78.1%, P = 0.010)

C

% Weight

90.00 (37.53, 142.47)
80.00 (39.724, 120.28)
17.20 (4.78, 29.62)
22.20 (-2.50, 46.90)
44.95 (13.86 76.04)

17.37
21.80
32.59
28.25
100.00

WMD (95% CI)

% Weight

1.00 (-0.81, 2.81)
-1.70 (-2.29, -1.11)
-1.00 (-1.44, -0.56)
-0.95 (-1.86, -0.03)

16.65
40.09
43.26
100.00

142

Study
ID

-2.51

WMD (95% CI)

0

2.51

Study
ID

RR (95% CI)
[23]

Aly et al
[24]
Baker et al
[25]
Butturini et al
[27]
DiNorcia et al
[28]
Eom et al
[29]
Jayaraman et al
[30]
Kim et al
[26]
Casadei et al
2
Overall (I = 28.4%, P = 0.202)

0.73 (0.24, 2.18)
1.57 (0.65, 3.79)
2.32 (1.09, 4.92)
0.80 (0.38, 1.68)
1.50 (0.36, 6.29)
0.61 (0.27, 1.41)
0.60 (0.21, 1.72)
0.50 (0.10, 2.45)
1.00 (0.66, 1.49)
0.102

1

% Weight
10.51
14.48
17.65
18.04
6.81
15.53
11.27
5.69
100.00

9.82

Figure 2 Meta-analysis of the pooled data. A: operative time was significant ly shorter in open distal pancreatectomy (ODP) than in laparoscopic distal pancreatectomy (LDP) [random effects model, WMD 44.947 (13.857, 76.037), P = 0.005]; B: Time for fluid intake was shorter in LDP than in ODP [random effects model, WMD
-0.948 (-1.863, 0.032), P = 0.042]; C: Pancreatic fistula occurrence has no significant difference between LDP and ODP [random effects model, RR 0.996 (0.663, 1.494),
P = 0.983, I2 = 28.4%]. Weights are from random effects analysis. CI: Confidence interval; RR: Risk ratio; WMD: Weighted mean differences.
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A

Study
ID

RR (95% CI)
[23]

Aly et al
[25]
Butturini et al
[27]
DiNorcia et al
[29]
Jayaraman et al
[30]
Kim et al
2
Overall (I = 73.2%, P = 0.005)
0.0356

B

1

16.12
22.07
23.51
24.44
13.86
100.00

WMD (95% CI)

% Weight

-5.00 (-11.57, 1.57)
-2.00 (-3.86, -0.14)
-3.00 (-4.37, -1.63)
-2.71 (-3.80, -1.63)

2.73
34.14
63.13
100.00

28.1

Study
ID
[23]

Aly et al
[28]
Eom et al
[26]
Casadei et al
2
Overall (I = 0.0%, P = 0.549)
-11.6

C

% Weight

3.79 (1.18, 12.22)
4.03 (1.93, 8.41)
0.99 (0.53, 1.87)
1.35 (0.77, 2.39)
7.15 (1.82, 28.08)
2.38 (1.18, 4.81)

1

11.6

Study
ID

RR (95% CI)
[28]

Eom et al
[31]
Vijan et al
[26]
Casadei et al
[24]
Baker et al
2
Overall (I = 0.0%, P = 0.963)

1.50
1.00
1.00
1.01
1.04
0.154

  1

% Weight

(0.36, 6.29)
(0.60, 1.66)
(0.15, 6.48)
(0.52, 1.96)
(0.71, 1.52)

6.71
57.9
5.04
30.35
100.00

6.84

Figure 3 The pooled data. A: The spleen-preserving rate of laparoscopic distal pancreatectomy (LDP) was significantly higher than open distal pancreatectomy (ODP)
[random effects model, RR 2.380 (1.177, 4.812), P = 0.016, I2 = 73.2%]; B: Postoperative hospital stay was significantly shorter in LDP than in ODP [random effects
model, WMD -2.713 (-3.799, 1.628), P = 0.00]; C: The proportion of malignant tumors showed no significant difference between LDP and ODP [fixed effects model,
RR 1.036 (0.708, 1.516), P = 0.000, I2 = 0%]. Weights are from random effects analysis. CI: Confidence interval; RR: Risk ratio; WMD: Weighted mean differences.

Table 3 Technical details of spleen-preservation
Ref.

Spleen preserving %

Aly et al[23]

LDP

ODP

32.5

8.6

Baker et al[24]

NA

Butturini et al[25]

44.2

11.0

Casadei et al[26]
DiNorcia et al[27]

NA
15.5

15.6

Eom et al[28]
Jayaraman et al[29]
Kim et al[30]

41.9
18.9
40.9

NA
14.0
5.70

25

NA

Vijan et al[31]

Technical details
Both procedures, spleen vessel ligation were performed, leaving the short gastric vessels to supply the spleen
(Warshaw)
In ODP, the benign and premalignant pathology, the spleen was routinely saved by means of the splenic vein
and artery preserved
In LDP, splenic salvage by means of Warshaw: ligating the splenic artery and vein but preserve the short
gastric vessel
Both procedures, exposing the splenic vein up to the splenic hilum; the distal pancreas was detached from the
splenic artery in the opposite direction by tractioning the parenchyma
Mobilization of the distal pancreas from retroperitoneum and splenic vessels
For spleen preserving distal pancreatectomy, an attempt to spare the splenic artery and vein was made in all
patients
For spleen preserving distal pancreatectomy, both the splenic artery and vein were preserved
When splenic preservation was performed, the splenic vein and artery were isolated
In spleen preserving distal pancreatectomy, both the splenic artery and vein were preserved. In one case, the
splenic artery was ligated with preservation of splenic vein. In the other case, both the splenic artery and vein
were ligated, with preservation of short gastric vessels (Warshaw)
If splenic preservation is indicated, the pancreas is dissected off the splenic vessels

LDP: Laparoscopic distal pancreatectomy; ODP: Open distal pancreatectomy; NA: Not available.

studies with large sample sizes. Therefore, with strictly
defined inclusion and exclusion criteria, we performed
a comprehensive analysis to assess the current status of
LDP vs ODP.
The proportions of malignant tumors were 20% in
both LDP and ODP, which showed no difference in the

WJG|www.wjgnet.com

patient selection between the two groups. DP was most
frequently used in the treatment of benign or borderline
tumors, which was in agreement with previous studies[34,35] using either “laparoscopy” or “open”.
The most important indicators to represent the operative effect were shorter operative time, time to fluid
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Table 4 Technique of pancreatic stump closure
Ref.

Technique description

Aly et al[23]

LDP
ODP

Baker et al[24]

LDP
ODP

Butturini et al[25]

LDP
ODP

Casadei et al[26]

LDP
ODP
LDP
ODP
LDP
ODP

DiNorcia et al[27]
Eom et al[28]

Jayaraman et al[29] LDP
ODP
Kim et al[30]
LDP
ODP
Vijan et al[31]

LDP
ODP

The pancreatic parenchyma was transected using a laparoscopic linear stapler
The pancreatic parenchyma was transected using a scalpel, and the main pancreatic duct was ligated using nonabsorbable
sutures. The pancreatic stump was closed with fish-mouth sutures. A linear stapler was used to transect the pancreatic
parenchyma
The gland was divided by one of 3 mechanisms: vascular stapler, harmonic scalpel, or harmonic scalpel following ablation at
the pancreatic resection margin with the Habib 4*3 microsealer device
Directly ligate the pancreatic duct when visible with a monofilament absorbable suture. The neck of the gland was oversewn
with nonabsorbable monofilament suture
The pancreatic body was transected by a linear endostapler
Pancreatic parenchyma was sharply transected. The main pancreatic duct was closed with nonabsorbable sutures
(polypropylene 4/0). Subsequently the pancreatic stump was oversewn with interrupted mattress nonabsorbable sutures or
closed using a linear stapler
The pancreas was divided at the neck using an endo-GIA instrument
The pancreas was divided using GIA 55
Sutures, staples, sutures and staples combined, or staples with bioabsorbable staple-line reinforcement
The pancreas was transected using the 48- or 35-mm vascular endoscopic linear stapler
The pancreatic parenchyma was divided using a blade and electrocautery. The main pancreatic duct was ligated with
nonabsorbable sutures, and the transected pancreas was occluded with interlocking interrupted mattress sutures of 4-0 black
silk and reinforced with 4-0 polypropylene
The pancreas was stapled using a vascular stapler with or without a Seamguard attachment
Ligate pancreas with staples, or via suture ligation, or a combination of techniques
For pancreatic transaction, straight endoscopic linear staplers of various sizes (staple height, 3.5-4.2 mm) were used according
to the thickness or hardness of the pancreas. Four or five small titanium clips were applied along the stapling line
The pancreatic stump underwent main duct ligation, multiple suture ligation of the branch duct exposed at the resection
margin, and reinforcement of the mattress suture to the pancreas stump
The pancreatic parenchyma is divided with the harmonic scalpel (preferred) or with an Endo GIA stapler
NA

LDP: Laparoscopic distal pancreatectomy; ODP: Open distal pancreatectomy; NA: Not available; GIA: Gastrointestinal incision anastomose.

study because of different numeric types. The results of
the included articles showed that blood loss was less in
LDP than in ODP, which were similar with other literatures[18,19]. In addition, conversion rate of LDP from the
pooled data showed a low level of 14% in 714 LDPs because of severe bleeding and abdominal adhesion[14].
The rate of spleen-preservation ranged from 15.5% to
44.2% in LDP and from 5.7% to 15.6% in ODP as shown
in Table 3. Kimura method was more frequently used as
compared with Warshaw method used when intraoperative bleeding, adhesion, and blood vessels embedded by
the tumors occurred. Effects of the two surgical methods
have long been a concern. Rodriguez et al[36] retrospectively reported Kimura method used in 185 cases compared
with Warshaw method in 74 cases of LDP from 1994 to
2004; the two groups had no statistically significant difference in occurrence of ascites (9% vs 8%), intra-abdominal
abscess (14% vs 8%), pancreatic leakage (33% vs 36%) and
incision complications (10% vs 8%). Although Warshaw
method was proved to be sufficiently safe[37,38], due to individual differences of the short gastric vessels, spleen relied
entirely on the short gastric blood vessels which inevitably
brought some uncertainties. In the event of severe splenic
infarction, reoperation was often required. So spleenpreservation by Kimura method was widely accepted in
LDP, but under some special conditions, such as bleeding,
adherent tumor and difficult anatomy, Warshaw method
could elevate the spleen-preserving rate. In this meta-

Begg's funnel plot with 95% confidence limits
2
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1
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-1

-2
0

0.2

0.4
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0.8

Figure 4 Begg’s test showing no publication bias of pancreatic fistula occurrence.

intake and hospital stay, and less blood loss, low conversion rate and high spleen-preservating rate. These indicators have demonstrated the safety and feasibility of the
laparoscopic procedures. In this meta-analysis, the operative time of LDP was longer than ODP (WMD 44.947,
P = 0.005), but a recent research showed that operative
time is becoming shorter with the improved expertise
of surgeons[17]. And the time to fluid intake and postoperative hospital stay were also shorter in LDP than in
ODP (WMD -0.948, P = 0.042) and (WMD -2.713, P
= 0.00). Blood loss estimate was not conducted in this
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Study
ID
[23]

Aly et al
[24]
Baker et al
[25]
Butturini et al
[27]
DiNorcia et al
[28]
Eom et al
[29]
Jayaraman et al
[30]
Kim et al
[26]
Casadei et al
2
Overall (I = 55.6%, P = 0.027)
0.212

1

RR (95% CI)

% Weight

0.64 (0.29, 1.40)
1.05 (0.59, 1.86)
1.08 (0.73, 1.61)
0.64 (0.43, 0.96)
1.47 (0.77, 2.80)
0.37 (0.21, 0.66)
0.79 (0.43, 1.44)
1.00 (0.38, 2.62)
0.81 (0.60, 1.10)

9.21
13.03
16.97
16.78
11.52
13.08
12.34
7.08
100.00

4.73

Figure 5 There was no significant difference in overall morbidity between laparoscopic distal pancreatectomy and open distal pancreatectomy [random
effects model, risk ratio 0.81 (0.596, 1.101), P = 0.178, I2 = 55.6%] and there was moderate heterogeneity. Weights are from random effects analysis. CI: Confidence interval; RR: Risk ratio.

analysis, five articles described the spleen-preserving DP,
the pooled data showed that the spleen-preserving rate of
LDP was significantly higher than that of ODP (RR 2.380,
P = 0.016, I2 = 73.2%). Although there was moderate
heterogeneity, spleen-preservation occurred more often in
LDP. The reasons for the high spleen-preserving rate in
LDP may be as follows: (1) surgeons in different stages of
learning curve may achieve different clinical outcomes. In
the early period, because of the immature LDP technique,
especially laparoscopic vascular treatment, fewer cases
of LSPVP were performed; and (2) many cases of ODP
without spleen-preservation were included in each study,
leading to a low spleen-preservation rate of ODP.
PF was the most important complications after DP
which resulted in serious consequences such as extended
hospital stay, poor quality of life, even intra-abdominal
bleeding, and infection. Although at some high-volume
centers, PF after DP has declined over the past decade,
the incidence of PF still kept from 5% to 30%[39-41]. In
this study, a large variation in the PF rate was recorded,
ranging from 8.1% to 27.9% in LDP and 6.5% to 18.2%
in ODP. The major reason for the variability may be lacking uniform criteria for PF. The diagnostic criteria of PF
were generally based on clinical signs and laboratory indicators, including the occurrence time, the daily amount
of leakage, leakage amylase, the duration, etc. The ISGPF
criterion[42] was most frequently used, but it failed to
explain whether the drainage amount was related to the
diagnosis of PF. Because of the lack of different quantitative indicators, other criteria were also questioned[43,44].
The original disease, pancreatic transection, pancreas
texture, blood supply, and stump closure are factors affecting the incidence of PF. Recently, body mass index >
25 kg/m2 was also reported contributing to the increased
incidence of PF after DP[45]. However, the treatment of
pancreatic stump is a unique controllable factor for preventing PF. In order to reduce the incidence of PF, a variety of stump closure techniques were applied or used in
combination, but the coexistence of methods may reflect
the lacking of a widely accepted and effective method.
In this study, stapler was used in LDP while both stapler/scalpel + suture were used in ODP. The surgeons
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could choose different staplers according to the pancreatic texture and size in LDP. And in some groups, small
titanium clips were applied along the stapling line[30] and
fibrin glue was splashed over the pancreatic stump in an
attempt to prevent PF and postoperative bleeding[23,24,27,30].
Subset analysis could not be accomplished as no detailed
data was available. A published meta-review analyzed
16 articles with 2286 patients who underwent DP and
compared the preventive effect for PF between 671 cases
with stapler closure and 1615 cases with suture closure.
The results showed no significant differences between
suture and stapler closure of the pancreatic remnant with
respect to the PF or intra-abdominal abscess[46]. Likewise,
the pooled data of this study showed no significant difference both in the incidence of PF (RR 0.996, P = 0.983)
and overall morbidity between LDP and ODP (RR 0.81,
P = 0.178).
The authentication strength of this study may be affected by the following factors: (1) publication bias: some
gray literatures which contained negative results were
difficult to obtain because most authors tended to show
positive results; (2) grouping bias: notwithstanding the
literatures dealing with significantly different diseases
and surgical methods have been excluded in this study, in
practice, patients should be grouped inevitably according
to the disease condition and surgeons’ choices; and (3)
observation bias: due to the varied measurement methods
used by different authors, significantly different results
were almost inevitable in the non-RCT or non-blind RCT
studies.
In summary, LDP has shown the advantages of intraoperative effects, rapid recovery and spleen-preservation
for benign and borderline tumors. But the superiority has
not been displayed in preventing the overall morbidity
and occurrence of PF. Thus, the RCT studies with a large
sample size should be conducted and new surgical techniques should be introduced in future studies.
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A prospective randomized trial of transnasal ileus tube vs
nasogastric tube for adhesive small bowel obstruction
Xiao-Li Chen, Feng Ji, Qi Lin, Yi-Peng Chen, Jian-Jiang Lin, Feng Ye, Ji-Ren Yu, Yi-Jun Wu
RESULTS: Compared with the NGT group, the ileus
tube group experienced significantly shorter time for
relief of clinical symptoms and improvement in the
findings of abdominal radiograph (4.1 ± 2.3 d vs 8.5
± 5.0 d) and laboratory tests (P < 0.01). The overall
effectiveness rate was up to 89.6% in the ileus tube
group and 46.7% in the NGT group (P < 0.01). And
10.4% of the patients in the ileus tube group and
53.3% of the NGT group underwent surgery. For recurrent adhesive bowel obstruction, ileus tube was
also significantly more effective than NGT (95.8% vs
31.6%). In the ileus tube group, the drainage output
on the first day and the length of hospital stay were
significantly different depending on the treatment
success or failure (P < 0.05). The abdominal radiographic improvement was correlated with whether or
not the patient underwent surgery.
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CONCLUSION: Ileus tube can be used for adhesive
small bowel obstruction. Endoscopic placement of the
ileus tube is convenient and worthy to be promoted
despite the potential risks.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To study the therapeutic efficacy of a new transnasal ileus tube advanced endoscopically for adhesive
small bowel obstruction.

Peer reviewers: Dr. Giuseppe Chiarioni, Azienda Ospedaliera di
Verona, Division of Gastrointestinal Rehabilitation, Ospedale di
Valeggio s/M, 37067 Valeggio, Italy; Mauro Bortolotti, Professor,
University of Bologna, Internal Medicine and Gastroenterology,
Via Massarenti 48, 40138 Bologna, Italy

METHODS: A total of 186 patients with adhesive small
bowel obstruction treated from September 2007 to February 2011 were enrolled into this prospective randomized controlled study. The endoscopically advanced new
ileus tube was used for gastrointestinal decompression
in 96 patients and ordinary nasogastric tube (NGT) was
used in 90 patients. The therapeutic efficacy was compared between the two groups.
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from all the patients before enrollment. This trial con
formed to the provisions of the World Medical Associa
tion Declaration of Helsinki. Ileus tube was used in 96
patients (56 men and 40 women) for gastrointestinal de
compression; their ages ranged from 21 to 86 years (mean,
58 years). Among the 96 patients, 25 had a history of
prior adhesion, and 89 patients received prior abdominal
surgery. Ninety patients (56 men and 34 women) treated
with NGT served as the control group; their ages ranged
from 19 to 86 years (mean, 54 years). Among the 90
patients, 38 had a history of prior adhesion, and 86 had a
history of abdominal surgery.

INTRODUCTION
Gastrointestinal decompression is the most effective app
roach to treat the patients with acute bowel obstruction
without any indications of strangulation[1,2]. The traditional
nasogastric tube (NGT) is not long enough for suctioning
the distal intestine and its decompression efficacy is rela
tively low. Since the 1930s, the concept of nasointestinal
decompression and use of nasointestinal tubes have been
developed and applied in clinical practice. Some stud
ies have verified the efficacy of long nasointestinal tubes
in treating adhesive small bowel obstructions (SBO)[3-7].
However, a prospective randomized trial demonstrated
no significant differences with regard to the decompres
sion achieved, the success of non-surgical treatment, or
the morbidity rate after surgical intervention as compared
with the use of short NGT[8]. In 2003, a new hydrophilic
silicon triple-lumen ileus tube was first introduced and
used in Japan for nasointestinal decompression. It could
be advanced through the gastroscope in shorter time
with a higher tolerance[9]. Up till now, there has been no
randomized controlled study about the efficacy of the
ileus tube. This randomized controlled trial attempted
to investigate and compare the decompression efficacy
between the new ileus tube and the traditional NGT for
patients with adhesive SBO.

Patient preparation
On admission, all patients underwent abdominal plain
film radiography and CT scanning to confirm acute
bowel obstruction. Patients requiring emergency surgery
were excluded. Performed by the same technicians, the il
eus tube was advanced endoscopically and the traditional
NGT was inserted for gastrointestinal decompression
at a similar negative pressure level for constant suction.
For all patients, routine laboratory blood tests were per
formed, and C-reactive protein (CRP) level and erythro
cyte sedimentation rate (ESR) were determined.
Instrument and procedures
The CLINY Ileus Tube suite (Create Medic, Tokyo, Ja
pan) and the ordinary NGT (Terumo Medic, Hangzhou,
China) were used. The ileus tube is 300 cm in length and
16 Fr with three channels (suction channel, injection
channel and balloon channel) and two balloons (anterior
balloon and posterior balloon). Beside the tip hole, there
are side holes in the distal end of the tube. Compared
with other long tubes, this tube has weighted tip which
consists of several metal balls for easier advancing. The
posterior balloon is intended for contrast radiography.
Water and contrast medium can be injected into the tube
for lavage and imaging. Under some instances, the tube
can directly remove the obstruction by its weighted tip.
The guidewire is 350 cm long and 1.24 mm in diameter.
The NGT is 110 cm in length and 16 Fr. All patients re
ceived gastrointestinal decompression within 12 h after
admission. In the ileus tube group, the tube was pre-set
through the nasal cavity to the stomach. The guidewire
was inserted into the main channel to the tips. After
endoscopic suction of stomach contents, the wire was
moved into the descending duodenum by forceps, and
the tube was inserted into the duodenum while the wire
was kept fixed (Figure 1). Then the anterior balloon was
inflated with 20 mL distilled water. The gastroscope was
withdrawn after the long tube was fixed to the cheek. The
tube was propelled by bowel peristalsis and its weighted
tip, and the outside terminal of the tube was connected
to a spontaneous negative pressure bag. Intermittent la
vage (twice a day) through the long tube was performed
from the second day after intubation, and the length of
the advanced tube was carefully measured. In the control
group, the NGT was inserted from nose to stomach to

MATERIALS AND METHODS
Patients
Approved by the hospital’s ethics committee, a total of
186 patients with acute adhesive SBO who were admitted
to the Gastroenterology and Colorectal Surgery wards of
the First Affiliated Hospital, College of Medicine, Zhe
jiang University and its Ningbo Branch Hospital from
September 2007 to February 2011 were enrolled into
this study. The entry criteria were as follows: (1) clinical
symptoms and physical signs arising from acute bowel
obstruction; (2) a diagnosis of adhesive SBO based
on abdominal plain films and computed tomography
(CT) scans confirmed by at least two attending radiolo
gists; and (3) admission to the hospital within 12 h after
bowel obstruction onset. All patients who presented
with symptoms of fever, vomiting or hematemesis, he
matochezia, severe or sudden abdominal pain, and the
signs of tachycardia, leukocytosis, abdominal tenderness,
peritoneal irritation, asymmetric abdominal distension
or isolated swelling bowel loops and even shock, should
be suspected of strangulation obstruction, which needed
immediate operation. Besides, patients who had contrain
dications for endoscopy, or with postoperative adynamic
obstruction or malignancy, or who had been treated in
other hospitals before admission were excluded. Patients
were randomized into two groups by the sealed envelope
method: the ileus tube group and the NGT group; an
opaque box containing an equal number of envelopes
that indicated either ileus tube or NGT, was used for
randomization. Written informed consents were obtained
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presented no improvement 72 h after decompression,
or even progressed into strangulation, surgery is recom
mended[4]. In the NGT group, if a fairly prompt response
occurs within 48 h, especially within the first 8-12 h after
nasogastric decompression and resuscitation, the obstruc
tion will probably be resolved without surgery[10,11]. Sur
gery was recommended if patients showed no response
72 h after non-surgical treatment, which was defined as
treatment failure[12], otherwise, conservative treatment
was continued.

A

Sample size calculation
Determination of the sample size was based on the
previous studies[4,9]. The effectiveness rate was 51% in
the short tube decompression while 85.7% in the long
nasointestinal tube. If the effectiveness rate of the NGT
and the ileus tube was defined as 50% and 80%, respec
tively, a study with 48 patients per group would have a
90% power to detect a difference at a two-sided signifi
cance level of 0.05. We extended our sample size to ac
count for potential dropouts

B

Statistical analysis
Statistical analysis was performed using SPSS software
version 16.0 (SPSS Inc, Chicago). Results were expressed
as mean ± SD. The χ 2 test was used to identify differ
ences in the effectiveness rate between the two groups.
The Student’s t test was used for unpaired data to de
termine differences in means between the two groups.
Odds ratios (ORs) were determined by logistic regression
analysis. Two-tailed P value of < 0.05 was considered sta
tistically significant.

Figure 1 Endoscopic placement of ileus tube. A: An ileus tube is passed
through the pylorus under gastroscopy in a patient with postoperative adhesive
small bowel obstruction; B: An ileus tube led by a guidewire is endoscopically
advanced into the efferent loop in a patient who had distal partial gastrectomy.

a depth of 45-55 cm. All patients were supported with
total parenteral nutrition and received nothing by mouth.
Emergency surgery was performed when the patient
was suspected to have developed bowel ischemia. The
potential risks for endoscopic placement of the ileus
tube were throat injury, upper gastrointestinal perforation
and bleeding, aspiration pneumonia and cardiovascular
events.

Study limitations
This study was designed as a randomized controlled trial
(RCT), but it was not double-blinded. No standard cri
teria are available for the treatment success by this long
tube in the literature. The two kinds of tubes were placed
by different methods, while the patients in ileus tube
group suffered more during intubation.

Outcome measurement
We compared the clinical and laboratory variables be
fore intubation, including age, sex, type of prior surgery,
symptoms and physical signs, and laboratory indexes on
admission between the two groups. Physical examination
(every 2 h), laboratory test (once a day) and abdominal
imaging (days 2-7) were conducted frequently after intu
bation. The clinical and laboratory findings included: the
time for relief of abdominal symptoms; time for abdomi
nal radiographic improvement and recovery of white
blood cell (WBC) counts, CRP level and ESR; drainage
volume on the first day; surgery rate, the overall efficacy
and the different therapeutic responses to the two kinds
of tubes. The therapeutic effectiveness in the ileus tube
group was defined as clinical or radiological improve
ment, relief of abdominal symptoms, decreased drainage
volume, disappearance of air-fluid levels or reduced gas
and fluid in bowel loops. Oral feeding was then adminis
tered gradually and the tube was removed. If the patient
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RESULTS
Patient clinical characteristics
Of the 186 patients, 96 were treated with ileus tube, and
90 were randomized into NGT group. There was no sig
nificant difference between the two groups with regard to
clinical characteristics and laboratory variables documented
on admission, including age, sex, abdominal symptoms,
and laboratory indexes such as WBC counts, CRP, and
ESR (P > 0.05). The type of prior surgery and obstruction
also did not differ significantly (P > 0.05). In this study,
the ileus tube or NGT was successfully placed in all the
patients, without any obvious complications. Patient char
acteristics of the two groups are shown in Table 1.
Therapeutic efficacies
The time for improvement in abdominal symptoms, ra
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Table 1 Clinical characteristics, difference decompression responses and therapeutic efficacies of ileus tube group and nasogastric
tube group
Clinical characteristics

Ileus tube group
(n = 96)

Mean age (yr)
58
Male/female
56/40
Past laparotomies (n)
89
Surgery type
Colorectal surgery
35
Small-bowel resection
15
Gastroduodenal surgery
8
Appendectomy
8
Gallbladder and pancreas surgery
4
Splenectomy
3
Bladder or kidney surgery
2
Gynecologic surgery
14
Symptoms on admission (n)
Abdominal pain
85
Distention
93
Nausea or vomiting
58
Disappearance of flatus and defecation
84
Laboratory data before intubation (n)
Elevated WBC count
70
Elevated CRP level
37
Elevated ESR level
31
Therapeutic efficacies (%)
Rate of abdominal pain or distention relieved within 48 h
95.8 (92/96)
Surgery rate
10.4 (10/96)
Effectiveness rate for recurrent adhesive small bowel obstruction
95.8 (24/25)
Total effectiveness rate
89.6 (86/96)
Differences in decompression responses by ileus tube and NGT (mean ± SD)
Time for relief of abdominal pain or distention (h)
23.8 ± 10.9
Appearance of flatus and defecation (d)
2.4 ± 1.7
Time to abdominal radiographic improvement (d)
4.1 ± 2.3
WBC recovery (d)
4.0 ± 2.4
CRP recovery (d)
5.5 ± 2.5
ESR recovery (d)
5.8 ± 2.4
Drainage volume on the first day (mL)
698 ± 428

P value

OR (95% CI)

54
56/34
86

0.07
0.59
0.41

0.59 (0.17–2.09)

28
14
12
6
4
4
2
16

0.35
0.92
0.3
0.62
1
0.96
1
0.61

82
85
65
72

0.56
0.65
0.09
0.17

1.34 (0.72–2.50)
1.04 (0.47–2.31)
0.61 (0.24–1.57)
1.32 (0.44–3.97)
0.97 (0.23–3.99)
0.72 (0.16–3.29)
0.97 (0.13–7.01)
0.82 (0.37–1.80)
0.75 (0.29–1.97)
1.82 (0.42–7.86)
0.59 (0.32–1.09)
1.75 (0.29–3.88)

67
42
27

0.81
0.26
0.74

0.92 (0.48–1.78)
0.72 (0.40–1.29)
1.11 (0.60–2.07)

NGT group
(n = 90)

2

46.7 (42/90)
53.3 (48/90)
31.6 (12/38)
46.7 (42/90)

< 0.01 (χ = 55.75)
2
< 0.01 (χ = 39.87)
2
< 0.01 (χ = 25.55)
2
< 0.01 (χ = 39.87)

59.1 ± 30.1
6.5 ± 3.2
8.5 ± 5.0
7.0 ± 4.8
8.8 ± 3.9
8.7 ± 3.9
280 ± 167

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

26.29 (8.90–77.66)
0.10 (0.05–0.22)
52.00 (6.28–430.67)
9.83 (4.53–21.33)
t
-10.4
-10.4
-6.9
-4.6
-4.4
-4.1
8.9

CI: Confidence interval; CRP: C-reaction protein; ESR: Erythrocyte sedimentation rate; NGT: Nasogastric tube; OR: Odds ratio; SD: Standard deviation;
WBC: White blood cells.

Therapeutic outcome in ileus tube group treated with or
without surgery
In the ileus tube group, 10 patients without initial relief
underwent surgery to remove the obstruction. Significant
differences were found in the drainage output on the first
day and the length of hospital stay (P < 0.05). Besides,
no patient showed abdominal radiographic improvement
within 72 h in decompression in the surgical group as
compared to 51.2% (44/86) in the non-surgical group.
These results are summarized in Table 2.

diographic findings, and laboratory variables was signifi
cantly shorter (P < 0.01) in the ileus tube group as com
pared with the NGT group. In addition, more patients
had relief from abdominal pain or distention within 48 h
in the ileus tube group (P < 0.01). The drainage volume
on the first day after intubation was 698 ± 428 mL in the
ileus tube group and 280 ± 167 mL in the NGT group,
with a significant difference (P < 0.01, t = 8.9). After il
eus tube decompression, 86 patients presented clinical or
radiographic relief (Figure 2), the tube was removed one
week after oral feeding was started, with an effectiveness
rate up to 89.6% (86/96). The other 10 patients defined as
treatment failure by gastroenterography underwent opera
tion to determine the site of the obstruction (Figure 3). In
follow-up study, 6 patients still had recurrent adhesive SBO
confirmed by surgery, the intervals varied from one month
to seven months. In the control group, the total effective
ness rate was 46.7% (42/90); the other 48 patients defined
as treatment failure were managed with surgery. However,
16 patients had recurrent adhesive SBO after successful
treatment, the recurrence peak occurred between 3 mo
and 5 mo (Table 1).
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DISCUSSION
Conservative treatment is usually administered to the pa
tients with acute bowel obstruction when ischemic bowel
is excluded. Surgeons are inclined to choose conservative
treatment for adhesive bowel obstruction because of the
risk of recurrence along with surgery[13]. Since the 1930s,
various types of tubes have been devised and used for
nasointestinal decompression[14,15]. A tube was designed
specifically for endoscopic placement and the ileus tube
has been developed with three channels and two bal
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A

Table 2 Therapeutic outcomes in ileus tube group treated
with or without surgery (mean ± SD)
Variables

Surgical
treatment

Cases (n)
10
Time for relief of distention 27.6 ± 16.9
(h)
Appearance of flatus and
3.2 ± 2.4
defecation (d)
Radiographic improvement
0
within 72 h (n)
WBC recovery (d)
5.2 ± 1.9
CRP recovery (d)
8.3 ± 5.0
ESR recovery (d)
5.0 ± 2.8
Drainage volume on the
390 ± 287
first day (mL)
Length of hospital stay (d) 33.0 ± 13.7

B

Non-surgical P value
treatment

t

86
23.4 ± 10.2

0.51

0.69

2.4 ± 1.7

0.27

1.12

44

-

-

4.0 ± 2.4
5.3 ± 2.1
5.9 ± 2.3
734 ± 428

0.26
0.40
0.61
0.02a

1.14
1.04
-0.51
-2.47

21.5 ± 10.4

< 0.01a

3.19

a
P < 0.05 vs therapeutic outcomes in ileus tube group treated with or
without surgery. CRP: C-reaction protein; ESR: Erythrocyte sedimentation
rate; SD: Standard deviation; WBC: White blood cells.

any side effect along with the endoscopic placement
procedure, the tube should be pulled out and endoscopic
treatment for gastrointestinal bleeding or perforation
should be given if possible. If patients have aspiration
pneumonia, antibiotics and mechanical ventilation should
be considered. Intensive care and emergent therapy are
needed for any cardiovascular event. Our clinical practice
testified the safety and flexibility of the endoscopic place
ment of the ileus tube, and the procedure and the instru
ments we used are available in most hospitals. However,
the long tube and endoscopy cost more than ￥4000
RMB, that is 20 times more than an ordinary NGT, even
though it is much lower than surgery. The cost as well
as the discomfort caused by endoscopy may limit the
promotion of the use of ileus tube.
From the data of this study, we found a great com
parability between our two groups with regard to sex,
age, past laparotomies, symptoms, and radiographic signs
as well as laboratory findings on admission. It is known
that delayed visit to hospital leads to a higher failure in
conservative measures, so we selected the patients ad
mitted within 12 h after obstruction onset to enforce
the rigidity of the study. With bowel peristalsis and the
weighted tip, the ileus tube passes downward to the small
bowel and decompression can be achieved. As the tip
can reach to the site of obstruction, thorough suctioning
can be performed, leading to a rapid relief of the symp
toms, as shown in our results. In addition, the recovery
time for laboratory variables of inflammatory markers
was shorter in ileus tube group, probably because of
the improvement in the blood supply to the bowel wall,
which can reduce the local inflammatory response and
bacterial multiplication. A previous study demonstrated
no significant differences in therapeutic efficacy between
the long and short tube decompression[8]. However, we
found that in the ileus tube group the effectiveness rate
was significantly higher and the surgery rate was lower
than that in the control group. We attribute it to the ad

Figure 2 Radiographs of ileus tube decompression. Plain abdominal radiographs (A) and (B) reviewed 3 d after ileus tube decompression compared
with scans on admission in a patient with postoperative adhesive small bowel
obstruction. A: The diffuse distended loops of small bowel that was filled with
gas and fluid before intubation; air-fluid levels were seen in the enteric cavity; B:
Reviewed 3 d after intubation; the previous gas-filled or fluid-filled small bowel
loops showed no evidence of distention, the air-fluid levels disappeared, and
the long tube had moved downward while the tip reached the distal jejunum.

Figure 3 Diagnostic radiographic enteroclysis. Gastroenterography displayed on the 5th day of ileus tube decompression in a patient with postoperative adhesive small bowel obstruction. The tip of the tube had reached to the
distal jejunum. After the anterior balloon was inflated with gas, angiografin was
injected into the tube for gastrointestinal imaging to locate the lesion or stenosis
in the bowel. Stenosis was found (arrow) in the small intestine with a filling defect, but none was developed in the distal bowel.

loons. A study confirmed an efficacy rate of ileus tube
of up to 85.7% for intraluminal decompression in the
bowel[9]. Intubation methods then changed from fluoros
copy to direct placement under endoscopy and afforded
safety and high success rates[16-21]. However, if there is
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this triple-lumen tube for patients with adhesive SBO.
The endoscopic placement of the tube is convenient, and
with close monitoring and intermittent lavage, surgeries
can be avoided.
We also tried to find certain indications for surgical
interventions in the patients treated with ileus tube. Com
pared with patients who underwent surgery in the ileus
tube group, those who were successfully managed with
out surgery had a significantly shorter hospital stay and a
larger drainage output on the first day after intubation. Up
to 51.2% of the patients showed abdominal radiographic
improvement within the first 3 d in the non-surgical group
while no patient achieved relief in the surgical group.
This indicates that the drainage output on the first day
and radiographic improvement could be two independent
factors for evaluating the therapeutic efficacy of nasoin
testinal decompression. They may also be indications for
surgery. Further studies should be performed to identify
the clinical value of the ileus tube within the parameters
of indications for surgery.
In summary, we believe that endoscopic placement
of transnasal ileus tube is safe, effective, and convenient
and is worth being promoted in clinical practice. The
ileus tube can quickly relieve the clinical symptoms and
reduce the rate of surgical indications. It is greatly supe
rior to the NGT in treating patients with adhesive SBO.
However, the potential risks and extra costs should be
taken into consideration when selecting patients. For
patients with recurrent adhesive SBO, the use of triplelumen ileus tube is the optimal choice. Close observation
of drainage output and abdominal radiographic changes
during decompression can help provide some clues for
indications of surgery.

vanced technique of the tube and the endoscopic place
ment method that can avoid the delay by passing beyond
the pylorus. Another study confirmed that a previous
episode of adhesive bowel obstruction and the duration
of the tips not advancing (> 72 h) were highly correlated
with a recurrence of obstruction. If patients fail to re
spond 3 d after decompression or have indications of
ischemic bowel or the drainage volume is > 500 mL on
the third day, surgery is recommended[22,23]. For NGT de
compression, after 48 h of non-operative management,
the risk of complications increases substantially, and the
probability for resolving the obstruction diminishes. Sur
gery is required if a patient’s condition has deteriorated
or has not significantly improved within 72 h. In the ileus
tube group, intermittent lavage was performed from the
second day after intubation so that we could record the
drainage volume on the first 24 h to compare the decom
pression responses with the NGT group.
We admitted relatively a large number of patients with
adhesive SBO for this study. Our results showed that
for adhesive SBO, the ileus tube had the decompression
efficacy that was significantly superior to the NGT, espe
cially for patients with recurrent adhesive SBO. Although
a tendency toward recurrence can not be avoided after
successful treatment using the ileus tube in patients with
past episodes, it is still superior to the traditional NGT
treatment and should be therefore recommended in clini
cal practice. The ileus tube has many advantages in addi
tion to thorough decompression. It can remove the kinks
in the obstructed bowel loops when the tip progresses
downward, and the long tube itself can perform through
a straddle mechanism to arrange the bowel and reduce
the adhesion recurrence rate. Diagnostic radiographic
enteroclysis studies are facilitated, which are helpful to
surgeons for preoperative preparation[24,25].
Previous studies have confirmed the efficacy of na
sointestinal decompression through a long tube for SBO,
especially for adhesive SBO[3-7]. The approach of endo
scopic placement of the long tube was also advised[15,26].
According to our clinical application, the ileus tube has
a prospective therapeutic efficacy for adhesive SBO.
However, surgical intervention can easily be undertaken
when NGT decompression failed, because it is thought
to be the most immediate modality for remission. An
other focus is that water-soluble contrast agent (WSCA)
is helpful in the diagnosis and treatment of adhesive
SBO according to a recent meta-analysis[27], appearance
of contrast in the colon within 4-24 h after administra
tion had a sensitivity of 96% and a specificity of 98% in
predicting resolution of SBO. The WSCA can draw fluid
from intravascular and extracellular spaces into bowel
lumen because of its high osmolarity, thus promoting
proximal bowel distension and peristalsis, and avoiding
the operative interference. However, as there are poten
tial risks of renal failure and anaphylaxis, these agents still
can not take the place of gastrointestinal decompression,
which is thought to be the key to the treatment of bowel
obstruction. Based on our results, we highly recommend
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COMMENTS
COMMENTS
Background

Adhesive small bowel obstruction is a worldwide problem characterized by a
high incidence rate and repeated episodes. Gastrointestinal decompression
is one of the important approaches in conservative therapy. However, surgical
intervention can easily be undertaken when nasogastric tube decompression
failed. Long intestinal tube for nasointestinal decompression is a new method
for adhesive small bowel obstruction and has been successfully applied in clinical practice and the therapeutic efficacies were satisfactory.

Research frontiers

A new long tube named ileus tube was first introduced in Japan in 2003, and
later studies have confirmed its therapeutic value in adhesive small bowel obstruction. However, there had been no randomized controlled study about the
efficacy of the ileus tube. This randomized controlled trial attempted to investigate and compare the decompression efficacy between the new ileus tube and
the traditional nasogastric tube (NGT) for patients with adhesive small bowel
obstruction.

Innovations and breakthroughs

The previous studies of long intestinal tube for gastrointestinal decompression
were mainly described retrospectively. This research compared the therapeutic
efficacies between the new long tube and the ordinary NGT in a large number
of patients. The authors confirmed the superiority of the new ileus tube to the
ordinary NGT through a series of statistical analysis. The authors also introduced the detailed procedure of the endoscopic placement of this long tube.

Applications

The study indicated the therapeutic value of the new ileus tube. The application

1973

April 28, 2012|Volume 18|Issue 16|

Chen XL et al . New ileus tube for bowel obstruction
of the ileus tube can significantly reduce the surgery rate and the hospital-stay
cost, and the endoscopic placement method introduced by the authors can be
applied in almost all the hospitals. Thus, the use of ileus tube is worthy to be
promoted.
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This is an important area and the work represents a significant advance in
clinical therapy. As it is possible not only to increase efficacy on a single intervention but also reduce the need for subsequent intervention, the technology
provides the possibility to lower costs and reduce intervention to the patient.
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Analysis of infections in the first 3-month after living donor
liver transplantation
Chuan Li, Tian-Fu Wen, Kai Mi, Chuan Wang, Lu-Nan Yan, Bo Li
gal pathogen. Lung was the most common infection
site for both bacterial and fungal infections. Recipient
age older than 45 years, preoperative hyponatremia,
intensive care unit stay longer than 9 d, postoperative
bile leak and severe hyperglycemia were independent
risk factors for postoperative bacterial infection. Massive red blood cells transfusion and postoperative bacterial infection may be related to postoperative fungal
infection.
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CONCLUSION: Predictive risk factors for bacterial and
fungal infections were indentified in current study. Pre-,
intra- and post-operative factors can cause postoperative bacterial and fungal infections after LDLT.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To identify factors related to serious postoperative bacterial and fungal infections in the first 3 mo after living donor liver transplantation (LDLT).

Peer reviewer: Christopher Christophi, Professor and Head,

METHODS: In the present study, the data of 207
patients from 2004 to 2011 were reviewed. The pre-,
intra- and post-operative factors were statistically analyzed. All transplantations were approved by the ethics
committee of West China Hospital, Sichuan University.
Patients with definitely preoperative infections and infections within 48 h after transplantation were excluded
from current study. All potential risk factors were analyzed using univariate analyses. Factors significant at
a P < 0.10 in the univariate analyses were involved in
the multivariate analyses. The diagnostic accuracy of
the identified risk factors was evaluated using receiver
operating curve.
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INTRODUCTION
Despite the major advances in immunosuppressant regimens, perioperative management and medical care have
contributed to improvements in the survival rate of solid
organ transplant recipient, infection continues to be a
leading cause of postoperative mortality and morbidity
resulting from the poor preoperative condition, immunosuppressive therapy and exposure to nosocomial pathogens[1,2]. Liver transplantation has one of the highest rates

RESULTS: The serious bacterial and fungal infection
rates were 14.01% and 4.35% respectively. Enterococcus faecium was the predominant bacterial pathogen,
whereas Candida albicans was the most common fun-
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Definitions
Serious infection was defined as the culture-positive bacterial or fungal infection in blood, sputum, urine, or ascetic
fluid which was obtained on the basis of clinical suspicion
of an infection[11,12]. Preoperative renal dysfunction was
defined as the level of serum creatinine greater than 1.5
mg/dL[13]. Bile leak was defined as bilirubin concentration
in the drainage greater than the plasma level[14]. Model for
end-stage liver disease (MELD) scores were calculated
according to the formula: MELD score = 9.57 × Ln creatinine (mg/dL) + 11.2 × (Ln INR) + 3.78 × Ln bilirubin
(mg/dL) + 6.43[15]. Massive red blood cells (RBCs) transfusion was defined as transfusion not less than 6 packed
RBCs in the first 24 h of surgery[16]. Severe hyperglycemia
was defined as glucose concentrations more than or equal
to 20 mg/dL[17]. Hyponatremia was defined as a serum
sodium concentration of less than 130 mEq/L[18].

of postoperative infection among all sold organ transplant procedures[3]. It has been reported that the postoperative bacterial infection rate may up to more than
60% and accounted for an in-hospital mortality rate of
30%-50%[4]. Previous studies have reported that the incidence of postoperative fungal infection ranged from 5%
to 40%, and the mortality associated with fungal infection
was between 25% and 69%[5]. Moreover, the mortality of
patient with aspergillus has been found to approach 100%
if untreated[6]. Accordingly, to identify which factors may
cause postoperative bacterial and fungal infections is important to transplant surgeon. However, this issue is still
not well established until now. In current study, we used a
large cohort to identify the pattern and risk factors associated with postoperative bacterial and fungal infections
that occurred within the first 3 postoperative months after living donor liver transplantation.

Statistical analysis
All continuous variables were presented as mean ± SD
and compared using one way analysis of variance. χ 2 test
or Fisher’s exact test was used for comparing categorical
variables. Independent risk factors were identified by Cox
regression. Factors significant at a P < 0.10 in the univariate analyses were involved in the multivariate analyses.
The diagnostic accuracy of the identified risk factors
was evaluated using receiver operating curve (ROC). All
analyses were performed using SPSS 16.0. We considered
a P value of less than 0.05 to be significant.

MATERIALS AND METHODS
Study group
Patients who received adult-to-adult living donor liver
transplantation (LDLT) from 2004 to 2011 at our center
were considered in present study. All transplantations
were approved by the ethics committee of West China
Hospital, Sichuan University. Patients with definitely
preoperative infections and infections within 48 h after
transplantation were excluded from current study.
Donor selection
Donors must be healthy close relatives with compatible
ABO blood types. Serological testing for viral hepatitis
and human immunodeficiency virus antibodies as well
as testing for other acute or chronic diseases was negative. Volumetric computed tomography with contrast
was performed to evaluate the hepatic volume of the
donors. Right hepatic lobe without middle hepatic vein
of the donors need to be at least 0.8% of the recipient’s
standard weight and the remnants must be at least 40%
of the donor’s liver volume. Magnetic resonance cholangiopancreatography was performed to assess the anatomy
of the biliary tree[7,8].

RESULTS
Patient characteristics
A total of 207 patients were included in current study.
The mean age was 42.93 ± 8.77 years for the recipients,
whereas the mean age was 34.83 ± 9.99 years for the
donors. Twenty-seven patients were female, whereas
eighty-one donors were female. Nine patients had pretransplant diabetes mellitus. Sixteen patients suffered
from preoperative renal dysfunction. The mean MELD
score was 16.40 ± 9.84. The mean graft to recipient
weight ratio (GRWR) was 0.94% ± 0.18%. The causes
for transplantation were hepatitis B (n = 116), hepatocellular carcinoma (n = 75), hepatolithiasis (n = 3), hepatitis
C (n = 3), alcoholic cirrhosis (n = 3), polycystic liver (n =
1), primary biliary cirrhosis (n = 2), hepatic hydatidosis (n
= 1), huge hepatic hemangioma (n = 1), trauma (n = 1),
autoimmune hepatitis (n = 1).

Immunosuppression
The postoperative immunosuppression consisted of tacrolimus, mycophenolate mofetil and steroids. Steroids were
withdrawn as soon as possible. Acute rejection episodes
were confirmed by pathology. Steroid pulse therapy was
conducted to patient with rejection[9]. OKT3 monoclonal
antibody was administrated to patients with persistent rejection or steroid-resistant rejection. When necessary, these
treatments were repeated[10].

Pattern of infection
During the first 3 postoperative months, serious bacterial
infection was observed in 29 recipients, whereas serious
fungal infection was found in 9 patients. Among the 9 patients with fungal infection, 6 patients were combined with
or secondary to bacterial infection. Only 3 patients infected
fungal infection alone. Four patients had two kinds of
bacterial infection. One patient suffered from three kinds
of bacterial infection. Enterococcus faecium (n = 8) was the
most common pathogen in patients with bacterial infec-

Infection prophylaxis
Antimicrobial prophylaxis consisted of Cefoperazone
and Sulbactam for three to five days. Fluconazole was administrated to patients with risk factors of fungal infection for one to two weeks after liver transplantation.
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Table 1 Univariate analysis for risk factors for postoperative
bacterial infection

0.8
Donor variables
Age (yr)
34.45 ± 8.78
Gender (female)
10
BMI (kg/m2)
22.80 ± 2.69
Recipient variables
Age (yr)
46.72 ± 8.27
Gender (female)
2
BMI (kg/m2)
21.77 ± 4.21
MELD score
17.24 ± 7.40
Renal dysfunction
1
Diabetes mellitus
1
Starting albumin level < 2.8 g/dL
10
Starting TB level ≥ 20 mg/dL
3
Starting INR level
1.62 ± 0.54
Hyponatremia
7
Graft variables
GRWR (%)
0.99 ± 0.23
Intraoperative variables
Massive RBCs transfusion
8
FFP transfusion > 10 units
7
Postoperative variables
Bile leak
10
Rejection
2
Hyperglycemia
5
ICU stay
17.38 ± 11.11

No infected P value
Sensitivity

Infected

0.6

34.89 ± 10.19
71
22.99 ± 2.53

0.825
0.580
0.711

42.31 ± 8.63
25
22.63 ± 2.93
16.26 ± 10.18
15
8
32
24
1.71 ± 1.50
12

0.012
0.384
0.172
0.621
0.705
0.798
0.040
0.774
0.744
0.008

0.93 ± 0.17

0.111

1.0

35
42

0.335
0.949

0.8

6
3
10
12.28 ± 12.48

0.000
0.090
0.042
0.040

0.4

0.2

0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 1 Receiver operating curve curve for recipient age.

Sensitivity

Variables

0.6

0.4

BMI: Body mass index; MELD: Model for end-stage liver disease; TB:
Total bilirubin; INR: International normalized ratio; GRWR: Graft to
recipient weight ratio; RBC: Red blood cell; FFP: Fresh frozen plasma; ICU:
Intensive care unit.

0.2

0.0
0.0

tion, followed by Escherichia coli (n = 6), Staphylococcus aureus
(n = 4), Bowman acinetobacter (n = 4), Hemolytic streptococcus (n
= 3), Pseudomonas aeruginosa (n = 2), Burkholderia cepacia (n =
1), Acinetobacter lwoffii (n = 1), Xanthomonas maltophilia (n =
1), Haemophilus influenza (n = 1), Klebsiella pneumonia (n = 1),
Enterobacter cloacae (n = 1), Leuconostoc pseudomesenteroides (n =
1). The most common bacterial infective site was lung (n =
15), followed by abdominal cavity (n = 12), blood (n = 3).
Candida albicans (n = 6) was the most common pathogen in
patients with fungal infection, follow by Saccharomycetes (n =
2), Aspergillus (n = 1). Fungal infections were observed in
lung in 7 patients and in gastrointestinal tract in 2 recipients.

0.4
0.6
1-specificity

0.8

1.0

Figure 2 Receiver operating curve curve for the length of intensive care
unit stay.

Risk factors related to fungal infection
As listed in Table 3, we studied the factors may be related
to fungal infection using univariate analysis. Correlation
testing shoed preoperative hyponatremia, massive intraoperative RBCs transfusion and postoperative bacterial
infection may be contributed to postoperative fungal
infection. These potential risk factors were further examined with Cox regression analysis. Only bacterial infection and massive intraoperative RBCs transfusion showed
prognostic power in multivariate analysis (Table 4).

Risk factors related to bacterial infection
As shown in Table 1, recipient age, starting albumin level
< 2.8 g/dL, preoperative hyponatremia, postoperative bile
leak, severe hyperglycemia, rejection and longer intensive
care unit (ICU) stay were potential risk factors in univariate analysis. ROC curve analysis showed the best cut-off
values for recipient age and ICU stay were 45 years and
9 d respectively (Figures 1 and 2). The corresponding are
under the ROC were 0.641 and 0.680 respectively (Figures
1 and 2). When we analyzed the potential risk factors using Cox regression, only recipient age > 45 years, preoperative hyponatremia, postoperative bile leak, severe hyperglucemia and length of ICU stay > 9 d were independent
risk factors for bacterial infection (Table 2).
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DISCUSSION
Postoperative infection is one of the most common com
plications in liver transplant recipients. In our current
study, the incidences of bacterial and fungal infections
were 14.01% and 4.35%, which were lower than previous
reports[19-21]. We suggested this difference may be related
to the different definition of infection. In current study,
only culture-positive infections were included. Consistent
with previous studies, gram-negative bacteria, especially
Enterococcus faecium and Escherichia coli, were the predomi-
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Table 2 Multivariate analysis for risk factors for postoperative
bacterial infection

Table 4 Multivariate analysis for risk factors for postoperative
fungal infection

95% CI
Variables

B

Bile leak
Hyponatremia
Hyperglycemia
ICU stay > 9 d
Recipient age
> 45 yr

1.890
1.512
1.171
0.932
1.253

SE

95% CI

Wald P value Exp (B) Lower Upper

0.421 20.156
0.487 9.649
0.508 5.308
0.458 4.145
0.408 9.440

0.000
0.002
0.021
0.042
0.002

6.622
4.535
3.226
2.540
3.501

2.901
1.747
1.191
1.035
1.574

Variables

15.116
11.770
8.737
6.230
7.785

Massive RBCs
transfusion
Bacterial
infection

1.887 0.710

Wald P value Exp (B) Lower Upper
7.062

0.008

6.599

1.641

26.542

2.429 0.711 11.686

0.001

11.346

2.819

45.673

It was interesting that patient more than 45 years old
was a risk factor related to postoperative bacterial infection. We acknowledge the cut-off value of recipient age
was so young in our study. The mean recipient age in
current study was 42.93 ± 8.77 years. This was a potential explanation. Similar to our results, Nayaranan et al[26]
suggested patient’s age greater than 42 years old was significantly associated with a poor long-term survival. This
finding suggested the incidence of postoperative bacterial
infection may be increased with the increasing of recipient age.
Preoperative diabetes mellitus didn’t increase the risk of
postoperative infection in our study. However, John et al[27]
suggested pretransplant diabetes was associated with increased postoperative morbidity and mortality. Recently,
Ling et al[28] confirmed preexisting diabetes was not a contraindication for liver transplantation. Well controlled pretransplant diabetes will not increase the risk of postoperative complication. In our practice, the nine patients with
pretransplant diabetes had normal blood sugar level at the
time of transplantation. Contrary to pretransplant diabetes mellitus, severe postoperative hyperglycemia was an
independent risk factor for bacterial infection in current
study. However, after transplantation, the administration
of immunosuppressive agents, including cyclosporine,
steroids and tacrolimus, may cause postoperative hyperglycemia. Ata et al[29] confirmed postoperative hyperglycemia
was the most important risk factor for surgical site infection in general surgery patients. Rueda et al[30] reported
hyperglycemia will increase the risk for and severity of
pneumonia among non-diabetic patients.
It was easy to understand prolonged ICU stay and hyponatremia were associated with postoperative bacterial
infection. Mnatzaganian et al[31] confirmed the incidences
of bloodstream and urinary infections of patients in ICU
were higher than those in regular ward. Suljagic et al[32]
confirmed the incidence of nosocomial bloodstream
infection of ICU patients was higher than non-ICU
patients. Stormont et al[33] confirmed hyponatremia was
associated with pneumonia. Zilberberg et al[34] suggested
hyponatremia was associated with worsened clinical outcomes among patients with pneumonia.
Although the relationship between massive RBCs
transfusion and bacterial infection was well established
in previous studies, there were little information of the
correlation of massive RBCs transfusion and fungal in-

Table 3 Univariate analysis for risk factors for postoperative
fungal infection
Infected

Donor variables
Age (yr)
Gender (female)
BMI (kg/m2)
Recipient variables
Age > 45 yr
Gender (female)
BMI (kg/m2)
MELD score
Renal dysfunction
Diabetes mellitus
Starting albumin level < 2.8 g/dL
Starting total bilirubin level
Starting INR level
Hyponatremia
Graft variables
GRWR (%)
Intraoperative variables
Massive RBCs transfusion
FFP transfusion > 10 units
Postoperative variables
Bile leak
Rejection
Hyperglycemia
ICU stay > 9 d
Postoperative bacterial infection

SE

SE: Standard error; CI: Confidence interval; RBC: Red blood cell.

SE: Standard error; CI: Confidence interval; ICU: Intensive care unit.

Variables

B

No infected P value

37.00 ± 7.76 34.73 ± 10.08
4
74
21.64 ± 2.27 23.02 ± 2.54

0.507
0.739
0.110

5
1
21.44 ± 2.80
20.11 ± 9.35
1
0
3
2
1.91 ± 0.55
3

62
26
22.56 ± 3.16
16.23 ± 9.85
15
9
39
25
1.69 ± 1.43
16

0.153
0.860
0.295
0.248
0.698
0.513
0.391
0.332
0.650
0.010

0.93 ± 0.21

0.94 ± 0.18

0.886

6
4

37
45

0.003
0.220

1
0
2
5
6

15
5
13
98
23

0.698
0.629
0.076
0.748
0.000

BMI: Body mass index; MELD: Model for end-stage liver disease; INR:
International normalized ratio; GRWR: Graft to recipient weight ratio;
RBC: Red blood cell; FFP: Fresh frozen plasma; ICU: Intensive care unit.

nant bacterial pathogens, whereas Candida albicans was the
most common fungal pathogen[22].
Postoperative bile leak was an independent risk factor for bacterial infection of LDLT in current study. This
risk factor was not considered in some studies following
deceased donor liver transplantation (DDLT)[23]. This difference was related to the low incidence of postoperative
bile leak in patients underwent DDLT. However, bile leak
was one of the most common complications in LDLT
recipients. This factor should not be ignored in LDLT. Patients with postoperative bile leak suffered from longer abdominal drainage which may increase the risk of intraabdominal and wound infection[24]. Additionally, bile leak can
cause biloma that often progress to an infected abscess[25].
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fection. Current study suggested massive RBCs transfusion will increase the risk of fungal infection after liver
transplantation. Blood transfusion can cause transfusionrelated immunomodulation which will suppress the recipient’s immune function[35]. However, it remains unclear
why massive transfusion was not a risk factor for bacterial
infection in current study.
Postoperative bacterial infection showed significantly
prognostic power for fungal infection in current study.
Antibiotics, especially broad-spectrum antibiotics, were
administrated to patients with bacterial infection in the
case of lacking culture results. Broad-spectrum antibiotics might lead to dysbacteriosis and increase fungal infection[36]. However, a recent study which was performed by
Nafady-Hego et al[37] suggested bacterial infection was not
a risk factor for fungal infection after pediatric LDLT.
Younger recipient age, lower dosages of immunosuppressive agents and different infection prophylaxis might
be the potential explanation for this difference.
In conclusion, preoperative hyponatremia, recipient
age > 45 years, longer ICU stay, postoperative bile leak
and severe hyperglycemia may be related to postoperative
bacterial infection, whereas massive intraoperative RBCs
transfusion and postoperative bacterial infection may lead
to postoperative fungal infection. Current finding suggested postoperative bacterial and fungal infections were
associated with pre-, intra- and post-operative factors.
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early pulmonary complications. The extubation time,
time to initial passage of flatus, or intensive care unit
length of stay were significantly prolonged in patients
who had not received an intra-operative transfusion ≤
100 mL/kg or a fluid balance ≤ -14 mL/kg on the first
day and the second or the third day post-operatively.
Moreover, these patients had poorer results in arterial
blood gas analysis.

Abstract

Jiang GQ, Chen P, Bai DS, Tan JW, Su H, Peng MH. Individualized peri-operative fluid therapy facilitating early-phase recovery after liver transplantation. World J Gastroenterol 2012;
18(16): 1981-1986 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i16/1981.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i16.1981

CONCLUSION: It is important to offer a precise and
individualized fluid therapy during the peri-operative
period to the patients undergoing LT for cirrhosis-associated hepatocellular carcinoma.
© 2012 Baishideng. All rights reserved.

Key words: Fluid therapy; Liver transplantation; Earlyphase recovery; Pulmonary complications; Hemoglobin
Peer reviewer: Dr. Roberto Ballarin, Liver and Multivisceral

Transplant Center, University of Modena and Reggio Emilia, No.
71, Via del Pozzo, 41100 Modena, Italy

AIM: To investigate the correlation between peri-operative fluid therapy and early-phase recovery after liver
transplantation (LT) by retrospectively reviewing 102
consecutive recipients.
METHODS: Based on whether or not the patients had
pulmonary complications, the patients were categorized
into non-pulmonary and pulmonary groups. Twentyeight peri-operative variables were analyzed in both
groups to screen for the factors related to the occurrence of early pulmonary complications.

INTRODUCTION
Liver transplantation (LT) is the optimal therapy for endstage liver diseases. Although LT has undergone a rapid
progress, early pulmonary complications are common
and known to contribute significantly to the morbidity
and mortality of the patients[1-4]. Post-operative pulmonary complications may be caused by many factors during
the patient’s recovery, and fluid therapy is an important

RESULTS: The starting hemoglobin (Hb) value, an
intra-operative transfusion > 100 mL/kg, and a fluid
balance ≤ -14 mL/kg on the first day and the second
or third day post-operatively were significant factors for
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factor[5,6]. Individualized fluid therapy during the perioperative period may be a significant strategy to achieve
a better early-phase recovery after LT. In this study, earlyphase refers to the first month after LT.
In a previous study, we investigated and assessed the
use of fluid therapy in all the patients undergoing LT[7].
This study focused on the patients with cirrhosis-associated hepatocellular carcinoma (HCC), and fluid transfusion was administered based on the body weight of the
patients per kg.
The purpose of this study was to investigate the clinical significance of the correlation between peri-operative
fluid therapy and early-phase recovery after LT in an attempt to establish a precise and individualized fluid therapeutic strategy in the peri-operative period of LT.

volume of intra-operative packed red blood cell (RBC)
transfusion; volume of intra-operative plasma transfusion;
volume of intra-operative fluid transfusion; volume of intra-operative bleeding; intra-operative fluid balance; transfused volume and fluid balance on the first post-operative
day. Bivariate correlation analysis for the relationship
between these intra-operative variables and occurrence of
pulmonary complications showed the following significant variables: blood transfusion > 30 mL/kg (P = 0.046);
packed RBC transfusion > 0.05 U/kg (P = 0.041); plasma
transfusion > 25 mL/kg (P = 0.042); fluid transfusion >
100 mL/kg (P = 0.014); bleeding > 10 mL/kg (P = 0.018);
fluid balance > 64 mL/kg (P = 0.037); fluid transfusion
volume on the first post-operative day ≤ 44 mL/kg (P =
0.010); and fluid balance on the first post-operative day
≤ -14 mL/kg (P = 0.018). The threshold values of these
variables were obtained by bivariate correlation analysis
between the volume of intra-operative transfusion and
post-operative pulmonary complications. The statistically
significant threshold value was 100 mL/kg. If no statistically significant threshold value was obtained, the lowest P
value was recorded. The critical value of other fluid variables was determined by the same analysis.
Because of the special importance of the first 3 postoperative days for patients’ recovery, the following three
variables were analyzed: fluid balance ≤ -14 mL/kg on
the first day and the second or the third day after operation (P = 0.010); fluid balance ≤ -14 mL/kg on postoperative ≥ 1 d (P = 0.612); and fluid balance ≤ -14
mL/kg on post-operative ≥ 2 d (P = 0.014).
Other variables analyzed included the worst outcome
of arterial blood gas analysis in the first 7 post-operative
days. The outcome variables reflecting post-operative
recovery included: extubation time; time to initial passage
of flatus; and ICU length of stay.
In this study, fluid balance in the surgery did not include the “third space” loss, evaporative loss, and insensible loss. So far, no method has provided estimated losses
for LT.

MATERIALS AND METHODS
The medical records of all consecutive patients with cirrhosis-associated HCC who underwent orthotopic LT at
the First Affiliated Hospital of Guangxi Medial University between July 1996 and July 2009 were retrospectively
reviewed. Patients aged from 23-72 years with a mean ±
SD of 45.26 ± 9.54 years. This series represents the first
102 consecutive LT recipients with cirrhosis-associated
HCC in our cohort study.
All LT procedures were performed using the piggyback technique without venovenous bypass. In addition
to fluid transfusion given intra-operatively, small amounts
of vasopressors (dopamine and noradrenaline) and shallow anesthesia were used to maintain hemodynamic
stability. All patients were admitted to the intensive care
unit (ICU) immediately after surgery and extubated as
soon as they met standard criteria for termination of mechanical ventilation, such as the presence of adequate gas
exchange function, hemodynamic stability, and ability to
protect the airway. Antibiotics and anti-fungals for infection were used prophylactically.
Radiographic analysis was standardized by assessment
of eight separate observations designed to determine the
presence of pulmonary edema[8].Acute lung injury (ALI)
and acute respiratory distress syndrome (ARDS) were
defined according to the American-European Consensus
Conference[9], and pneumonia was defined according to a
Joint Committee of the American Thoracic Society and
Infectious Diseases Society of America[10].

Statistical analysis
Data were presented as the mean ± SD, median/range,
or percentage (%). Group means were compared using
Student’s t test or the Mann-Whitney U test as appropriate. The χ 2 test was used to compare percentages. Bivariate correlation was used to determine the significant
threshold value of peri-operative fluid variables. Multivariate regression analysis was performed with stepwise
elimination of non-significant variables. A P < 0.050 was
considered significant. All analyses were performed with
SPSS 12.0 software (SPSS, Chicago, IL, United States).

All variables
Twenty-five peri-operative variables affecting post-operative early-phase recovery were as follows: age; body weight
index; hemoglobin (Hb); hematocrit (HCT); serum creatinine (CRE); blood urea nitrogen (BUN); serum uric acid
(UA); American Society of Anesthesiologists (ASA) grade;
Child-Pugh score; acute physiology and chronic health
evaluation (APACHE) Ⅱ score; model for end-stage liver
disease (MELD) score; warm ischemia time; cold ischemia time; anhepatic phase; operative time; diabetes; lung
function; volume of intra-operative blood transfusion;
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Of the 102 patients (89 males and 13 females), 47 patients (46.08%) had pulmonary complications after LT.
No hypoxia was found preoperatively. Pulmonary edema
(PE; n = 8, 17.02%), acute lung injury (ALI; n = 12,
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Table 1 Comparison of 25 variables between the groups
with and without pulmonary complications
Variables

Non-pulmonary
complication
group (n = 55)

Age (yr)
Weight index (kg/m2)
Hb (g/L)
HCT (%)
CRE (mmol/L)
BUN (mmol/L)
UA (mmol/L)
ASA grade
Child-Pugh score
APACHE Ⅱ score
MELD score
Warm ischemia time
(min)
Cold ischemia time (min)
Anhepatic phase (min)
Operative time (min)
Diabetes (%)
Lung dysfunction (%)
Volume of intra-operative
blood transfusion >
30 mL/kg (%)
Volume of intra-operative
packed RBC transfusion >
0.05 U/kg (%)
Volume of intra-operative
plasma transfusion >
25 mL/kg (%)
Volume of intra-operative
fluid transfusion >
100 mL/kg (%)
Volume of intra-operative
bleeding > 10 mL/kg (%)
Intra-operative fluid
balance > 64 mL/kg (%)
a (%)
b (%)
c (%)
d (%)
e (%)

Table 2 Summary of the logistic regression model and odds
ratios

P value
Pulmonary
complication
group (n = 47)

46.29 ± 9.14
22.78 ± 3.35
122.79 ± 21.12
36.21 ± 6.42
83.75 ± 21.35
4.70 ± 1.92
303.76 ± 113.27
2.76 ± 0.61
7.29 ± 2.40
3.95 ± 2.47
14.22 ± 7.34
5.80 ± 1.52

44.06 ± 9.95
22.36 ± 3.29
109.54 ± 25.25
32.53 ± 7.53
85.96 ± 23.88
5.22 ± 3.09
272.43 ± 117.94
3.0 ± 0.75
8.38 ± 2.88
4.79 ± 3.53
16.68 ± 9.39
5.53 ± 1.63

0.242
0.531
0.005
0.009
0.623
0.323
0.175
0.082
0.039
0.174
0.140
0.392

710.13 ± 184.99
123.04 ± 34.46
423.22 ± 84.92
9.09
12.73
65.45

654.21 ± 208.25
126.00 ± 47.00
489.38 ± 150.00
8.51
19.15
82.98

0.154
0.715
0.009
1.000
0.374
0.046

76.36

91.49

0.041

43.64

63.83

0.042

58.18

80.85

0.014

67.27

87.23

0.018

32.73

53.19

0.037

21.82
38.18
25.45
72.73
36.36

4.26
17.02
6.38
68.09
14.89

0.010
0.018
0.010
0.612
0.014

Beta

Exp (B)

95% CI

Hb
Volume of intra-operative
transfusion
c

-0.025 0.010 0.11
1.097 0.496 0.27

SE

Sig

0.975
2.995

0.956-0.994
1.132-7.922

2.037 0.722 0.05

7.670

1.862-31.603

SE: Standard error; Sig: Statistical significance; CI: Confidence interval;
Hb: Hemoglobin. c, fluid balance ≤ -14 mL/kg on the first day and the
second or the third after operation. When the volume of intra-operative
transfusion ≤ 100 mL/kg, the variable was assigned a score of 0, and
when the variable > 100 g/L, the variable was assigned a score of 1.

Table 3 Comparison of outcome variables reflecting postoperative recovery between groups A and B
Group A
(n = 32)
Extubation time (h)
12/8-99
Time to initial passage 78.66 ± 21.05
of flatus (h)
ICU length of stay (h)
36.5/8-144

Group B
(n = 70)

Z or t P value

16.5/5-504
90.51 ± 45.28

-2.779
-1.411

0.005
0.161

62/14-600

-4.173

0.000

Values are given as the mean ± SD (median/range). ICU: Intensive care unit.

transfusion > 30 mL/kg; intra-operative packed RBC
transfusion > 0.05 U/kg; intra-operative plasma transfusion > 25 mL/kg; intra-operative fluid transfusion > 100
mL/kg; intra-operative bleeding > 10 mL/kg; intra-operative fluid balance > 64 mL/kg; fluid transfusion volume
on the first post-operative day ≤ 44 mL/kg; fluid balance
≤ -14 mL/kg on the first post-operative day; fluid balance ≤ -14 mL/kg on the first day and the second or the
third day after operation; and fluid balance ≤ -14 mL/kg
≥ 2 d after operation.
The statistically significant variables were regarded
as independent variables, and post-operative pulmonary
complications were regarded as dependent variables. Multivariate regression analysis was performed to screen out
the variables related to early pulmonary complications.
Table 2 shows the statistically significant variables: Hb;
intra-operative transfusion > 100 mL/kg; and fluid balance ≤ -14 mL/kg on the first day and the second or the
third day after operation.
The 32 patients who received an intra-operative
transfusion ≤ 100 mL/kg were referred to as group A
and the other 70 patients who received an intra-operative
transfusion > 100 mL/kg were as group B. Table 3
shows the comparison of outcome variables reflecting
post-operative recovery between the two groups. As expected, both the extubation time and ICU length of stay
in group A were shorter than in group B (P < 0.01). A
comparison of the worst outcome of arterial blood gas
in the first 7 post-operative days between the two groups
showed that both PaO2 and arterial partial pressure of
oxygen (PaO2)/fraction of inspired oxygen (FiO2) ratio in
group A were higher than in group B (110.422 ± 28.305
vs 90.641 ± 31.169, P < 0.01 for PaO2; and 272.355 ±

Hb: Hemoglobin; HCT: Hematocrit; CRE: Creatinine; BUN: Blood
urea nitrogen; UA: Serum uric acid; ASA: American Society of
Anesthesiologists; APACHE: Acute physiology and chronic health
evaluation; MELD: Model for end-stage liver disease. a, transfused volume
on the first post-operative day ≤ 44 mL/kg; b, fluid balance on the first
post-operative day ≤ -14 mL/kg; c, fluid balance ≤ -14 mL/kg on the first
day and the second or the third day after operation; d, fluid balance ≤
-14 mL/kg on ≥ 1 d of the first 3 d after operation; e, fluid balance ≤ -14
mL/kg on ≥ 2 d after operation. ASA grade I was assigned a score of 1,
grade Ⅱ was assigned a score of 2, grade Ⅲ was assigned a score of 3, and
grade IV was assigned a score of 4. Mean ± SD was used for continuous
variables, otherwise percentage was used (%).

25.53%), adult respiratory distress syndrome (ARDS; n
= 6, 12.77%), and pneumonia (n = 21, 44.68%) occurred
after surgery. Four patients survived no more than one
month after LT.
Table 1 shows the comparison of 28 variables between
the non-pulmonary and pulmonary complication groups.
The following variables were found significant: Hb; HCT;
Child-Pugh score; operative time; intra-operative blood
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Table 4 Comparison of outcome variables reflecting postoperative recovery between groups A and B
Group A
(n = 17)

Group B
(n = 85)

Extubation time (h)
12/7-32
15/5-504
Time to initial passage of 59.71 ± 12.17 92.21 ± 40.96
flatus (h)
ICU length of stay (h)
40/13-219
60/8-600

Table 5 Comparison of the worst outcome of arterial blood
gas in the first 7 post-operative days between groups A and B
Group A (n = 17) Group B (n = 85)

Z or t P value
-2.708
-6.094

0.007
0.000

-1.590

0.112

PH
PaO2
PaCO2
BE
PaO2/FiO2

7.437 ± 0.055
92.722 ± 30.105
44.787 ± 12.038
4.789 ± 4.062
224.243 ± 81.820

t

P value

-0.108
3.075
-0.229
-0.305
3.223

0.914
0.003
0.819
0.761
0.002

Values are given as the mean ± SD. PH: Power of hydrogen; PaO2: Arterial
partial pressure of oxygen; PaCO2: Arterial pressure of carbon dioxide; BE:
Base excess.

Values are given as the mean ± SD (median/range). ICU: Intensive care unit.

79.486 vs 219.649 ± 86.462, P < 0.01 for PaO2/FiO2).
The 17 patients who received a fluid balance ≤ -14
mL/kg on the first day and the second or the third day
after operation served as group A and the other 85 patients who did not receive a fluid balance ≤ -14 mL/kg
served as group B. Table 4 shows a comparison of outcome variables reflecting post-operative recovery between
the two groups. As expected, both the extubation time
and the time to initial passage of flatus in group A were
shorter than in group B (P < 0.01). Table 5 shows the
comparison of the worst outcome of arterial blood gas
in the first 7 post-operative days between the two groups.
Both PaO2 and PaO2/FiO2 in group A were higher than
in group B (P < 0.01).

The extubation time and ICU length of stay were also
significantly shorter than in group B (Table 3). Group A
had higher PaO2 and PaO2/FiO2 than group B. These
outcomes demonstrated that intra-operative fluid therapy
was very important, which was associated with the incidence of pulmonary complications and the post-operative recovery.
Post-operative fluid overload is an independent risk
factor for post-operative pulmonary complications after
LT. Alsous et al[22]demonstrated that a fluid balance ≤
-500 mL on ≥ 1 d of the first 3 d of septic shock was
associated with fewer pulmonary complications and better recovery. Our results demonstrated that it is a significant means to keep a fluid balance ≤ -14 mL/kg on the
first day and the second or the third day after LT (Table 2).
The incidence of post-operative early pulmonary complications in group A was lower than in group B (17.65%
vs 51.76%, P = 0.01). This fluid therapy contributed to a
better recovery (Tables 4 and 5) possibly because a fluid
balance at ≤ -14 mL/kg within 3 d after LT could prevent edema, thus improving the blood supply and promoting recovery.
Of the four variables (fluid balance on the first postoperative day ≤ -14 mL/kg, fluid balance ≤ -14 mL/kg
on the first day and the second or the third day after surgery, fluid balance ≤ -14 mL/kg on ≥ 1 d after surgery,
and fluid balance ≤ -14 mL/kg on ≥ 2 d after surgery),
only the fluid balance ≤ -14 mL/kg on the first day and
the second or the third day after operation was included
in the logistic regression analysis of outcome. It suggested that precise and individualized fluid balance in the
peri-operative period should be accomplished as early as
possible. In contrast, a negative fluid balance in the perioperative period should be achieved to some extent.
The first 3 d after operation comprise the stress phase.
Vascular recovery time varied from 36 h to 72 h after
surgery. The transition points from positive to negative
fluid balance also occurred. LT recipients need a largedose methylprednisolone after operation, especially during
the first few days. However, methylprednisolone would
cause and aggravate water-sodium retention which may
appear post-operatively, so the transition points would be
postponed. Fluid balance during the first 3 d after surgery
is crucial for recovery. If a positive fluid balance lasts too
long, it is difficult for patients to recover. Thus, fluid bal-

DISCUSSION
The LT recipients in this study presented the following
characteristics: (1) All had chronic liver cirrhosis with
water-sodium retention to some degree; (2) Because of
the operative injury for LT, the capillary leak syndrome
(CLS) created a “third space” effect; (3) Intra-operative
fluid overload was common in order to maintain stable
hemodynamics; and (4) A large-dose methylprednisolone
was used to avoid reject reaction during and after surgery.
All these factors contributed to aggravated water-sodium
retention. Therefore, a precise and individualized fluid
therapy is strongly recommended.
Collective studies demonstrated the importance of intraoperative fluid management to maintain body fluid equilibrium by restricting the volume of fluid infusion. Excessive
fluid administration was associated with a higher risk of
post-operative complications[11-14]. Aduen et al[15]reported
that pulmonary complications interfered with the perioperative course of patients undergoing LT and portended
a worse outcome. Meanwhile, the time for extubation, ICU
stay and hospital stay were significantly prolonged.
The restrictive intra-operative fluid management may
be advantageous because it reduces morbidity and mortality and shortens mechanical ventilation, the time to initial passage of flatus, intensive care, and hospital stay[16-21].
In this study, binary logistic regression revealed that
an intra-operative transfusion > 100 mL/kg (Table 2)
was an independent risk factor for post-operative pulmonary complications. The incidence of post-operative
pulmonary complications in group A was significantly
lower than in group B（28.13% vs 54.29%, P = 0.014).
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Innovations and breakthroughs

ance should be properly managed as early as possible, and
the quantity and time of negative fluid balance should be
assessed individually.
Under the circumstances of stable hemodynamics,
we should extrude the sequestered fluid from the peripheral circulation and the “third space” back to the central
circulation. Whether or not a negative fluid balance is
needed, the quantity and time of a negative fluid balance should be assessed by the following measurement:
blood pressure, pulse, central venous pressure, HCT,
the estimated volume of transfusion on the second day,
and liquid intake and output volume of the preceding
day. The fluid balance on the second post-operative day
could be accomplished by adjusting the urine volume per
hour. With administration of diuretics and colloid, urine
volume could be controlled as needed. If hemodynamics
were unstable, blood volume should be supplemented
and inotropic drugs, such as dopamine, should be properly used.
We also found that Hb was an independent risk factor for post-operative pulmonary complications, which
may be a significant factor for early recovery. When the
patients with hepatic cirrhosis developed hypersplenism,
which was always parallel with a reduction of hemocytes,
their immune function became obviously lower and their
hepatic function was poorer than other patients without a
reduction of hemocytes. A low level of Hb may result in
oxygen deficiency.
It is important to keep a fluid balance during the perioperative period of LT. The precise and individualized
fluid administration at the first 3 d after surgery significantly decreased the incidence of early pulmonary complications after LT. The strategies of an intra-operative
transfusion ≤ 100 mL/kg and a fluid balance ≤ -14
mL/kg on the first day and the second or the third day
after LT should be recommended. This study was limited
by its small sample size. The shortcomings may limit the
extrapolation of these results to all LT recipients. The
hypothesis should be re-examined and verified in a much
larger cohort before it is used for improving the prognosis and patient management. Nonetheless, if validated by
future prospective studies, the fluid therapy used in this
study would provide a simple and inexpensive method of
augmenting the current prognostic indicators, and would
be of obvious benefit for the anxious family members
and care providers as well.

This research focused on the LT recipients with cirrhosis-associated hepatocellular carcinoma, and fluid was administrated based on the body weight in
kilograms so as to guarantee a precise and individualized fluid therapy perioperatively.

Applications

It is important to offer a precise and individualized fluid therapy during the perioperative period to the patients undergoing LT for cirrhosis-associated hepatocellular carcinoma. With an intra-operative transfusion > 100 mL/kg and a fluid
balance ≤ 14 mL/kg on the first day and the second or the third day after LT
can significantly improve the early-phase recovery after LT.

Terminology

The capillary leak syndrome is a rare condition characterized by recurrent
episodes of generalized edema and severe hypotension associated with hypoproteinemia. A shift of fluid and protein from the intravascular to the interstitial
space results in hypovolaemia. Attacks vary in frequency, severity, and duration,
and can be fatal.

Peer review

Authors have investigated the clinical significance of the correlation between
peri-operative fluid therapy and early-phase recovery after LT. The topic is interesting and offers points of reflection. The manuscript is original and may be
useful to clinicians.
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CASE REPORT

Acute chylous peritonitis due to acute pancreatitis
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Following abdominal lavage and drainage, the patient
was successfully treated with total parenteral nutrition
and octreotide.
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Abstract
We report a case of acute chylous ascites formation
presenting as peritonitis (acute chylous peritonitis) in
a patient suffering from acute pancreatitis due to hypertriglyceridemia and alcohol abuse. The development
of chylous ascites is usually a chronic process mostly
involving malignancy, trauma or surgery, and symptoms
arise as a result of progressive abdominal distention.
However, when accumulation of “chyle” occurs rapidly,
the patient may present with signs of peritonitis. Preoperative diagnosis is difficult since the clinical picture
usually suggests hollow organ perforation, appendicitis or visceral ischemia. Less than 100 cases of acute
chylous peritonitis have been reported. Pancreatitis is
a rare cause of chyloperitoneum and in almost all of
the cases chylous ascites is discovered some days (or
even weeks) after the onset of symptoms of pancreatitis. This is the second case in the literature where the
patient presented with acute chylous peritonitis due to
acute pancreatitis, and the presence of chyle within the
abdominal cavity was discovered simultaneously with
the establishment of the diagnosis of pancreatitis. The
patient underwent an exploratory laparotomy for suspected perforated duodenal ulcer, since, due to hypertriglyceridemia, serum amylase values appeared within
the normal range. Moreover, abdominal computed tomography imaging was not diagnostic for pancreatitis.
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INTRODUCTION
Accumulation of lymph within the peritoneal cavity is a
rare pathological entity described as chylous ascites. Most
cases occur progressively and the patient suffers from
abdominal distention, nausea, vomiting, fatigue or low
grade fever. A small number of cases have reported an
acute development which may present as a surgical urgency mimicking appendicitis, hollow organ perforation
and generalized peritonitis (acute chylous peritonitis). We
hereby document a rare case of acute chylous peritonitis
in a 46-year-old man with a history of alcoholism presenting with hypertriglyceridemia and acute pancreatitis.

CASE REPORT
A 46-year-old man presented to the emergency department with an 8-h history of abdominal pain localized to
the right abdomen. The pain was of acute onset and was
primarily felt at the epigastrium. The patient also men-
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10 cm

Figure 2 Intraoperative photo showing the milky-like appearance of the
wall of the distal portion of the stomach and the duodenum due to congestion of the intestinal lymphatic drainage (arrow).

Figure 1 Preoperative abdominal computed tomography image showing
inflammatory changes surrounding the head of the pancreas (arrow).

tioned nausea and one episode of vomiting but no fever
or diarrhea. Apart from a history of ankylosing spondylitis he also admitted systematical alcohol consumption
over a period of several years (> 120 mg/d).
The patient’s overall health condition was not gravely
affected, showing a temperature of 37.2 ℃, heart rate
at 100 bpm and arterial pressure of 125/75 mmHg. On
examination, no bowel sounds could be heard and right
upper and lower abdominal quadrants appeared tender at
palpation with rebound tenderness. Rectal digital examination did not reveal blood or tenderness.
Laboratory investigation showed no elevation of white
blood cell count (7.740/mL with 57% polymorphonuclear
leukocytes) while C-reactive protein values were only
slightly affected (14 mg/L). The patient’s biochemistry
showed a mild elevation of hepatic enzymes (aspartate
aminotransferase: 107 IU/L, alanine aminotransferase:
45 IU/L, alkaline phosphatase: 165 IU/L and total bilirubin: 1.6 mg/dL). Amylase values were normal both
in blood (55 IU/L) and urine samples (404 IU/L). The
laboratory notes mentioned that the blood sample of the
patient was not totally appropriate for analysis because of
a high concentration of lipids. Plain chest and abdominal
X-rays(supine and elevated position) revealed no significant pathology such as free air or ileus. The computed tomography (CT) scan showed the presence of free fluid in
the abdominal cavity, mainly at the subhepatic space and
the right paracolic space, with mild inflammatory changes
around the pancreatic head (Figure 1). No atrophy of the
pancreas or calcification of the main pancreatic duct was
demonstrated.
The patient was subsequently taken to the operating
room for an exploratory laparotomy. In the peritoneal
cavity a great amount of “milky” peritoneal fluid was discovered. Specimens were taken for biochemistry and microbiology. Careful examination of the abdomen revealed
a bulky and rigid pancreatic head. Moreover, the surface
of the distal stomach, duodenum and upper segment of
posterior peritoneum had a white, milky-like appearance
(Figure 2). A laceration in the peritoneum (at the root of
the transverse mesocolon) was discovered, through which
the milky fluid, apparently of retroperitoneal origin, entered the peritoneal cavity. Attempts to obtain a biopsy
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specimen from the pancreas (with a biopsy needle) were
unsuccessful because of hemorrhage after the first attempt due to the pancreatic edema. After a thorough
peritoneal lavage and the insertion of 3 drain tubes the
midline incision was closed.
During the initial postoperative days, serum samples
from the patient appeared to be of high lipidemic concentration, with normal serum amylase values. Only after
serial dilutions with the assay buffer were we able to obtain a proper sample for analysis, showing serum amylase
values of 870 IU/L. Total cholesterol reached as high
as 618 IU/L (normal values up to 200) and triglycerides
had a concentration greater than 1.000 mg/dL (normal
values up to 175). No elevation of white blood cell count
was documented at any time. Analysis of samples from
free peritoneal fluid that was collected intraoperatively
showed 337 mg/dL cholesterol and 2800 mg/dL triglyceride thus establishing the diagnosis of chylous ascites.
Laboratory investigation of the fluid from the drain tubes
showed values of amylase to be as high as 60  000 IU/L,
decreasing to normal at postoperative day 7, at which
time all of the tubes had been removed. Cancer markers
α-fetoprotein, carcinoembryonic antigen and carbonic
anhydrase 19-9 were within normal values.
The patient received nothing po for 10 d and then
was restored gradually to a full (fat-free) diet. Total fatfree parenteral nutrition was given intravenously from
postoperative day 4 and for the subsequent 2 wk. Broad
spectrum antibiotics were administered for 1 wk postoperatively and were not stopped because the patient suffered outbursts of fever during the end of the first week.
Twenty five days after the first operation a second procedure was undertaken, this time due to persisting ileus.
The laparotomy revealed adhesions in the peritoneal cavity. Octreotide (0.1 mg) was administered every 8 h from
the day of the first surgery until the time of discharge,
which came to be after 33 d of hospitalization.

DISCUSSION
Under normal circumstances, lymph from the lower
parts of the body as well as from the viscera is circulated
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through lymphatic vessels that follow a retroperitoneal
course before emptying in the cisterna chyli and finally
the thoracic duct and the venous system. This fluid consists of converted long-chain triglycerides at high concentrations that originate from the gut during ingestion. In
cases wherea disruption to this normal flow occurs, the
peritoneal cavity may be filled with a high-density, milkylike fluid that is called “chyle”. Although there are no
unequivocal diagnostic criteria, it is generally agreed that
a high concentration of lipids is indicative[1]. A sample
of ascites fluid (either acquired by paracentesis or during
laparotomy) showing values of triglycerides 2 to 8 times
that of plasma is characterized as chyle and the situation
“chylous ascites” or “chyloperitoneum”. Some authors
have set absolute indicators such as a peritoneal lipid content greater than 200 mg/dL[2]. Other characteristics of
chyle are a protein concentration ratio > 0.5 compared to
that of plasma, a low cholesterol level (lower than plasma) and elevated amylase values in case of pancreatitis[3].
The formation of chylous ascites is usually a chronic
procedure, and the patient typically mentions symptoms
of progressive and painless distention of the abdomen
for some time before the diagnosis is established. Multiple causes for this relatively rare pathological entity have
been described. Aalami et al[1] present a detailed classification of them in a comprehensive review published in
2000. Whereas congenital abnormalities in the formation
of the lymphatic vessels (lymphatic hypoplasia or lymphangiectasia) are a frequent cause in infants, surgery and
malignancy (especially lymphoma) are among the most
common causes in adults[4]. In particular, surgery involving the thoracic cavity or the aorta and the retroperitoneal
space has often been associated with the pathogenesis of
chylous ascites by means of interrupting the normal lymphatic drainage[5]. Chyloperitoneum may also be the result
of trauma to the intestines or mesentery. Idiopathic retroperitoneal fibrosis, sarcoidosis and abdominal or pelvic
radiation therapy have also been mentioned in the literature. Infectious diseases are another possible cause, such
as filariasis in tropical countries, and tuberculosis mostly
in countries with low social and economical level[1].
However, in rare cases the accumulation of chyle
within the peritoneal cavity may occur rapidly and the
patient may present with symptoms and signs of acute
abdomen[6]. Vettoretto et al[6] found less than a 100 cases
of acute chylous peritonitis in their review of 2008. The
pain appears to be diffuse, possibly due to peritoneal distention and irritation of the root of the mesentery as the
retroperitoneal space expands, since the fluid itself is not
irritating to the peritoneum. During clinical examination,
rebound tenderness and guarding may be documented,
which is often localized at the right iliac fossa and this
can possibly be explained by pooling of chyle at the right
paracolic gutter. Thus the clinical picture may be misleading, with appendicitis, hollow organ perforation and
visceral ischemia being the most commonly suspected
diagnosis preoperatively[3,7-9]. Chyloperitoneum is usually
discovered during exploratory laparotomy, and in some
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cases this is the only intraoperative finding. Negative
laparotomies have been reported[3,6,10,11], in which the underlying cause was never discovered[11].
Pancreatitis is a rare cause of chylous ascites formation[12]. It is believed that either lymph may actually leak
through destroyed lymphatics due to pancreatic enzyme
erosion or that chylous accumulation is the result of exudation of chyle, caused by the obstruction of lymphatic
channel flow secondary to severe inflammatory changes
that take place in the retroperitoneal space surrounding
the pancreas[1]. Most cases involve chronic pancreatitis[13],
though acute pancreatitis has also been recognized as the
causative reason, with the first such report dating back
to 1984[12]. Since then, only a few cases of chylous ascites
secondary to acute pancreatitis have been documented[8,13-15]. In almost all of them, the presence of chyle into
the peritoneal cavity was discovered at some time after the
episode of pancreatitis, usually days or weeks[13-15]. However, Khan et al[16]reported a case of acute hyperlipidemic
pancreatitis-with normal serum amylase as in our case-that
presented with acute chylous peritonitis and was treated
conservatively. Smith et al[3] operated on a patient with
relapsing pancreatitis and acute chylous ascites formation,
due to a clinical resemblance with appendicitis.
Therapeutic choices may vary in accordance with the
underlying pathology. Thorough lavage of the abdomen
and adequate drainage has proven to be an excellent treatment modality for acute chylous peritonitis, since resolution of chylous ascites usually occurs within the next few
days. However, successful conservative treatment has also
been reported[13,16-18]. This requires proper preoperative
diagnosis, which is often difficult due to the exceptional
rarity of this pathological condition and its resemblance
to other surgical urgencies that call for immediate laparotomy. Long-term fasting supported by total parenteral
nutrition offers resolution in many cases. Alternatively, a
highprotein and low fat diet has proven to be efficacious
in reducing the amount of chyle produced. Administration of octreotide remains controversial[1,13].
In our case, the localization of the pain at the epigastrium and its later course mimicking peritonitis, together
with the mild inflammatory changes of the pancreatic
head demonstrated on CT imaging, as well as normal
amylase values, drew the attention towards a possible
duodenal perforation, thus leading the patient to the
operating room. Only in the subsequent day and after serial dilutions of the serum samples with the assay buffer
were we able to detect an abnormally high level of serum
amylase. The interference of excessive serum triglyceride
concentrations in the measurement of serum amylase
is a known reason for false-negative results and this was
also the case with our patient[16]. Moreover, routine serum
lipase measurement is not available in our hospital, which
could otherwise serve as an adjunct in the diagnosis of
acute pancreatitis. However, it should be noted that serum lipase levels too can appear normal in patients with
triglyceride-rich serum[16]. In our patient, peritoneal lavage
and adequate drainage offered sufficient treatment, while
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the patient was gradually restored to a full fat-free diet in
order to deal with the pancreatitis. Finally, the patient was
encouraged to cease alcohol use.
In conclusion, acute abdominal pain due to sudden
accumulation of chyle in the peritoneal cavity is a rare
situation that the clinician should be aware of in cases of
acute abdomen.
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INTRODUCTION
Henoch-Schönlein purpura (HSP) is the most common
systemic vasculitis in children. The diagnostic criteria
include palpable purpura with at least one other manifestation including abdominal pain, IgA deposition, arthritis or arthralgia, and renal involvement[1,2]. Immune
complex deposits induce necrosis of the walls of smalland medium-sized arteries with infiltration of the tissue
by neutrophils and the deposition of nuclear fragments,
a process called leukocytoclastic vasculitis[3]. It is often associated with infection, certain medications, or tumors. It
may coexist with or mimic Crohn’s disease[4]. Periumbilical
and epigastric pain worsen with meals due to bowel angina. Bleeding is usually occult or, less commonly, associated with melena. Intussusception is the most common
surgical complication. Perforations, usually ileal, may occur spontaneously or be associated with intussusception.
An ultrasound, recommended as the first diagnostic test,
and computed tomography (CT) scans may reveal intussusception and asymmetric bowel wall thickening mainly
involving the jejunum and ileum. There are a range of

Abstract
Henoch-Schönlein purpura (HSP) is a small-vessel vasculitis mediated by IgA-immune complex deposition. It
is characterized by the clinical tetrad of non-thrombocytopenic palpable purpura, abdominal pain, arthritis
and renal involvement. The diagnosis of HSP is difficult,
especially when abdominal symptoms precede cutaneous lesions. We report a rare case of paroxysmal drastic
abdominal pain with gastrointestinal bleeding presented
in HSP. The diagnosis was verified by renal damage and
the occurrence of purpura.
© 2012 Baishideng. All rights reserved.
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possible endoscopic findings including gastritis, duodenitis, ulceration, and purpura, with the second portion
of the duodenum characteristically being involved more
than the bulb. Intestinal biopsies show IgA deposition
and leukocytoclastic vasculitis in the submucosal vessels[3].
Superficial biopsies may show inflammation, ulceration,
edema, hemorrhage, and vascular congestion, presumably
due to vasculitis-induced mucosal ischemia[5]. The efficacy
of corticosteroids in preventing severe complications or
relapses is controversial. The majority of patients, however, improve spontaneously.

biopsy of the enlarged lymph nodes revealed an inflammatory reaction without lymphoma (data not shown).
Positron emission tomography and computed tomography also indicated that the enlarged lymph nodes were a
sign of inflammation, not of a malignant tumor (data not
shown).
During the first two weeks of hospitalization, the
patient accepted treatment with antibiotics and a proton
pump inhibitor (pantoprazole 40 mg, twice daily), but his
abdominal pain was not alleviated, and the paroxysmal
abdominal pain worsened progressively. After two weeks
of hospitalization, the patient’s urine test revealed significant albuminuria. Levels of urine albumin increased
to 1170 mg/L (0-20 mg/L), and 24-h total urine protein
increased to 4.08 g (0-0.12 g). Further, the urine protein analysis showed a remarkable increase in kappa and
lambda light chain levels to 62.5 mg/L (0-7.1 mg/L) and
28.8 mg/L (0-3.9 mg/L), respectively. The level of urine
IgA increased to 102 mg/L (0-17.5 mg/L). Therefore, the
diagnoses were considered to be an autoimmune-related
disorder such as Crohn’s disease and multiple vasculitis or
lymphoma. The patient was treated with corticosteroid
therapy in the form of intravenous methylprednisolone
(40 mg/d). By the next day, the drastic abdominal pain
was rapidly alleviated, and the melena also gradually disappeared. After one week of methylprednisolone therapy,
the treatment was changed to the oral administration of
prednisolone therapy (30 mg/d). During the fourth week
of corticosteroid therapy, palpable purpura appeared over
the patient’s lower extremities. A diagnosis of HSP was
ultimately established. After four weeks of corticosteroid
treatment, endoscopy and EUS showed that the patient’
s mucosal damage had improved significantly, and the
mucosal edema was observably mitigated (Figure 3). A
percutaneous renal biopsy revealed focal segmental endocapillary crescent-like proliferation (Figure 4). Positive
immunofluorescence staining for mesangial IgA was also
observed (data not shown). The histopathology of renal
biopsies supported the diagnosis of anaphylactoid purpura nephritis (APN), which was classified as ISKDC Ⅳ
according to the classification criteria of the International
Study of Kidney Disease in Children[6].

CASE REPORT
A 15-year-old boy was referred from another hospital to our
institution in November 2010. He was previously healthy
without any remarkable past medical history and denied any
recent non-steroidal anti-inflammatory drug use or illicit
drug use. He complained of progressive epigastrium and
periumbilical pain, nausea and mild diarrhea with melena
that had lasted for 3 wk. No rash was noticed on the skin.
On physical examination, his vital signs were normal, except for epigastric pressing pain and suspicious rebound
pain. Importantly, no skin rash was observed.
Laboratory blood examinations showed the following indexes (normal range in parentheses): hemoglobin,
109 g/L (120-140 g/L); peripheral white cell count, 20.09
× 109/L (5-10 × 109/L); neutrophils, 83.7% (40%-60%);
peripheral red cell count, 5.43 × 1012/L (4.0-4.5 × 1012/L);
platelet count, 267 × 109/L (100-300 × 109/L); C-reactive
protein, 68.0 mg/L (0-6.0 mg/L); erythrocyte sedimentation rate, 14 mm/h (0-20 mm/h); albumin, 24.8 mg/L
(36-51 mg/L); and total immunoglobulin (Ig), 17.6 mg/L
(25.0-35.0 mg/L); IgA, 2.292 g/L (0.7-3.3 g/L); total bilirubin, 6.3 µmol/L (4-23.9 µmol/L); alkaline phosphatase,
38 U/L (35-125 U/L); c-glutamyl transpeptidase, 12 U/L
(7-50 U/L); aspartate aminotransferase, 15 U/L (14-40
U/L); alanine aminotransferase, 21 U/L (5-35 U/L);
prothrombin time, 13.8 s (11.0-14.5 s); creatinine, 453
µmol/L (31.8-91.0 µmol/L), and blood urine nitrogen,
33 g/L (31.8-91.0 g/L). A routine urine test did not reveal
any RBCs or proteins on the first day of hospitalization.
Autoimmune-related indicators and tuberculosis (TB)related antibodies were not found in the blood, and the
TB-purified protein derivative (PPD) skin test was negative. Hepatitis B and C markers were also negative.
Plain abdominal radiography revealed incomplete
small-intestine obstruction. Gastroscopy and colonoscopy revealed some mucosal swelling, erosion, and active
ulcers with hemorrhage in the duodenum and terminal
ileum (Figure 1), but not in the stomach or colon. The
histopathology of duodenal mucosa and ileal mucosa
showed a chronic mucosal inflammation with necrosis
(data not shown). Ultrasound endoscopy (EUS) and abdominal CT examinations revealed the presence of thickened intestinal mucosa with submucosal hemorrhage and
enlarged mesenteric and retroperitoneal lymph nodes
(Figure 2). EUS-guided fine-needle aspiration (EUS-FNA)
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DISCUSSION
HSP is a form of blood vessel inflammation or vasculitis, also referred to as anaphylactoid purpura. Vasculitis
is involved in many conditions[1]. Each of the forms of
vasculitis tends to involve certain characteristic blood
vessels. HSP is a multisystem disorder predominantly affecting the skin, joints, gastrointestinal tract and kidneys,
but other organs can be affected as well. Neurological,
pulmonary, cardiac and genitourinary complications rarely occur. HSP results in a skin rash (most prominent over
the buttocks and behind the lower extremities) associated
with joint inflammation (arthritis) and sometimes cramping pain in the abdomen. The condition primarily affects
children (over 90% of cases); occurrences in adults have
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Figure 1 The endoscopy examination revealed intestinal damage. A-C are gastroscopic images, which show significant damage to the duodenum. A: Diffuse redness, swelling, hemorrhage and petechiae in the mucosa; B: Distortion and proliferation of the duplicature (narrow-band image); C: Ulcer; D-F: Colonoscopic images
and demonstrate significant damage to the terminal ileum; D: Mucosal hemorrhage and petechiae; E, F: Ulcers.

A

C

B

Figure 2 The ultrasound endoscopy and the computed tomography scan indicated the presence of thickened intestinal mucosa and enlarged abdominal
lymph nodes. A, B: Ultrasound endoscopy scan images; C: Computed tomography scan images.
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Figure 3 The extent of damage to the intestinal mucosa improved after treatment. A: Gastroscopic image of the duodenum; B: Ultrasound endoscopy (EUS) image of the duodenum; C: Colonoscopic image of the terminal ileum; D: EUS image of the terminal ileum.
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Figure 4 A percutaneous renal biopsy revealed focal segmental endocapillary crescent-like proliferation. A: HE staining, 200 ×; B: HE staining, 400 ×; C: Periodic acid-Schiff staining, 200 ×. HE: Hematoxylin and eosin.

rarely been reported (3.4 to 14.3 cases per million)[3]. HSP
occurs most often in the spring and frequently follows an
infection of the throat or breathing passages. HSP seems
to represent an unusual reaction of the body’s immune
system in response to this infection (either bacterial or viral). In addition to infection, drugs can trigger the condition. HSP occurs most commonly in children, but people
of all age groups can be affected.
HSP is usually diagnosed based on skin, joint, and
kidney findings. Throat culture, urinalysis, and blood
tests for inflammation and kidney function are used to
determine the diagnosis. A biopsy of the skin, and less
commonly, the kidneys, can be used to demonstrate the
presence of vasculitis. Special staining techniques (direct
immunofluorescence) of the biopsy specimen can be
used to document antibody deposits of IgA in the blood
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vessels of involved tissue. Renal involvement is rarely severe and is observed in approximately 50% of patients[1,2].
According to the diagnostic criteria of the European
League against Rheumatism and the Paediatric Rheumatology European Society published in 2006, palpable
purpura often presents with one of the following: diffuse
abdominal pain, a biopsy showing predominant IgA expression, acute arthritis/arthralgia, or renal involvement
defined as any hematuria or proteinuria. However, when
gastrointestinal manifestations occur alone or precede
dermatological or renal disease, the diagnosis is difficult[7,8]. Typically, palpable purpura will not precede renal
involvement[9,10]. However, in this case, purpura occurred
during the seventh week of onset, and renal involvement
occurred during the fourth week of onset, which delayed
the diagnosis of HSP. HPS may coexist with Crohn’s
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disease or mimic its symptoms (e.g., ileitis or ulcerative
colitis)[4,11,12]. The clinical manifestations of HSP in the
gastrointestinal tract are similar to gastrointestinal tuberculosis, lymphoma, inflammatory bowel disease, and other autoimmune disorders, which renders the diagnosis of
HSP difficult. In this case, paroxysmal drastic abdominal
pain with gastrointestinal bleeding was presented as the
princeps clinical situation. The characteristic endoscopic
findings included diffuse mucosal redness, small ringlike petechiae, hemorrhagic erosions and ulcers. These
manifestations created confusion until the diagnosis of
HSP was verified by the presence of renal damage and
purpura. Mucosal lesions develop anywhere within the
gastrointestinal tract. The small intestine is considered
to be the most frequently affected site, and duodenal involvement was more prominent in the second part of the
duodenum than in the bulb and stomach or colon.
Gastrointestinal involvement is frequent in HSP. The
diagnosis of HSP may be difficult, especially when abdominal symptoms precede the characteristic palpable
purpura. Typical endoscopic findings may alert gastroenterologists to the need to consider this diagnosis early in
treatment and thus avoid unnecessary laparotomy.
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INTRODUCTION
Regional portal hypertension is a rare cause of upper gastrointestinal bleeding, with pancreatitis disease being the
most frequently reported cause in the literature[1,2]. Splenic
arteriovenous fistulas are also rare. Until now, there are
approximately 126 reported cases of splenic arteriovenous
fistula in the database of PubMed. Herein, we reported an
extremely rare case in which regional portal hypertension
was associated with both the splenic arteriovenous fistula
and chronic pancreatitis.

Abstract
Regional portal hypertension is a rare cause of upper
gastrointestinal bleeding. We reported an extremely
rare case in which regional portal hypertension was
associated with both the splenic arteriovenous fistula
and chronic pancreatitis. In June 2010, our patient, a
41-year-old man, was admitted to a local hospital due
to a sudden melena and dizziness without haematemesis and jaundice. The splenic arteriovenous fistula in
this patient was successfully occluded through transcatheter arterial embolization. At the 12-mo follow-up,
our patient was in good condition.

CASE REPORT
A 41-year-old man was admitted to a local hospital in
June 2010 due to a sudden melena and dizziness without
haematemesis and jaundice. He was managed conservatively, with ﬂuid support and blood transfusion. No melena occurred again, and the symptom of dizziness was
reduced. With the melena of unknown causes, he was
referred to our institution for further diagnosis and treatment. On admission, his temperature was 36.7  ℃, pulse
was 85 times/min, respiration was 19 times/min, and
blood pressure was 124/76 mmHg. Splenomegaly was
found in physical examination. The liver was not palpable
and no signs of jaundice were observed. The patient
had a history of alcohol abuse, but no history of liver
disease, trauma and surgery. Five years ago, the patient
had an acute pancreatitis which recurred for five times.
The details of laboratory tests were as follows: red blood
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Figure 1 The main foundings of enhanced computed tomography and angiography. A: An oval cystic low-density lesion located in the area of splenic hilum; B:
The lesion was enhanced significantly on the arterial phase; C: Significantly enhanced on the portal phase of contrast-enhanced scan; D: A normal portal pressure
and an increased pressure of splenic vein of 23.5 mmHg; E: Splenic arteriovenous fistula manifested by angiography; F: Splenic arteriovenous fistula being totally occluded after embolization.

cell 4.13 × 1012/L, hemoglobin 119 g/L, platelet 246
× 109/L, white blood cell 6.90 × 109/L, total bilirubin
13.3 μmol/L, albumin 42.9 g/L, creatinine (CREA) 572.9
μmol /L, glucose (GLU) 0 9.53 mmol/L, GLU120 21.75
mmol/L, prothrombin time 12.0 s, and alpfa-fetoprotein
1.36 ng/mL. Tests for HBsAg, HBeAg, anti-HBe, antiHBc, anti-HCV and anti-HBs were all negative, except
for anti-HBs. Gastroscopy revealed severe gastric varices
and non-atrophic gastritis with bile reflux. Unenhanced
computed tomography (CT) scanning of upper abdomen showed an oval cystic low-density lesion located in
the area of splenic hilum, which was easily misdiagnosed
as pancreatic pseudocyst on unenhanced CT (Figure 1A)
and as pseudoaneurysm on contrast-enhanced scan. The
lesion was significantly enhanced on the arterial phase of
contrast-enhanced scan (Figure 1B). And on the portal
phase of contrast-enhanced CT scan, this lesion was
further enhanced and collateral vessels could be shown
at the fundus of the stomach (Figure 1C). Additionally,
thrombosis in the splenic vein was also found on the
portal phase of contrast-enhanced CT scan. Biopsy of
the liver was not performed. The current diagnosis was
regional portal hypertension considered to be related to
chronic pancreatitis. Under local anesthesia, a percutaneous transjugular approach was used to estimate the portal
venous pressure; the portal pressure was normal and
an increased pressure of splenic vein was 23.5 mmHg
(Figure 1D). Through a percutaneous femoral approach,
splenic artery angiography showed, on the arterial phase,
a smaller splenic artery, splenic vein aneurysmal expansion, and esophageal and gastric varices, suggesting the
formation of splenic arteriovenous fistula (Figure 1E).
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With splenic artery being extremely tortuous, it was difficult for conventional catheter to track the orifice of the
fistula through target vessels, therefore embolization of
the fistula was performed using a micro-catheter. Postoperative angiography revealed that splenic arteriovenous
fistula had been totally occluded (Figure 1F).

DISCUSSION
Regional portal hypertension, also known as sinistral or
left-sided portal hypertension, is a rare cause of upper
gastrointestinal bleeding, with pancreatitis disease being
the most frequently reported cause in the literature[1,2].
Splenic arteriovenous ﬁstula is a rare but potentially curable cause of portal hypertension. The ﬁstula may be
congenital or acquired. It is thought that they arise from
rupture of a splenic artery aneurysm or after abdominal
trauma, surgery or pancreatitis[3]. To our best knowledge,
splenic arteriovenous fistulas related to pancreatitis have
been rarely reported and its pathogenesis remains unclear[4]. In this case, the fistula arose from pancreatitis,
and regional portal hypertension was caused by splenic
arteriovenous ﬁstula and splenic vein thrombosis, with
the former playing a major role. As for regional portal
hypertension, the key point is to make the correct diagnosis as soon as possible, because it is curable. It should
be considered in the presence of gastrointestinal bleeding
with normal liver function tests and splenomegaly. Surgical excision of splenic arteriovenous ﬁstula is technically
difficult, and is sometimes unsuccessful because of the
remote location of the lesion, presence of numerous
portal collaterals, and adhesion. Interventional radiologic
technique, such as transcatheter arterial embolization, has
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been demonstrated to be a safe and effective alternative
to surgery[5]. The splenic arteriovenous fistula in our patient was successfully occluded through transcatheter arterial embolization. At the 12-mo follow-up, this patient
was found in good condition.
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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)

homogeneous 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 Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 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 from to evaluate the statistical method
used in the paper, including t-test (group or paired comparisons),
chi-squared 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
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for important intellectual content; and (3) final approval 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/1007-9327office. 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 for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in WJG,
reviewers of accepted manuscripts will be announced by publishing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor XinWei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

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.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.

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
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beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): 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; CONCLUSION (no more than 26 words).

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.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

REFERENCES

Coding system
The author should number the references in Arabic numerals according 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.

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.
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. Immunolog-

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 la-
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ic 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]
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]

eases. 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
Statistical data
Write as mean ± SD or mean ± SE.
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).
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
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