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EDITORIAL

Clinical role of non-invasive assessment of portal
hypertension
Massimo Bolognesi, Marco Di Pascoli, David Sacerdoti
evaluation of patients with liver cirrhosis. The mea
surement of the hepatic venous pressure gradient
represents the reference method by which portal
pressure is estimated. However, it is an invasive
procedure that requires significant hospital resources,
including experienced staff, and is associated with
considerable cost. Non-invasive methods that can be
reliably used to estimate the presence and the degree
of portal hypertension are urgently needed in clinical
practice. Biochemical and morphological parameters
have been proposed for this purpose, but have shown
disappointing results overall. Splanchnic Doppler
ultrasonography and the analysis of microbubble contrast
agent kinetics with contrast-enhanced ultrasonography
have shown better accuracy for the evaluation of
patients with portal hypertension. A key advancement
in the non-invasive evaluation of portal hypertension
has been the introduction in clinical practice of methods
able to measure stiffness in the liver, as well as
stiffness/congestion in the spleen. According to the data
published to date, it appears to be possible to rule out
clinically significant portal hypertension in patients with
cirrhosis (i.e. , hepatic venous pressure gradient ≥ 10
mmHg) with a level of clinically-acceptable accuracy by
combining measurements of liver stiffness and spleen
stiffness along with Doppler ultrasound evaluation. It is
probable that the combination of these methods may
also allow for the identification of patients with the most
serious degree of portal hypertension, and ongoing
research is helping to ensure progress in this field.
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Abstract

Core tip: This Editorial analyzes the newest and
promising methods for estimating portal pressure non-

Measurement of portal pressure is pivotal in the
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risk of esophageal rebleeding and mortality in patients
with decompensated cirrhosis; higher than 20 mmHg
is correlated with failure to control bleeding in patients
with active bleeding from varices and to mortality, >
22 mmHg is correlated with mortality in patients with
alcoholic cirrhosis and acute alcoholic hepatitis, and
> 30 mmHg is correlated with spontaneous bacterial
[3,5,6]
peritonitis
. In contrast, improvement of portal
hypertension is associated with improved prognosis.
In particular, a reduction in portal pressure to a level
of < 12 mmHg, or to at least of 20% of the baseline
values, is necessary to obtain clinical efficacy of portal
[2,7,8]
hypertension therapy
. It is clear, therefore, that
when portal hypertension is suspected in patients with
liver cirrhosis, it is not only necessary to know whether
CSPH is present but also to quantify the level of portal
hypertension and, further, to evaluate the change in
portal pressure over time.

invasively in cirrhotic patients with portal hypertension.
Measurements of liver and spleen stiffness, combined
with Doppler ultrasound evaluation, allow for the
identification of patients without clinically-significant
portal hypertension and are also promising for esti
mation of the degree of portal pressure in patients with
portal hypertension.
Bolognesi M, Di Pascoli M, Sacerdoti D. Clinical role of
non-invasive assessment of portal hypertension. World J
Gastroenterol 2017; 23(1): 1-10 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i1/1.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i1.1

INTRODUCTION
Measurement of portal pressure is pivotal in the
evaluation of patients with liver cirrhosis. Indeed,
portal hypertension is a complication of cirrhosis that
affects prognosis and the natural history (disease
stage). Portal hypertension is the main etiology under
lying the opening of collateral circulation and the
onset of hyperdynamic circulatory syndrome, which
can result in esophageal varices (EV), gastrointestinal
bleeding, ascites, hepatorenal syndrome, spontaneous
[1]
bacterial peritonitis and/or hepatic encephalopathy .
Therefore, upper gastrointestinal endoscopy and
measurement of portal pressure are recommended
for patients with suspected liver cirrhosis and portal
[1]
hypertension . Moreover, the measurement of portal
pressure represents the only valid method currently
available for evaluation of effectiveness of portal
hypertension therapies (pharmacological, surgical,
[2]
interventional radiology) .

MEASUREMENT OF PORTAL PRESSURE:
THE HEPATIC VENOUS PRESSURE
GRADIENT
The actual reference method for the measurement of
portal pressure is measurement of the hepatic venous
pressure gradient (HVPG), an indirect estimate of
portal pressure obtained by use of catheterization
of the hepatic veins. It allows measurement of
the level of sinusoidal pressure by calculating the
difference between the pressure in a hepatic vein
that has been inserted with the occluding catheter
[5,7]
and free pressure . In the cirrhosis condition, portal
hypertension is mainly due to sinusoidal and postsinusoidal hypertension, with the sinusoidal pressure
corresponding to the pressure in the portal vein.
Introduction of balloon catheters to this measurement
approach has resulted in marked improvement in
[9]
reliability of the measurement .
HVPG is an indirect method, which is only able
to correctly evaluate portal pressure in patients with
increased portal pressure at the sinusoidal level (i.e.,
cirrhosis), and it has no value in patients with presinusoidal and pre-hepatic portal hypertension. Yet,
detection of its normality can sometimes help in
differential diagnosis of those forms of pre-hepatic
portal hypertension.
With this limitation, HVPG, if executed according to
the guidelines, is a safe and reproducible technique,
and has emerged as the reference method for
measurement of the pressure gradient between the
portal vein and the inferior vena cava in cirrhosis
[2]
(sinusoidal portal hypertension) . Unfortunately, the
method is invasive and relies on the commitment
of significant hospital resources, equating to a
considerable cost and requiring experienced staff. As
such, it is routinely performed in only a few centers,
particularly those specializing in the treatment of portal

CLINICALLY-SIGNIFICANT PORTAL
HYPERTENSION
Increase in portal pressure has been shown to
be clinically significant (clinically significant portal
hypertension, CSPH) when it corresponds to a
[2,3]
porto-hepatic gradient of ≥ 10 mmHg . CSPH is
considered the threshold beyond which complications
[2,4]
like EV and ascites may develop . However, in the
evaluation of portal hypertension, it is not sufficient to
merely determine the presence or absence of CSPH.
Indeed, the degree of portal hypertension defines
different levels of risk, with progressively worse
prognostic significance.
Risk of EV, ascites and decompensation after
surgery for hepatocellular carcinoma is associated
with portal pressure > 10 mmHg, while risk of
bleeding of EV is associated with a portal pressure
[5]
of ≥ 12 mmHg . Portal pressure > 16 mmHg is
reported as correlated with survival, first clinical
decompensation in patients with varices, and higher
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[10]

hypertension

.

Overall, the results for the proposed parameters
[3]
and indices have not been satisfactory . Serum
markers may be useful as a first-line tool to identify
cirrhotic patients in whom the risk of clinically[17]
relevant EV is trivial . However, the possibility of
replacing upper endoscopy with simple serum noninvasive markers is still not practical for the vast
[3,11,13,17,18]
majority of patients
. Accordingly, the
biochemical/morphological tests may be of help to
diagnose patients with suspected CSPH, but not to
estimate the degree of portal pressure. These tests
do not allow for clinical decisions on their own, nor
can they be used alone in a clinical context; although,
[19]
they may be sufficient in use as a first-level test
(laboratory tests require no clinical skillfulness, dis
tinctive from Doppler ultrasound and measurement
of tissue stiffness), but their use would not exempt a
clinician from undertaking further analysis with more
accurate tests.

NON-INVASIVE ESTIMATION OF PORTAL
PRESSURE
Non-invasive methods that can be used reliably to
determine the presence and estimate the degree
of portal hypertension have been in great demand
for at least 30 years. Despite substantial efforts to
generate such a method, up until a few years ago only
disappointing and unsatisfactory results were obtained.
Since the primary cause of portal hypertension
is the mechanical increase in intrahepatic resistance
due to fibrosis and distortion of liver architecture, it is
reasonable to assume that non-invasive parameters
of liver fibrosis may indicate the presence of portal
hypertension.

ESTIMATION OF PORTAL
HYPERTENSION BY BIOCHEMICAL AND
MORPHOLOGICAL PARAMETERS

ESTIMATION OF PORTAL
HYPERTENSION BY DOPPLER
ULTRASOUND TECHNIQUES

A number of the biochemical and morphological
parameters that have been proposed for evaluation
of the degree of liver fibrosis have been analyzed
for their potential in use for the evaluation of
[11]
portal hypertension and/or the presence of EV .
Even if there is a broad correlation between these
indices and portal pressure or the presence of EV,
confirming the role of liver fibrosis in the genesis of
this condition, it is a fact that the low coefficients
of the correlations do not support clinical use of
these parameters for this purpose. Various indices
[3,12,13]
have also been proposed
. The platelet count/
spleen diameter ratio (Plt/Spl) was reported to be
independently associated with the presence of EV,
as shown in a multivariate analysis. A Plt/Spl cutoff value of 909 had 100% negative predictive value
[14,15]
for diagnosis of EV
. Another study determined
that this parameter is also related to the presence of
[16]
portal hypertension . A model combining albumin,
aspartate aminotransferase (AST) and the international
normalized ratio (INR) had an area under the receiver
operating characteristic curve (AUROC) of 0.952
for prediction of CSPH in a group of patients with
[17]
compensated cirrhosis .
[18]
In a study by Sebastiani et al , a combination of
the Lok index (an index derived by AST and alanine
aminotransferase (ALT) levels, platelet counts and
prothrombin time (PT)-INR; using a cut-off of 1.5)
and the Forns’ index (an index derived by age, platelet
counts, gamma-glutamyl transferase (GGT) and
cholesterol; using a cut-off of 8.8) had an AUROC
of 0.80 (95%CI: 0.76-0.84) and a high negative
predictive value (> 90%) for excluding clinically[18]
relevant EV .

WJG|www.wjgnet.com

The introduction of ultrasound and Doppler techniques
generated great expectations in the 1990s for noninvasive assessment of portal hypertension. Doppler
ultrasound evaluation was a major step forward in the
clinical evaluation of patients with portal hypertension.
Indeed, many parameters indicating the presence of
portal hypertension could be identified non-invasively,
including the presence of collateral vessels, spleen
enlargement, ascites, change in the portal vein
parameters (e.g. increase in diameter, disappearance
of caliper variation during respiration, decrease in
blood flow velocity, increase in the congestion index),
increase in hepatic and splenic arterial resistance
indices, and decrease in the damping index of hepatic
[5,12,20-22]
veins
. Scores obtained by the combinations
of measuring portal vein blood velocity, portal
vein diameter, the hepatic artery resistance index
[4,12,23-26]
and splenic artery resistance index
were
proposed and demonstrated to be useful in the
clinical monitoring of patients with cirrhosis and portal
hypertension.
Some of these parameters, such as the presence
of collateral circulation in patients with cirrhosis, can
be considered as having a specificity of 100% for the
[2]
diagnosis of CSPH ; although, all of these parameters
have low diagnostic sensitivity for identifying the
condition.
In patients with known cirrhosis, Doppler ultrasound
has > 80% specificity for diagnosis of CSPH, but
sensitivity does not exceed 40%-70%, particularly
[5]
in compensated patients . Therefore, while the
presence of one or more Doppler ultrasound signs can
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establish the presence of CSPH, their absence cannot
exclude it. Moreover, Doppler ultrasound is not useful
for evaluating the effect of pharmacological therapy
on portal hypertension, as vasoactive drugs used in
the therapy of portal hypertension modify Doppler
parameters (i.e., vascular blood velocity, resistance
indices) per se, in a manner independent of the final
modification of portal pressure.
On the contrary, Doppler parameters may have
major utility in the evaluation of the effect of sur
gical therapy and of liver transplantation on portal
hypertension. Indeed, in these conditions, normalization
of portal hemodynamics and of splenic Doppler
resistance indices has been proposed as confirmatory
for having achieved a good resolution of portal
[27]
hypertension after surgery .
Thus, although indispensable in the evaluation
and monitoring of patients with cirrhosis and portal
hypertension, Doppler ultrasonography cannot be used
on its own as a screening method to exclude CSPH,
nor as a method for monitoring portal pressure over
time. Doppler ultrasound, however, does detect signs,
such as portal-collateral circulation, ascites and portal
vein thrombosis, that, if present, allow for a certain
diagnosis of CSPH.
Color Doppler ultrasonography is a useful noninvasive modality for assessing gastric, duodenal and
[28-31]
rectal varices
. Contrast-enhanced ultrasonography
analysis of transit time of microbubble contrast
agent through the liver has demonstrated that a
decrease in the transit time between the hepatic vein
and the hepatic artery or the portal vein (a sign of
porto-hepatic shunting) is related to the degree of
[12,21,32]
portal hypertension in cirrhosis
. Moreover, a
relation has been reported for the presence of portal
hypertension and a number of other parameters
derived by the analysis of time-intensity curves of
contrast agent in the various liver structures; these
[33]
parameters include regional hepatic perfusion ,
portal vein/hepatic artery strength ratio, area under
the portal vein/hepatic artery time-intensity curve
ratio, and portal vein/hepatic artery wash-in perfusion
[34]
slope ratio . Unfortunately, most of the correlations
reported between these parameters and portal
pressure are weak, indicating that they cannot predict
the presence of CSPH in single patients with sufficient
accuracy.
Recently, a new non-invasive approach to quantify
portal pressure has been proposed that is based
upon subharmonic emission from ultrasound contrast
[35,36]
agent
. The changes of subharmonic signal
amplitude are reported as correlating with portal
[36]
[37]
pressure changes ; moreover, Eisenbrey et al
demonstrated that subharmonic-aided pressure
estimation (SHAPE) was in good overall agreement with
HVPG (r = 0.82). This method seems promising and
deserves further study.

WJG|www.wjgnet.com

ESTIMATION OF PORTAL PRESSURE
BY THE MEASUREMENT OF LIVER
STIFFNESS
Another important advancement in the non-invasive
assessment of portal hypertension has been the
introduction of non-invasive measurement of liver
stiffness (LS) by transient elastography (TE). Originally
proposed and designed as a non-invasive approach
for detecting the presence of fibrosis in the liver, after
initial doubts, the method has gradually imposed itself
as a routine method used in the clinical evaluation
of patients with chronic liver disease. TE has proven
sensitive for estimating the absence of liver fibrosis
or the presence of high-degree liver fibrosis, yet
patients with moderate fibrosis remain more difficult
[26]
to assess . TE has also been shown to be related to
[10,38,39]
the degree of portal pressure
. Such a correlation
is somewhat expected because liver fibrosis is the
first and main determinant both of tissue stiffness
[3]
and of intrahepatic resistance to portal blood flow .
LS can increase independently of fibrosis due to
food ingestion, inflammation, cholestasis and liver
[3]
congestion . Even with the limitations cited above, a
number of studies have demonstrated that the related
method allows not only for estimation of liver fibrosis
[13,40,41]
but also determination of CSPH presence
. In
patients with chronic liver disease, LS can predict CSPH
(HVPG ≥ 10 mmHg) with a very high accuracy, having
an AUROC of 0.945 (95%CI: 0.904-0.987); when
the cut-off value was set at 21 kPa, this procedure
accurately predicted CSPH in 92% of the patients for
[40]
[41]
whom LS was successful . Lemoine et al confirmed
that LS can predict CSPH, but highlighted that the cutoff is higher, with a better performance, in alcoholic
patients; in particular, the AUROC for diagnosis of
CSPH was reported as 0.76 ± 0.07 in patients with
hepatitis C virus (HCV) infection (best cut-off at 20.5
kPa) and 0.94 ± 0.03 (best cut-off at 34.9 kPa) in
[41]
alcoholic patients .
These results justify the proposal to use this
method in clinical practice for identifying patients with
[5]
CSPH . Therefore, TE can be used as a screening
method for CSPH in patients with compensated liver
[2,5]
cirrhosis .
[39]
Vizzutti et al showed that the correlation between
LS and portal pressure in cirrhosis is very good up
to 10-12 mmHg, while it is substantially lacking for
higher values. This finding has been explained by the
fact that - while in the early stages of the disease the
main factor determining portal hypertension is liver
fibrosis, therefore it is well related to portal pressure
- once CSPH is established, the progression of portal
hypertension depends not only on liver fibrosis but
also on other factors, especially those related to the
hyperdynamic circulation, the splanchnic vasodilatation
[42-44]
and the resistance in portosystemic collaterals
.
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Unfortunately, these factors are not estimated by
[10,16,39]
LS
.
According to the collective data, TE can be very
[5]
useful for ruling out or ruling in CSPH ; however, the
technique is not accurate enough to replace HVPG in
[5]
quantifying the exact severity of portal hypertension .
Furthermore, TE is unlikely to be useful in monitoring
hemodynamic response to drug therapy, the effect of
which is mediated primarily by decreases in splanchnic
blood flow and partially by modifications in hepatic
and collateral resistance, and not by improvements in
[38]
hepatic fibrosis and LS .
LS has been demonstrated to be as effective as
HVPG for predicting clinical decompensation and
portal hypertension-related complications in patients
[45]
with chronic liver disease . The usefulness of LS
in predicting portal hypertensive complications was
[46]
confirmed by Kitson et al .
In recent years, additional techniques have been
proposed for the evaluation of LS, each of which
appear to overcome some of the limitations presented
[47,48]
by traditional TE
; these include acoustic radiation
force impulse imaging (ARFI) and shear-wave velocity
estimation. In particular, the real-time shear-wave
elastography (SWE) allows for real-time viewing of the
area under investigation, contrary to TE which is done
blindly, as well as integration of the assessment of TE
[1,12,21,47,49-51]
with traditional ultrasound and Doppler
.
In this context, it may be possible to integrate
the measurement of LS with Doppler ultrasound
parameters and, therefore, improve the accuracy of
portal hypertension evaluation. The reported technical
success rate of SWE is significantly better than that
[52]
[53]
of TE . Choi et al
also proposed that non-invasive
measurement of LS by SWE may be useful for
monitoring efficacy of the medical therapy of portal
hypertension.

disease (MELD) predictive model represented an
accurate predictor of clinical decompensation, with
[56]
accuracy at least equivalent to that of HVPG . A value
for SS of < 54 kPa ruled out the risk of complications
[56]
in the subsequent 2 years . SS has been shown to
decrease after orthotopic liver transplantation, when
[57]
portal hypertension is resolved . This is a behavior
[27]
similar to splenic resistance indices .
Although not all of the subsequent studies yielded
[51,52]
such reassuring results
, this study highlighted
that spleen parameters probably reflect the levels
of portal hypertension more accurately, due to the
peculiar modifications that occur in the spleen during
portal hypertension as a result of congestion and
[58]
hyperplasia . In cirrhosis, splenomegaly is not only
due to passive congestion but also to tissue hyperplasia,
and is characterized by a combination of angiogenesis,
fibrogenesis, and enlargement and hyperactivation of
[16,58]
the splenic lymphoid compartment
. This condition
of hyperplasia, with increased flow, participates in
the hyperdynamic circulatory syndrome of portal
[58]
hypertension .
Stiffness and hemodynamics of the spleen are
probably sensitive sensors of portal pressure and of
portal vein resistance. Therefore, it seems that the
next route to follow will be the combination of SS with
the Doppler splenic resistance indices, and possibly
platelet count and spleen size. Indeed, individually,
these parameters have shown better accuracy in
the prediction of portal hypertension. SS is probably
related to splenic congestion due to portal hypertension
in an organ with a rigid capsule. The platelet count/
spleen diameter ratio is probably the simplest index
for determining the presence of portal hypertension
[14-16,59,60]
and EV
. Doppler splenic resistance indices
are related to portal blood flow resistance and to
[22,24]
HVPG
.
As evidence for the central role of splenic hemo
dynamics in portal hypertension, a few studies have
shown the usefulness of combining the value of LS
with splenic parameters to improve the identification
of patients with portal hypertension. Among these
parameters are the LS-spleen diameter to platelet
[13,16,59]
ratio score (LSPS)
and the portal hypertension
risk score, the latter of which combines LS, sex and
[61]
spleen diameter/platelet count ratio . This portal
hypertension risk score had the highest AUROC value
(0.935), as compared with LS alone or LSPS, for
identifying patients with CSPH.

ESTIMATION OF PORTAL
HYPERTENSION BY THE MEASUREMENT
OF SPLEEN STIFFNESS
A very noteworthy advancement in this field is the
application of non-invasive evaluation of parenchymal
[16,54,55]
stiffness (via TE, ARFI and SWE) in the spleen
.
[16]
An interesting study
showed that in patients with
HCV-related cirrhosis, there is a very good correlation
2
between HVPG and spleen stiffness (SS) (r = 0.78),
with a correlation that is maintained even when portal
pressure is > 10 mmHg, which contrasts with LS. This
study suggests that SS increases in close parallel with
the progression of portal hypertension from the early
[16]
to the late stages of cirrhosis .
Similarly to LS, SS measurement has also been
reported as useful for predicting of clinical complications
[56]
in compensated cirrhosis . In patients with HCVrelated cirrhosis, a SS and model for end-stage liver
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LIMITATIONS OF LS AND SS
MEASUREMENT
A limitation of this method is the significant number of
patients for whom the measurement of LS and/or SS
could not be completed or yielded unreliable results.
Reportedly, valid measurement of LS is not obtained
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Patients with compensated
advanced chronic liver disease

Routine blood test (platelet count)
and abdominal DDU

9

Platelets < 150 × 10 /L;
No DDU sign of portal
hypertension

9

Platelets ≥ 150 × 10 /L; Spleen
size < 13; No DDU sign of
portal hypertension

LS: TE < 13.6 kPa
SS: TE < 40 kPa

No CSPH

No variceal
screening (avoid
endoscopy).
No HVPG
measurement.
Continue periodic
follow-up

LS: TE 13.6-25 kPa
(13.6-35 kPa in
alcoholic etiology)
SS: TE 40-53 kPa

LS: TE > 25 kPa
(> 35 kPa in
alcoholic etiology)
SS: TE > 53 kPa

Indeterminate:
suspect CSPH

CSPH

Variceal screening
(perform
endoscopy).
Possibly HVPG
measurement

Variceal screening
(perform
endoscopy).
Possibly HVPG
measurement

LS and SS
measurements:
inconclusive

LS and SS
measurement
not necessary

Measure LS
and SS

Consider other
noninvasive
methods: i.e. ,
MRI, CEUS,
SHAPE

Individualize
diagnostic
path: consider
variceal screening
and HVPG
measurement

9
Platelets < or ≥ 150 × 10 /L;
Spleen size ≥ 13; DDU sign
of portal hypertension

CSPH

Individualize
diagnostic path: if
CSPH cannot be
excluded: variceal
screening (perform
endoscopy)
and HVPG
measurement

Variceal screening
(perform endoscopy).
Possibly HVPG
measurement

Figure 1 Hypothetical algorithm of non-invasive methods for screening and evaluation of clinically-significant portal hypertension and to discriminate
patients with or without a need for endoscopic screening. CEUS: Contrast-enhanced ultrasonography; CSPH: Clinically-significant portal hypertension; DDU:
Duplex Doppler ultrasonography; HVPG: Hepatic venous pressure gradient; LS: Liver stiffness; MRI: Magnetic resonance imaging; SHAPE: Subharmonic-aided
pressure estimation; SS: Spleen stiffness; TE: Transient elastography.
[16,19,47]

in approximately 20% of patients
. TE cannot
be performed in patients with ascites, and the failure
[47]
rate of TE is generally higher in obese patients .
Aminotransferase flares, food intake, extrahepatic
cholestasis, steatosis, increased central venous
pressure and the use of beta-blockers can influence
[36,62]
the accuracy of LS assessment by TE
.
Moreover, LS and SS measurement are considered
reliable for estimating portal hypertension only when
the coefficient of variation among the successful
[51,52]
measurements in a single patient is low
. In the
[52]
study by Elkrief et al , the designation of excellent
accuracy (i.e., patients with variation coefficient of
TE measurement < 10%) was achieved in < 50%
[51]
of the patients. Procopet et al
proposed that
SWE measurement of LS can be considered “highly
reliable” only when measurements have a coefficient
of variation < 10% and a depth of measurement <
5.6 cm; when these criteria are fulfilled, the rate of
patients considered well-classified for the presence or
absence of CSPH is close to 100%.
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MAGNETIC RESONANCE IMAGING AND
COMPUTED TOMOGRAPHY
Other methods have been proposed for non-invasive
assessment of LS related to portal hypertension,
namely magnetic resonance elastography, quantita
tive magnetic resonance imaging and computed
tomography (CT). Although very interesting, at
present these methods cannot be recommended as
routine for measuring LS and SS. Magnetic resonance
elastography can decompose tissue viscoelastic
parameters into different components, including
stiffness, elasticity and viscosity, allowing for better
[63]
differentiation of fibrosis from congestion . CT has
the hypothetical capacity to assess portal pressure by
[64]
using computational fluid dynamic modeling , and
has already been proposed for use in evaluation of the
[65]
fractional flow coronary reserve . While magnetic
[66,67]
resonance techniques are very promising
, they are
too expensive and the use of CT also seems impractical
due to the high cost and the time-consuming nature of
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the computational fluid dynamic modeling.
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REVIEW

Fecal incontinence - Challenges and solutions
Nallely Saldana Ruiz, Andreas M Kaiser
impacts the patient’s self-esteem and quality of life but
may result in significant secondary morbidity, disability,
and cost. Treatment is difficult without any panacea
and an individualized approach should be chosen that
frequently combines different modalities. Several new
technologies have been developed and their specific
roles will have to be defined. The scope of this review
is outline the evaluation and treatment of patients with
fecal incontinence.
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Core tip: Fecal incontinence is frequent, underreported, and lacks a perfect treatment solution. Fecal
control is not equivalent to normal sphincter muscles.
Other factors such (e.g. , stool consistency, rectal
reservoir function and elasticity are equally important.
Incontinence is rather a symptom than a diagnosis,
representing the common final pathway of various
etiologies. Measurement of fecal incontinence remains
subjective and based on patient reporting. Successful
incontinence management combines a thorough
understanding of contributing factors, workup and
interpretation of individual results, tailoring of individual
treatment plan. New technologies are abundant but not
indicated for all patients, and objective results often
less strong than advertised.
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Abstract
Fecal incontinence is not a diagnosis but a frequent and
debilitating common final pathway symptom resulting
from numerous different causes. Incontinence not only
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INTRODUCTION
Continence is one of our fundamental expectations
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decubitus ulcers, etc; (2) There are substantial direct
and indirect financial expenses to the patients (e.g.,
diapers, clothes, loss of productivity), the employers
(days off work), and the insurances (health care cost,
[5]
unemployment, etc.) ; and (3) Most importantly,
there is a significant impact on the quality of life (selfesteem, embarrassment, shame, depression, need
to organize life around easy access to bathroom,
avoidance of enjoyable activities, etc.). Notably, this
aspect is not limited to the patient but could to a
[7]
similar degree affect the patient’s significant others .
The purpose of our review is to analyze the comple
xity and limitations of fecal incontinence management
and to correlate basic concepts of etiopathogenesis and
work-up on one hand with the treatment options on the
other hand. The challenges need to be pointed out to
define current options and possible solutions.

Table 1 Causes of fecal incontinence
Category

Details

Acquired
structural
abnormalities

Functional
disorders

Neurological
disorders

Congenital
disorders

Obstetric injury (vaginal delivery)
Anorectal surgery (hemorrhoid, fistula, fissure, etc.)
Rectal intussusception/prolapse
Sphincter-sparing bowel resection
Trauma (e.g., pelvic fracture, Anal impalement)
Chronic diarrhea
Irritable bowel disease
Inflammatory bowel disease
Radiation proctitis
Malabsorption
Hypersecretory tumors
Fecal impaction (paradoxical diarrhea)
Physical disabilities
Psychiatric disorder
Pudendal neuropathy
(radiation, diabetes, chemotherapy)
Spinal surgery
Multiple sclerosis
Dementia
CNS disorder: stroke, trauma, tumor, infection
Spina bifida
Imperforate anus
Cloacal defect
Spina bifida (myelomeningocele, meningocele)

Challenge

Treatment for fecal incontinence often is demanding
and needs to be tailored to the individual circum
[8]
stances . Unfortunately and despite of a wealth
of data, our knowledge about the physiology and
pathophysiology of the anorectal continence remains
[3,4,9,10]
sketchy in many aspects
. In particular, it remains
difficult if not impossible to correlate subjective and
objective parameters in a way to allow for prediction
of outcomes. The matter is further complicated by
a striking absence of standardization of definitions
and of instruments to measure and quantitate fecal
incontinence. Even though there are a number of
scoring systems that are commonly used [e.g.,
Wexner/CCF incontinence score; Fecal Incontinence
Quality of Life (FIQL) score; Fecal Incontinence
Severity Index (FISI); St. Marks Incontinence Score
[11]
(SMIS); etc.) , there is none that would include
physiologic components or objective test parameters
to accurately reflect the clinical severity. Instead, most
instruments are based on a subjective patient-reported
assessment of severity and frequency.
In the United States, the Cleveland Clinic Florida
(Wexner) fecal incontinence score remains the most
commonly employed score because of its ease of
[12]
use (Table 2) : the summary score is derived from
5 parameters whose frequency is each ranked on a
scale from 0 (= absent) to 4 (daily): incontinence to
gas, to non-formed stool, or to solid stool, need to
wear pad, and lifestyle changes. A score of 0 means
[12]
perfect control, a score of 20 complete incontinence .
Unfortunately, the patient’s behavior and coping
mechanisms are not taken into consideration and can
result in substantial variation of the reported score. For
example and solely for the purpose of arguments, if a
completely incontinent patient hypothetically spent the
whole time on the toilet, there would be no incontinence
to gas, liquid or formed stool, no need for a diaper, and
therefore the only parameter to count would be a “daily
impact on his quality of life”, i.e., a score of 4 (instead of
the more appropriate score of 20).

and a basic element of quality of life. It reflects the
confidence to have in place an adequate perception
and control mechanism for stool and urine to
allow for a conscious selection of the appropriate
timing, location and privacy for voiding and moving
the bowels. Continence is the result of a balanced
interaction between the anal sphincter complex (“plug”),
stool consistency, the rectal reservoir function, and
neurological function. Disease processes or structural
defects that alter any of these components can lead to
the clinical symptom of fecal incontinence.
Fecal incontinence is defined as the involuntary
loss of rectal contents (feces, gas) through the anal
canal and the inability to postpone an evacuation until
socially convenient. Attached to the definition are a
time and age component to include a duration of the
problem for at least one month and an age of at least
[1-3]
4 years with previously achieved control . Depending
on the presenting circumstances, fecal incontinence
is commonly classified as (1) passive incontinence
(involuntary discharge without any awareness);
(2) urge incontinence (discharge despite active
attempts to retain contents); and (3) fecal seepage
(leakage of stool with grossly normal continence and
[2]
evacuation) . Fecal control is often thought to be
synonymous with normal sphincter muscles; however
[4]
other factors are equally important . Hence, fecal
incontinence has to be considered the common final
pathway symptom of multiple independent etiologies
(Table 1).
Consequences of incontinence (both fecal and
[4-7]
urinary) are significant at different levels : (1) The
patients may develop secondary medical morbidities,
such as skin maceration, urinary tract infections,
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Table 2 Cleveland Clinic Fecal Incontinence Score

[12]

Parameter

Frequency
Never

Incontinence to solid stool
Incontinence to liquid/loose stool
Incontinence to gas
Wears pad
Lifestyle alteration

0
0
0
0
0

Rarely

Sometimes

Usually

Always

(< 1/mo)

(< 1/wk but ≥ 1/mo)

(< 1/d but ≥ 1/wk)

(≥ 1/d)

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

Sum of the five parameters: perfect control = 0; complete incontinence = 20.

Epidemiology

A third or fourth degree obstetrical injury with
sphincter disruption is clinically recognized in
approximately 3%-8% of all vaginal deliveries. But
even uncomplicated first-time vaginal deliveries
may reveal an occult sphincter damage in up to
35%, whereby forceps delivery, occipito-posterior
presentation of the baby, and prolonged labor are
[2]
independent risk factors . The controversy whether
episiotomies are “good, bad, or ugly” in the first place
or because simply done too late in the course of labor
[28,29]
goes beyond the focus of this review
. Occult
defects remain silent in two thirds of the individuals,
but in one third over time become symptomatic
with incontinence or urgency. It is important to note
that the extent of a sphincter defect has only limited
correlation with the degree of fecal incontinence.
Intuitively, a large enough sphincter defect alters the
circular muscle contraction with concentric closure
of the anal canal into a more curvilinear muscle
shortening with decreased force onto the anal canal
(Figure 1). Beyond that, however, a sphincter defect
rather represents a surrogate parameter for the fact
that the entire neuromuscular structures of the pelvic
floor have suffered a substantial traumatic impact that
goes beyond the simple size measurement of a defect
angle. The onset of symptoms may frequently lag
behind the time of injury by many years; other factors
such as onset of menopause, accelerated aging of the
traumatized sphincter structures, or decompensation
of coping mechanisms may contribute to that delay.
Similar to obstetrical injuries, anorectal surgeries
(hemorrhoidectomy, sphincterotomy, fistula surgeries)
are frequently identified in patients with symptoms of
incontinence. This is at variance with low percentages
of incontinence when outcomes of such surgical series
are reported. The explanation for this discrepancy may
be found in the fact that such observational cohort
studies frequently lack long-term follow-up of more
than 10 years and hence fail to capture the delayed
onset of symptoms to determine the true incidence of
this long-term complication.

Fecal incontinence is very common but because of
the associated embarrassment and a common taboo
nature, it is under-reported and its true prevalence
[13]
difficult to reliably assess . Reported estimates of
prevalence rates always have to be interpreted with
caution and should be seen within their respective
[14]
context . Depending on the method and strategy
of assessment and the target population, such data
may not be representative of the whole population
but only reflect selected subsets that may be very
different from other population segments. Analysis
of 14759 participants in the United States National
Health and Nutrition Examination Survey revealed a
fecal incontinence prevalence of 8.4% among noninstitutionalized United States adults with an age[14]
dependent increase over time . International
population-based studies suggested a fecal incontinence
[14-17]
prevalence of 0.4%-18%
. A telephone survey
in the United States reported a prevalence of 2.2%
with a female to male ratio of 63% vs 37%, whereby
30% of the affected interviewees were older than 65
[18]
years . Review of outpatient clinic patients revealed a
prevalence of 5.6% in general outpatients as opposed to
[16]
15.9% in urogynecology patients . A disproportionate
fraction of 45%-50% of affected individuals have severe
physical and/or mental disabilities, and incontinence is a
[19-21]
frequent reason for transfer to nursing homes
.

Etiologies

A vast number of etiologies have been associated with
the development of fecal incontinence (see Table 1),
including acquired structural abnormalities or congenital
malformations, degenerative and functional conditions,
[13]
or neurological disorders . Diarrhea and altered
bowel habits [e.g., from irritable bowel syndrome (IBS),
inflammatory bowel disease (IBD), diet intolerance,
constipation with paradoxical diarrhea and overflow
incontinence] is one of the most frequent independent
[22]
risk factors for incontinence . The most common
structural causes, however, are the result of obstetrical
[23]
injury (often decades before onset of symptoms) ,
anorectal surgeries (hemorrhoidectomy, fistulotomy,
[24]
[25]
sphincterotomy) , prolapse , anoreceptive
[26]
intercourse , or a status post colo-anal or ileo-anal
[27]
reconstruction .
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From physiology to pathophysiology

Successful management of patients with fecal
incontinence depends not only on a fundamental
knowledge about etiologies, but requires a good
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No sphincter
defect

With sphincter
defect

Muscle contraction

Figure 2 Keyhole deformity: After a previous fistulotomy, the anus is not
patulous but appears to have a deformity (arrow).

incontinence); (3) Hemorrhoidal cushions: Under
normal conditions, these structures provide a finetuning seal of the anal canal and can contribute to up
[31]
to 10%-15% of the overall control . While the basic
design is beneficial, deviations from it may quickly
flaw their impact, for example if the hemorrhoids
either start to protrude or are surgically removed; and
(4) Configuration of anal canal: In order to achieve a
sufficient closure, the mechanism needs an unhindered
ability to generate a strong enough radial force with
adequate and concentric pressure values, which are
translated to and distributed over a sufficient length of
the anal canal (so called high-pressure zone). Altered
texture or gross or focal structural deformities of the
ano-perineal configuration (e.g., rigid scarring, cloaca,
or a keyhole deformity) can be cause to significant
symptoms. The latter may result from previous
anorectal surgery and - despite a seemingly normal
anal pressure profile - may be associated with fecal
leakage as capillary forces allow particularly liquid
stool components to find their way out (Figure 2). A
prolapse of hemorrhoids or the rectum does not only
stretch out the sphincter complex and pelvic floor
muscles and effectively prevents it from closing the
aperture (“shoe in the door”); it also dislocates and
everts the crucial sensing zone of the anal canal such
that feedback about arriving stool comes too late or
not at all.

Figure 1 Negative impact of sphincter defect: A normal circumferential
muscle configuration results in a concentric contraction and narrowing
of the anus (left); if there is a segmental defect in the muscle, contraction
may result in shortening of the muscle fibers behind the anus without
narrowing it (right).

understanding of the underlying normal mechanisms
and the intricate interaction of different components
that contribute to achieving fecal control.

Outlet resistance - anal closure function (“plug”)

There need to be structures and functions in place
to create a dynamic barrier with sufficient outlet
resistance against a varying range of intrarectal
pressures of the feces at rest, or when there is
an increase of the intra-abdominal pressure, be it
physiologically during a peristaltic wave, or during
[4,30]
physical stress and activity
: (1) Puborectalis sling
and external anal sphincter (EAS): This is an array of
striated muscles with slow-twitch, fatigue-resistant
muscle fibers that at the center and bottom of the
pelvic floor. They are innervated by the inferior branch
of the pudendal nerve (S3-S4), contribute to about
30%-40% of the anal resting tone (normal reference
[31]
value: > 50 mmHg) , and provide the voluntary
sphincter contraction (squeeze pressure) with roughly
a doubling of the resting pressure (normal reference
value: > 100 mmHg). Puborectalis dysfunction results
in complete incontinence, EAS dysfunction in impaired
voluntary control (urge incontinence); (2) Internal anal
sphincter (IAS): This smooth muscle represents the
thickened end in continuation of the muscularis propria
of the rectum. It has an autonomic innervation and
contributes to an estimated 50%-55% of the resting
[31]
tone of the anal canal . IAS dysfunction is associated
with impaired fine tuning of fecal control (passive
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Stool quality and propulsive force

Formed stool is generally easier to control than liquids
or gas (even for a perfectly intact anatomy).
Stool load and extent of gas production: An in
crease in either one is paralleled by a surge of the
pressure in the rectum and the resulting force onto the
anal canal. Particularly, when the sphincter resistance
is weakened, the increased stool load (for example
secondary to supplemental fiber intake) induces a
higher probability of accidents. Furthermore, increased
gas production often results in higher awareness and
reduced self-consciousness.
Increased propulsive axial forces: Diarrhea (for
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example as part of IBS or IBD) not only results in an
unfavorable change of the stool consistency but often
is associated with a more forceful propulsive wave that
further challenges the sphincter complex.

of the adequate somatic and visceral nerve input
to the intestines, as well as the pelvic floor and
sphincter muscle complex are needed to allow for
correct processing of sensoriceptor information (rectal
pressure, sphincter pressure) and pelvic floor function.
Peripheral neuropathy may be localized (parityinduced pudendal neuropathy, pelvic radiation, postsurgical), or have a diffuse pattern as a result of
diabetes mellitus or neurotoxic drugs such as some
chemotherapy agents (e.g., oxaliplatin).
Functional dysfunction: Visceral hypersensitivity is
the key concept behind IBS and is characterized by a
number of measurable dyssensations (hypersensitivity,
spasticity, intensified propulsions) in absence of any
morphological correlate.

Rectal capacity and compliance (reservoir function)

The normal rectum combines an adequate lowpressure space with the ability of an orderly axial
propulsion to allow for accumulation and storage
of feces until a coordinated and ideally complete
[4]
evacuation is desired and effectuated . Parameters
[32]
that are important in this context include : (1) Rectal
capacity: parameter to reflect the overall size of the
reservoir whereby a more spacious reservoir allows
for storage of more stool, but too large of a reservoir
(for example, megarectum or excessive size of a
J-pouch) may lead to ineffective evacuation (stool
clustering); (2) Rectal compliance: parameter to reflect
the distensibility of the rectal wall, i.e., the ratio of
Δvolume/Δpressure; and (3) Layout and configuration
of the original rectum (e.g., absence of pelvic organ
descent and prolapse, kinking, enterocele, rectocele)
or of a post-surgical neo-reservoir (e.g., J-pouch vs
straight anastomosis).
Pelvic organ descent and prolapse represent a
frequent degenerative pathology disproportionally
affecting women. The positional instability of the pelvic
structures with ineffective initiation and completion of
defecation (and/or urine voiding) over time may result
in a functionally reduced reservoir and potentially and
more frequent and undesired evacuations. It is of note
that IBS is characterized by a typically reduced volume
tolerance and hence capacity, however in contrast to
structural problems the rectal compliance remains
normal (increased visceral sensitivity but absence of
[33]
structural problem) . Last but not least, an impaired
reservoir function with decreased size and compliance
is commonly seen after previous rectal surgery (e.g.,
LAR), pelvic radiation, or in the presence of tumors,
strictures, or ongoing rectal wall inflammation (IBD,
abscess, etc.). Management strategies including
surgical efforts to overcome some of these negative
impacts by neoadjuvant rather than adjuvant radiation
or by creation of a lower pressure reservoir (J-pouch,
transverse coloplasty) may result in a short-term
benefit with reduced urgency and frequency but in the
long run level out and may even be associated with
[34]
fecal clustering .

Symptom analysis

Primary symptoms of fecal incontinence include
a worsening lack of control for different rectal
components, i.e., solid stool, liquid/semi-formed
stool, gas. The degree of content loss is commonly
quantitated as staining < soilage < seepage <
accidents. Involuntary discharge without any awareness
is labeled as passive incontinence, whereas accidents
despite awareness and active countermeasures are
called urge incontinence. Some patients may report
a reduced sensation for arriving stool, a reduced
urge-suppressing capacity, and hence a dramatically
shortened maximal deferability (“time to bathroom”).
It is important to explore and recognize individual
variations in relation to other extrinsic factors such as
daytime versus nighttime, physical activity, or food
intake.
Secondary symptoms of fecal incontinence may
develop as a result of leaking stool and include pruritus
ani, perianal skin irritation, urinary tract infections,
etc. In some patients, these secondary symptoms
may in fact be their chief complaint without noticing or
acknowledging the lack of control as such.
Depending on the etiology, fecal incontinence
may have associated symptoms which need to be
actively checked with the patient such as urinary
incontinence, vaginal bulging (rectocele, cystocele),
prolapse (hemorrhoidal, mucosal, full-thickness rectal),
rectovaginal fistula, altered bowel habits.

Workup

A structured workup stands at the beginning of any
incontinence management (Table 3). There is a need
for a careful, thorough, yet sensitive history in every
[3,4,10]
patient
. The details are necessary to define the
complaints and their impact, possible triggering or
aggravating factors or events, and the time interval
to the onset of symptoms. All past evaluations,
treatments with response and failures, as well as
the current management and day-to-day routine
have to be meticulously explored and documented.
Related and seemingly unrelated surgeries such as

Neurologic sensory or motor function

Central nervous system: Conscious (awareness) and
subconscious networking of information from and to
the anorectum are necessary for adequate control.
Possible central neurological deficits include focal brain
defects from stroke, tumor, trauma, or multiple sclerosis
or from more diffuse brain alteration (dementia,
multiple sclerosis, infection, drug-induced).
Intact peripheral nerve function: Transmission
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with objective parameters. It would be desirable
to define parameters that would directly dictate
appropriate respective treatment options and forecast
the outcome. However, the predictability of all tests
[36]
remains a challenge . Furthermore, the value and
timing for issuing such tests remain controversial and
need to be defined on an individual basis. In recent
years since introduction of sacral nerve stimulation,
an increasing number of authors have suggested to
skip basic testing and in absence of contraindications
to proceed with a trial placement of the sacral nerve
stimulation (SNS) electrode as the first diagnostic and
[37]
therapeutic step .
Anorectal ultrasound is generally accepted as the
most sensitive tool to assess the sphincter complex
for the presence or absence of any defect or structural
alteration (see Figure 2).
Anal manometry including anorectal sensation
and volume tolerance, as well as determination of
the rectal compliance aim at objectively assessing
[38-41]
the muscle strength and the reservoir function
.
Conventional multichannel manometry has increasingly
been replaced by high-resolution manometry using
an integrated probe that allows for 3D-analysis and
[42]
visualization of pressure profiles . A number of
reports have correlated clinical symptoms and/or
manometry testing with the degree of subjective
[43]
impairment , however it has remained a major
challenge to reliably define the best treatment
[44]
modality or treatment response, respectively .

Table 3 Structured workup of patients with fecal incontinence
Assessment tool

Details

History

Onset
Quantitation: staining < soilage < seepage < accidents
Qualitative assessment: passive incontinence vs urge
incontinence
Obstetrical history: pregnancies, vaginal deliveries
Previous surgeries: anorectal surgeries, hysterectomy,
bladder surgeries, (colo‑)rectal surgeries, spinal
surgeries
Underlying diseases (diabetes, stroke, etc.)
Bowel function and stool quality
Incomplete evacuation
Stool/gas passage through vagina
Medications
Scoring
CCF incontinence score (“Wexner score”)
Fecal Incontinence Quality of Life score
instruments
Fecal Incontinence Severity Index
St. Marks Incontinence Score
EORTEC SF-36
Revised Fecal Incontinence Scale
Other scoring instruments
Physical exam Inspection: patulous anus, folds, perineal body,
keyhole, skin irritation, perineal descent, prolapse,
cloaca, rectovaginal fistula (stool in vagina)?
Digital exam: sphincter integrity, tone (rest/squeeze),
compensatory contraction/discoordination, rectocele,
mass?
Sensation/anal reflex
Instrumentation/visualization: rule out other
pathologies (e.g., rectal tumor, proctitis)
Anophysiology Anal ultrasound
Anophysiology testing:
testing
Manometry
Anorectal sensation and volume tolerance
Compliance measurement
Nerve studies: PNTML, occasionally EMG
Placement of SNS trial electrode (phase I)
Additional
Imaging: dynamic pelvic MRI
evaluations in Defecating proctogram
Evaluation by other specialties (Urogynecology,
select cases
Urology, Gastroenterology, etc.)

Nerve studies: Measurement of the pudendal nerve
conductivity, also known as pudendal nerve terminal
motor latency (PTNML), is used to identify pudendal
neuropathy, which may result from direct or indirect
impact (e.g., obstetrical stretch injury, abscess
formation, surgery, or radiation) or systemic factors
(chemotherapy, diabetes, etc.). The (controversial)
parameter has been associated with poor outcomes
after overlapping sphincteroplasties in some but not in
[45-48]
other studies
. Electromyography (EMG) aims at
analyzing the neuromuscular motor-units, commonly
as summary potential by means of painless but
imprecise surface electrodes, rarely through precise
but very painful needle electrodes. EMG may play a
role in confirming paradoxical puborectalis contraction
in patients with obstructed defecation, but other
wise is typically of limited value for workup of fecal
incontinence.
Depending on the presentation and previous
findings, other work-up steps might be appropriate
to evaluate more complex pelvic floor dysfunction,
e.g., dynamic pelvic MRI, defecating, proctogram,
urodynamics, or referral and evaluation by other
specialties.

spinal surgery could be important. Further attention
should focus on underlying diseases (diabetes, stroke,
chemotherapy), current medications, the dynamics
of bowel movements, and associated symptoms.
Additional standardized and validated scoring and
quality of life instruments are administered to define
[4,11,35]
the severity and impact of the fecal incontinence
.
The clinical exam includes a visual inspection,
an educated digital rectal exam (sphincter integrity,
sphincter tone, compensatory auxiliary muscle
contraction, length of anal canal, rectocele, palpable
mass), as well as at least a limited visualization of
the anorectum. A colonic evaluation may not as such
contribute to the incontinence management but should
be done according to national guidelines to avoid
overlooking other more relevant conditions. More
objective data can be obtained from anophysiology
studies, but the results have to be interpreted with
caution in the context of all other factors.
Anophysiology studies attempt to correlate the
subjective complaints and clinical exam findings
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Nonoperative treatment

Management of patients with fecal incontinence
invariably starts with non-operative measures. The
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Figure 3 Anorectal ultrasound showing an anterior defect in external anal
sphincter.

Figure 4 Cloaca-like deformity, corrected with sphincteroplasty and
X-flaps.

most pressing goals are (1) to optimize the stool
consistency; (2) slow down bowel motility; and (3)
to minimize the average stool load in the rectum,
particularly prior to leaving the safety of the private
home. Specific inflammatory conditions should get
the appropriate attention and treatment to correct
related diarrhea. Dietary changes are intended
to identify and avoid foods that cause diarrhea or
urgency. A limited amount of supplementary fibers
with limited fluid intake may help to thicken the stool
but larger doses tend to unnecessarily increase the
stool volumes and may be counterproductive when
at the same time the sphincter function is weak.
Bowel habit and behavioral training is important to
develop regularity while avoiding obsessive patterns.
Supportive measures include application of barrier
creams to the perianal skin. The stool load may be
reduced through rectal washouts (scheduled enemas).
Medications are introduced as needed to slow down
the bowels (anti-diarrheal medications), bind bile acids
(cholestyramine), or to reduce the reflectory sphincter
[49]
relaxation (antidepressants such as amitriptyline) .
There has been speculation about the role of hormone
[50]
replacement therapy in postmenopausal women ,
but no definitive recommendation has been released.
Physical therapy and biofeedback training aim at
strengthening and coordinating the pelvic floor and
sphincter function in response to rectal distention,
commonly in conjunction with other above mentioned
[51]
conservative measures . The approach is simple,
non-invasive, and without any adverse side effects.
Detecting an objective improvement compared to
[52,53]
standard care is frequently impossible
, even if the
[54,55]
patients report a subjective benefit in 64%-89%
.
In the end, the most significant impact on the patients
may be the fact that they are tasked to take an active
role in overcoming their incontinence. The use of
pelvic floor muscle training (PFMT) and biofeedback
for reconditioning of dysfunctional pelvic floor muscles
has long been a conservative fecal incontinence
modality. A 2012 Cochrane review of 21 studies
with a total of 1525 participants found that a limited

number of trials did not provide sufficient evidence
for the effectiveness of anal sphincter exercise and
biofeedback therapy, but suggested that biofeedback
and/or PFMT in combination with other modalities (e.g.,
electrical nerve stimulation techniques) may enhance
the overall outcome. But due to the general weakness
of the reported data, the authors concluded that the
suggested therapeutic effect of some elements of
biofeedback therapy and sphincter exercises was not
[52]
certain .
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Operative strategies

Surgical options are explored in patients with significant
fecal incontinence that is refractory to conservative
[56]
management . while avoiding obsessive patterns.
Obvious and correctable structural deformities that lend
themselves to a surgical intervention should always be
addressed first. Examples include a cloaca-like deformity
[57]
(see Figure 3) , hemorrhoidal or full-thickness rectal
prolapse, keyhole deformity (after fistulotomy or
other surgeries, see Figure 4), or a mucosal ectropion.
Other conditions that may emulate the symptom of
incontinence (perirectal fistula, rectovaginal fistula)
unquestionably should be corrected prior to focusing
on the workup or management of the “incontinence”
[4]
as such .
If gross morphological pathology is either absent or
has been corrected, a number of operative approaches
strategies are available to address the incontinence
[8,58]
itself
. Their applicability depends on the individual
circumstances, the severity of the patient’s symptoms,
as well as a clear definition of the treatment goals and
[9]
priorities . Both the patient and treating physicians
need to engage in an optimistic but at the same time
honest discussion about the pros and cons, realistic
versus unrealistic goals, and the expected outcomes
[3,10]
of the various surgeries
. While this review provides
an overview of the concepts (Table 4), a detailed
discussion of the techniques and their respective
results will be beyond its scope. A task force of the
American Society of Colon and Rectal Surgeons,
however, has recently reviewed the evidence and
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Sphincteroplasty - mechanism of poor outcomes

Table 4 Surgical strategies

Sphincter injury
Goal

Options

Prolapse
Cloaca
Keyhole deformity
Perirectal fistula
Rectovaginal fistula
Tumor
Sphincter repair
Overlapping sphincteroplasty
Enhancement
Sacral nerve stimulation
Radiofrequency energy administration (SECCA™)
of impaired
sphincter function Injection of bulking agents (NASHA/DX, beads etc.)
Sphincter
Artificial bowel sphincter
Implantation of magnetic anal sphincter (Fenix™)
replacement/
Graciloplasty
support
Implantation of Thiersch
Implantation of pelvic sling system
Diversion
Colostomy
Reduction of fecal Malone antegrade continence enema
load

Sphincter strength

Correction of
morphological
deformities

Symptomatic

Physiological Embarassment
delay
delay

Figure 5 Model for poor outcomes after sphincteroplasty. Hypothetical
model to explain poor outcomes after sphincteroplasty: The graph shows a
hypothetical time course (x-axis) of the sphincter strength (y-axis) with the
dotted line representing the threshold below which incontinence becomes
clinically evident. There may be a natural decline of sphincter strength (time
before sphincter injury), a dramatic reduction through the injury, followed by an
accelerated decline. The physiological delay represents the time until symptoms
evolve, while the embarrassment delay reflects the time until a symptomatic
patient acknowledges the problem. A sphincter repair may restore some
strength, but with continued and possibly accelerated decline of the sphincter
function the threshold is again crossed after a period of time.

[9]

published a current status on new technologies .

Correction of morphological deformities

does not focus at all on the anal canal as such, and
yet, it showed remarkable short- and long-term
improvements regardless of whether a sphincter
[63]
defect was present or not . Prior to being introduced
for fecal incontinence, it had been widely utilized for
patients with urinary incontinence. In 1995, the first
trial for bowel control was reported in Europe and
[64]
set the starting point for a worldwide revolution .
The technique involves two short outpatient pro
cedures under superficial anesthesia. During the
first, placement of a 4-point electrode at the sacral
root S3 is carried out and linked to a temporary
external stimulation device. If the patient shows
a good response within the subsequent 2-wk trial
period, a definitive implantation of the pacemakerlike stimulator device is performed in the second
surgery; otherwise the electrode is removed. Although
the exact mechanism of this technique is yet to be
completely understood, SNS is believed to re-stimulate
a dysfunctional pelvic floor and receptor pathway on
one hand and in addition to activate the afferent brain
[65,66]
pathway related to the continence mechanism
.
Furthermore, there has been some evidence that it
might affect the pacing of the colon and potentially
[67]
even induce retroperistaltic activity . Independent of
the true nature of its effect, the results are fascinating
insofar as two thirds of the patients have a greater
than 50% improvement such that they have the a
[9]
definitive stimulator implanted . For the most part,
the positive experience is sustained, both immediately
and over time. After definitive implantation, 86%-87%
of patients reported a greater than 50% improvement
and about 40% of the patients achieved perfect
control, a success than persisted over 3-5 years and
[9,68-70]
beyond
. The complication rate is relatively low,
whereby infection and dislocation of the electrode

Reshaping and correction of gross deformities and
pathologies (see above).

Sphincter repair

Sphincter repair (sphincteroplasty) seems to be a
rational and still probably the most frequently used
approach if a segmental sphincter defect is identified
(see Figure 2). The goal is to reconstitute the circular
configuration of the muscle around the anal canal
(see Figure 1) and with that the high pressure zone.
The short-term results are generally good with an
estimated 75%-86% improvement of incontinence
episodes. However, the urgency may persist and
over time, the long-term function has been noted to
deteriorate with some series reporting only 0%-50% of
[59-61]
patients still being fully continent after 5-10 years
.
A systematic review of 16 studies with more than 5
years of follow-up and nearly 900 sphincter repairs
noted that most patients remained satisfied with
their surgical outcome despite worsening results over
[62]
time .
One might speculate that reasons for this unsa
tisfactory durability are to be found in the fact that
the sphincter defect represents a much larger than
measurable injury and leads to a faster degeneration
process (Figure 5). It will have to be seen whether
systematic combination with physical therapy and/or
sacral nerve stimulation could result in more durable
outcomes of either technique.

Enhancement of impaired sphincter function

SNS: This is the concept and surgical modality
that - in the last two decades - has transformed
the management of fecal incontinence in the most
dramatic way. In contrast to other interventions, it
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5). Patient selection has been poorly defined but
could include those with mild passive incontinence
secondary to internal anal sphincter weakness, or
patients with postsurgical deformities and an uneven
shape of the anal canal. A systematic review on
conventional injectables with 16 studies (13 case
series, 1 prospective trial with and 2 without data)
and a total pool of 420 patients (5-73 patients per
study) found little evidence for the effectiveness in
passive fecal incontinence; a greater than > 50%
improvement was only achieved in 2 studies, while
the others reported a 15%-50% improvement at the
[76]
longest follow-up . Complications and side effects
[76]
occurred in up to 10% and 12%, respectively .
Subsequently, and seemingly for only a limited period
of time, NASHA/Dx gained some momentum and
was aggressively marketed to specialist physicians
and general practitioners alike. The outpatient/officebased injection received attention after in 2011, a
prospective randomized, sham-controlled trial of
206 patients in a 2:1 distribution found a greater
than 50% improvement in 53.2% vs 30.7% in the
[77]
intervention versus sham group, respectively .
Questions regarding the value of statistical as opposed
to clinical significance, a low rate of only 6% complete
continence at 6 mo, lack of specific objective data
and selection criteria, the durability, and last but
not least the cost of the intervention limited the
[9,78,79]
expansion of the technique
. The most recent
two strategies that still await broader evaluation
include the implantation of self-expandable hyexpan
(polyacrylonitrile) prosthesis by means of a applicator
[80,81]
[82,83]
gun
, or of stem cells
.

Table 5 Types of injectable/implantable materials
Category

Details

Conventional

Newer
Pilot
Future

Carbon
Teflon or silicon biomaterial beads
Collagen
Autologous fat
Non-animal stabilized hyaluronic acid/dextranomer
Self-expandable hyexpan (polyacrylonitrile)
prosthesis
Stem cells

are the most frequent ones with 3% and 12%,
[71]
respectively . However, 19%-36% of patients
require subsequent interventions for revision or device
[70,71]
replacement (battery life)
.
Tibial nerve stimulation: Another related modality of
nerve stimulation utilized for the management of fecal
incontinence is percutaneous tibial nerve stimulation
(PTNS). Similar to the introduction of SNS, PTNS
is a technology that was initially studied and used
[72]
for the treatment of urinary incontinence . Using
either transcutaneous or percutaneous electrodes,
the posterior tibial nerve is stimulated in sessions of
approximately 30 min duration over a minimum of 3
[72]
mo . Although the benefit and mechanism of action
of tibial nerve stimulation is even less intuitive and far
from being understood, it again is believed to impact
fecal control through the activation of the central
nervous system and supra-sacral neural centers via
the afferent fibers of the peripheral nervous system.
As the posterior tibial nerve originates from the ventral
branches of lumbar and sacral nerves, it is furthermore
believed that a similar response may be elicited as by
[73]
means of SNS .

Sphincter replacement

Dynamic sphincter replacement: (1) Implantation
of artificial bowel sphincter: This was the only approach
that provided a true functional/dynamic solution with
excellent results; its limitations were largely related to
the risk of infection (5%) and long-term device erosion
[9]
or dysfunction . Unfortunately, the device is not on the
market anymore; (2) Implantation of magnetic anal
sphincter: The aim is to augment the sphincter function
by increasing the passive outlet resistance whereby
a high enough rectal pressure can overcome the anal
[9]
canal closure for good or for bad . The method has so
far been tested in limited feasibility studies and cases
[84-86]
series and shown some promising results
, but
[87]
prospective data are needed at this point ; and (3)
Dynamic graciloplasty: The autologous gracilis muscle
is carefully mobilized, that is disconnected distally
while the proximal neurovascular bundle is preserved.
A tunnel is created towards and around the anus
and the pedicled muscle wrapped around the anal
canal. Unfortunately, the ability to consciously use this
muscle and learn voluntary contractions is very limited.
However, implantation of a pulse generator device (not
available in the United States) for continued electrical
stimulation of the muscle induces contractions and

Radiofrequency energy administration (“SECCA
procedure”): This FDA-approved technique
involves the delivery of a thermo-controlled multipoint radio-frequency energy (465 kHz) to the
depth of the anal canal without burning the mucosal
surface. The purpose is to induce an increase of the
outlet resistance by means of a controlled scarring;
additionally, a remodeling effect on the sphincter
[9]
muscle fibers has been postulated . Six prospective
series and one retrospective study including a United
States multicenter trial with 50 patients summarized
the results. With the exception of one series (reported
on three separate occasions), the majority of reports
noted no or only a moderate clinical benefit with
0%-38% of patients achieving more than 50%
[9,74,75]
improvement, but never perfect control
.
Injection/implantation of bulking agents:
With the goal to bulk up the anal canal or perianal
tissues and increase the passive outlet resistance,
a number of different techniques have been used
to inject or implant a variety of materials (Table
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preemptively believed to eventually inevitably fail,
or if co-morbidities preclude a more aggressive or
time-consuming strategy, fecal diversion with the
creation of a diverting well-constructed colostomy at
a carefully selected site remains a more satisfying
[58,93]
than acknowledged alternative
. Even if it does not
restore continence in a strict sense and has an impact
on the body image, it provides the patient with the
luxury of a controlled waste management and hence
permits resumption of a normal personal and social life
style. Patients who hesitate prior to the surgery should
be encouraged to list pros/cons for both the status quo
as well as the creation of a colostomy; to their own
surprise, they often realize that objectively the benefits
outweigh the negative impacts. It should be noted that
some patients are able to train their colostomy such
that they can empty their colon with the help of an
enema once daily and cover the stoma for the rest of
the 24-h cycle (see Figure 6).

Figure 6 Trained colostomy. Trained colostomy: After observation of cyclic
emptying pattern, in conjunction with appropriate supportive measures (e.g.,
timed enemas), the patient may not need a true bag, but simply covers the
stoma with a mini-appliance with a gas filter.

over time converts the fast-twitch, fatigable gracilis
muscle to a slow-twitch, fatigue-resistant muscle.
The technique has been shown to have a reasonable
efficacy, but its associated high morbidity has overall
limited its use even in countries where such stimulator
[88,89]
is available
.

Rarely used tools

Malone antegrade continence enema: A surgery
is performed to create a continent one-way appendi
[94]
costomy or mini colostomy . The location for that
access opening can either be placed into the umbilicus
or at a very low cosmetically acceptable location in the
right lower quadrant. Alternatively, a percutaneous
cecostomy with trap-door button can serve the same
purpose. A catheter has to be introduced in scheduled
intervals to flush the entire colon and eliminate the
fecal load at a time and location chosen by the patient.
The concept is attractive in some ways, but the daily
irrigation is rather time-consuming and the patients
may experience some continued leakage immediately
[95]
following the irrigation .

Nondynamic sphincter and pelvic floor support:
(1) Thiersch and related procedures: These utilize
the placement of an anal encirclement with the
aim of narrowing the anal canal and subsequently
increase the passive outlet resistance, even when
lacking a dynamic component. Both non-elastic and
elastic silicone-based implants have been used. The
approach is uncommon, and data are anecdotal at
best; (2) Non-dynamic graciloplasty or gluteoplasty:
The non-stimulated transposition and wrapping of
gracilis or gluteus muscle around the anal canal (“bioThiersch”) has limited indications because of the high
risk of complications and a lack of true functionality.
Nonetheless, a retrospective series of 25 patients who
underwent unilateral gluteoplasty reported a significant
[90]
improvement in more than 72% ; and (3) Pelvic
floor repairs/sling: This fairly old concept of addressing
fecal incontinence by correcting the pelvic floor support
and restoring the anorectal angle (e.g., posterior
Parks repair) was generally unsuccessful. It was hence
abandoned, but recently regained some momentum
when an investigational trans-obturator posterior anal
sling system was introduced and a multi-center trial
was launched. A self-fixating poly-propylene mesh
is inserted and placed behind the anorectum via two
small incisions by means of two curved introducer
[91]
needles . The trial in 14 United States centers with
152 participants and a 1 year follow-up found that
69.1% of participants met the criteria for treatment
[92]
success and 19% reported complete continence .

CONCLUSION
Fecal incontinence is the final common pathway
symptom of a variety of conditions, but dispro
portionally affects woman as a result of gravity and
parity. The recognition, workup and treatment remain
a huge challenge as the functional aspects do not
[9]
strictly correlate with the morphological findings .
Hence, there is not a single technique that would
guarantee perfect outcomes without any morbidities
(Table 6). One must assume that successful treatment
almost always needs to combine a number of different
[56]
approaches . Development of a treatment algorithms
(e.g., as outlined in the ASCRS position paper) have
to be based on the severity of the incontinence,
[9,58]
anatomical and functional findings
. Unquestionable,
there is space for expanding our knowledge on all
[9]
aspects of the control organ . It would be highly
desirable to plan and carry out good randomized
multi-center trials to study work-up parameters and
combination treatments in a standardized and scientific
fashion.

Fecal diversion

When other therapies have failed or when they are
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Table 6 Overview of various surgical options with respective outcomes (as detailed in the text)
Interventions
category

Specific technique

Correction of
Depending on underlying condition:
Prolapse, cloaca, keyhole deformity,
morphological
abnormalities perirectal fistula, rectovaginal fistula, tumor
Sphincter
Overlapping sphincteroplasty
repair
Enhancement
Sacral nerve stimulation
of sphincter
Tibial nerve simulation
function
Radiofrequency energy administration
Injection of:
conventional bulking agents
NASHA/DX
Artificial bowel sphincter

Sphincter
replacement

Efficacy rate (complete/>
50% improvement)

Complication rates

Grade

N/A

N/A

N/A

75%-85% (short term)
0-50% (after 5-10 yr)
0%-56%/51-100%

N/A

0%-12% (-40%)/0%-67%
0%/12%-38% (-84%)
0%/33%-90%
6%/56%-61%

lead displacement (15%), diarrhea (6%), pain
(6-28%), bleeding 11%, infection (3%)
59% (infection, mild gastrodynia, temporary leg
numbness)
0%-52% (pain, bleeding, infection)
10%-12% (pain, bleeding, infection)

5%-10% infection rates, 30%-52% long-term
failure 9
Implantation of magnetic ring (Fenix™)
NA/54%
0%-7% obstruction, infection, erosion
Graciloplasty (dynamic/non-dynamic)
NA/72%
> 40% including urinary tract infection/retention,
infections 76
Implantation of Thiersch
N/A
N/A
Pelvic floor repairs/sling
19%/69.1%
17%-30% (pain, infection)
Ileostomy, loop colostomy, end colostomy near 100% FI improvement
5%-10% stoma outlet obstruction, stricture,
prolapse, hernia
Malone antegrade continence enema
(0%)/33%-100% FI
8%-50% stoma stenosis, leakage
continence

Fecal
diversion
Fecal load
reduction

61%-90%/31%-100%

Key points

2C
2B
2A

1B
1C
2C
N/A
2C
1C
2C
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Abstract
New technologies in endoscopic ultrasound (EUS)
evaluation have been developed because of the need
to improve the EUS and EUS-fine needle aspiration
(EUS-FNA) diagnostic rate. This paper reviews
the principle, indications, main literature results,
limitations and future expectations for each of the
methods presented. Contrast-enhanced harmonic
EUS uses a low mechanical index and highlights slowflow vascularization. This technique is useful for
differentiating solid and cystic pancreatic lesions and
assessing biliary neoplasms, submucosal neoplasms
and lymph nodes. It is also useful for the discrimination
of pancreatic masses based on their qualitative
patterns; however, the quantitative assessment needs
to be improved. The detection of small solid lesions
is better, and the EUS-FNA guidance needs further
research. The differentiation of cystic lesions of the
pancreas and the identification of the associated
malignancy features represent the main indications.
Elastography is used to assess tissue hardness based
on the measurement of elasticity. Despite its low
negative predictive value, elastography might rule out
the diagnosis of malignancy for pancreatic masses.
Needle confocal laser endomicroscopy offers useful
information about cystic lesions of the pancreas and
is still under evaluation for use with solid pancreatic
lesions of lymph nodes.
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Doppler color, which differentiates perfused and nonperfused tissue; however, image resolution is reduced
compared to that in B-mode harmonic images.

Core tip: Contrast-enhanced harmonic endoscopic
ultrasound, elastography and needle confocal laser
endomicroscopy represent new, emerging technologies
for improving the diagnosis obtained using endoscopic
ultrasonography. This paper reviews the principle,
indications, main literature results, limitations and
future expectations for each of these methods, such as
their use in the guidance or orientation of endoscopic
ultrasound fine needle aspiration, molecular imaging
and neurophysiology assessment in gastroenterology.

EQUIPMENT AND CONTRAST
SUBSTANCE
CH-EUS can be performed using dynamic contrast
harmonic imaging (dCHI) implemented onthe Hitachi
platform and using the extended pure harmonic
(ExpH) as technique implemented on Aloka platforms.
The principle behind the first method is based
on the emission of consecutive waves in phase
inversion, followed by non-linear oscillation of the
[10]
microbubbles . The second system produces two
transmitted pulses that consecutively reach the
microbubble, yielding a phase shift between the
[10]
two received waves . The acoustic power used is
low to avoid rapid destruction of the microbubbles
(0.2-0.4). A suitable dynamic range that enables good
visualization of small differences between vessels and
the parenchyma and the focus under the target lesion
should be fixed before the contrast injection starts.
Two major contrast substances have been used.
Sonovue (Bracco Imaging, Milan, Italy) contains
microbubbles of sulfur hexafluoride gas enclosed in a
lipid shell. Its injection is followed by an arterial phase
(the first 25-30 s after the injection) and a venous
phase (30-45 s after the injection). Sonazoid (DaiichiSankyo, Tokyo, Japan), which is unavailable in Europe
and comprises perfluorobutane in a lipid shell, is
uptaken by Kupffer cells, conferring a longer duration
than Sonovue.

Seicean A, Mosteanu O, Seicean R. Maximizing the endo
sonography: The role of contrast harmonics, elastography
and confocal endomicroscopy. World J Gastroenterol 2017;
23(1): 25-41 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i1/25.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i1.25

INTRODUCTION
New technologies in endosonography assessment
are under development due to the limitations of
standard endoscopic ultrasound-fine needle aspiration
(EUS-FNA): the diagnostic accuracy for pancreatic
[1,2]
masses is as high as 95% for cytology
and 86%
[3]
for histology , the sensitivity for diagnosing lymph
[4]
nodes is 90% , correct diagnosis is difficult for
[5]
submucosal neoplasms , the differential diagnosis of
[6]
pancreatic cysts is approximately 20%-30% , and the
[7]
malignancy potential is sometimes challenging .

CONTRAST HARMONICS
ENDOSONOGRAPHY

INDICATIONS FOR THE USE OF CH-EUS
(1) Assessment of solid and cystic lesions of the
pancreas; (2) characterization of submucosal neo
plasms; (3) assessment of biliary neoplasms; and (4)
assessment of lymph nodes.

The use of Doppler contrast-enhanced EUS using a
high mechanical index has been abandoned due to
artifacts such as blooming, motion artifacts, poor
spatial resolution, and low sensitivity to slow-flow
[8]
structures .
The principle of contrast-enhanced harmonic
imaging is to selectively depict signals from the
microbubbles of ultrasound contrast agents, which
resonate non-linearly when exposed to ultrasonic
[9]
beams . Background tissue signals are automatically
subtracted, and only signals from the contrast agent
are enhanced. The mechanical index (MI), which
represents the ratio between the peak negative
pressure amplitude and the square of the frequency,
is related to the oscillation of the microbubbles. For
an MI value of lower than 0.1, the bubble oscillation
is linear, and no harmonics are produced. For an
MI value of higher than 0.6, the microbubbles are
destroyed. For this reason, an MI value of 0.14-0.4 is
used during contrast-enhanced harmonics EUS (CHEUS). This method enables the dynamic observation of
microvessels with slow flows that are not revealed by
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SOLID PANCREATIC MASSES
CH-EUS helps in mass differentiation, the differentia
tion between vascular (solid) and avascular (liquid/
necrotic) components of the lesion, and the depiction
of the dimensions and margins of the pancreatic mass,
including its relationship with adjacent vessels.

Mass differentiation

CH-EUS examination has to report three descrip
[11,12]
tors
, and the resulting pattern differs between
lesions, enabling differentiation before the pathology
result is available (Tables 1 and 2).
Qualitative assessment: Adenocarcinoma. Contrast
uptake by small vessels reveals the low vascularity
of these lesions. The hypoenhanced aspect has been

26

January 7, 2017|Volume 23|Issue 1|

Seicean A et al . Contrast EUS, elastography and nCLE
Table 1 Descriptors used in harmonic contrast-enhanced endoscopic ultrasound examination
Descriptors
Corresponding feature
Phase

Enhancement

Pattern of distribution

Wash-out

Hyper/iso/hypoenhancement
Arteriolar density compared to the adjacent
normal parenchyma
Arterial

Homogenous/inhomogenous
Vascularity architecture

Slow/Fast
Velocity of the venous blood flow

Arterial

Venous

Arterial phase: 20 s to 30-45 s after injection; Venous phase: Later than 30-45 s after contrast injection.

Table 2 Description of solid and cystic pancreatic lesions during harmonic contrast-enhanced endoscopic ultrasound examination

Solid
pancreatic
lesion
Cystic
pancreatic
lesion

Adenocarcinoma
NET
Chronic pancreatitis
Autoimmune pancreatitis
SCA
MCN
Pseudocyst
IPMN
NET cystic

Enhancement

Pattern of distribution

Wash-out

Hypoenhanced
Hyperenhanced > hypoenhanced
Isoenhanced/hyperenhanced > hypoenhanced
Isoenhanced/hyperenhanced
Hyperenhancement of the vascularized septae,
honeycomb aspect highlighted
Hyperenhanced thick walls, thick septa and nodules are
predictive for malignancy
Avascular wall +
solid component without any contrast uptake
Hyperenhanced septae and vascularized neoplastic nodules
Hyperenhanced wall and vascularized nodules

Homogenous/non-homogenous
Homogenous/non-homogenous
Homogenous/non-homogenous
Homogenous/non-homogenous
Homogenous

Fast
Slow > Fast
Fast
Fast
Slow
Fast
Fast
Slow

NET: Neuroendocrine tumor; SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm.

has a global sensitivity of 94% and a specificity
of 89%. However, the main bias of this study was
the combination of Doppler and harmonic contrast
[22]
EUS . A second meta-analysis on contrast-enhanced
ultrasound included a combination of endoscopic and
transabdominal methods, and its results cannot be
[23]
generalized for CH-EUS . In a retrospective study of
small pancreatic masses, adenocarcinoma was found
[21]
in only 40%
of cases, and CH-EUS might be useful
for the identification of such hypoenhanced lesions,
which can be sent for surgery without EUS-FNA.
Tumor types other than adenocarcinoma, such
as neuroendocrine tumors (NET), chronic pancreatitis,
autoimmune pancreatitis, serous cystadenoma, and
[12,14]
metastasis, are iso/hyperenhanced
, with a sensitivity
[12,15]
of 39%-86% and a specificity of 98%
. However,
[12,14,15]
only 69%-100% of NET are hyperenhanced
.
An inhomogenous pattern in these tumor types cor
responding to hemorrhage or necrosis is suggestive of
[12,24]
[24]
malignancy
and can be seen in 15% of cases .
Few data are available about the usefulness of CHEUS compared to standard EUS and were acquired
in a very limited number of patients (n = 19) (Sn
= 78.9%, Sp = 98%), providing a similar value as
CT scanning when the small lesions were taken into
[15]
account (Figure 2).
Focal inflammatory mass may have a hypoechoic
appearance in standard EUS and may exhibit diffuse
[15,16,19]
iso/hyperenhancement using CH-EUS
with
homogenous or inhomogenous content and fast washout. Sometimes these masses present as hypoenhanced
lesions (9%-17%) because they exhibit different

Figure 1 Contrast-enhanced harmonics-endoscopic ultrasound of
pancreatic adenocarcinoma. Standard endoscopic ultrasound image (left) of
a hypoenhanced lesion of the pancreatic body. The contrast-enhanced image
(right) shows a hypoenhanced adenocarcinoma. The dilated pancreatic duct is
seen upstream of the lesion.

reported as predictive for malignancy in several
series of patients, with sensitivities of 84%-96%,
specificities of 64%-94%, and accuracies 82%-92%
[12-21]
(Table 3
); further, two studies reported superior
[12,13]
results compared to standard EUS
. The pattern of
contrast uptake can be inhomogenous when necrosis
or intensive fibrosis is present, and fast wash-out is
[12]
generally seen . Some cases (4%-11% of cases) of
isoenhanced/hyperenhanced adenocarcinoma aspect
[14-17]
have been reported
. However, CH-EUS cannot
yet replace EUS-FNA for the differentiation of solid
[14,15,17,18]
masses
(Figure 1).
A meta-analysis of the diagnosis of adenocarcinoma
published in 2012 proved that hypoenhancement
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Table 3 Results of contrast-enhanced harmonics-endoscopic ultrasound assessment for solid pancreatic masses in various studies
Ref.

Type of study

Contrast
agent

No. of patients

MI

Napoleon et al[18] 2010

Endoscopy

Sonovue

35
PC-18
NET-9
CP-7

0.4

Fusaroli et al[12] 2010

Prospective

Sonovue

90
PC-51, NET-13, CP-13

0.36 radial
0.28 linear

Definity

29 (PC-16, CP-4,
Other-9)

0.3

Retrospective

Sonazoid

91

0.2

Hocke et al[13] 2012

Prospective

Sonovue

58

-

Kitano et al[15] 2012

Prospective

Sonazoid

0.3

Lee et al[16] 2013

Prospective

Sonovue

277 (PC-204, NET-19,
CrP-46, Other-8)
37 (PC-28, NET-5,
CP-2)

Gincul et al[14] 2014

Prospective

Sonovue

100
(PC-69,
NET-10, CP-13,
Other-8)

0.4

Park et al[17] 2014

Retrospective

Sonovue

90

-

Dietrich et al[21] 2016

Retrospective

Sonovue

394
PC-146
NET-156

Ang et al[19] 2011

Matsubara et al[20] 2011

-

Hypoenhancement as a EUS diagnostic
sign of adenocarcinoma
rate
Sn = 89%
Sp = 88%
PPV = 89%
NPV = 88%
Acc = 88.5%
Sn = 96%
Sp = 64%
Ac = 82%
Better detection of
vascular invasion and
tumor margins
Sn = 87.5%
Sp = 77.8%
Sn = 84%
Sp = 76%
Sn = 95%
Sp = 89%
Sn = 93%
Sp = 86%
PPV = 93%
NPV = 75%
Acc = 92%
Sn = 96%
Sp = 94%
PPV = 94%
NPV = 97%
Acc = 91%
Sn = 91.9%
Sp = 67.8%
Sn = 92%

EUS-FNA
diagnostic rate
Sn = 79%
Sp = 100%
PPV = 100%
NPV = 54%
Acc = 83%

Sn = 86%
Sp = 18%
Ac = 57%
-

-

-

Sn = 73%
Sp = 61%
-

-

-

-

Sn = 92%1
Sp = 100%
-

Sn = 95%
Sp = 93%
PPV = 100%
NPV = 100%
Acc = 86%
Sn = 90%
Sp = 100%
-

1

91 patients with resected lesions. MI: Mechanical index; PC: Pancreatic cancer; Cp: Chronic pancreatitis; NET: Neuroendocrine tumors; PPV: Positive
predictive value; NPV: Negative predictive value; Sn: Sensitivity; Sp: Specificity; EUS-FNA: Endoscopic ultrasound-fine needle aspiration.

this was the lack of contrast enhancement in patients
with chronic pancreatitis, which was perhaps related to
the machine settings; however, this cannot be assessed
[25]
because the settings were not fully reported .
Autoimmune pancreatitis is usually homogenously
[26]
[14]
isoenhanced or hyperenhanced .
Cancer metastases are hyperenhanced (renal and
[14,27,28]
thyroid carcinomas, lymphoma, and colon cancer)
or are hypoenhanced (colon cancer, sarcoma, and breast
[27,28]
[27]
and ovarian cancer)
; melanoma is isoenhanced .
Interobserver agreement for solid pancreatic mass
diagnosis showed modest results for the examinations
using Sonovue (k = 0.46-0.66) and for the degree
[14,29]
of enhancement
. The k coefficient was 0.94 for
Sonazoid, a value that was perhaps related to the
signal intensity and its duration. The effect of the
endosonographer in CH-EUS was similar for experienced
[14,29]
and non-experienced doctors
, except in one
[30]
study .

Figure 2 Contrast-enhanced harmonics-endoscopic ultrasound of a
neuroendocrine pancreatic tumor. Standard endoscopic ultrasound image
(left) of a hypoenhanced, well-delineated lesion of the head of the pancreas.
The contrast image (right) shows a hyperenhanced lesion that is suggestive of
a neuroendocrine tumor, as later proved by fine needle aspiration.
[14,15,25]

degrees of fibrosis
. The presence of calcifications
is a confounding factor and should be avoided in the
region of interest while analyzing contrast uptake. Only
one study on solid pancreatic masses compared the low
mechanical index of CH-EUS with the high mechanical
index of contrast Doppler CEUS, and the second
method was found to be superior. The main reason for
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Combined use of qualitative CH-EUS with EUSFNA: increased the sensitivity of differential diagnosis
using Sonazoid from 92% to 100%, and the specificity
[15,17]
was maintained at 92%
; these findings were
[18]
similar to results obtained using Sonovue . In
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Table 4 Quantitative assessment studies for differentiating pancreatic masses
Ref.
Seicean et al[31], 2010

Type of study

Type of
mass

Contrast
agent

Type of
echoendoscope

MI

Quantitative
assessment

Features useful for
differentiation

Diagnostic
rate

Prospective

PC-15
CP-12

Sonovue

Radial

0.36

Hue histogram

Uptake index ratio

PC-48
AIP-14
CP-13
NET-16

Sonazoid

Linear

0.20

TIC

Echo intensity
reduction rate
relative to the peak
at 1 min

CP-19

Sonovue

Linear

0.20

Postprocessing
TIC

Peak intensity
intensity
TTP
AUC
Peak intensity
Maximum intensity
gain
Peak intensity
Wash-in AUC
Wash-in rate
Wash-in perfusion
index

Sn = 80%
Sp = 91%
PPV = 92.8%
NPV = 78%
Sn = 87.5%
Sp = 88.9%
EUS + TIC
Sn = 95.8%
Sp = 92.6%
Sn = 93.7%

Matsubara et al[20], 2011 Retrospective

Gheonea et al[25], 2012

Prospective

PC-32
Imazu et al[32], 2014

Prospective

AIP-8
PC-22

Sonazoid

Radial

0.25-0.3

TIC

Săftoiu et al[33], 2015

Prospective

PC-112
CP-55

Sonovue

Linear
Radial

0.1-0.3

TIC

Sp = 89.4%
Sn = 100%
Sp = 100%
Sn = 87.5%
Sp = 92.72%

MI: Mechanical index; PC: Pancreatic cancer; CP: Chronic pancreatitis; NET: Neuroendocrine tumors; AIP: Autoimmune pancreatitis; PPV: Positive
predictive value; NPV: Negative predictive value; Sn: Sensitivity; Sp: Specificity.

[33]

addition, the hypoenhanced aspect obtained during
CH-EUS proved to be useful in false negative cases of
[17,18]
adenocarcinoma
.

expected due to the extensive use of this method .
However, the software available for use with ultrasound
machines awaits further refinement.

Quantitative assessment: Several attempts were
done to quantify the image obtained during contrast
injection. The dedicated software installed with the
instruments is difficult to use because respiratory
movements cannot be corrected by the software, and
the time-intensity curve (TIC) has many artifacts.
The first study using quantitative assessment and
harmonics was based on a hue histogram analysis,
and the uptake ratio index between the mass and the
surrounding parenchyma was 0.17, with a sensitivity of
[28]
[20,25,31-33]
80% (Table 4
). The post-processing analysis
of the time-intensity curves using dedicated software
showed that the inflammatory mass studied exhibited a
dynamic enhancement pattern using CH-EUS that was
similar to that obtained for the rest of the parenchyma,
while an adenocarcinoma mass presented low contrast
enhancement during the early arterial and late venous
[25]
phases . Two other studies showed that peak intensity
and the rate of echo intensity decrease relative to the
peak obtained at 1 min were useful for differentiating
[13,26]
malignant tumors
.
A large multicentric study showed again that peak
intensity and features related to the wash-in phase are
good parameters for differentiating pancreatic masses,
presenting a similar diagnostic rate to that obtained
in studies using Sonazoid. However, the time-to-peak
[33]
value revealed no significance . Post-processing
analysis of the TIC in a neural network showed
even better diagnostic value, but further results are

Mass detection
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Mass detection is improved only in cases that are
poorly seen using standard EUS, such as chronic
[12]
pancreatitis or biliary stents . CH-EUS is superior to
CT for the detection of small tumors (Sn = 91.2%, Sp
[15]
= 94.4%) but not for the detection of all tumors .

Tumor staging

Tumor staging appears to be better assessed using
[32]
Sonazoid , in particular because the portal vein wall
[11]
is more clearly seen . No superiority in staging was
[28]
observed when Sonovue was used , although vessel
invasion and tumor size were more effectively seen in
[28]
contrast-enhanced images .

CH-EUS-FNA

The orientation of the EUS-FNA after contrast injection
in the hypoenhanced areas was first described by
Kitano and then applied in 26% of cases with mixed
adenocarcinoma to aid needle placement in the
[14]
hypoenhanced area .
The guidance of the needle during the venous phase
of contrast EUS was reported in some case reports and
[34]
in three series . The diagnostic value was similar to
[28,35,36]
that of standard EUS-FNA in all three studies
. In
one randomized control study, the first pass provided
better cytology results than standard puncture and
[35]
limited the number of passes . Our results showed
that a combination of two passes under contrast
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Figure 3 Contrast-enhanced harmonics-endoscopic ultrasound-fine
needle aspiration of solid pancreatic adenocarcinoma. Standard endoscopic
ultrasound view of a hypoenhanced, inhomogenous adenocarcinoma of the
head of the pancreas, showing anechoic parts suggestive of necrosis. The
contrast image (right) highlights these avascular parts of the lesion, and the
needle inside is clearly seen as avoiding them.

Figure 4 Contrast-enhanced harmonics-endoscopic ultrasound in
mucinous cystadenomashowing features suggestive of malignancy.
Standard endoscopic ultrasound image (left) of a macrocystic lesion of the
pancreas with mural nodules and thin septae inside. The contrast image (right)
shows vascularized mural nodules and no contrast uptake in some of the septae.
[39]

and two standard passes improved core histology[28]
based diagnosis
(Figure 3). However, further larger
multicenter studies are needed to establish the value of
this method, which is safe, rapid, and entails minimal
extra costs.

positive (2 of 14 cases were resected) . CH-EUS
is superior to EUS because it reveals small vessels
by intense uptake of the contrast substance and
differentiates the vessels from mucus or debris,
which are not enhanced. Moreover, the CH-EUS may
[38]
orientate/guide the EUS-FNA .

CYSTIC LESIONS OF THE PANCREAS

Identification of risk features for malignancy

CH-EUS differentiates unenhanced mucus or debris
from the malignant nodules of MCNs or IPMNs, which
are hyperenhanced, and fast wash-out has been
reported in some retrospective studies (Table 5;
Figure 4). The CH-EUS detection rate of malignant
nodules (84%-98%) was found to be superior to that
of standard EUS and CT scan in three studies using
[40-42]
Sonazoid
. The quantitative analysis of contrast
uptake may add supplementary data for use in
[43]
nodule assessment . Several parameters have been
described in a retrospective study using Sonazoid, such
as the echo intensity change, echo intensity reduction
rate and nodule/pancreatic parenchyma contrast ratio.
The nodule size on CH-EUS was found to be predictive
[41,42]
of malignancy (4 mm and 8 mm)
; however,
another study found that size did not have predictive
[43]
value . Hyperenhancement of the solid component
might orientate/guide EUS-FNA and help the operator
[38]
to avoid puncturing debris, sludge and mucus plugs
(Figure 5).

In cystic lesions of the pancreas (PCL), the cystic wall,
septae and nodules are assessed for vascularization
[37]
using the contrast-enhancing bubble movement ,
with the goal of obtaining a differential diagnosis of PCL
and identifying malignancy risk features (vascularized
wall nodules and the intracystic solid component).

Differential diagnosis

The CH-EUS degree and pattern of enhancement
aids in the differentiation of PCL when used as
an additional examination (Table 2). The method
cannot replace EUS-FNA, except for with typical
serous cystadenoma (SCA), because in 86% of
cases, the aspect is hyperenhanced, with slow wash[38]
out in 78% of cases . Mucinous cystadenoma
with neoplastic transformation presents thick septa
and hyperenhanced mural nodules but cannot be
[38]
differentiated from macrocystic SCA using CH-EUS .
Pancreatic pseudocysts have an avascular wall.
However, in a series of 46 pseudocysts, three exhibited
[37]
some wall vascularity . These cysts can have a solid
component without any contrast uptake during CHEUS, thus avoiding EUS-FNA with a potential risk of
[38]
infection . Neuroendocrine tumors (NET) with a cystic
aspect, despite the presence of a hyperenhanced rim,
should be sampled by EUS-FNA to differentiate them
from cystic adenocarcinoma.
The wall nodules of mucinous cystic neoplasms
(MCNs) or intraductal papillary mucinous neoplasms
(IPMNs) at risk of becoming malignant appear as
hyper/isoechoic without a hyperechoic rim or are
smooth edged, and the Doppler vascularity is seldom
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Interobserver agreement: For cyst assessment
was moderate for the uptake (k = 0.557), slight for
the pattern (k = 0.083), and fair for the washout (k =
[29]
0.350) . Considering mural nodules, interobserver
agreement was excellent using Sonazoid as the
[42]
contrast agent .
Submucosal neoplasms: Hyperenhancement of
the submucosal neoplasm during contrast injection
was considered suggestive of gastrointestinal stromal
tumor (GIST) and is useful for differentiation from
benign hypoenhanced lesions, such as lipoma and
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Table 5 Contrast-enhanced endoscopic ultrasound for use in characterizing mural nodules in cystic pancreatic lesions
Ref.

Type of study

MI

No. of
patients

Type of cystic
lesions

Contrast
substance

Detection of
mural nodules
accuracy

Yamashita et al[40] Retrospective
2013

0.36

17

IPMN

Sonazoid

1 MCN
6 MD-IPMN
16 BD-IPMN
103 others
IPMN BD

Sonovue

EUS-0
CT-71%
CH-EUS-94%
Not defined

Hocke et al[37]
2014

Retrospective

0.02-0.18

125

Harima et al[41]
2015

Retrospective

-

50

Kamata et al[42]
2016

Retrospective

0.30

70

Yamamoto et al[43] Retrospective
2016

0.20

30

Sonazoid

6 MCN 42 BDIPMNs
4 SCN
18 other
6/18/2006

Sonazoid

Sonazoid

MD/BD/Mixt
IPMN

Diagnosis of
malignancy

Cut-off height
for malignancy
diagnosis(mm)

Not defined

-

CT-92%
EUS-72%
CH-EUS-98%
EUS-73%

8.8 (AUROC = 0.93)

EUS-64

CH-EUS-84%

CH-EUS-84

Echo intensity
change-0.8
Echo intensity
reduction
rate-0.9
Nodule/pancreatic
parenchyma contrast
ratio-0.89

EUS-8 mm
(AUROC = 0.84)
CH-EUS-4 mm
(AUROC = 0.93)
No effect on
malignancy rate

IPMNs: Intraductal papillary mucinous neoplasms; CH-EUS: Contrast-enhanced harmonics-endoscopic ultrasound; MCN: Mucinous cystic neoplasm.

Figure 5 CH-endoscopic ultrasound-fine needle aspiration of a vas
cularized mural nodules within mucinous cystadenoma. An endoscopic
ultrasound-fine needle aspiration needle during the puncture of one of the mural
nodules is better seen on the contrast image (right).

Figure 6 Contrast-enhanced harmonics endoscopic ultrasound of gastric
gastrointestinal stromal tumor. Endoscopic ultrasound standard image
(right) of a gastric gastrointestinal stromal tumor of the muscularis propria. The
contrast image (left) shows hyperenhancement of the lesion.

[44]

Ampullary carcinoma and biliary tumors are hyper
[19,46]
enhanced with fast wash-out
. The thick wall of the
gallbladder makes it difficult to differentiate between
malignant tumors and inflammatory modifications
using standard EUS; however, CH-EUS improves the
[47]
accuracy (94% vs 73%) . The interobserver accuracy
obtained when Sonazoid was used to examine the
[47]
gallbladder wall was substantial (k = 0.77) .

leiomyoma . The consideration of irregular vessels as
predictors of GIST malignancy has shown a sensitivity
[45]
of 100% and a specificity of 63% . Interobserver
agreement was substantial (k = 0.63) for the uptake,
slight for the pattern (k = 0.18), and fair for the
[29]
washout (k = 0.39) (Figure 6).
Biliary tumors: Biliary polyps have been assessed
using CH-EUS. Cholesterol polyps revealed hetero
genous enhancement, and adenoma exhibited
homogenous enhancement with a sensitivity and
[46]
specificity of 75% and 66%, respectively . However,
the heterogenous aspect of a cholesterol polyp could
be mistaken for adenoma due to the presence of
[46]
microvessels with hyaline fibrosis .
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Lymph node assessment: Round shape, sharp
edge, and a short axis exceeding 8.3 mm are
significantly associated with malignant cytology in
[48]
LNs . A retrospective study of CH-EUS use in LNs
showed that 83% of malignant nodes presented
a heterogenous pattern with distorted vessels and
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in green. An elastic score has been proposed for the
pancreas: homogenously hard, heterogenously hard,
[52]
mixed, heterogenously soft, and homogenously soft .
Two semiquantitative approaches are included
in the software and can be accessed during the EUS
procedure. One approach calculates the hue histogram
(strain histogram) as the ratio of the strain between
two areas that are selected by the investigator, which
are situated at the same distance from the transducer
[13]
to obtain a similar compression by the probe .
The new generation of EUS elastography enables
the operator to calculate the mean strain ratio (SR)
within a selected area inside the ROI as the difference
in elasticity between the targeted lesion and the
surrounding tissue, yielding an objective numeric
value. However, it is important to obtain a still image,
and for this reason, multiple measurements are
[53]
performed in each patient .

Figure 7 Elastography of pancreatic neuroendocrine tumor - qualitative
assessment. Endoscopic ultrasound standard image (right) showing a welldelineated hypoenhanced lesion of the head of the pancreas. The elastography
image (left) exhibits a blue pattern in this neuroendocrine tumor.

that a homogenous enhancement was suggestive of
[43]
reactive lymph nodes . The diagnostic value of CHEUS for malignancy was characterized by a sensitivity,
a specificity and an accuracy of 83%, 91% and 88%
[49]
respectively . Similar results have been reported
for the characterization of intra-abdominal lesions
[50]
of unknown origin . The interobserver agreement
[49]
obtained for LN assessment was excellent (k = 0.81) .

Indications: (1) differentiation of the pancreatic
masses; (2) differentiation of the lymph nodes; and (3)
assessment of fibrosis.
Differentiation of pancreatic masses: Normal pan
creas tissue appears as soft tissue (green color) in
E-EUS. A pancreatic mass, which is usually hypoechoic
in standard EUS, appears as homogenously or
inhomogenously green or blue, depending on tissue
[54-57]
hardness
.
Based on this qualitative assessment, the glo
bal sensitivity and specificity for pancreatic mass
assessment were considered to be 100% and 67%,
[58]
respectively ; however, a later multicentric European
study found a sensitivity of 93.4% and a specificity of
[58]
66%, with a global accuracy of 85.4% . Other studies
obtained similar sensitivities and lower specificities for
discriminating malignant pancreatic masses (Table 6).
It was hoped that this examination could discriminate
inflammatory changes from tumor involvement of the
[59]
vessel wall , which has not yet been demonstrated
(Figure 7).
Using the hue histogram, a value of 175 was found
[60,61]
to be suggestive of malignancy
. However, artifacts
related to the presence of surrounding structures with
[61]
excessive or insufficient stiffness are very important;
therefore, the selection of appropriate regions of
interest is of great importance.
Postprocessing analysis of the hue histogram using
an artificial neural network enabled an optimal pre
diction of all types of pancreatic lesions and provided
[60,62]
better results than hue histogram analysis
.
However, the procedure is complex, and further studies
on its practical applicability are warranted.
Multiple studies were performed to measure
the mean SR and cut-off value for malignancy. No
optimal cut-off value has yet been established for use
in malignancy diagnosis (Table 6) due to the interobserver variability of the method and the difficulty of

Limitations: (1) the duration of contrast enhancement
is short, especially for Sonovue; (2) quantitative
assessment is difficult due to respiratory movements;
and (3) technical standardization is lacking.
Future perspectives: The contrast guidance of EUSFNA could become a routine technique. Because CHEUS has proven its role to show the change of size
and tumor vascularity during chemotherapy for gastric
[51]
cancers , it can be used also assess therapy in other
digestive tumors.

Elastography

Principle: This technique assesses the hardness
of the tissue by measuring its elasticity, similar to a
virtual palpation. The compression of a target tissue
by an echo-endoscopic probe produces a displacement
of the tissue called “strain”, which correlates with the
hardness of the structure.
Technique: It is essential to establish a large region
of interest (ROI) that half comprises the lesion and
half comprises the surrounding tissues such that the
hardness of the lesion and that of the surrounding tissue
can be compared. The probe of the echoendoscope,
when upright, creates some pressure, and very small
additional movements are important for obtaining the
image.
Qualitative assessment is based on superimposing
a colored image over the conventional gray-scale EUS
image in a region of interest. The strain level of the hard
tissue is colored in blue, and the soft tissue is colored
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Table 6 Efficiency of E-endoscopic ultrasound for solid pancreatic mass assessment
Ref.

Type of study

Final diagnosis

No. of
patients

E-EUS assessment

Main results

Giovannini et al[58] 2006

Prospective
Single center
Prospective
Single center
Prospective
Single center
Prospective
Single center
Prospective
Multicenter
Prospective
Single center
Prospective
Multicenter
Retrospective
Prospective
Single center

Surgery
EUS-FNA
Surgery
EUS-FNA
Surgery
EUS-FNA
Surgery
EUS-FNA
Surgery
EUS-FNA
Surgical
FNA
Surgery
EUS-FNA

24

Color pattern

73

Color pattern

Sn = 100%
Sp = 67%
-

43
130

Hue histogram cutoff value=175
Color pattern

121

Color pattern

86

SR = 4.62

258
109
58

Hue histogram cutoff value = 175
SR=39.08
Color pattern

Sn = 93%, Sp = 66%, PPV = 92%, NPV =
68%, Acc = 85%
Sn = 94.7%
Sp = 33.4%

47

SR = 8

Sn = 90% Sp = 75%

111

Sn = 100%, Sp = 16.7%, PPV = 86%, NPV =
100%, Acc = 86%
Sn = 95%, Sp = 22%, PPV = 86%, NPV =
50%, Acc = 83%
-

Sn = 100%
Sp = 45%
Sn = 86%, Sp = 66%

Janssen et al[75] 2007
Săftoiu et al[60] 2008
Iglesias-Garcia et al[72] 2009
Giovannini et al[79] 2009
Iglesias-Garcia et al[57] 2010
Săftoiu et al[59] 2011
Itokawa et al[73] 2011
Hocke et al[13] 2012

Sn = 91%, Sp = 87%, PPV = 88%. NPV =
90%, Acc = 89%
Sn = 100%, Sp = 85%, PPV = 90%, NPV=
100%, Acc = 94%
Sn = 92%
Sp = 80%
Sn = 100%, Sp = 92%

Figueiredo et al[71] 2012

Prospective
Single center

Dawwas et al[70] 2012

Prospective

Surgical
EUS-FNA
Follow up
Surgical
EUS-FNA
Follow up
Surgical

Single center

EUS-FNA

Retrospective

-

15

Havre et al[54] 2014

Prospective

48

Rustemovic et al[93] 2014

Prospective
Single center
Prospective
Single center
Prospective

Surgery
EUS-FNA
Follow-up
Surgery
EUS-FNA
Surgery
EUS-FNA
Surgery

SR = 4.69 (AUC =
0.69)
Masks elasticity
(AUC= 0.72)
Color pattern
SR = 0.02%
SR = 4.4

149

SR = 7.59

38

SR=3.17

105 pancreatic
mass
44 controls
85

Hue histogram

Sn = 98%, Sp = 50%, PPV = 92%, NPV =
100%, Ac = 69%

SR = 24.82 or
10

Sn = 77%, Sp = 65%
Sn = 96%, Sp = 43%

Lee et al[74] 2013

Kongkam et al[69] 2015
Opačić et al[94] 2015

Mayerle et al[68] 2016

Single center
Prospective
Single center

EUS-FNA
Surgery
EUS-FNA
Follow-up

Sn = 67%, Sp = 71%

E-EUS: Elastography endosonography; SR: Cut-off value of strain ratio; Sn: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative
predictive value; Acc: Accuracy; EUS-FNA: Endoscopic ultrasound-fine needle aspiration.

standardizing the compression.
Two meta-analyses on the differentiation of malig
nant pancreatic tumors from inflammatory pancreatic
masses, each including 13 studies with 1042 and
1044 patients, showed a sensitivity of 95% and a
[63,64]
specificity of 67%-69%, with an AUC of 0.86-0.90
.
A third meta-analysis included 7 studies and 752
patients, with a global sensitivity of 97%, a specificity
[65]
of 76% and an AUC of 0.95 . This meta-analysis
serves as a reminder that it is difficult to differentiate
adenocarcinoma and neuroendocrine tumor, which
[65]
are both hard lesions, using elastography . A fourth
meta-analysis found that the use of a color pattern for
elastography EUS interpretation was associated with a
[65-67]
sensitivity of 99% and a specificity of 69%-76%
;
moreover, using a hue histogram, the sensitivity was
[66]
92% and the specificity was lower, 86% . Both of
the semiquantitative assessments evaluated by other
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meta-analyses showed a sensitivity of 96% and a
[67]
specificity of 76% .
A comparison of B mode EUS, EUS-FNA and
EUS elastography favored the standard EUS; the
[68]
accuracies were 87%, 85% and 73%, respectively .
A combination of EUS-FNA with SR was not superior
[69]
to EUS-FNA alone in a study involving 28 patients .
Due to the low negative value of LR (0.09), this
method should be indicated to rule out a diagnosis of
[63]
malignancy and to avoid unnecessary EUS-FNA .
Limitations: (1) The control of tissue compression
(the degree of compression and the angulation) and
motion artifacts determined by respiratory and heart
[69-72]
movements is difficult
; (2) adjacent structures
with very low or very high density should be avoided
(the heart, major vessels). The interposition of cysts
or dilated ducts should be avoided because these
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Table 7 Efficiency of E-endoscopic ultrasound for LN assessment
Ref.
Giovannini et al[58] 2006
Janssen et al[75] 2007
Săftoiu et al[95] 2007
Giovannini et al[79] 2009
Larsen et al[81] 2012

Type of study

Final diagnosis

No. of
patients

E-EUS assessment

Prospective
Single center
Prospective
Single center
Prospective Single center

EUS-FNA

31

Color pattern

EUS-FNA

66

Surgery
EUS-FNA
Surgery
EUS-FNA
Surgery

78
101

EUS-FNA

53

EUS-FNA

40

Prospective
Multicenter
Prospective Single center

Paterson et al[78] 2012

Prospective
Single center
Prospective

Knabe et al[83] 2013

56

Main results

Sn = 100%
Sp = 50%
Color pattern
Hard - Acc = 81%-86%
Soft - Acc = 84%-86%
Hue histogram
Sn = 85%
Sp = 91%
Color pattern
Sn = 91.8%
Sp = 82.5%
Color pattern
Sn = 55%-59%
Sp = 82%-85%
Strain ratio for malignancy Sn = 83%, Sp = 96%, PPV =
= 7.5
95%, NPV = 86%, Acc = 90%
Color pattern
Sn = 100%
Computed analysis
Sp = 64%
Computed analysis
Sn = 88.9%
Sp = 86.7%

E-EUS: Elastographic endosonography; SR: Cut-off value of the strain ratio; Sn: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative
predictive value.

[73,74]

may impair the SR
; (3) the size and depth of
the region of interest should be similar when SR
[73]
is calculated . This improves with the experience
of the endosonographer, and modern equipment
automatically selects the best still image that is
representative of the mean SR of the lesion; (4) The
[69]
negative predictive value remains low, at 60%-70% ;
and (5) The procedure is poorly reproducible, and the
[69]
coefficient of variance is greater than 0.3 .
Interobserver variability is good in the case of
experienced EUS elastography operators (k = 0.8) and
is fair in the case of unexperienced EUS elastography
[73]
operators (k = 0.24) . Intraobserver variability was
[59]
also good (k = 0.86-0.94) .

Results concerning the superiority of elastography
[79,83]
EUS over EUS are conflicting. The color pattern
and strain ratio were found to be of superior value to
[78]
conventional EUS criteria . However, these results
were not sustained in another study that included a
[77]
surgical pathology comparison .
Assessment of pancreatic fibrosis: The usefulness
of elastography for assessing pancreatic fibrosis distal
to a tumor and to differentiate chronic pancreatitis
[84,85]
from healthy pancreas was previously proven
.
Using a radial scope, an SR cut-off value of 2.25
yielded a diagnosis accuracy of 91% for chronic
[1]
pancreatitis and increased the EUS evaluation yield
in 18% of cases. Autoimmune pancreatitis exhibits a
blue pattern involving both mass-forming autoimmune
[86]
pancreatitis and surrounding tissue .
A direct relationship was found between the
SR and the probability of pancreatic exocrine in
13
sufficiency, as measured using the C-MTG breath
test, and a probability of 87% was found in patients
[87]
with an SR of higher than 4.5 . The results were
similar for patients with calcifying and non-calcifying
[87]
chronic pancreatitis . No elastographic studies
have compared this finding using radial and linear
echoendoscopes.

Differentiation between benign and malignant
lymph nodes: The main problem in assessing lymph
nodes is to determine when to apply EUS-FNA. Using
EUS elastography, benign LNs appear homogenous
and are colored green, whereas malignant LNs
[75]
are colored blue . The same color differentiation
also proved efficient while applying elastography to
[76]
endobronchial ultrasound . Parts of LNs that appear
blue can be targeted by the needle to prove the
presence of micrometastasis.
The cut-off SR value for differentiating between
malignant and benign LNs in 55 patients was con
[77]
sidered to be 3.81 ; a value of 7.5 was found in
[78]
another group of 53 LNs . Interobserver agreement
was good to excellent, with a K value for ES of
0.58-0.84 and a value of 0.35 for the ES scoring
[79-81]
system
(Table 7).
A meta-analysis, including seven studies and 368
patients, revealed a sensitivity of 88% and a specificity
of 85% using elastography EUS for differentiating
[82]
between malignant and benign LNs .
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Other indications: Few cases of gastric submucosal
[53,88]
tumors have been assessed using elastography
.
A GIST may have a non-homogenous blue-green
structure, and a typical lipoma is mostly soft, green
and homogenous; however, differentiation between
benign and malignant lesions using elastography EUS
remains difficult.
Sessile rectal adenoma and adenocarcinoma were
better differentiated using elastography compared to
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Table 8 Needle confocal laser endosonography features of different cystic lesions of the pancreas
Type of lesion

nCLE features

Diagnostic rate, references

SCA
MCN

A vascular network of the cystic wall
A gray band delineated by a thin dark line

IPMN

Papillary projections: characterized by the alternation of vascular cores (white)
and epithelial borders
Inflammatory cells bright, gray and black particles
Dark irregular clusters of compact cells + gray tissue of fibrovascular stroma

Sn = 69%, Sp = 100%, PPV = 100%, NPV = 82%[100]
Sn = 80%, Sp = 100%[103]
Sn = 67%, Sp = 96%[100]
Sn = 59%, Sp = 100%[102]
Sn = 80%, Sp = 92%[100]
Sn = 43%, Sp = 100%, Acc = 87%[100]
Sn = 67%, Sp = 96%, Acc = 90%[100]

Pseudocyst
Cystic NET

nCLE: Needle confocal laser endosonography; SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous
neoplasm; NET: Neuroendocrine tumor; Sn: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; Acc: Accuracy.

of CLE and is performed during EUS; the organs
within or adjacent to the GI tract are assessed using
a miniprobe, which is passed through an endoscopic
needle. nCLE allows in vivo, real-time histological
diagnosis, thus enhancing EUS performance, mainly in
[101]
the setting of pancreatic and lymph node lesions
.
Inconclusive diagnostic procedures can be decreased
[93]
using this technique, termed “optical needle biopsy” .

standard rectal endosonography, with an SR cut-off
mean of 1.25, resulting in a sensitivity of 96% and a
specificity of 86%; these results are superior to the
[89,90]
use of EUS alone
. This could be important for the
local resection of rectal tumors, but multiple studies
confirming this indication are needed.
The discrimination between T2 and T3 tumors
based on identifying “softer” inflammatory tissue and
“harder” tumor tissue has not yet been published.
Elastography was not found to be more useful
compared to rectal EUS in patients with fecal in
[91]
continence, previously irradiated or not , where the
sphincter appears as an interrupted inhomogenous
[53]
thickened layer , or for the discrimination of Crohn
strictures from adenocarcinoma.
Sclerosing primary cholangitis might have a hard
or mixed type common bile duct wall compared to
controls; this might be related to an extension of the
[92]
fibrotic change of the wall .

Technique: The system comprises an AQ-Flex 19
miniprobe, which is inserted through a 19-gauge EUS
needle while a fluorescence contrast agent (acriflavine,
fluorescein) provides tissue architecture imaging,
similar to standard histological examination (depth
40-70 mm, field of view 325 microns, lateral resolution
3.5 mm).
Indications: (1) cystic lesions of the pancreas larger
than 1 cm; and (2) solid pancreatic masses and lymph
node nCLE remain under evaluation.

[59,65,93-95]

Future: Site selection for EUS-FNA

.

Pancreatic cystic lesions: The management of cystic
lesions is currently suboptimal mainly due to a lack of
accuracy in discriminating among different types of
pancreatic cystic lesions.
The nCLE patterns for pancreatic cystic lesions
[96,102,103]
were recently published
and provide a global
[102-106]
accuracy for diagnosis ranging from 46% to 90%
,
and studies have underlined the importance of
[93]
nCLE acting as an optical needle biopsy
(Table 8).
Serous cystadenomas presents a superficial vascular
[103]
network, which can stop their follow-up
or avoid
an unnecessary resection (reported as 60% in a
[105]
multicentric study of 2622 patients ). Benign IPMNs
appear as finger-like papillary projections with an
epithelial border and a vascular core, while malignant
IPMNs appear as dark clumps with fluorescent
[103]
substance leakage due to tumor neo-vascularization .
[106]
The multicentric INSPECT study
showed that the
accuracy of differentiating between different types of
PCL using nCLE was 41.9%, which is greater than that
obtained using a carcinoembryonic antigen (CEA) level
> 192 ng/mL (28.6%) or cytology results (29.6%).
Epithelial villous structures were found to be predictive
of PCL with a specificity of 100%, but the sensitivity

Needle-based confocal endomicroscopy

Principle: Standard confocal laser endomicroscopy
(CLE) allows the real-time visualization of cellular
and subcellular structures with up to 1000 times
magnification and a penetration of 100 mm below the
[96]
mucosal surface . The studied tissue is illuminated
with a low-power laser, and the fluorescence of light
reflected from the tissue is subsequently detected
[96]
through a pinhole . The returned light is reflected by
the same lens and reaches the detector of the confocal
system. The illumination and detection systems are
“confocal”, meaning that they are aligned in the
[96]
same focal plane . A contrast agent is administered
intravenously (fluorescein) or topically (acriflavine and
cresyl violet) to emphasize the cellular, subcellular and
vasculature elements.
In clinical practice, two CLE systems are used:
an endoscope-integrated CLE and a probe-based
CLE (p-CLE), the latter being the widest system
used for the assessment of colonic polyps, neoplastic
lesions in inflammatory bowel diseases or Barrett’s
[97-100]
esophagus
.
Needle-CLE (nCLE) represents an improved version
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and negative predictive value were only 59% and
[106]
50%, respectively .
[107]
In the DETECT trial
, nCLE was combined
with cystoscopy using a SpyGlass fiberoptic probe
in 18 patients with a high probability of having
PCNs. Cystoscopy and nCLE were reported to have
sensitivities of 90% and 80%, respectively; the
combination of the two methods reached a sensitivity
of 100% for the clinical diagnosis of mucinous cysts.
In addition, both cystoscopy and nCLE exhibited
higher sensitivity and accuracy than CEA levels
(33% and 61%, respectively) in the entire study
[107,108]
population
.

after the use of a fluorescence-labeled anti-EGF-R
[113]
antibody
has been reported. One study recently
used nCLE for the visualization of the Meissner and
Auerbach plexus after the submucosal injection of
[114]
NeuroTrace
, a new step in the assessment of
functional and motility disorders of the gastrointestinal
tract.
In vitro imaging of pancreatic carcinogenesis using
nCLE combined with molecular markers, such as
[96]
cathepsin E , has also been reported, with important
future clinical implications for the monitoring of
pancreatic ductal carcinoma.
Despite its high accuracy and the existence
of several clinical applications, nCLE is still used
only in research trials, probably due to a lack of
standardization, availability and reimbursement in
some countries, a lengthy physician learning curve and
the broad range of histologic diagnoses. A recent study
showed the benefit of using nCLE in cases of “diagnostic
doubts”, impacting diagnosis and management in 40%
of cases and the performance of target biopsies in
[115]
100% of cases .

Limitations: Inter-observer agreement is considered
[104]
as globally low
and fair for MCN, moderate for
[102]
IPMN, and very good for PC and SCA ; The operator
learning curve of the technique influences the results
[103]
obtained ; Sampling error is limited by the location
and size of the cyst, the angulation of the needle, and
the use of a transgastric or transduodenal approach;
Incomplete evaluation - needle entry site, a solid mass
inside the cyst; Better in combination with cystoscopy
[107]
for cyst evaluation ; Complications of nCLE are seen
in up to 3.29%-9% of cases such as pancreatitis or
[102,106,107]
bleeding
.

CONCLUSION
The new derivative modalities described above
represent a step forward in maximizing the results
of endoscopic ultrasonography procedures. The
complementary role of these techniques is becoming
clearer, and elastography and harmonic contrastenhanced EUS are suitable for routine use in the
future. However, none of these techniques is yet able
to replace EUS-FNA.

Solid pancreatic lesions: Few data are available
for nCLE assessment in pancreatic solid lesions, and
difficulties have been encountered, especially when
using the transduodenal approach.
Normal pancreas has been described as having
“an appearance of coffee beans corresponding to
[108]
acinis”
. Adenocarcinoma has an aspect of dark
cell aggregates and irregular vessels with the leakage
[108]
of fluorescein
. Chronic pancreatitis presents as
[108]
residual regular glandular pancreatic structures
and
[109,110]
white fibrous bands
. Neuroendocrine tumors
appear as black cell aggregates surrounded by vessels
[108]
and fibrotic areas .
The sensitivity, specificity and accuracy of this
technique were 77%, 100% and 85%, respectively,
supporting the use of nCLE instead of repeating EUS[108]
FNA after a previous inconclusive biopsy .
Another study used nCLE as optical guidance for
EUS-FNA and found an accuracy rate of 90.9% with
[109]
good inter-observer agreement (k = 0.82) .
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Neutropenic enterocolitis
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immune system of the afflicted patients. These initial
conditions lead to intestinal edema, engorged vessels,
and a disrupted mucosal surface, which becomes
more vulnerable to bacterial intramural invasion.
Chemotherapeutic agents can cause direct mucosal
injury (mucositis) or can predispose to distension and
necrosis, thereby altering intestinal motility. This article
aims to review current concepts regarding neutropenic
colitis’ pathogenesis, diagnosis, and management.
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Core tip: Neutropenic colitis is a severe condition
usually affecting immunocompromised patients. Its
exact pathogenesis is not completely understood. The
main elements in disease onset appear to be intestinal
mucosal injury together with neutropenia and the
weakened immune system of the afflicted patients.
These initial conditions lead to intestinal edema,
engorged vessels, and a disrupted mucosal surface,
which becomes more vulnerable to bacterial intramural
invasion. Chemotherapeutic agents can cause direct
mucosal injury or can predispose to distension and
necrosis, thereby altering intestinal motility.
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Abstract
Neutropenic colitis is a severe condition usually affecting
immunocompromised patients. Its exact pathogenesis
is not completely understood. The main elements
in disease onset appear to be intestinal mucosal
injury together with neutropenia and the weakened
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INTRODUCTION
Neutropenic enterocolitis (NE) is also known as
typhlitis, ileocecal syndrome, cecitis, or necrotizing
enterocolitis. Despite the previous use of the term
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[13-15]

“necrotizing enterocolitis” to describe NE cases,
necrotizing enterocolitis is a different inflammatory
illness seen in newborns and is beyond the scope of
[1]
this review . NE is a clinical entity initially described in
leukemic pediatric patients. It has also been reported
in adults with hematologic malignancies such as
leukemia, lymphoma, multiple myeloma, aplastic
anemia, and myelodysplastic syndromes, as well
as other immunosuppressive causes such as AIDS,
[2]
therapy for solid tumors, and organ transplant .
[2]
The true incidence of NE is unknown . One
systematic review published in 2005 suggested a
pooled incidence of 5.6% in hospitalized adults with
hematological malignancies, chemotherapy for solid
[3]
tumors, and aplastic anemia . The reported mortality
[4]
also varies with rates as high as 50% .
NE was reported initially after the use of taxane
drugs, but more recently an increasing number of
[5]
chemotherapeutic drugs have been implicated .
Other drugs linked to NE include cytosine arabinoside,
gemcitabine, vincristine, doxorubicin, gemcitabine,
cyclophosphamide, 5-fluorouracil, leuvocorin, and
daunorubicin. Immunosuppressive therapy for organ
transplant, antibiotics, and sulfasalazine for the
treatment of rheumatoid arthritis have also been
[6,7]
considered causes of NE .
This review aims to assess current concepts re
garding the pathogenesis, diagnosis, and management
of neutropenic colitis. A search for the terms “neutropenic
enterocolitis”, “neutropenic colitis”, “typhlitis”, “ileocecal
syndrome”, “cecitis”, and “necrotizing enterocolitis” was
made in PubMed, exclusive to human studies and with
no time limits.

evaluation
. Other histologic findings have included
mucosal ulcers, intramural hemorrhage (usually
associated with thrombocytopenia), and necrosis.
The cecum is always affected by NE and very often
extends to the ileum. The ascending and transverse
colon may also be involved. A case of diffuse colorectal
inflammation following chemotherapy in a pediatric
[16]
leukemic patient was reported . This predilection by
the cecum may be explained by its distensibility and
[2]
limited blood supply .
Although a superimposed infection of the damaged
mucosa in the neutropenic patient is not universally
considered a diagnostic criterion, it definitively plays
[3]
an important role in the pathogenesis of NE . Gramnegative rods, gram-positive cocci, enterococci, fungi,
[8,17,18]
and virus have been implicated as causes
.
Bacterial translocation and bacteremia is also fre
quently seen in these patients. While some authors
associate NE with infection by Clostridium septicum,
this is not always implicated among the pathogens
[19]
[20]
in other studies . Sloas et al
reported NE in 24
leukemic children and found six different pathogens
in eight patients with bacteremia (Escherichia coli
in 3 patients, Kleibsiella pneumoniae in 2 patients,
Enterobacter taylorae, Morganella morganii, and a
Streptococcus viridans in 1 patient each). They also
found Clostriduim difficile toxin in the stool of three of
the 16 patients who were tested. Immunosuppression
and the frequent use of antimicrobials in NE can alter
normal flora and facilitate infection by less common
[17]
agents . Fungal infections can play an important role
in NE. One systematic review of published case studies
found a significantly lower mortality rate in patients
[21]
receiving antifungal agents for the treatment of NE .

PATHOGENESIS

CLINICAL PRESENTATION

The exact pathogenesis of NE is not completely
understood. The main elements in disease onset
appear to be intestinal mucosal injury together with
neutropenia and the immunocompromised state of
the afflicted patients. These initial conditions lead to
intestinal edema, engorged vessels, and a disrupted
mucosal surface, which becomes more vulnerable to
bacterial intramural invasion. Chemotherapeutic agents
can cause direct mucosal injury (mucositis) or can
predispose to distension and necrosis, thereby altering
[8,9]
intestinal motility . Cytosine arabinoside (cytarabine)
is a chemotherapeutic agent used to treat leukemia
and lymphoma that is particularly associated with
the development of NE. Among its adverse effects,
gastrointestinal mucosal toxicity and ileus have been
[10,11]
described
.
Intestinal leukemic infiltration is another potential
factor in the pathogenesis of NE, which may ex
plain the presence of acute myelogenous leukemia
presenting as NE before the onset of chemotherapy
[12,13]
regimens
. However, some studies have not
reported this leukemic infiltration after histologic
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Patients with neutrophil counts < 500/µL are at
increased risk for developing NE. Reports of neutrophil
[22]
counts < 1000/µL) have also been published .
The most common symptoms of NE are abdominal
[23-25]
pain, diarrhea, and fever
. Nausea, vomiting, and
abdominal distension are also common symptoms.
Abdominal pain can be localized in the lower right
quadrant or can be more diffuse. Tenderness can be
found on palpation. Abdominal compartment syndrome
has been reported in a patient with NE presenting with
[26]
abdominal distension and ascites .
Melena or hematochezia are generally less common
[27]
forms of presentation . One autopsy series reported
a 35% lower gastrointestinal bleeding rate in pediatric
patients and considered this to precede a terminal
[8]
event . Severe hemorrhage with hemodynamic
instability have also been reported and these patients
should undergo immediate interventional radiologic
procedures (i.e., angiography with embolization) in an
[28,29]
attempt to avoid surgery
. Peritoneal signs, shock,
and rapid clinical deterioration can be suggestive of
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necrosis and bowel perforation.
Symptoms often appear within two weeks following
the completion of chemotherapy and coincide with
[30]
the low leukocyte count following chemotherapy .
[31]
Shamberger et al
found that NE occurred after
induction chemotherapy in the majority of their patients
[32]
(19/25 pediatric patients with NE). Wade et al
reported that the 22 patients in their study had been
leukopenic for > 1 wk before the onset of abdominal
pain and that all patients had an absolute count of
< 500 cells/µL at some point during the leukopenia.
Leukocyte count recovery after the onset of NE seems
[33]
to be associated with survival . Regarding NE after
hematopoietic stem cell transplantation in children,
[34]
Lee et al
considered NE to be a pre-engraftment
phase complication (occurring before 30 days following
transplantation) in their study of hematopoietic stem
cell transplantation in children. Specifically, this is
the period of marrow aplasia and pancytopenia.
Recurrence can occur after resolution of the first
episode.

et al
reported a mortality rate of 60% due to NE
in patients with colonic wall thickness of 10 mm
compared to a mortality rate of 4.2% in patients with
mural thickness of < 10 mm, seen on ultrasound.
Other imaging methods can be applied in the
evaluation of NE. Barium enema is useful in showing
torsion and edema of the cecum, but may poten
[39-42]
tially cause colonic perforation and septicemia
.
Scintigraphic studies have shown uptake of radiophar
maceuticals in the lower right quadrant and suggest
[43]
a diagnosis of NE . Colonoscopy is rarely indicated
in suspected NE because of cytopenia and the risk of
[2,36]
perforation
.
Laboratory findings are often nonspecific. Neutro
penia and thrombocytopenia are frequent alterations
and have a role in the pathogenesis of NE itself.
Electrolyte imbalance and albumin loss is a frequ
ent finding in patients receiving chemotherapy with
cytosine-arabinoside. Fecal examination suggests that
these patients have significant loss of potassium in the
[10]
stool . Blood and stool cultures can guide the therapy
to specific agents.

DIAGNOSIS

MANAGEMENT

Due to its nonspecific presentation, NE can mimic
many other diagnoses. Differential diagnoses include
pseudomembranous colitis, inflammatory bowel
disease, appendicitis, ischemic colitis, and other
infectious colitides.
Diagnosis generally involves the findings of fever,
abdominal pain, neutropenia, and thickening of the
abdominal wall (usually the cecum and ascending
[21,35]
colon)
. In a study that included 40 pediatric
patients, the clinical triad (fever, abdominal pain, and
neutropenia) was present in 31 patients (78%). The
remaining 9 patients (22%) had their diagnosis made
after imaging exams (US/CT) in addition to 2/3 clinical
[36]
features .
Abdominal plain X-rays can show a dilated
atonic cecum and ascending colon filled with liquid
or gas, signs of intramural gas, and small bowel
dilation. However, this simple imaging technique
has limited value due to its poor sensitivity and
[20,35]
specificity
. Radiographic imaging can also show
pneumoperitoneum in patients with suspected
[37]
bowel perforation . Ultrasonic examination is still
an important tool in pediatric patients because it is
inexpensive, readily available, and avoids radiation
[35]
or radiopharmaceuticals . Computed tomography
(CT) is an attractive non-invasive option for diagnosis,
with higher accuracy compared to plain radiography
[20,38]
and ultrasound
. CT can delineate bowel wall
thickening, a dilated cecum or other colonic segment,
an inflammatory mass, pericolonic inflammation, and
pneumatosis intestinalis. It can also help visualize
other organs and a make differential diagnosis. Colonic
wall thickening may suggest the need for surgical
[21]
treatment and affect prognosis . A study by Cartoni
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The lack of high-quality studies looking at therapeutic
strategies makes it impossible for standardized
recommendations in the management of patients
[2,3]
with NE . Initial reports of NE showed a preference
for surgical treatment as the high mortality associa
ted with NE led to a more aggressive treatment
[44]
regimen . A better understanding of the disease and
higher success rates of conservative management
have contributed to reserving surgery for complicated
[44,45]
and more severe cases
.
Conservative management consists of aggressive
fluid resuscitation, correction of electrolyte imbalance,
bowel rest, abdominal decompression, and broadspectrum antibiotics. Correction of thrombocytopenia
and clotting abnormalities can require blood com
ponent transfusion.
Patients who present with a recovery in the
[46]
leukocyte count tend to have better outcomes .
Leukocyte transfusions and granulocyte-colony sti
mulation factors (G-CSF) have been applied to treat
these patients. Although there are no randomized
controlled studies regarding the use of G-CSF in
neutropenic colitis, guidelines with recommendations
[47,48]
have been proposed
. Patient-related factors
such as profound neutropenia (absolute neutrophil <
100/mL), uncontrolled primary disease, pneumonia,
hypotension, multiorgan dysfunction, and invasive
fungal infection are possible indications for the use of
[3]
G-CSF in NE .
[2,3,20,24]
Bowel rest is commonly used in cases of NE
.
Parenteral nutrition can be used to maintain a
nutritional source in patients who are at nutritional risk.
Bowel rest can also mean intestinal villous atrophy and
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abnormalities, and the development of other surgical
conditions (abscess, appendicitis). Perforated or necrotic
bowel should be resected. Primary anastomosis is
not recommended due to the impaired healing and
immunossupression in these patients. Drainage of
the necrotic region without resection seems to be
[13,46]
insufficient
.

Table 1 Antibiotics and dosages for empiric treatment of
neutropenic enterocolitis
Antibiotics

Dosages

Adults with NE
Monotherapy
Piperacillin-tazobactam
Imipenem-cillastin

3.375 g IV every 6 h
500 mg IV every 6 h or 1 g IV every
6-8 h

Duotherapy
Ceftazidime
1 g IV every 8-12 h
OR
OR
Cefepime
1 g IV every 8 h
Plus Metronidazole
1 g IV every 6 h
Children ( 1-12 yr of age) with NE
Monotherapy
Piperacillin-tazobactam
(> 9 mo and < 40 kg) 300 mg/kg per
day IV divided every 8 h
Imipenem-cillastin
(> 3 mo) 60-100 mg/kg per day IV
divided every 6 h maximum 2-4 g/d
Duotherapy
Ceftazidime
90-150 mg/kg per day IV divided
every 8 h - maximum 6 g/d or
OR
50 mg/kg IV every 8 h - maximum:
2 g/dose
Cefepime
Plus Metronidazole
30 mg/kg per day IV divided every
6 h - maximum 4 g/d

CONCLUSION
NE should always be considered as a possible diag
nosis in immunosuppressed patients, especially
those receiving chemotherapy. NE is a life threate
ning condition and prompt aggressive treatment
is warranted in these patients. Resolution of the
disease will depend on recovery of leukocyte count
and infection control. Conservative treatment is the
recommended first step in treatment, with close
monitoring of the patient in the event that surgical
intervention is required.

REFERENCES
1

Modified from Cloutier et al[44]. IV: Intravenous; NE: Neutropenic enterocolitis.

2

mucosal integrity breaching. Some authors consider
the possibility of continuing gastrointestinal tract use
[3,14]
(oral or enteral) in selected patients
. The use of
glutamine as an immunonutrient is being studied in
other patients receiving parenteral nutrition and the
results may suggest its potential use in NE patients.
Prompt administration of antibiotics is essential
in the treatment of NE patients. Antibiotics should
cover gram-positive, gram-negative, and anaerobic
pathogens. Coverage against enterococci should be
added in the most critically ill patients. Specific local
epidemiology and resistance patterns should guide the
choice of antimicrobial agents.
An antibiotic treatment regimen usually starts
with β-lactamic monotherapy or combined with amino
[44]
glycoside . Other monotherapy agents such as
cefepime, imipenem, and meropenem can be also used.
In cases of patients with known or suspected resistant
pathogens, combination regimens are preferred.
Duotherapy, combing ceftazidime or cefepime with
[44]
metronidazole is also an option . For patients in which
Clostridium difficile cannot be excluded, metronidazole
[1]
or vancomycin should be added to the regimen .
Recommended drugs for adults and children are
summarized in Table 1. Initial empiric coverage for
fungal agents is not routinely recommended, but can
be considered if the initial therapy does not show good
[1]
response after 72 h .
Current indications for surgery in NE are evidence
of intraperitoneal bowel perforation, uncontrolled
bleeding after correction of cytopenia and clotting

WJG|www.wjgnet.com

3

4
5
6

7

8

9
10

11
12

45

Nesher L, Rolston KV. Neutropenic enterocolitis, a growing
concern in the era of widespread use of aggressive chemotherapy.
Clin Infect Dis 2013; 56: 711-717 [PMID: 23196957 DOI:
10.1093/cid/cis998]
Davila ML. Neutropenic enterocolitis. Curr Opin Gastroen
terol 2006; 22: 44-47 [PMID: 16319675 DOI: 10.1007/
s11938-006-0043-2]
Gorschlüter M, Mey U, Strehl J, Ziske C, Schepke M,
Schmidt-Wolf IG, Sauerbruch T, Glasmacher A. Neutropenic
enterocolitis in adults: systematic analysis of evidence quality.
Eur J Haematol 2005; 75: 1-13 [PMID: 15946304 DOI: 10.1111/
j.1600-0609.2005.00442.x]
Ullery BW, Pieracci FM, Rodney JR, Barie PS. Neutropenic
enterocolitis. Surg Infect (Larchmt) 2009; 10: 307-314 [PMID:
19566419 DOI: 10.1089/sur.2008.061]
Mehdi I, Al Bahrani B. Chemotherapy-induced neutropenic
necrotizing enterocolitis: a review. J Pak Med Assoc 2012; 62:
718-723 [PMID: 23866523]
Bibbo C, Barbieri RA, Deitch EA, Brolin RE. Neutropenic
enterocolitis in a trauma patient during antibiotic therapy for
osteomyelitis. J Trauma 2000; 49: 760-763 [PMID: 11038099
DOI: 10.1097/00005373-200010000-00029]
Chavakravarty K, Scott DG, McCann BG. Fatal neutrope
nic enterocolitis associated with sulphasalazine theraphy for
reumathoid arthritis. Br J Rheumatol 1992; 31: 351-352 [DOI:
10.1093/rheumatology/31.5.351]
Katz JA, Wagner ML, Gresik MV. Typhlitis. An 18-year
experience and postmortem review. Cancer 1990; 65: 1041-1047
[DOI: 10.1002/1097-0142(19900215)65:4<1041::AIDCNCR2820650433>3.0.CO;2-A]
Bavaro MF. Neutropenic enterocolitis. Curr Gastroenterol Rep
2002; 4: 297-301 [PMID: 12149175 DOI: 10.1007/s11894-0020079-y]
Slavin RE, Dias MA, Saral R. Cytosine arabinoside induced
gastrointestinal toxic alterations in sequential chemotherapeutic
protocols: a clinical-pathologic study of 33 patients. Cancer 1978;
42: 1747-1759 [PMID: 709532 DOI: 10.1002/1097-0142(197810)
42::4<1747::AID-CNCR2820420413>3.0.CO;2-T]
Stentoft J. The toxicity of cytarabine. Drug Saf 1990; 5: 7-27
[PMID: 2178634 DOI: 10.2165/00002018-199005010-00003]
Ahsan N, Sun CC, Di John D. Acute ileotyphlitis as presenting
manifestation of acute myelogenous leukemia. Am J Clin Pathol

January 7, 2017|Volume 23|Issue 1|

Rodrigues FG et al . Neutropenic enterocolitis

13

14
15
16
17

18

19
20
21

22

23

24

25

26
27

28
29

1988; 89: 407-409 [PMID: 3162345 DOI: 10.1093/ajcp/89.3.407]
Alt B, Glass NR, Sollinger H. Neutropenic enterocolitis in adults.
Review of the literature and assessment of surgical intervention.
Am J Surg 1985; 149: 405-408 [PMID: 3856402 DOI: 10.1016/
S0002-9610(85)80119-7]
Urbach DR, Rotstein OD. Typhlitis. Can J Surg 1999; 42: 415-419
[PMID: 10593241]
D’Souza S, Lindberg M. Typhlitis as a presenting manifestation
of acute myelogenous leukemia. South Med J 2000; 93: 218-220
[PMID: 10701793 DOI: 10.1097/00007611-200002000-00014]
Ozgen U, Uzüm I, Mizrak B, Saraç K. “Typhlitis” in rectum.
Pediatr Int 2010; 52: e32-e33 [PMID: 20158643 DOI: 10.1111/
j.1442-200X.2009.02989.x]
Buchheidt D, Böhme A, Cornely OA, Fätkenheuer G, Fuhr HG,
Heussel G, Junghanss C, Karthaus M, Kellner O, Kern WV, Schiel
X, Sezer O, Südhoff T, Szelényi H. Diagnosis and treatment of
documented infections in neutropenic patients--recommendations
of the Infectious Diseases Working Party (AGIHO) of the German
Society of Hematology and Oncology (DGHO). Ann Hematol
2003; 82 Suppl 2: S127-S132 [PMID: 13680171 DOI: 10.1007/
s00277-003-0766-2]
Yuen KY, Woo PC, Liang RH, Chiu EK, Chen FF, Wong SS, Lau
YL, Ha SY, Peiris JS, Siau H, Chan TK. Clinical significance of
alimentary tract microbes in bone marrow transplant recipients.
Diagn Microbiol Infect Dis 1998; 30: 75-81 [PMID: 9554172 DOI:
10.1016/S0732-8893(97)00213-7]
Ettinghausen SE. Collagenous colitis, eosinophilic colitis, and
neutropenic colitis. Surg Clin North Am 1993; 73: 993-1016 [PMID:
8378836 DOI: 10.1016/S0039-6109(16)46137-2]
Sloas MM, Flynn PM, Kaste SC, Patrick CC. Typhlitis in children
with cancer: a 30-year experience. Clin Infect Dis 1993; 17:
484-490 [PMID: 8218694 DOI: 10.1093/clinids/17.3.484]
Cardona Zorrilla AF, Reveiz Herault L, Casasbuenas A, Aponte
DM, Ramos PL. Systematic review of case reports concerning
adults suffering from neutropenic enterocolitis. Clin Transl Oncol
2006; 8: 31-38 [PMID: 16632437 DOI: 10.1007/s12094-0060092-y]
Aksoy DY, Tanriover MD, Uzun O, Zarakolu P, Ercis S, Ergüven
S, Oto A, Kerimoglu U, Hayran M, Abbasoglu O. Diarrhea in
neutropenic patients: a prospective cohort study with emphasis on
neutropenic enterocolitis. Ann Oncol 2007; 18: 183-189 [PMID:
17023562 DOI: 10.1093/annonc/mdl337]
Shafey A, Ethier MC, Traubici J, Naqvi A, Sung L. Incidence, risk
factors, and outcomes of enteritis, typhlitis, and colitis in children
with acute leukemia. J Pediatr Hematol Oncol 2013; 35: 514-517
[PMID: 23823116 DOI: 10.1097/MPH.0b013e31829f3259]
Hsu TF, Huang HH, Yen DH, Kao WF, Chen JD, Wang LM, Lee
CH. ED presentation of neutropenic enterocolitis in adult patients
with acute leukemia. Am J Emerg Med 2004; 22: 276-279 [PMID:
15258868 DOI: 10.1016/j.ajem.2004.02.014]
McCarville MB, Adelman CS, Li C, Xiong X, Furman WL,
Razzouk BI, Pui CH, Sandlund JT. Typhlitis in childhood cancer.
Cancer 2005; 104: 380-387 [PMID: 15952190 DOI: 10.1002/
cncr.21134]
van Vliet M, van der Hoeven HJ, van der Velden WJ. Abdominal
compartment syndrome in neutropenic enterocolitis. Br J Haematol
2013; 160: 273 [PMID: 23206290 DOI: 10.1111/bjh.12140]
Cardona AF, Combariza JF, Reveiz L, Ospina EG, Poveda CM,
Ruiz CA, Ramos P, Aponte DM. [Clinical and microbiological
characteristics of neutropenic enterocolitis in adults with blood
cancer in the National Cancer Institute of Bogota D.C. (Colombia)].
Enferm Infecc Microbiol Clin 2004; 22: 462-466 [PMID: 15482688
DOI: 10.1157/13066853]
Meyerovitz MF, Fellows KE. Typhlitis: a cause of gastrointestinal
hemorrhage in children. AJR Am J Roentgenol 1984; 143: 833-835
[PMID: 6332493 DOI: 10.2214/ajr.143.4.833]
de Lijster MS, Smets AM, van den Berg H, Reekers JA.
Embolisation for caecal bleeding in a child with typhlitis. Pediatr
Radiol 2015; 45: 283-285 [PMID: 24917127 DOI: 10.1007/
s00247-014-3059-0]

WJG|www.wjgnet.com

30
31

32

33
34

35

36

37

38

39
40

41
42
43
44
45

46
47

46

Hegerova LT, Swiecicki PL, Kumar SK. 35-year-old man with
Fever and abdominal pain. Mayo Clin Proc 2013; 88: 866-870
[PMID: 23910413 DOI: 10.1016/j.mayocp.2012.10.007]
Shamberger RC, Weinstein HJ, Delorey MJ, Levey RH. The
medical and surgical management of typhlitis in children with
acute nonlymphocytic (myelogenous) leukemia. Cancer 1986; 57:
603-609 [PMID: 3484659 DOI: 10.1002/1097-0142(19860201)57:
:3<603::AID-CNCR2820570335>3.0.CO;2-K]
Wade DS, Nava HR, Douglass Jr HO. Neutropenic en
terocolitis. Clinical diagnosis and treatment. Cancer 1992; 69:
17-23 [DOI: 10.1002/1097-0142(19920101)69:1<17::AIDCNCR2820690106>3.0.CO;2-X]
Wade DS, Douglass H, Nava HR, Piedmonte M. Abdominal pain
in neutropenic patients. Arch Surg 1990; 125: 1119-1127 [PMID:
2400304 DOI: 10.1001/archsurg.1990.01410210045006]
Lee JH, Lim GY, Im SA, Chung NG, Hahn ST. Gastrointestinal
complications following hematopoietic stem cell transplantation
in children. Korean J Radiol 2008; 9: 449-457 [PMID: 18838855
DOI: 10.3348/kjr.2008.9.5.449]
Cartoni C, Dragoni F, Micozzi A, Pescarmona E, Mecarocci
S, Chirletti P, Petti MC, Meloni G, Mandelli F. Neutropenic
enterocolitis in patients with acute leukemia: prognostic sig
nificance of bowel wall thickening detected by ultrasonography. J
Clin Oncol 2001; 19: 756-761 [PMID: 11157028]
Mullassery D, Bader A, Battersby AJ, Mohammad Z, Jones EL,
Parmar C, Scott R, Pizer BL, Baillie CT. Diagnosis, incidence, and
outcomes of suspected typhlitis in oncology patients--experience
in a tertiary pediatric surgical center in the United Kingdom. J
Pediatr Surg 2009; 44: 381-385 [PMID: 19231539 DOI: 10.1016/
j.jpedsurg.2008.10.094]
Ramia Angel JM, de la Plaza Llamas R, Veguillas Redondo
P, Quiñones Sampedro JE, García-Parreño Jofré J. [Stomach
perforation in a patient with an intragastric balloon]. Cir Esp 2010;
87: 397-399 [PMID: 19735911 DOI: 10.1016/j.ciresp.2009.06.008]
Kirkpatrick ID, Greenberg HM. Gastrointestinal complications
in the neutropenic patient: characterization and differentiation with
abdominal CT. Radiology 2003; 226: 668-674 [PMID: 12601214
DOI: 10.1148/radiol.2263011932]
Archibald RB, Nelson JA. Necrotizing enterocolitis in acute
leukemia: radiographic findings. Gastrointest Radiol 1978; 3:
63-65 [PMID: 276504 DOI: 10.1007/BF01887037]
Abramson SJ, Berdon WE, Baker DH. Childhood typhlitis: its
increasing association with acute myelogenous leukemia. Report
of five cases. Radiology 1983; 146: 61-64 [PMID: 6571759 DOI:
10.1148/radiology.146.1.6571759]
Richman LS, Short WF, Cooper WM. Barium enema septicemia.
Occurrence in a patient with leukemia. JAMA 1973; 226: 62-63
[PMID: 4361133 DOI: 10.1001/jama.226.1.62]
Khan JS, Moran BJ. Iatrogenic perforation at colonic imaging.
Colorectal Dis 2011; 13: 481-493 [PMID: 20015266 DOI: 10.1111/
j.1463-1318.2009.02147.x]
Gandy W, Greenberg BR. Successful medical management of
neutropenic enterocolitis. Cancer 1983; 51: 1551-1555 [DOI: 10.1002/10
97-0142(19830415)51:8<1551::AID-CNCR2820510833>3.0.CO;2-L]
Cloutier RL. Neutropenic enterocolitis. Emerg Med Clin
North Am 2009; 27: 415-422 [PMID: 19646645 DOI: 10.1016/
j.emc.2009.04.002]
Gomez L, Martino R, Rolston KV. Neutropenic enterocolitis:
spectrum of the disease and comparison of definite and possible
cases. Clin Infect Dis 1998; 27: 695-699 [PMID: 9798018 DOI:
10.1086/514946]
Moir CR, Scudamore CH, Benny WB. Typhlitis: selective surgical
management. Am J Surg 1986; 151: 563-566 [PMID: 3458380
DOI: 10.1016/0002-9610(86)90547-7]
Aapro MS, Bohlius J, Cameron DA, Dal Lago L, Donnelly JP,
Kearney N, Lyman GH, Pettengell R, Tjan-Heijnen VC, Walewski
J, Weber DC, Zielinski C. 2010 update of EORTC guidelines for
the use of granulocyte-colony stimulating factor to reduce the
incidence of chemotherapy-induced febrile neutropenia in adult
patients with lymphoproliferative disorders and solid tumours.

January 7, 2017|Volume 23|Issue 1|

Rodrigues FG et al . Neutropenic enterocolitis

48

Eur J Cancer 2011; 47: 8-32 [PMID: 21095116 DOI: 10.1016/
j.ejca.2010.10.013]
Crawford J, Armitage J, Balducci L, Becker PS, Blayney DW,
Cataland SR, Heaney ML, Hudock S, Kloth DD, Kuter DJ,

Lyman GH, McMahon B, Rugo HS, Saad AA, Schwartzberg LS,
Shayani S, Steensma DP, Talbott M, Vadhan-Raj S, Westervelt P,
Westmoreland M, Dwyer M, Ho M. Myeloid growth factors. J Natl
Compr Canc Netw 2013; 11: 1266-1290 [PMID: 24142827]
P- Reviewer: Ashton JJ, Tarnawski AS, Zhou XY S- Editor: Yu J
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

47

January 7, 2017|Volume 23|Issue 1|

World J Gastroenterol 2017 January 7; 23(1): 48-59
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v23.i1.48

© 2017 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Novel CagA ELISA exhibits enhanced sensitivity of
Helicobacter pylori CagA antibody
Yuichi Matsuo, Yasutoshi Kido, Junko Akada, Seiji Shiota, Tran Thanh Binh, Tran Thi Huyen Trang,
Ho DQ Dung, Pham Huu Tung, Tran Dinh Tri, Ngo P Minh Thuan, Le Quang Tam, Bui Chi Nam, Vu Van Khien,
Yoshio Yamaoka
Yuichi Matsuo, Yasutoshi Kido, Junko Akada, Seiji Shiota,
Tran Thanh Binh, Tran Thi Huyen Trang, Yoshio Yamaoka,
Department of Environmental and Preventive Medicine, Oita
University Faculty of Medicine, Yufu, Oita 879-5593, Japan

Japan Society for the Promotion of Science Institutional Program
for Young Researcher Overseas Visits and the Strategic Funds for
the Promotion of Science and Technology from the Japan Science
and Technology Agency.

Seiji Shiota, Department of General Medicine, Oita University
Faculty of Medicine, Yufu, Oita 879-5593, Japan

Institutional review board statement: Ethical approval was
obtained from the Ethics Committees of Daklak Hospital and
Lao Cai Hospital, Vietnam and the Oita University Faculty of
Medicine, Japan.

Tran Thanh Binh, Ho DQ Dung, Pham Huu Tung, Tran
Dinh Tri, Ngo P Minh Thuan, Department of Endoscopy, Cho
Ray Hospital, Hochiminh 800010, Vietnam

Conflict-of-interest statement: No conflicts of interest exist.

Tran Thi Huyen Trang, Department of Molecular Biology, 108
Military Central Hospital, Hanoi 100083, Vietnam

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Le Quang Tam, Department of Endoscopy, Daklak Hospital,
Daklak 55000, Vietnam
Bui Chi Nam, Department of Endoscopy, Lao Cai Hospital, Lao
Cai 19000, Vietnam
Vu Van Khien, Department of Hepatogastroentrology, 108
Military Center Hospital, Hanoi 19000, Vietnam
Yoshio Yamaoka, Department of Medicine-Gastroenterology,
Baylor College of Medicine and Michael E. DeBakey Veterans
Affairs Medical Center, Houston, TX 77030, United States

Manuscript source: Invited manuscript
Correspondence to: Yamaoka Yoshio, MD, PhD, Department
of Environmental and Preventive Medicine, Oita University
Faculty of Medicine, Yufu, Oita 879-5593,
Japan. yyamaoka@oita-u.ac.jp
Telephone: +81-97-5865740
Fax: +81-97-5865749

Author contributions: Matsuo Y, Kido Y, Akada J, Shiota
S and Yamaoka Y conceived and designed the experiments;
Matsuo Y, Kido Y, Akada J, Binh TT and Trang TTH performed
the experiments; Binh TT, Dung HDQ, Tung PH, Tri TD,
Thuan NPM, Tam LQ, Nam BC and Khien VV contributed to
obtaining the samples; Matsuo Y, Kido Y, Akada J and Yamaoka
Y contributed to analysis and interpretation; Matsuo Y, Kido Y,
Akada J and Yamaoka Y drafted the manuscript.

Received: August 15, 2016
Peer-review started: August 16, 2016
First decision: September 20, 2016
Revised: October 3, 2016
Accepted: October 27, 2016
Article in press: October 27, 2016
Published online: January 7, 2017

Supported by the National Institutes of Health, No. DK62813;
Grants-in-Aid for Scientific Research from the Ministry of
Education, Culture, Sports, Science, and Technology of Japan
(in part), No. 25293104, No. 26640114 and No. 15H02657); the

WJG|www.wjgnet.com

48

January 7, 2017|Volume 23|Issue 1|

Matsuo Y et al . Novel ELISA enhances CagA sensitivity

Abstract

chronic inflammation in the gastric mucosa.

AIM
To develop a novel Helicobacter pylori (H. pylori ) CagA
antibody enzyme-linked immunosorbent assay (ELISA)
suitable for detecting serum anti-CagA antibodies with
high sensitivity.

Matsuo Y, Kido Y, Akada J, Shiota S, Binh TT, Trang TTH,
Dung HDQ, Tung PH, Tri TD, Thuan NPM, Tam LQ, Nam BC,
Khien VV, Yamaoka Y. Novel CagA ELISA exhibits enhanced
sensitivity of Helicobacter pylori CagA antibody. World J
Gastroenterol 2017; 23(1): 48-59 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i1/48.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i1.48

METHODS
Recombinant East Asian-type CagA protein was purified
and immobilized for ELISA. Serum samples from 217
Vietnamese individuals (110 H. pylori -infected and
107 uninfected individuals) were applied. Conventional
ELISA from Western-type CagA and our East Asian-type
CagA ELISA were evaluated by comparing 38 subjects
with the Western-type genotype and 72 subjects with
the East Asian-type cagA genotype. Histological scores
of the gastric mucosa were determined using the
updated Sydney System to examine the relationship
with anti-CagA antibody titers.

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative
microaerophilic bacterium, which is etiologically
associated with various diseases, such as gastritis,
peptic ulcer, mucosa associated lymphoid tissue (MALT)
lymphoma, and gastric cancer. Although over half
of the world’s population is infected with H. pylori,
the incidence of H. pylori-associated diseases varies
geographically. These geographic differences in the
incidence of gastric cancer can be explained, at least
in part, by the presence of different types of H. pylori
virulence factors, in particular cytotoxin-associated
gene A (CagA), vacuolating cytotoxin A (VacA), and
[1]
outer inflammatory protein A (OipA) .
CagA, the major virulence factor, is delivered into
gastric epithelial cells via the type IV secretion system
[2]
of H. pylori . Structural variants of CagA have been
shown to alter bacterial virulence. The C-terminus
of CagA possesses a variable number of tyrosine
phosphorylation sites, which are located within the
[3]
Glu-Pro-Ile-Tyr-Ala (EPIYA) motif . EPIYA segments
can be classified into four types according to the amino
acid sequence surrounding the EPIYA motif. H. pylori
found in Western countries possess Western-type
CagA, which contains EPIYA-A, EPIYA-B, and EPIYA-C
segments. In contrast, H. pylori in East Asian countries
possess East Asian-type CagA, which contains EPIYA-A,
[4,5]
EPIYA-B, and EPIYA-D segments
. These EPIYA
motifs can exhibit varying numbers and configurations
[6]
in the C-terminal end of CagA variants . The EPIYA-D
segment has been reported to bind more strongly to
the proto-oncogenic SH2-domain-containing tyrosine
phosphatase (SHP2) than the EPIYA-C segment,
[7,8]
leading to hyper-stimulation of Ras-Erk signaling .
Therefore, the East Asian-type CagA is associated with
greater virulence than the Western-type CagA owing
to the structural variance of CagA.
[9,10]
CagA is also a highly antigenic protein
. Com
prehensive epidemiological studies have reported
on the relationship between CagA seropositivity
and clinical outcomes in Western and East Asian
[11-17]
countries
; however, the results are controversial.
[18]
Huang et al
used meta-analysis to analyze the
relationship between CagA seropositivity and gastric
cancer and concluded that infection with cagA-positive
H. pylori further increased the risk of gastric cancer

RESULTS
Recombinant 70-100 kDa fragments were immobilized
on the ELISA plate. In ROC analysis, the area under
the curve of our East Asian-type CagA ELISA was
comparable to that of conventional CagA ELISA. The
sensitivity of the two ELISAs differed depending on the
cagA genotype. The sensitivity of East Asian-type CagA
ELISA was higher for subjects infected with East Asiantype cagA H. pylori (P < 0.001), and the sensitivity
of the conventional CagA ELISA tended to be higher
for subjects infected with Western cagA H. pylori (P
= 0.056). The titer of anti-CagA antibody tended to
correlate with monocyte infiltration scores (r = 0.25,
P = 0.058) and was inversely correlated with H. pylori
density (r = -0.26, P = 0.043).
CONCLUSION
The novel ELISA is useful to detect anti-CagA antibodies
in East Asian countries, and the titer may be a marker
for predicting chronic gastritis.
Key words: Helicobacter pylori ; cagA genotype; AntiCagA antibody; Enzyme-linked immunosorbent assay;
Inflammation; Gastritis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We developed a novel East Asian-type CagA
enzyme-linked immunosorbent assay (ELISA) to
determine whether this method could detect CagA
seropositivity with greater sensitivity in East Asian
countries than the conventional anti-CagA antibody
ELISA, which utilizes Western-type CagA as the antigen.
Our findings revealed that conventional CagA ELISA
underestimated CagA seropositivity in East Asian
countries and the novel CagA ELISA could detect antiCagA antibodies with higher sensitivity. In addition, the
anti-CagA antibody titer tended to correlate with chronic
inflammation in the stomach. Therefore, the titer of East
Asian CagA ELISA may be a useful marker for predicting
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over that associated with cagA-negative H. pylori
infection. Our previous meta-analysis also showed that
CagA seropositivity was significantly associated with
[19]
gastric cancer in East Asian countries . However,
the positive rate of CagA antibodies among H. pyloriinfected Japanese individuals was relatively low (53.7%
to 81.1%) although the majority of H. pylori strains
[20,21]
in Japan possess an East Asian-type cagA gene
;
the prevalence of cagA positive H. pylori was 95.0%
[22,23]
to 95.5% in Vietnam
and 86.4% to 96.3% in
[24,25]
Japan
.
Therefore, we hypothesized that the commercially
available CagA antibody enzyme-linked immunosorbent
assay (ELISA), which uses Western-type CagA as the
antigen, might underestimate serum CagA antibody
levels in East Asian countries. In the present study
we developed an East Asian-type CagA ELISA, which
immobilizes East Asian-type recombinant CagA, and
assessed the characteristics of two types of CagA based
ELISA systems.
To examine differences in the performance of
both types of CagA ELISA, we chose to use serum
samples from Vietnamese individuals because cagA
genotype prevalence is region-dependent in Vietnam.
The predominant cagA genotype in the central region
(Daklak province) is the Western-type cagA and in the
northern region (Lao Cai province) is the East Asiantype cagA. Our results indicate that the accuracy of
the two types of CagA ELISA is comparable for these
Vietnamese samples. In addition, we examined the
relationship between CagA antibody titer and the
degree of inflammation in each individual.

H. pylori was isolated using a standard culturing
[25]
method . The H. pylori total antibody titer in serum
samples was measured by E-plate (Eiken Co. Ltd, Tokyo,
Japan). CagA antibody titer in sera was measured
using the CagA ELISA kit (Genesis Diagnostics Ltd, Ely,
United Kingdom), which represented Western CagA
ELISA in this study. Stomach biopsy specimens were
also provided for histological testing as previously
[26]
described .
In this study, H. pylori-infected status was defined
as positive by H. pylori culturing. While, H. pyloriuninfected status was defined as all negative by H.
pylori culturing, rapid urease test, serum H. pylori
antibody, serum CagA antibody, and histopathological
examination results.

Classification of cagA genotype

Genomic DNA was extracted from cultured H. pylori
using the DNeasy Blood and Tissue Kit (QIAGEN,
Hilden, Germany). The cagA genotypes (Western-type
or East Asian-type) were determined by PCR based
direct sequencing of the C-terminal region containing
[24]
the EPIYA segments, as previously described . The
cagA genotype was determined by evaluating the
amino acid sequences of the EPIYA segments using
[27]
MEGA6 software .

Expression of glutathione sulfate-transferase-fused
recombinant CagA

The endoscopic survey was conducted in nine rural
areas in the Daklak and Lao Cai provinces, Vietnam,
from July 2012 and April 2013. We travelled to these
areas twice and spent several days each visit recruiting
the volunteers. Ethical approval was obtained from
the Ethics Committees of Daklak Hospital and Lao
Cai Hospital, Vietnam and the Oita University Faculty
of Medicine, Japan. Written informed consent was
obtained from all participants prior to the study.
Four biopsy specimens (three from the antrum and
one from the upper posterior wall of the corpus) were
obtained during endoscopy. The antrum specimens
were used for the rapid urease test, H. pylori culturing,
and histological examination. The corpus specimen
was used for histological examination. Blood samples
were collected from all participants immediately
following endoscopy.

The full length cagA gene was PCR amplified from the
genomic DNA of a clinical H. pylori strain isolated from
a Japanese volunteer with gastritis (Supplementary
material). The 5′ terminus of the amplified fragment
contained a SmaI recognition site and the 3′ terminus
contained an Xho I recognition site. The 3.5-kb
amplified cagA product was cloned into the SmaI and
Xho I digested pGEX-6P-1 vector (GE Healthcare,
Little Chalfont, United Kingdom) using T4 DNA ligase
(TAKARA Inc) and the resulting plasmid, pGEX-CagA,
was propagated in Escherichia coli DH5α competent
cells (Merck Millipore, Darmstadt, Germany). pGEXCagA was then transformed into the E. coli Rosetta
Blue DE3 pLysS expression strain (Merck Millipore).
These cells were then grown to an OD600 of 0.7 in
Luria Bertani (LB) broth supplemented with ampicillin
(100 µg/mL), chloramphenicol (40 µg/mL), and 0.2%
(w/v) glucose at 37 ℃. Expression of the glutathione
sulfate-transferase (GST)-fused recombinant CagA
(rCagA) protein was induced by the addition of
0.4 mM (final concentration) of isopropyl β-D-1thiogalactopyranoside (IPTG) for 2 h at 30 ℃; the cells
were then harvested by centrifugation at 8000 × g,
4 ℃ for 10 min.

Determination of H. pylori status

Purification of East Asian-type recombinant CagA

MATERIALS AND METHODS
Volunteers for endoscopic survey

The rapid urease test, culturing test, histological tests
confirmed by immunohistochemistry (IHC), and serum
H. pylori antibody test were used to maximize the
accuracy of the H. pylori infection diagnosis.
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N-terminally tagged GST-rCagA was purified by
GST-tag affinity chromatography, which utilizes the
binding ability of GST to glutathione sepharose 4B
resin (GE Healthcare). The resin was washed and the
rCagA was eluted following the use of PreScission
protease (GE Healthcare). The rCagA preparation
buffer was exchanged to a phosphate buffer (pH 7.4)
by ammonium sulfate precipitation. Each fraction
was electrophoresed on sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE) and stained with
Colloidal CBB stain (Bio-Rad). rCagA expression was
confirmed by western blotting using anti-CagA Rabbit
IgG (Austral Líneas Aéreas, Buenos Aires, Argentina)
as the primary antibody and anti-Rabbit IgG
conjugated alkaline phosphatase (Jackson Immuno
Research Labs, West Grove PA, United States) as the
secondary antibody.

Table 1 cagA genotype and clinical outcome of subjects
H. pylori infection status
and cagA genotype
H. pylori-infected
Western cagA
East Asian cagA
H. pylori-uninfected
Total

95
34
61
98
193

12
4
8
3
15

GERD

Total

3
0
3
6
9

110
38
72
107
217

GERD: Gastroesophageal reflux disease; H. pylori: Helicobacter pylori.

statistically significant. The statistical analysis of this
study were reviewed by Kido Y, Akada J, Yamaoka Y.

RESULTS
Purification of East Asian-type rCagA and development
of a novel East Asian-type CagA ELISA

Production of an East-Asian type CagA antibody ELISA

To develop an East Asian CagA ELISA, we first cloned
the cagA gene from a clinical H. pylori strain isolated
from a Japanese gastritis patient and constructed
a CagA expression vector. The EPIYA segments of
cagA were confirmed as East Asian type cagA, ABD
segments, by DNA sequencing (Gen Bank accession
number LC158593).
The full length East Asian-type rCagA was expressed
in E. coli as a GST-tag fusion protein (deduced molecular
size of 160 kDa). GST-rCagA was expressed to a high
level in the soluble fraction of the E. coli lysate following
induction (Figure 1A, lane 2 vs lane 1, uninduced). The
GST-rCagA was bound to glutathione beads and rCagA
was collected by cleaving the tag during the elution step
(Figure 1A, lane 5). Western blotting using an anti-CagA
antibody showed that the size of the eluted rCagA was
75-100 kDa (Figure 1B, lane 3); full length rCagA (135
kDa) was estimated to constitute < 1% of the total
protein based on CBB stained SDS-PAGE (Figure 1A,
lane 5). Hence, the full-length CagA was cleaved into
75-100-kDa fragments. We used this purified rCagA
protein for the development of a novel East-Asian CagA
ELISA.

East Asian-type rCagA (0.1 µg/well) in phosphate
buffer was immobilized on Maxi-sorp 96-well plates
(Thermo Fisher Scientific, Massachusetts, United
States). Human serum samples were reacted with
the rCagA immobilized plate. Anti-CagA rabbit IgG
(1 mg/mL; Austral Líneas Aéreas) was reacted
concurrently to obtain a standard curve for calculating
the amount of human IgG. The plate was washed
and then anti-human IgG conjugated horse radish
peroxidase (anti-human IgG-HRP; Jackson Immuno
Research Labs) and anti-rabbit IgG conjugated horse
radish peroxidase (anti-rabbit IgG-HRP; Jackson
Immuno Research Labs) were added to the plate.
After washing the plate, ELISA peroxidase substrate
3,3’,5,5’-tetramethylbenzidine (TMB; NACALAI
TESQUE, Kyoto, Japan) was used for coupling and then
the absorbance at 450 nm was measured. The amount
of CagA antibody was calculated from the standard
curve using anti-CagA rabbit IgG/anti rabbit IgG-HRP.
The detailed protocol is described in supplementary
material.

Chronic gastritis scoring

Biopsy specimens were stained with hematoxylin and
eosin. The grade of neutrophil infiltration, mononuclear
cell infiltration, atrophy, and intestinal metaplasia
were scored in each specimen based on the updated
Sydney System (0, none; 1, mild; 2, moderate; and 3,
[28]
severe) .

Evaluation of the East Asian-type CagA ELISA compared
with Western-type CagA ELISA

The subjects in this study included 310 subjects in
Vietnam. As described at methods, H. pylori-positive
status was defined. Our selection criteria to determine
infected and uninfected samples presumably reduce
pseudo-positive and pseudo-negative facilitating the
evaluation of the a novel ELISA method; 110 H. pyloriinfected subjects and 107 H. pylori-uninfected subjects
(217 serum samples in total) were used for the initial
experiment. Endoscopic diagnoses showed that most
volunteers had only gastritis and that some had peptic
ulcers and gastroesophageal reflux disease (GERD)
(Table 1). PCR-based direct sequencing was used to
determine the cagA genotype of the 110 H. pylori-

Statistical analysis

All statistical analyses was performed using EZR
[29]
software . Receiver Operating Characteristic (ROC)
analysis was used to define the cut off value for a
novel CagA antibody ELISA. Discrete variables were
2
tested using the χ and McNemar’s test. Spearman
rank coefficients (r) were determined to evaluate the
association between CagA antibody levels and the
histological score. P value < 0.05 was considered
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Figure 1 Purification of recombinant East Asian-type CagA. A: CBB-stained 8% SDS-PAGE gel; 20 μg of protein were loaded per well. Lane 1: Uninduced lysate;
2: 0.4 mmol/L IPTG induced lysate; 3: Flow through; 4: Wash; 5: Elution. In the elution fraction (Lane 5), the 135 kDa band (arrowhead 1) is the full length rCagA. The
75-100 kDa rCagA cleavage product (arrowhead 2) comprised approximately 50% of the elution fraction; B: Western blot analysis with anti-CagA antibody. Lane 1:
Uninduced lysate; 2: 0.4 mmol/L IPTG induced lysate; 3: Elution. Following induction (Lane 2), the full length GST-fused rCagA (*1) was expressed. However, it was
subsequently cleaved (*2). In the elution fraction (Lane 3), the amount of full length rCagA was low (arrowhead 1) and various smaller-sized bands (arrowhead 2) were
confirmed as rCagA fragments.

Endoscopic survey in Vietnam (310 subjects)
Exclude subjects did not fulfill the criteria (93 subjects)
ROC analysis group (217 subjects)

H. pylori infected subjects (110 subjects)
Criteria: H. pylori culture (+)
cagA genotype
Western cagA : 38 subjects
East Asian cagA : 72 subjects

H. pylori uninfected subjects (107 subjects)
Criteria: H. pylori culture (-), serum antibody (-),
histology (-)

Exclude no gastritis subjects (15 subjects)
cagA genotype
Western cagA : 4 subjects
East Asian cagA : 11 subjects
Gastritis group (95 subjects)

H. pylori infected gastritis subjects
cagA genotype
Western cagA : 34 subjects
East Asian cagA : 61 subjects

Figure 2 Subjects groups used in this study. ROC analysis was performed to confirm the accuracy of East Asian-type CagA ELISA for subjects in the ROC
analysis group. The correlation between CagA antibody titer and histological score was compared between subjects infected with either Western-type or East Asiantype cagA Helicobacter pylori (H. pylori) in the gastritis group.

infected volunteers; 38 were infected with Westerntype cagA and 72 with East Asian-type cagA (Figure 2,
ROC analysis group).
Next, we compared our East Asian-type CagA
ELISA with a commercially available CagA ELISA,
which utilizes Western-type CagA. The CagA antibody
titer was measured for the 110 H. pylori-infected and
107 uninfected subjects (Table 2). Western-type CagA
ELISA showed that 103 uninfected subject serum
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samples (96%) had a low titer (0-5 U/mL). The serum
titers of infected subjects demonstrated two peaks;
the titer of 36 subjects was within the 0-5 U/mL range,
while the other 17 showed had titers > 85 U/mL
(Figure 3A). The 36 subjects in the 0-5 U/mL range
included 33 subjects infected with H. pylori with East
Asian-type cagA and only 3 with Western-type cagA.
The 17 subjects with a titer > 85 U/mL consisted of
14 subjects infected with H. pylori with Western-type
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Figure 3 The distribution of CagA antibody ELISA titers is dependent on Helicobacter pylori infection status and Helicobacter pylori CagA-type. A:
Histogram of Western-type CagA ELISA titers of Helicobacter pylori (H. pylori)-infected (gray bars) and uninfected subjects (white bars); B: Histogram of Western-type
CagA ELISA titers of H. pylori infected subjects is dependent on cagA genotype; Western-type cagA H. pylori (white bars), East Asian-type cagA H. pylori (gray bars);
C: Histogram of East Asian-type CagA ELISA titers of H. pylori infection and uninfected subjects. Bar coloring is the same as in (A); D: Histogram of East Asian-type
CagA ELISA titers of H. pylori infected subjects is dependent on cagA genotype. Bar coloring is the same as in (B).

cagA and only three with East-Asian cagA (Figure 3B).
Additionally, the mean antibody titer against Westerntype CagA (78.8 ± 71.6 U/mL) was significantly higher
than that against East Asian-type CagA (22.6 ± 40.7
U/mL; P < 0.001). These data indicate that Westerntype CagA ELISA reacts less efficiently with the CagA
antibody present in individuals infected with H. pylori
possessing East Asian-type CagA.
In contrast, the East Asian-type CagA ELISA
revealed that 101 (94%) uninfected volunteers had
titers < 50 U/mL. The titers of the infected subjects
ranged from 30-40 U/mL (Figure 3C). The mean ± SD
CagA antibody titer was 85.9 ± 52.0 U/mL in subjects
infected with Western-type cagA H. pylori and 79.1 ±
47.6 U/mL in subjects infected with East Asian-type
cagA H. pylori; the differences were not statistically
significant (P = 0.50; Figure 3D). These data show
that the East Asian-type CagA ELISA reacted equally
with CagA antibodies derived from subjects infected H.
pylori with both types of CagA.
ROC analysis was used to evaluate the accuracy
of East Asian-type CagA ELISA for all 217 subjects.
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The area under the curve (AUC) of the 110 H. pylori
infected and 107 uninfected samples was nearly equal
for both types of CagA ELISA: 0.91 for East Asian-type
CagA ELISA and 0.87 for Western-type CagA ELISA
(Table 3). These results indicate that the accuracy of
East Asian-type CagA ELISA is comparable to that of
Western-type CagA ELISA. Additionally, the positive
cut off value of the East Asian-type CagA ELISA was
determined as > 45 U/mL based on the ROC curve
(Figure 4).

Characteristic differences between Western-type CagA
and East Asian-type CagA ELISA

The CagA antibody titers of all subjects were
independently measured using the two types of CagA
ELISA and plotted separately as the following four
groups: H. pylori-uninfected group, H. pylori-infected
group, subjects infected with Western-type cagA H.
pylori group, and subjects infected with East Asiantype cagA H. pylori group. The cut off value for the
East Asian-type CagA ELISA was determined to be 45
U/mL based on the ROC curve and that of Western-
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Table 2 Subject Helicobacter pylori -infection status
H. pylori status and cagA genotype

H. pylori infection status

ROC analysis group
n
Male
Age (yr)
mean ± SD
Range
Gastritis subjects group
n
Male
Age (yr)
mean ± SD
Range

cagA genotype

Infected

Uninfected

Western

East Asian

110
63 (57%)1

107
46 (43%)1

38
17 (45%)

72
46 (64%)

40.1 ± 12.9
18-76

38.5 ± 12.8
19-78

38.6 ± 10.8
18-69

41.0 ± 13.8
21-76

34
19 (56%)

61
38 (62%)

37.5 ± 8.5
22-60

39.3 ± 13.0
20-70

1

Statistically significant between Helicobacter pylori (H. pylori) infected and uninfected status (P < 0.05).

Table 3 Association between cagA genotype and the accuracy of CagA antibody ELISA
n

Group name

Western-type CagA ELISA

cagA genotype

East Asian-type CagA ELISA

(cut off value: 6.25 U/mL)

Western and East Asian
Western
East Asian

(cut off value: 45.0 U/mL)

Sens.

Sp.

AUC

95%CI

Sens.

Sp.

AUC

95%CI

62.7
84.2
51.41

97.2
97.2
97.2

0.87
0.92
0.85

0.82-0.92
0.83-0.99
0.79-0.91

70.9
65.8
73.61

93.5
93.5
93.5

0.91
0.91
0.90

0.86-0.95
0.86-0.96
0.85-0.95

110
38
72

1

Statistically significant between Western-type CagA ELISA and East Asian-type CagA ELISA (P < 0.001). n: The number of Helicobacter pylori (H. pylori)
infected subjects; 107 H. pylori uninfected subjects were added for ROC analysis. Sens.: Sensitivity; Sp.: Specificity; AUC: Area under the curve.

CagA ELISA. Of the 110 H. pylori infected subjects, 69
(62.7%) were identified as positive by Western-type
CagA ELISA and 78 (70.9%) by East Asian-type CagA
ELISA (Figure 5B). The accuracy of each of the ELISA
results was further examined using the cagA genotype
sub-group; of the 38 subjects infected with Westerntype cagA H. pylori, 32 (84.2%) were identified as
positive by Western-type CagA ELISA and 25 (65.8%)
by East Asian-type CagA ELISA. In these 32 subjects,
nine subjects were identified as positive by Westerntype CagA ELISA, but negative by East Asian-type
CagA ELISA (Figure 5C). Of the 72 subjects infected
with East Asian-type cagA H. pylori, 53 (73.6%) were
found to be positive by the East Asian-type CagA
ELISA, and 37 (51.4%) were found to be positive by
the Western-type CagA ELISA. Of these 53 subjects,
19 were identified as positive by the East Asian-type
CagA ELISA, but negative by the Western-type CagA
ELISA (Figure 5D).
Table 3 summarizes the sensitivity and specificity
of both types of ELISA. The sensitivity of Westerntype CagA ELISA tended to be higher than that of East
Asian-type CagA ELISA for the sub-group of subjects
infected with Western cagA H. pylori (P = 0.065; Table
3). Similarly, the sensitivity of East Asian-type CagA
ELISA was higher than that of Western-type CagA
ELISA for the sub-group of subjects infected with East
Asian-type cagA H. pylori (P < 0.001; Table 3).

1.0

Sensitivity

0.8
0.6
0.4
0.2

Western-type CagA ELISA
East Asian-type CagA ELISA

0.0
1.0

0.8

  0.6
0.4
Specificity

0.2

0.0

Figure 4 ROC curve analysis of Western-type and East Asian-type CagA
ELISA. The ROC curves of both types of CagA ELISA were analyzed using all
217 serum samples of the ROC analysis subjects group (Figure 2). The area
under the curve (AUC) of the commercial Western-type CagA antibody ELISA
was 0.87 and that of East Asian CagA antibody ELISA was 0.91. No significant
difference was apparent.

type CagA ELISA was used as 6.25 U/mL according to
the manufacturer’s instruction.
Of the 107 H. pylori-uninfected subjects, 104
subjects (97.2%) were negative by Western-type
CagA ELISA and 100 were negative (93.5%) by East
Asian-type CagA ELISA (Figure 5A). This indicates
that the specificity of East Asian-type CagA ELISA is
sufficiently high and similar to that of Western-type
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Figure 5 Relationship between the two types of CagA antibody ELISA titers. Dotted lines indicate the cut off values (6.25 U/mL for Western-type CagA ELISA and
45.0 U/mL for East Asian-type CagA ELISA). A: Scatter plot of uninfected subjects. Of the 107 Helicobacter pylori (H. pylori) uninfected subjects, 104 subjects (97.2%)
were negative by Western-type CagA ELISA and 100 subjects (93.5%) by East Asian-type CagA ELISA; B: Scatter plots of infected subjects. Of the 110 H. pylori
infected subjects, 69 (62.7%) subjects were positive by Western-type CagA ELISA and 78 (70.9%) by East Asian-type CagA ELISA; C: Scatter plot of Western-type cagA H.
pylori infected subjects. Of the 38 subjects infected with western-type cagA H. pylori, 32 subjects (84.2%) were positive by Western-type CagA ELISA and 25 subjects
(65.8%) were positive by East Asian-type CagA ELISA; D: Scatter plot of East Asian-type cagA H. pylori infected subjects. Of the 72 subjects infected with East Asiantype cagA H. pylori, 53 subjects (73.6%) were positive by East Asian-type CagA ELISA and 37 subjects (51.4%) were positive by Western-type CagA ELISA.

Relationship between CagA antibody titer and
histological gastritis scores

Histological scores were evaluated using the updated
Sydney System for the classification and grading
of gastritis. The East-Asian CagA antibody titers of
gastritis subjects infected with East Asian-type cagA
H. pylori (measured by East Asian-type CagA ELISA)
tended to correlate with the monocyte infiltration at
the stomach antrum scores (r = 0.25, P = 0.058;
Figure 6A). The monocyte score included monocytes
as well as lymphocytes and plasma cells. Furthermore,
the East-Asian CagA antibody titers were inversely
correlated with H. pylori density in the antrum (r
= -0.26, P = 0.043; Figure 6B). In contrast, no
correlation was apparent for Western-CagA antibody
titers (measured by Western-type CagA ELISA) among
gastritis subjects infected with Western-type cagA H.
pylori (Figure 6C and D).

The relationship between lower CagA seropositivity
and clinical outcomes in East Asian countries has
not yet been clarified, even when almost all of the
examined individuals have been infected with cagApositive H. pylori. The novel East Asian-type CagA
ELISA presented in this study had higher sensitivity
for East Asian-type cagA H. pylori-infected subjects
than Western-type CagA ELISA. Thus, East Asian-type
CagA ELISA was used to investigate the relationship
between the CagA antibody titer and histological
scores of gastritis in subjects infected with either East
Asian-type or Western-type cagA H. pylori.
Ulcer and GERD subjects were excluded from the
H. pylori infected subjects of ROC analysis group and
all gastritis subjects were included in the gastritis
group (Figure 2). A total of 95 volunteers, including
34 subjects infected with Western-type cagA H. pylori
and 61 infected with East Asian-type cagA H. pylori,
were used for this analysis (Table 2). The correlation
between CagA antibody titer and histological score was
examined using the Spearman rank coefficients test.
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DISCUSSION
In this study, we developed a novel East-Asian CagA
antibody ELISA and compared it with commercial
Western-type CagA ELISA using subjects infected
with either East Asian-type or Western-type cagA H.
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Figure 6 Correlation between CagA antibody ELISA titer and histological score. A: Relationship between East Asian-type CagA ELISA titer and histological
monocytes score. Among East Asian-type cagA possessed Helicobacter pylori (H. pylori) infected subjects diagnosed as gastritis (Gastritis group in Figure 1), East
Asian-type CagA antibody titers tended to positive correlate with the infiltration of monocytes at antrum in stomach (r = 0.25, P = 0.058); B: Relationship between East
Asian-type CagA ELISA titer and histological H. pylori density score. East Asian-type CagA antibody titers were negative correlated with the H. pylori density at an
antrum in stomach (r = -0.26, P = 0.043); C: Relationship between Western-type CagA ELISA titer and histological monocytes score. There is no correlation (P = 0.61);
D: No correlation was apparent for Western-type CagA ELISA titer and histological H. pylori density (P = 0.68).

pylori. The sensitivity of the East Asian-type CagA
ELISA was higher than that of the Western-type CagA
ELISA for the subgroup of individuals infected with
East Asian-type cagA H. pylori, while the sensitivity
of the Western-type CagA ELISA tended to be higher
than that of the East Asian-type CagA ELISA for the
subgroup of individuals infected with Western-type
cagA H. pylori. These results indicate that Westerntype CagA ELISA might not be suitable for application
in East Asian countries and that East Asian-type CagA
ELISA could be useful for detecting the East Asian-type
CagA antibody with high sensitivity.
During the development of the East Asian-type
CagA ELISA, we noted that full length rCagA seemed
to be unstable and was cleaved into 75-100 kDa
fragments. This instability of CagA has been previously
[30-32]
demonstrated in both in vivo and in vitro studies
.
CagA was cleaved into 100 kDa and 35 kDa fragments
in vivo, with the N-terminus of CagA present in 100
kDa fragment. Although the C-terminus of CagA
was cleaved during protein purification, our novel
East Asian-type CagA ELISA still exhibited greater
sensitivity for East Asian-type CagA. This suggests that
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the 75-100 kDa East Asian-type CagA fragment still
contains East Asian-type specific epitopes.
The CagA antibody epitope seems to depend on
[33]
cagA genotype. Klimovich et al
reported that the
majority of H. pylori-positive serum samples reacted
with rCagAfr.2 antigen, which was located in the
middle section of the Western-type CagA fragment.
Furthermore, the middle section of East Asian-type
CagA has been found to be highly antigenic in serum
[34]
samples from H. pylori-positive Japanese children .
Of the subjects infected with East Asian-type cagA
H. pylori in the present study, 19 were identified
as positive by the East Asian-type CagA ELISA, but
negative by the Western-type CagA ELISA. In addition,
the anti-CagA antibody titer of the CagA ELISA was
independent of CagA EPIYA variant motifs, although
the number of minor variant EPIYA motifs was very
small. These results suggest that high-antigenicity
regions specific to East Asian CagA are present in
regions without EPIYA motifs. Moreover, the CagA
antibody epitope may depend on the cagA genotype.
Therefore, the novel East Asian-type CagA ELISA
should be used in order to increase the sensitivity of
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predominant cagA genotype is the East Asian-type, which causes more severe
inflammation than the Western-type. However, the relationship between CagA
seropositivity and clinical outcomes is controversial.

CagA seropositivity detection in East Asian countries.
East Asian-type CagA antibody titer positively
correlated with monocyte infiltration and negatively
with H. pylori density in the antrum. These results
are consistent with the fact that the atrophic mucosa
cannot be colonized easily by H. pylori and that anti-H.
pylori antibody titer decreases in a time-dependent
[35-38]
manner
. Furthermore, the half-life of the CagA
antibody is greater than that of the anti-H. pylori
[39-41]
antibody
. These findings are consistent with the
negative correlation between CagA antibody titer
and H. pylori density in the stomach, which reflects
the progression of atrophy at the stomach mucosa.
Previous studies have demonstrated the increased
[42]
antigenicity of East Asian-type CagA. Miura et al
showed that transgenic mice expressing East Asiantype CagA developed tumors more frequently than
those expressing Western-type CagA; and Satomi
[43]
et al
reported that patients infected with H. pylori
carrying the East Asian-type CagA were associated
with severe gastric atrophy and gastric cancer in
Japan. Therefore, the correlation between anti-CagA
antibody titer and histological score in this study may
be a reflection of severe inflammation derived from
the virulence of CagA.
In conclusion, the novel East Asian-type CagA
ELISA developed in this study should be used con
comitantly with Western-type CagA ELISA in order to
increase the sensitivity of CagA seropositivity detection
in East Asian countries. Moreover, subjects with higher
CagA antibody titers could be classified into higher risk
population to cause gastric cancer. The findings gained
of this study may help us to further understand the
potential marker of predicting H. pylori pathogenicity.
Recently, it was reported that human genetic factor
determines the antigen epitope and reduced the risk
[44]
of severe gastric disease . To fully appreciate the
immunity to CagA and its interaction with the human
genetic factor will need to reveal the relationship CagA
antibody and clinical outcomes. In addition, further
epidemiological studies are required to confirm the
accuracy of East-Asian CagA ELISA and to determine
a more reliable cut off value for the global use of this
method.

Research frontiers

Many researchers have reported the relationships between CagA antibody titers
and clinical outcomes using conventional CagA ELISA, which was immobilized
Western-type CagA. However, the positive rate of CagA antibodies among H.
pylori-infected Japanese individuals was relatively low, although the majority of
H. pylori strains in Japan possess an East Asian-type cagA gene. Therefore,
conventional CagA ELISA may underestimate the seropositivity of anti-CagA
antibody detection. Further studies are needed to support this hypothesis.

Innovations and breakthroughs

In present study, the authors developed a novel East Asian-type CagA ELISA
to detect anti-CagA antibodies with higher sensitivity in East Asian countries
and then demonstrated that conventional CagA ELISA underestimated the
seropositivity of anti-CagA antibody detection for subjects infected with East
Asian cagA H. pylori. CagA has sequence variations in different populations
around the world, and CagA ELISAs specific for a geographic location may
improve diagnoses.

Applications

The novel East Asian-type CagA ELISA developed in this study could be
used concomitantly with the Western-type CagA ELISA in order to increase
the sensitivity of CagA seropositivity detection in East Asian countries. This
may be useful in South Asian countries in which H. pylori harbor East Asiantype or Western-type CagA. Moreover, the titer of East Asian CagA ELISA was
correlated with the activity of chronic inflammation in the gastric mucosa. Thus,
individuals with higher anti-CagA antibody titers could be classified as having a
higher risk of gastric cancer.

Terminology

Receiver operating characteristic (ROC) curve is used to evaluate the
discrimination ability of the diagnostic tool for the target disease. The accuracy
of the tool is evaluated from the area under the curve, and the cut-off value is
determined based on the ROC curve. The sensitivity and specificity of the tool
depend on the cut-off value.

Peer-review

These researchers determined the presence and the levels of anti-CagA
antibodies in two groups of patients, one infected by H. pylori strains with East
Asian-type CagA, the other one with Western type CagA. The gold standard
for the H. pylori infectious status was endoscopy with rapid urease test, biopsy
culture, histological tests confirmed by immunohistochemistry and detection of
serum antibodies to whole H. pylori antigens. They observed that ELISA using
East Asian-type CagA had greater sensitivity with patients infected by strains
expressing East Asian CagA; in addition, the levels of anti-CagA antibodies in
these patients tended to correlate with histologic chronic inflammation score.
This study is important, since it partly solve a main problem of H. pylori and
CagA serology, sensitivity. The manuscript is written in good English and is very
clear.
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Abstract
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Male C57BL/6J mice were divided into three groups,
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normal control were fed standard chow and model
group were fed a high-fat diet (HFD) for 16 wk, the
intervention group were fed HFD for 16 wk and treated
with NaB for 8 wk. Gut microbiota from each group
were detected at baseline and at 16 wk, liver histology
were evaluated and gastrointestinal barrier indicator
such as zonula occluden-1 (ZO-1) were detected by
immunohistochemistry and realtime-PCR, further serum
or liver endotoxin were determined by ELISA and
inflammation- or metabolism-associated genes were
quantified by real-time PCR.

Zhou D, Pan Q, Xin FZ, Zhang RN, He CX, Chen GY, Liu C,
Chen YW, Fan JG. Sodium butyrate attenuates high-fat dietinduced steatohepatitis in mice by improving gut microbiota
and gastrointestinal barrier. World J Gastroenterol 2017;
23(1): 60-75 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i1/60.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i1.60

RESULTS
NaB corrected the HFD-induced gut microbiota imbalance
in mice, while it considerably elevated the abundances of
the beneficial bacteria Christensenellaceae , Blautia and
Lactobacillus . These bacteria can produce butyric acid in
what seems like a virtuous circle. And butyrate restored
HFD induced intestinal mucosa damage, increased the
expression of ZO-1 in small intestine, further decreased
the levels of gut endotoxin in serum and liver compared
with HF group. Endotoxin-associated genes such as
TLR4 and Myd88, pro-inflammation genes such as
MCP-1, TNF-α, IL-1, IL-2, IL-6 and IFN-γ in liver or
epididymal fat were obviously downregulated after NaB
intervention. Liver inflammation and fat accumulation
were ameliorated, the levels of TG and cholesterol in
liver were decreased after NaB intervention, NAS score
was significantly decreased, metabolic indices such as
FBG and HOMA-IR and liver function indicators ALT and
AST were improved compared with HF group.

Non-alcoholic fatty liver disease (NAFLD) is an
emerging public health problem with an increasing
[1,2]
incidence and prevalence globally
. NAFLD is a
clinical-histological syndrome that is characterized
histopathologically by predominantly macrovesicular
steatosis with varying amounts of inflammation,
cytological ballooning and fibrosis, and it is associated
with significant morbidity and mortality. Few diagnostic
and therapeutic strategies for patients with NAFLD are
[3]
established .
The gut microbiota plays a pivotal role in the
development and progression of NAFLD, although
the underlying mechanisms remain largely uninves
[4-6]
tigated . Recent evidence has revealed that not only
the gut microbiota themselves but also the bacterial
metabolites are important for regulating the body’s life
activities and metabolism. These include short-chain
[7]
fatty acids (SCFAs) , which have fewer than 7 carbon
atoms and are mainly produced by the fermentation
of gut microbiota. SCFAs have been suggested to play
a key role in ameliorating obesity, hypertension, and
dyslipidemia.
The SCFA butyrate has multiple beneficial effects
[8]
in mammals , such as regulation of the secretion
[9]
of gut hormones , inhibition of the production of
[10,11]
pro-inflammatory factors
, and even inhibition
[12]
of the growth of pernicious bacteria in the gut
as
well as its beneficial role for barrier function in the
[13]
gastrointestinal tract , which is great associated with
pathogenetic mechanism of NAFLD development.
However, many apparently contradictory results
demonstrate the complexity of the interactions among
the gut microbiota, butyrate concentration and host
[14]
energy metabolism , the further interactions among
NAFLD, gut microbiota and its metabolites still need
[15]
more investigations to clarify .
We hypothesized that sodium butyrate (NaB)
supplementation alone would attenuate high-fat diet
(HFD)-induced steatohepatitis in mice via modulation
of gut microbiota. Our results showed that NaB
treatment protected mice against HFD-induced liver
fat accumulation and inflammation, improved gut
microbiota dysbiosis induced by HFD and attenuated
gut microbiota-derived endotoxin-induced liver injury.
Based on these findings, we propose that NaB may
play an important role in relieving steatohepatitis

INTRODUCTION

CONCLUSION
NaB may restore the dysbiosis of gut microbiota to
attenuate steatohepatitis, which is suggested to be a
potential gut microbiota modulator and therapeutic
substance for NAFLD.
Key words: Non-alcoholic fatty liver disease; Sodium
butyrate; Gut microbiota; Gastrointestinal barrier;
Endotoxin
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD) is
a global epidemic metabolic health crisis that lacks
effective therapeutic strategies. We found that NaB
could correct the high-fat diet (HFD)-induced gut
microbiota imbalance in mice, while it considerably
elevated the abundances of the beneficial bacteria.
These bacteria can produce butyric acid in what seems
like a virtuous circle. And butyrate restored HFD
induced intestinal mucosa damage, improved tight
junction structure, reduced gut endotoxin into liver,
leading to attenuate HFD induced liver inflammation
and lipid accumulation, which may be a potential gut
microbiota modulator and therapeutic substance for
NAFLD.
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and may be a useful therapeutic approach in the
management of NAFLD.

method) and chopseq (Majorbio). Rarefaction analysis
was performed using mothur and plot-rarefaction
(Majorbio). From these analyses, the Shannon di
versities and Chao1 richness estimations were
calculated using mothur. The unweighted UniFrac
distance was used to quantify differences in community
[17]
composition. Principal component analysis (PCA)
and nonmetric multidimensional scaling (NMDS) dia
[18]
grams
were generated using the R package vegan
to demonstrate the clustering of different samples. The
hierarchical cluster analysis was performed using MVSP
[19]
3.1 software (Majorbio) .

MATERIALS AND METHODS
Animal experiments

Specified pathogen-free (SPF) male C57BL/6 mice
(SLAC laboratory animal co., LTD, Shanghai, China)
were housed in a controlled environment (23 ℃, 12
h daylight cycle, lights off at 18.00 h). The mice were
acclimatized for 7 d after arrival with free access to
water and a standard chow diet. The mice were then
assigned randomly to three groups: control, model (HF)
and intervention group (HF + NaB) (n = 15/group, 5
mice per cage). Mice from the control group were fed
a standard diet. The HF group and HF + NaB group
were fed a high-lard-fat and high-cholesterol diet
(88% standard diet, 10% lard and 2% cholesterol).
Body weight and food consumption were recorded
weekly. Eight weeks after initiation of the experimental
diets, we sacrificed 3 randomly selected mice from
every group to assess liver damage. The intervention
group was underwent daily intragastric administration
with NaB at 200 mg/kg body weight (Sigma-Aldrich,
United States), while the HF group received the same
amount of normal saline once per day for 8 wk. After
8 wk of intervention, the mice were fasted for 12 h
and blood or tissue samples were collected. All animals
were euthanized by pentobarbital sodium for tissue
collection.
All animal experiments were approved by the
Institutional Animal Care and Use Committee of Xinhua
hospital affiliated to Shanghai Jiao Tong University
School of Medicine and were conducted in accordance
with the National Research Council Guide for Care and
Use of Laboratory Animals.

Serum assays

Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), glucose in plasma were then
measured using an automated analyzer (Sysmex
CHEMIX-180, Japan). Insulin (Rat/Mouse Insulin ELISA
Kit, Merck-Millipore) in serum were measured by
enzyme-linked immunosorbent assay. Mouse endotoxin
concentrations in serum and liver homogenate were
measured by enzyme-linked immunosorbent assay
(Mouse ET ELISA Kit, Trust Specialty Zeal). Samples
and standards were processed according to the
manufacturer’s instructions.

Tissue histological analysis

Liver tissue was fixed in 4% paraformaldehyde, frozen
in O.C.T, or snap-frozen in liquid nitrogen and stored
at -80 ℃. The small intestine was either fixed in 4%
paraformaldehyde or snap-frozen in liquid nitrogen and
stored at -80 ℃. The small intestinal morphometric
analysis was performed in 30 villi from each animal.
The height of the villi comprises from extension of
the crypt-villus junction up to top of the villi. The
images were captured by an optical microscope
(Leica DMI3000B, United States). The image analysis
software Image-Pro Plus version 4.5.0.29 (Media
Cybernetics, Silver Spring, MD, United States) was
used for morphometric measurements in recorded
images through the determination of villus height in
µm. Epididymal fat was snap-frozen in liquid nitrogen
and stored at -80 ℃. Paraformaldehyde-fixed paraffin
sections of the liver and small intestine were stained
with hematoxylin-eosin for pathological analysis or
Masson’s trichrome for fibrosis, and the nonalcoholic
fatty liver activity score (NAS) was assessed. Frozen
sections were stained with Oil Red O to detect lipids.
For zonula occluden-1 (ZO-1) (Abcam, United States)
staining, paraffin-embedded sections were used.
Horseradish peroxidase-conjugated secondary anti
body was applied, and the reaction was visualized
using 3,3’-diaminobenzidine tetrahydrochloride.

Fecal sample collection from mice

Fecal samples were collected immediately upon
defecation from each mouse at baseline and at 16 wk
and stored at -80 ℃. Fecal DNA was extracted from
fecal samples using the E.Z.N.A Soil DNA Kit (Omega
Bio-tek, Norcross, GA, United States) according to
the manufacturer’s protocols. The V4-V5 region of the
bacteria 16S ribosomal RNA gene was amplified by
PCR. Amplicons were extracted from 2% agarose gels
and purified using the AxyPrep DNA Gel Extraction Kit
(Axygen Biosciences, Union City, CA, United States)
according to the manufacturer’s instructions and
quantified using QuantiFluor™ -ST (Promega, United
States). Purified amplicons were pooled at equimolar
concentrations and paired-end sequenced (2 × 250)
on an Illumina MiSeq platform according to standard
protocols. Processing of the sequencing data and
bioinformatics analysis were conducted by Majorbio
[16]
in Shanghai . These sequences were clustered
into operational taxonomic units (OTUs) with a 97%
sequence identity using mothur (furthest neighbor
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Triglyceride and cholesterol evaluation in liver

Intrahepatic triglycerides (TGs) and cholesterol were
measured using a triglyceride assay kit or cholesterol
assay kit (Applygen Technologies Inc., Beijing,
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China). Samples and standards were then processed
according to the manufacturer’s instructions. The final
concentrations of triglycerides and cholesterol were
corrected for protein content.

by the NaB intervention compared with those in the HF
group (Figure 1).

Real-time quantitative polymerase chain reaction

Integrated tight junctions of the small intestine are
associated with systemic inflammation. HE staining
of the small intestine revealed greater damage to the
intestinal mucosa in the HF group than the control
group, which was repaired to a certain degree by NaB
intervention (Figure 2A). The HF group displayed a
reduction of the villus height of the small intestine
of 20%, compared to the control group, while NaB
intervention significantly attenuated the reduction
of the villus height induced by HFD (Figure 2B).
Immunohistochemistry for ZO-1, a tight junction
marker, revealed that ZO-1 was more abundant after
NaB intervention than in the HF group (Figure 2C).
Next, we measured the mRNA levels of ZO-1 in the
small intestine. Although there was no significant
difference between the control and the HF group, ZO-1
expression was significantly increased in the HF +
NaB group compared with either the control or the HF
group (Figure 2D).

Effects of NaB intervention on the tight junction of the
small intestine and morphometry of the villi

Total RNA was extracted from liver and small intestine
using TRIzol (D9108B, Takara, Dalian, China) and
reverse-transcribed into cDNA using PrimeScript RT
master mix (RR036A, Takara, Dalian, China). Real-time
quantitative polymerase chain reaction (qPCR) was
performed with an Applied Biosystems 7500 Real-time
PCR system using the SYBR Premix Ex Taq (Tli RNase
H Plus) (RR420A, Takara, Dalian, China). Primers of
the target genes were synthesized by Sangon Biotech
(Shanghai, China). The primer sequences are listed
in Supplementary Table 1. The primer specificity
was confirmed by dissociation curves using 7500
system SDS software. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (B661304, Sangon Biotech)
was used as the internal control.

Statistical analysis

Data are expressed as the means ± SEM. Comparisons
were performed using one-way analysis of variance
(ANOVA) in GraphPad Prism 5. Post-hoc StudentNewman-Keuls analyses were performed when >
2 groups were present. P < 0.05 was considered
statistically significant. The statistical methods of this
study were reviewed by GuangYu Chen from Clinical
Epidemiology Center, Shanghai Jiaotong University.

Gut microbiota variations in response to diet or NaB
intervention

To elucidate the effects of diet and NaB on the com
position of the microbiota, we conducted Illumina MiSeq
sequencing of bacterial 16S rRNA at baseline and at 16
wk after treatment. The quality of the sequencing, which
included microbial richness, biodiversity, and rarefaction
curves, met the requirements for subsequent analysis.
Sixteen weeks of HFD feeding induced significant
changes in the gut microbial community at the phylum
level compared with the control, with increased
abundances of Bacteroidetes (63.1% vs 52.9%) and
decreased abundances of Actinobacteria (0.04% vs
0.15%), Tenericutes (0.09% vs 1.42%) and Firmicutes
(35.8% vs 44.6%). In addition, the ratio of Firmicutes
to Bacteroidetes was lower in the HF group compared
with the control (0.572 vs 0.851). However, NaB
intervention mitigated the HFD-induced decrease in
Actinobacteria and Tenericutes, enhanced the HFDinduced decreases in Firmicutes and the ratio of
Firmicutes to Bacteroidetes, and enhanced the HFDinduced increases in Bacteroidetes and Proteobacteria
(Supplementary Table 2).
At the genus level, Alistipes, Christensenellaceae_un
cultured, Enterorhabdus, Lactobacillus, Parabacteroides,
Parasutterella, Rikenella, Ruminococcaceae_incertae_se
dis, Ruminococcaceae_unclassified, and Ruminococcace
ae_uncultured were reduced in the HF group compared
with the control (Figure 3). NaB intervention reversed
the HFD-induced changes in Christensenellaceae_uncul
tured, Parabacteroides, Parasutterella and Lactobacillus
(Figure 3). Furthermore, NaB treatment significantly
increased Blautia compared with both the HF group and

RESULTS
NaB treatment improved liver indices and metabolism in
HFD-fed mice

After 16 wk of the HF diet, all of the mice in the HF
group gained much more body weight than those in
the control group. The liver specimens were larger
and paler in the HF group than the control group
(Figure 1A). However, the HF + NaB group displayed
a significantly improved whole body and liver profile
than the HF group (Figure 1A).
The HF group displayed significantly higher liver and
epididymal fat indices, elevated fasting blood glucose,
a higher homeostasis model assessment of insulin
resistance (HOMA-IR), and a lower insulin sensitivity
index (ISI) than the control group (Figure 1). The NaB
intervention attenuated HF diet-induced weight gain
without reductions in energy intake, accompanied
by opposite changes in HOMA-IR, ISI, fasting blood
glucose, and especially liver indices (resulting in a 22%
reduction, equivalent to the control group) (Figure 1).
However, the NaB intervention had no effect on the
epididymal fat index or insulin (Figure 1). Both ALT
and AST, the specific markers of liver function, were
significantly increased in the HF group compared with
those in the control and were significantly decreased
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Figure 1 Sodium butyrate attenuates high-fat diet-induced obesity, liver injury and metabolic disturbance. A: Gross appearances of mice in the control, HF
and HF + NaB groups; B: Liver index = liver weight/body weight × 100; C: Epididymal fat index = epididymal fat weight/body weight × 100; D: Body weight at 16 wk; E-H:
Fasting serum glucose, fasting serum insulin, HOMA-IR and ISI of the three groups; I-K: Liver aminotransferases represent liver function; L: Body weight changes; M:
Energy intake per mouse per week. Data represent means ± SEM. (n = 12 mice per group), aP < 0.05, bP < 0.01 and eP < 0.001.

the control group (Figure 3).
The NMDS analysis based on the Bray-Curtis
distance clearly separated the 16 wk-HF group from
the 16 wk-control, with the 16 wk-HF + NaB group
positioned between them (Figure 4A). Thus, NaB
intervention shifted the overall composition of the
HFD-disrupted gut microbiota toward that of the
control mice. PCA based on the OTU abundance
was performed to provide an overview of the gut
microbiota composition of 6 animal groups at baseline
and at the end of the trial. There were no detectable
differences in microbiota composition among the
different groups before the intervention (Figure 4B).
PC1, accounting for 68.24% of the total variance,
predominantly reflected age-related changes in the
composition of the gut microbiota because PC1 clearly
separated samples obtained at baseline from those
obtained at 16 wk PC2, accounting for 14.48% of the
total variance, separated the 16 wk-control from the
16 wk-HF and 16 wk-HF + NaB groups, indicating that
PC2 reflects the effect of diet (Figure 4B). Furthermore,
the hierarchical cluster analysis showed that the 1
w-control, 1 wk-HF, 1 wk-HF + NaB, 16 wk-control and
16 wk-HF + NaB communities grouped together and
then clustered in order with the 16 wk-HF communities
(Figure 4C), which was consistent with the results of
both the NMDS and the PCA analysis.

PPAR-γ expression, either in the HF or the HF + NaB
group, were significantly reduced compared with the
control (Figure 5B).

NaB ameliorated inflammation and fat accumulation in
the liver of HFD-fed mice

After 16 wk, the end point, the HF group had higher
NAS (5.67 ± 0.225 vs 0.20 ± 0.145 and 4.42 ±
0.358), steatosis (3.00 vs 0 and 2.17 ± 0.112),
inflammation (0.75 ± 0.217 vs 0.06 ± 0.066 and
0.50 ± 0.150), and ballooning scores than the control
and HF + NaB groups (1.92 ± 0.083 vs 0.13 ± 0.091
and 1.75 ± 0.131) (Table 1). Although HE staining
directly demonstrated increased fat accumulation in
the liver in the HF group compared with the control or
HF + NaB groups, oil red O staining provided a much
more indicative view of the fat accumulation (Figure
6A). As confirmation, intrahepatic TGs were 4 times
and almost 1.33 times higher in the HF group and HF
+ NaB group, respectively (Figure 6B). Intrahepatic
cholesterol was 10 times and almost 3.33 higher
in the HF group and HF + NaB group (Figure 6C).
Masson staining was conducted to assess liver fibrosis,
but no positive results were found, which indicated
that the liver had not progressed to fibrosis at 16 wk
(Figure 6D). Although collagen deposition and liver
fibrosis were not detected by the naked eye, fibrosisassociated gene expression was significantly enhanced
in the liver in the HF group, indicating a tendency
toward future fibrosis. Further, both serum and liver
endotoxin in HF group were increased compared
with control, while significantly decreased after NaB
intervention (Figure 6E and F). TGF-β1, α-SMA,
Smad7, and Smad2 were increased > 200% by HFD
feeding. Notably, NaB intervention reduced these
mRNAs to the levels observed in the control group
(Figure 6G).
Pro-inflammatory cytokine mRNA expression was
widely enhanced in the liver in the HF group, such as

Effects of NaB on inflammation and the metabolism of
epididymal fat

To evaluate fat inflammation, mRNA expression of
MCP-1 was detected in epididymal fat in the HF group,
and the results showed that it was almost 3 times
higher than that in the control. The mRNA levels of
TNF-α were 1.5 times higher in the HF group than
in the control. NaB intervention significantly reduced
MCP-1 and TNF-α expression to the level of the control
(Figure 5A). In addition, we found that both PPAR-α
(Peroxisome Proliferator Activated Receptor-α) and
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Figure 2 Beneficial effects of sodium butyrate on the small intestine. A: HE staining of the small intestine showing that NaB ameliorated HFD-induced mucosal
damage; B: Morphometric analysis of villus; C: Immunohistochemistry for ZO-1 showing that NaB increased ZO-1 expression, indicating improvement of the tight
junctions of the small intestine; D: ZO-1 mRNA expression in the small intestine. Data represent means ± SEM (n = 12 mice per group), aP < 0.05, bP < 0.01 and eP <
0.001.
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Table 1 Liver nonalcoholic fatty liver activity score including steatosis, ballooning, and lobular inflammation
Group

n

Steatosis

Ballooning

Lobular inflammation

Control
HF
HF + NaB

12
12
12

3.00b
2.17 ± 0.112b,c

0.13 ± 0.091
1.92 ± 0.083b
1.75 ± 0.131b

0.06 ± 0.066
0.75 ± 0.217b
0.50 ± 0.150b

NAS
0.20 ± 0.145
5.67 ± 0.225b
4.42 ± 0.358b,d

a

P < 0.05, bP < 0.01 vs control; cP < 0.05, dP < 0.01 vs HF. NAS: Nonalcoholic fatty liver activity score.

MCP-1, TNF-α, IL-1, IL-2, IL-6 and IFN-γ; endotoxinassociated TLR4 and Myd88 were significantly
increased compared with the control group, while antiinflammatory cytokines, such as IL-4, IL-10, were also
unexpectedly enhanced in the liver in the HF group
(Figure 6H-J). In contrast, these pro-inflammatory
cytokine and endotoxin-associated gene mRNAs
were all significantly reduced, and anti-inflammatory
cytokine mRNAs were enhanced by NaB intervention
compared with HF alone (Figure 6H-J). These results
indicated that NaB promoted the maintenance of liver
homeostasis.
To investigate lipid metabolism in the liver, we
measured two vital lipid-associated transcription
factors, PPAR-α and PPAR-γ. PPAR-α was significantly
increased in the HF group compared with the control
but was similar between the HF + NaB group and the
control. PPAR-γ was similar between the HF and control
groups but was significantly increased in the HF +
NaB group compared with either the control or the HF
group (Figure 6K).
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DISCUSSION
NAFLD is the most common cause of liver disease
worldwide, and its prevalence has increased in parallel
with that of obesity. In recent years, the importance
of the gut microbiota for health has been widely
acknowledged. Accumulating data support the pivotal
role of the gut microbiota or its metabolites in NAFLD
[5]
development and progression . We speculated that
therapeutic targeting of the gut microbiota or its
metabolites may be applied for the treatment of NAFLD.
The new findings of this study are that NaB intervention
significantly improved the gut microbiota in HFD-fed
mice, enhanced intestinal mucosal barrier then reduced
gut endotoxin induced systemic inflammation, finally
attenuated liver histological damage induced by HFD.
[20]
Previous study
found a greater proportion of
Ruminococcaceae in healthy subjects compared
with patients with NASH. The physiological function
of Ruminococcaceae is to produce SCFAs, including
[21-23]
butyrate
, and another study revealed that the
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effectively decreased HFD-induced weight gain and
serum glucose despite no reductions in energy intake,
which was consistent with the findings of Henagan
[33]
et al . Both HOMA-IR and ISI decreased but not
significantly in response to NaB treatment compared
with HF alone. The serum insulin and epididymal fat
index were not altered by NaB intervention. These
findings are not completely concordant with the study
conducted by Gao, although the methodological
differences between our study and theirs should not
[34]
be ignored . A recent cytology study revealed that
butyrate enhanced adipogenesis and lipid accumula
tion in adipocytes, reduced lipolysis, and induced
adiponectin expression, resulting in the activation
[8]
of downstream target genes such as AMPK . This
cell-level research may explain why butyrate had no
effect on the epididymal fat index. The decrease in
body weight may be associated with the ability of
butyrate to promote energy expenditure and induce
[34]
mitochondrial activity . Furthermore, PPAR-α mainly
acts on fatty acid oxidation, whereas PPAR-γ regulates
lipid homeostasis and insulin sensitivity, and PPAR-γ
[35]
agonist can improve liver histology , both of the two
nuclear factors were obviously changed after NaB

butyrate concentration in feces in HFD-fed mice
[24]
was significantly lower than that in the control .
These findings were consistent with two studies
conducted in diabetes patients who lacked butyrate[25,26]
producing bacteria compared with the control
.
SCFAs exert multiple beneficial effects on mammalian
[6,7]
metabolism
. Dietary administration of SCFAs
protected mice against diet-induced obesity and insulin
resistance, and another study found a significant
reduction of butyrate-producing bacteria in feces with
[27]
lower rather than bacterial gene counts . One clinical
study showed that propionate stimulated the release
of gut hormones from human colonic cells and that
inulin-propionate ester supplementation significantly
reduced weight gain, intra-abdominal adipose tissue
distribution, and intrahepatocellular lipid content and
[28]
prevented the deterioration in insulin sensitivity . And
previous studies have demonstrated beneficial effects
[29,30]
of butyrate on animal models of steatohepatitis
.
But there are also many apparently contradictory
[14]
results . Some studies have shown that obese ob/
ob mice and obese human subjects have increased
[31,32]
amounts of cecal and fecal SCFAs
.
Our investigation revealed that NaB intervention
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intervention which suggested that NaB triggered lipid
metabolism of the body.
The gut microbiota is intimately related to healthy
function of intestinal mucosal barrier which exhibits
an inseparable relationship with metabolic health,
[5]
including NAFLD . We performed assays to detect
any influence of NaB on the gut microbiota. According
to the NMDS and PCA results, NaB treatment reversed
the changes in the overall gut microbiota composition
induced by HFD, resulting in a pattern more similar to
the control. This phenomenon reflected the integrally
bifidogenic effect of NaB. Recent studies on the
gut microbiota suggest that it is better to focus on
the genus or species level than the phylum level to
investigate connections between gut microbiota and
[36]
diseases . Our study revealed that HFD induced
dysbiosis of the gut microbiota by decreasing the
proportions of Alistipes, Christensenellaceae and
Lactobacillus, all of which are linked to a healthy
[36]
state . NaB treatment significantly increased the
abundance of Christensenellaceae_uncultured, Blautia
and Lactobacillus. Christensenellaceae is related
to a low body mass index in humans and reduced
weight gain in mice and is more likely to reduce body
[37]
weight . Lactobacillus is a probiotic bacterium with
numerous beneficial effects on body metabolism and
[38,39]
human health, including NAFLD
. Lactobacillus
produces lactate, which can increase butyrate
[27]
production in feces , and it increases butyrate
uptake in intestinal epithelial cells, which is essential
for intracellular effects such as the promotion of gut
hormone secretion and colonic mucosal integrity,
[40]
as well as the inhibition of inflammation . Blautia,
another genus that is affected by NaB, is a beneficial
bacterium that is negatively correlated with metabolic
syndromes. Its main biological function is to produce
[23]
butyrate . Blautia contributes to an increase in the
butyrate concentration in feces, which may further
enhance intestinal health. These bifidogenic effects
may be partially attributed to the NaB-induced
decrease in the gut pH to a more suitable level for
[41]
the growth of beneficial but not harmful bacteria ,
another study suggested that butyrate could enhances
[42]
antibacterial effects via immunity regulation . Thus,
these effects of NaB seem to form a virtuous circle,
promoting beneficial effects on the body.
Our study demonstrated that HF diet disrupted gut
microbiota then further impaired intestinal mucosal
barrier, visually, NaB repaired the damage to the
intestinal mucosa and strengthened the intestinal tight
junctions. Previous studies indicated that microbial
butyrate may contribute to the restoration of the tight
junction barrier via up-regulating the protein level of
ZO-1, which was attributed to its histone deacetylase
[13,43]
inhibition
. It decreased the intestinal permea
bility to reduce the escape of pathogen-associated
molecular patterns into the blood; thus, we comfirmed
that no matter serum or liver endotoxin derived
from gut microbiota was significantly decreased
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compared with HF group, Toll-like receptor 4 (TLR4),
a receptor of lipopolysaccharide (LPS) or endotoxin,
and its downstream protein Myd88 were significantly
decreased in the liver after NaB treatment. TLR
activation leads to the translocation of NF-κB into the
nucleus and the induction of pro-inflammatory gene
[44]
transcription, such as TNF-α, IL-1β, and IL-6 , which
is a classic pathway participated in the progression of
[5]
NAFLD . This may represent a pivotal LPS-associated
mechanism to attenuate liver inflammation after NaB
intervention. These beneficial effects were greatly
associated with the improvement of the intrahepatic
environment, such as, many pro- inflammatory factors
in the liver (MCP-1, TNF-α, IL-1, IL-2, IL-6, IFN-γ) and
epididymal fat (MCP-1, TNF-α), were as expected
decreased and anti-inflammatory factors in the liver
(IL-4, IL-10) were significantly increased after NaB
treatment. The changes of these immune factors were
partially inseparable from the immunoregulation of NaB
via inhibiting histone acetylation enzymes or G protein[10-12,45-49]
coupled receptors pathway
, helping correct
an unbalanced physiological environment induced
by HFD, and significantly improved liver histology by
attenuating inflammation and fat accumulation.
Our study also had some limitations. First, the
role of butyrate in maintaining intestinal homeostasis
[13,50]
is undoubted which is confirmed by our study
,
meanwhile, gut microbiota has an indispensable role in
[51,52]
the human body
, and the challenge is to find out
whether these changes in gut microbiota composition
[53]
are the cause or the consequence of disorder .
Further researches on this aspect may uncover the
precise relationship between gut microbiota and
NAFLD. Second, this study was conducted in an animal
model. Further studies should be performed in human
subjects.
In conclusion, we demonstrated the application of
NaB to attenuate HFD-induced steatohepatitis in mice.
NaB beneficially regulated the gut microbiota and
enhanced gastrointestinal health to improve whole body
metabolism. This study was limited to animals, and
whether it will work on clinical populations remains a
significant challenge, however, the unpleasant taste and
odor of NaB make it extremely difficult to administrate
[29]
orally . Thus, new formulations of butyrate with a
better palatability, which can be easily administered
orally, are needed. Overall, it opens potential avenues
for intervention strategies for the treatment of
NAFLD. Urgent attention should be devoted to the gut
microbiota and its metabolites, which could produce
novel therapeutic targets.
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Abstract
AIM
To investigate the role of the miR-133a-UCP2 pathway
in the pathogenesis of inflammatory bowel disease (IBD)
and to explore the potential downstream mechanisms
with respect to inflammation, oxidative stress and
energy metabolism.
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METHODS
C57BL/6 mice were fed dextran sulfate sodium (DSS)
liquid for 7 consecutive days, followed by the admi
nistration of saline to the DSS group, UCP2 siRNA to
the UCP2 group and a miR-133a mimic to the miR-133a
group on days 8 and 11. Body weight, stool consistency

Data sharing statement: There is no other date elsewhere.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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and rectal bleeding were recorded daily, and these
composed the disease activity index (DAI) score for the
assessment of disease severity. After cervical dislocation
was performed on day 14, the length of the colon in
each mouse was measured, and colonic tissue was
collected for further study, which included the following:
haematoxylin and eosin staining, UCP2 and miR-133a
detection by immunohistochemical staining, western
blot and quantitative real-time PCR, measurement of
apoptosis by TUNEL assay, and the assessment of
inflammation (TNF-α, IL-1β, IL-6 and MCP1), oxidative
stress (H2O2 and MDA) and metabolic parameters (ATP)
by ELISA and colorimetric methods.

INTRODUCTION
Inflammatory bowel disease (IBD) is characterized
by chronic, unspecific inflammation of the gastro
intestinal tract and may be classified into two major
subtypes: Crohn’s disease (CD) and ulcerative colitis
[1]
(UC) . Although the prevalence of IBD is high in
western countries, a rapid rise in IBD has been
[2]
observed in Asia , where its prevalence has reached
5
5
approximately 11.6 × 10 for UC and 1.4 × 10 for
[3]
CD in China . Although a combination of genetic,
environmental, infectious and immunologic factors is
considered to be involved in the pathogenesis of IBD,
[4]
the underlying mechanism is still unclear . Moreover,
the effectiveness of routine therapy is discouraging,
[5]
and aetiology-directed therapy is rare . Therefore,
an in-depth investigation of IBD would help reveal the
pathogenesis of IBD and provide a novel theoretical
base for innovative treatments.
MicroRNAs (miRNAs) are a family of non-coding
RNAs that are 19-25 nucleotides (nt) long. They are
processed from double-stranded hairpin precursors,
which are 70-100 nt in length, by the RNaseIII family
member Dicer. Dicer is endogenously expressed in
the cytoplasm as part of the RNA-induced silencing
[6]
complex . miRNAs recognize the 3’ untranslated region
of target mRNAs with imperfect complementarity,
which leads to translational repression in mammals and
[7]
mRNA cleavage in plants . With the development of
high-throughput methods such as microarray and deep
sequencing, miRNA profiling has been widely applied
[8]
to determine molecular biomarkers in tumours and
other diseases such as nonalcoholic fatty liver disease
[9,10]
(NAFLD)
. Additionally, miRNA-mRNA pathways have
[11]
been revealed to participate in various diseases .
These features make miRNAs attractive research
targets.
The effect and underlying mechanism of miRNAs in
the pathogenesis and progression of IBD have become
popular research topics. With the use of microarray
screening and bioinformatics approaches, researchers
[12]
[13]
have revealed specific tissue
and serum
miRNA
profiles of IBD, which have provided researchers with
novel diagnostic biomarkers. Further functional studies
have reported the regulation of IBD inflammation by
[14]
[15]
miR-146a
and miR-132
through the hedgehog
and cholinergic pathways. Moreover, the involvement
of the miR-224-p21 pathway was found to participate
[16]
in the early pathogenesis of IBD . However, com
pared with the large amount of miRNA data from
microarray analyses, few miRNA-mRNA pathways
have been reported in IBD, which is why this topic is
worth more intensive study in the future.
We previously summarized the effect of uncoupling
protein (UCP), which belongs to a specific mitochondrial
inner membrane protein family with the capacity
[17]
to uncouple oxidative phosphorylation in NAFLD ;
we also revealed the effect of liver-specific UCP in

RESULTS
An animal model of IBD was successfully established,
as shown by an increased DAI score, shortened colon
length and specific pathologic changes, along with
significantly increased UCP2 and decreased miR-133a
levels. Compared with the DSS group, the severity
of IBD was alleviated in the UCP2 and the miR-133a
groups after successful UCP2 knockdown and miR-133a
overexpression. The extent of apoptosis, as well as the
levels of TNF-α, IL-1β, MDA and ATP, were significantly
increased in both the UCP2 and miR-133a groups
compared with the DSS group.
CONCLUSION
The miR-133a-UCP2 pathway participates in IBD by
altering downstream inflammation, oxidative stress and
markers of energy metabolism, which provides novel
clues and potential therapeutic targets for IBD.
Key words: miR-133a; Mitochondrial uncoupling protein
2; Inflammatory bowel disease; Dextran sulfate sodium
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The pathogenesis of inflammatory bowel
disease (IBD) is unclear, but increasing evidence
supports the involvement of epigenetic regulation
such as the formation of miRNA-mRNA pairs. In this
study, we investigated the role of the miR-133aUCP2 pathway in the pathogenesis of IBD in a wellestablished mouse model. We found that the severity of
IBD was alleviated after the UCP2 and miR-133a levels
were antagonized and that the underlying mechanism
may involve changes in inflammation, oxidative stress
and energy metabolism. Our data provide novel clues
and potential therapeutic targets for IBD.
Jin X, Chen D, Zheng RH, Zhang H, Chen YP, Xiang Z. miRNA133a-UCP2 pathway regulates inflammatory bowel disease
progress by influencing inflammation, oxidative stress and energy
metabolism. World J Gastroenterol 2017; 23(1): 76-86 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i1/76.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i1.76
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[18]

conditions of oxidative stress . Since oxidative stress
has been demonstrated to be strongly associated
[19]
with IBD
and previous studies have identified the
association between the genetic polymorphism 866G/
[20]
A of UCP2
and IBD, we proposed an important role
for UCP2 (the most common and widely studied UCP)
in IBD. More importantly, previous studies confirmed
[21,22]
the direct regulation of UCP2 by miR-133a
, which
highlights the possible effect of the miR-133a-UCP2
pathway in IBD and why this pathway has become the
research focus of this study.

indicators and energy-related markers.

RNA interference and gene over expression

This study was performed in accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health.
The animal protocol was approved by the institutional
review board of the First Affiliated Hospital of Zhejiang
University.

Specific siRNA against the UCP2 gene and a scrambled
siRNA, which was used as a negative control, were
synthesized at and purchased from GenePharma
(Shanghai, China). The mouse miR-133aRNA
mimic was also designed at and purchased from
GenePharma. The sequence of the negative control
(5’-3’) was sense-UUCUCCGA ACGUGUCACGUTT
and antisense-ACGUGACACGUUCGGAGAATT;
the sequence of the miR133a mimic (5’-3’) was
sense-UUUGGUCCCCUUCAACCAG CUG and
antisense-GCUGGUUGAAGGGGACCAAAUU; the
sequence of the UCP2 siRNA(5’-3’) was senseGGAAAGGGACUUCUCCCAATT and antisense-U
UGGGAGAAGUCCCUUUCCTT. The administration of
the siRNA and RNA mimic was performed through
intravenous injection using an in vivo transfection
reagent (Auckland, New Zealand) according to the
method of Entranster.

Establishment of an animal model of IBD

ELISA and TUNEL staining

MATERIALS AND METHODS
Ethics statement

A total of 50 female C57BL/6 mice aged 8-12 wk were
purchased from Shilek Lab Animal (Shanghai, China).
All mice received food and water ad libitum and were
maintained on a 12/12-h light/dark cycle at 25 ℃ for
7 d as part of adaptive feeding. Thereafter, the first
10 mice were randomly divided into two groups to
establish an animal model of IBD. Under a common
basic diet, the control (n = 5) group received normal
liquid, while the DSS (n = 5) group received 3%
Dextran Sulfate Sodium (DSS) liquid (MP Biomedicals,
Shanghai, China) instead of normal liquid for 7
consecutive days. The body weight, stool consistency
and rectal bleeding of each mouse were recorded
daily; these constituted the DAI (range from 0 to 12),
which was used to assess the clinical severity of colitis,
[23]
as previously described . After 7 d of feeding, all
mice were sacrificed by cervical dislocation, after which
the colonic tissue was collected for haematoxylin and
eosin (HE) staining and for the detection of the UCP2
and miR-133a levels.
After the animal model of IBD was verified, the
remaining mice were further randomly divided into four
groups as follows: control (n = 10), DSS (n = 10), UCP2
(n = 10) and miR-133a (n = 10), and the diet of mice
in the UCP2 and the miR-133a groups was the same as
that of mice in the DSS group. After 7 consecutive days
of feeding, an intravenous injection of 100-200 μL saline
was given to the control and DSS groups; similarly,
UCP2 siRNA was given to mice in the UCP2 group and
miR-133a mimics were given to mice in the miR-133a
group on days 8 and 11 with the final dose of 33 μg
according to the manufacturer’s instruction, respectively.
There was no anesthesia before intravenous injection.
All mice were sacrificed by cervical dislocation on day
14, after which the colonic tissue was collected for HE
staining and for the detection of inflammation, oxidative
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The mouse colonic tissue was routinely homogenized
and harvested for the detection of TNF-α, IL-1β, IL-6
and MCP1 by ELISA according to the manufacturer’s
instructions (Neobioscience, Shenzhen, China). The
level of apoptosis in the colonic tissue was also rou
tinely detected by TUNEL staining according to the
manufacturer’s instructions (Roche, Shanghai, China),
[24]
as previously reported . Specifically, the apoptotic
cells were dyed and were observed under an Olympus
microscope. Typically, 10 visual fields were selected
and 100 cells within each field were counted, where the
apoptosis index = (apoptosis cell/total cell) × 100%.

Detection of oxidative stress and energy-related markers

The tissues were routinely assessed for the oxidative
stress-related markers H2O2 and MDA by a colorimetric
method using an OD value of 405 nm at 37 ℃ and
by a thiobarbituric acid method using an OD value of
532 nm at 95 ℃, respectively. The level of the major
energy product ATP was also routinely measured using
a colorimetric method and an OD value of 636 nm at
37 ℃. All these experiments were performed according
to the manufacturer’s instructions (Nanjing Jiancheng
Bioengineering Institute, China).

Immunohistochemical staining

For immunohistochemical staining, the colon tissues
collected from the mice were sequentially fixed in 10%
formaldehyde solution for at least 24 h, processed
and paraffin embedded, cut into 4-μm-thick sections,
and mounted onto glass slides. Each slide was
deparaffinized and rehydrated in xylene and graded
alcohol solutions, respectively, which was followed by
antigen retrieval in Citrate Antigen Retrieval solution
at 126 ℃ for 40 min. The slides were then washed in
PBS and blocked with goat serum for 10 to 30 min
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and incubated overnight at 4 ℃ with diluted anti-UCP2
antibody. After three washes in PBS, the slides were
incubated with goat-anti-rabbit IgG for 20 min, which
was followed by reaction with diaminobenzidine and
counterstaining with haematoxylin. The slides were
finally mounted in neutral gum for semiquantitative
analysis by microscopy. Negative control slides were
incubated with PBS instead of the primary antibody.

identified significantly increased UCP2 mRNA and
protein levels through qRT-PCR and by a combination
of western blot and immunohistochemical staining of
colon tissue from mice in the DSS group. Furthermore,
a significantly decreased miR-133a level was also
detected in the colon tissue of mice in the DSS group
by quantitative real-time (qRT)-PCR.

IBD phenotype change after successful alteration of the
UCP2 and miR-133a levels

Western blot and quantitative real-time PCR

For a more accurate analysis, the UCP2 protein level
was further quantified by Western blot with a primary
mouse polyclonal antibody raised against UCP2
(Abcam, ab77363) and an ECL chemiluminescence
kit (Santa Cruz, United States). Normalization was
performed by blotting the same samples with a mouse
anti-β-actin antibody. For miR-133a quantitative
analysis, 2 μg of retrieved total RNA was reverse
transcribed using stem-loop antisense primer mix and
AMV transcriptase (TaKaRa, Dalian, China). Real-time
PCR was routinely performed in an MX3000p real time
PCR system (Stratagene, United States). U6 snRNA
and GAPDH were amplified as normalization controls,
and the relative amount of miR-133a compared with
U6 and the relative amount of UCP2 compared with
-ΔCT
GAPDH were calculated using the equation 2 ,
where ΔCT= CTmiRNA/UCP2-CTu6/GAPDH. The detailed primer
sequences are shown in Supplementary Figure 1.

Compared with the DSS group, the severity of IBD
was alleviated in the UCP2 and miR-133a groups after
successful UCP2 down regulation and miR-133a over
expression. Specifically, on day 7, the mice in the DSS,
UCP2 and miR-133a groups all experienced significant
weight loss, diarrhoea and rectal bleeding. However,
as shown in Figure 3A, compared with the continuing
weight loss and rectal bleeding in the DSS group, rectal
bleeding ceased in the mice in the UCP2 and miR133a groups on days 10 and 14, respectively. Mice in
these two groups also experienced similar significant
weight gain by day 14, although they did not recover
to the level of the control group. A decrease in the
DAI score was achieved (8, 6.8 and 7.2 for the DSS,
UCP2 and miR-133a groups, respectively) on day
14, although the differences were not statistically
significant. Moreover, compared with the DSS group,
the colon tissue from mice in the UCP2 and miR-133a
groups demonstrated intact tissue structure, wellorganized glands as well as rare mucosal oedema,
congestion and inflammatory cell infiltration. In
addition, H&E staining revealed that disease alleviation
was achieved in the miR-133a group, but the degree
of alleviation was less than that in the UCP2 group
(Figure 3B). Taken together, the targeting of both
UCP2 and miR-133a was able to reduce the severity
of IBD, but the targeting of UCP2 was more effective.
More intriguingly, compared with the DSS group, the
UCP2 level was decreased in the miR-133a group, in
which the level of miR133a was up regulated, which
indirectly supports the regulatory role of miR-133a on
UCP2 (Figure 3C).

Statistical analysis

Statistical analyses were performed using SPSS
version 16 (Chicago, IL, United States). Data are
presented as the mean ± standard deviation when
normally distributed or as the median if the distribution
was skewed. Differences between two groups were
analysed using Student’s t-test or the Mann-Whitney
U test; differences among four groups were analysed
with One-Way Anova.

RESULTS
Altered UCP2 and miR-133a levels in a successfully
established IBD mouse model

Changes in markers of apoptosis and inflammation in
the different groups

After the C57BL/6 mice were fed 3% DSS for 7
consecutive days, a representative IBD mouse model
was successfully established (Figure 1). Generally,
after the first 3 d of DSS feeding, the water and food
intake and body weight of mice in the DSS group were
th
slightly increased, while on the 4 day, which was
the turning point, the above-mentioned markers had
steadily decreased. In addition, the total colon length
was also significantly shortened in the DSS group
compared with the control group. Finally, HE staining
of the colon tissue showed intact colonic mucosa and
regularly arranged colonic glands in the control group,
whereas destroyed colonic glands, mucosal ulceration
and inflammatory cell infiltration were observed in
the DSS group. The average DAI for the DSS group
was 11.67 on day 7. As shown in Figure 2, we also
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To explore the potential underlying mechanism of IBD
alleviation, we further investigated the changes in
apoptosis and other common inflammation-associated
markers. We found a significantly increased level of
apoptosis in the DSS group compared with the control
group, as shown by TUNEL staining. Further UCP2
down regulation and miR-133a over expression could
significantly inhibit apoptosis, as indicated by the
notable decrease in the brown colour of the cells in
Figure 4A. Furthermore, as shown in Figure 4B, the
levels of inflammation-associated markers TNF-α, IL-1β,
IL-6 and MCP1 were significantly increased in the DSS
group compared with the control group. Additionally,
although all four inflammation-associated markers
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Figure 1 Successful establishment of an inflammatory bowel disease mouse model. A: The overall colon length was significantly shortened in the dextran
sulfate sodium (DSS) group; B: The average weight of the mice began to decrease significantly from Day 4 in the DSS group; C: Haematoxylin and eosin staining
showed damage to the colon glands, mucosal ulceration and inflammatory cell infiltration in the DSS group; different magnifications are shown. aP < 0.05; bP < 0.01.
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showed a tendency to decrease, only the differences in
the levels of TNF-α, IL-1β, and MCP1 in the UCP2 group
and the levels of TNF-α and IL-1β in the miR-133a
group reached statistical significance compared with
the corresponding levels in the DSS group. Moreover,
compared with the DSS group, the degree of declination
of all markers was larger in the UCP2 group than in the
miR-133a group, which indicates a greater therapeutic
effect of UCP2 over miR-133a.

metabolism. In this study, we identified a significantly
increased MDA level and decreased H2O2 and ATP
levels in the DSS group compared with the control
group. Nevertheless, after UCP2 down regulation or
miR-133a over expression, the H2O2 and ATP levels
were significantly increased, while the MDA level was
significantly decreased compared with the DSS group.
This may be attributed to the diminished uncoupling of
oxidative phosphorylation as a result of the decreased
UCP2 level (Figure 5).

Changes in oxidative stress and energy-related markers
in the different groups

DISCUSSION

Oxidative stress-related markers include MDA and
H2O2, while ATP is a vital representative of energy
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as its prevalence has gradually increased, which has
placed a heavy burden on the economy and has
increased the suffering of patients. However, the
unclear aetiology of IBD has made effective therapy
a huge challenge. Therefore, the exploration of the
potential underlying mechanism of IBD is of great
clinical importance. The effect of miRNA, which is
an important type of non-coding RNA, in IBD was
[25]
summarized in 2016 , while novel serum miRNA
signatures used in the diagnosis of IBD were also
[26]
[27]
proposed in mice
and humans . Additionally, an
interesting study established an association between
[28]
miRNA polymorphisms and the risk of IBD . All these
studies support the importance of miRNA in IBD.
It is well acknowledged that UCPs play a pivotal
role in various diseases due to their ability to influence
energy metabolism, peroxidation and inflammation
through the uncoupling of oxidative phosphorylation.
A previous study found increased UCP2 expression in
colon cancer and identified an association between
[29]
the level of UCP2 and cancer metastasis . Currently,
the effects of specific miRNAs in the pathogenesis of
IBD have not been frequently reported, and the role
of miRNA-mRNA pathways in IBD has been reported
even less frequently. After a literature review, we
only found the following: the miR-346-TNF-α pathway
[30]
influences Vitamin D metabolism , the miR-193a-3p[31]
PepT1 pathway reduces intestinal inflammation , and
the miR-132/miR-223-FOXO3a pathway increases the
[32]
production of inflammatory cytokines . Intriguingly,
the effect of miR-133a in colonic epithelial cells and in
[33]
experimental colitis was reported . Considering the
important role of UCP2 and the direct regulation of
[21,22,34]
UCP2 by miR-133a
, it is theoretically reasonable
to explore the role of the miR-133a-UCP2 pathway in
the pathogenesis of IBD.
In this study, we firstly reported increased UCP2
and decreased miR-133a levels in a successfully
established animal model of IBD, which indicates
the potential role of miR-133a and UCP2 in IBD. This
result was in accordance with the result of a previous
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study, which supports the protective role of UCP2 in
[35]
DSS-induced colitis . Secondly, we found an inverse
association between UCP2 and miR-133a, and more
importantly, miR133a over expression could significantly
decrease the UCP2 level. This finding indirectly
verified the regulation of UCP2 by miR-133a at the
post transcriptional level. Thirdly, with the use of RNA
interference and gene over expression, we found that
antagonizing both the UCP2 and miR-133a level could
alleviate the severity of IBD.
To investigate the potential underlying mecha
nism and downstream targets of the miR-133a-UCP2
pathway, we selected typical inflammation-, oxidativeand energy metabolism-associated markers. Briefly,
TNF-α, IL-1β, IL-6 and MCP1 are classical markers
of inflammation with broad applications. TNF-α
overproduction has been associated with mucosal
damage in IBD, while anti-TNF-α therapy with infliximab
is considered the representative biological therapy for
[36]
IBD . IL-1β and IL-6 belong to the interleukin family,
and the immune response they mediate has been
[37]
tightly linked with IBD progression . MCP1 functions
as a monocyte chemoattractant, and its A2518G
[38]
polymorphism is related to IBD risk . With respect
to oxidative stress, MDA is an important product of
lipid peroxidation, and its diagnostic value in CD has
[39]
been reported . H2O2 is mainly produced during the
process of oxidative phosphorylation and is regarded
as a universal mediator of the inflammatory process in
[40]
the colon . Finally, ATP is a basic energy form used in
various pathophysiological processes, and its impaired
production due to mitochondrial dysfunction has been
[41]
identified in the intestines of patients with IBD . Taken
together, the results showed that increased apoptosis,
inflammation, oxidative stress and ATP depletion were
involved as downstream effectors of the miR-133aUCP2 pathway.
This study has several limitations that should be
acknowledged. First, whether the miR-133a-UCP2
pathway in an animal model could be generalized to
humans requires further study. Second, it is better
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for IBD. The manuscript is clear and well written.

to use UCP2 knockout mice rather than RNAi to
obtain more convincing data of the effects of UCP2
in IBD. Third, since novel studies have advocated the
[42]
“miRNA sponge” effect of circRNA , the existence
of circRNA as a regulator of miR-133a warrants more
in depth studies. Fourth, although it is well known
that increased UCP2 can enhance the uncoupling
of oxidative phosphorylation, which results in a
decrease in ATP and an increase in H2O2, the detailed
mechanism of the miR-133a-UCP2 pathway on other
inflammatory- and oxidative stress-associated markers
is still unclear and requires further investigation.
Finally, as distinct representatives of oxidative stress,
H2O2 and MDA demonstrated inverse changes in their
levels in the IBD animal model, which calls for further
studies of the underlying mechanisms.
Overall, our study revealed the role of the miR-133aUCP2 pathway in IBD and the potential downstream
effectors, including inflammation-, oxidative stress- and
energy metabolism-associated markers, which provide
new clues in the pathogenesis of IBD and potential
targets for disease therapy.
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Abstract
AIM
To explore the effect of hydrogen sulfide (H 2S) on
restraint water-immersion stress (RWIS)-induced
gastric lesions in rats and the influence of adenosine
triphosphate (ATP)-sensitive potassium (KATP) channels
and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-κB) pathway on such an effect.
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METHODS
Male Wistar rats were randomly divided into a control
group, a physiological saline (PS) group, a sodium
hydrosulfide (NaHS) group, a glibenclamide (Gl) group,
Gl plus NaHS group, a pyrrolidine dithiocarbamate
(PDTC) group, and a PDTC plus NaHS group. Gastric
mucosal injury was induced by RWIS for 3 h in rats,
and gastric mucosal damage was analyzed after that.
The PS, NaHS (100 μmol/kg body weight), Gl (100
μmol/kg body weight), Gl (100 μmol/kg or 150 μmol/kg
body weight) plus NaHS (100 μmol/kg body weight),
PDTC (100 μmol/kg body weight), and PDTC (100
μmol/kg body weight) plus NaHS (100 μmol/kg body
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result of RWIS and looking for ways to reduce these
lesions are very important to prevent and cure gastric
stress damage in the clinical setting.
Recent studies suggest that hydrogen sulfide (H2S)
is the third gaseous mediator in mammals after nitric
oxide (NO) and carbon monoxide (CO) and that it
regulates a range of physiological and pathological
processes in the nervous system, cardiovascular
system, respiratory system, and digestive system, and
[5-11]
regulates metabolism and immunity, etc
.
Recent studies on rats suggest that H2S can protect
the gastric mucosa, possibly through mechanisms that
[12]
involve anti-oxidant and anti-inflammatory actions ,
but the effect of H2S on gastric mucosa damage
induced by RWIS still needs further research. Previous
reports have shown that H2S regulates a range of
physiological and pathological processes involving KATP
channels. Hydrogen sulfide has been shown to protect
gastric epithelial cells from ischemia-reperfusion
injury by Keap1 S-sulfhydration, mitogen-activated
protein kinase (MAPK) dependent anti-apoptosis, and
[13]
the NF-κB dependent anti-inflammation pathway .
Therefore, in this study, we evaluated the effect of
H2S on RWIS-induced gastric lesions in rats and the
influence of KATP channels and the NF-κB dependent
pathway on this effect.

weight) were respectively injected intravenously before
RWIS.
RESULTS
RWIS induced serious gastric lesions in the rats in the
PS pretreatment group. The pretreatment of NaHS (a
H2S donor) significantly reduced the damage induced
by RWIS. The gastric protective effect of the NaHS
during RWIS was attenuated by PDTC, an NF-κB
inhibitor, and also by glibenclamide, an ATP-sensitive
potassium channel blocker, in a dose-dependent
manner.
CONCLUSION
These results suggest that exogenous H 2S plays a
protective role against RWIS injury in rats, possibly
through modulation of KATP channel opening and the
NF-κB dependent pathway.
Key words: Hydrogen sulfide; Nuclear factor kappa
B; Gastric mucosal injury; Restraint water-immersion
stress; Adenosine triphosphate-sensitive potassium
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, the authors demonstrate that
exogenous hydrogen sulfide plays a protective role
against restraint water-immersion stress injury in rats
possibly through modulation of adenosine triphosphatesensitive potassium channel opening and the nuclear
factor kappa-light-chain-enhancer of activated B cells
dependent pathway.

MATERIALS AND METHODS
Animal and drug preparation

Experiments were performed on male Wistar rats
(220-280 g) purchased from the Experimental Animal
Center of Shandong University. Animals were maintained
in a temperature-controlled environment with a 12-h
light/dark cycle. They were allowed free access to food
and water for one week. Prior to the experiments, the
animals were fasted for 24 h but allowed free access to
water. All procedures performed were according to the
guidelines of the International Association for the Study
[14]
of Pain
and were approved by the Experimental
Animal Ethical Association in Qi Lu Normal University.
[15]
Chemicals used and their sources were as follows :
sodium hydrosulfide (NaHS, 100 μmol/kg body weight),
glibenclamide (Gl, 100 or 150 μmol/kg body weight),
and pyrrolidine dithiocarbamate (PDTC, 100 μmol/kg
body weight), purchased from Sigma (Saint Louis, MO,
United States). NaHS and PDTC were dissolved in 0.9%
saline, but Gl was dissolved in dimethyl sulfoxide. All
chemicals were injected intraperitoneally (IP) before
inducing RWIS.

Sun HZ, Zheng S, Lu K, Hou FT, Bi JX, Liu XL, Wang SS.
Hydrogen sulfide attenuates gastric mucosal injury induced
by restraint water-immersion stress via activation of K ATP
channel and NF-κB dependent pathway. World J Gastroenterol
2017; 23(1): 87-92 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i1/87.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i1.87

INTRODUCTION
Restraint water-immersion stress (RWIS), considered
to be a mixture of physical and psychological stress,
can induce anxiety, hypothermia, and severe gastric
dysfunction including gastric hypercontractility, gastric
acid hypersecretion, and gastric mucosal lesions
[1-4]
within a few hours . This model is used to study
the mechanism of gastric mucosal lesions induced by
stress and filter drugs in clinical trials. As is well known,
not only is gastric stress ulcera common complication
in patients with clinical critical disease, but also the
number of primary gastric stress ulcers seen continues
to increase with the fierce competition and pressure
common in modern society. Thus, clarifying the
mechanism that causes gastric mucosal lesions as a

WJG|www.wjgnet.com

Experimental group and protocol

The rats were randomly divided into 7 groups with 13
rats per group: (1) in the control group, the rats were
not stressed under otherwise identical conditions; (2)
in the physiological saline (PS) group, the rats were
given RWIS for 3 h after pretreatment with IP injection
of PS; (3) in the NaHS group, the rats were given
RWIS for 3 h after pretreatment with IP injection of
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A

B

C

Figure 1 Representative of the degree of gastric mucosal damage induced by restraint water-immersion stress. A: Representative of the degree of gastric
mucosal damage in the control group; B: Representative of the degree of gastric mucosal damage in the physiological saline group; C: Representative of the degree
of gastric mucosal damage in the NaHS group.

1 mm = 1 point, 1 to ≤ 2 mm = 2 points, and so on.
The score was multiplied by 2 when the damage was
more than 1 mm in width. The cumulative scores of all
lesions in a rat served as the GMEI of that rat.

100

GMEI (point)

80
e

60

Statistical analysis

40

All values were analyzed using SPSS13.0 software
(SPSS Inc.) and presented as mean ± SE. Statistical
analysis was performed by the Student t-test.
Significance was accepted at the level of P < 0.05.

20
0

Control

PS
Group

NaHS

RESULTS

Figure 2 Gastric mucosal erosion index of the control, physiological
saline and NaHS groups. eP < 0.001. GMEI: Gastric mucosal erosion index;
PS: Physiological saline.

Effect of NaHS on RWIS-induced gastric mucosal injury

The mucosal surface of the control group was smooth,
and no significant abnormality in the gastric mucosa
was observed under the light microscope (Figure 1A).
However, significant hemorrhage and edema and
several erosions of varying depths and sizes were
observed on the surface of the mucosa of the RWIS
groups (Figure 1B and C). The GMEI was 1.54 ± 0.27
points in the control group, 84.38 ± 6.34 points in the
PS group (compared with the control group, P < 0.001),
and 51.23 ± 4.08 points in the NaHS group (compared
with the control group, P < 0.001) (Figure 2).
Compared with the PS group, the injury area and
the extent of mucosal damage significantly decreased
in the NaHS group (Figure 1B and C). The GMEI in the
NaHS group was obviously lower than that in the PS
group (51.23 ± 4.08 points vs 84.38 ± 6.34 points, P
< 0.001) (Figure 2).

NaHS (100 μmol/kg body weight); (4) in the Gl group,
the rats were given RWIS for 3 h after pretreatment
with IP injection of Gl (100 μmol/kg body weight); (5)
in the Gl plus NaHS group, the rats were given RWIS
for 3 h after pretreatment with IP injection of Gl (100
or 150 μmol/kg body weight) and NaHS; (6) in the
PDTC group, the rats were given RWIS for 3 h after
pretreatment with IP injection of PDTC (100 μmol/kg
body weight); and (7) in the PDTC plus NaHS group,
the rats were given RWIS for 3 h after pretreatment
with IP injection of PDTC (100 μmol/kg body weight)
and NaHS.
In the RWIS groups, after light ether anesthesia, the
four limbs of each rat were gently bound on a wooden
board securely using medical adhesive tape. After the
rats were conscious, they were vertically immersed in
cold water (21 ℃ ± 1 ℃) to the level of the xiphoid for
3 h. All of the experiments were terminated by a bolus
IP injection of sodium pentobarbital (100 mg/kg body
weight). Then the abdomen of each rat was opened,
and the stomach was removed and fixed with 1%
formalin. The gastric lesions were examined with a light
microscope, and a scoring system was used to assess
[16]
the gastric mucosal erosion index (GMEI) of each rat .
Scores were given according to the length of lesions: ≤
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Gl prevented the protective effect of NaHS on RWISinduced gastric mucosal injury in a dose-dependent
manner

The gastric protective effect of NaHS during RWIS was
abolished by Gl, an ATP-sensitive potassium channel
KATP blocker (Figure 3). Under the light microscope, the
GMEIs in the Gl (100 μmol/kg body weight) plus NaHS
group and the Gl (150 μmol/kg body weight) plus
NaHS group were much higher than those in the NaHS
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Figure 3 Representative of the degree of gastric mucosal damage in the NaHS group (A) and the glibenclamide + NaHS group (B).
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observed on the surface of the mucosa in the RWIS
groups. The occurrence of RWIS-induced gastric
mucosal erosion is possibly related to a number of
factors, including excessive production of oxygen free
[12,17]
[18]
radicals in the mucosa
, leukocyte infiltration ,
[19]
decreased release of nitric oxide , gastric hyper
contractility, gastric acid hypersecretion, and gastric
mucosa ischemia caused by a reduction in the gastric
mucosal blood flow.
H2S is formed in mammalian cells by the activity
of two pyridoxal phosphate-dependent enzymes:
[20]
cystathionine-γ-1yase and cystathionine-β-synthase .
NaHS, as a H2S donor, dissociates in vivo into sodium
ions and sulfhydryl group ions, and the latter bind
with hydrogen ions to generate H2S. Thus, H2S and
[21]
NaHS are in dynamic equilibrium . Previous work
has demonstrated that H2S has anti-inflammatory and
[22]
antioxidant activities . The gastroprotective effect of
endogenous H2S against gastric ischemia-reperfusion
injury may be mediated by enhancing the anti-oxidative
capacity through increasing glutathione and superoxide
[21]
dismutase to reduce free radical production . In this
study, NaHS significantly attenuates gastric mucosal
injury induced by restraint water-immersion stress. We
surmise that the mechanism is possibly through antioxidant and anti-inflammatory actions.
Previous reports showed that ATP-sensitive potas
sium KATP channels regulate a range of physiological and
[23]
pathological processes. Dawe et al found that H2S in
the hypothalamus decreases blood pressure and heart
rate by a KATP channel-dependent mechanism in freely moving
rats. Data support the hypothesis that endogenous
H2S produces cardiovascular inhibition functions in the
nucleus of solitary tract, mainly mediated by KATP channel
[24]
regulation or/and glutamate receptors . Exogenous
H2S plays a protective role against gastric ischemiareperfusion injury in rats possibly through modulation
[25]
of KATP channel opening . Here, we have shown
that Gl, an ATP-sensitive potassium channel blocker,
reversed the protective effect of NaHS on RWISinduced gastric damage in a dose-dependent manner.
These results suggest that H2S plays a protective role
against gastric RWIS injury in rats, possibly through

c,e

NaHS + Gl NaHS + Gl
(100)
(150)

Group

Figure 4 Gastric mucosal erosion index in the NaHS group and the
glibenclamide + NaHS group. Gl + NaHS group vs the NaHS group, eP < 0.001;
Gl (100 μmol/kg body weight) plus NaHS group vs the Gl (150 μmol/kg body
weight) + NaHS group, cP < 0.05. GMEI: Gastric mucosal erosion index; PS:
Physiological saline; GI: Glibenclamide.

group (67.92 ± 4.63 points and 76.92 ± 4.71 points
vs 51.23 ± 4.08 points, P < 0.001). The GMEI in the
Gl (100 μmol/kg body weight) plus NaHS group was
lower than that in the Gl (150 μmol/kg body weight)
plus NaHS group (P < 0.05) (Figure 4). These results
suggest that Gl prevented the protective effect of NaHS
on RWIS-induced gastric mucosal injury in a dosedependent manner.

PDTC weakened the protective effect of NaHS on RWISinduced gastric mucosal injury

The gastric protective effect of NaHS during RWIS
was weakened by PDTC, an NF-κB inhibitor (Figure 5).
Under the light microscope, the GMEI in the PDTC (100
μmol/kg body weight) plus NaHS group was higher
than that in the NaHS group (65.00 ± 4.01 points vs
51.23 ± 4.08 points, P < 0.001) (Figure 6). These
results suggest that PDTC weakened the protective
effect of NaHS on RWIS-induced gastric mucosal injury.

DISCUSSION
In this study, significant hemorrhage and edema and
several erosions of varying depths and sizes were
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Figure 5 Representative of the degree of gastric mucosal damage in the NaHS group (A) and pyrrolidine dithiocarbamate + NaHS group (B).
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on RWIS-induced gastric damage, which suggests that
H2S plays a protective role against gastric RWIS injury
in rats, possibly through an NF-κB dependent antiinflammation mechanism.
In conclusion, the results of this study suggest
that H2S plays a protective role against RWIS-induced
gastric mucosal injury in rats, possibly through modu
lation of KATP channel opening and through the NF-κB
dependent pathway.

e

PS

PDTC (100)

NaHS

Group

NaHS + PDTC
(100)

COMMENTS
COMMENTS
Background

Figure 6 Gastric mucosal erosion index in the NaHS group and PDTC
+ NaHS group. eP < 0.001. GMEI: Gastric mucosal erosion index; PDTC:
Pyrrolidine dithiocarbamate; PS: Physiological saline.

Recent studies suggest that hydrogen sulfide (H 2S) is the third gaseous
mediator in mammals after nitric oxide and carbon monoxide and that it
modulates a range of physiological and pathological processes. H2S has been
found throughout the gastrointestinal tract, but little is known about the effect of
H2S on restraint water-immersion stress (RWIS)-induced gastric lesions in rats
and the influence of adenosine triphosphate (ATP)-sensitive potassium (KATP)
channels and the nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-κB) pathway on such an effect.

modulation of KATP channel opening mechanisms. Data
have demonstrated that the H2S-induced relaxation of
mesenteric artery beds was mediated by ATP-sensitive
+
K (KATP) channel activity in vascular smooth muscle
[26]
cells . Therefore, we speculate that on the one hand,
H2S, by opening KATP channels, relaxes gastric mucosal
blood vessels and increases gastric mucosal blood
flow. This reduces the damage caused by RWIS by
accelerating the removal of harmful substances. On
the other hand, H2S, by opening the KATP channels,
+
increases the K efflux, which attenuates RWISinduced gastric mucosal injury by hyperpolarizing the
oxyntic cell membrane to reduce gastric acid secretion.
H2S is a small gas molecule, which can freely pass
through a variety of biological membranes, target
a wide range, which may affect multiple signaling
pathways such as mitogen-activated protein kinase
(MAPK) signaling pathways, NF-κB signal throughroad, and phosphoinositide 3-kinase (PI3K) and its
downstream molecules, serine/threonine protein kinase
[27,28]
AKT (PI3K/AKT)
. Hydrogen sulfide protected
gastric epithelial cells from ischemia-reperfusion injury
by Keap1 s-sulfhydration, MAPK dependent antiapoptosis, and the NF-κB dependent anti-inflammation
[13]
pathway . Our study results show that PDTC, an
NF-κB inhibitor, reversed the protective effect of NaHS

WJG|www.wjgnet.com

Research frontiers

Previous reports have shown that H2S is a small gas molecule, which may not
only regulate a range of physiological and pathological processes involving
KATP channels, but also affect multiple signaling pathways, such as mitogenactivated protein kinase signaling pathways, NF-κB signal through-road, and
phosphoinositide 3-kinase and its downstream molecules serine/threonine
protein kinase. In this study, the authors demonstrate that exogenous H2S plays
a protective role against RWIS injury in rats possibly through modulation of KATP
channel opening and the NF-κB dependent pathway.

Innovations and breakthroughs

This is the first study to report that exogenous H2S plays a protective role
against RWIS injury in rats possibly through modulation of KATP channel opening
and the NF-κB dependent pathway.

Applications

This study may provide a future strategy for therapeutic intervention in case of
stress gastric lesions by helping understand the mechanism of action of H2S on
RWIS-induced gastric lesions.

Terminology

In the gastrointestinal tract, cystathionine-β-synthase and cystathionine-γ-lyase
are mainly responsible for endogenous H2S synthesis. H2S is involved in gastric
motility, gastric acid secretion, and gastric mucosal injury.
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This is a well written and planned study demonstrating the protective effects of
H2S in gastric stress lesions in rats. The protective effects of H2S seem to arise
from modulation of KATP channel and the NF-κB dependent pathway.
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Abstract
AIM
To determine the functional role of miR-490-5p in mast
cell proliferation and apoptosis, and in the mast cell
tryptase/PAR-2 signal pathway.
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METHODS
rd
The 3 generation of lentivirus vector systems
containing enhanced green fluorescent protein (EGFP)
(Ruisai Inc., Shanghai, China), which acts as a reporter
gene was used to construct the mmu-miR-490-5p
lentivirus expression vector pEGFP-antagomiR-4905p, and the lentivirus vector pEGFP-negative was used
as a negative control. The stably transfected mast
cell line p815 was then constructed. GFP positive cells
were successfully transfected cells. We determined the
expression of miR-490-5p in p815 mast cells before
and after transfection using quantitative real-time PCR
(qRT-PCR). In addition, after transduction with the
lentivirus vectors, the role of miR-490-5p in mast cell
proliferation and apoptosis was investigated using the
CCK-8 assay and flow cytometry, respectively. The
mRNA levels of tryptase and PAR-2 were detected
by qRT-PCR and the protein levels were detected by
Western blot.
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RESULTS
The inhibition of miR-490-5p expression promoted
apoptosis and inhibited proliferation of p815 mast
cells. The mRNA levels of tryptase and PAR-2 were
significantly increased after transfection compared
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with the control group, tryptase (P = 0.721, normal vs
null; P = 0.001, siRNA vs normal; P = 0.002, siRNA vs
null) and PAR-2 (P = 0.027, siRNA vs null; P = 0.353,
normal vs null; P = 0.105, siRNA vs normal). The
protein levels of tryptase and PAR2 were slightly higher
in the siRNA group than those in the control group, but
the difference was not statistically significant (P > 0.05).

expression and function of tryptase, there are obvious
limitations in the single analysis of the signal pathway.
Multiple factors are involved in the regulation of
the above signaling pathway. Among these factors,
2+
intracellular concentration of Ca , calmodulin, DAG/
PKC and Rho GTPase have been noted to affect mast
[17,18]
cell degranulation
. miRNA is a an important
endogenous single-stranded non-coding RNA,
which plays an essential regulatory role in complex
biological systems without protein translation.
Mature miRNA down-regulates gene expression by
binding to the 3′-UTR region of the target gene and
causes translational inhibition or mRNA degradation
ultimately moderating the protein expression level.
To date, multiple dysregulated microRNA expression
has been reported in IBS. For example, miRNA-29a
affects intestinal membrane permeability through its
regulation of the glutamate-ammonia ligase gene and
miRNA-510 plays an important role in the regulation
[19,20]
. Previously, we detected an
of 5-HT3E expression
elevation of miR-490-5p in diarrhea predominant IBS
(IBS-D) patients using high-throughput microarray,
but miR-490-5p has not been investigated in IBS.
TargetScan was used to predict the target gene of
miR-490-5p, and we noted the following: CABP5:
encoding calcium binding protein5; CAMK1D:
encoding calcium/calmodulin-dependent protein
kinase ID; CASP3: encoding caspase 3, apoptosisrelated cysteine peptidase; TNFSF18: encoding
tumor necrosis factor (ligand) superfamily, member
18; BOP1: encoding proliferation-associated protein.
Of these, both calcium and calmodulin-dependent
protein kinase were highly correlated with mast
[17,18]
cell degranulation
. Caspase, apoptosis-related
cysteine peptidase and proliferation associated protein
have been reported to be involved in cell proliferation
[21]
and apoptosis in other diseases . However, there
are no studies available concerning the relationship
between these factors and IBS. By comprehensively
analyzing the results of gene microarray and bio
informatics, we focused our studies on the expression
and functional role of miR-490-5p in mast cells and
the mast cell/tryptase/PAR-2 signaling pathway, and
then to predict whether and how miR-490-5p was
involved in the pathogenesis of IBS. The results of this
study may provide a theoretical basis for further study
of biomarkers for the diagnosis and new treatment of
IBS.

CONCLUSION
miR-490-5p plays a vital role in the pathogenesis
of irritable bowel syndrome by affecting mast cell
proliferation and apoptosis; with down-regulation of
miR-490-5p, the mRNA level of mast cell tryptase and
PAR-2 increased, and the protein level increased, but
the difference was not statistically significant.
Key words: miR-490-5p; Mast cell tryptase; PAR-2;
Irritable bowel syndrome
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mast cells and mast cell degranulation play
important roles in the pathophysiology of irritable bowel
syndrome. miRNA is a class of important endogenous
single-stranded non-coding RNA, and plays an essential
regulatory role in complex biological systems without
protein translation. In the present study, we aimed to
determine the role of miR-490-5p in regulating mast
cell proliferation and apoptosis, the expression of mast
cell tryptase and PAR-2, and thus predict the role of
miR-490-5p in the pathogenesis of irritable bowel
syndrome.
Ren HX, Zhang FC, Luo HS, Zhang G, Liang LX. Role of
mast cell-miR-490-5p in irritable bowel syndrome. World J
Gastroenterol 2017; 23(1): 93-102 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i1/93.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i1.93

INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most
common functional gastrointestinal (GI) disorders.
The cause of IBS is unknown and seems to be mul
[1-4]
tifactorial . Several mechanisms including visceral
hypersensitivity, motility disorder, infection, and
psychiatric factors, have been suggested as possible
[5,6]
etiologic links to the development of IBS
. In
addition, there is increasing evidence of a genetic
[7-9]
contribution in IBS such as gene polymorphism
[10-14]
and dysregulated microRNA (miRNA) expression
.
Mast cells and mast cell degranulation function as
a bridge in the neuro-immuno-endocrine system
[15]
in IBS . Tryptase is one of the most important
proteins in mast cell degranulation and it exerts its
effects mainly through the tryptase-PAR-2 signal path
[16]
way . However, considering the complexity of the
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MATERIALS AND METHODS
Cell line

The p815 mast cell line was purchased from Shanghai
Cell Biochemical Institute, China Academy of Science
(Shanghai, China). This cell line is a suitable trans
fection host. P815 cells phagocytose latex beads,
but not zymosan or BCG. They do not function in
antibody-dependent cell-mediated cytotoxicity. Growth
of these cells is not inhibited by dextran sulfate,
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lipopolysaccharide (LPS) or tuberculin purified protein
derivative (PPD). The cells were also found to be
negative for the ectromelia virus (mousepox).

auxiliary plasmid contained pGag-Pol, PRev and
pVSVG. According to the mouse mmu-miR-4905p (MIMAT0017261) gene sequence in the miBase
database (5’-CCAUGGAUCUCCAGGUGGGU-3’), a
pair of oligonucleotide chains containing the miR490-5p sequence and the reverse complementary
miR-145 sequence, which can form an shRNA
precursor sequence containing a stem-loop struc
ture after annealing, were designed. (Top strand:
5’-TGCTGACCCACCTGGAGATCCATGGGTTTTGGCCACT
GACTGACCCATGGATCCAGGTGGGT-3’ Bottom
strand: 5’-CCTGACCCACCTGGATCCATGGGTCAGT
CAGTGGCCAAAACCCATGGATCTCCAGGTGGGTC-3’).
The shRNA was then connected with the linearized
miRNA vector, the product was used to transform
Escherichia coli DH5α, and the recombinant plasmids
were extracted and analyzed by sequencing, and
named pcDNA6.2-EGFP-mmu-490-5p, which was then
used as a template to amplify the following primers:
(Lenti-Asc1-F: 5’-TACTGGCGCGCCGCCACCATGGTG
AGCAAGGGCGAGGA-3’;
Lenti-Pme1-R: 5’-ACTAGTTTAAACTGCGGCCAGA
TCTGGGC-3’).
The pLV-shRNA lentiviral expression vector was
generated via T4 DNA ligase, and an unrelated
negative control sequence was established in the
same manner. The above protocol was completed
by Shanghai RS Biotechnology Co., Ltd (Shanghai,
China).
4
HEK-293T cells (5 × 10 ; ATCC, Maryland, United
States) were seeded in a 6-well cell culture plate in
DMEM and incubated at 37 ℃ with 5% CO2 for 24 h.
When the cells reached 50%-70% confluence, pLVshRNA plasmids and auxiliary plasmids were cotransfected into them using Lipo3000. After 48 h of
transfection, the cell supernatant was collected for titer
determination. Gradient dilution of the supernatant
-1
-6
was performed using PBS at ratios of 10 -10 . Three
wells were used for each gradient, and 50 μL of
lentiviral diluent was placed in each well for infection.
After 48 h of infection, we recorded the number of
infected fluorescent cells at the dilution gradient where
+
the ratio of green fluorescent protein (GFP) cells was
approximately 20%, and mean values were calculated.
Lentiviral titers were calculated according to the
following formula (BT = TU/mL): TU/μL = (P × N/100
+
5
× V) × 1/DF (P = number of GFP cells, N = 10 , V
= volume of lentiviral diluent = 50 μL, DF = dilution
factor).

Reagents

Mast cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) with 10% fetal bovine serum (FBS),
phosphate-buffered saline (PBS), trypsin, penicillin/
streptomycin combination, miR-490-5p-siRNA vector,
siRNA negative lentiviral vector, blasticidin, RIPA lysate
[50 mmol/L Tris (pH 7.4), 150 mmol/L NaCl, 5 mmol/L
EDTA, 1% Triton X-100 (v/v)], protease inhibitor
cocktail, 1 mmol/L sodium vanadate and 10 mmol/L
NaF. DNA marker, agarose, EB substitute, Trizol and
cDNA reverse transcription kit were obtained from
Takara. Polymerase chain reaction (PCR) primers were
synthesized by Sangon Biotechnology (Shanghai,
China). SuperReal PreMix Plus was purchased from
Tiangen Biotechnology (Beijing, China). Mouse antiGAPDH monoclonal antibody for western blot was
obtained from Cell Signaling Technology (Danvers,
MA, United States). Anti-PAR-2 monoclonal antibody
for western blot was obtained from Abcam (Shanghai,
China). Antitryptase clonal antibody for western blot
was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, United States).

Screening for target miRNA

Based on the results of a previous high-throughput
microarray and bioinformatics analysis, TargetScan
analysis (http://www.targetscan.org) was used to
predict the target gene of the miRNA. A GO enrichment
analysis and a KEGG pathway analysis of the target
gene were subsequently performed. Based on the
results of the bioinformatics analysis, we searched
miRDB and miRBase to query the specific features of
target genes of interest. Our selection criteria for the
target miRNA were as follows: (1) it is abnormally
[22]
expressed in IBS-D patients ; (2) the biological
function of the target gene should be related to mast
cell degranulation, proliferation and apoptosis or the
signal transduction pathway or visceral sensitivity
or neurotransmitter-release associated protein or
intracellular material transportation-associated protein,
as the products of these target genes may correlate
[23]
highly with the pathogenesis of IBS ; and (3) it
exists both in human and mouse mast cells. Finally, we
choose miR-490-5p as our target miRNA.

miR-490-5p RNA interference in mast cells

Construction of the stably transfected cell line

The 3rd generation of a lentivirus vector system
containing an expression vector and 3 packaging
auxiliary plasmids was used to construct the miR490-5p recombinant silencing vector. The expression
vector contained the basic components of HIV 5 ‘LTR
and 3’ LTR as well as other auxiliary components,
CMV promoter, blasticidin markers and enhanced
green fluorescent protein (EGFP). Packaging
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Growing mast cells were seeded in 24-well plates
(30000 cells per well). After adherence and the cell
density reached 50%, the cells were transduced with
recombinant lentivirus vectors at a multiplicity of
infection (MOI) of 60. The cells were maintained at
37 ℃ in a humidified atmosphere of 5% CO2 for 24
h, and the medium was then changed. After 48 h of
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Table 1 Primers for mmu-miR-490-5p and U6
mmu-miR-490-5p

U6

Forward
RT
Reverse
Forward
Reverse

TGGCGGCCATGGATCTCCAG
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCCAC
ATCCAGTGCAGGGTCCGAGG
CGCTTCACGAATTTGCGTGTGTCAT
GCTTCGGCAGCACATATACTAAAAT

Table 2 Primers for real-time polymerase chain reaction
Gene
Tryptase
PAR-2
U6

Forward/reverse primer

PCR product, bp

Gene bank No.

GCCTCTCCCACCTCCTTATC/GGTATTTCCAGCACACAGCA
AGTTCTCTGCGTCCATCCTC/GGGTGTTTCTTCTTCGTTCG
CGCTTCACGAATTTGCGTGTGTCAT/ATCCAGTGCAGGGTCCGAGG

145
139
106

NM_010781.3
NM_007974.4
NM-0012042741

transfection, the transfection efficiency was assessed
by inverted fluorescence microscopy. Thereafter,
positively transfected cells were selected by adding
blasticidin to the medium at the minimal effective dose
of 6 μg/mL (the minimal effective dose was defined as
the dose at which most of the cells died within 7 d).
The efficiency of GFP expression was detected by flow
cytometry. When the expression efficiency of GFP was
more than 85%, the dose of blasticidin was replaced
by half of the minimal effective dose.

suitable for determining the level of proliferation
of mast cells. In the second step, we washed,
resuspended, and counted the cells as described
above. The cells were then seeded in 96-well plates
4
at a final concentration of 3 × 10 per mL in assay
medium and incubated at 37 ℃ in a 5% CO2 incubator.
At different time points (24 h, 48 h, 72 h), 10 μL of
CCK-8 was added to each well, and the cells were
incubated at 37 ℃ for another 4 h. The absorbance at
490 nm was read on a microplate reader.

Detection of the miR-490-5p level after silencing

Annexin V-PE/7-AAD double-staining flow cytometry for
the detection of apoptosis

Total RNA was extracted both from normal cells and
stably transfected cells using Trizol (Roche, Man
nheim, Germany) according to the manufacturer’s
instructions. Complementary DNA (cDNA) templates
were synthesized using the PrimeScript™ RT reagent
Kit (Takara, Dalian, China) after the concentration and
purity of total RNA were measured by NanoDrop. The
expression level of miR-490-5p was measured by qRTPCR. The primers used in RT-PCR are listed in Table 1.

Cell apoptosis was detected by flow cytometry (FCM)
and analyzed by CellQuest software (Becton Dickinson,
Bedford, MA, United States). The transfected and
normal cells were collected, washed three times with
6
cool PBS, and then resuspended in PBS. 1 × 10 cells
were then processed for labeling with Annexin V/7AAD
according to the PE Annexin V apoptosis detection kit
(BD Biosciences, Franklin Lakes, NJ, United States).

Cell proliferation assay

Real-time polymerase chain reaction

The cell counting kit-8 (CCK-8) assay was used to
examine cell proliferation. A standard curve was
constructed, and the cells were then washed three
times with PBS, resuspended in PBS, counted, and
diluted 1:2 geometrically. The cells were seeded in
96-well plates at different final concentrations (3 ×
4
4
4
4
4
10 , 6 × 10 , 12 × 10 , 24 × 10 , 48 × 10 per mL)
in assay medium and incubated at 37 ℃ in a 5%
CO2 incubator for approximately 2-4 h. Next, 10 μL
of CCK-8 was added to each well, and the cells were
incubated at 37 ℃. At different time points (1 h, 2
h, 3 h, 4 h), the absorbance at 490 nm was read
on a GF-M3000 microplate reader (Gaomicaihong
Analysis Instrument Company, Shandong, China).
The absorbance was used as the Y-axis, and the cell
number was used as the X-axis to draw a standard
curve and the optimal number of cells and the time
of detection were determined. In addition, using the
standard curve, we assessed whether CCK-8 was
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Real-time PCR was used to detect the mRNA level
of tryptase and PAR-2 in p815 mast cells after
transfection. Total RNA was extracted from both
normal cells and stably transfected cells using
Trizol. Total RNA was transcribed using the reverse
transcription kit after measuring the concentration of
total RNA with Nano drop. Total RNA was quantified to
1 μg. Information regarding the primers of tryptase,
PAR-2 and the endogenous control U6 are listed in
Table 2. The PCR samples were prepared in a volume
of 20 μL, containing 2 μL of cDNA diluted 1:5 with
PCR grade water, 10.4 μL of SYBR Green Supermix,
and 300 nmol/L each of the forward and reverse
primers. The PCR conditions consisted of preliminary
denaturation at 95 ℃ for 15 min, followed by 40 cycles
at 95 ℃ for 10 s, and 60 ℃ for 32 s. Melting curve
analysis was performed to confirm the specificity and
the integrity of the PCR products by the presence of
a single peak. Products were subjected to agarose
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gel electrophoresis. Expression levels of mRNA were
quantified by calculating threshold cycle values
compared with the U6 endogenous control using
2-DDCt.

that inhibition of miR-490-5P expression significantly
reduced cell viability compared with the control group
(P < 0.05). In the apoptosis test, the rate of apoptosis
was significantly higher following the inhibition of miR490-5p expression than in the control group (P < 0.05),
as shown in Figure 2.

Western blot

Total protein was extracted from p815 mast cells and
lysed in RIPA lysate [50 mmol/L Tris (pH 7.4), 150
mmol/L NaCl, 5 mmol/L EDTA, 1% Triton X-100 (v/
v), 1 × protease inhibitor cocktail, 1 mmol/L sodium
vanadate, and 10 mmol/L NaF]. Equal amounts of
total protein were separated by SDS-PAGE with a
12% resolving layer and a 4% stacking layer and
the proteins were transferred to PVDF membranes
at 300 mA for 1.5 h. After blocking in 5% nonfat
milk diluted with TBS-T for 1 h at room temperature
with shaking, the membranes were incubated with
primary antibodies (working dilution of tryptase
1:300; PAR-2 1:400) with gentle shaking overnight
at 4 ℃, washed with TBS-T (3 times for 5 min each
time) and then incubated with species-appropriate
secondary antibodies for 2 h at 37 ℃. After washing in
TBS-T (3 times for 5 min each time), the membranes
were incubated using the ECL Developer Kit in a dark
room. The efficiency of protein loading and transfer
was assessed by reprobing the membranes with an
anti-GAPDH antibody. The density of each band was
analyzed using Image J software. Expression of the
target protein band was compared with that of the
corresponding control band.

mRNA levels of tryptase and PAR-2

The mRNA levels of tryptase (P = 0.721 normal vs
null, P = 0.001 siRNA vs normal, P = 0.002 siRNA vs
null) and PAR-2 (P = 0.027 siRNA vs null, P = 0.353
normal vs null, P = 0.105 siRNA vs normal) were
higher in the siRNA group than in the normal and null
groups. In addition, the difference between the groups
was statistically significant, and all the real-time PCR
products from the three groups migrated as expected
(Figures 3 and 4).

Protein levels of tryptase and PAR-2

The expression results of the siRNA group were
compared with normal and null controls. The density
of each band was compared with the corresponding
control band and normalized to the GAPDH gene.
Elevated expression of tryptase and PAR-2 was found
in the siRNA group compared with both the normal and
null group, but there were no significant differences
between the siRNA group and the controls (P > 0.05)
(Figure 5).

DISCUSSION

Statistical analysis

In this study, we found that miR-490-5p promotes
mast cell proliferation and resistance to apoptosis.
Inhibition of miR-490-5p expression significantly
increased the mRNA level of mast cell tryptase and
PAR-2, but the protein level of tryptase and PAR-2
increased slightly, and a statistically significant
difference between the siRNA and the control groups
was not observed.
miRNAs are an abundant class of 20-22-nt noncoding single-stranded RNA and play significant roles in
[24,25]
various physiological and pathological processes
.
Many miRNAs have been shown to be associated
with IBS. We previously detected an elevation of miR490-5p in IBS-D patients. miR-490-5p is a member
of the miR-490 family. The expression and functional
role of miR-490-5p has also been reported in other
diseases. It is involved in cell proliferation, apoptosis
and the regulation of signaling pathways in different
ways. In the study by Shiqi Li, miR-490-5p was
found to be a novel tumor suppressor of bladder
[26,27]
cancer cell proliferation by targeting c-Fos
. In
renal cancer, miR-490-5p was confirmed to directly
bind to the 3’UTR of PIK3CA mRNA and reduce the
expression of PIK3CA at both the mRNA and protein
level, which further inhibited the PIK3/Akt signaling
[28]
pathway . While, the role of miRNA-490-5p in the
development and progression of IBS has not been

The experimental data are represented by the mean
± SD. SPSS 20.0 was used for data analysis. One-way
analysis of variance was used for analysis. Spearman
analysis was used for correlation analysis. A P value
less than 0.05 was considered statistically significant.

RESULTS
Transfection efficiency and miR-490-5p level after
silencing

The transfection rate was measured by flow cytometry
and the results showed that the efficiency was more
than 85% in both the siRNA group and null group. We
performed qRT-PCR to confirm the expression of miR490-5p in p815 mast cells after silencing. As shown in
Figure 1, the level of miR-490-5p in the siRNA group
was significantly decreased compared with the empty
vector group (P < 0.05).

Proliferation and apoptosis

From the results of the standard curve, we found that
when the number of cells varied between 3000 and
48000, there was a linear correlation between the
number of cells and OD value. Therefore, CCK-8 was
suitable for determining the level of proliferation of
mast cells. In the proliferation test, the results showed
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Figure 1 Transduction efficiency and the expression of miR-490-5P after transduction. A: Renderings of mast cells after lentivirus transfection, the transduction
rate in the siRNA group was almost 96%; the transduction rate in the null group was almost 86%; B: The relative expression of miR-490-5p after transduction, which
was significantly decreased in the siRNA group compared with the null group; C: Mast cell transfection efficiency detected by flow cytometry, the efficiency in each
group was more than 85%.

Caspase, apoptosis-related cysteine peptidase and
proliferation associated protein have been reported to
be involved in cell proliferation and apoptosis. In the
present study, we found that inhibition of miR-4905p significantly reduced mast cell proliferation and
promoted apoptosis. Furthermore, the level of miR490-5p was highly correlated with the mRNA level
of mast cell tryptase and PAR-2. However, why the
increase in PAR-2 and tryptase mRNA did not lead to

reported. Its target genes include CABP5: encoding
calcium binding protein 5; CAMK1D: encoding calcium/
calmodulin-dependent protein kinase ID; CASP3:
encoding caspase 3, apoptosis-related cysteine
peptidase; TNFSF18: encoding tumor necrosis factor
(ligand) superfamily, member 18; BOP1: encoding
proliferation-associated protein. Of these, both calcium
and calmodulin-dependent protein kinase were
[17,18]
highly correlated with mast cell degranulation
.
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Figure 2 Effect of miR-490-5p on proliferation and apoptosis of p815 mast cells. A: Effect of miR-490-5p on proliferation of p815 mast cells, cell viability in the
siRNA group was significantly reduced compared to the normal and null group (P < 0.05), there was no significant difference between the normal and null group; B:
Mast cell apoptosis after transfection, in the normal group the mean apoptotic index was 15.86%, in the siRNA group the mean apoptotic index was 41.19%, in the null
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Figure 3 Quantification of tryptase and protease-activated receptor 2 mRNA after normalization to the housekeeping gene U6. Significant elevation of
tryptase and PAR-2 expression was observed in the siRNA group compared with the normal and null group (P < 0.05), and no difference was observed between the
normal and null group. The fold change in mRNA expression was calculated relative to the endogenous U6 control using 2-ΔΔCt. The data are expressed as the mean
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a significant elevation in PAR-protein and tryptaseprotein remains unknown. Possible reasons are as
follows: Firstly, some other factors may be involved
in the post-transcriptional regulation or the protein
translation process. Secondly, the role of miR-490-5p
is mainly up-regulating the function of tryptase/PAR-2
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rather than affecting their expression. Thirdly, mast
cells are merely normal cells in the resting state, and
lack activating factors; however, in IBS-D patients,
mast cells are activated. This is the first time that the
role of miR-490-5p in IBS has been demonstrated,
and information on the biological role of miRNA in IBS
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Figure 4 Polymerase chain reaction products were subjected to agarose gel electrophoresis. All real-time-PCR products from the three groups migrated as
expected. T: Tryptase 145 bp; P: Protease-activated receptor 2; 139 bp; U6: 106 bp.
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Figure 5 Expression of tryptase and protease-activated receptor 2 in p815 mast cells after silencing miR-490-5p. The density of each group band was
compared with the corresponding control band and normalized to the GAPDH gene. The level of PAR-2 increased in the siRNA group, but no significant difference
was observed between the siRNA group and the controls (P > 0.05). The level of tryptase increased slightly in the siRNA group, but no significant difference was
observed between the siRNA group and the controls (P > 0.05).

which could be used for reference was limited. Previous
studies have reported that the number of intestinal
mucosal mast cells increased in IBS patients and
the mast cell tryptase/PAR-2 signal pathway played
an important role in the pathogenesis of IBS. Thus,
any factors associated with the above process are
important. In summary, although problems occurred in
our study, which require further investigation, we can
conclude that mast cell miR-490-5p may participate in
the occurrence and development of IBS by regulating
the proliferation and apoptosis of mast cells; however,
its effect on the mast cell tryptase/PAR-2 signal
pathway is complex. The limitations in this study were
that mir-490-5p was highly correlated with mast cell
proliferation and apoptosis, but the specific target
gene through which miR-490-5p plays a crucial role in
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IBS remains unknown. Furthermore, the elevation of
tryptase and PAR-2 mRNA did not lead to an increase in
protein level, which should be explored. The next step
is to screen out the target gene of miR-490-5p involved
in the regulation of the above biological process using
bioinformatics analysis, selectively knockout the
target gene, and then determine the level of mast cell
tryptase and PAR-2. This may provide a new target for
the treatment of IBS.
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indirectly involved in the regulation of the mast cell-tryptase-PAR-2 signaling
pathway.

8

9

Research frontiers

A growing number of studies have reported that different miRNAs are involved
in the regulation of proliferation and differentiation of digestive tract epithelial
cells and smooth muscle cells. Recent research reported that miRNA plays an
important role in the differentiation, proliferation and functional regulation of
bone marrow mast cells in the inflammatory response. Another study reported
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miRNA-490-5p may be a new biomarker for the diagnosis of IBS and a new
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and many innovative screens reported the use of RNAi to investigate potential
drug targets.
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Abstract

Institutional review board statement: The study was reviewed
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AIM
To investigate the prevalence and the risk of tempo
romandibular disorders (TMDs) in patients with irritable
bowel syndrome (IBS) (including each subtype: con
stipation, diarrhoea, and mixed) compared to the
general population.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrolment.
Conflict-of-interest statement: There are no conflicts of interest
to report.

METHODS
Between January 2014 and December 2015 we
enrolled consecutively adult patients diagnosed with
IBS at the outpatient clinic of the University of Salerno
and healthy controls (HC) without IBS. At enrollment,
we analyzed all patients for the presence of TMDs
according to the Research Diagnostic Criteria for TMD.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
We enrolled 91 IBS patients (23 IBS-D, 30 IBS-C and
38 IBS-M) and 57 HC in the study. We found a higher
risk of having TMD (OR = 3.41, 95%CI: 1.66-7.01)
compared to the HC. The risk of having TMD was
independent of IBS-subtype. Multiple regression
analysis showed that facial pain was positively related
to abdominal pain and higher level of depression.
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S. Giovanni di Dio e Ruggi d’Aragona, Department of Medicine
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84084 Salerno, Italy. piovino@unisa.it

WJG|www.wjgnet.com

CONCLUSION
IBS patients had a more than three times greater
risk of TMD compared to HC. The risk of having TMD
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[8]

and their related structures . The cardinal symptoms
are pain in the TMJ and/or masticatory muscles, joint
sounds and alterations in mandibular movement.
The prevalence of TMD is recognized to be between
[9]
5% to 12% and this data has been confirmed also
[10]
in an Italian population . However, only 7% to 15%
with TMDs, ask for medical help, mainly women of
[11]
reproductive ages .
The classification of TMDs is controversial. A
diagnostic model was proposed in 1992, known as the
Research Diagnostic Criteria for Temporomandibular
[12]
Disorders (RDC/TMD) . Since its publication, the RDC/
TMD has been widely used in epidemiological, clinical
[13]
and experimental studies . Two diagnostic axes are
contemplated: axis Ⅰ establishes a diagnosis based on
clinical variables, while axis Ⅱ allows the assessment of
mandibular function, psychological status and level of
TMD-related psychosocial disability.
Previous cross-sectional research has suggested
an association between TMD and IBS, however these
studies have methodological limitations due to a selfreported TMD diagnosis or old criteria to diagnose IBS
[14-16]
as well as the small number of studied subjects
.
[17]
In 2013 Sanders et al
showed that in a group of
74 subjects with IBS symptoms the incidence of first
onset of TMD was 3 times higher, compared to the
group of 2632 subjects without IBS symptoms. In 2015
another study showed that the number of comorbidities,
IBS included, is positively associated with TMD pain
duration and intensity, whereas among all comorbidities
only the presence of specific conditions, such as
migraine and chronic fatigue syndrome, is associated
[5]
with an increase in TMD intensity and duration .
Interestingly, patients with IBS and another
functional disorder, in comparison with patients with
only IBS, have more severe IBS symptoms, a higher
rate of psychological comorbidity such as depression,
anxiety and somatization, greater impairment
of quality of life, and more illness-related work
[18,19]
absenteeism
.
To our knowledge, the association between IBS and
TMD taking into account the influence of IBS subtypes
and illness severity has still not been sufficiently
investigated. Increased awareness of the overlap
between IBS and TMD likely will result in improved
diagnoses and more effective management of both
[20]
diseases . Patients with IBS symptoms often are
treated within a narrow gastrointestinal paradigm while
clinicians ignore coexisting pain conditions, resulting in
treatment failure and perpetuation of the problem.
The aims of the study were to evaluate, firstly, the
risk of TMD determined on the basis of the RDC/TMD
in IBS patients diagnosed by the Rome Ⅲ criteria,
secondly the possible association between TMD and
IBS subtype or severity. Finally, we aimed to observe
any association between facial pain and abdominal
pain.

was similar in different IBS subtypes. IBS patients
that also fulfilled criteria for TMD seem to share along
with chronic facial and abdominal pain a significant
co-occurrence with psychiatric disorders and female
preponderance.
Key words: Temporomandibular disorders; Irritable
bowel syndrome; Chronic pain; Facial pain; Abdominal
pain; Irritable bowel syndrome severity score symptoms;
Irritable bowel syndrome predominant diarrhea; Irritable
bowel syndrome predominant constipation; Irritable
bowel syndrome mixed
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Temporomandibular disorders (TMD) seem
to occur more frequently in patients with irritable
bowel syndrome (IBS). In this study we analyzed all
patients for the presence of TMD according to the
Research Diagnostic Criteria for Temporomandibular
Disorders. Based on our results, IBS patients had a
more than three times greater risk of TMD compared
to healthy controls. The risk of having TMD was similar
in different IBS subtypes. IBS patients that also fulfilled
criteria for TMD seem to share along with chronic facial
and abdominal pain a significant co-occurrence with
psychiatric disorders and female preponderance.
Gallotta S, Bruno V, Catapano S, Mobilio N, Ciacci C, Iovino
P. High risk of temporomandibular disorder in irritable bowel
syndrome: Is there a correlation with greater illness severity?
World J Gastroenterol 2017; 23(1): 103-109 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i1/103.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i1.103

INTRODUCTION
Irritable bowel syndrome (IBS) is a common chronic
functional disorder of the lower gastrointestinal tract
characterized by chronic pain or discomfort in the
[1]
abdomen associated with altered bowel habits .
Patients with IBS often complain of a variety of
other GI (i.e., dyspepsia) and non-GI symptoms
(i.e., migraine headaches, fatigue, sleep problems,
dizziness, depression, anxiety, irritability, lower
urinary tract symptoms and many IBS patients meet
[2]
diagnostic criteria for other functional disorders ,
[3]
such as fibromyalgia (FM) , interstitial cystitis/
[4]
[5]
painful bladder syndrome (IC/PBS) , migraine ,
temporomandibular disorders (TMDs). However, the
association between IBS and TMDs is still relatively
[6,7]
unexplored .
TMDs are a heterogeneous group of diseases
of the stomatognathic system that involve the
temporomandibular joint (TMJ), masticatory muscles
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for TMD. The following elements were considered in
the assessment of TMD: each patient’s responses to
the validated subjective-symptoms questionnaire, an
interview that included the patient’s detailed medical
history, and the results of a physical examination.
The history questionnaire included questions about
prior trauma to the head and neck, awareness of
bruxism, various diurnal and nocturnal parafunctional
habits, muscle fatigue, locking, clicking, or crepitation
in the temporomandibular joint during mandibular
function, impaired mandibular movement, pain
during mandibular function or while at rest, and prior
treatment for TMD.
The clinical examination of RDC/TMD axisⅠconsisted
of the evaluation of masticatory muscles (temporal,
masseter, medial, and lateral pterygoid), the temporo
mandibular joint, the range of mandibular movement
in opening, lateral, and protrusive excursions, and
temporomandibular joint sounds. Manual palpation
has been reported as the technique most commonly
used to assess muscle pain; thus the examination
of masticatory muscles was performed via bilateral
manual palpation.
Instead, the RDC/TMD axis Ⅱ has permitted
the severity of chronic pain to be rated by means of
the Graded Chronic Pain Scale (GCPS). The GCPS
comprises the assessment of seven items assessed:
3 items assessing the intensity of pain on a 10 point
scale, including the current pain; 3 items assessing
the impact of pain on a 10 point scale; and one item
regarding the number of days of inability due to facial
pain. The scoring criteria are simple to use and allow
the categorization of pain into five levels of painrelated impairment (Table 1).
Furthermore, the RDC/TMD axis Ⅱ has dealt with
the assessment of depression and somatization levels
by means of the depression and somatization scales
[23]
of the Symptom Checklist 90R (SCL-90R) . A total
of 31 items were included in the axis Ⅱ, belonging
either to the Depression and Vegetative Symptom
[24]
Scale or to the Somatization Scale . The mean scale
score is calculated by simply adding the scores of
the single item together. This allows patients to be
rated as having normal, moderate or severe levels
of impairment regarding depression and nonspecific
physical symptoms (Table 2).

Table 1 Chronic pain grade classification
Grade 0
Low disability
Grade Ⅰ
Low intensity
Grade Ⅱ
High intensity

No TMD pain in prior 6 mo
Characteristic pain intensity < 50, and less than 3
disability points
Characteristic pain intensity ≥ 50, and less than 3
disability points

High disability
Grade Ⅲ
Moderately limiting 3 to 4 disability points, regardless of characteristic
pain intensity
Grade Ⅳ
Severely limiting
5 to 6 disability points regardless of characteristic
pain intensity

MATERIALS AND METHODS
IBS patients (aged 18-65 years) were consecutively
recruited for this study from an outpatient clinic of
the University of Salerno devoted only to functional
bowel disorders and run weekly by gastroenterologists
trained in the field of functional bowel disorders (FBD).
All patients attending this clinic were referred from
general practitioners and/or other gastrointestinal
clinics. At the same time, a dentist V.B. observed all
patients recruited to this study.
For the purposes of the study, we recruited also
healthy controls (HC) among the patients’ friends and
the hospital staff, if scoring negative for IBS and with
regular bowel habit similar for age and gender to IBS
patients. Enrolment was done between January 2014
and December 2015. All subjects gave their written
informed consent and the Ethical Committee of the
University of Salerno approved the study protocol.
The diagnosis of IBS was made based on the Rome
Ⅲ criteria, together with the exclusion of any organic
disease, with complete physical examination, blood
tests, flexible sigmoidoscopy and additional tests
when indicated. Four different patterns of IBS resulted
from the predominant bowel symptom: (1) diarrhoea
predominant (IBS-D); (2) constipation predominant
(IBS-C); (3) mixed IBS (IBS-M); and (4) unsubtyped
[21]
IBS . The IBS severity score was obtained using
[22]
the severity index (IBS-SSS) . This is a validated
scoring system using easily obtained variables: current
abdominal pain by visual analog scale (VAS) of 0-100
and frequency of abdominal pain; current abdominal
distension by VAS of 0-100; the degree of satisfaction
of evacuative behavior by VAS 0-100; the degree of
IBS interference with normal work and social activities
by VAS 0-100. IBS patients were then divided into
three severity groups: mild (75 to 175), moderate
(175-300), and severe (> 300).
According to the Italian version of the RDC/
TMD criteria (Available from: http://www.rdctmdinternational.org. Accessed (1 December 2013)
all subjects from the two groups were investigated

WJG|www.wjgnet.com

Statistical analysis

Data are presented as mean ± SE, unless otherwise
indicated. P < 0.05 was considered statistically
2
significant. χ test and analysis of variance (ANOVA)
were used to compare categorical and continuous data,
respectively. The risk in IBS patients of having TMD
compared to HC was analysed using a binary logistic
regression. We then performed a subgroup analysis
to test the risk of having TMD according to each IBS
subgroup (IBS-D, IBS-C and IBS-M) using univariate
logistic models. Two multivariate linear regression
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Relationship between TMD and the type and severity of
IBS

Table 2 Depression and somatization classification
Classification

Normal

Depression
< 0.535
Nonspecific physical symptoms
< 0.500
(including the painful symptoms)
Nonspecific physical symptoms
< 0.428
(excluding the painful symptoms)

Moderate

Severe

≥ 0.535, ≤ 1.105
≥ 0.500, ≤ 1.000

> 1.105
> 1.000

≥ 0.428, ≤ 0.857

> 0.857

The risk of having TMD was similar in all three IBS
subtypes, around three times higher than HC [IBS-D
vs HC OR = 3.05 (95%CI: 1.11-8.37), IBS-C vs HC
= 3.66 (1.44-9.30), IBS-M vs HC 3.46 (1.44-8.25)].
The respective prevalence was IBS-D 52.2% - IBS-C
56.7% - IBS-M 55.3%.
Looking at the severity of IBS, there was not a
significant higher IBS-SSS score in IBS patients with
or without TMD (281.2 ± 12.5 vs 261.7 ± 17.1, P =
0.35).
There was a significant positive correlation between
the severity of chronic pain rated by means of the
GCPS and the IBS-SSS (R = 0.17, P = 0.04). When
multiple linear regression analysis was performed
the GCPS was significantly related only to gender
independent of age, IBS subtypes and IBS-SSS and
depression (Table 3).
Multiple linear regression analysis showed that
the current facial pain scoring from 0 to 10 was
significantly related to the current abdominal pain (0-10
VAS) and to higher level of depression independent of
gender, age, IBS subtypes and IBS-SSS (Table 4).

analyses were performed to analyze the relationships
between illness severity of TMD and IBS taking into
account age, sex, IBS severity, IBS subtypes and
depression. The SPSS for Windows version 12.0
statistical package (SPSS, Chicago, Ill., United States)
was used for the data analysis.

RESULTS
IBS Patients

None of the eligible patients refused to participate in
the study. We enrolled 91 consecutive IBS patients (71
females, mean age 36.6 ± 1.4 years) and 57 healthy
controls (HC) (37 females, mean age 34.2 ± 1.7
years) in the study. Gender and age distribution were
2
not significantly different among groups (χ test, P =
0.08 and Student t test, P = 0.3).
IBS patients were classified as follow: 23 (25.3%)
as IBS-D, 30 (33.0%) as IBS-C and 38 (41.8%) as
IBS-M. On the basis of IBS-SSS, in our IBS population
we had 11(12.1%) mild IBS, 41 (45.1%) moderate
and 39 (42.9%) severe IBS. The severity score was
120.0 ± 7.0 in mild IBS patients, 247.9 ± 6.8 in
moderate IBS patients, and 361.3 ± 6.9 in severe IBS
patients.

DISCUSSION
Our results showed that IBS patients had a TMD risk
more than three times greater than HC. This increased
risk is independent of any specific IBS subtype. Facial
pain was positively related to abdominal pain and
higher level of depression.
Studies on the association between TMD and
[14]
IBS are scarce. In 1998 Korszun et al
reported
the presence of IBS in 46% of 39 patients who self[15]
reported TMD diagnosis. In 2000 Aaron et al
showed that IBS was present in 64% of 25 TMD
patients, however diagnosis of IBS was made using
[16]
the Manning criteria. In 2001, Jones et al presented
at DDW an abstract in which the presence of selfreported TMD diagnosis was 16% in 270 patients with
[17]
IBS. Recently, in 2013 Sanders et al in the multi-site
OPPERA project performed a continuing prospective
cohort study purposefully designed to investigate the
etiology of first-onset TMD and variation in its genetic,
biological and psychosocial determinants. Applying a
rigorous methodology together with the large size of
the study they demonstrated that incidence of first
onset TMD was 3 times higher in people with IBS on
enrolment as in people without IBS. IBS predicted
first-onset TMD after adjustment for demographic
characteristics and pain disorders; however their
effects were rendered statistically non significant in
the presence of other overlapping conditions. In this
study the assessment of irritable bowel syndrome
(IBS) symptoms was based on Rome Ⅲ criteria using
two questions (52 and 53) that asked about bowel
movements and the experience of discomfort or pain

Risk of TMD in IBS compared to HC

According to the RDC/TMD classification criteria,
the IBS group had a greater than three times risk
of having TMD (OR = 3.41, 95%CI: 1.66-7.01),
compared to HC. In fact, TMD was diagnosed in 50
2
(54.9%) IBS patients and 15 (26.3%) HC (χ test, P =
0.001).
IBS patients compared to HC had significantly more
facial pain (37.4% vs 19.3%, P = 0.02), TMJ locking
(13.2 vs 3.5, P = 0.05) and TMJ clicking (41.8 vs 17.5,
P = 0.002). TMJ crepitation was higher although it
does not reach statistical significance (20.9 vs 10.5, P
= 0.10).
From the RDC/TMD axis Ⅱ the severity of
chronic pain rated by means of the GCPS in IBS was
grade Ⅰ low intensity in 22.0%, grade Ⅱ in 12.1%
and grade Ⅲ in 2.2%. IBS patients compared to HC
had a significantly higher score of depression (0.95 ±
0.6 vs 0.62 ± 0.7, P = 0.001), of nonspecific physical
symptoms (including the painful symptoms) (1.28
± 0.1 vs 0.6 ± 0.06, P < 0.001) and of nonspecific
physical symptoms (excluding the painful symptoms)
(1.1 ± 0.08 vs 0.5 ± 0.07, P < 0.001).
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Multiple regression
regression analysis;
analysis; the
the chronic
Chronicpain
Paingrade
Grade
scale
age,
gender,
depression,
IBS-symptom
severity scale and
Table 3 Multiple
scale
byby
age,
gender,
depression,
irritable
bowel syndrome-symptom
severity scale and irritable bowel syndrome subtypes
Unstandardized coefficients

β

SE

Constant

-0.220

0.530

Age
Gender
Depression
IBS-SSS
IBS subtypes

-0.007
0.436
0.352
-0.034
0.032

0.007
0.204
0.184
0.124
0.109

Standardized
coefficients

t

Significance
Lower

Upper

-0.414

0.680

-1.274

0.834

-1.124
2.132
1.911
-0.274
0.292

0.264
0.036
0.059
0.785
0.771

-0.020
0.029
-0.014
-0.280
-0.185

0.006
0.842
0.718
0.213
0.249

β

-0.121
0.229
0.201
-0.290
0.031

95%CI

Dependent variable: Chronic pain grade scale. IBS: Irritable bowel syndrome.

Table 4 Multiple regression analysis; facial pain by age, gender, abdominal pain, depression, irritable bowel syndrome-symptom
severity scale and irritable bowel syndrome subtypes
Unstandardized coefficients

Costant
Age
gender
Abdominal pain VAS
IBS-SSS
Depression classification
Subtypes di IBS e HC

β

SE

-0.891
-0.001
0.292
0.220
-0.485
0.473
0.204

0.720
0.012
0.338
0.083
0.274
0.189
0.200

Standardized
coefficients

t

Significance

-1.239
-0.104
0.866
2.644
-1.770
2.501
1.019

0.217
0.917
0.388
0.009
0.079
0.014
0.310

β
-0.008
0.071
0.396
-0.329
0.205
0.130

95%CI
Lower

Upper

-2.314
-0.024
-0.375
0.056
-1.026
0.099
-0.191

0.531
0.022
0.960
0.384
0.057
0.848
0.598

Dependent variable: facial pain VAS (0-10). VAS: Visual analog scale; IBS: Irritable bowel syndrome; HC: Healthy controls.

to avoid a recall bias. Chronic abdominal pain is the
predominant feature in IBS. In fact the newest Rome
Ⅳ criteria published last May eliminated the term
discomfort from the diagnostic criteria and focused
[25]
only on recurrent abdominal pain .
Furthermore, psychological status has been
assessed and controlled for all subjects using RDC/
TMD axis Ⅱ by means of the 31 items belonging either
to the Depression and Vegetative Symptom Scale or to
[24]
the Somatization Scale .
There are some limitations in this study. First, the
small number of IBS patients could have affected
our results especially in the analyses of the IBSSSS association with TMD. However, facial pain is
significantly correlated to higher abdominal pain and
depression. In 2011 the Rome foundation working
team stated that the physiological factors contributing
to severity have both visceral and central nervous
system contributions. As severity increases, the central
nervous system provides a greater contribution and
this is manifest by its co-association with psychosocial
distress and comorbidities that increased symptom
[26]
reporting and maladaptive coping .
Moreover, based on the current design, we were
unable to investigate on the pathophysiological link
between IBS and TMD. For instance, patients with
[27]
both IBS and TMD are not only more pain sensitive
but also demonstrate reduced pain inhibition, possibly
because of dysfunction of endogenous pain inhibition

in the abdomen that lasted at least one day a week
[17]
during the previous three weeks .
Compared to the previous literature, our study
has taken into account several factors. Firstly, our
population was enrolled in a tertiary outpatients clinic
devoted only to functional bowel disorders and run
weekly by gastroenterologists trained in the field
of functional bowel disorders (FBD) together with a
dentist. The presence of TMD in this population of
patients with IBS and HC was evaluated according to
the RDC/TMD criteria that are worldwide-accepted
criteria for the diagnosis of these disorders. Therefore,
our study results could be more generalizable for IBS
patients seeking treatment. Secondly, to give strength
to our study, the diagnosis of IBS and its different
subtypes was based on a standardized questionnaire
according to Rome Ⅲ criteria and not on the patients’
subjective evaluation of their bowel habits. Moreover,
we took into account the severity of IBS demonstrating
a weak but significant correlation between the chronic
grade of TMD pain and IBS severity according to
[22]
Francis et al ; however, in the regression analysis this
correlation was lost taking into account other factors.
In fact, women resulted significantly related to the
chronic grade of TMD confirmed that gender is a risk
[11]
factor in TMD . Finally, facial pain that is common
in patients with TMD is strongly and positively related
to abdominal pain and higher level of depression.
We inquired about current facial and abdominal pain
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that involve the temporomandibular joint (TMJ), masticatory muscles and
their related structures. The cardinal symptoms are pain in the TMJ and/or
masticatory muscles, joint sounds and alterations in mandibular movement.

systems in accordance with the theory of a genera
lized upregulation of pain processing in chronic pain
[28]
conditions .
This may predispose to the development of other
chronic pain syndromes (i.e., IBS leading to TMD)
or may lead to the transition from a localized pain
[29]
disorder to a widespread pain disorder .
In addition, psychological symptoms were shown to
contribute to these sensory dysfunctions and may be
involved in pain modulation processes that are related
to chronic pain.
These findings could be clinically relevant, sug
gesting that in order to improve IBS symptoms other
existing comorbidities need to be assessed, probably
in interdisciplinary clinics hosting multiple health
professions.
In addition, studies about the treatment of these
co-morbid conditions have shown that a simultaneous
therapeutic approach to multiple diseases is more
[20]
effective than the separate treatment of each . Thus
a multidisciplinary therapy should be encouraged.
Likewise, future research elucidating neurobehavioral
processes underlining chronic pain is welcomed.
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Abstract

Institutional review board statement: The study design
and procedures described below were approved by the Ethics
Committee of the Affiliated Tumor Hospital of Xinjiang Medical
University (No. W-201401).

AIM
To detect the expression of trefoil factors (TFFs) and
TWIST1 in colorectal cancer (CRC) and analyze their
correlation with metastasis and survival.

Informed consent statement: All patients provided informed
written consent prior to their participation.

METHODS
This study examined the expression of TFF1, TFF3 and
TWIST1 in a total of 75 tumor samples, 47 matched
normal samples (15 cm from the lesion margin), 30
metastatic lymph nodes, and 10 liver metastatic cancer
samples from patients with CRC. The relationship
was then analyzed between the protein expression
and different clinical records. TFF1, TFF3, TWIST1,E-
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cadherin, vimentin and β-catenin mRNA and protein
expression levels were measured in colon cancer cell
lines with different metastatic potentials (HIEC, HT29,
SW620, and LoVo cells), and the correlation of the
expression levels with epithelial-mesenchymal transition
(EMT) was discussed.

and their correlation with metastatic potential and prognosis.
World J Gastroenterol 2017; 23(1): 110-120 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i1/110.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i1.110

RESULTS
It was found that 66.7% (50/75), 78.7% (59/75) and
54.7% (41/75) of tumor tissue samples exhibited
positive staining for TFF1, TFF3 and TWIST1 and so
did 27.3% (13/47), 100% (47/47) and 17% (8/47)
of adjacent normal colorectal tissues. Compared with
adjacent normal tissues, significant differences were
found in the expression of all three proteins in different
cancerous tissues (P < 0.05). Higher expression of
TFF3 and TWIST1 was significantly correlated with
lymph node metastasis (P = 0.034, P = 0.000),
advanced stage (P = 0.031, P = 0.003), and poorer
survival (P = 0.042 for the TFF3 group, P = 0.003
for the TWIST1 group). The expression of TFF3 and
TWIST1 in cancer cell lines was higher than that in
HIEC (a normal human intestinal epithelial cell line)(P
< 0.05), and the expression intensity demonstrated
a tendency to rise with increased metastatic potential
both at the protein and mRNA levels. However, TFF1
expression demonstrated the opposite tendency. It was
also observed that the expression of E-cadherin and
β-catenin tended to decrease while that of vimentin,
TWIST1 and Snail tended to rise with the increase in
metastatic potential.

INTRODUCTION
Colorectal cancer is one of the most common
cancers and a principal cause of death worldwide.
The morbidity and mortality rates of CRC continue to
increase, but the etiology is still not clear. In 2012,
1361000 new cases of CRC were reported globally,
of which 253000 (accounting for 18.6%) were in
China; notably, CRC has become the third most
[1]
common malignancy in China . Approximately one
quarter of patients have metastases when CRC is
initially diagnosed and nearly half ultimately develop
metastases; thus, the 5-year survival rate is less than
[2-3]
10% . In order to improve the prognosis of CRC,
the most important considerations are the selection of
high-risk patients with the help of the biomarkers and
the intervention in the metastases.
The trefoil factors (TFFs) are three-loop structures
that function as secretory peptides. They contain a
highly conserved motif of cysteine disulfide bonds,
which endows them with significant functional
[4-6]
stability . TFF1 is predominantly expressed in the
stomach and colon, TFF2 expression is primarily
localized in the stomach, and TFF3 expression is
[7,8]
commonly observed in the intestine . Although TFFs
have been shown to protect the gastrointestinal tract
[9,10]
against mucosal damage
, recent evidence from
experimental and clinical studies indicates a pivotal
role of TFFs in oncogenic transformation, growth, and
[11-19]
metastasis of human solid tumors
. TFF1, also
called “estrogen-inducible pS2 protein”, can be isolated
from human breast cancer and has been determined
to have prognostic significance in breast cancer
[20]
patients . TFF3 has indicated both pro-invasive and
pro-angiogenic activities in cells derived from several
[15,17,21-25]
common human solid tumors
. TFF1 and TFF3
have been found to be co-expressed particularly in
[12,26]
tumors of the human mammary gland
, where
they each regulate the expression of the other in a
[27]
positive feedback loop . Moreover, serum levels
of TFFs in patients with several cancers have been
reported as useful biomarkers for the prediction of
[28-30]
the presence of cancer
. The exact role of TFFs
in the progression of CRC and their prognostic value
have not yet been extensively expounded. Despite
that TFFs are primarily secreted by the epithelium of
the gastrointestinal tract, there are no any consensus
[31]
about if TFFs are oncogenic or anti-oncogenic .
TWIST1 is a highly conserved basic helix-loop-helix
[32]
(bHLH) protein and transcription factor . It is involved
in embryonic development in vertebrates through its
regulation of epithelial-mesenchymal transition (EMT)
[33,34]
during neural crest migration
. The EMT program is

CONCLUSION
The expression of TFF3 and TWIST1 might be asso
ciated with the survival of patients with CRC after
curative resection and might be pivotal predictors of
disease progression. TFF3 may be correlated to the
invasiveness of CRC.
Key words: Colorectal cancer; Trefoil factors; TWIST1;
Survival; Metastasis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of trefoil factors (TFFs) and
TWIST1 in colorectal cancer (CRC) and their roles in
metastasis and survival are unclear. This study involved
the preliminary examination of the expression of
TFF1, TFF3 and TWIST1 in CRC tissues and different
metastasis samples from patients and cell lines. This
study also analyzed the relationship between the
expression of these proteins and metastatic potential
and survival. It can be concluded that the expression
of TFF3 and TWIST1 in CRC might be associated with
patient survival after curative resection and may play
an active role in disease progression. Finally, TFF3 may
be correlated to the invasiveness of the CRC.
Yusup A, Huji B, Fang C, Wang F, Dadihan T, Wang HJ, Upur
H. Expression of trefoil factors and TWIST1 in colorectal cancer
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Table 1 TFF1, TFF3, and TWIST1 expression in different colorectal cancer tissues n (%)
Histology

n

TFF1
-

CRC
MNT
MLN
Liver M
Overall

75
47
30
10

25 (41)
34 (55.7)
2 (3.3)
0

+

TFF3
++

19 (35.8)
23 (67.6)
12 (22.6)
1 (2.9)
17 (32.1)
8 (23.5)
5 (9.4)
2 (5.9)
P = 0.000

+++

-

8 (57.1)
0
3 (21.4)
3 (21.4)

16 (72.7)
0
6 (27.3)
0

+

TWIST1
++

34 (55.7) 21 (38.9)
8 (13.1) 22 (40.7)
14 (23)
8 (14.8)
5 (8.2)
3 (5.6)
P = 0.000

+++

-

4 (16)
17 (68)
2 (8)
2 (8.0)

34 (34.7)
39 (41.9)
20 (21.7)
5 (5.4)

+

++

+++

18 (56.3)
16 (64)
7 (100)
7 (21.9)
1 (4.3)
0
5 (15.6)
5 (21.7)
0
2 (6.3)
3 (13)
0
P = 0.000

CRC: Colorectal cancer; MNT: Matched normal tissue; MLN: Metastatic lymph node; Liver M: Liver metastasis; TFF: Trefoil factor.

also activated in a wide variety of cancer cells as they
leave the primary tumor and colonize distant organs
[35,36]
and form metastases
. TWIST1 overexpression
induces EMT and E-cadherin repression, suggesting
that TWIST1 promotes metastasis by inducing
[37,38]
[39]
EMT
. Zhu et al
reported that TFF3 continuously
up-regulates the expression of TWIST1 in HT29 cell
line, which indicates the possible involvement of TFF3
in the process of EMT.
In this study, we detected the expression of TFF1,
TFF3 and TWIST1 in different CRC tissues and cell
lines with different metastatic potential to identify
the relationship between the protein expression and
metastatic potential and survival of CRC.

a mouse anti-human TWIST1 monoclonal antibody
(Abcam, United States, ab135180 dilution: 1:100) were
used. As a negative control, PBS was used in place
of the primary antibody. After deparaffinization and
rehydration, the sections were heated in a microwave
oven for 10 min at 100 ℃ in 10 mmol/L citrate buffer (pH
6.0). The sections were then incubated sequentially
with fresh 3% hydrogen peroxide in PBS, 10% normal
goat serum, primary antibody, biotinylated goat antirabbit IgG, and streptavidin-peroxidase; the slides
were washed with PBS three times before each step.
The visualization of the sites of peroxidase binding
was achieved with diaminobenzidine. The sections
were counterstained with hematoxylin. All slides were
interpreted by two independent observers in a blinded
fashion.

MATERIALS AND METHODS

Evaluation of immunostaining

This study included a total of 75 tumor samples,
47 matched normal controls (tissue located 15 cm
away from the lesion margin), 30 metastatic lymph
nodes, and 10 liver metastatic cancer samples from
patients with CRC. Among the 75 patients studied,
48 (64%) were men and 27 (36%) were women with
a median age of 56 years (range, 24 to 86 years).
Fifteen (20%) cases had stage Ⅰ disease, 27 (36%)
had stage Ⅱ disease, 27 (36%) had stage Ⅲ disease,
and 6 (8%) had stage Ⅳ disease (Table 1). CRC
tissues were obtained from treatment-naive patients
who underwent surgery at the Fourth Military Medical
University Hospital of Xi Jing, between 2007 and 2008.
The clinicopathologic variables and survival data were
obtained from the medical records, and the disease
stages of the patients were classified according to the
2010 UICC colorectal cancer TNM staging system.
The data were analyzed anonymously and reported.
No patients received any interventions, and personal
information was not revealed.

The immunohistochemistry results were evaluated
according to a histoscore that combines the intensity
of the immunoreaction with the scope of the positive
staining area. The intensity (I) of staining was scored
as 0 (no staining), 1 (weak), 2 (moderate), or 3
(strong). The density (D) of staining was scored as 1
(less than 10%), 2 (10%-50%), 3 (50%-80%), or 4
(80%-100%) according to the percentage of positively
stained regions in relation to the total cancer area. The
final immunohistochemical staining scores (0-12) for
each tumor were the product of I × D. Samples with I
× D ≤ 4 were considered weakly positive; those with I
× D ≥ 4 were considered strongly positive.

Cell culture

All cell culture media were purchased from HyClone,
Thermo. Three human colon carcinoma cell lines with
different invasive potentials (HT29, SW620, and LoVo)
and an immortalized human epithelial cell line (HIEC)
were gifts from the laboratory of Xi Jing, Digestive
Disease Hospital (Fourth Military Medical University).
All cell lines were maintained in RPMI 1640 growth
medium supplemented with 10% heat-inactivated fetal
bovine serum, 1% penicillin, and 1% streptomycin.
HIEC cells were also supplemented with human insulin
(0.1 U/mL).

Immunohistochemistry

Immunohistochemical staining was performed using
the streptavidin-biotin peroxidase complex with a
commercially available SP-kit (Beijing ZhongshanJinqiao
Biotechnology Limited Company, China, SP-9000). A
rabbit anti-human TFF1 monoclonal antibody (AbcamEpitomics, United States, 2801-1 dilution: 1:100), a
rabbit anti-human TFF3 monoclonal antibody (AbcamEpitomics, United States, 2816-1 dilution: 1:200), and
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The four colorectal cancer cell lines were harvested
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separately in ice-cold PBS. Total protein was extracted,
separated by SDS-PAGE, and transferred onto PVDF
membranes. The membranes were blocked with 5%
(w/v) dried skimmed milk powder in Tris-buffered
saline (blocking solution) for 1 h at room temperature.
Then, the membranes were probed with primary
antibodies against TFF1 (1/500 dilution), TFF3 (1/300
dilution), and TWIST1 (1/500) in blocking solution
overnight at 4 ℃. After a TBST wash, the membranes
were incubated with the corresponding secondary
antibody (1/2000 dilution) in blocking solution for 1 h
at room temperature. Immunoreactive proteins were
detected using enhanced chemiluminescence.

in the cytoplasm and cytomembrane (Figure 1A),
while TWIST1 staining was observed in both the
cytoplasm and nuclei of the cells (Figure 1A). TFF1
was mainly expressed in CRC cells with varying
intensity and was only occasionally expressed or was
negative in matched normal tissues (Figure 1B). TFF3
was distributed diffusely and was expressed as fine
granules in most goblet cells in normal tissues, but its
expression was decreased in the cytoplasm of CRC
cells (Figure 1A and B). We found selective expression
of TWIST1 in cancerous tissues but scarcely in their
normal counterparts (Figure 1A and B).
Among the 50 tissues that were positive for
TFF1, 19 demonstrated weak staining (38%), 23
demonstrated moderate staining (46%), and 8
demonstrated strong staining (16%) (Table 1). Among
the 59 patients with TFF3-positive cancer, 34 showed
weak staining (57.6%), 21 showed moderate staining
(35.6%), and 4 showed strong staining (6.8%) (data
not shown). Of the 41 patients with TWIST1-positive
cancer, 18 showed weak staining (43.9%), 16 showed
moderate staining (39%), and 7 showed strong
staining (17.1%) (Table 1).
Results from the assessment of TFF1, TFF3
and TWIST1 expression in primary tumor tissues,
metastatic lymph nodes, and liver metastatic tissues
are presented in Table 1. It was shown that 66.7%
(50/75), 78.7% (59/75), and 54.7% (41/75) of
samples exhibited positive staining for TFF1, TFF3 and
TWIST1, respectively. In addition, 27.3% (13/47),
100% (47/47), and 17% (8/47) of normal tissues
adjacent to colorectal CRC tissues showed positive
staining for TFF1, TFF3 and TWIST1, respectively.
Compared with normal mucosal tissues, primary
CRC tissues expressed significantly higher levels of
TFF1 and TWIST1 but a lower level of TFF3 (Table
1). No significant difference was observed in TFF3 or
TWIST1 expression between primary CRC tissues and
metastatic lymph nodes or liver metastatic tissues (P
= 0.879, P = 0.105 for TFF3 and P = 0.08, P = 0.780
for TWIST1). However, the disparity in the expression
of TFF1 between metastatic lymph nodes and primary
colorectal cancer was statistically significant (P = 0.01,
P = 0.03) (Table 2). The correlation analysis between
the expression of TFF1 and TFF3 proteins also showed
a negative correlation in CRC (P = 0.007, r = -0.312;
Table 3). We also found that the expression levels
of TFF3 were stronger in mucinous and signet-ring
cell cancers than in other cancer types, which might
illustrate that the more mucus that is secreted, the
stronger the TFF3 expression.

Quantitative real-time RT-PCR assays

The mRNA levels of target genes in colon cancer cell
lines were compared with those in the immortalized
human normal intestinal epithelial cell line (HIEC).
Quantitative real-time RT-PCR (qRT-PCR) was per
[14]
formed as previously described ; Brilliant SYBR
Green QRT-PCR Master Mix as part of a 2-Step
kit (Stratagene, La Jolla, CA, United States) was
used. The PCR amplification was performed using
a Bio-Red Real Time PCR system. The primers
used for qRT-PCR were as follows: GAPDH forward
(F): 5′-AGCCTTCTCCATGGTGGTGAA-3′, GAPDH
reverse (R): 5′-ATCACCATCTTCCAGGAGCGA-3′;
TFF1 (F): 5′-AATAAGGGCTGCTGTTTCG-3′, TFF1
(R): 5′-ACTCCTCTTCTGGAGGGAC-3′; TFF3 (F):
5′-CTGCTGCTTTGACTCCAGGAT-3′, TFF3 (R):
5′-CAGCTGGAGGTGCCTCAGAA-3′; TWIST1 (F):
5′-CATGTCCGCGTCCCACTAG-3′, TWIST1-(R):
5′-TGTCCATTTTCTCCTTCTCTGG-3′; E-cadherin (F):
5′-GAGTGCCAACTGGACCATTCAGTA-3′, E-cadherin
(R): 5′-AGTCACCCACCTCTAAGGCCATC-3′; vimentin
(F): 5′-CAGGCAAAGCAGGAGTCCAC-3′; vimentin
(R): 5′-GCAGCTTCAACGGCAAAGTTC-3′; β-catenin
(F): 5′-TGAGTGTCATGAAGTGCACAGGAG-3′,
β-catenin (R): 5′-AACAGGCTGATGGTGCCAGAG-3′;
snail (F): 5′-CGCGCTCTTTCCTCGTCA-3′, snail (R):
5′-TCCCAGATGAGCATTGGCAG-3′. The Ct (threshold
cycle) values of the target gene amplifications were
normalized to those of the GAPDH control. All reactions
were performed in triplicate in a 25-μL reaction
volume. The PCR amplification program consisted of
30 s of an initial denaturation at 95 ℃ followed by 40
cycles of PCR at 95 ℃ for 5 s, and then 60 ℃ for 30 s.
Standard curves were drawn and the relative amount
of target gene mRNA was normalized to that of
GAPDH. Specificity was verified by melt curve analysis.
The comparative CT method was used to calculate the
relative quantification of gene expression.

Expression of TFF1, TFF3 and TWIST1 in relation to
clinicopathological features

RESULTS

The results illustrating a correlation between TFF1,
TFF3, and TWIST1 expression and clinicopathological
variables are presented in Table 4. Higher expression
of TFF3 and TWIST1 was significantly correlated with

Expression of TFFs and TWIST1 in normal, primary
tumor, and metastatic tissues

The positive expression of TFF1 and TFF3 was found
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TFF1

TFF3

TWIST1

Lymph node meatastasis

Adjacent normal tissue

Cancer tissue

A

B

C

Liver metastasis

D

Figure 1 TFF1, TFF3 and TWIST1 expression trends in colorectal cancer (A), adjacent normal tissue (B), metastatic lymph node (C), and liver metastasis
(D). Compared with normal mucosal tissue, colorectal cancer tissues expressed significantly higher TFF1 and TWIST1 and lower TFF3. Compared to primary
colorectal cancer tissue, there were no statistical differences in TFF3 and TWIST1 expression in metastatic lymph node or liver metastatic tissue. But disparity in TFF1
expression between metastatic lymph node and primary colorectal cancer had statistical significance.

univariate analysis showed that the survival rate had
a close relationship with age, infiltration depth, lymph
node metastasis, distant metastasis, TFF3 expression,
TWIST1 expression, and TNM stage (P < 0.05). A
multivariate analysis demonstrated that only age,
tumor stage, and TFF3 expression were correlated
with survival (Table 5).

lymph node metastasis (P = 0.034, P = 0.000) and
advanced stage (P = 0.031, P = 0.003). In contrast,
TFF1 expression was correlated with differentiation (P
= 0.029).

Relationship between TFF1, TFF3 and TWIST1
expression and patient's survival

The survival analysis indicated that the 3- and 5-year
survival rates of the 75 patients were 71% (55 patients)
and 54% (43 patients), respectively. The overall
survival of the patients with higher TFF3 or TWIST1
expression levels was significantly less than that of
the patients with lower TFF3 or TWIST1 expression
levels (P = 0.042 for the TFF3 group; P = 0.003 for
the TWIST1 group; Figure 2A and B). TFF1 expression
demonstrated no correlation with patient survival (P
= 0.952; Figure 2D). In contrast, higher expression
of TFF3 and TWIST1 was correlated with an even
worse overall survival (Figure 2C). Furthermore, a
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Expression of TFF1 and TFF3 proteins and mRNAs
demonstrates the opposite tendency and is associated
with EMT in vitro

Based on the immunohistochemistry results, we
determined gene expression in colon cancer cell lines
with different metastatic potentials. Our results showed
that the expression levels of TFF3 and TWIST1 in cancer
cell lines were higher than those in the normal human
intestinal epithelial cell line (P < 0.05). Moreover, the
expression intensities were inclined to rise both at the
protein and mRNA levels with the increase in metastatic
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Table 2 Comparison between low and high expression of TFF1, TFF3, and TWIST1 in different colorectal cancer tissues n (%)
n

Histology
CRC
MNT
MLN
Liver M

75
47
30
10

TFF1

TFF3

TWIST1

Low

High

P value

Low

High

P value

Low

High

44 (38.6)
46 (40.4)
19 (16.7)
5 (4.4)

31 (64.6)
1 (2.1)
11 (22.9)
5 (10.4)

0.000
0.000
0.659
0.602

50 (60.2)
8 (9.6)
20 (24.1)
5 (6)

25 (31.6)
39 (49.4)
10 (12.7)
5 (6.3)

0.000
0.000
0.818
0.494

52 (40)
46 (35.4)
25 (19.2)
7 (5.4)

23 (71.9)
1 (3.1)
5 (15.6)
3 (9.4)

P value
0.001
0.0001
0.142
0.966

CRC: Colorectal cancer; MNT: Matched normal tissue; MLN: Metastatic lymph node; Liver M: Liver metastasis.

Table 3 Correlation among TFF1, TFF3 and TWIST1expression n (%)
Protein expression

TFF1
Low

TWIST1
Low
High
TFF3
Low
High

High

TFF3

P value

Low

High

31 (66)
16 (34)

20 (71.4)
8 (28.6)

P value

0.297
32 (72.7)
12 (27.3)

19 (61.3)
12 (38.7)

22 (46.8)
22 (78.6)

25 (53.2)
6 (21.4)

0.623

0.007

Table 4 Correlation between TFF1, TFF3, and TWIST1 expression and clinicopathological Characteristics of colorectal cancers n (%)
Characteristic

n = 75

TFF1
Low

Age (yr)
≤ 60
> 60
Gender
Male
Female
Histology
Adenocarcinoma
Mucinous
Differentiation
Well
Moderate
Poor
Location
Colon
Rectum
T
1
2
3
4
N
No
Yes
M
No
Yes
Staging
Ⅰ
Ⅱ
Ⅲ
Ⅳ

High

TFF3

P value

Low

High

0.299
28 (63.6)
16 (36.4)

17 (54.8)
14 (45.2)

30 (68.2)
14 (31.8)

18 (58.1)
13 (41.9)

42 (95.5)
2 (4.5)

26 (83.9)
5 (16.1)

10 (22.7)
16 (36.4)
18 (40.9)

12 (38.7)
15 (48.4)
4 (12.9)

31 (70.5)
13 (29.5)

21 (67.7)
10 (32.3)

2 (4.5)
10 (22.7)
13 (29.5)
19 (43.2)

0
9 (29.0)
7 (22.6)
15 (48.4)

26 (59.1)
18 (40.9)

13 (41.9)
18 (58.1)

41 (93.2)
3 (6.8)

28 (90.3)
3 (9.7)

9 (20.5)
17 (38.6)
15 (34.1)
3 (6.8)

6 (19.4)
10 (32.3)
12 (38.7)
3 (9.7)

TWIST1

P value

Low

High

31 (60.8)
20 (39.2)

14 (58.3)
10 (41.7)

30 (58.8)
21 (41.2)

18 (75.0)
6 (25.0)

47 (92.2)
4 (7.8)

21 (87.5)
3 (12.5)

18 (35.3)
20 (39.2)
13 (25.5)

4 (16.7)
11 (45.8)
9 (37.5)

35 (68.6)
16 (31.4)

17 (70.8)
7 (30.7)

1 (2.0)
16 (31.4)
11 (21.6)
23 (45.1)

1 (4.2)
3 (12.5)
9 (37.5)
11 (45.8)

34 (66.7)
17 (33.3)

5 (20.8)
19 (79.2)

48 (94.1)
3 (5.9)

21 (87.5)
3 (12.5)

13 (25.5)
23 (45.1)
12 (23.5)
3 (5.9)

2 (8.3)
4 (16.7)
15 (62.5)
3 (12.5)

0.368
27 (57.4)
20 (42.6)

18 (64.3)
10 (35.7)

33 (70.2)
14 (29.8)

15 (53.6)
13 (46.4)

42 (89.4)
5 (10.6)

26 (92.9)
2 (7.1)

15 (31.9)
22 (46.8)
10 (21.3)

7 (25.0)
9 (32.1)
12 (42.9)

31 (66.0)
16 (34.0)

21 (75)
7 (25)

1 (2.1)
14 (29.8)
11 (23.4)
21 (44.7)

1 (3.6)
5 (17.9)
9 (32.1)
13 (46.4)

20 (42.6)
27 (57.4)

19 (67.9)
9 (32.1)

42 (89.4)
5 (10.6)

27 (96.4)
1 (3.6)

11 (23.4)
11 (23.4)
20 (42.6)
5 (10.6)

4 (14.3)
16 (57.1)
7 (25.0)
1 (3.6)

0.369

0.840

0.146

0.089

0.134

0.475

0.029

0.397

0.136

0.802

0.234

0.411

0.545

0.847

0.651

0.143

0.246

0.034

0.484

0.000

0.267

0.917

P value

0.288

0.031

0.003

CRC: Colorectal cancer; MNT: Matched normal tissue; MLN: Metastatic lymph node; Liver M: Liver metastasis.
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Table 5 Significant predictive factors for cancer-specific survival in COX proportional-hazard analysis

Age
Gender
Histopathological type
Tumor differentiation
T
N
M
Stage
TFF1
TFF3
TWIST1

A

Univariate HR (95%CI)

P value

0.404 (0.189-0.864)
1.137 (0.565-2.287)
0.526 (0.126-2.193)
0.939 (0.611-1.445)
1.556 (1.030-2.350)
2.961 (1.954-4.485)
12.519 (4.593-34.120)
4.507 (2.706-7.507)
1.805 (0.929-3.509)
0.382 (0.178-0.819)
2.819 (1.441-5.515)

0.019
0.719
0.378
0.775
0.036
0.000
0.000
0.000
0.081
0.013
0.002

1.0

TFF3
Low expression
High expression
Low-censored
High-censored

Cumulative survival

0.8
0.6
0.4
0.2
Log-rank

0.0
0

20

B

P = 0.042
40

60

Multivariate HR (95%CI)
0.262 (0.106-0.647)
1.065 (0.450-2.519)
0.380 (0.080-1.809)
0.701 (0.395-1.246)
0.979 (0.578-1.657)
1.668 (0.716-3.889)
2.728 (0.672-11.064)
2.718 (1.003-7.368)
1.539 (0.661-3.579)
0.224 (0.085-0.593)
1.904 (0.847-4.278)

1.0

TWIST1
Low expression
High expression
Low-censored
High-censored

0.6
0.4
0.2

80

0

20

Cumulative survival

0.8
0.6
0.4
0.2

0

20

D

P = 0.000
40

60

80

60

1.0

TFF1
Low expression
High expression
Low-censored
High-censored

0.8
Cumulative survival

TFF3 and TWIST1
Low TFF3 and TWIST1
High TFF3 and TWIST1
Lower-censored
Higher-censored

Log-rank

40

t/mo

1.0

0.0

P = 0.003

Log-rank

0.0

t/mo

C

P value
0.004
0.887
0.224
0.226
0.937
0.236
0.160
0.039
0.317
0.003
0.119

0.8
Cumulative survival

Prognostic factor

0.6
0.4
0.2

80

0

t/mo

P = 0.952

Log-rank

0.0

20

40

60

80

t/mo

Figure 2 Correlation between protein expression in colorectal cancer and overall survival. The survival analysis indicated that the overall survival of the
patients with higher TFF3 or TWIST1 expression was significantly less than that of the patients with lower TFF3 or TWIST1 expression (A and B); Higher expression
of the TFF3 and TWIST1 correlated with even worse overall survival (C); TFF1 expression had no correlation with the survival (D).

potential. However, TFF1 expression demonstrated the
opposite tendency (Figure 3).
Based on the above-mentioned outcome, we
determined whether TFF1 and TFF3 expression was
related to EMT. We investigated E-cadherin, vimentin,
β-catenin and Snail, which are classic markers and
critical transcription factors of EMT in different cell
lines. It was observed that the expression levels of
TFF1 protein and mRNA were decreased and that
the expression levels of TWIST1 and TFF3 increased
gradually with the increase in the metastatic potential
of the cell lines. It was also observed that E-cadherin
and β-catenin expression tended to decrease, while
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that of vimentin, TWIST1 and Snail tended to increase
with the increase in metastatic potential (Figure 3).

DISCUSSION
Although TFFs display a number of beneficial effects in
terms of cytoprotection and restitution, these proteins
may lead to adverse outcomes when they are overexpressed in different tumor tissues. TFF1 protein
was expressed in 89% of CRCs but not in normal
[40]
mucosa , and in another study, the expression
of TFF1 was found to be focally present in 60% of
[7]
primary CRCs . Our data demonstrated that the
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Figure 3 The mRNA and protein expression of TFF1, TFF3, TWIST1, E-cadherin, vimentin, and β-catenin in colon cancer cell lines with different invasion
potentials. The expression of TFF3 and TWIST1 in cancer cell lines was higher than that in normal human intestinal epithelial cell line, and the expression intensity
was inclined to rise with the increase in metastatic potential both at protein and mRNA levels. But TFF1 expression had the opposite tendency. The TFF1 protein and
mRNA expression decreased and TWIST1 and TFF3 expression increased gradually with the increase in metastatic potential of cell lines. E-cadherin and β-catenin
expression tended to decrease, while vimentin and TWIST1 expression was inclined to rise with the increase in metastatic potential. aP < 0.05, bP < 0.01.
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TFF1 expression rate was 66.7%. The adjacent
normal tissue also exhibited a positive expression
rate of 27.3%, which is different to that mentioned
above. TFF1 also tended to be increased in adjacent
normal tissues, primary cancer tissues, and lymph
node metastases successively, which may explain the
oncogenic or pro-invasive features of TFF1. Reports
on TFF3 and TWIST1 expression in CRC are rare, and
the present data showed that their rates of positive
expression were 78.7% and 54.7%, respectively,
in cancer tissues, while adjacent normal tissues
showed positive expression rates of 100% and 17%,
respectively. TFF1 and TFF3 protein expression also
showed a negative correlation in CRC, which suggests
the possibility of mutual regulation among TFF family
members. TFF1 protein expression is increased in
gastric carcinoma with nodal metastases compared
[7,41]
with carcinomas that lack such metastases
. Our
study revealed no statistically significant association
between TFF1 expression and clinicopathological
[41]
features except for differentiation. Im et al
reported
a much higher frequency of TFF1 expression in
undifferentiated and diffuse types of gastric cancer
compared with differentiated and intestinal types of
gastric cancer. Contrary to this, TFF1 expression in
CRC showed a higher frequency in well or moderately
differentiated cases than in poorly differentiated cases.
No correlation was observed between TFF1 expression
and survival.
With regard to the clinical significance of TFF3
and TWIST1 expression, we found that higher TFF3
or TWIST1 expression was significantly correlated
with lymph node metastasis and advanced stage.
Additionally, we demonstrated that patients with
higher expression of TFF3 or TWIST1 had a lower
survival rate than those with lower expression of TFF3
or TWIST1. Therefore, it could be concluded that TFF3
and TWIST1 can be considered prognostic factors that
may be linked to poor survival of patients with CRC.
TFF1 and TFF3 have been observed to be potent
mitogens in both normal and cancer cells. The
overexpression of TFF1 and TFF3 mRNAs has been
found in all cases of ductal cancer in situ, lobular
cancer in situ, invasive lobular cancer and in 21 of
[42]
24 invasive ductal cancers tested . The migration
and invasiveness of human gastric cancer cells are
[43]
stimulated by TFF1 in a P13K-dependent manner .
TFF3 also induces a migratory and invasive phenotype
[22]
in human colon cancer cells . TWIST1 has been
confirmed to contribute to metastasis through EMT
[44]
regulation . The inhibition of TWIST1 expression
in highly metastatic mammary carcinoma cells
specifically suppresses their ability to migrate from
the mammary gland to the lung in a mouse model of
[45]
breast cancer . As for TFF3 and TWIST1 expression,
although no significant differences were observed
among primary cancers, metastatic lymph nodes
and liver metastatic tissues, statistically significant

WJG|www.wjgnet.com

differences were observed among colon cancer cell
lines with different invasion potentials by qRT-PCR and
Western blot assays.
TFF3, along with TFF1, has been used as a marker
for the detection of disseminated breast cancer
[46]
cells . The decrease in TFF1 mRNA expression and
the increase in TFF3 mRNA expression with increasing
malignancy in cell lines may suggest opposite functions
of these proteins in different types of colon cancer. The
decrease in expression of epithelial markers (E-cadherin
and β-catenin) and the increase in expression of
mesenchymal markers (vimentin, TWIST1, and Snail)
indicate that TFF3 may have some correlation with
EMT. Further experiments including overexpression or
RNA interference assays by transfection are needed to
probe this potential correlation.
The expression levels of TFF3 and TWIST1 in
CRC might be associated with patient survival after
curative resection and are independent predictors of
disease progression. In addition, simultaneous positive
expression of TFF3 and TWIST1 induces a much
worse survival rate. Therefore, it is assumed that
TFF3 and TWIST1 expression plays a vital role in the
development of CRC. Finally, TFF3 may be correlated
to the invasiveness of CRC.

COMMENTS
COMMENTS
Background

Despite that TFFs are primarily secreted by the epithelium of the gas
trointestinal tract, their role in the progression of colorectal cancer (CRC) and
their prognostic value have not been extensively expounded. TWIST1 is a key
transcription factor that regulates epithelial-mesenchymal transition (EMT).

Research frontiers

Recent evidence indicates a pivotal role of TFFs in the oncogenic trans
formation, growth and metastasis of human solid tumors.TFF1 and TFF3 are
found to co-express notably in the tumors of the human mammary gland and
co-regulate each other in a positive feedback loop. The studies also show that
TFF3 continuously up-regulates the expression of TWIST1 in HT29 cell line,
which hints the involvement of TFFs in the process of EMT.

Innovations and breakthroughs

Reports on TFFs and TWIST1 expressions in CRC and correlations with
metastasis and survival are quite rare. This research findings suggest that The
expressions of TFF3 and TWIST1 are associated with CRC patients’ survival
after a curative resection and pivotal predictors of disease progression. TFF3
may be associated with the invasiveness of the CRC.

Applications

This research outcomes indicate that TFF3 and TWIST1 expression plays a
vital role in the development of CRC and these two proteins might be important
markers for disease progression and prognosis of CRC. The correlation of
TFF3 with the EMT process may hint a potential target of CRC treatment.

Terminology

EMT is a process by which epithelial cells lose their cell polarity and cell-cell
adhesion, and gain migratory and invasive properties to become mesenchymal
stem cells; these are multipotent stromal cells that can differentiate into a
variety of cell types. EMT is essential for numerous developmental processes
including mesoderm formation and neural tube formation. EMT has also been
shown to occur in wound healing, in organ fibrosis, and in the initiation of
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metastasis for cancer progression.
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and are well organized. Each discussion presented is intriguing and has some
guiding significance for clinical practice and future research.
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AIM
To investigate the health-related quality of life (HRQoL)
of patients suffering with idiopathic inflammatory bowel
disease (IBD).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
The Greek validated version of the Short Inflammatory
Bowel Disease Questionnaire was used for evaluating
the quality of life of IBD patients. The questionnaire
was distributed to 100 consecutive patients suffering
from IBD and presenting for a clinic appointment at the
endoscopy unit of Larnaca General Hospital during the
period from October to November 2012. The criteria
for participating in this study were constituted by the
documented diagnosis of either ulcerative colitis (UC)
or Crohn’s disease (CD) after endoscopy and histologic
examination at least 6 months before the study, adult
patients (18 years old or older), the capability of verbal
communication and the patient’s written consent for
attending this study. The majority of the questionnaires
were completed by a nurse practitioner who specializes
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[1]

response . The physical history of both diseases is
characterized by relapses that can have a direct effect
[2]
on the patient’s lives and can considerably influence
[3]
their quality of life .
Activity indexes are used as a conventional way
of evaluating the severity of IBD but they do not take
into consideration other aspects that may affect the
patient’s life. As a result the indicators are proved
less sensitive and come in contrast with the patient’s
[4,5]
perception of health .
This fact led researchers to the development of
other tools to investigate the subjective sensation of
health including the quality of life that is distinctively
[4]
linked to medical care and health related experience .
The term health related quality of life (HRQoL) was
developed in order to better understand and evaluate
the consequences of the disease on quality of life.
According to Drossman this is a general estimation of
the patient’s condition regarding their disease, how it
influences their activities both in the psychological and
social sectors and the way they are experiencing these
[6]
activities .
The aim of this study was to assess the HRQoL
in patients with IBD in Cyprus by using a validated
disease-specific questionnaire and to investigate the
factors that influence their quality of life.

in IBD patient care.
RESULTS
Regarding the physical dimension in patients with UC,
males scored significantly higher than females (4.2 vs
3.4, P = 0.023). Higher scores were also observed in
UC patients younger than 35 or older than 50 years
(4.0 and 4.2 vs 3.2, respectively, P = 0.021). The
psychological dimension revealed similar results in
patients with UC, with males, and older ages scoring
higher (5.0 vs 3.0, P = 0.01 and 4.7 vs 2.7, P < 0.5,
respectively), whereas regarding CD higher scores
were observed in married compared to unmarried (3.83
vs 2.33, P = 0.042). No statistical differences in any
parameters in the social dimension were observed.
Regarding the treatment of, patients with CD, overall
higher scores were observed when treated with
biological factors compared to standard therapy in all
dimensions but with statistical significant difference in
the social dimension (5.00 vs 3.25, P = 0.045).
CONCLUSION
The study reveals a negative impact of IBD on HRQoL.
Increased risks are age and gender in patients with UC
and family status in patients with CD.
Key words: Crohn’s disease; Health related quality of
life; Quality of life; Short inflammatory bowel disease
questionnaire; Ulcerative colitis

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

The validated Greek translation of the Short Inflam
matory Bowel Disease Questionnaire (SIBDQ) was
[7]
used for estimating the quality of life of IBD patients.
It is a specific tool for measuring the quality of life
[8]
of these patients and was used after obtaining a
licensing agreement from McMaster University, United
States. The questionnaire is composed of 10 questions
measuring psychological, social and physical status
and is scored on a 7-point Likert scale from 1 (severe
problem) to 7 (no problems at all). The absolute score
ranges from 10-70, consistent with poor to optimum
HRQoL. The SIBDQ has been tested for its validity and
[7]
reliability revealing a Cronbach’s factor of 0.78 . The
Cronbach’s alpha of the present sample was 0.89 and
was judged as very satisfactory. The questionnaire
was distributed to 100 consecutive patients suffering
from IBD and presenting for an outpatient clinic
appointment at the endoscopy/GI unit of Larnaca
General Hospital during the period from October to
November 2012. The criteria for participating in this
study were a confirmed diagnosis of either UC or CD
after endoscopy and histologic examination at least
6 mo before the study, adult patients (18 years old
or older), the capability of fluent verbal communica
tion in Greek and the patient’s written consent for
participating in this study. The completion of the
questionnaires was overseen by a nurse practitioner
who specializes in IBD patient care. The study was
performed after approval by the Cyprus National
Bioethics Committee, Cyprus Data Protection

Core tip: The study reveals an overall negative impact
of idiopathic inflammatory bowel diseases on healthrelated quality of life (HRQoL), mostly in patients with
Crohn’s disease (CD). Increased risks for decreased
HRQoL are age and gender in patients with ulcerative
colitis and family status in patients with CD. This is the
first application of the validated Greek version of the
short inflammatory bowel disease questionnaire in a
patient population in Cyprus.
Tsoukka M, Jelastopulu E, Lavranos G, Charalambous G.
Estimation of quality of life in Cypriot patients with inflammatory
bowel disease. World J Gastroenterol 2017; 23(1): 121-126
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i1/121.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i1.121

INTRODUCTION
The idiopathic inflammatory bowel diseases (IBD) is
a general term used to describe a group of chronic
inflammations and relapsing disorders of the gastro
enteric route, with Crohn’s disease (CD) and ulcerative
colitis (UC) being the most common ones. These
diseases are characterized by an inadequate immune
reaction that causes a characteristic inflammatory
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Table 1 Demographic and disease characteristics of the study
population n (%)

Sex
Male
Female
Age (yr) (n = 97)
18-35
35-50
> 51
Smoking
Education
Primary or less
Secondary
Tertiary or above
Employment status
Government officials
Private employee
Self–employed
Unemployed
Family status
Married
Unmarried
Divorced
Surgery
Mean disease duration (yr)
Treatment
Immunosuppressive
treatment
Immunosuppressive
treatment + corticosteroids
Treatment with biologic
agents
Treatment with
corticosteroids

Total

CD

UC

n = 100

n = 40

n = 60

Table 2 Short inflammatory bowel disease questionnaire
score by dimension and type of disease (n = 100), mean (±
SD) n (%)

P value
0.198

54 (53.5)
46 (46.5)
39 (39.8)
28 (28.6)
30 (31.6)
32 (33.0)

61.5%
38.5%
n = 38
16 (41.0)
11 (28.2)
11 (30.8)
43.2%

48.3%
51.7%
n = 59
23 (39.0)
17 (28.8)
19 (32.2)
26.7%

17.3%
49.0%
33.7%

18.4%
42.1%
39.5%

16.7%
53.3%
30.0%

19.8%
44.8%
4.2%
31.3%

22.9%
44.4%
8.3%
25.0%

18.3%
45.0%
1.7%
35.0%

62.6%
32.3%
5.1%
20.9%
12.63%

59.0%
35.9%
5.1%
36.1%
10.28%

65.0%
30.0%
5.0%
11.7%
14.07%

65.0%

55.0%

71.7%

16.0%

12.5%

18.3%

19.0%

32.5%

10.0%

22.0%

17.5%

25.0%

Physical dimension
Psychological dimension
Social dimension
Overall SIBDQ

0.979

Crohn’s disease

Ulcerative colitis

18.53 (7.55)
10.68 (5.31)
7.92 (3.03)
33.79 (13.36)

19.52 (6.74)
11.88 (4.49)
8.63 (3.18)
36.30 (11.39)

SIBDQ: Short inflammatory bowel disease questionnaire.
0.092
0.673

Table 3 Physical Dimension scores of health-related quality
of life in patients with Crohn’s disease and ulcerative colitis
and their association to demographic parameters

0.349
Physical dimension

Gender
Male
Female
Z
P value
Age
< 35
35-50
> 50

0.822

0.004
0.118
0.019

χ2

P value

Ulcerative colitis,

median

median

3.3
3.5
-0.015
0.988

4.2
3.4
-2.274
0.023

3.1
3.8
3.8
1.232
0.540

4.0
3.2
4.2
7.767
0.021

0.023), whereas no gender difference was observed
in patients with CD. Higher scores were also observed
in ulcerative colitis patients younger than 35 or older
than 50 years compared to the age group of 35-50
years old (4.0 and 4.2 vs 3.1, respectively, P = 0.021).
Further details of the physical dimension are shown in
Table 3.
The psychological dimension revealed similar results
in patients with UC, with males, and older ages scoring
higher (5.0 vs 3.0, P = 0.01 and 4.7 vs 2.7, P = 0.5,
respectively), whereas regarding Crohn’s disease
higher scores were observed in married compared to
unmarried (3.83 vs 2.33, P = 0.042) (Table 3). Further
details of the psychological dimension are shown in
Table 4.
No statistical differences in any parameters in
both CD and UC were observed regarding the social
dimension. Regarding the treatment of patients
with CD, overall higher scores were observed when
treated with biological factors compared to standard
therapy in all dimensions but with statistical significant
difference in the social dimension (5.00 vs 3.25, P =
0.045) (Table 5).

0.375%

CD: Crohn’s disease; UC: Ulcerative colitis.

Authority and the Health Ministry Scientific Promotion
Committee.

Statistical analysis

Statistical analysis was performed using SPSS 20.0
for Windows (SPSS Inc. Chicago, IL, United States).
Categorical data were expressed as numbers with
percentages, and continuous data were expressed as
medians with a range. P values less than 0.05 were
considered to indicate statistical significance.

RESULTS
The demographic characteristics of the study popu
lation are shown in Table 1. One hundred patients
with IBD were investigated, 40% with Crohn’s disease
and 60% with ulcerative colitis. In the CD group
a predominance of men (61.5% vs 38.5%) was
observed, whereas in the UC group the proportion of
females was slightly higher (51.7% vs 48.3%).
Patients with CD scored overall lower on the
SIBDQ (Table 2). Regarding the physical dimension
in patients with ulcerative colitis, males scored
significantly higher than females (4.2 vs 3.4, P =
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Crohn’s disease,

DISCUSSION
SIBDQ is a validated instrument measuring the
subjective perception of health state and identifying
problems in IBD patients. However, quality of life
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Table 4 Psychological dimension scores of health-related
quality of life in patients with Crohn’s disease and ulcerative
colitis and their association to demographic parameters

Table 5 Scores of health-related quality of life in patients
with Crohn’s disease and ulcerative colitis in association to
medication treatment

Psychological dimension

Gender
Male
Female
Z
P value
Age
< 35
35-50
> 51

χ2

P value
Family status
Married
Single
Z
P value

Crohn’s disease,
median

Ulcerative colitis,
median

3.17
2.83
-0.456
0.648

5.00
3.00
-3.474
0.001

2.83
2.33
4.67
1.011
0.603

4.00
2.67
4.67
5.979
0.0503

3.83
2.33
6.351
0.042

4.00
3.50
-0.663
0.507

Physical
dimension
Psychological
dimension
Social
dimension

Median

Z

P value

5.00
3.20
4.67
2.67
5.00
3.25

-1.484

0.138

-1.584

0.113

-2.004

0.045

HRQoL: Health-related quality of life.

reported in other studies, revealing patients in mid
[18]
ages having lower scores . Similarly, in a Greek
study, IBD patients younger than 40 years old scored
[23]
higher in HRQoL compared to higher age groups .
Several former studies reported also an association
[24-26]
between age and HRQoL scores
. It is also worth
mentioning that in the present study the differences
in gender and age are observed mainly in patients
with ulcerative colitis with effect to female UC patients
revealing the similar low scores as females with CD.
In the physical dimension of quality of life of
patients with IBD, women gathered lower scores,
a fact that was mentioned by other researchers
[13-18]
as well
. The results of the present study are
related with the results of other studies that revealed
lower score of women with gastrointestinal diseases
[18]
compared to men . Through a number of studies
taken place among patients suffering by CD and
UC no relation was emerged in between gender
[21,22]
and HRQoL
. However, on the other hand many
studies have reported that there is a relation between
[23-26]
age and HRQoL
, a fact that is already revealed
through the present study. This correlation may result
from the concerns and aspects of daily life, work
and other factors at different stages of life with age
being an important factor reflecting in measuring the
quality of life in different age groups. Results of other
studies come in full agreement with the present study
revealing the fact that middle aged groups have lower
[18-23]
scores of HRQoL
.
The psychological dimension of this study highlights
lower scores of HRQoL in women which stands in
agreement with other studies that have reported
higher levels of anxiety and depression among women
[27]
than in male population , mentioning as well the
deep concerns of women regarding their disease and
especially the fact that they have to depend on others
[28,29]
for help
.
A number of potential interpretations and limi
tations for the results of the two dimensions of the
SIBDQ can be provided. First, low scores of HRQoL
in physical dimension may also reduce the scores of
HRQoL in the psychological dimension or conversely
and second there is a possibility of this interaction to
be an additive effect of the two dimensions presenting

HRQoL: Health-related quality of life.

measures have not been widely integrated into
routine clinical practice till now, although they seem
to be potentially useful in improving patients’ health
and delivering high quality health services that can
[9]
come up to the patients’ needs and expectations .
Furthermore, investigating the factors, which are
associated to poor HRQoL, important information
can be obtained on the way the disease influences all
aspects of a patient’s health and can also help health
professionals in dealing with these problems more
[10]
adequately .
In the present study the overall SIBDQ score as
well as the single scores in all dimensions were lower
in patients with CD, indicating thus the poorer quality
of life in these patients. Furthermore, the scores were
associated with demographic parameters such as
gender and age in UC patients and to marital status in
CD patients. In agreement with these results Mikocka[11]
Walus et al reported that 31 patients with CD had a
worse physical HRQoL compared to 33 patients with
UC.
Several studies have documented a relationship
between gender and HRQoL, pointing out female
[12-17]
patients with IBD having worse outcomes
. Possibly
the lower scores are related to the higher sensibility
of women compared to men towards gastrointestinal
[18]
symptoms . Besides surgical intervention Williet
[19]
et al
mentioned that other factors, associated
with depression and anxiety, affect IBD patients and
here mainly women as the female gender is more
susceptible to depression and anxiety. However, other
researchers did not reveal any differences between
gender regarding the HRQoL in both patients with UC
[20-22]
and CD
.
The effect of age on HRQoL in IBD was also
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independently. The low score of HRQoL in unmarried
patients may be attributed to the fact that family is
a fundamental social institution that offers security,
guidance and assistance to the members thus
providing positive affects to their health and this is
fundamental for the protection and promotion of their
mental and physical health. Other researches mention
the positive affection of the family to the progress of
[30,31]
the illness
.
The social dimension showed to be improved
by taking biological agents. According to many re
searches positive reaction was observed to CD after
[32-34]
the treatment with biological agents
. Kalafateli
reports that the use of biological factors was found to
have a negative impact on the HRQoL of all patients
with IBD in relation to the systematic symptoms of the
[35]
disease . Since the introduction of biological agents
in IBD treatment in Cyprus is relatively recent, it will
be interesting to evaluate this dynamic in a subsequent
follow up trial.

Promoting self-care of these patients, assistance in managing stress arising
from diseases through alternative techniques, appointing clinical psychologist,
creating specialized clinics with suitably trained individuals and social support
programs especially for women at the ages 35-50, are possible ways to improve
the HRQoL of IBD patients, in Cyprus.
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Abstract
AIM
To investigate the effects of depression and anxiety on
health-related quality of life (QoL) in gastroesophageal
reflux disease (GERD) patients and those suffering
from cardiac (CCP) and noncardiac (NCCP) chest pain
in Wuhan, China.

Informed consent statement: Patients provided informed
verbal consent to participate in this study and complete the
survey. All clinical data for questionnaires were obtained
anonymously and innocuously.
Conflict-of-interest statement: All authors declare that they
have no conflict of interest.

METHODS
In this cross-sectional study, a total of 358 consecutive
patients with GERD were enrolled in Wuhan, China, of
which 176 subjects had complaints of chest pain. Those
with chest pain underwent coronary angiography and
were divided into a CCP group (52 cases) and NCCP
group (124 cases). Validated GERD questionnaires were
completed, and the 36-item Short-Form Health Survey
and Hospital Anxiety/Depression Scale were used
for evaluation of QoL and psychological symptoms,
respectively.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS
There were similar ratios and levels of depression
and anxiety in GERD with NCCP and CCP. However,
the QoL was obviously lower in GERD with CCP than
NCCP (48.34 ± 17.68 vs 60.21 ± 20.27, P < 0.01).
In the GERD-NCCP group, rather than the GERD-CCP
group, the physical and mental QoL were much poorer
in subjects with depression and/or anxiety than those
without anxiety or depression. Anxiety and depression
had strong negative correlations with both physical and
mental health in GERD-NCCP (all P < 0.01), but only a
weak relationship with mental components of QoL in
GERD-CCP.

is considered the primary mechanism responsible
[4]
for chest pain without cardiac origin , commonly
known as noncardiac chest pain (NCCP). As many as
50% of NCCP patients display abnormal esophageal
[5]
acid exposure . Typical GERD symptoms, such as
heartburn and acid regurgitation, are independently
[6]
associated with NCCP , and antacid therapy is
[7,8]
usually effective for patients with NCCP . Notably,
a considerable portion (31%) of patients with cardiac
chest pain (CCP) have comorbid reflux disease,
[9,10]
according to GERD questionnaires
. It is specu
lated that the high prevalence of reflux symptoms
2+
may partly be due to the use of nitrates and Ca
[11,12]
antagonists in CCP patients
.
Comorbid psychiatric disorders, such as anxiety
and depression, are prevalent in patients with GERD,
[13]
as well as GERD-related chest pain . Approximately
60% of GERD patients reported worsening of the
[14]
symptoms during stress . Additionally, there were no
significant correlations between the severity of GERD
symptoms and the pathophysiological abnormalities
detected by 24-h pH monitoring and esophageal
manometry, further suggesting the influence of
[14]
psychiatric factors in symptom perception . It has
already been documented that stress and psychological
comorbidities may predispose individuals to be more
vigilant for physiological sensations, which may result
in enhanced response to a painful stimulus or a painful
response to an innocuous stimulus and, in some
instances, trigger or worsen chest pain of cardiac or
[5,11,15]
esophageal origin
.
NCCP patients have also been reported to ex
perience a reduced quality of life (QoL) equal to that
[15,16]
experienced by those with CCP
. Many patients
who seek emergency services for chest pain are driven
by a fear of myocardial infarction, even if they have
[11]
been diagnosed as free of heart disease . Psychiatric
disorder and fear of pain were independently associated
[15]
with mental and physical QoL, respectively . However,
the impact of depression and anxiety on QoL in GERD
patients with NCCP and CCP is far from clear because
research in this area is limited, especially in Chinese
populations. Furthermore, in many cases, a greater
emphasis is placed on the treatment of physical
symptoms, and invisible psychological disorders in these
subjects is often ignored.
In this observational study, we aimed to assess
the differences in the roles of psychological distress
on QoL in GERD patients with NCCP (predominantly
of esophageal origin) and GERD patients with CCP
(predominantly of cardiac origin). These data may
provide useful indications for the management of
GERD patients with chest pain, as an individualized
[17]
biopsychosocial model has been proposed .

CONCLUSION
High levels of anxiety and depression may be more
related to the poorer QoL in GERD patients with NCCP
than those with CCP. This highlights the importance of
evaluation and management of psychological impact
for improving QoL in GERD-NCCP patients.
Key words: Gastroesophageal reflux; Anxiety; Chest
pain; Depression; Quality of life
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Comorbid anxiety and depression and reduced
QoL are common problems in gastroesophageal reflux
disease (GERD) and those suffering from cardiac (CCP)
and noncardiac (NCCP) chest pain. In this study, the
effects of depression and anxiety on QoL in Chinese
GERD subjects with chest pain were assessed. These
data demonstrated that high levels of anxiety and
depression may have greater negative impact on poorer
QoL in GERD patients with NCCP relative to those with
CCP. Evaluation and management of the psychological
impact could be of great benefit for improving QoL in
GERD-NCCP patients.
Zhang L, Tu L, Chen J, Song J, Bai T, Xiang XL, Wang RY,
Hou XH. Health-related quality of life in gastroesophageal
reflux patients with noncardiac chest pain: Emphasis on the
role of psychological distress. World J Gastroenterol 2017;
23(1): 127-134 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i1/127.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i1.127

INTRODUCTION
Gastro-esophageal reflux disease (GERD) is a common
health problem consisting of typical symptoms such as
acid regurgitation and heartburn at least once weekly,
with a range of prevalence estimates of 2.5%-7.8% in
East Asia, 8.8%-25.9% in Europe, and 18.1%-27.8%
[1]
in North America . GERD is frequently accompanied
[2]
by chest pain , which is the most common atypical
[3]
symptom of GERD . In fact, gastroesophageal reflux

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

In this cross-sectional study, a total of 358 con
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[24]

secutive patients with GERD from the Division of
Gastroenterology, Union Hospital, Wuhan, China,
were enrolled, of whom 176 had complaints of chest
pain. Those with chest pain underwent coronary
angiography, and accordingly divided into a CCP group
(52 cases) and NCCP group (124 cases). NCCP was
defined as patients without stenoses or with stenoses
less than 30% in the epicardial coronary artery, and
[18]
those with obvious stenosis were diagnosed as CCP .
All patients provided informed verbal consent and were
invited to complete a standardized questionnaire as
detailed below. This investigation was approved by the
Local Ethical Committee for Clinical Studies in Human,
Huazhong University of Science and Technology, China.

QoL , which contained 8 dimensions [bodily pain
(BP), physical function (PF), general health (GH), rolephysical (RP), role-emotional (RE), mental health
(MH), social functioning (SF) and vitality (VT)] and
divides into two dimensions, the first four representing
a physical component score (PCS) while the last four
[24]
constituting a mental component score (MCS) . It
has good reliability and validity in the assessment of
[25]
physical and mental QoL . The score ranges from 0
to 100, and the higher score indicating a better health[5,24]
related QoL
.

Statistical analysis

Data entry was performed using EpiData 3.1, and
SPSS 18.0 was used for statistical analysis. Com
parisons of continuous variables were conducted
by one-way analysis of variance or non-parametric
Kruskal-Wallis tests, followed by the least significant
difference test or Dunnett’s T3 test for multiple
comparisons, when required. Frequency variables
were analyzed using chi-square tests. Two-tailed P <
0.05 was considered statistically significant. Spearman
correlation analysis was used to identify correlations
between psychological disorders and QoL in this study.
Multiple regression analysis was further performed to
investigate the independent factors impact on the QoL.

Questionnaire

Demographic characteristics: The self-reported
questionnaire containing general characteristics,
including age, sex, body mass index (BMI), education
and occupation, as well as living habits, including
smoking and alcohol, tea and coffee consumption, was
used to collect baseline information.
Rose angina questionnaire: A translated Rose
[16]
angina questionnaire , which had a specificity of
95%, sensitivity of 68%, and an intraclass correlation
coefficient of 0.91, was used to estimate the duration,
frequency, severity and characteristics of chest
[16,19]
pain
.

RESULTS
Demographics characteristics

Subjects with GERD-NCCP and GERD-CCP were
significantly, but not substantially, older than those
with GERD without chest pain (51.6 ± 11.4 and 61.13
± 13.66 vs 46.2 ± 11.5, P = 0.001). Compared with
GERD-NCCP patients, GERD-CCP were significantly
older (61.13 ± 13.66 vs 51.59 ± 11.44, P = 0.000).
However, there was no apparent difference in gender,
BMI, and living habits, including smoking and alcohol
intake, between these two groups (Table 1).

Gastroesophageal reflux symptom questionnaire:
Clinical presentations and comorbid disorders were
evaluated by a previously validated gastro-esophageal
[5]
reflux symptom questionnaire . On this questionnaire,
esophageal and extraesophageal symptoms related
to GERD were assessed. The frequency and severity
of symptoms were graded on a 5-point Likert scale as
[11,16,20]
previously described
. GERD was diagnosed on the
basis of characteristic symptoms, such as heartburn and
[21]
regurgitation, according to the Montreal standard . A
7-item locally validated GERD questionnaire was used
for the diagnosis of GERD, and a cut-off of 12 was
recommended for a specificity of 84% and a sensitivity
[18,22]
of 82%
.

Chest pain and GERD scores in GERD patients with or
without chest pain

GERD scores in patients with GERD, GERD-NCCP and
GERD-CCP were similar (15.26 ± 3.79, 15.73 ± 3.54
and 15.00 ± 3.44, respectively, P = 0.428) (Table 2).
Compared with GERD-NCCP patients, patients with
GERD-CCP reported greater chest pain severity, with
a significantly higher proportion having moderate to
severe chest pain (78.9% vs 69.2%, P = 0.038). Chest
pain was also more frequent in GERD-CCP patients
than GERD-NCCP patients, with a higher proportion
having chest pain attacks one or more times per week
(42.3% vs 23.4%, P = 0.046) (Table 2).

Hospital anxiety/depression scale: Depressive
and anxious symptoms were assessed using a Chinese
version of Hospital Anxiety/Depression Scale, which
has robust psychometric properties and is brief and
[23]
easy to administer . The hospital anxiety/depression
scale (HADS) consists of 14 items divided into two
21-point subscales for anxiety and depression, and a
score of ≥ 8 was considered to be abnormal for either
[5,16]
anxiety or depression
.

Depression and anxiety in GERD patients with or
without chest pain

36-item Short-Form Health Survey: The 36-item
Short-Form Health Survey (SF-36) is an extensively
used generic questionnaire for assessing health related
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There was a relatively higher proportion (43.5% and
46.2% vs 26.2%, P = 0.022 and 0.027, respectively)
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Table 1 Patient characteristics

Age (mean ± SD, yr)
Sex (male/female)
BMI (mean ± SD,
kg/m2)
Smoking, n (%)
Alcohol, n (%)

Table 3 Anxiety and depression in gastroesophageal reflux
disease patients with or without chest pain

GERD without
CP

GERD with
NCCP

GERD with
CCP

(n = 182)

(n = 124)

(n = 52)

46.16 ± 11.51
104/78 (1.33:1)
23.44 ± 4.23

51.59 ± 11.44b 61.13 ± 13.66b,d
78/46 (1.70:1) 36/16 (2.25:1)
22.97 ± 3.19
23.26 ± 3.57

39 (21.2)
48 (26.4)

37 (29.8)
26 (21.0)

HADS Depression, n (%)
(mean ± SD)
HADS Anxiety, n (%)
(mean ± SD)
HADS Depression and
Anxiety, n (%)

14 (26.9)
12 (23.1)

b

P < 0.01 GERD with NCCP or CCP vs GERD without CP; dP < 0.01, GERD
with CCP vs GERD with NCCP. BMI: Body mass index; CCP: Cardiac
chest pain; CP: Chest pain; GERD: Gastroesophageal reflux disease;
NCCP: Noncardiac chest pain.

GERD score
(mean ± SD)
Chest pain
severity, n (%)
Mild
Moderate
Severe
Incapacitating
Chest pain
frequency, n (%)
< once per
month
≥ once per
month
≥ once per week

GERD
with NCCP
(n = 124)

GERD
with CCP
(n = 52)

P value

15.26 ± 3.79

15.73 ± 3.54

15.00 ± 3.44

0.428

-

120

52

0.038

-

37 (30.8)
39 (32.5)
37 (30.8)
7 (5.9)
120

6 (11.5)
19 (36.5)
22 (42.4)
5 (9.6)
52

0.046

43 (35.8)

14 (26.9)

49 (40.8)

16 (30.8)

28 (23.4)

22 (42.3)

GERD
with CCP
(n = 52)

72 (39.6)
6.41 ± 4.76
48 (26.4)
4.72 ± 4.13
45 (24.7%)

61 (49.2)
7.00 ± 4.49
54 (43.5)a
6.86 ± 4.64b
49 (39.5%)a

19 (36.5)
6.17 ± 4.05
24 (46.2)a
6.35 ± 4.06b
23 (44.3%)a

P < 0.05, bP < 0.01, GERD with NCCP, with CCP vs GERD without CP.
CCP: Cardiac chest pain; CP: Chest pain; GERD: Gastroesophageal reflux
disease; NCCP: Noncardiac chest pain.

Table 4 Health-related quality of life in gastroesophageal
reflux disease patients with or without chest pain

Physical function
Role-physical
Bodily pain
General health
Vitality
Social functioning
Role-emotional
Mental health

GERD without
CP
(n = 182)

GERD with
NCCP
(n = 124)

97.33 ± 5.33
54.92 ± 49.75
76.52 ± 19.71
38.77 ± 17.69
60.62 ± 24.75
79.30 ± 26.06
82.51 ± 37.81
68.90 ± 24.46

84.55 ± 20.98b
51.23 ± 46.67
60.83 ± 22.99b
39.92 ± 20.64
61.33 ± 22.98
67.25 ± 25.77a
53.82 ± 47.42b
62.77 ± 21.68

GERD with
CCP
(n = 52)
55.87 ± 26.66b,d
25.48 ± 36.55b,d
54.46 ± 24.66b
40.92 ± 21.88
49.46 ± 22.66a,d
53.41 ± 19.55b,d
41.89 ± 44.37b
65.19 ± 19.73

All data are expressed as the mean ± SD. bP < 0.01, aP < 0.05 GERD with
NCCP, with CCP vs GERD without CP; dP < 0.01 GERD with CCP vs
GERD with NCCP. CCP: Cardiac chest pain; CP: Chest pain; GERD:
Gastroesophageal reflux disease; NCCP: Noncardiac chest pain.

VT and SF scores than those with GERD-NCCP (all P <
0.01) (Table 4). In general, the levels of QoL were, in
decreasing order, GERD, GERD-NCCP and then GERDCCP. Compared with GERD-NCCP subjects, the GERDCCP group had a significantly lower physical component
(44.18 ± 19.11 vs 59.13 ± 20.16, P = 0.000), mental
component (52.49 ± 19.92 vs 61.29 ± 23.14, P =
0.018) and total scores (48.34 ± 17.68 vs 60.21 ±
20.27, P = 0.000) (Figure 1).

CCP: Cardiac chest pain; CP: Chest pain; GERD: Gastroesophageal reflux
disease; NCCP: Noncardiac chest pain.

and level (6.86 ± 4.64 and 6.46 ± 4.09 vs 4.72 ±
4.13, P = 0.002 and 0.037, respectively) of anxiety
in GERD patients with NCCP and CCP than those
without chest pain; however, there was no significant
difference in anxiety levels between the NCCP and
CCP groups (6.86 ± 4.64 vs 6.46 ± 4.09, P = 0.584).
(Table 3) For depression, both proportion and level
were higher in GERD-NCCP patients than those with
GERD and GERD-CCP, but the differences did not reach
statistically significant (Table 3). These data suggested
that patients with GERD-NCCP and GERD-CCP had
equivalent levels of anxiety and depression.

QoL in patients with and without anxiety and depression

In the GERD and GERD-NCCP groups, the total SF-36
scores (Figure 2A), as well as PCS (Figure 2B) and
MCS (Figure 2C), were significantly lower in subjects
with depression, anxiety, and both depression and
anxiety than those without depression or anxiety (all
P< 0.05). However, this difference was not present in
the GERD-CCP group (Figure 2).

QoL in GERD patients with or without chest pain

Correlations between depression/anxiety and the QoL

GERD patients with NCCP had lower BP, PF, RE and
SF scores compared with those without chest pain;
however, patients with GERD-CCP had poorer QoL in
the broader aspects, including PF, BP, VT, RP, RE and
SF. Particularly, GERD-CCP patients had lower PF, RP,
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GERD
with NCCP
(n = 124)

a

Table 2 Gastroesophageal reflux disease scores and chest
pain severity and frequency in gastroesophageal reflux disease
patients with or without chest pain
GERD
without CP
(n = 182)

GERD
without CP
(n = 182)

Anxiety had a negative correlation with PCS, MCS and
total SF-36 score in GERD (r = -0.64, -0.69 and -0.75,
respectively; all P < 0.01) and GERD-NCCP (r = -0.49,
-0.58 and -0.57, respectively; all P < 0.01) patients
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   MCS

SF-36

0

Figure 1 Health-related quality of life in gastroesophageal reflux disease
patients with or without chest pain. The physical component score (PCS),
mental component score (MCS) and total SF-36 score were highest in patients
with gastroesophageal reflux disease (GERD), followed by GERD-NCCP and
then GERD-CCP. bP < 0.01 GERD-NCCP or GERD-CCP vs GERD without CP,
d
P < 0.01 GERD-NCCP vs GERD-CCP.

Physical component summary score

B

Table 5 Influence of physical and psychological symptoms on
quality of life in gastroesophageal reflux disease patients with
chest pain: A multivariate analysis

1

GERD with CCP
1

β

P value

β

P value

-0.313
-0.299
-0.170
-0.153

0.000
0.003
0.005
0.017
0.023

-0.169
-0.077
-0.422
-0.236

0.000
0.048
0.218
0.001
0.043

C
Mental component summary score

GERD with NCCP
Constant
Anxiety
Depression
Chest pain
GERD

100

Depression

80

b, d
Total SF-36 scores

Scores of quality of life

b

Anxiety

GERD
GERD-NCCP
GERD-CCP

100

1

Standardized regression coefficient. CCP: Cardiac chest pain; GERD:
Gastroesophageal reflux disease; NCCP: Noncardiac chest pain.

(Figure 3A). Similarly, depression was also negatively
correlated with PCS, MCS and total QoL score in
GERD (r = -0.61, -0.71 and -0.74, respectively; all
P < 0.01) and GERD-NCCP (r = -0.57, -0.57 and
-0.60, respectively; all P < 0.01) patients. (Figure 3B)
However, anxiety had only a weak negative relation
with MCS (r = -0.32, P < 0.05) in GERD-CCP patients,
as did depression (r = -0.28, P < 0.05) (Figure 3).

100

GERD + NCCP

b

   GERD + CCP

b

80
60
40
20
0

GERD

GERD + NCCP
b

100

   GERD + CCP

b

80
60
40
20
0

GERD

GERD + NCCP

   GERD + CCP

Figure 2 Health-related quality of life among gastroesophageal reflux
disease patients with or without anxiety and depression. Total SF-36
scores (A), physical component (PCS) (B) and mental component (MCS)
(C) scores were much lower in subjects with anxiety, depression, and both
anxiety and depression than in those without anxiety and depression for both
GERD and GERD-NCCP patients, while this difference was not present in
GERD-CCPpatients. bP < 0.01, subjects without anxiety and depression vs
subjects with anxiety, with depression, and with both anxiety and depression.
CCP: Cardiac chest pain; GERD: Gastroesophageal reflux disease; NCCP:
Noncardiac chest pain.

Influence of physical and psychological symptoms on
QoL in GERD patients with chest pain

The results of multiple analysis showed that anxiety,
depression, GERD and chest pain were independent
factors influencing the QoL of GERD patients with CCP
and NCCP (the coefficient of determination reaches
0.675 and 0.682, respectively) (Table 5). In GERD
patients with NCCP, the influence of anxiety (β =
-0.313, P = 0.003) and depression (β = -0.299, P =
0.005) on the QoL were higher than chest pain (β =
-0.170, P = 0.017) and GERD (β = -0.153, P = 0.023).
On the contrary, the effects of chest pain (β = -0.422,
P = 0.001) and GERD (β = -0.236, P = 0.043) on the
QoL were dominant factors in GERD patients with CCP.
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GERD

DISCUSSION
In this study, the influences of anxiety and depression
on health-related QoL of GERD patients with CCP
and NCCP were assessed. These data demonstrated
that high levels of depression and anxiety, and
impaired QoL were prevalent in GERD patients with
CCP and NCCP. Importantly, anxiety and depression

131

January 7, 2017|Volume 23|Issue 1|

Zhang L et al . Psychological distress and QoL in NCCP
GERD

Correlations between
anxiety and QoL (r)

A

PCS

Correlations between
depression and QoL (r)

   MCS

[26]

to GERD . The effect of psychosocial factors on the
[5,9,13]
pathogenesis of NCCP is also widely accepted
.
These psychological and emotional factors may affect
[14]
how patients perceive their symptoms . This may
partially explain why even slight physiologic stimuli
can be interpreted as major symptoms by patients
and significantly affect QoL, resulting in dissatisfaction
[14,30]
with conventional treatment
. However, there was
no difference in the levels of depression and anxiety
between GERD-CCP and GERD-NCCP patients. Despite
their lack of cardiac complications, NCCP patients
had equivalent psychiatric morbidity, functional im
pairment, and medical utilization when compared to
[31]
patients with CCP .
This study focused on the role of psychological
distress on lower QoL in GERD patients with NCCP and
CCP. This action may be different between two groups:
(1) in the GERD-NCCP group, but not the GERD-CCP
group, physical and mental QoL were much lower in
subjects with depression and/or anxiety than those
with normal mental status; (2) anxiety and depression
exhibited strong negative correlations with QoL in
GERD-NCCP patients, while both demonstrated a
weak correlation only with the mental components of
QoL in GERD-CCP patients; and (3) the independent
influence of anxiety and depression on the QoL were
stronger than chest pain in GERD-NCCP patients, while
chest pain and gastroesophageal reflux were dominant
factors in those with CCP. This further suggests that
psychological distress plays a more important role in
the determination of QoL in GERD patients with NCCP
than those with CCP.
Physiological symptoms and psychological distress
are two important factors with the potential to
substantially affect QoL. As described above, there was
a much poorer QoL in GERD-CCP than GERD-NCCP
patients, but the levels of anxiety and depression
between these two groups were analogous. This may
be due to the fact that chest pain and associated
symptoms of cardiac origin, rather than anxiety and
depression, were stronger factors determining the
QoL in CCP patients. On the contrary, relative to
subjects with actual cardiac disorders, NCCP patients
may experience more cardiac sensations, behavior
[31-33]
restriction and illness vigilance
. In GERD-NCCP
subjects, psychiatric distress, which is idiopathic or due
to a long-term mental burden of disease, may play
a greater important role in determining QoL. Thus,
psychological and cognitive intervention may be of
great benefit for QoL improvement in the condition of
GERD with NCCP.
In conclusion, anxiety and depression, relative
to physical illness, may play significant roles in
determining the QoL of GERD patients with NCCP.
However, in those with GERD-CCP, cardiac chest pain
may play a more dominant role in QoL, even with high
levels of comorbid depression and anxiety. Therefore,
in addition to excluding the cardiac lesion and dealing
with the organic illness, we should highlight the

GERD + CCP
SF-36

-0.0
-0.07
-0.2

-0.21
-0.32

-0.4
-0.6
-0.8

B

GERD + NCCP

a
-0.49
b

-0.57
b

-0.58
b

-0.64
b

-0.69
b

PCS

-0.75
b

   MCS

SF-36

-0.0
-0.2

-0.16
-0.28

-0.4
-0.6
-0.8

-0.25

a
-0.57
-0.61
b
b

-0.57
b
-0.71
b

-0.60
b
-0.74
b

Figure 3 Correlations between psychological distress and quality of life
in GERD patients with or without chest pain. Anxiety (A) and depression (B)
were negatively correlated with physical component (PCS), mental component
(MCS) and the total SF-36 scores in GERD and GERD-NCCP patients;
however, there was only a weak negative correlation with MCS in GERD-CCP
patients. The r represents the correlation coefficient. aP < 0.05, bP < 0.01 for the
correlation coefficient.

may contribute differently to the QoL status in GERD
patients with NCCP and with CCP.
Impairments of health-related QoL in patients
with GERD, as well as those with NCCP and CCP, have
[18,26-28]
been reported previously
. We demonstrated
that GERD patients with chest pain had much poorer
mental and physical QoL scores than those without
chest pain. This difference may be partly because
chest pain may be an alarm signal for fatal illness,
which may contribute to high levels of psychological
[3,5]
burden , and exacerbate the problem; however, it
has been reported that the decreased QoL in patients
with NCCP was equivalent to that in those suffering
[29]
from CCP . In this study, GERD-CCP patients
displayed a much poorer QoL (both mental and
physical) in comparison with GERD-NCCP ones. This
suggests that the functional activity of GERD patients
with CCP, which is usually accompanied by a more
serious and potentially fatal chest pain, was more likely
to be influenced by true heart trouble.
Physical symptoms, particularly chest pain, may also
have a negative influence on mental status. There was
a relatively higher proportion and level of psychiatric
distress, and particularly anxiety symptoms, in GERD
patients with NCCP or CCP relative to those without
chest pain. In fact, depression and anxiety are two of
the most common psychological symptoms related
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importance of the identification and management of
psychological impact in improving QoL in GERD-NCCP
patients. Moreover, because patients in this study were
predominately treated in a comprehensive medical
center in Central China, conditions may be different to
those visiting a primary physician. It should be more
reasonable if a multi-center and widely covered survey
could be conducted.
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Noncardiac chest pain (NCCP) is the most common atypical symptom of
gastroesophageal reflux disease (GERD). Notably, a considerable portion of
patients with cardiac chest pain (CCP) also have comorbid reflux disease.
Comorbid psychiatric disorders, such as anxiety and depression, and impaired
quality of life (QoL) are prevalent in GERD patients, as well as GERD-related
chest pain. However, the impact of psychological factors on QoL in GERD
patients with NCCP and CCP is far from clear because research in this area is
limited, especially in Chinese populations. In this observational study, we aimed
to assess the differences in the roles of psychological distress on QoL in GERD
patients with NCCP and those with CCP.
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The cause of impaired QoL in GERD and NCCP patients is complicated and
multifactorial; besides the physiological dysfunction, psychological factors may
not be ignored. Although proton pump inhibitors are now the dominant treatment
for GERD and GERD with NCCP, it is not always effective. Interventions
pointed at psychological disorders may be of great benefit on improving the
QoL of these subjects. So, it is necessary to evaluate the roles of psychological
factors on QoL.
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This study demonstrated that high levels of depression/anxiety and impaired
QoL were prevalent in GERD patients with CCP and NCCP. Importantly, anxiety
and depression, relative to physical illness, may play a more significant role
in determining the QoL in GERD patients with NCCP. However, in those with
GERD-CCP, cardiac chest pain may play a more dominant role in QoL, even
with high levels of comorbid anxiety and depression. It further confirmed the
important role of psychological factors in QoL decreasing in NCCP patients.
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Applications
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In many cases, a greater emphasis is placed on the treatment of physical
symptoms, and invisible psychological disorders in these subjects are often
ignored. This study may help clinicians to pay more attention to the importance
of identification and management of psychological impact in improving QoL in
GERD-NCCP patients.
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Terminology

NCCP: Recurrent episodes of angina-like retrosternal chest pain in patients
without cardiac origin. CCP: Retrosternal angina precipitated by exertion and
relieved by rest which due to ischaemic heart disease.
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The authors report a study on 358 consecutive patients with gastroesophageal
reflux with and without chest pain. The data suggest that depression and
anxiety is the dominant factor for quality of life while presence or absence of
cardiac disease has smaller effects.
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Abstract
AIM
To evaluate whether repeated serum measurements
of trefoil factor-3 (TFF-3) can reliably reflect mucosal
healing (MH) in Crohn’s disease (CD) patients treated
with anti-tumor necrosis factor-α (anti-TNF-α) antibodies.
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METHODS
Serum TFF-3 was measured before and after antiTNF-α induction therapy in 30 CD patients. The results
were related to clinical, biochemical and endoscopic
parameters. MH was defined as a ≥ 50% decrease in
Simple Endoscopic Score for Crohn’s disease (SES-CD).

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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RESULTS
SES-CD correlated significantly with CD clinical activity
and several standard biochemical parameters (albumin,
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invasiveness and costs . Therefore, there is a need for
new parameters that are simple and cheap to monitor
reliably MH during anti-TNF-α therapy in CD.
Trefoil factors (TFFs) are a family of mucinassociated peptides secreted by goblet cells in the
intestinal epithelium. They play an important role in
[6]
maintaining mucosal barrier integrity . It has recently
been suggested that serum levels of TFF-3 can reflect
[7]
MH in ulcerative colitis (UC) . There are, however, no
data on whether TFF-3 can play a similar role in CD.
The aim of the present study was to evaluate the
usefulness of repeated serum TFF-3 measurements for
the assessment of MH in CD patients treated with antiTNF-α antibodies.

leukocyte and platelet counts, C-reactive protein,
erythrocyte sedimentation rate, fibrinogen). In contrast,
SES-CD did not correlate with TFF-3 (P = 0.54).
Moreover, TFF-3 levels did not change significantly
after therapy irrespectively of whether the patients
achieved MH or not. Likewise, TFF-3 did not correlate
with changes in fecal calprotectin, which has been
proposed as another biochemical marker of mucosal
damage in CD.
CONCLUSION
Serum TFF-3 is not a convenient and reliable surrogate
marker of MH during therapy with TNF-α antagonists in
CD.
Key words: Adalimumab; Crohn’s disease; Infliximab;
Mucosal healing; Trefoil factors

MATERIALS AND METHODS
Patients

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patients with diagnosed CD were prospectively
enrolled to the analysis. The inclusion criteria were
as follows: (1) failure of standard pharmacological
[8]
treatment for CD according to current guidelines in
patients with Crohn’s Disease Activity Index (CDAI) ≥
300 points or with active perianal lesions; and (2) full
ileocolonoscopy with the Simple Endoscopic Score for
[5]
Crohn’s Disease (SES-CD) assessment .
For the induction therapy the patients received
either infliximab (IFX; 5 mg/kg body weight intra
venously at 0-2-6 wk) or adalimumab (ADA; 160 mg
at week 0, 80 mg at week 2 and 40 mg every other
week subcutaneously till week 12). Patients underwent
clinical, biochemical, and endoscopic assessment at
week 10 (IFX) or at week 14 (ADA). MH was defined
as at least a 50% decrease in SES-CD (endoscopic
[5]
criterion) . Clinical response to therapy was defined
[9]
as a decrease in CDAI by at least 100 points .
In addition, in some patients, fecal calprotectin
®
(FC) was measured using PhiCal Calprotectin ELISA
(Immundiagnostik, Germany), according to the
manufacturer’s recommendations, as FC is believed
to be the most useful surrogate marker of endoscopic
[10]
activity in CD .
Serum concentrations of TFF-3 were measured
®
using DuoSet Immunoassay kit (R&D Systems,
United States), as per manufacturer’s instructions in
parallel with clinical and endoscopic assessment before
(week 0) and after the induction anti-TNF-α therapy
(week 10 for IFX and week 14 for ADA). Patients who
required any change in the concomitant treatment
during the induction anti-TNF-α therapy were excluded
from the analysis.

Core tip: Mucosal healing (MH) is viewed as the holy
grail of the efficacy of anti-tumor necrosis factor-α
(anti-TNF-α) therapy for Crohn’s disease (CD), however
performance of repeated colonoscopies is questionable
for economical and safety reasons. We aimed to
assess, whether serum trefoil factor-3 (TFF-3), a
parameter engaged in maintaining mucosal integrity,
could be useful in the assessment of MH. We found no
correlation between TFF-3 and CD endoscopic activity
and fecal calprotectin. Changes in TFF-3 did not reflect
the degree to which MH was achieved. Thus, TFF-3
does not seem to be a reliable surrogate marker for MH
in CD patients undergoing anti-TNF-α therapy.
Eder P, Stawczyk-Eder K, Korybalska K, Czepulis N, Luczak J,
Lykowska-Szuber L, Krela-Kazmierczak I, Linke K, Witowski
J. Trefoil factor-3 is not a useful marker of mucosal healing in
Crohn’s disease treated with anti-TNF-α antibodies. World J
Gastroenterol 2017; 23(1): 135-140 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i1/135.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i1.135

INTRODUCTION
A great deal of data shows that mucosal healing (MH)
is the most sensitive marker of successful outcome of
therapy with anti-tumor necrosis factor alpha (anti[1]
TNF-α) antibodies for Crohn’s disease (CD) . These
drugs have the greatest potential to induce MH when
[2]
compared with other pharmacological agents . It has
been suggested that the occurrence of MH after antiTNF-α therapy predicts successful long-term clinical
remission and lower hospitalization and surgery
[3]
rates . There are, however, difficulties in rigorous
[4,5]
and practical defining MH . In this respect, repeated
endoscopy seems to be the most appropriate method,
however, its use may be limited by the associated

WJG|www.wjgnet.com

Statistical analysis

All continuous variables were checked for the normality
of distribution. As the data did not display consistently
normal distribution, they were analyzed using nonparametric statistics for paired (the Wilcoxon test)
or unpaired (the Mann-Whitney U test) data, as ap
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Figure 1 Correlation of serum trefoil factor-3 concentrations with Simple
Endoscopic Score for Crohn’s disease scores. Samples were collected from
29 patients before and after the induction therapy with anti-TNF-α agents (n
= 58). TFF-3: Trefoil factor-3; SES-CD: Simple Endoscopic Score for Crohn’s
disease.
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Figure 2 Individual changes in serum trefoil factor-3 during anti-TNF-α
therapy in patients with or without successful mucosal healing as assessed
by endoscopy. MH: Mucosal healing; TFF-3: Trefoil factor-3.
[5]

successful and unsuccessful MH, respectively) .
Full clinical and demographic patient characteristics
at baseline is presented in Table 2.
According to these criteria 18 out of 29 patients
(62%) achieved successful MH. Baseline analysis
revealed that patients with MH were younger and more
often male (Table 2). Other parameters, including
the indexes of clinical and endoscopic activity of the
disease and several conventional biochemical markers
did not differ between patients with and without
MH. There was also no formal difference between
the groups in TFF-3 levels both before and after the
intervention (Figure 2). Comparison of TFF-3 levels
before and after therapy separately for each group
revealed no significant difference in patients with MH
[(median and IQR): 13.50 (9.25-18.36) ng/mL vs
13.68 (12.33-17.26) ng/mL]. TFF-3 concentrations in
patients with no MH tended to increase slightly over
time [(median and IQR): 14.63 (10.98-19.02) vs
17.74 (13.34-22.53) ng/mL]. However, the effect was
neither significant nor consistent (Figure 2). Likewise,
there was no significant difference between the groups
in TFF-3 changes expressed in either absolute or
relative values. Moreover, the magnitude of changes
in TFF-3 did not correlate with changes in CD clinical
activity (not shown).

propriate. Categorized data were assessed with the
Fisher’s exact test. Correlations were assessed with
the use of Spearman’s rank correlation coefficient. A P
value < 0.05 was considered significant. All data were
analyzed using the GraphPad Prism 6.07 (GraphPad
Software Inc., United States).

Ethical considerations

The study was approved by the Bioethics Committee
of the Poznan University of Medical Sciences (No.
409/2013). Written informed consent was obtained
from all the participants.

RESULTS
Patients characteristics

A total of 30 patients were enrolled, with one
patient being excluded from the analysis owing to
the incompleteness of biochemical data. Firstly we
correlated SES-CD scores recorded before and after
therapy with TFF-3 levels at the same time points (Figure
1). It turned out that absolute TFF-3 concentrations in
serum did not correlate with the status of the mucosa
as assessed by endoscopy. In sharp contrast, SESCD correlated significantly with other parameters
proposed as surrogate markers of severity of the
disease (Table 1). In particular, SES-CD correlated well
- in a positive and negative manner, respectively - with
an index of clinical activity of the disease (CDAI) and
albumin levels. Other significant correlations included
leukocyte and platelet counts, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), and fibrinogen.
These observations indicated that the population of
CD patients analyzed exhibited typical and expected
[11]
responses to anti-TNF-α treatment .
Secondly in the next step, we analyzed changes in
serum TFF-3 in patients with or without MH in response
to therapy. To this end the patients were stratified
according to the magnitude of decrease in SES-CD
(with values ≥ 50% and < 50% corresponding to

WJG|www.wjgnet.com

Before

Fecal calprotectin

In 10 patients from the study group the endoscopic
assessment of the gut was coupled with the mea
surement of FC before and after therapy. The levels of
FC were found to correlate only weakly with SES-CD (R
= 0.38) and did not correlate at all with serum TFF-3
(Figure 3). Moreover, changes in TFF-3 levels over the
course of therapy were not reflected by corresponding
changes in FC (not shown).

DISCUSSION
Anti-TNF-α therapy is used more and more frequently
and at earlier stages of CD. There is however an
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Table 1 Correlation of Crohn’s disease endoscopic activity assessed by Simple Endoscopic Score for Crohn’s disease with clinical
and biochemical parameters recorded at the same time
Simple endoscopic score for Crohn’s disease vs biochemical parameters
R value
P value

CDAI

Albumin

WBC

PLT

CRP

0.66
< 0.0001

-0.62
< 0.0001

0.3500
0.0071

0.4400
0.0005

0.57
< 0.0001

Hb
-0.40
0.0018

Ferritin

Fibrinogen

ESR

0.12
0.41

0.59
< 0.0001

0.57
< 0.0001

Endoscopy was performed in 29 patients before and after the induction therapy with anti-TNF-α agents (n = 58). CDAI: Crohn’s Disease Activity Index;
WBC: White blood count; PLT: Platelets; CRP: C-reactive protein; Hb: Hemoglobin; ESR: Erythrocyte sedimentation rate; SES-CD: Simple Endoscopic Score
for Crohn's Disease.

Table 2 Clinical, biochemical and demographic characteristics of Crohn’s disease patients with or without successful mucosal healing
in response to anti-TNF-α therapy n (%)
Feature

All (n = 29)

MH-group (n = 18)

Non-MH group
(n = 11)

MH vs non-MH

Change in Simple Endoscopic Score for Crohn’s disease
over time (%)
Age (yr)
Men
Disease duration (yr)
Baseline Crohn’s disease Activity Index (n)
Baseline Simple Endoscopic Score for Crohn’s disease (n)
Baseline C-reactive protein (mg/L)
Baseline hemoglobin (g/dL)
Baseline albumin (mg/dL)
Disease location
L1 (ileal)
L2 (colonic)
L3 (ileocolonic)
Disease behavior
B1 (inflammatory)
B2 (stricturing)
B3 (penetrating)
Medications
Steroids
Azathioprine
Aminosalicylates
Anti-TNF-α agent used: adalimumab/infliximab

-55 [-72-(-37)]

-70 [-81-(-56)]

-33 [-38-(-8)]

P < 0.0001

27 (21-35)
21 (72)
6 (3-11)
319 (298-420)
15 (8-21)
9.8 (2.8-31.2)
12.9 (10.1-14)
4.2 (3.6-4.4)

22 (21-30)
15 (83)
6 (5-10)
310 (240-397)
16 (8-23)
8.7 (2.3-18.2)
12 (9.9-13.5)
4.1 (3.5-4.4)

35 (27-39)
5 (45)
6 (3-12)
348 (301-440)
12 (8-20)
18.6 (3.7-34.5)
13.1 (10.2-14.8)
4.2 (3.7-4.4)

P = 0.02
P = 0.04
P = 0.77
P = 0.26
P = 0.36
P = 0.15
P = 0.60
P = 0.84

3/29 (10)
9/29 (31)
17/29 (59)

1/18 (5)
5/18 (28)
12/18 (67)

2/11 (18)
4/11 (36)
5/11 (46)

P = 0.53
P = 0.69
P = 0.43

24/29 (83)
1/29 (3)
4/29 (14)

14/18 (78)
1/18 (5)
3/18 (17)

10/11 (91)
0/11 (0)
1/11 (9)

P = 0.62
P = 1.00
P = 1.00

19/29 (65)
15/29 (52)
28/29 (96)
17/12 (59/41)

10/18 (55)
12/18 (67)
18/18 (100)
11/7 (61/39)

9/11 (82)
3/11 (27)
10/11 (91)
6/5 (55/45)

P = 0.23
P = 0.06
P = 0.37
P = 0.51

The data are presented as medians with interquartile ranges. MH: Mucosal healing.

ongoing debate on how to best monitor its efficacy
[12]
and what should be its main therapeutic goal . While
MH is increasingly viewed as the best predictor of
short- and long-term prognosis, it is not clear whether
endoscopic assessment of MH could be replaced
by any biochemical surrogate marker that is more
[4,5]
convenient to apply in everyday clinical practice .
As a factor that plays an important role in maintaining
the integrity of intestinal mucosa, TFF-3 could be
considered as a potential candidate. TFF-3 is induced
by mucosal injury and acts to promote epithelial
[6]
repair . Although, increased expression of TFF-3 in
the inflamed mucosa was shown both in human IBD
and in animal studies, it is not certain if this reflects
[7]
IBD activity . There are only limited data on TFF-3 in
[6,7,13]
UC, and no data at all on its role in CD
. Srivastava
[7]
et al have recently demonstrated that median serum
TFF-3 concentration in UC patients without MH was
significantly higher than that in patients with MH and
healthy controls. Our study was the first ever attempt

WJG|www.wjgnet.com

to assess changes in TFF-3 in patients with CD treated
with biological agents.
While our analysis confirmed that there is a
need for new markers of CD activity (as significant
improvement in several clinical and biochemical
parameters occurred also in some patients without
appreciable MH), it failed to demonstrate that TFF-3
could serve reliably as such a marker.
Firstly, TFF-3 concentrations did not correspond
to the status of the mucosa as assessed by SES-CD.
Secondly, the direction and the extent of intestinal
changes in response to therapy did not correlate
well with changes in serum TFF-3. Although the
average levels of TFF-3 seemed to increase over time
in patients with unsuccessful MH, such increases
in TFF-3 did also occur in some patients with clear
endoscopic improvement. Conversely, some patients
with unsuccessful MH experienced a decrease in TFF-3.
Thirdly, TFF-3 levels did not correlate with the levels of
FC. To date, FC has been viewed as the most promising

138

January 7, 2017|Volume 23|Issue 1|

Eder P et al . TFF-3, mucosal healing and CD
40

25

SES-CD grading

20
10
10

R = 0.05, P = 0.85

Research frontiers

TFF-3 (ng/mL)

15

0

TFF-3

20

30

remission and lower hospitalization and surgery rates. It is crucial to find
new non-invasive parameters that could reliably reflect MH, since repeated
colonoscopies are problematic for both economical and safety reasons.

SES-CD

R = 0.38, P = 0.09

MH is hot topic in the field of therapeutic monitoring in CD, especially during
anti-TNF-α therapy, since TNF-α inhibitors have the highest potential to induce
MH.
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Trefoil factor-3 (TFF-3) is a mucin-associated peptide involved in the
maintenance of intestinal mucosal integrity. It was hypothesized that TFF-3 can
serve as a marker of MH in ulcerative colitis. Here, we have analyzed for the
first time whether TFF-3 could be useful for monitoring MH in the course of antiTNF-α therapy for CD.
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Figure 3 Correlation of fecal calprotectin with Simple Endoscopic Score
for Crohn’s disease and serum trefoil factor-3 in 10 patients assessed
before and after the induction therapy with anti-TNF-α agents (n = 20).
TFF-3: Trefoil factor-3; SES-CD: Simple Endoscopic Score for Crohn’s Disease;
FC: Fecal calprotectin.

Applications

The current study shows that serum TFF-3 is not a reliable surrogate marker of
MH in CD patients treated with anti-TNF-α agents.

Terminology

Mucosal healing - reduction or disappearance of erosions and ulcerations
in inflammatory bowel disease as a result of treatment. It predicts long-term
clinical remission and fewer complications in the course of CD.

new biomarker of the mucosal status, despite the fact
that the disease location can significantly impact on
[14-16]
how well FC correlates with MH
. Indeed, we have
observed only weak-to-moderate correlation between
FC with SES-CD in our group of patients. However, we
could not detect any significant correlation between FC
and TFF-3.
Our study has several limitations including a single
centre design and a relatively small sample size. The
latter was primarily related to a limited number of
patients on whom repeated colonoscopic examination
could be performed in a short period of time. Another
issue was how to define MH, as different algorithms
are in use. The criteria ultimately applied were strictly
in accordance with the latest recommendations
by the International Organization for the Study of
[5]
Inflammatory Bowel Disease . It is also a matter of
debate when to assess MH in CD for the first time.
There are different algorithms, however - taking into
account that current guidelines define anti-TNF-α
induction regimen as 7 doses of ADA or 3 doses of IFX
- in the majority of trials MH was initially estimated
between week 10-14 and at week 12-14 in case of IFX
[8,11,17]
or ADA, respectively
.
In conclusion, to the best of our knowledge this
is the first ever study undertaken to assess the
usefulness of serum TFF-3 for MH monitoring in CD
patients treated with anti-TNF-α antibodies. While our
observations should be validated in independent and
larger cohorts of patients, they do not support the
hypothesis that serum TFF-3 levels alone could serve
as a convenient and reliable surrogate marker of MH
during therapy with TNF-α antagonists in CD.

Peer-review

The authors present the results of a prospective study of the utility of measuring
serum TFF-3 in patients with CD for predicting mucosal healing following
induction therapy with anti-TNF agents. The results are clearly presented
and will be of interest, if only because they offer a clear message that TFF-3
performs poorly as a biomarker of mucosal healing in CD.
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CONCLUSION
Sitagliptin does not improve fibrosis score or NAS
after 24 wk of therapy. The MRI IDEAL technique may
be useful for non-invasive measurement of hepatic
steatosis.

Abstract
AIM
To evaluate the effect of sitagliptin vs placebo on
histologic and non-histologic parameters of nonalcoholic steatohepatitis (NASH).

Key words: Sitagliptin; Randomized controlled trial; Nonalcoholic fatty liver disease; Non-alcoholic steatohepatitis;
Fibrosis; Magnetic resonance imaging; Hepatic steatosis;
Insulin resistance; Platelet aggregation

METHODS
Twelve patients with biopsy-proven NASH were
randomized to sitagliptin (100 mg daily) (n = 6) or
placebo (n = 6) for 24 wk. The primary outcome was
improvement in liver fibrosis after 24 wk. Secondary
outcomes included evaluation of changes in NAFLD
activity score (NAS), individual components of NAS
(hepatocyte ballooning, lobular inflammation, and
steatosis), glycemic control and insulin resistance
[including measurements of glycated hemoglobin
(HbA1C) and adipocytokines], lipid profile including
free fatty acids, adipose distribution measured using
magnetic resonance imaging (MRI), and thrombosis
markers (platelet aggregation and plasminogen activator
inhibitor 1 levels). We also sought to determine the
correlation between changes in hepatic fat fraction
(%) [as measured using the Iterative Decomposition of
water and fat with Echo Asymmetry and Least-squares
estimation (IDEAL) MRI technique] and changes in
hepatic steatosis on liver biopsy.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Presently, there is no approved medical
therapy for non-alcoholic steatohepatitis (NASH). In
this randomized placebo-controlled trial, the effect
of sitagliptin on liver fibrosis in patients with NASH
after 24 wk was evaluated. There was no significant
improvement with the use of sitagliptin on liver
fibrosis, total non-alcoholic fatty liver disease activity
score or its individual components. Similarly, there
were no significant improvements in liver enzymes,
adipocytokines, lipid profile, thrombosis parameters,
or adipose distribution. There was a strong correlation
between hepatic fat % measured using the MRI IDEAL
technique and hepatic steatosis on liver biopsy.
Joy TR, McKenzie CA, Tirona RG, Summers K, Seney S,
Chakrabarti S, Malhotra N, Beaton MD. Sitagliptin in patients
with non-alcoholic steatohepatitis: A randomized, placebocontrolled trial. World J Gastroenterol 2017; 23(1): 141-150
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i1/141.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i1.141

RESULTS
Sitagliptin was not significantly better than placebo at
reducing liver fibrosis score as measured on liver biopsy
(mean difference between sitagliptin and placebo
arms, 0.40, P = 0.82). There were no significant
improvements evident with the use of sitagliptin vs
placebo for the secondary histologic outcomes of NAS
total score as well as for the individual components
of NAS. Compared to baseline, those patients who
received sitagliptin demonstrated improved HbA1C
(6.7% ± 0.4% vs 7.9% ± 1.0%, P = 0.02), and
trended towards improved adiponectin levels (4.7 ± 3.5
µg/mL vs 3.9 ± 2.7 µg/mL, P = 0.06) and triglyceride
levels (1.26 ± 0.43 mmol/L vs 2.80 ± 1.64 mmol/L,
P = 0.08). However, when compared with placebo,
sitagliptin did not cause a statistically significant
improvement in HbA1C (mean difference, -0.7%, P
= 0.19) nor triglyceride levels (mean difference -1.10
mmol/L, P = 0.19) but did trend towards improved
adiponectin levels only (mean difference, 0.60 µg/mL,
P = 0.095). No significant changes in anthropometrics,
liver enzymes, other adipocytokines, lipid profile,
thrombosis parameters, or adipose distribution were
demonstrated. The MRI IDEAL procedure correlated
well with steatosis scores obtained on liver biopsy in
both groups at baseline and post-treatment, and the
Spearman correlation coefficients ranged from r =

WJG|www.wjgnet.com

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the leading
cause of chronic liver disease in the United States,
[1-3]
affecting approximately 95 million adults
. The
spectrum of disease ranges from simple steatosis
[4]
to steatohepatitis with or without fibrosis (NASH) .
The pathogenesis of NASH has been associated with
not only insulin resistance, metabolic syndrome, and
[3]
diabetes but also oxidative stress and lipotoxicity .
Approximately 50%-70% of patients with type 2
[5,6]
diabetes (DM2) have hepatic steatosis
. More
importantly, those with DM2 and/or insulin resistance
are at a greater risk and have a greater likelihood for
[7]
progression of NASH . Although lifestyle modification
is the mainstay of treatment, achievement and/or
maintenance of dietary goals and weight loss is often
[3,8]
difficult .
Currently, there is no approved pharmacologic
agent for the management of NASH. Given the
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importance of insulin resistance, several anti-diabetic
agents have been investigated in NASH but have
[9-14]
yielded variable outcomes
. Sitagliptin is an oral
antidiabetic agent that inhibits dipeptidyl peptidase IV
(DPP-IV), a naturally occurring enzyme that degrades
the incretins - glucagon-like peptide 1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP).
GLP-1 and GIP are hormones secreted from the
gastrointestinal system in response to food intake
and cause increased insulin secretion and suppressed
glucagon secretion, resulting in improved serum
[15]
glucose levels . There are two available incretinbased anti-diabetic classes - GLP-1 analogues and
DPP-IV inhibitors, both of which are being actively
investigated for NASH.
DPP-IV activity correlates with hepatic steatosis and
NASH grading as well as with markers of liver damage
such as gamma glutamyl transferase (GGT) and
[16,17]
alanine aminotransferase (ALT) levels
. In rodents,
reduced DPP-IV levels are associated with reduced
[18,19]
lipogenesis and decreased hepatic steatosis
. Thus,
DPP-IV itself may be important to the pathogenesis of
NASH. Use of the DPP-IV inhibitor, sitagliptin, improves
lipid metabolism, and attenuates the progression
of hepatic fibrosis in mice with NASH, as well as
[20,21]
decreases platelet aggregation in vitro
. Thus,
sitagliptin may be an attractive therapeutic option for
NASH, especially given its low risk of hypoglycemia,
weight-neutrality, and demonstrated safety profile in
[22,23]
individuals with moderate hepatic insufficiency
.
In uncontrolled human studies, sitagliptin improved
serum ALT, aspartate aminotransferase (AST), and
[24]
GGT levels in patients with DM2 and NASH
as well
as significantly decreased hepatocyte ballooning and
[25]
NASH scores . Recently, a randomized placebo[26]
controlled trial
examining 24 wk of sitagliptin
therapy in patients with non-alcoholic fatty liver
disease demonstrated no significant improvement
in liver fat as measured using magnetic resonance
imaging (MRI). However, liver biopsies were not
performed in that trial.
Thus, the aim of this randomized placebo-controlled
trial was to evaluate the efficacy of sitagliptin vs
placebo in patients with DM2 and biopsy-proven NASH
in reducing liver fibrosis histologically using paired
liver biopsies. Additionally, we evaluated the effects of
sitagliptin on NAFLD activity score (NAS), mediators
of insulin resistance (adipocytokines and adipose
distribution), lipid profile and thrombosis parameters.
We also aimed to examine the use of MRI-derived
hepatic fat fraction as a surrogate for histologic assess
ment of hepatic steatosis.

100 mg daily versus placebo in patients with DM2 and
biopsy-confirmed NASH. Participants were recruited
from the Endocrinology and Gastroenterology out
patient clinics at St. Joseph’s Hospital and London
Health Sciences Centre, respectively, at Western
University. The trial was registered at www.clinicaltrials.
gov (registration number: NCT01260246). The clinical
trial was approved by the Western University Research
Ethics Board (REB No. 17389), and all patients pro
vided written informed consent.
Inclusion criteria included age 18 years or older,
established diagnosis of type 2 diabetes on lifestyle
management alone or with approved treatment (see
exclusions below) with a hemoglobin A1C (HbA1C) of
7.1%-8.9%, and a diagnosis of NASH based on the
American Association for the Study of Liver Disease
[3]
criteria including histological evidence of NASH on
the basis of pre-randomization liver biopsy. Patients
were excluded for substantial alcohol consumption
(> 20 g/d for women or > 30 g/d for men); prior
exposure to DPP-IV inhibitor, GLP-1 analogue, or
thiazolidinedione; Child’s class B or C cirrhosis; any
contraindication for MRI; any contraindication for
liver biopsy; current or prior use of medications that
can induce steatohepatitis; participation in another
clinical trial; prior history of pancreatitis; pregnancy,
breastfeeding, or intention to become pregnant.

Randomization and masking

The St. Joseph’s Hospital clinical trial pharmacy
team randomized patients into either sitagliptin
or placebo groups 1:1, stratified by gender, using
computer-generated numbers. Blinding and allocation
concealment was maintained by use of identicallooking bottles and capsules, in which sitagliptin or
placebo were compounded by the hospital pharmacy.
Physicians and all other study personnel were also
blinded to drug allocation. Unblinding of treatment
allocation was done only after all study procedures
were completed in all study patients.

Study visits and procedures

After screening, patients underwent a baseline as
sessment (Visit 1) including medical history; physical
examination; documentation of anthropometric mea
sures [weight, waist-to-hip ratio, and body mass index
(BMI)]; blood work for glycemic control (HbA1C),
markers of insulin resistance [homeostasis model
of assessment for insulin resistance (HOMA-IR)]
(which used fasting glucose and insulin levels) and
adipocytokines [adiponectin, adipsin, leptin, resistin,
visfatin, interleukin-6 (IL-6), tumor necrosis factoralpha (TNF-α), free fatty acids (FFA), lipid profile [total
cholesterol, triglycerides, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), liver parameters [AST, ALT, alkaline
phosphatase (Alk Phos), GGT] markers of thrombosis
[platelet aggregation and plasminogen activator

MATERIALS AND METHODS
Study design and patients

We conducted an investigator-initiated, randomized,
double-blinded, allocation-concealed, placebocontrolled clinical trial of 24 wk’ duration of sitagliptin
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inhibitor 1 (PAI-1)]; and MRI assessment of adipose
distribution[% fat in the liver, visceral adipose tissue
(VAT), subcutaneous abdominal adipose tissue (SAAT),
and subcutaneous peripheral adipose tissue (SPAT) of
the left thigh].
After randomization, patients returned for study
visits at weeks 12 (Visit 2) and 24 (Visit 3). At visit
2, adverse effects were noted, and compliance was
assessed using pill count. Anthropometric measures
and blood work for HbA1C, fasting glucose and insulin,
FFA, lipid profile, and liver parameters were measured.
Visit 3 study procedures included documentation of
adverse effects and compliance as well as all study
procedures as visit 1, including a repeat liver biopsy.

single slices (1 cm) at the L4 region were obtained
to quantify VAT and SAAT using these techniques, as
[33,34]
previously published by our group
.
Biochemical parameters: Blood work for fasting
glucose, insulin, HbA1C, FFA, AST, ALT, Alk Phos,
GGT, and lipid profile were collected and analyzed per
standard hospital procedures within our hospital core
laboratory. The analytes (adiponectin, adipsin, resistin,
leptin, visfatin IL-6, TNF-α, PAI-1) were measured
TM
from venous blood samples collected in BD P800
EDTA tubes pre-coated with general protease inhibitors
(to allow for accurate measurement). Samples were
centrifuged and stored at -80 ℃ until thawing for
grouped analysis at the completion of the study.
They were analyzed using the Human Diabetes BioTM
Plex Panel and a Bio-Plex 200 readout System (BioRad Laboratories, CA, United States), which utilizes
®
TM
Luminex xMAP multiplexed immunoassay technology
(Luminex Corp., TX, United States). Levels of analytes
were automatically calculated from standard curves
using Bio-Plex Manager software (v.4.1.1, Bio-Rad).
VerifyNow-P2Y12 (Accumetrics, CA, United States) is a
rapid platelet-function cartridge-based assay that was
[35]
used to directly measure platelet aggregation . The
data are expressed as platelet reaction units (PRU) (ref.
range 194-418).

Histologic evaluation: Ultrasonography-guided
percutaneous liver biopsies were obtained from all
subjects prior to initiation of therapy and at completion
of the study. All biopsy specimens were placed in
formalin solution for fixation and embedded in paraffin
blocks. An independent liver histopathologist (SC)
who was blinded to study treatment allocation and
clinical or laboratory information assessed baseline
and end-of-treatment liver biopsies. The grade and
stage of liver disease severity was assessed according
to the scoring system proposed by the NASH Clinical
[27]
Research Network . This was recorded as the sum
of the scores for steatosis (0-3), lobular inflammation
(0-3) and ballooning (0-2). Fibrosis (0-4) was scored
separately. For the purposes of analysis, fibrosis stages
1a, 1b, and 1c were considered as stage 1. A diagnosis
of NASH required the presence of steatohepatitis (NAS
≥ 3) with a hepatocyte ballooning score of ≥ 1 and
fibrosis score of ≥ 1.

Outcomes

The primary outcome was improvement in liver
fibrosis on histology from baseline to end of treatment.
Secondary histological outcomes included changes in
overall NAS and individual components of NAS (steatosis,
[27]
hepatocyte ballooning, and lobular inflammation) .
Other secondary outcome measures included changes
from baseline to 24 wk in serum liver enzyme
concentrations, fasting lipid and FFA concentrations,
measures of insulin resistance (adipocytokines and
HOMA-IR), glycemic control (HbA1C), thrombosis
(platelet aggregation and PAI-1 levels), and adipose
distribution.

MRI: MRI examinations were performed using 3 Tesla
Discovery MR750 MRI (General Electric). Quantification
of adiposity in the hepatic, VAT, SAAT, and thigh SPAT
depots used the Iterative Decomposition of water and
fat with Echo Asymmetry and Least-squares estimation
[28]
(IDEAL) procedure , a computer-based quantification
method separating fat and water signals in MRI images.
2
Excellent correlation (r = 0.99, slope = 1.00 ± 0.01)
for hepatic fat quantification using IDEAL vs the gold
standard method, magnetic resonance spectroscopy
[29-32]
(MRS) has been previously established
. Regions
of interest (ROIs) were placed in vessel free regions
of the lower right lobe of the liver to obtain water-only
and fat-only images. Then, hepatic fat-fraction (HFF)
was obtained [HFF (%) = fat/(water + fat) × 100] and
[32]
mean fat fraction calculated .
Left thigh SPAT (%) was quantified using ImageJ
version 1.34 n image analysis software, specifically
utilizing the Connected Threshold Grower and Voxel
Counter tools. Percent adipose tissue was calculated
by dividing the total voxels determined for fat intensity
signals connected to the subcutaneous adipose
seed point by the total voxels for the slice. Similarly,

WJG|www.wjgnet.com

Statistical analysis

Statistical review of the study was completed by a
biomedical statistician (LS). The sample size was
calculated based on a mean difference in fibrosis
[27]
score
between pre and post conditions of -0.55,
or a decrease of slightly more than one half score
on 4 point scale (SD of difference = 0.68). Using the
[36]
methods of Cohen , a sample size of 16 patients
would provide 80% power to detect at least this
difference with alpha (2-tailed) = 5%. We anticipated
a 25% drop out rate, and thus our recruitment target
was increased to 20 individuals.
All evaluable patients who underwent an endof-treatment biopsy at week 24 were included in
the modified intent-to-treat analysis. All data are
expressed as mean ± SD (standard deviation) for
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Patients screened (n = 17)

6 patients excluded
3 patients' biopsy were not
diagnostic of NASH
2 patients had an A1C too low
1 patient declined

Patients
randomized
(n = 12)

Sitagliptin
(n = 6)

Placebo
(n = 6)

Completed study
(n = 5)

Completed all study
procedures except
final liver biopsy
(n = 1)

Completed
(n = 5)

Patient dropout due
to epigastric pain
(unlikely related to
study medication)
(n = 1)

Figure 1 Study subjects’ flow diagram. HbA1C: Glycated hemoglobin; NASH: Non-alcoholic steatohepatitis.

normally distributed data and median (interquartile
range) for non-normally distributed data. Comparisons
between sitagliptin and placebo were made using
unpaired t-tests or Wilcoxon two sample tests for
2
continuous variables and χ tests or, where expected
counts were less than five, Fisher’s exact test for
categorical variables. The association between liver
steatosis and MRI assessment for hepatic fat was
evaluated using Spearman rank correlations. A twotailed P value ≤ 0.05 was considered statistically
significant. Statistical analysis was performed using
SAS 9.4 (Cary NC, United States).

fibrosis score and NAS (Table 1).
Sitagliptin was not significantly better than placebo
at reducing liver fibrosis score as measured on liver
biopsy (mean difference between sitagliptin and
placebo arms, 0.40, P = 0.82) (Table 2). Individual
patient data on changes in liver fibrosis stratified by
treatment group are shown in Figure 2. There were
no significant improvements evident with the use
of sitagliptin vs placebo for the secondary histologic
outcomes of NAS total score as well as for the
individual components of NAS (Table 2).
Compared to baseline, those patients who received
sitagliptin demonstrated improved glycemic control
(HbA1C) (6.7% ± 0.4% vs 7.9% ± 1.0%, P = 0.02),
and trended towards improved adiponectin levels
(4.7 ± 3.5 µg/mL vs 3.9 ± 2.7 µg/mL, P = 0.06) and
triglyceride levels (1.26 ± 0.43 mmol/L vs 2.80 ± 1.64
mmol/L, P = 0.08) (Table 3). However, when compared
with placebo, sitagliptin did not cause a statistically
significant improvement in HbA1C (mean difference,
-0.7%, P = 0.19) nor triglyceride levels (mean
difference -1.10 mmol/L, P = 0.19) but did trend
towards improved adiponectin levels (mean difference,
0.60 µg/mL, P = 0.095). No significant changes in
anthropometrics, liver enzymes, adipocytokines, lipid
parameters, thrombosis, or adipose distribution were
demonstrated (Table 3).

RESULTS
Between September 2011 and August 2014, we
randomly assigned 12 patients with histologically
confirmed NASH to receive sitagliptin (n = 6) or
placebo (n = 6) (Figure 1). One patient from the
sitagliptin arm withdrew from the study due to
epigastric pain (see below), and one patient from the
placebo arm completed all end of study procedures
except the liver biopsy. In the participants who
completed the trial, compliance was above 95% in
both arms. Participants were predominantly female
(66% vs 50%, sitagliptin vs placebo, P = 1.00), with
similar durations of diabetes and NASH, and similar
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oral analgesic use. The adverse event was deemed
unrelated to study medication and did not result in
discontinuation of study medication as well. The third
patient developed epigastric pain approximately 1
month after starting sitagliptin. She was hospitalized
for her symptoms; pancreatitis was ruled out. The
final discharge diagnosis was possible gastritis.
She had a history of epigastric pain occurring 1 to
3 times per year for the 4 years prior to her study
entry. She withdrew from the trial at the time of her
hospitalization, and had another bout of epigastric
discomfort 1 mo following her hospitalization. Although
she was classified as having a serious adverse event,
it was deemed by the investigators that it was unlikely
related to the study medication.

Table 1 Baseline characteristics of subjects
Placebo (n = 6) Sitagliptin (n = 6)
Demographics
Age (yr)
Gender - male, n (%)
White, n (%
Weight (kg)
BMI (kg/m2)
Diabetes duration (yr)1
NASH Duration (yr)1
Biochemical profile
HbA1C (%)
HOMA-IR
Fasting glucose (mmol/L)
Fasting insulin (pmol/L)
AST (IU/L)
ALT (IU/L)
Alkaline phosphatase (IU/L)
GGT (IU/L)
Triglycerides (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Free fatty acids (µmol/L)
Platelet aggregation (PRU)
Histologic profile
Fibrosis
NAS
Steatosis
Lobular Inflammation
Ballooning
MRI
Hepatic fat (%)
SAAT (%)
VAT (%)
Left thigh fat (%)

54.7 ± 9.8
2 (33)
6 (100
105.8 ± 23.5
37.4 ± 4.7
6.0 (5.0, 6.0)
4.0 (1.0, 4.0)

56.7 ± 9.9
3 (50)
5 (83)
100.4 ± 28.7
35.9 ± 6.6
6.5 (5.0, 23.0)
1.3 (0.1, 2.0)

8.2 ± 0.9
3.5 ± 2.2
11.3 ± 4.9
165 ± 134
39 ± 19
46 ± 36
85 ± 34
100 ± 98
2.33 ± 2.00
1.10 ± 0.34
1.61 ± 0.71
645 ± 195
292 ± 37

7.9 ± 1.0
3.4 ± 1.2
8.1 ± 3.1
168 ± 63
44 ± 22
72 ± 50
93 ± 41
164 ± 182
2.80 ± 1.64
1.12 ± 0.46
1.42 ± 0.97
559 ± 158
236 ± 28

2.2 ± 0.8
4.2 ± 1.5
1.8 ± 0.8
1.2 ± 0.4
1.2 ± 0.4

2.2 ± 1.0
3.8 ± 0.8
1.8 ± 0.8
1.0 ± 0
1.0 ± 0

21.9 ± 10.6
40.5 ± 7.1
30.5 ± 3.4
37.8 ± 9.9

19.0 ± 9.7
38.0 ± 22.0
26.8 ± 11.6
39.5 ± 15.8

DISCUSSION
In this randomized double-blinded placebo-controlled
trial, sitagliptin did not significantly improve liver
fibrosis or any parameter of NAS after 24 wk of
therapy. Those receiving sitagliptin trended towards
having improved adiponectin levels, but no other
improvements in parameters of insulin resistance,
adipose distribution, thrombosis, liver enzymes, or
lipid profile. This trial however did show a strong
correlation between hepatic steatosis on liver biopsy
and hepatic fat fraction measured using MRI with the
IDEAL technique, thus providing further data regarding
the validity of this non-invasive technique in assessing
and monitoring changes in hepatic steatosis in patients
with NASH.
This study has a number of strengths. This is the
first randomized, placebo-controlled trial to report the
effect of a DPP-IV inhibitor on liver histology in patients
with NASH. We utilized a single, expert histopathologist
who remained blinded to study treatment as well as
laboratory data throughout the study. Thus, he was
able to provide unbiased determinations of histologic
features. Second, all patients included in this trial
had histologically-proven NASH, were extensively
phenotyped and well-matched for baseline features.
Third, to the best of our knowledge this is the first
trial to document the validity of the IDEAL technique
for MRI in relation to paired liver biopsies assessing
histologic changes in hepatic steatosis. And finally,
the trial was conducted by experienced investigators
from multidisciplinary backgrounds which allowed for
us to examine the effect of sitagliptin on a number of
important outcomes related to the pathogenesis of
NASH (insulin resistance, lipid parameters) in a rigidly
executed placebo-controlled trial.
In rodent models, sitagliptin use has resulted
[20,37,38]
in improved features of NASH
. In humans,
randomized controlled trials examining the effect of
sitagliptin on liver histology has not previously been
examined. Several studies have instead examined
changes in liver enzymes as a marker of NASH but

1

Data are presented as median (Q1, Q3). Data are presented as mean ± SD,
unless otherwise specified. ALT: Alanine aminotransferase; AST: Aspartate
transferase; BMI: Body mass index; HbA1C: Hemoglobin A1C; HOMAIR: Homeostasis model of assessment for insulin resistance; HDL-C:
High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol; NAS: Non-alcoholic fatty liver disease activity score; NASH:
Non-alcoholic steatohepatitis; MRI: Magnetic resonance imaging; PRU:
Platelet reaction units; SAAT: Subcutaneous abdominal adipose tissue;
VAT: Visceral adipose tissue.

The MRI IDEAL technique correlated well with
steatosis scores obtained on liver biopsy in both
groups at baseline and post-treatment, and the
Spearman correlation coefficients ranged from r =
0.819 (baseline) to r = 0.878 (post-treatment), P =
0.002.
Treatment with sitagliptin was well tolerated. A
total of 3 patients had adverse events. Two weeks
after randomization, one patient developed a serious
adverse event of a right subdural hemorrhage,
manifest as left leg weakness and numbness, most
likely caused by treatment with his blood thinner
(warfarin) for atrial fibrillation. He elected to continue
in the trial with blinded medication and was deemed
to have had an event unrelated to study medication.
A second patient had a non-serious adverse event
of low back pain and right foot pain, diagnosed as
lumbar spondylolysis, which resolved within 48 h of

WJG|www.wjgnet.com

146

January 7, 2017|Volume 23|Issue 1|

Joy TR et al . Sitagliptin in NASH
Table 2 Changes in primary and secondary histologic outcomes after 6 mo of treatment with sitagliptin vs placebo
Placebo (n = 6)

Primary outcome
Fibrosis
Secondary outcomes
NAS
Steatosis
Hepatocyte ballooning
Lobular inflammation

Sitagliptin (n = 6)

Baseline

Post1
treatment

P value

2.2 ± 0.8

2.0 ± 1.0

0.85

4.2 ± 1.5
1.8 ± 0.8
1.2 ± 0.4
1.2 ± 0.4

3.8 ± 1.9
1.6 ± 0.9
1.4 ± 0.9
0.8 ± 0.4

0.50
0.62
0.89
0.22

Difference

Post1
treatment

P value

2.2 ± 1.0

2.4 ± 1.1

0.85

0.4 (-0.98, 1.78)

0.82

3.8 ± 0.8
1.8 ± 0.8
1.0 ± 0
1.0 ± 0

3.4 ± 1.5
1.4 ± 0.9
0.8 ± 0.4
1.2 ± 0.4

0.85
0.55
0.36
0.36

0.2 (-1.62, 2.02)
0 (-1.08, 1.08)
-0.40 (-1.05, 0.25)
0.60 (-0.13, 1.33)

1.00
0.91
0.23
0.12

Baseline

P value

(95%CI)

1

Data only available for 5 subjects. Data are presented as mean ± SD. NAS: Non-alcoholic fatty liver disease activity score.

Table 3 Changes in anthropometric, biochemical, and MRI parameters after 6 mo of treatment with sitagliptin vs placebo
Placebo (n = 6)
Baseline
Anthropometric and biochemical parameters
Weight (kg)
105.8 ± 23.5
BMI (kg/m2)
37.4 ± 4.7
HbA1C (%)
8.2 ± 0.9
HOMA-IR
3.5 ± 2.2
Triglycerides (mmol/L)
2.33 ± 2.00
HDL-C (mmol/L)
1.10 ± 0.34
LDL-C (mmol/L)
1.61 ± 0.71
Free fatty acids (µmol/L)
645 ± 195
Platelet aggregation (PRU)
292 ± 37
AST (IU/L)
39 ± 19
ALT (IU/L)
46 ± 36
Alk phos (IU/L)
85 ± 34
GGT (IU/L)
100 ± 98
Adiponectin (µg/mL)
2.01 ± 1.30
Adipsin (µg/mL)
0.62 ± 0.26
Visfatin (ng/mL)
3.21 ± 3.64
Leptin (ng/mL)
14.62 ± 12.52
Resistin (ng/mL)
3.66 ± 1.01
TNF-a (pg/mL)
3.69 ± 1.22
IL-6 (pg/mL)
5.89 ± 1.37
MRI parameters
Hepatic fat (%)
21.9 ± 10.6
SAAT (%)
40.5 ± 7.1
VAT (%)
30.5 ± 3.4

Sitagliptin (n = 6)

Difference
1

Post-treatment

Baseline

Post-treatment

(95%CI)

104.7 ± 23.7
36.8 ± 4.6
8.0 ± 1.7
2.73 ± 1.631
2.29 ± 1.40
1.11 ± 0.29
1.42 ± 0.34
914 ± 411
266 ± 63
42 ± 23
48 ± 28
97 ± 43
153 ± 176
2.09 ± 1.14
0.61 ± 0.26
3.94 ± 3.59
17.64 ± 16.20
4.31 ± 1.66
4.95 ± 4.79
6.19 ± 2.37

100.4 ± 28.7
35.9 ± 6.6
7.9 ± 1.0
3.4 ± 1.2
2.80 ± 1.64
1.12 ± 0.46
1.42 ± 0.97
559 ± 158
236 ± 28
44 ± 22
72 ± 50
93 ± 41
164 ± 182
3.93 ± 2.65
0.66 ± 0.14
1.82 ± 2.33
9.61 ± 3.29
7.19 ± 8.66
2.85 ± 0.66
7.15 ± 6.22

101.1 ± 32.4
35.8 ± 8.0
6.7 ± 0.4a
3.5 ± 2.9
1.26 ± 0.43b
1.12 ± 0.40
1.54 ± 0.51
488 ± 270
251 ± 74
35 ± 9
51 ± 15
76 ± 28
90 ± 76
4.70 ± 3.46b
0.62 ± 0.07
1.70 ± 1.08
8.87 ± 5.54
4.55 ± 1.73
5.14 ± 3.20
6.40 ± 3.41

0.8 (-6.3, 8.0)
0.6 (-2.8, 4.0)
-0.7 (-1.7, 0.4)
-0.36 (-3.3,2.6)
-1.10 (-2.88, 0.66)
-0.05 (-0.32, 0.22)
0.30 (-0.17, 0.77)
-143 (-788, 503)
-11 (-92, 70)
-5 (-36, 26)
-5 (-51, 41)
-14 (-36, 7)
-62 (-164, 39)
0.60 (-0.13, 1.32)c
-0.07 (-0.26, 0.13)
-0.58 (-3.26, 2.09)
-3.5 (-8.6, 1.6)
-4.05 (-11.33, 2.34)
0.95 (-4.70, 6.61)
-1.44 (-7.76, 4.87)

19.1 ± 9.6
39.8 ± 7.7
30.3 ± 4.4

19.0 ± 9.7
38.0 ± 22.0
26.8 ± 11.6

16.1 ± 12.9
34.1 ± 20.1
27.6 ± 13.4

2.0 (-7.3, 11.2)
0.7 (-2.3, 3.7)
0 (-6.4, 6.4)

1

One subject was excluded from the post-treatment, placebo group homeostasis model of assessment for insulin resistance (HOMA-IR) calculation due
to blood glucose level above the acceptable steady-state glucose value for calculation of HOMA-IR. aP < 0.05 vs baseline; bP < 0.10 vs baseline; cP < 0.10 vs
control.

[24,26,39,40]

effects have not been consistent
Recently,
a randomized double-blinded placebo-controlled
[26]
trial of 50 patients by Cui et al
demonstrated no
improvement in hepatic steatosis using the MRI-based
biomarker of proton density-fat fraction (MRI-PDFF),
following 24 wk of sitagliptin therapy. Our results
further extend these findings by demonstrating no
improvement in the histologic features of NASH with
sitagliptin in patients with histologically-proven NASH.
These results are in contrast with those of Yilmaz
[25]
et al , where sitagliptin demonstrated improved
NAS and hepatocyte ballooning with a trend towards
improved hepatic steatosis, after 1 year of therapy in
15 patients. However, the latter trial was open-label
without a comparator arm.
Our data are similar to a larger randomized

WJG|www.wjgnet.com

controlled trial examining the effects of another
incretin-based antidiabetic agent, the GLP-1 analogue
[14]
liraglutide. Armstrong et al
randomized 52 patients
to liraglutide or placebo for 48 wk to determine the
effects on liver histology, liver enzymes, FFA, lipid
parameters. Their primary endpoint was improvement
in liver histology (defined as disappearance of hepa
tocyte ballooning without worsening of fibrosis) and
their secondary histologic endpoints were changes in
NAS and fibrosis score. Although they demonstrated
improvement in the primary endpoint, they did not
demonstrate any improvements in NAS, fibrosis score,
HOMA-IR, FFA, or liver enzymes (apart from GGT).
Thus, improvement in liver histology or liver enzymes
may be difficult to achieve with incretin-based agents,
although it is possible that a longer treatment period
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B

Placebo
3.5

4.0

1

3.0

3.5
Fibrosis score

2.5
Fibrosis score

Sitagliptin
4.5

2.0
1.5
1.0

3.0
2.5
2.0

2

1.5
1.0

0.5

0.5

0.0

0.0
Initial

Final

Initial

Final

Figure 2 Changes in fibrosis scores in paired liver biopsies (n = 5 per arm) before and after 24 wk of treatment with placebo (A) or sitagliptin (B). 1In the
placebo arm, 2 patients’ fibrosis scores increased from 2 to 3; 2In the sitagliptin arm, 2 patients’ fibrosis scores increased from 1 to 2.

beyond 48 wk may be required to document an effect.
While the HbA1C mean difference between sitag
liptin vs placebo of -0.7% did not reach statistical
significance, the result is consistent with the expected
drop in HbA1C following the addition of sitagliptin to
patients with DM2 having a mean baseline HbA1C
[41]
of 8.0% . This demonstrates that sitagliptin did
indeed improve glycemic control to the expected
degree from published data. Furthermore, this effect
was accompanied by a trend towards improved
adiponectin levels, an adipocytokine associated with
insulin sensitivity, suggesting that improvement in
insulin resistance is still possible with sitagliptin even
in patients with NASH. Since high levels of VAT and
low levels of SPAT correlate with insulin resistance, we
examined adipose distribution as one of our secondary
outcomes. Our results demonstrating no improvement
in VAT or SPAT with sitagliptin are in contrast to
[42]
those by Lima-Martínez et al , who demonstrated
decreases in VAT of 12% after 24 wk of sitagliptin
therapy. However, the latter trial was open-label
without a comparator arm, and utilized a less precise
technique (bioimpedance analyzer) compared to MRI
to document VAT.
The hepatic fat % did not improve significantly with
the use of sitagliptin vs placebo, as evident also in the
[26]
trial by Cui et al . However, the MRI IDEAL technique
did have high correlation with hepatic steatosis on
histology. This technique, while having been previously
[29-32]
validated with MRS
, is certainly much more
feasible than MRS. This trial therefore supports that
hepatic fat fraction measurements through the IDEAL
technique may be an accurate non-invasive method
to longitudinally monitor hepatic steatosis changes in
patients with NASH.
Our study has some important limitations. Firstly,
our sample size was small. This may have affected
our ability to assess for changes in the outcomes
measured as well as the validity of MRI IDEAL
technique. For the primary histologic outcome, the
mean potentially detectable difference in fibrosis
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score with our attained sample size was 0.8. However,
given that our negative findings were supported
[26]
[14]
by the trials by Cui et al
and Armstrong et al ,
it is unlikely that a true histologic improvement
with 24 wk of sitagliptin therapy has been missed.
Certainly, a larger sample size and longer duration of
therapy would be helpful to address this limitation.
Secondly, this study enrolled patients with milder
NASH compared to other studies. Our baseline NAS
in the sitagliptin arm was 3.8 ± 0.8, slightly lower
than the mean scores in the studies by Armstrong et
[14]
[25]
al
and the observational study by Yilmaz et al ,
where the mean baseline scores were 4.9 ± 0.9 and
5.6 ± 1.6, respectively. Thus, whether sitagliptin
would have impacted histologic and non-histologic
outcomes differently in patients with more advanced
histologic NASH severity remains uncertain. Although
our results lend support to the use of MRI as a noninvasive technique in patients with NASH, additional
multicenter trials are required to assess the utility
of the IDEAL technique for measuring longitudinal
changes in hepatic steatosis. Regardless, the current
data allow our centre to use the IDEAL technique for
future research in NASH patients to monitor hepatic
steatosis. With the emergence of additional novel
MR technologies, such as MR Elastography to assess
fibrosis, it is likely that in coming years non-invasive
means of assessing disease severity and response to
therapy may supplant liver biopsy in this condition.
Our trial therefore demonstrates that sitagliptin
100 mg daily for 24 wk, compared to placebo, does
not improve histologic features of NASH significantly.
Sitagliptin was well-tolerated in patients with NASH
and demonstrated the expected improved in glycemic
control, as measured through HbA1C. Importantly,
we did demonstrate the feasibility and validity of the
MRI IDEAL technique for non-invasive measurement
of hepatic steatosis longitudinally. Future studies of
longer duration, larger sample size and in patients with
worse severity of NASH may demonstrate different
results and should be considered.
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Background

This study was undertaken to evaluate the efficacy of an established and
effective antidiabetic medication, sitagliptin, on features of nonalcoholic
fatty liver disease (NAFLD). As NAFLD and type 2 diabetes share many
pathophysiologic mechanisms, including insulin resistance, it was theorized that
Sitagliptin may also improve liver disease in NAFLD.

8

Research frontiers

9

There are presently no approved medical therapies for NAFLD. As such the
identification of potential drug therapy for this condition is very important; given
it is a very common disorder with the potential to cause significant liver injury.

Innovations and breakthroughs

In this study sitagliptin did not improve liver fibrosis in a small group of
NAFLD patients treated for 24 wk. There was a trend toward improvement in
adiponectin level, an important hormone in the regulation of glucose regulation
and fatty acid oxidation.

10

Applications

11

Terminology

12

Peer-review

13

Sitagliptin was safe and well tolerated in this population with known liver
disease. It is possible that further studies, of larger size and longer duration,
may be needed to accurately assess whether a treatment effect may be
evident.

NAFLD the presence of hepatic steatosis in the absence of other causes for
secondary fat accumulation; Non-alcoholic steatohepatitis - the presence of
hepatic steatosis in addition to inflammation and hepatocyte injury with or
without fibrosis.

As the authors pointed out sitagliptin did not significantly improve liver fibrosis
or any parameter of NAFLD activity score after 24 wk of therapy, and this result
is in agreement with previous literature. The major concern, however, from the
clinical applicability’s point of view is the size of the sample, which was too
small and could have limited the ability to assess for changes in the outcomes
measured and broaden the information in relation to identify appropriate
surrogates for histologic assessment of hepatic steatosis.
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Abstract
AIM
To determine hepatitis C virus (HCV) infection pre
valence in each country of the Middle-East and the
overall prevalence of the region.
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METHODS
In this systematic review, we gathered all documents
related to HCV infection prevalence among hemodialysis
patients in 17 middle-east countries from April 2006 to
March 2016. We selected only cross-sectional studies
that had proper sampling and measurement methods
as well as a valid statistical analysis.
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RESULTS
After screening of 7311 documents, 56 studies were
selected reporting the prevalence of HCV infection
among hemodialysis patients from 10 countries of the
region. Seven countries including United Arab Emirates,
Afghanistan, Qatar, Bahrain, Kuwait, Oman, Israel, and
Cyprus did not have any relevant document; thus, their
latest reports were just mentioned. We performed the
meta-analysis and determined the prevalence rates for
each country as well as the whole region. The overall
HCV infection prevalence among hemodialysis patients
in the region was reported to be 25.3%; Egypt and
Syria had the highest reported rates while Iran and
Lebanon had the lowest. Further investigations are still
needed to provide more reliable databases, find main
risk factors, and to improve diagnosis and treatment
plans, particularly in higher prevalent countries.
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CONCLUSION
Controlling the prevalence and improving the mana
gement methods of HCV infection among hemodialysis
patients are of a great concern in the Middle-East
region.

female), education (more than 12 years > less than
12 years), ethnicity (whites and Hispanics < others),
number of sexual partners, age of starting intercourse,
intravenous drug use, addiction, vaccination history,
blood transfusion, occupation and employment situation,
history of hemodialysis, and organ transplantation,
[6]
etc .
Screening for HCV mainly focuses on testing
those who have an individual risk factor for exposure,
who have evidence of liver disease, and who belong
to specific demographic groups that have a high[6,7]
prevalence of infection . Without screening, many
infected individuals will be identified late which may
[6,7]
lead to longer hospitalization and death . In recent
guidelines, the CDC (Center for disease control and
prevention) recommended that testing for HCV should
be performed routinely in patients at increased risk
of infection; specifically for those who have ever
had illegal drug injections, received blood or organs
before July 1992, received clotting factors produced
before 1987, were ever on chronic hemodialysis, any
evidence of liver diseases, and those infected with
[6,7]
HIV . The initial screening test for HCV infection
is an HCV antibody test. Various antibody tests are
available, including laboratory based enzyme-linked
Immunosorbent assay (ELISA), HCV RNA by reverse
transcription Polymerase chain reaction (RT-PCR),
and tests performed on samples that the patient may
[8]
collect at home . A reactive or indeterminate/equivocal
antibody test should be followed by HCV RNA testing to
[8,9]
determine occult infections . Immunocompromised
patients, patients on hemodialysis, transplant recipients,
and advanced HIV infected ones might have higher
false negative rates of antibody testing than immune[8-10]
competent patients
.
HCV infection is common and associated with
significant morbidity and mortality among dialysis
patients and is more common in dialysis patients
than in healthy populations. Dialysis Outcomes and
Practice Patterns Study, which provides reliable data
regarding the prevalence of HCV infection among
dialysis patients, is a prospective, observational survey
among adult hemodialysis patients who are randomly
selected from 308 representative dialysis facilities
in many countries such as Japan, France, Germany,
Spain, Italy, the United Kingdom, and the United
States. In the 2004 report, the overall prevalence was
13.5% (compared to global prevalence in the general
[11]
population of approximately 3%) . The reported
prevalence of anti-HCV antibodies among hemodialysis
patients in different countries were from 5.5% to 14%
[12]
[11,13-15]
in the United States , 13.5% to 31% in Italy
,
[16]
[17]
10% to 42% in France , 75% in Moldavia , 3.8% in
Germany, 14.8% in Japan, 22.9% in Spain, and 2.6%
[11]
in the United Kingdom . Nonetheless, the relatively
high incidence of anti-HCV antibodies in hemodialysis
units is a concern for today’s health policy makers
and care providers. A number of risk factors have

Key words: Hepatitis C; hemodialysis; prevalence; MiddleEast; Meta-Analysis; Review
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper is a systematic review and metaanalysis of the reports published from April 2006 to
March 2016 on the prevalence of hepatitis C infection
among 17 countries of the Middle-East region including:
Iran, Turkey, Iraq, Saudi Arabia, Syria, Yemen,
Palestine, United Arab Emirates, Jordan, Lebanon,
Oman, Egypt, Cyprus, Qatar, Afghanistan, Bahrain,
Israel, and Kuwait.
Ashkani-Esfahani S, Alavian SM, Salehi-Marzijarani M.
Prevalence of hepatitis C virus infection among hemodialysis
patients in the Middle-East: A systematic review and metaanalysis. World J Gastroenterol 2017; 23(1): 151-166 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i1/151.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i1.151

INTRODUCTION
Hepatitis C virus (HCV) infection is a major concern
for the public health worldwide in both developing and
[1]
developed countries . Transmission of HCV infection
is mainly by exposure to infected devices and tools
despite rigid hygienic control, infected blood or blood
products, hemodialysis, intravenous (IV) drug abuse,
[2]
and organ transplantation . The estimation of national
prevalence and ways of transmission of HCV should
be completed in order to allow the national authorities
to prioritize preventive measures and have the best
and most appropriate use of available resources.
Epidemiological surveys on the roles of potential
risk factors, such as injections for medications,
vaccinations, medical procedures, tattooing, and
injections outside of medical settings, have shown a
wide geographical variation with major implications
for the populations and potential management,
[3,4]
prevention, and control plans . Prospective inves
tigations have revealed that about 80% of the acute
hepatitis C cases progress to chronic infection; about
10%-20% of these cases will develop chronic liver
disease complications, like liver cirrhosis, within two to
three decades of onset, and about 1%-5% will end up
[4,5]
with liver cancer .
Among the risk factors of HCV infection which
had been evaluated through many studies, the
following can be mentioned in brief: Sex (male >
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been identified for HCV infection among hemodialysis
[18]
patients; the number of blood transfusions , duration
[18]
of the hemodialysis treatment , and also nosocomial
transmissions due to poor infection-control measures
[19,20]
are among the most important ones
.
No comprehensive report was presented, par
ticularly during the last decade, in order to give a
sight about the prevalence of HCV infection among
hemodialysis patients of the Middle-East countries.
We found that evaluation and estimation of the preva
lence in these countries and performing comparisons
among them may help researchers and health policy
makers create or modify research projects, preventive
programs and management plans for the hemodialysis
patients in the region.
In the present study, we have systematically
reviewed papers and reports related to HCV infection
prevalence among hemodialysis patients in 17
countries in the Middle-East region.

of biomedical sciences including Medline (Pubmed),
Proquest, Embase, Scopus, Google scholar, CINAHL,
CABI, Index Medicus for Eastern Mediterranean Region
(IMEMR), Cochrane library, and EMROMedex. Also,
three Iranian national databases of medical sciences
papers were evaluated including Iranmedex, Scientific
Information Database (SID), IranDoc, and Magiran for
the papers which were not added to the international
electronic databases. Since the language of many
countries of the region is Arabic, the keywords were
also searched in Arabic to find any data in this regard.
The Gray literature evaluation included 82 inter
national and regional congresses and seminars that
were held in the study time period around the world
and specifically in the region, and we selected and
hand searched the abstract books that were obtainable
as well as possible by two independent reviewers. We
also searched national reports from CDC centers of
the countries, those which were accessible, and the
websites of the university, thesis, and reports which
were related to the subject during the study time
period. Moreover, forward and backward citations of
the searched items were performed.

MATERIALS AND METHODS
We studied the prevalence of HCV infection related
to hemodialysis in the Middle-East countries and the
changes in the trends during the past decade through
a comprehensive systematic review of literature
followed by integrating the data and analysis of the
outcome.

Critical appraisal and selection of studies

Documents were catalogued using Endnote X4. Two
independent reviewers who were trained in this
field reviewed all citations thoroughly for eligibility
criteria to be included in the analysis. The inclusion
criteria were all descriptive and/or analytical crosssectional surveys which had specified temporal and
geographic characteristics of the study, sufficient
populations, correct and proper sampling methods
with identical and valid measurement tools for all study
subjects, and proper analytical methods considering
the sampling design and the demographic data. A
previously obtained method which was a revision of
[22]
the criteria developed by Sharifi et al
was occupied
for this purpose.

Study question

The populations of interest in this survey was he
modialysis receiving patients among the general
population of the Middle-East countries and the
interested outcome was presence of positive HCVantibody in their blood samples based on ELISA test
even if other laboratory evaluations are not identified
clearly, from April 2006 to March 2016. We intended
to find the prevalence of HCV infection related to
hemodialysis and the possible alterations in each
country regarding this prevalence during the last
decade.

Data extraction and analysis

The extracted data were first author, year of the study,
location, sample population, sampling method and
sample size, HCV detection method, age, male to
female ratio, and HCV point prevalence in the subjects.
Cochrane Q-test was used with a significance level of
less than 0.1 for statistical heterogeneity of the results.
2
I , presented a range of 0% (no heterogeneity) to
100% (significant heterogeneity), was employed
to assessing level of heterogeneity; values of 25%,
50% and 75% were considered as representing low,
[23]
medium, and high heterogeneity, respectively .
2
Wherever Cochrane Q-test and I confirmed the
studies heterogeneity, random effect meta-analysis
based on DerSimonian and Laird method was used to
combine the outcomes; otherwise, fixed effect metaanalysis was used. Statistical analyses were carried out
with “metan” command in Stata, version 11.0 (Stata

Search strategy

For searching in each one of the databases, we
used the following terms “Hepatitis C”, “HCV,” and
“Hemodialysis” altogether with the name of each
[21]
country in the Middle-East region including :
Afghanistan, Bahrain, Cyprus, Egypt, Iran, Iraq, Israel,
Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar,
Saudi Arabia, Syria, Turkey, United Arab Emirates
(UAE), and Yemen, as key words for titles and/or
abstracts in a MeSH word search. Cross-sectional
studies were selected and screened for further
evaluations. The searching process was performed in
the first week of June 2016.

Electronic databases and Gray literature

We searched 10 international electronic databases
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7311 documents were found in electronic searches

With title and abstract screening, 103 potentially relevant surveys
were selected
7208 irrelevant papers
were excluded
Out of 10368 studies were selected by reviewing full texts

Searching for abstracts presented in congresses and seminars 4 were
found which all were duplicated

12 articles and
4 abstracts were
excluded

56 relevant and non-duplicated studies were selected

No new report was added in search for students’ thesis, reports and

etc.

No new data were added following a search in universities’ databases,
ministries of health reports and etc.

The 56 articles were included in the study and the analysis

Figure 1 Follow diagram of systematic review and searches for hepatitis C virus infection prevalence among hemodialysis patients in the Middle-East
countries.
[24]

Corp, College Station, TX, United States)

.

detailed search process is exhibited in Figure 1.
The research method in all included studies was
cross-sectional conducted within the hemodialysis
patients from April 2006 to March 2016. Since the
investigations in this field were limited, we did not
set any exclusion criteria for the population of the
study, hence, the sample size varied from 31 to
22070 patients in different centers in the Middle-East
countries. The age of the studies subjects was between
8.3± 2.4 and 80.9 ± 4.9 years old. In the majority
of the surveys (49 of 56), 50.6 to 69.9 percent of the
subjects were males, while in the other 7 documents
50 to 58.1 percent of the participants were females.
ELISA methods were the most dominant methods
used for HCV antibody detection; some studies had
also used other more specific methods like RT-PCR
beside ELISA which had led to lower rates of false
negative results. The reported prevalences in this
study are based on ELISA test results. All papers
that used ELISA for HCV detection had implemented
second or third generations of the test.
The overall prevalence of HCV infection among
hemodialysis patients in the Middle-East countries was
25.3% (95%CI: 20.2%-30.5%). As it is shown in table

RESULTS
In our primary search in databases with the afore
mentioned search strategy 7311 documents were
found. After assessment of the documents according
to their titles and also their abstracts, 7208 unrelated
documents were omitted. We found 103 relevant
citations out of all searched documents among which
68 studies were not overlapping (duplicate studies
found by many search routes); of these 68 papers 56
were included in this investigation according to their
publication year which are mentioned in the result
part; studies which were not cross-sectional, had
inappropriate methods of sampling, or inappropriate
data analysis and invalid data reporting were excluded
after full-text screening. In some countries such as
Afghanistan, Cyprus, Qatar, Kuwait, UAE, Oman, and
Bahrain, no related document was found that was
published after; thus, no study could be included in
[4,25-45]
the meta-analysis for these countries
. In gray
literature evaluations 4 studies were found of which
all had overlapping with the published articles. The
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1

Table 1 The prevalence of Hepatitis C infection in Middle-East countries. Summary of studies by countries , age and hemodialysis
duration are presented
Subgroup
Country
Iran
Iraq
Egypt
Jordan
Yemen
Turkey
Palestine
Lebanon
Syria
Saudi
Age(yr)
< 40
40-50
≥ 50
Hemodialysis duration (yr)
<3
3-5
≥5

Number of
studies

Prevalence (95%CI)

21
9
7
4
4
4
3
2
1
1

Between studies

Between subgroups

I2

PHeterogeneity

Q

PHeterogeneity

12% (10%-15%)
20% (12%-28%)
50% (46%-55%)
35% (17%-54%)
42% (28%-56%)
23% (18%-28%)
18% (5%-30%)
9% (1%-17%)
54% (50%-59%)
19% (13%-25%)

90.0%
97.3%
94.7%
97.4%
93.4%
66.3%
94.8%
98.4%
-

0.001
0.001
0.001
0.001
0.001
0.031
0.001
0.001
-

30052.52

0.001

4
16
26

24% (11%-38%)
35% (26%-45%)
20% (10%-29%)

95.4%
97.8%
99.7%

0.001
0.001
0.001

334.82

0.001

13
8
9

22% (15%-29%)
22% (4%-40%)
30% (16%-45%)

96.4%
99.7%
99.0%

0.001
0.001
0.001

3085.57

0.001

1

United Arab Emirates, Afghanistan, Qatar, Bahrain, Kuwait, Oman, Israel, and Cyprus, were not added due to insufficient data. The prevalences are
reported as ratio (95%CI).

1, the reported percentages were heterogeneous and
showed statistical significance (test for heterogeneity:
Q = 30052.5, df = 9, P < 0.001).

estimated as 12% (95%CI: 9%-15%).

Turkey

The prevalence of HCV infection among the general
[71]
population of turkey was reported as 1.6% .
Genotype 1b was found to be the most common
genotype of HCV (67.7%) followed by genotype 1
(7.7%), 4 (7.3%) and genotype 3 (6.7%) among
[72,73]
the general population
. Investigations on the
prevalence of HCV infection among hemodialysis
patients are limited in this country and are as follows:
[74]
in 2004, 19% (19/83) in Izmir , in 2006, 26%
[75]
[76]
(245/934) , and 28.7% (54/188) , in the whole
[77]
country, and 35.6% (26/73) in Ankara ; in 2009,
[78]
19% (83/437) in the Ege region ; in 2014, 19.9%
[79]
(40/201) in Antalya . As it is demonstrated in figure
2, the prevalence of HCV infection among hemodialysis
patients in Turkey according to the publications of
the last 10 years was estimated as 23% (95%CI:
13%-28%).

Iran

An overall anti-HCV antibody prevalence of less
than 1% was reported in the general population of
[46-48]
Iran
. The most dominant genotype of HCV in Iran
was subtype 1a (44.9%) followed by 3a (39.6%),
[49]
and 1b (11.3%) among the general population .
The reported prevalences of hepatitis C infection
among hemodialysis patient in different areas are as
follows: In 2006, 38% (19/50) and 4.9% (10/204) in
[50,51]
Urmia city and Markazi province, respectively
; in
[52]
2007, 10.3% (9/89) in Ghazvin , 20.4% (66/324)
[53]
[54]
in Tabriz , and 8.5% (11/130) in Tehran ; In 2008
[55]
6.5% (44/674) in Eastern-Azerbaijan , 24.7%
[56]
[57]
in Golestan , 6.8% in Markazi , 21% (39/186)
[58]
in Sari and Ghaemshahr , and another 12.3% in
[59]
Sari ; In 2009, 18.4% (30/163), 7.9% (34/214),
and 5.3% (6/112), in Gilan, Khuzestan, and Tehran,
[60-62]
respectively
; in 2010, 20.1% (67/334) in Amol,
[63]
Tonekabon, Rasht, and Ramsar ; in 2011, 11.9% in
[64]
[65]
Gilan , and 31.5% (64/203) in Kerman province ;
in 2012, 6% (9/160) and 7% (16/228) in Yazd and
[66,67]
Kerman provinces, respectively
; in 2013, 7.2%
[68]
(13/181) in Shiraz ; in 2014, 8.1% (37/455) in
[69]
[69]
Tabriz , and 5.2% (26/499) in Isfahan ; in 2015,
[70]
5.9% (11/185) in Alborz province .
As it is exhibited in figure 2, the overall prevalence
of HCV infection among hemodialysis patients in
Iran according to the last decade’s publications was
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Saudi Arabia

A report compiled by the WHO mentions 437,292
official reports of HCV infections among the general
population of Saudi Arabia, revealing an estimated
[80]
prevalence of nearly 1.8% . The most prevalent
genotype of the virus in Saudi Arabia was genotype
4 followed by 1a and 1b, whereas genotypes 2a/2b,
3, 5, and 6 were rarely detected among the general
[42,81,82]
population
.In one study in 2007, a prevalence of
[83]
18.9% (34/180 patients) was reported .
As shown in figure 2, the overall prevalence in the
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Iran
First author (publication year)

Prevalence (95%CI)

Ansari (2006)
Bozorgi (2006)
Samimi-rad (2006)
Toosi (2007)
Kheradpezhouh (2007)
Jabbari (2008)
Somi (2008)
Samimi-rad (2008)
Makhiough (2008)
Ghanaei (2009)
Assarehzadegan (2009)
Nemati (2009)
Zamani (2010)
Joukar (2011)
Hassanshahi (2011)
Samimi-Rad (2012)
Zahedi (2012)
Moini (2013)
Kalantari (2014)
Somi (2014)
Tajbakhsh (2015)
2
Overall (I = 90.0%, P < 0.001)
Note: Weights are from ramdom effects analysis

0.38
0.10
0.07
0.09
0.20
0.28
0.06
0.07
0.21
0.18
0.08
0.05
0.20
0.12
0.31
0.06
0.07
0.07
0.05
0.08
0.06
0.12

-0.515

0

(0.24,
(0.04,
(0.03,
(0.04,
(0.16,
(0.19,
(0.05,
(0.03,
(0.15,
(0.13,
(0.04,
(0.01,
(0.16,
(0.09,
(0.25,
(0.02,
(0.04,
(0.03,
(0.03,
(0.06,
(0.03,
(0.09,

0.52)
0.16)
0.10)
0.13)
0.25)
0.37)
0.08)
0.10)
0.27)
0.24)
0.11)
0.09)
0.24)
0.15)
0.38)
0.09)
0.10)
0.11)
0.07)
0.11)
0.09)
0.15)

Weight (%)
2.16
4.23
5.15
4.77
4.90
3.25
5.57
5.15
4.36
4.36
5.15
4.97
4.90
5.36
4.16
5.15
5.20
5.09
5.53
5.41
5.20
100.00

0.515

Saudi Arabia
First author (publication year)

Prevalence (95%CI)

Hussein (2007)
2

Overall (I = 100.0%, P = NA)

Weight (%)

0.19 (0.13, 0.25)

100.00

0.19 (0.13, 0.25)

100.00

Note: Weights are from ramdom effects analysis
-0.246

0

0.246

Palestine
First author (publication year)

Prevalence (95%CI)

Weight (%)

El-Ottol (2010)

0.22 (0.17, 0.27)

34.20

Abumwais (2010)

0.25 (0.15, 0.34)

29.71

Al-Zabadi (2016)

0.07 (0.06, 0.09)

36.09

0.18 (0.05, 0.30)

100.00

2

Overall (I = 94.8%, P < 0.001)
Note: Weights are from ramdom effects analysis
-0.343

  

0

0.343

Syria
First author (publication year)

Prevalence (95%CI)

Moukeh (2009)
2

Overall (I = 100.0%, P = NA)

Weight (%)

0.54 (0.50, 0.59)

100.00

0.54 (0.50, 0.59)

100.00

Note: Weights are from ramdom effects analysis
-0.585
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0

0.585
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Egypt
First author (publication year)

Prevalence (95%CI)

Kandil (2007)
Khodir (2012)
Soliman (2013)
Zahran (2014)
El-Sharkawy (2015)
Sarhan (2015)
Senosy (2016)
2
Overall (I = 94.7%, P < 0.001)
Note: Weights are from ramdom effects analysis

0.52
0.42
0.43
0.50
0.51
0.51
0.61
0.50

-0.692

0

(0.34,
(0.40,
(0.30,
(0.45,
(0.50,
(0.48,
(0.58,
(0.46,

0.69)
0.44)
0.56)
0.54)
0.51)
0.54)
0.64)
0.55)

Weight (%)
5.00
18.14
7.56
16.10
18.70
17.25
17.25
100.00

0.692

Turkey
First author (publication year)

Prevalence (95%CI)

Weight (%)

Yakaryilmaz (2006)

0.24 (0.18, 0.30)

25.56

Sezer (2006)

0.36 (0.25, 0.47)

14.07

Kose (2009)

0.19 (0.15, 0.23)

33.00

Daglar (2014)

0.20 (0.15, 0.25)

27.38

0.23 (0.18, 0.28)

100.00

2

Overall (I = 66.3%, P = 0.031)
Note: Weights are from ramdom effects analysis
-0.466

0

0.466

Yemen
First author (publication year)

Prevalence (95%CI)

Weight (%)

Bin Selm (2010)

0.63 (0.49, 0.76)

22.11

Baghza (2010)

0.22 (0.17, 0.28)

26.15

Aman (2015)

0.40 (0.34, 0.47)

25.91

Al-Hegami (2015)

0.46 (0.39, 0.53)

25.83

0.42 (0.28, 0.56)

100.00

2

Overall (I = 93.4%, P < 0.001)
Note: Weights are from ramdom effects analysis
-0.76

  

0

0.76

Iraq
First author (publication year)

Prevalence (95%CI)

Weight (%)

Khattab (2008)

0.07 (0.03, 0.11)

11.83

Ramzi (2010)

0.27 (0.18, 0.35)

10.70

Al-Mashhadani (2011)

0.12 (0.05, 0.18)

11.24

Mnuti (2011)

0.41 (0.31, 0.51)

10.40

Mhal-Rubaie (2011)

0.40 (0.28, 0.53)

9.38

Abdullah (2012)

0.12 (0.08, 0.16)

11.79

Tarky (2013)

0.00 (0.00, 0.01)

12.16

Shihab (2014)

0.43 (0.34, 0.51)

10.64

Athbi (2015)

0.07 (0.03, 0.10)

11.86

0.20 (0.12, 0.28)

100.00

2

Overall (I = 97.3%, P < 0.001)
Note: Weights are from ramdom effects analysis
-0.53
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0

0.53
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Jordan
First author (publication year)

Prevalence (95%CI)

Weight (%)

Ghunaimat (2007)

0.50 (0.43, 0.57)

25.00

Al-Jamal (2009)

0.28 (0.20, 0.36)

24.69

Batchoun (2011)

0.48 (0.39, 0.56)

24.58

Ghazzawi (2015)

0.17 (0.14, 0.19)

25.73

0.35 (0.17, 0.54)

100.00

2

Overall (I = 97.4%, P < 0.001)
Note: Weights are from ramdom effects analysis
-0.567

0

0.567

Lebanon
First author (publication year)

Prevalence (95%CI)

Weight (%)

Abourached (2006)

0.13 (0.11, 0.15)

49.34

AbouRached (2016)

0.05 (0.04, 0.05)

50.66

2

0.09 (0.01, 0.17)

100.00

Overall (I = 98.4%, P = 0.000)
Note: Weights are from ramdom effects analysis
-0.169

  

0

0.169

Figure 2 Prevalence of hepatitis C virus infection among hemodialysis patients in the Middle-East region during the last decade according to the results
of enzyme-linked Immunosorbent assay. The reported prevalence of each country separated by First author name and sorted by publication year. The overall
prevalence and 95%CI is also reported for each country. Prevalence data are reported as ratio (95%CI). United Arab Emirates, Afghanistan, Qatar, Bahrain, Kuwait,
Oman, Israel, and Cyprus, were not added due to insufficient data.

last decade’s only one publication was estimated as
19% (95%CI: 13%-25%).

reported in Qatar which accounts for almost 100% of
[36,38]
all infections
. No report was found for Qatar on
the prevalence of HCV infection during the last decade.

Kuwait

Yemen

The latest reports of WHO showed a prevalence of 1.8%
[26]
of HCV infection in general population of Kuwait .
The most common genotypes of HCV in Kuwait was
genotype 4 with a rate of 43% (95%CI: 33%-52%)
followed by genotype 1 with a rate of 28% (95% CI:
[29]
21%-34%) . There was no published study during
the last decade regarding the prevalence of HCV
infection in Kuwait.

HCV prevalence in the general population was estimated
[84]
to be 1.8% . In 2010, the anti-HCV antibody
prevalence rate among the hemodialysis patients was
[85]
[86]
reported as 62.7% ; In 2014, 22.5% (45/200) ;
In 2015, it was reported as 40.2% (88/219; 95%CI:
[87]
[88]
33.6%-46.73%) , and 46% (98/213) . The most
prevalent genotype of HCV was 4 with a prevalence
of 63.7% followed by genotype 1a + 1b with a rate of
[89]
26.9% among the general population .
As it is presented in figure 2, the overall prevalence
of HCV infection among hemodialysis patients in
Yemen according to the publications of the last decade
was estimated as 42% (95%CI: 28%-56%).

UAE

Regarding the latest reports, the prevalence of HCV
[31]
infection in UAE was about 1% in general population .
In 1995, a prevalence of 24% (64/262) of HCV infection
[32]
among hemodialysis patients was reported . The
[33]
predominant genotypes were 4, 3, and 1 . No study
was found reporting the prevalence of HCV infection
among hemodialysis patients during the last decade in
UAE.

Iraq

A meta-analysis in 2015 estimated the prevalence
of HCV infection to be 0.2% among the general
population of Iraq (range: 0%-7.2%; 95%CI:
[90]
0.1%-0.3%) ; HCV genotype 4 is the most common
[38]
genotype . Regarding the prevalence of hepatitis C
among hemodialysis patients during the past decade,
[91-98]
the reported rates ranged from 0 to 42.6%
: In
[94]
[98]
2007, 11.7% (10/87) ; in 2008, 7.1% (12/169) ;

Qatar

According to the literature, HCV prevalence in the
general population of Qatar was 0.5% among Qataris
people, and 1% (95%CI: 0.43%-1.82%) overall.
Genotype 4 is the most common HCV genotype

WJG|www.wjgnet.com
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[99]

in 2009, 40.3% (23/57)
; in 2010, 26.7%
[96]
[92]
(27/101) ; in 2012, 12.3% (29/236) ; in 2014,
[97]
[100]
42.6% (52/122) ; in 2015, 6.6% (11/165) .
As figure 2 shows, the overall prevalence of
HCV infection among hemodialysis patients in Iraq
according to the last decade’s publications was
estimated as 20% (95%CI: 12%-28%).

population of Syria was estimated as 0.4% (range:
[90]
0.3%-0.9%; 95%CI: 0.4%-0.5%) . The dominant
genotype in this country were genotype 4 and
[90]
then genotype 1 among the general population .
Regarding the prevalence of HCV among hemodialysis
patients in 1995 a prevalence of 75% (90/120) and
48.9% (68/139) in 1996 were reported which were
[105,106]
not included in our meta-analysis
. The latest
and the only found survey in 2006 revealed a rate of
[107]
54.4% (299/550) .
The prevalence of HCV infection among hemodia
lysis patients in Syria regarding the last decade’s
publications was estimated as 54% (95%CI: 50%-59%;
Figure 2).

Afghanistan

HCV prevalence in the population at large in Afgha
nistan appears to be around 1%; however, there are
no reliable data on the prevalence of HCV infection and
hepatitis C among hemodialysis patients as a high risk
[39]
group . Regarding the common genotypes in this
country, only one study reported HCV genotype data
among 71 HCV positive from Mazar-i-Sharif, Herat,
[40]
and Jalalabad between 2006 and 2008 . In this
report, about two-thirds of participants were infected
with genotype 3a while the rest of them were infected
[40]
with genotype 1 .

Jordan

According to the recent reports, the prevalence of
HCV infection in Jordan’s general population was
[4,90]
estimated to be ranging from 0.3% to 2.1%
. The
most dominant genotypes of HCV was genotypes 4
and 1 according to their research among the general
[108]
population
. Regarding the prevalence of hepatitis
C among hemodialysis patients, in 1994 and 2001,
[108,109]
24.5% and 34.6% were reported, respectively
.
[110]
During the last decade the rates of 49.8% (104/209) ,
[111]
[112]
28% (34/120)
, 47.7% (64/134)
, and 16.5%
[113]
(117/712)
, in 2007, 2009, 2011, and 2015, res
pectively. The overall prevalence of HCV infection
among hemodialysis patients in Jordan considering
the last decade’s publications was measured as 35%
(95%CI: 17%-54%; Figure 2).

Palestine

The prevalence of HCV infection in Palestine was
reported as 0.2% rate (range: 0%-9.0%; 95%CI:
0.2%-0.3%). The most dominant genotype was found
to be genotype 4 followed by 1 and 3a among the
[101,102]
general population
. Studies on the prevalence
of hepatitis C among hemodialysis patients were
limited in this country. The reported prevalence rates
were as follows: 24.7% (19/77) and 22% (54/246)
[102,103]
[104]
in 2010
; 7.4% (64/868) in 2016
. As it is
demonstrated in figure 2, the overall prevalence of
HCV infection among hemodialysis patients in Palestine
according to the last decade’s publications was
calculated as 18% (95%CI: 5%-30%).

Lebanon

The prevalence of HCV in Lebanon is reported to be
[114]
0.2% according to a recent report . HCV genotype 4
is reported to be the most dominant genotype among
the general population as well as among hemodialysis
[30,115]
patients
. The prevalences of HCV infection
among hemodialysis patients were 13% (134/1030)
[116]
[117]
in 2007
and 4.7% (177/3769) in 2016 . Prior to
that, in 1995 a prevalence of 27% (range: 10%-39%)
was reported which could not be included in our
[118]
study
. As it is exhibited in figure 2, the overall
prevalence of HCV infection among hemodialysis
patients in Lebanon according to the last ten years’
publications was estimated as 9% (95%CI: 1%-17%).

Oman

HCV infection prevalence among the general po
pulation in Oman, nationals and expatriates, was
reported to be below 1%, ranging from 0.4% to 0.9%
[30]
in blood donors . To our knowledge, there are no
reports on the prevalence of HCV among hemodialysis
patients in the past decade in this country.

Bahrain

Regarding the prevalence of HCV infection in Bahrain’s
general population, two recent studies were found
[42,43]
which reported a low prevalence of 0.3%
. The
predominant genotype among Bahraini patients was
type 1 (36.7%), followed by genotypes 3 and 4 (15.6%
[44]
each) . We searched all of the databases and no
more recent studies were found on the prevalence
of HCV among hemodialysis patients to estimate
the possible changes in its rate and the trend of the
disease.

Egypt

Egypt is one of the countries which are heavily af
fected by HCV having a prevalence of 14.7%; HCV
genotype 4 is by far the most common genotype
[30]
in Egypt . During the past two decades literature
reported prevalences ranging from 48.2% to 87.5%
for HCV infection among hemodialysis patients which
[119-125]
were not taken into account in our analysis
.
The reports of the prevalence of hepatitis C infection
among hemodialysis patients during the last decade
[126]
are as follows: In 2007, 51.6% (16/31) ; in 2012,

Syria

The prevalence of HCV infection among the general
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[127]

[128]

43% (36/83) , and 42.2% (992/2351) ; in 2014,
[129]
[130]
49.6% (255/514)
; in 2015, 51% (503/987)
,
[131]
and 50.7% (11189/22070)
; in 2016, 60.9%
[132]
(591/971) .
Considering the chart in figure 2, the overall pre
valence of HCV infection among hemodialysis patients
in Egypt was calculated as 50% (95%CI: 46%-55%).

In Saudi Arabia before 2000, prevalence reports
ranged from 15% to 90% among different hemo
[81]
dialysis centers . Afterwards, studies showed a
[42,82]
range of 14.7% to 43.9%
. Many of these studies
suggested that the duration of the dialysis session
was more related to the chance of infection than
[42,82]
the repeated blood transfusions
. Despite the
further increase in dialysis services, the prevalence
did not have a significant change during the recent
years in Saudi Arabia which may be due to better
implementation of infection-control policies and
also the screening methods in certain hemodialysis
[81]
units . However, the studies on the epidemiology of
HCV infection related to hemodialysis are noticeably
insufficient. Our estimated prevalence in Iran is also
lower than the previously reported 13.57% in 2010
[135]
by Alavian et al
. In their systematic review that
was performed from April 2001 to March 2008 and
even before, 12 studies were evaluated, of a total
sample size of 5280, a prevalence of 12.91 (95%CI:
10.25-15.56) was reported; however, most of the
studies are conducted in a limited number of provinces
which applies some limitations to the outcome. In
Iraq, Adherence to infection precautions, screening
of transfusions, the use of separate machines for the
infected patients, and using erythropoietin instead of
blood transfusions may be the cause of the overall
[92,94,96-100]
lower prevalence rates
.
In Yemen, sensitivity analyses suggest that there
may be an underestimation for HCV prevalence since
measured HCV prevalence in this country increased
from 1.9% in baseline analysis to 2.8% and 2.4%
[84]
in the two sensitivity analyses, respectively ; HCV
prevalence among hemodialysis patients increased
[85,136]
from 40.0% in 1999 to 62.7% in 2007
, and
42% in our estimation. Insufficient data on the
prevalence of HCV infection, particularly among the
patients on maintenance hemodialysis is a barrier
for determining the alterations in the trend and
risk factors of transmission; thus, present literature
show an increase in the overall prevalence in Yemen.
Moreover, in Syria, the higher rates of infection, ranged
[105,106]
from 48.9% to 75%
, seems to be continued
during the past two decades as well as our present
evaluation (54.4%). This might be due less than
optimal screening of blood and blood products and
[105-107]
poor sterilization of equipment in these patients
.
Studies in Jordan showed a decline in the rates of HCV
infection among hemodialysis patients (from 49.8% to
[108-112]
16.5%) though the overall rate was high (35%)
;
standardized infection control protocols including the
use of disposable gloves, kits, needles, dialyzers, and
single use vials as well as disinfection of surfaces and
dialysis machines between hemodialysis sessions with
appropriate solutions were the reasons for the decline
[113]
in the prevalence rates .
In Kuwait, Qatar, and UAE, non-nationals com
[35]
prise more than three-fourths of the population .

Israel

The latest reports on the prevalence of HCV infection
among general Israeli population reveal a rate of
[133]
1.96% . HCV genotype 1 (70%) and 3 (20%) were
[133]
the most inspected ones among the individuals . No
recent study was found for Israel regarding the HCV
infection among hemodialysis patients.

Cyprus

The general prevalence of HCV infection in Cyprus is
reported as 0.5% and the most dominant genotype
[4,45]
in Cyprus was reported to be genotype 1
. To our
knowledge, there is no publication on the prevalence
of HCV infection among hemodialysis patients in this
country.

DISCUSSION
In hemodialysis centers, hepatitis C virus infection
remains a major concern. Blood transfusion as well
as nosocomial infection continue to play important
[134]
roles in the transmission of HCV
. An overall
prevalence of 25.3% of HCV infection was reported
among hemodialysis patients in the Middle-East region
according to the present study. Regarding the result of
the present investigation, the prevalence was higher
in ages 40 to 50 years old; this might be due to higher
rate of renal diseases in older ages. Also, among
patients who were under hemodialysis for more than
5 years the prevalence of hepatitis C was higher than
those who were treated for a shorter time period.
Other than some countries such as Afghanistan, Israel,
Cyprus, Qatar, Kuwait, UAE, Oman, and Bahrain,
which had no recent data on the prevalence of HCV
infection among hemodialysis patients, among the
other countries a rate of 9% in Lebanon to 54% in
Syria were observed. Despite insufficient data on
Syria, according to the only presented paper from
this country, it had a higher prevalence even than
Egypt, a country with the highest reported HCV
[90]
infection among the Middle-East countries . Lebanon
(9%), Iran (12%), Saudi Arabia (19%), Iraq (20%),
Turkey (23%), and Palestine (18%), depicted lower
prevalences although the number of studies seems
to be not sufficient in Lebanon, Saudi Arabia, and
Palestine. More investigations are expected and
suggested to give out more accurate conclusion in
these countries. Moreover, providing updated surveys
in UAE, Oman, Afghanistan, Israel, Cyprus, Qatar,
Kuwait, and Bahrain, are greatly recommended.
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Documents depict a high prevalence of HCV infection
before 2006 among hemodialysis patients in Kuwait,
[27,28,30]
ranging between 27% and 71%
. Obviously,
studies on the prevalence of HCV infection and the
possible changes in its trend are not well investigated
in Kuwait country during the last decade, even the
reports of the health ministry revealed no data in
this case. In UAE, it seems that the medical care
providers still do not take HCV infection as a major
concern, especially among patients undergoing
dialysis treatment, and studies are lacking and the
changes in the trend are not measurable. In Qatar,
HCV prevalence was as high as 44.6% in hemodialysis
[36]
patients according to a recent systematic review .
[42]
Qadi et al
reported the prevalence of HCV infection
among the Bahraini hemodialysis patients, a rate
of 7.4% among 81 patients recruited from tertiary
health centers of the country in 2004. The prevalence
of HCV infection among Israeli hemodialysis patients
[137]
in 1997 and 2001 reports showed rates of 12.3%
[138]
and 18%
. The latest reports published for Oman
[41]
in 1992 and 1993 by Al-Dhahry et al
revealed a
26.5% prevalence for HCV infection in these patients.
Although the prevalence of HCV infection is not high
in these countries considering the latest reports, it is
assumed that conducting new epidemiological surveys
is needed for a better estimation.
Latest reports depicted the prevalence of HCV
infection in the United States hemodialysis centers to
[12,139]
be in a range of 8% to 16.8%
, which was about 5
times greater than the prevalence within the country’
[140]
s general population (1.6%)
. The time spent on
dialysis therapy has been suggested as an independent
[141]
risk factor for the infection . In Europe, a prevalence
of 11.5% was reported in 2003, while Japan’s HCV
infection prevalence among hemodialysis patients
[142]
was 13.4% . In some other reports from European
developed countries such as Belgium, Germany, Spain,
France, Sweden, Poland, Hungary, United kingdom,
and Italy, prevalence rates of 6.8%, 6%, 12%,
30%, 9%, 44%, 15%, 3%, and 16% were reported,
[143]
respectively . As it is demonstrated, in contrast with
the developed countries, some Middle-East countries
such as Iran, Iraq, Turkey, Lebanon, Palestine, and
Saudi Arabia may have had better hygienic condition;
however, the lower rates of infection can be due to
lower number of patients and the sample population
and also number of dialysis units in the country, for
example in areas like Iraq and Palestine, specifically
[102-104]
Gaza strip
.
The mechanisms responsible for HCV infection
transmission in hemodialysis services in the MiddleEast countries has not been recognized properly yet.
However, some investigations have reported that
cross infection through hemodialysis machines may
be in charge for the transmission which necessitates
more attention on sterilization and control of infection
[144]
in dialysis units
. Diagnosis and treatment of all
hemodialysis patients who are infected with the virus,
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education of nurses and all health care providers
involved with these cases, and organizing prevention
programs regarding the natural characteristics of
each country and its population are suggested as
prevention programs which can be initiated in MiddleEast countries for better evaluation and reduction of
[144,145]
HCV infection
. Nevertheless, successful control
of the infection needs further investigations to assess
the effectiveness of different preventive and diagnostic
policies. Preventive programs varies in different regions
and various societies. Several studies are focused
on isolating hemodialysis patients while some others
attempted to use specified equipment and services for
these patients and disinfection of the devices and the
[135,146,147]
environment
.
As a limitation of this study, the limited number
of studies in some countries can be noticed. The low
sample populations in a number of studies in some
centers can be mentioned as another limiting factor for
which the outcome could not be generalized. However,
since the prevalence of HCV infection and also the
number of the studies in this field were not significant,
we could not omit these surveys.
Overall, in this paper we reported the prevalence of
HCV infection among the countries of the Middle-East
region considering the documents published during
the past decade. Health policy makers and health care
system should focus on the possible risk factors of
each country individually in order to plan for effectively
reduce the transmission rates and improve treatment
methods for the infected ones. Also, experiences of
the countries which were succeeded in reducing the
incidence rate and the infection prevalence might be
helpful if being shared.
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The results of the present study can be applied in health policy making and
programming for better management of the dialysis centers as well as the
infected individuals who may need for dialysis treatment in the future. Knowing
the infection rate, the possible ways of transmission and complications of the
infection are beneficial for future’s planning.

16

17

Peer-review

This is a very interesting review article on the prevalence of hepatitis C
among hemodialysis patients among the Middle-East countries. The author is
investigating the infection state of HCV of the Middle-East region in the precise.
Description of an Middle-Eastern medical state and the discussion about a
route of infection think a requirement.
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Abstract
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Intraabdominal lymphangiomas are uncommon;
additionally, those affecting the gastrointestinal tract
are rare and account for less than 1% of cases. Intus
susception caused by a cystic lymphangioma of the
small bowel is extremely rare. The patient was a
20-year-old woman who visited our emergency room
with a complaint of abdominal pain. A computed
tomography image revealed ileo-ileal intussusception
with a leading hypovascular mass measuring 1 cm
in a diameter. Single-incision laparoscopic-assisted
ileal resection was performed. The surgical specimen
consisted of a soft polycystic mass. Macroscopically, a
pedunculated polyp with a convolutional pattern was
found. Microscopically, the inner surfaces of the cysts
were covered with a single layer of endothelial cells. On
immunohistochemical examination, the endothelial cells
were partially positive for D2-40 and CD34. Smooth
muscle cells were also found around the cysts. The
lesion was diagnosed as a cystic lymphangioma. Dozens
of cases of small bowel lymphangiomas have previously
been reported. Of these, cases with intussusception
were very rare. This is the first case of small bowel
intussusception due to lymphangioma treated by singleincision laparoscopic-assisted surgery.
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abdomen with a leading hypovascular mass measuring 1
cm in a diameter (Figure 1). The preoperative diagnosis
was intussusception of the small bowel due to inverted
Meckel’s diverticulum or a benign tumour.
Single-incision laparoscopic-assisted ileal resec
tion was immediately performed. A single incision
measuring approximately 2.5 cm long was performed
at the umbilicus, and two 5-mm trocars were placed
in the incision using a disposable protractor, one for
camera port and the other for the forceps. An ileo-ileal
intussusception was found via laparoscopic inspection.
The involved segment of the small bowel was removed
through the incision using forceps and hands (Figure
2). The intussusception was released by applying the
Hutchinson manoeuvre. We then observed that the
soft mass was the leading point of the intussusception
(Figure 3). Ileal resection was performed, and the
mass was resected.
The surgical specimen consisted of a soft polycystic
mass. Macroscopically, a pedunculated polyp with a
convolutional pattern was found. A polycystic appearance
was noted on the cut surface. We performed additional
resection of the ileum on both the oral and anal side
due to an insufficient margin. The cut sections of the
specimen revealed multiple cystic lesions located
mainly in the mucosal to submucosal layer (Figure
4). Microscopically, the inner surfaces of the cysts
were covered with a single layer of endothelial cells.
No blood cells were found in the cysts (Figure 5). On
immunohistochemical examination, the endothelial
cells were partially positive for D2-40 and CD34.
Smooth muscle cells were also found around the
cysts (Figure 6). The lesion was diagnosed as cystic
lymphangioma. The postoperative course was
th
uneventful, and the patient was discharged on the 7
postoperative day without postoperative complications.

assisted surgery; Lymphangioma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We observed an extremely rare case of small
bowel intussusception caused by cystic lymphangioma.
Dozens of lymphangiomas of the small bowel have
previously been reported. Of these, few cases with
intussusception have been reported. In the present
case, single-incision laparoscopic-assisted surgery
was useful for treating the telescoped lesion. To
our knowledge, no cases of small bowel intussus
ception due to lymphangioma have been treated by
laparoscopic surgery.
Kohga A, Kawabe A, Hasegawa Y, Yajima K, Okumura T,
Yamashita K, Isogaki J, Suzuki K, Komiyama A. Ileo-ileal
intussusception caused by lymphangioma of the small bowel
treated by single-incision laparoscopic-assisted ileal resection.
World J Gastroenterol 2017; 23(1): 167-172 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i1/167.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i1.167

INTRODUCTION
Compared to the rate observed in children, intus
susception in adults is uncommon. Ninety-five percent
[1,2]
of cases of intussusception occur in children
.
Small bowel neoplasms such as metastatic tumours,
adenocarcinoma, gastrointestinal tumours, lymphoma,
carcinoid tumours and other tumours including
benign lesions may induce intussusception in
[3,4]
adults . Lymphangioma is a congenital lymphatic
[5]
system malformation , and a small proportion of
[6]
lymphangiomas occur in the gastrointestinal tract .
Intussusception caused by lymphangioma of the small
[7]
bowel is extremely rare . Here, we report the case
of a young woman with intussusception caused by
lymphangioma of the small bowel who was treated by
single-incision laparoscopic-assisted ileal resection.

DISCUSSION
In the present report, we present an extremely rare
case of small bowel intussusception caused by cystic
lymphangioma of the ileum. Cystic lymphangioma
[8]
was first described by Radenbacker . Lymphangioma
is a congenital disease and occurs more frequently in
the head, neck and axilla; however, intraabdominal
lymphangiomas are uncommon, and those that affect
the gastrointestinal tract are rare and account for less
[5,9,10]
than 1% of cases
.
Generally, lymphangiomas primarily occur in
children. However, reported cases of small bowel
lymphangiomas exhibit a wide age range. Morris-Stiff et
[11]
al reported that a Japanese/Taiwanese predisposition
to small bowel lymphangiomas may exist. According to
the Japanese literature, Kurokawa reviewed 40 patients
with small bowel lymphangiomas and suggested a slight
[12]
male predominance .
Pathologically, lymphangiomas are divided into three

CASE REPORT
The patient was a 20-year-old woman who visited our
emergency room due to a complaint of abdominal
pain. A physical examination revealed mild tenderness
in the upper right abdomen without peritoneal
irritation signs. The patient had no past history of comorbid medical or surgical illness. Laboratory data
2
showed slight leukocytosis (WBC 108 × 10 /µL) with a
moderately elevated C-reactive protein level (CRP, 4.19
mg/dl).
Ultrasonography of the upper right abdomen indicated
no significant findings. A computed tomography (CT)
image revealed ileo-ileal intussusception in the lower
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Figure 1 Computed tomography of abdomen: Computed tomography revealed an ileo-ileal intussusception. The leading point revealed hypovascular mass
measuring 1 cm in a diameter.

Figure 2 The lesion was externalized using forceps and hands through
the umbilical incision.

Figure 4 Microscopic findings of the resected specimen. Polycystic mass
with convolutional pattern was found. Cutting lines are shown by lines.
[5,16]

losing gastroenteropathy
. Although CT images are
useful for the diagnosis of intussusception, radiologic
[1,7]
studies are not a conclusive test for diagnosis .
In the present case, the presence of a mild ten
derness in the upper right abdomen interfered
with the diagnosis of ileo-ileal intussusception by
ultrasonography.
Dozens of lymphangiomas of the small bowel have
[17-20]
previously been reported
. Of these, a few cases
[7,21]
have been reported to result in intussusception
. In
the Japanese literature, Kurokawa reported 7 cases of
[12]
small bowel lymphangioma with intussusception .
Surgical resection is the standard treatment.
Relapses may occur if vesicles or part of the tumour
[5,22-24]
remain unresectable
. Therefore, it seems plau

Figure 3 Leading point of intussusception was palpable and soft mass
was confirmed.

groups: simple capillary lymphangioma, cavernous
[7,13,14]
lymphangioma, and cystic lymphangioma
. Of
these, the present case was diagnosed as a cystic
lymphangioma consisting of a large macroscopic
lymphatic space with investitures of collagen and
[15]
smooth muscle .
Small bowel lymphangiomas usually present
no symptoms but can sometimes cause melena,
abdominal pain, intussusception, ileus and protein-
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Figure 5 Microscopic findings: Cysts were lined by a flat epithelial endothelium. No blood cells were found.

A

B

Figure 6 Immunohistochemical examination: The endothelial cells were partially positive for D2-40 (A) and CD34 (B).

sible that additional resection should be performed if
the surgical margin is not sufficient.
Generally, single-incision laparoscopic-assisted
surgery (SILS) is considered a less invasive and
more aesthetic method than conventional multi-port
[25]
laparoscopic surgery . However, SILS currently has
[26,27]
limitations for its indication
. With regard to small
[28]
intestine resection, Nickerson et al
suggested that
SILS is effective and feasible for resection of small
bowel tumours. Additionally, some authors have
reported cases of small bowel intussusception treated
[25,29]
by SILS
. In the present case, we removed the
telescoped segment through the umbilical incision;
then, reduction was performed under direct vision.
We consider SILS a feasible procedure for small bowel
intussusception only if the intussusception is thought
to be caused by a benign lesion and the telescoped
segment is sufficiently short to pass the umbilical
incision. To our knowledge, no cases of small bowel
intussusception due to lymphangioma have been
treated by laparoscopic surgery or SILS.
Recently, several cases of small bowel lymphan
gioma causing intestinal bleeding have been treated
by endoscopic polypectomy using double-balloon
[16,30]
enteroscopy
. Endoscopic polypectomy might be
a useful method to treat small bowel lymphangioma

WJG|www.wjgnet.com

without intussusception.
In conclusion, we reported a rare case of small bowel
intussusception caused by a cystic lymphangioma. SILS
was useful for the small bowel intussusception caused
by a benign lesion in the present case.

COMMENTS
COMMENTS
Case characteristics

A 20-year-old woman presented with an abdominal pain. Mild tenderness in
upper right abdomen without peritoneal irritation signs was found.

Clinical diagnosis

Intussusception of small bowel.

Differential diagnosis

Intussusception of small bowel due to inverted Meckel’s diverticulum or a
benign tumor.

Laboratory diagnosis

Laboratory data showed slight leukocytosis (WBC, 108 × 102/µL) with moderately
elevated C-reavtive protein (CRP, 4.19 mg/dl), suggesting presence of
inflammation.

Imaging diagnosis

Ileo-ileal intussusception in the lower abdomen with the leading point of
hypovascular mass measuring 1 cm in a diameter.
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Pathological diagnosis
Cystic lymphangioma of ileum.

13

Treatment

14

Surgical resection.

Related reports

15

Previously, dozens of lymphangioma of the small bowel had been reported. Of
these, a few cases have been reported to set up intussusception.

Term explanation

Lymphangiomas is congenital disease and occur more frequently in the head,
neck and axilla, however, intraabdominal lymphangiomas are uncommon.
Pathologically, Lymphangiomas are divided into three groups: simple capillary
lymphangioma, cavernous lymphangioma, and cystic lymphangioma.
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Experiences and lessons
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The authors experienced a rare case of small bowel intussusception caused by
cystic lymphangioma. single-incision laparoscopic-assisted surgery was useful
for the small bowel intussusception caused by benign lesion as the present
case.
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Peer-review
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The authors offered an interesting case with well treatment. Indeed, it is
rare. The authors described a patient got ileo-ileal intussusception caused
by lymphangioma of small bowel, and treated by single-incision lapascopicassisted ileal resection.
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Multiple primary malignancy is defined as two or more
malignancies detected in an individual person. In
particular, synchronous quintuple primary malignancy
is extremely rare. A 52-year-old male with anal pain
and intermittent blood-tinged stool was diagnosed
with malignancies in the stomach, jejunum, ascending
colon, transverse colon and rectum. He underwent
a subtotal gastrectomy, segmental resection of the
jejunum and total protocolectomy with end ileostomy.
The postoperative pathologic findings were moderate
differentiated gastric adenocarcinoma (pT1bN0M0,
pStageⅠA), combined adenocarcinoma and neuroend
ocrine carcinoma of the jejunum (pT3N0M0, pStage
ⅡA), three mucinous adenocarcinoma of the ascen
ding colon (pT3N0M0, pStageⅡA), transverse colon
(pT1N0M0, pStageⅠ) and rectum (pT3N1aM0, pStage
ⅢB). The tumors did not lack MLH-1 and MSH-2
expression, as the markers (bat26, D5S346, bat25,
D2S123) suggest MSI-H presence. Adjuvant chemor
adiotherapy was started according to regimen, FOLFOX
4 for advanced rectal cancer. Six years post-operation,
the patient is currently attending regular follow-ups
without recurrence or metastasis.
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Core tip: We have experienced a case of synchronous
quintuple primary gastrointestinal tract malignancies.
Reports on synchronous quintuple primary malignancies
are extremely rare. Hence, we report on the case,
which developed in the stomach, jejunum, ascending
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for the diagnosis of thyroiditis (Figure 3). The patient
underwent a subtotal gastrectomy, segmental resection
of the jejunum and a total proctocolectomy with the
end ileostomy simultaneously during one operation.
The pathologic results following the gastrectomy
determined the gastric tumor to be EGC type Ⅱc,
tubular adenocarcinoma, moderate differentiated,
intestinal type by the Lauren classification system,
with a depth of invasion into the submucosa (T1b)
and no lymph node metastasis in 19 lymph nodes
(pT1bN0M0, pStageⅠA). The pathologic results at the
jejunum revealed a 7.0 cm × 4.5 cm sized, combined
adenocarcinoma and neuroendocrine carcinoma, with
a depth of invasion into the subserosa (T3) and no
lymph node metastasis in 8 lymph nodes (pT3N0M0,
pStageⅡA). The specimen gained from the total
proctocolectomy had three adenocarcinomas at the
ascending colon, 5.5 cm × 4.5 cm sized, mucinous
adenocarcinoma, with modified Astler-Coller’s stage
C2, with a depth of invasion into the subserosa. At the
transverse colon, mucinous adenocarcinoma arising
from high grade tubulovillous adenoma was presented
with a depth of involvement up until the muscularis
mucosa without penetration. Results from analysis of
the rectum showed 6.5 cm × 3.8 cm sized, mucinous
adenocarcinoma with modified Astler-Coller’s stage C2,
invasion to perirectal fat tissue was identified. A total
of 67 lymph nodes were dissected by proctocolectomy,
with 1 perirectal lymph node showing metastasis. The
stages of the ascending colon, transverse colon and
rectal cancer were pStageⅡA (pT3N0M0), pStageⅠ
(pT1N0M0) and pStageⅢB (pT3N1aM0), respectively.
The tumors of the colon and rectum were evaluated
with MLH-1 and MSH-2 expression for Lynch syndrome,
both gene expressions were present and functioning.
The gastric and colorectal tumors were evaluated with
microsatellite instability (MSI). The results showed
MSI-high (MSI-H) for MSI markers (bat26, D5S346,
bat25, D2S123) and microsatellite stable (MSS) for the
other marker (D17S250). Consequently, postoperative
adjuvant chemoradiotherapy was started according
to the regimen, FOLFOX 4 (Oxaliplatin, 5-fluorouracil
(5-FU) and leucovorin) for rectal cancer. Six years post
operation, the patient is currently attending regular
follow-ups and is without recurrence or metastasis,
reporting a normal bill of health.

colon, transverse colon and rectum with literature
review.
Kim SH, Park BS, Kim HS, Kim JH. Synchronous quintuple
primary gastrointestinal tract malignancies: Case report. World J
Gastroenterol 2017; 23(1): 173-177 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i1/173.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i1.173

INTRODUCTION
The occurrence of multiple primary malignancy, which
is defined as two or more malignancies detected in
[1,2]
an individual person, is becoming more frequent .
When multiple primary malignancies are diagnosed in
multiple organs, they are classified into synchronous
or metachronous subcategories according to the time
[3]
of detection . While there are a number of reports
on cases of triple or quadruple primary malignancies,
and metachronous quintuple primary malignancies,
reports on synchronous quintuple primary malignancies are extremely rare. Here, we report on a case of
synchronous quintuple primary gastrointestinal tract
malignancy, which developed in the stomach, jejunum,
ascending colon, transverse colon and rectum with
literature review.

CASE REPORT
A 52-year-old male legal office worker was referred
to our center as a result of anal pain and intermittent
blood-tinged stool. Prior to his referral, the patient had
quit smoking and consumption alcohol for an approximate 2 year period. However, the patient had a history
of 30 years of smoking one pack a day and social
drinking. His sister had been diagnosed with colon
cancer at the age of 50 and underwent an operation.
The other family members have no distinct medical
history associated with malignancies. On a digital rectal
examination, a rectal mass near the anus was found.
Colonoscopy revealed three masses in the ascending
colon, transverse colon and the rectum. Each mass was
identified with mucinous adenocarcinoma, respectively.
Esophagogastroduodenoscopy revealed an early gastric
cancer (EGC) type Ⅱc lesion at the antrum, posterior
wall of the stomach with atrophic gastritis (Figure 1).
A computed tomography (CT) scan for staging found
another mass with lymphadenopathy at the jejunum
and showed no significant lymph node enlargement
around the stomach, colon and rectum (Figure 2). A
positron emission tomography (PET)/CT showed abnor
mal increases in fluorodeoxy glucose (FDG) uptake
in the ascending colon, rectum and jejunum but no
definite abnormal FDG uptake along the gastric wall
and transverse colon was noted. Diffuse increased FDG
uptake was found at both thyroid glands, which allowed

WJG|www.wjgnet.com

DISCUSSION
According to the Warren and Gates criteria, multiple
primary malignancies are defined if the following 4
conditions are satisfied: (1) each tumor is malignant;
(2) each tumor has its own pathological features; (3)
tumors occur in different parts of the organs, and are
not continuous with each other; and (4) each tumor
has its own metastatic pathway and the diagnosis of
[4,5]
metastatic or recurrent tumors can be excluded .
In the case of this study, though three malignancies
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A

B

C

D

Figure 1 Endoscopic findings. A: Early gastric cancer type Ⅱc lesion at antrum, posterior wall of stomach; B: Ulcerative mass at proximal ascending colon,
diagnosed with adenocarcinoma; C: Concave mass at transverse colon, diagnosed with adenocarcinoma; D: Ulcerative rectal mass near anus, diagnosed with
adenocarcinoma pathologically.

Figure 2 Computed tomography finding. Focal irregular wall thickening at
proximal jejunum with lymphadenopathy, suggesting adenocarcinoma.

Figure 3 Positron emission tomography/computed tomography findings.
Revealed abnormal increased fluorodeoxy glucose (FDG) uptakes in ascending
colon, rectum and jejunum but no definite abnormal FDG uptake along the
gastric wall and transverse colon was noted. Diffuse increased FDG uptake
was found at both thyroid glands, which allowed for the diagnosis of thyroiditis.

gathered at the colon and rectum, each of these
malignancies were determined to be primary cancers.
They were distinguished as primary malignancies
which originated from independent polyps and masses
with distinct margins. Synchronous malignancies are
defined as more than two primary cancers occurring
within a 6 mo period after diagnosis of the first tumor,
post the 6 mo period patients with further diagnosed
malignancies can be referred to as having metachro[6]
nous cancers . According to these definitions, the
patient in this particular case was thus diagnosed with
synchronous quintuple primary cancer.
The occurrences of multiple primary malignancies

WJG|www.wjgnet.com

have increased in recent years. Many factors can be
attributed to this increase, including an increasing
proportion of elderly patients in the general population,
regular medical check-ups and increased number of
[2,7]
cancer survivors . Reported incidences of multiple
primary malignancies are approximately 1%-10%.
Metachronous multiple primary malignancies are more
common than synchronous malignancies with a ratio
2.7:1. Double primary tumors are most common and
triple, quadruple tumors are relatively rare. This is
exemplified by the lack of publications on the tumors
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Table 1 Published cases of synchronous quintuple primary malignancies in English literature
Year

Country

Age/sex

Location

Pathology

1995

Germany

67/M

2012

Japan

46/F

2015

United States

57/F

Descending colon
Kidney
Prostate
Bladder
Bladder
Right ovary
Endometrium
Ascending colon
Rectum
Left lung
Right popliteal fossa
Left breast
Left axillary lymph node
Left axillary lymph node
Left tibial soft tissue

Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Transitional cell carcinoma
malignant fibrous histocytoma
Clear cell adenocarcinoma
Endometrioid adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Papillary adenocarcinoma
Malignant melanoma
Invasive lobular carcinoma
Diffuse large B cell lymphoma
Nodular lymphocyte predominant Hodgkin lymphoma
Giant cell tumor

F: female; M: male.

Clinical diagnosis

with no more than 20 published cases of quintuple (or
more numbers) primary malignancies and less than 5
cases of synchronous quintuple (or more) cases being
presented, this figure includes current cases in English
[3,8]
literature
(Table 1).
The patient was suspected for Lynch syndrome,
however, the tumors all possessed MLH1, MSH2 gene
expression. Therefore, the patient was unlikely to
have Lynch syndrome. On the other hand, the tumors
had MSI-H for MSI markers (bat26, D5S346, bat25,
D2S123) and MSS for the other marker (D17S250).
[9]
MSI is believed to be a factor in carcinogenesis .
Hence, diagnostics suggested MSI may be responsible
for carcinogenesis in the patient.
To decide treatment option for multiple primary
malignancy patient, the stages of each synchronous
[2]
malignancy is the most important factor . In the current case, with the exception of rectal cancer, there was
no evidence of lymph node metastasis and had stages
with relatively more favorable outcomes than stage
ⅢB rectal cancer. Therefore, the adjuvant therapy was
focused on the rectal cancer and favorable results were
achieved.
In conclusion, surgeons should consider the possibility of multiple primary malignancies before surgery for
intestinal tract malignancies. It is essential to perform
full preoperative evaluations including esophagogastroduodenoscopy, colonoscopy, CT scan, PET/CT, and
other imaging modalities, if needed. In addition, the
stage of each malignancy is the most important factor
to determine treatment options for multiple primary
synchronous malignancy patients.

The patient was diagnosed with malignancies in the stomach, jejunum,
ascending colon, transverse colon and rectum.

Imaging diagnosis

Esophagogastroduodenoscopy revealed an early gastric cancer (EGC) at the
antrum. Colonoscopy revealed three masses in the ascending colon, transverse
colon and the rectum. A computed tomography (CT) scan found a mass at
the jejunum and showed no significant lymph node enlargement around the
stomach, colon and rectum. A positron emission tomography (PET)/CT showed
abnormal increases in fluorodeoxy glucose (FDG) uptake in the ascending
colon, rectum and jejunum but no definite abnormal FDG uptake along the
gastric wall and transverse colon was noted.

Pathological diagnosis

The pathologic results determined the gastric tumor to be tubular adenocar
cinoma. The mass at the jejunum revealed combined adenocarcinoma and
neuroendocrine carcinoma. The specimen gained from the total proctoco
lectomy had three adenocarcinomas.

Treatment

The patient underwent a subtotal gastrectomy, segmental resection of the
jejunum and a total proctocolectomy with the end ileostomy simultaneously
during one operation.

Related reports

Three case reports of synchronous quintuple malignancy were published in
English literature.

Experiences and lessons

Surgeons should consider the possibility of multiple primary malignancies
before surgery for intestinal tract malignancies. The stage of each malignancy
is the most important factor to determine treatment options for multiple primary
synchronous malignancy patients.

Peer-review

It’s a well written, well-illustrated, prolonged follow-up of the patient case report.
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Abstract
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at The Third Affiliated Hospital of Sun Yat-Sen University in
Guangzhou, China.

Biliary stenosis is a common complication after liver
transplantation, and has an incidence rate ranging from
4.7% to 12.5% based on our previous study. Three
types of biliary stenosis (anastomotic stenosis, nonanastomotic peripheral stenosis and non-anastomotic
central hilar stenosis) have been identified. We report
the outcome of two patients with anastomotic stricture
after liver transplantation who underwent successful

Informed consent statement: The patients involved in this
report gave their written informed consent for the use and
disclosure of their health information.
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kg, had undergone splenectomy 5 years previously
and had no clinical history of other systemic diseases.
Laboratory examinations revealed high levels of hepa
tobiliary enzymes, coagulation factors and quantitative
HCV RNA: aspartate aminotransferase (AST) was
123.0 U/L, alanine aminotransferase (ALT) was 64 U/L,
albumin (ALB) was 34.1 g/L, total bilirubin (TBILI) was
91.62 µmol/L, direct bilirubin (DBILI) was 36.87 µmol/L,
prothrombin time (PT) was 15.1 s, the international
normalized ratio of prothrombin time (PT-INR) was
6
1.25, and HCV RNA was 1.21 × 10 IU/mL. Case 2 was
a 57-year-old male with hepatitis B virus (HBV)-related
end-stage cirrhosis associated with hepatocellular carci
noma (HCC). The patient, who weighed 69.0 kg, was
diagnosed with type Ⅱ diabetes 12 years previously
and had not undergone abdominal surgery. Blood
examination results were as follows: AST 41.0 U/L,
ALT 33 U/L, ALB 39.6 g/L, TBILI 73.7 µmol/L, DBILI
49 µmol/L, PT 19.0 s, PT-INR 1.59, and HBV DNA 270
IU/mL. The clinical characteristics of these two patients
are described in Table 1.

cutting balloon treatment. Case 1 was a 40-year-old
male transplanted due to subacute fulminant hepatitis
C. Case 2 was a 57-year-old male transplanted due to
hepatitis B virus-related end-stage cirrhosis associated
with hepatocellular carcinoma. Both patients had similar
clinical scenarios: refractory anastomotic stenosis after
orthotopic liver transplantation and failure of balloon
dilation of the common bile duct to alleviate biliary
stricture.
Key words: Liver transplantation; Cutting balloon;
Anastomotic; Biliary stenosis; Cholangiography; Balloon
dilation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Biliary stenosis is the relatively common
complication after liver transplantation. Our case
report represents one of few documenting evidence of
the cutting balloon treatment as a safe and effective
procedure in refractory anastomotic stenosis after
orthotopic liver transplantation. The cutting balloon
treatment could be an alternative therapy to the
endoscopic application or the surgical application.

Case 1

Due to the failure of medical therapy, Case 1 underwent
orthotopic liver transplantation (OLT) on June 6, 2012
(the liver graft warm ischemia time was 6 min and
cold ischemia time was 7 h). Biliary anastomoses
were performed by continuous anastomosis with
absorbable suture (6-0 PDS suture). Postoperative
pathology revealed nodular cirrhosis associated with
cholestasis in hepatocytes and capillaries (Figure 1).
Immunosuppressive therapy consisting of cyclosporine
and mycophenolate mofetil was administered. Five
months later, the patient was readmitted due to
xanthochromia and pruritus. Re-examination of hepatic
function showed the following results: AST 76 U/L,
ALT 52 U/L, TBILI 90.8 µmol/L, DBILI 66.7 µmol/L,
γ-glutamyl transpeptidase (GGT) 179.0 µmol/L and
alkaline phosphatase (ALP) 315 µmol/L. Magnetic
resonance cholangiopancreatography (MRCP) revealed
post-OLT anastomotic stenosis of the choledochal
duct, intra-hepatic bile duct dilation, and biliary sludge
in the common hepatic duct and bilateral hepatic
ducts; the patient was diagnosed with transplantationrelated ischemic injury involving the biliary tract
(Figure 2). On November 16, 2012, percutaneous
transhepatic cholangial drainage (PTCD) was performed
(Figure 3). Minor complications occurred during and
after surgery, all of which were resolved following
appropriate treatment and nursing. On January 15,
2013, re-examination by cholangiography showed
that the anastomotic stenosis was reduced by nearly
20% (Figure 4); thus, we decided to remove the biliary
drainage. One year later, the patient was referred to
the Clinical Center again because of xanthochromia
and pruritus. Clinical laboratory examination results
were as follows: AST 129.0 U/L, ALT 42 U/L, TBILI
47.2 µmol/L, DBILI 35 µmol/L, GGT 755 µmol/L, and

Ding F, Tang H, Xu C, Jiang ZB, Yi SH, Li H, Jiang N, Chen
WJ, Yang Q, Yang Y, Chen GH. Cutting balloon treatment of
anastomotic biliary stenosis after liver transplantation: Report
of two cases. World J Gastroenterol 2017; 23(1): 178-184
Available from: URL: http://www.wjgnet.com/1007-9327/
full/v23/i1/178.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i1.178

INTRODUCTION
Cutting balloon is an angioplasty device, which appropri
ately combines microsurgical incision with mechanical
[1]
dilation. The system was invented by Barath et al
and was initially used in percutaneous coronary inter
ventions. Compared with traditional balloon dilation
technology, cutting balloon can effectively incise
the vascular wall with concentrated and low-dilated
pressure.
Cutting balloon technology plays an important
[2]
role in complex coronary artery lesions , but is rarely
reported in the field of biliary stenosis after orthotopic
[3,4]
liver transplantation
. This report summarizes
the application of cutting balloon treatment in two
cases with anastomotic biliary stenosis after liver
transplantation.

CASE REPORT
Case 1 was a 40-year-old male with hepatitis C virus
(HCV)-related end-stage cirrhosis associated with
portal hypertension. The patient, who weighed 71.5
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A

B

Figure 1 Postoperative pathology. Nodular cirrhosis associated with
hepatocyte and capillary bile cholestasis.

C

Figure 2 Magnetic resonance cholangiopancreatography findings. Postorthotopic liver transplantation anastomotic stenosis of the choledochal duct,
intra-hepatic bile duct dilation, and biliary sludge in the common hepatic duct
and bilateral hepatic ducts; patient diagnosed with transplantation-related
ischemic injury involving the biliary tract.

Table 1 Patient characteristics
Case No.

Age, yr

Case 1

40

Case 2

57

Sex

Diagnosis

Male Subacute fulminant
hepatitis C
Male Hepatitis B virusrelated end-stage
cirrhosis associated
with HCC

Child-Pugh
scores

MELD
scores

9

15

6

17

Figure 3 Percutaneous transhepatic cholangial drainage combined with
balloon dilation. A: Anastomotic stenosis of the choledochal duct (straight
arrow); B: The inflated balloon (diameter 8 mm, length 4 cm) has a waist at the
narrowest part of the stenosis (straight arrow); C: Resolution of the stenosis
after balloon dilation (straight arrow).

dilatation (diameter 8 mm, length 4 cm). The operation
was successful. Complications included abdominal pain,
nausea and emesis, which were minor and tolerable.
On January 7, 2014, cholangiography indicated that
the anastomotic stenosis was resolved (Figure 6).
Liver function gradually recovered to physiological level
within the 3-year follow-up period.

HCC: Hepatocellular carcinoma.

ALP 4895 µmol/L. On November 22, 2013, based on
the clinical history and out-patient examinations, we
performed cutting balloon treatment (Figure 5). The
key surgical procedures were: the patient was placed in
the left position and his abdominal skin was sterilized.
The guidewire was then successfully placed in the
correct position and the surgeon implanted the cutting
balloon into the stenosis site and inflated the balloon
(diameter 6 mm, length 4 cm; inflated pressure 6
atm, dilatation time 3 min). The surgeon subsequently
consolidated the cutting site with conventional balloon

WJG|www.wjgnet.com

Case 2

Having met the standard of the “Milan criteria”, OLT was
performed in Case 2 on September 14, 2014 (the liver
graft warm ischemia time was 0 min and cold ischemia
time was 6 h). Biliary anastomosis was performed
by continuous anastomosis with absorbable suture
(7-0 PDS suture). Postoperative pathology indicated
moderately differentiated HCC and nodular cirrhosis
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Figure 6 Cholangiography findings. The anastomotic stenosis was resolved
(straight arrow).

Figure 4 Cholangiography findings. The anastomotic stenosis was reduced
by about 20 % (straight arrow).

A

A

B

B

C

Figure 7 Postoperative pathology. A: Moderately differentiated hepatocellular
carcinoma; B: Peripheral hepatic tissues revealed nodular cirrhosis pathologic
changes.

pathological changes in peripheral hepatic tissues (Figure
7). Immunosuppressive therapy consisting of tacrolimus
and mycophenolate mofetil was administered. Fifteen
days after surgery, the patient developed cutaneous
or sclera icterus, and emergency examination results
were: AST 33 U/L, ALT 41 U/L, TBILI 74.50 µmol/L,
DBILI 47.1 µmol/L, GGT 470.0 µmol/L, ALP 537 µmol/L;
MRCP revealed severe anastomotic stenosis of the
choledochal duct, and severe choledochectasia involving
the intrahepatic bile ducts and left-right hepatic bile
ducts above the anastomotic stomas. The patient was
diagnosed with biliary anastomotic stenosis (Figure

Figure 5 Cutting balloon therapy. A: Cholangiography showed the
development of anastomotic stenosis (straight arrow); B: The inflated cutting
balloon (diameter 6 mm, length 4 cm) has a waist at the narrowest part of the
stenosis (straight arrow); C: Resolution of the stenosis after balloon dilation
(straight arrow).
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A

B

Figure 8 Magnetic resonance cholangiopancreatography findings.
Severe anastomotic stenosis of the choledochal duct, severe choledochectasia
involving the intrahepatic bile ducts and left-right hepatic bile ducts above the
anastomotic stomas; Patient diagnosed with biliary anastomotic stenosis.

A

C

B

Figure 10 Cutting balloon therapy. A: Cholangiography showed that the
anastomotic stenosis had resolved; B: The inflated cutting balloon (diameter
5 mm, length 2 cm) has a waist at the narrowest part of the stenosis (straight
arrow); C: Resolution of the stenosis after balloon dilation (straight arrow).

8). On October 4, 2014, PTCD was performed without
severe complications (Figure 9). Five months later,
cholangiography revealed the presence of anastomotic
stenosis, hence cutting balloon treatment was carried
out (Figure 10). The surgical procedures were as
follows. The patient was placed in the left position
and his abdominal skin was sterilized. The guidewire
was successfully placed in the correct position. The
surgeon implanted the cutting balloon into the stenosis
site and inflated the balloon (diameter 5 mm, length
2 cm; inflated pressure 6 atm, dilatation time 3 min).
The surgeon subsequently consolidated the cutting
site with conventional balloon dilatation (diameter 8
mm, length 4 cm). The surgery was successful. The
patient had transient hemorrhage on the first night
after surgery. Emergency blood examinations showed
no change. Under the standardized management of

C

Figure 9 Percutaneous transhepatic cholangial drainage combined with
balloon dilation. A: Severe anastomotic stenosis of the choledochal duct
(straight arrow); B: The inflated balloon (diameter 8 mm, length 4 cm) has a
waist at the narrowest part of the stenosis (straight arrow); C: Resolution of the
stenosis after balloon dilation (straight arrow).
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Table 2 Etiologies of biliary stenosis
Non-procedure-related factors

Biliary anastomosis
Cholecystectomy
Ischemic injury
Choledocholithiasis
Post-endoscopic biliary sphincterotomy
Trauma

Chronic pancreatitis
Inflammation and infections
Primary sclerosing cholangitis
Radiation therapy
Autoimmune cholangiopathy
Sphincter of Oddi dysfunction

outcomes described in previous reports of endoscopic
[14-17]
treatment
.
The cutting balloon system, which incorporates
three or four radially-directed microsurgical blades on
the surface of the balloon, is an alternative device that
[18]
has been used in calcified or rigid lesions . Compared
with conventional angioplasty, by creating endovascular
micro-incisions during dilatation, the cutting balloon
reduces vascular tone, yielding a greater luminal
diameter and lower incidence of residual stenosis,
which is conducive for lower inflation pressure and a
[19]
reduced incidence of postoperative complications .
This device is particularly suitable for biliary stenosis,
which is characterized by a high concentration of elastic
and muscle fibers that can generate substantial recoil
[20,21]
following balloon inflation
. We have used cutting
balloon treatment in patients who have a high risk of
refractory anastomotic stenosis and this treatment
has yielded satisfactory results, with no severe
postoperative complications, such as bile leakage or
catheter-related complications.
In conclusion, cutting balloon treatment for biliary
anastomotic stenosis after liver transplantation may
be an alternative therapy to endoscopic or surgical
treatment, and avoids unnecessary routine stents,
directly incising stenosis scars, and has a favorable
long-term prognosis.

Figure 11 Cholangiography findings. The anastomotic stenosis was reduced
by about 30% (straight arrow).

styptic measures, the prognosis was favorable. On
March 10, 2015, cholangiography revealed that the
anastomotic stenosis was reduced by 30% (Figure
11), and therefore biliary drainage was immediately
removed. The clinical indicators gradually recovered and
were maintained within the physiological range during
the 10-mo follow-up period.

DISCUSSION
Postoperative anastomotic biliary stenosis can occur
after surgery in the bile ducts of transplanted or nontransplanted liver. The majority of postoperative
anastomotic stenosis encountered by the organ trans
plantation team are most often seen in liver transplant
recipients. Three types of biliary stenosis (anastomotic,
[5,6]
peripheral, and central) have been reported . The
causes of biliary stenosis are shown in Table 2. In
addition to ischemia and fibrosis, immunological
processes and ABO blood type incompatibility are
suspected to contribute to biliary stenosis after liver
[7-9]
transplantation .
Over the past two decades, with the development
of technology and endoscopic treatment, the surgical
management of biliary stenosis has undergone a
rapid decline. Endoscopic treatment has the obvious
advantage of high efficiency and a low incidence of
[10]
procedure-related complications . ERCP was first
reported in 1968, and has been used for endoscopic
visualization of the ampulla of Vater and minimally
invasive cannulation of the pancreatic duct or biliary
[11]
[12]
duct . In 1974, Kawai et al
reported their clinical
experience of endoscopic electrosurgical sphinc
terotomy of the ampulla of Vater to remove gallstones
in the common bile duct. This new application in
the field of surgical endoscopy was soon accepted
as a safe, direct technique for evaluating biliary and
pancreatic disease. ERCP has evolved from a diagnostic
[13]
tool to an almost exclusively therapeutic technique .
While ERCP combined with balloon dilation or stent
placement is generally effective for biliary stenosis
after liver transplantation, uncertainties regarding the
optimal therapy remain and can be seen in the variable
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Procedure-related factors

COMMENTS
COMMENTS
Case characteristics

Two patients were diagnosed with biliary stricture after liver transplantation.
Both patients were treated immediately by percutaneous transhepatic cholangial
drainage combined with balloon dilatation. However, cholangiography
revealed postoperative restenosis (Case 1 approximately 2 mo later, Case 2
approximately 5 mo later). Both patients underwent cutting balloon treatment
with a good prognosis.

Clinical diagnosis

Case 1: Initial diagnosis was subacute fulminant hepatitis C complicated
by post-orthotopic liver transplantation (OLT) anastomotic stenosis of the
choledochal duct. Case 2: Initial diagnosis was hepatitis B virus-related endstage cirrhosis associated with hepatocellular carcinoma, complicated by
severe anastomotic stenosis of the choledochal duct.

Differential diagnosis

Biliary infection; hepatic insufficiency; ischemic cholangitis.

Laboratory diagnosis
Hyperbilirubinemia.
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Imaging diagnosis

7

Case 1: Magnetic resonance cholangiopancreatography (MRCP) showed postOLT anastomotic stenosis of the choledochal duct (Figure 2). Case 2: MRCP
revealed severe anastomotic stenosis of the choledochal duct (Figure 8).

Pathological diagnosis

8

Case 1: Nodular cirrhosis associated with hepatocyte and capillary bile
cholestasis (Figure 1). Case 2: Moderately differentiated hepatocellular
carcinoma and peripheral hepatic tissues revealed nodular cirrhosis pathologic
changes (Figure 7).

9

Treatment

Cutting balloon treatment with the aim of resolving anastomotic biliary stenosis.
10

Related reports

The safety and efficacy of cutting balloon treatment in vascular surgery has
been widely reported. Hence, this technology has gradually been used to treat
biliary or ureteral stenosis. In the few reports on post-OLT biliary stenosis,
although the efficacy requires further clinical evidence, this technology shows
huge potential according to the findings in the two cases reported.

11

Term explanation

12

Experiences and lessons

13

Cutting balloon treatment and refractory anastomotic stenosis after OLT.

Cutting balloon treatment may be an alternative therapy to endoscopic or
surgical treatment.
14

Peer-review

The report provides clinical support for the safety and efficacy of cutting balloon
treatment used in post-OLT refractory anastomotic stenosis.
15
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Abstract
Hepatic epithelioid hemangioendothelioma (HEH) is a
rare tumor of vascular endothelial origin. Spontaneous
rupture of HEH is a life-threatening complication and is
extremely rare. HEH has variable malignant potential,
and the clinical diagnosis remains challenging. Here
we report a case of HEH with spontaneous rupture.
A 44-year-old man presented with constant cutting
pains over the right upper abdomen after eating.
He had hemoptysis 11 d previously. Diagnostic ab
dominal puncture demonstrated active bleeding.
Chest and abdominal computer tomography scan
showed multiple ground-glass nodules over the lungs,
multiple low-density intrahepatic nodules and massive
hemorrhage. Transcatheter arterial embolization and
exploratory laparotomy were performed and subsequent
immunohistochemical examination confirmed a diagnosis
of HEH.
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Core tip: Hepatic epithelioid hemangioendothelioma
(HEH) is a rare tumor of vascular endothelial origin.
Spontaneous rupture of HEH is a life-threatening
complication and very few cases have been reported.
We report a case of HEH with spontaneous rupture.
Transcatheter arterial embolization and exploratory

Correspondence to: Yong Li, MD, Professor, Department
of General Surgery, The First Affiliated Hospital of Nanchang
University, No. 17, Yongwai Zhengjie, Nanchang 330006, Jiangxi
Province, China. yfyly@163.com
Telephone: +86-791-88694131
Fax: +86-791-88694131

WJG|www.wjgnet.com

185

January 7, 2017|Volume 23|Issue 1|

Yang JW et al . Spontaneous rupture of hepatic epithelioid hemangioendothelioma
9.8-12.1 s), prothrombin-time ratio 1.26 (normal
range 0.85-1.15), prothrombin-time activity 64%
(normal range 70%-130%), international normalized
ratio 1.26 (normal range 0.85-1.15), and plasma
protamine paracoagulation test was positive. Serum
tumor markers, carbohydrate antigen 12-5 (CA12-5)
was 190.2 U/mL (normal range 0-35 U/mL), and
α-fetoprotein (AFP), carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA19-9) were all
within normal ranges. Hepatitis B surface antigen was
negative. Diagnostic abdominal puncture demonstrated
active bleeding suspicious of tumor rupture. TAE was
performed for the purpose of hemostasis. On March
5, 2015, the patient felt chest stufly, tachypnea and
stomachache suddenly, the blood pressure was 91/55
mmHg, heart rate was 86 times/min, and HB was
61 g/L, and CT scan revealed massive hematocoelia
suspicious of tumor rupture with massive hemorrhage.
After consultation with surgeons, he underwent
hepatobiliary surgery and an exploratory laparotomy
was performed. Hematocoelia of about 5000 mL and
multiple nodular tumors within the liver were found
during operation. A tumor originated from the S8
of the liver adhering to the diaphragm, and active
bleeding occurred from two peritumoral veins. Besides,
a neoplasm (2.0 cm × 3.0 cm) was seen over the
adhesive diaphragm. Finally, segmental resection of
S8 tumors was performed, suturing was made to stop
bleeding and diaphragm neoplasm was resected. The
patient received 600mL fresh frozen plasma and 20
units of cryoprecipitate during the operation, and the
hepatic portal was blocked for 20 min. Pathological
diagnosis of the tumor over S8 was HEH based on the
microscopy which showed that carcinoma cells with
almost consistent size appeared nest-like or papillary
around the blood vessels, and the nuclei were round
or ovoid (Figure 2). The major part of the diaphragm
neoplasm was blood clot, with a few blood vessels and
striated muscle tissue. Immunohistochemistry showed
that CD31 (+++) (Figure 3A), CD34 (+++) (Figure
3B), FVIII (Figure 3C), and Ki-67 (40%+) (Figure 3D)
were positive in tumor cells. The patient died in 6 mo
after surgery during the regular follow-up.

laparotomy were performed, and subsequent immu
nohistochemical examination confirmed a diagnosis
of HEH. The patient died 6 mo after surgery. We also
reviewed the literature and described the diagnosis and
treatment of this disease.
Yang JW, Li Y, Xie K, Dong W, Cao XT, Xiao WD. Spontaneous
rupture of hepatic epithelioid hemangioendothelioma: A case
report. World J Gastroenterol 2017; 23(1): 185-190 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i1/185.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i1.185

INTRODUCTION
Hepatic epithelioid hemangioendothelioma (HEH)
is a rare malignant tumor of vascular endothelial
origin. Although it can occur at any age, the mean
[1]
age was 41.7 years . Spontaneous rupture of HEH is
extremely rare and seldom reported. The exact cause
of the tumor rupture is still unknown. Therefore, there
is a lack of experience in the treatment of ruptured
HEH. Here, we report a case of spontaneous rupture
of HEH, which was treated with transcatheter arterial
embolization (TAE) and exploratory laparotomy. The
patient finally died at postoperative 6 mo.

CASE REPORT
A 44-year-old man was admitted to the outpatient
department of our hospital because of a sudden
hemoptysis on February 9, 2015. Chest and abdominal
computer tomography (CT) scan showed multiple
low-density intrahepatic nodules, and lesions growing
adjacent to the hepatic capsule with a clear margin.
The maximum lesion was located in the right lobe
with a 75-mm diameter. Contrast-enhanced CT
showed heterogeneous enhancement and stronger
enhancement at the portal venous phase. In addition,
there were multiple ground-glass nodules over the
lungs (Figure 1). Based on the imaging findings, we
considered a possibility of HEH and lung metastasis.
The patient went home without any treatment. On
February 20, 2015, he was sent to the emergency
department of our hospital with the complaint of
constant cutting-like pains over the right upper
abdomen after eating, which radiated from the back
to the right shoulder. On physical examination, his
right upper abdomen was tender and slightly spastic,
but without rebound tenderness, liver and spleen
were not palpable, and there was pain with fist
percussion over the liver. Laboratory examinations on
admission revealed: white blood cell count of 12.01
9
9
× 10 /L (normal range 4-10 × 10 /L), hemoglobin
(HB) 59 g/L (normal range 110-150 g/L), alanine
aminotransferase 125 U/L (normal range 5-35 U/
L), aspartate transaminase 189 U/L (normal range
5-40 U/L), prothrombin time 14.7 s (normal range
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DISCUSSION
HEH is a rare low-grade malignant tumor with an
incidence of < 1 per 1000000, and it was first reported
[2]
by Ishak in 1984 . The tumor occurs in adults of all
ages, averaging approximately 41.7 years, and the
[1]
female: male ratio was 3:2 . . The etiology of HEH
is unclear, possibly related to oral contraceptives and
[3]
alcohol intake, and viral hepatitis . The initial clinical
presentation is non-specific (mostly right upper
abdominal pain, hepatomegaly and weight loss), and
some patients were discovered incidentally with no
symptoms. When patients present with a sudden onset
of abdominal pain, especially with hemorrhagic shock,
we should be aware of tumor rupture. Few patients
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B

C

Figure 1 Computer tomography. A: Venous phase image revealed multiple low-density intrahepatic nodules in both lobes, and part of nodules showed
inhomogeneous enhancement; B: The maximum lesion was located in the right lobe under the hepatic capsule; C: Computer tomography scan after transcatheter
arterial embolization revealed massive hematocoelia.

arterial phase and stronger enhancement at portal
[7]
venous phase . A “halo” and “capsular retraction”
sign, as well as “lollipop” sign are characteristic findings
[6,8]
of HEH in CT and MRI . Angiographic examination
can demonstrate the relationship between the tumor
and blood vessels. In addition, abdominal tapping
revealing blood in the peritoneal cavity is helpful in the
diagnosis of tumor rupture. Imaging examination can
help identify extrahepatic metastases, the common
sites were lungs, peritoneum, lymph nodes and
[1]
bones . All these examinations can provide a clue to
the preoperative diagnosis of HEH.
The confirmed diagnosis of HEH is based on
pathological and immunohistochemical results. HEH
usually had a pale or white cut surface, with necrosis
[3]
and sclerosis in the central part . Generally, the
[9]
central and portal veins were invaded by the tumor .
Histologically, the tumor was composed of sheets of
dendritic and epithelioid cells. Microscopically, tumor
cells appeared spindle, irregular and epithelial, and
accidental red cells were visible and accompanied
[10,11]
by mucoid or fibrous stroma
. Intracytoplasmic
lumina is the characteristic finding in pathological
examination. Immunohistochemically, at least one
endothelial marker (CD34, FVIII, CD31) was positive
in HEH, while cytokeratin and alpha-fetoprotein
[3,12]
immunocytochemistry was negative
. According to
the statistics, positive rate of CD34 was 93.3%, FVIII
[3,12]
was 90.0% and CD31 was 75.0%
. In the present
case report, CD34, FVIII and CD31 were all positive.

Figure 2 Histopathologic findings of hepatic epithelioid hemangio
endothelioma. Carcinoma cells appeared nest-like or papillary around the blood
vessels, the nuclei were round or ovoid (hematoxylin-eosin staining; magnification
× 200).
[4]

had jaundice and finally died of hepatic failure .
HEH has characteristic imaging findings. The
tumors tend to have multiple nodules, distributing
along the liver periphery and under the hepatic
[5]
capsule . In addition, these nodules may coalesce
[5]
over time . HEH was shown as hypoechoic lesions in
[3]
ultrasound examination . CT scans revealed multiple
low-density intrahepatic nodules with some lesions in
[3]
sight of calcification . MRI showed inhomogenously
hypointense lesions on T1WI, while inhomogenously
[6]
hyperintense on T2WI . Contrast-enhanced scans
show peripheral ring-like enhancement at hepatic
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Figure 3 Immunohistochemical examination of hepatic epithelioid hemangioendothelioma. A: Specimen stained positive for CD31 (magnification × 200); B:
Specimen stained positive for CD34 (magnification × 200); C: Specimen stained positive for FVIII (magnification × 200); D: Ki-67 proliferation index is less than 40%
(magnification × 100).

Treatment modalities mainly depend on the patient’s
individual situation. Hepatic resection is a good choice
for located lesions and liver transplantation for multiple
nodules. In the reported series, liver transplant resulted
in an excellent prognosis in patients with HEH and it
can be used for patients with extrahepatic metastasis
[9,13]
as well
. Marino reported a projected 5-year survival
rate of 76% after liver transplantation in five patients
[9]
with metastatic involvement . Some patients die from
their HEH recurrence after liver transplantation, so
clinical follow-up treatment is necessary. The common
post-operative complications were perihepatic abscess,
portal vein thrombosis and post-operative bleeding,
[14]
which may result in a second operation . In addition,
TAE, chemotherapy, radiotherapy, hormone therapy and
thermoablation are the treatment of choice for patients
with metastasis. Mascarenhas reported a patient with
a metastasis to the lungs who was successfully treated
[15]
with oral thalidomide therapy . The present patient
was treated with TAE and exploratory laparotomy
because of the rupturing of the tumor and abdominal
hemorrhea.
[16]
Dietze et al
reported that 6 of 12 patients with
HEH had liver failure, suggesting that it may be related
to extensive involvement of both lobes. Although
its growth may lead to hepatic failure, extrahepatic
metastases and even death, its prognosis is considered
[11]
better than that of other hepatic malignancies .
Tumor size, number of nodules and number of hepatic
segments can influence prognosis. The survival rate
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for patients with a tumor > 10 cm in diameter was
significantly lower than for patients with a tumor <
[14]
5 cm . Prognosis of HEH was closely related to the
choice of treatment. The 1-year and 5-year survival
rates were 96% and 54.5% after liver transplantation,
73.3% and 30% after chemotherapy or radiotherapy,
100% and 75% after hepatic resection and were
[11]
39.3% and 4.5% without treatment . Dong et
[17]
al investigated the implications of the pathological
characteristics for the prognosis of HEH, and found
that patients without cellular atypia and nuclear fission
and with Ki-67 < 10% had a relatively good prognosis.
Patients with spontaneous rupture of hepatic malig
nancies often have a poor prognosis, possibly due to
the intraperitoneal metastasis after tumor rupture.
HEH with spontaneous rupture is extremely rare. Our
patient in the present report died in 6 months after
surgery. The cause of death is unknown.
Spontaneous rupture of HEH is extremely rare.
The exact mechanism is unclear. Generally, rupture
of hepatic malignant tumors is often related to
rapid expansion and central necrosis, tumor venous
invasion, abdominal trauma and pressure of the
[18]
diaphragm . Spontaneous rupture of HEH in this
report was evoked by eating, possibly due to the
large size of the tumors and peripheral location. A
typical symptom is the persistent pain over right upper
[19]
abdomen with shock . Diagnostic puncture is very
important to confirm the bleeding caused by rupture
of hepatic malignant tumors. The priority treatment
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for the rupture of HEH is hemostasis and saving lives.
Other treatments, such as local liver resection or liver
transplantation, should be chosen accordingly.
We report a patient with spontaneous rupture
of HEH along with clinical diagnosis, treatment and
prognosis of the disease. Due to limited clinical
experience with HEH, especially with spontaneous
rupture, further studies are needed for the clinical
diagnosis and management of HEH.
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Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima

WJG|www.wjgnet.com

Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
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EDITORIAL

Evolving strategies for liver fibrosis staging: Non-invasive
assessment
Cristina Stasi, Stefano Milani
force impulse techniques may play a pivotal role in
the study of liver fibrosis. Some studies have shown
that elastography can detect both the progression and
regression of fibrosis. Similarly, research results have
been analysed and direct and indirect serum markers of
hepatic fibrosis have shown high diagnostic accuracy for
advanced fibrosis/cirrhosis. The prognosis of different
stages of cirrhosis is well established and various
staging systems have been proposed, largely based on
clinical data. However, it is still unknown if either noninvasive markers of liver fibrosis or elastography may
contribute to a more accurate staging of liver cirrhosis,
in terms of prognosis and fibrosis regression after
effective therapy. In fact, not enough studies have
shown both the fibrosis regression in different cirrhosis
stages and the point beyond which the prognosis does
not change - even in the event of fibrosis regression.
Therefore, future studies are needed to validate noninvasive methods in predicting the different phases of
liver cirrhosis.
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Core tip: Several studies have demonstrated the
accuracy of non-invasive methods to predict signifi
cant/advanced fibrosis and cirrhosis and to identify
the presence/absence of fibrosis. However, it is still
unknown if either non-invasive markers of liver fibrosis
or elastography may contribute to a more accurate
staging of liver cirrhosis, in terms of prognosis and
fibrosis regression after effective therapy. Therefore,
future studies are needed to validate non-invasive
methods in predicting the different phases of liver
cirrhosis.
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Abstract
Transient elastography and the acoustic radiation
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sclerosing cholangitis (22.5%), than autoimmune
hepatitis (18.5%), HCV (17%) and HBV (16.5%).
On the other hand, in PBC patients, complications
[16]
may also develop before cirrhosis , thus prompting
research to identify additional parameters that may
better predict clinically significant events.
[17]
Floreani et al demonstrated that transient elastography accurately assesses liver fibrosis in PBC, whereas
non-invasive surrogate markers proved unsatisfactory
in predicting significant fibrosis.
[17,18]
Some studies
demonstrated that generally the
non-invasive markers’ values were not significantly
different between the different stages of PBC.
[18]
Stasi et al
showed a significant correlation
between histomorphometric values of hepatic fibrosis
and all non-invasive markers, even though indirect
serum markers did not show significant differences
between Ludwig’s stages, suggesting that non-invasive
methods could be better descriptors of fibrosis in PBC
in comparison with traditional semi-quantitative staging methods.
[19]
Recently, Sheptulina et al
evaluated the capacity
of non-invasive markers [fibrosis-4 (FIB-4), aspartate
aminotransferase (AST) to alanine aminotransferase
(ALT) ratio (AAR), AST to platelet count ratio (APRI),
and platelet count to spleen diameter (PC/SD) ratio]
compared to percutaneous liver biopsy to classify
significant fibrosis, advanced fibrosis and cirrhosis
in patients with autoimmune hepatitis. The authors
showed that the PC/SD ratio correctly identifies auto
immune hepatitis patients with advanced fibrosis and
cirrhosis, thereby decreasing the execution of liver
biopsy in these patients.
However, despite a number of non-invasive markers having been validated to differentiate chronic liver
disease from cirrhosis, they are still scarcely used in
the clinical setting.

INTRODUCTION
Transient elastography and acoustic radiation force
impulse (ARFI) method can play a key role in the
[1-4]
assessment of hepatic fibrosis . Liver stiffness is
particularly convenient either in confirming significant
fibrosis and cirrhosis, or in confirming the absence of
fibrosis. In some cases, liver biopsy is needed because
the histological analysis contributes to establishing the
aetiology of the disease. In this case, a non-invasive
test should not substitute a hepatic biopsy but can be
used to monitor patients previously biopsied.
[5-7]
Recently, longitudinal studies
have shown that
transient elastography can detect changes in hepatic
stiffness in hepatitis C virus (HCV) patients during antiviral treatment. In these patients, non-invasive serum
markers, both indirect and direct, have been proposed
as alternative tests to a liver biopsy. All non-invasive
serum markers showed a satisfactory accuracy for the
diagnosis of significant and/or advanced fibrosis and
cirrhosis.
As regarding hepatitis B virus (HBV) infection, in
particular, some studies suggest that the complete
long-term suppression of HBV replication by nucleosides/nucleotides results in a long-term improved
outcome that significantly reduces the risk of developing liver cirrhosis, hepatocellular insufficiency, and
[8]
hepatocellular carcinoma (HCC) . Moreover, longitudinal histopathological evaluation has demonstrated a
regression of liver tissue fibrosis during nucleos(t)ide
[9]
analogue therapy . Liver biopsy still is the gold standard, and in some cases it is still required for a proper
staging in HBV patients. The research results seem to
indicate that non-invasive methods may also be useful
in these patients, but further study is needed before
any firm conclusion can be drawn.
In patients with primary biliary cholangitis (PBC),
[10-13]
several staging systems
have been suggested to
describe the evolution from the characteristic early
lesions of chronic non-suppurative destructive cholangitis to cirrhosis. Although each staging system has
been shown to have a predictive value for outcomes
[14]
PBC-related and patient survival , the quest for a
better staging system is still active. However, one
should keep in mind that any staging systems considering the role of fibrosis in prognosis should take into
account that cirrhotic patients with different aetiology
may develop complications in a wide range of fibrotic
[15]
tissue. In fact, Hall et al , in a study of liver explants
collected at the time of orthotopic liver transplantation,
showed that hepatic fibrosis was more present in alcoholic liver disease (30%), PBC (23.5%) and primary
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emerging non-invasive assessment
of extensive fibrosis or cirrhosis
[20]

D’Amico et al
showed that the different phases of
end-stage liver disease consist of different mortality
rate/year, ranging from 1% in cirrhosis without varices
to 57% in complicated cirrhosis. The various cirrhosis
phases may have distinct responses to therapy,
meaning that a better staging of cirrhosis phases may
have prognostic significance. The identification of the
different phases of liver cirrhosis, each characterized
by its own cumulative risk of non-response to treatment in terms of clinical response rather than as virus
eradication, could contribute to the management of
these patients. Different staging systems for cirrhosis
have been proposed, some of which have a defined
prognostic value relative to survival. For some of these
(Child and MELD) the prognostic value for the directacting antiviral agents (DAAs) therapy was calculated,
although it is unclear whether those patients who
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responded to therapy had different survival rates. It
remains to be seen whether any of the alternative
fibrosis staging systems, such as the evaluation of
stiffness, which is known to have a wide range of
values in cirrhotic patients, or non-invasive fibrosis
markers can offer different prognostic implications for
patients undergoing antiviral treatment.
Currently, liver biopsy is the most reliable method
for evaluating the severity of hepatic fibrosis, in
particular the use of collagen proportionate area (CPA)
determinations. Therefore, the staging of liver fibrosis
during cirrhosis may have a high clinical/prognostic
value. Probably, there is a “point of no return” at which
the regression of fibrosis in patients with cirrhosis after
antiviral treatment with DAAs does not change the
prognosis, probably because the neoangiogenesis and
liver regeneration continue to support the evolution
to HCC. Moreover, portal hypertension established
at this point does not regress. The biopsy provides
helpful information and offers valid help in disease
prognosis. However, it is also an invasive procedure in
decompensated cirrhosis patients for the presence of
complications such as ascites, prolonged clotting time
[21]
and infections .
[22]
Xie et al
analysed the CPA of 53 resected liver
tissue samples from HBV-related decompensated cirrhotic patients, and examined the association between
the CPA and liver functional reserve. Lower CPA values
were found in patients who had largely macronodular
cirrhosis. In these patients, liver transplants were
executed, especially for severe portal hypertension
(gastrointestinal bleeding) although their liver functional reserve was still at the compensated stage. This
study demonstrated that the number of hepatocytes
diminishes with an increasing fibrosis and CPA value,
and it showed a robust correlation between MELD
score, serum total bilirubin level, international normalized ratio (INR) and CPA, and showed significant differences among three CPA groups (< 0.22, 0.22-0.48
and > 0.48).
[23]
Liang et al
retrospectively evaluated patients
with HBV and they demonstrated that combining
routine markers ameliorates the accuracy of transient
elastography for cirrhosis diagnosis in these patients.
[24]
Leroy et al
compared the overall diagnostic
performances of serum markers of liver fibrosis (Fibro
®
®
®
Test , FibroMeter , and HepaScore ) in 510 HBV or
HCV monoinfected patients and found that these were
similar between HBV and HCV, with the area under the
receiver operating characteristic (AUROC) curve ranging from 0.82 to 0.85 for advanced fibrosis and 0.84 to
[24]
0.87 for cirrhosis, respectively .
A recent meta-analysis demonstrated a good correlation between transient elastography and hepatic
venous pressure gradient (HVPG) for the prediction of
clinically significant portal hypertension, such as HVPG
≥ 10 mmHg. This cut-off level indicates the absence/
presence of clinically significant portal hypertension in
[25]
compensated cirrhosis .
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Several studies have been carried out using transient elastography to assess its accuracy in describing
the occurrence of portal hypertension and oesophageal
varices. An extensive range of cut-off levels have been
described so far, and transient elastography cannot
consequently be considered reliable in describing
[26]
[27]
portal hypertension . Deng et al
investigated the
role of APRI, AAR, FIB-4, fibrosis index (FI), and King
scores and they confirmed that diagnostic accuracy
of oesophageal varices was modest in liver cirrhosis.
Therefore, they might not be able to predict oesophageal varices in liver cirrhosis.
Diagnostic imaging techniques to estimate liver cirrhosis phases include abdominal ultrasound (US), used
for diagnosis and monitoring of chronic liver disease
patients, the contrast-enhanced ultrasonography, used
especially to study liver tumours, and the Doppler US
signs for studying portal hypertension. Using US, liver
cirrhosis is characterized by atrophy of the right lobe
associated with hypertrophy of the left lobe, whereas
complete liver atrophy indicates the advanced phase.
The echo-pattern of cirrhosis has been described as
a coarse pattern, without posterior beam attenuation; however, the coarse pattern increases hepatic
echogenicity, causing some difficulty in differentiating
between cirrhosis and steatosis. Liver surface irregularities such as micro- or macro-nodularity in liver
cirrhosis are considered among the most sensitive
[28]
and more reproducible US signs . The US is able to
identify the third phase of liver cirrhosis (presence of
ascites), but it is inaccurate for the identification of the
second phase (early detection of varices). Although,
spleen bipolar diameter of > 12 cm or largest splenic
cross-sectional area passing through the hilum of >
2
45 cm and reduced portal vein blood flow velocity
2
(time-averaged mean velocity of < 14-16 cm/s ) may
[29,30]
indicate portal hypertension
.
It has been suggested that a combination of imaging data and blood parameters may provide a better
staging of liver fibrosis.
[31]
Berzigotti et al proposed an association of hepatic
stiffness and spleen diameter and platelet count
estimation to detect patients with portal hypertension.
Recently, serum markers have been proposed as
possible tools for non-invasive staging of cirrhosis.
Moreover, some studies have shown that spleen
stiffness value acquired using ARFI may predict the
presence of oesophageal varices in cirrhotic patients.
[32]
In particular, Park et al
demonstrated that the
AST to ALT ratio score, APRI score, PLT, PLT/spleen
diameter ratio and spleen elastography variables were
all independently associated with oesophageal varices.
However, the multivariate analysis revealed that only
spleen elastography was associated with oesophageal
varices. However, in cases of alcohol-induced liver
cirrhosis, spleen stiffness was not reliable for the
prediction of oesophageal varices.
[33]
Cassinotto et al
showed that liver and spleen
stiffness were correlated with cirrhosis severity, with
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liver tumour) has been investigated and has been proposed and clinically evaluated as a prognostic marker
[36]
in patients with advanced cirrhosis . In patients
with compensated cirrhosis, this test correlated to
the degree of portal hypertension and oesophageal
varices. ICG-r15 appears to be accurately related
to liver decompensation, confirming the preliminary
findings of its association with portal hypertension in
compensated patients, and can be used for patient
[36]
[37]
prognostication . Li et al
assessed the hepatic
functional reserve in patients with HCC through the use
of magnetic resonance elastography (MRE). Regions
of interest were identified in different slices of the liver
parenchyma free of tumour to measure average stiffness. In addition, the ICG test was performed within
1 wk before or after magnetic resonance examination
and the ICG-r15 and the ICG plasma clearance rate
(ICG-K) were evaluated. The authors found that the
liver stiffness value of the tumour-free parenchyma
was positively related to the ICG-r15 and negatively
related to the ICG-K. Therefore, it could be used to
evaluate the liver functional reserve of HCC patients.
[38]
Antil et al
evaluated the performance of hepatic
venous waveform, damping index (DI; the ratio
between the minimum velocity and maximum velocity
of the hepatic venous flow, with DI of > 0.6 suggestive
of portal hypertension and higher DI values tending to
give flat hepatic venous waveforms) and splenoportal
index (SPI; denoting the splenic index, which is a
product of maximum transverse and vertical diameter
of the spleen in centimetres) in patients with cirrhosis
on colour Doppler US in predicting the severity of
portal hypertension and presence of oesophageal
varices. They concluded that a change in triphasic to
monophasic waveform and DI of > 0.6 indicate severe
liver dysfunction and severe portal hypertension.
Hepatic venous waveform pressure changes, DI and
SPI have no value in predicting oesophageal varices.
[39]
Karatzas et al compared multidetector computed
tomography and the PC/SD ratio for the diagnosis of
gastroesophageal varices. Multidetector computed
tomography was accurate for this diagnosis, especially
for that of gastroesophageal varices with clinically
significant size (> 5 mm), and superior to the PC/SD
ratio. The authors suggested that multidetector computed tomography could replace, in selected patients,
upper gastrointestinal (GI) endoscopy as a method
for diagnosing gastroesophageal varices in cirrhotic
patients.
[39-43]
In table 1
we have summarized the cut-off
values of some non-invasive methods for the diagnosis
of oesophageal varices.

Table 1 Prediction of any grade of oesophageal varices by
some non-invasive methods
Method
Liver stiffness (kPa)
Castéra et al[40], 2009
Liver stiffness (kPa)
Hassan et al[41], 2014
FIB-4
Hassan et al[41], 2014
Forns index
Hassan et al[41], 2014
Lok score
Hassan et al[41], 2014
Lok index
Sebastiani et al[42], 2010
Forns index
Sebastiani et al[42], 2010
Minimum slice
thickness by CT (mm)
Karatzas et al[39], 2016
Platelet count/spleen
diameter ratio
Giannini et al[43], 2010

Aetiology

Cut-off value

PPV

NPV

HCV

≥ 21.5

68

84

HCV

> 18.2

89

49

HCV

> 2.8

92.7

50

HCV

> 6.61

88.4

45.5

HCV

> 0.63

78

42.9

CLD

0.9

80

64

CLD

8.5

81

57

CLD

0.625-1.2

77.5

70.6

CLD

909

76.6

87

FIB-4: Fibrosis-4; CT: computer tomography; HCV: Hepatitis C virus;
CLD: chronic liver diseases independent of aetiology; PPV: positive
predictive value; NPV: negative predictive value.

values increasing according to Child-Pugh subclasses
and the presence of complications. With a negative
predictive value of > 90%, liver stiffness cut-offs
for high-risk oesophageal varices, history of ascites,
Child-Pugh B/C, variceal bleeding and clinical decompensation were 12.8, 19, 21.4, 30.5 and 39.4 kPa,
[34]
respectively. Cho et al
analysed the diagnostic and
prognostic values of non-invasive fibrosis markers
in comparison with HVPG in patients with alcoholic
cirrhosis. For the diagnosis of clinically significant
portal hypertension in compensated patients, liver
stiffness and the liver stiffness-spleen diameter
to platelet ratio score showed significantly higher
accuracy with area under the curves (AUCs) of 0.85
and 0.82, respectively, than APRI, FIB-4, Forns index,
Lok index, (platelet count)2/[monocyte fraction (%) ×
segmented neutrophil fraction (%)], and PC/SD ratio.
Nevertheless, none of these methods showed accurate
diagnosis for the diagnosis of high-risk varices.
[35]
On the contrary, Stefanescu et al
proposed an
algorithm combining hepatic stiffness, spleen stiffness
and serum markers to predict patients with low-risk
varices and who may benefit from more distanced
endoscopic evaluation.
[34]
Cho et al , in the course of a median follow-up
of 42.6 mo, showed that only Lok index and FIB-4
were independently associated with cause of death
in decompensated patients and only the Lok index
significantly ameliorated the discrimination function of
MELD score in prognostication of overall survival.
Recently, the indocyanine green retention test at
15 min (ICG-r15; routinely used for evaluating hepatic
function in patients undergoing hepatic surgery for
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CONCLUSION
Although increasing evidence has been reported for
the prognostic value of non-invasive evaluation of
liver fibrosis, the staging of hepatic fibrosis during the
different phases of liver cirrhosis has little evidence,
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and future studies are needed to validate non-invasive
methods in predicting the different phases of liver
cirrhosis.
In fact, several non-invasive methods have been
suggested for the diagnosis of oesophageal varices,
including serum markers, liver stiffness measurements
and US parameters. These methods are useful to
detect patients in whom the gastroesophageal evaluation is indicated with a certain level of urgency, but
cannot replace the GI endoscopy.
There is a continuous lead-up to fibrosis staging,
including the validation of different methods. However,
it is not the proper tools that we lack, rather the
answers to some basic questions. Not enough studies
have shown both the fibrosis regression in different cirrhosis stages and the point beyond which the prognosis
does not change - even in the event of fibrosis regression. Such information could enhance our understanding of when eradicating therapies against HCV are most
likely to radically change the patients’ prognoses, and
when such changes would be rather unlikely.
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MINIREVIEWS

Biosimilars in inflammatory bowel disease: A review of
post-marketing experience
Simona Deiana, Tommaso Gabbani, Vito Annese
A similar biologic drug, commonly called biosimilar, is
a product copied by a native approved biologic drug
whose license has expired. Biosimilar drugs usually
are marketed at a lower price and provide important
financial savings for public healthcare systems. Some
differences between biosimilars and original biologic
drugs might exist but they are acceptable if they fall
within defined “boundaries of tolerance”: differences
in some features between the two molecules are
considered important only if clinical relevant. Con
sidering that the efficacy of the innovator biologic
drug has already been established, the clinical studies
required for approval of a biosimilar could be reduced
compared with those required for the approval of
the originator. In this review, real life data available
in inflammatory bowel disease patients treated with
biosimilars are reported, documenting in general
satisfactory outcomes, sustained efficacy and no sign of
increased immunogenicity, although, further controlled
data are awaited.
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Core tip: Some differences between biosimilars and
original biologic drugs exist but they are acceptable
if they fall within defined “boundaries of tolerance”:
variations in some features of the two molecules
are considered important only if clinical relevant.
Several real-life clinical data are already available in
inflammatory bowel disease patients treated with
biosimilars with satisfactory outcomes, but further
controlled trials are awaited.
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Abstract

Deiana S, Gabbani T, Annese V. Biosimilars in Inflammatory
bowel disease: A review of post-marketing experience. World J
Gastroenterol 2017; 23(2): 197-203 Available from: URL: http://

Biologic compounds are obtained from living organisms
or cell cultures by means of biotechnology methods.
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controlled gene expression, antibody technologies) .
The relatively high price of biologic agents and their
recent or impending patent expiration has led to
development of similar versions of these drugs, called
“biosimilar agents”. The World Health Organization
defines a biosimilar as a “biotherapeutic product” which
is similar in terms of quality, safety and efficacy to an
[9]
already licensed reference biotherapeutic product .
Indeed, post-translational modifications, in particular
glycosilation, are specific to the individual production
process; no two batches of a single biologic [either
a reference product (RP) or a biosimilar] will ever
[10]
be identical . Those differences are acceptable if
molecule falls within defined “boundaries of tolerance”:
variations in some features of the two molecules
are only considered important if they are clinical
[11,12]
relevant
. This principle applies also to biosimilars
and their differences from RP are not significant if
there are no clinically meaningful differences between
[13]
the two drugs in terms of safety, purity and potency .
Comprehensive comparability testing is required to
prove biosimilarity and to show that any differences
found are not clinically meaningful: biosimilars undergo
a strict regulatory process that involves proving structural, functional and biological biosimilarity to the RP.
Considering that the efficacy of the original biologic
drug has already been confirmed, the clinical studies
required for the approval of a biosimilar could be
significantly less compared with clinical trials required
for the approval of the reference product. Moreover,
developing a biosimilar give the opportunity to phar
maceutical companies to get the authorization for
all indications held by the native biologic drug, the
so-called “extrapolation”. Extrapolation of data from
one indication to another is also a pivotal aspect of
[14-16]
biosimilar development
. Food and drug administration (FDA), Health Canada and European medicines
agency (EMA) in the past have usually allowed the
medical companies to perform extrapolation for all
indications, thanks to comparability exercises without
[15]
real clinical data for all indications .

www.wjgnet.com/1007-9327/full/v23/i2/197.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i2.197

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic immune-mediated inflammatory gastrointestinal disorders that lead to impaired quality of life,
disease complications and frequent need of surgery
[1,2]
and hospitalization . They represent a global public
health problem; more than 3.5 millions of people are
affected in Europe alone with a direct healthcare cost
[3]
of 4.6-5.6 billions of Euros/year . The prevalence
of inflammatory bowel disease (IBD) is expected to
increase further due to the early age of onset, the
lifelong course and no increased mortality, therefore
an appropriate long-term control of the disease is
mandatory considering its social and economic burden.
The introduction of targeted biological therapies has
significantly improved the outcomes of IBD patients.
Infliximab was the first biological therapy approved
in IBD followed by other anti-TNFα drugs (Adalimumab,
Certolizumab, Golimumab) and by anti-integrin antibodies (Natalizumab, Vedolizumab). Other agents are under
[4]
investigations in IBD, as Ustekinumab and Tofacitinib .
In the therapeutic paradigm, biological therapy was
generally considered as separated from “conventional”
treatment strategy, which includes mesalazine, glucocorticoids and oral immunosuppressants. The reasons
are mostly related to the unknown safety profile of
the biologics when they were first approved and their
high cost. However, this distinction is not justified yet,
especially by considering the progress made in the
field of biological therapy and the advent of biosimilar
drugs.
In response to the high cost of reference biological
drugs and with the recent or imminent patent expiry,
interest in biosimilars has grown. Because of their
lower cost, they lead to a significant cost savings
for the health community, increased earlier access
to biological therapy and may facilitate the efficient
[5]
allocation of the always limited financial resources ;
more patients in the world could access biological
agents earlier with also the possibility to switch from
[6]
costly originator versions to biosimilar alternatives .
Biosimilars are expected to save 11.8-33.4 billion
Euros between 2007 and 2020 in the EU and 44.2 billion US dollars over the 10-year period between 2014
[7]
and 2024 .

INFLIXIMAB AND INFLIXIMAB
BIOSIMILAR
Several multicenter, randomized, double-blind clinical
trials have established the efficacy and safety of the
[17-19]
infliximab in the treatment of IBD
. The results of
[20]
the ACCENT Ⅰ study
laid the foundations for the
management and dosage of infliximab in CD patients in
clinical practice. The major experience with infliximab in
UC is based on the pivotal ACT trials; ACT Ⅰ and ACT Ⅱ
demonstrated that Infliximab is able to induce clinical
remission, mucosal healing and steroid sparing in UC
[21]
patients .
The CT-P13 (Remsima-Celltrion, Incheon, South
Korea and Inflectra-Hospira, Lake Forest, IL, United
States), which is the first biosimilar agent of Infliximab,

BIOLOGICAL THERAPIES AND
BIOSIMILARS
Biological products (or biologics) are defined as active
substances derived from living cells or organisms with
the aid of biotechnology methods (recombinant DNA,
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has been approved for the therapy of IBD and other
autoimmune diseases in India and South Korea during
[22]
the year 2012 . Today more than 34000 patients in
more than 40 countries worldwide have been treated
[23]
with this drug . Two pivotal trials conducted in
rheumatologic diseases have demonstrated its efficacy
and its safety. The first randomized, phase Ⅰ, doubleblind study was performed in patients with ankylosing
spondylitis. In this study the CT-P13 pharmacokinetic
was demonstrated to be similar to that of the original
drug. Moreover, the two biosimilar drugs showed good
[24]
performance in terms of efficacy and safety .
Subsequently a phase Ⅲ, double-blind study was
performed in 604 rheumatoid arthritis patients. Two
groups of patients were randomized to receive CT-P13
or Infliximab, at the same dose of 3 mg/kg and both
received also methotrexate. The two patient groups
showed similar response rate, drug-related adverse
events and development rate of anti-drug antibodies
[25]
at the end of the study .
Regarding immunogenicity, it is well-known that
is common to most biologics including Infliximab. It
is associated with the loss of response, an increased
[26]
rate of infusion reactions and other adverse events .
The degree of immunogenicity is not the same for all
biologics and only minor differences in the formulation,
purity or packaging of a biological drug can affects
its immunogenicity profile. In both PLANETAS and
[24,25]
PLANETRA
study, anti-drug antibodies (ADAs)
against CT-P13 and Infliximab were measured with
similar findings for the two agents. During the extension phase, ADA incidence was comparable between
maintenance and switches groups and did not increase
significantly.
All these data further support the extrapolation of
CT-P13 to all the indications for which IFX is approved.
Although clinical efficacy has only been demonstrated
in rheumatologic diseases, in September 2013 EMA
approved the biosimilar of infliximab not only for treatment of rheumatoid arthritis, ankylosing spondylitis
and psoriatic arthritis, but also for IBD in adults and
children. Even if the number of IBD patients treated
with CT-P13 is limited, clinical experience is growing
and initial data are now available: some studies have
been published as full articles and some additional
studies have also been presented only in abstract form
(Table 1).

in patients with rheumatoid arthritis, spondyloarthritis,
psoriatic arthritis, ulcerative colitis, CD and chronic
plaque psoriasis. It was estimated to be completed in
May 2016, but fully published data are not available
yet. Another study, sponsored by Celltrion, has been
designed to assess non-inferiority in efficacy and to
assess overall safety of CT-P13 compared to infliximab
in patients with active CD up to week 54 (ClinicalTrials.
gov Identifier: NCT02096861). This study will also
provide information about switching from infliximab to
CT-P13 and from CT-P13 back to infliximab; the enrolment is closed with 214 patients included but no data
are available yet.
An open-label, retrospective, multicenter study
has evaluated the safety and the efficacy of CT-P13
®
[27]
(Remsima ) in patients with IBD in South Korea . One
hundred and seventy-three patients were included: 95
patients with moderate-to-severe CD and 78 patients
with moderate-to-severe UC. Treatment-related adverse
events occurred in 10% of patients and were mostly
mild-moderate in severity. There were five serious
treatment-related adverse events (two infusion-related
reactions, two infections, one abdominal pain) and no
cases of malignancy, pneumonia, or death. No significant differences were observed in treatment-emergent
antibody response (TEAR) incidence between naïve
patients and the switch group. No unexpected treatmentemergent adverse events were observed during the
study. Although the study was not powered for efficacy,
positive outcomes for response and remission were
also reported in patients with CD, and UC. All data
confirm that CT-P13 was well tolerated and efficacious
in patients with IBD.
Another retrospective multicenter study from South
Korea has evaluated CD and UC patients treated with
IFX biosimilar (both infliximab-naïve patients and
patients who switched to CT-P13 from its originator) by
using Crohn’s disease activity index (CDAI) and partial
[28]
Mayo score . The efﬁcacy of CT-P13 was maintained
in 92.6% of patients with CD and in 66.7% of patients
with UC after the switch from inﬂiximab to biosimilar
drug. Only 2 CD patients and 1 UC patient stopped
therapy after switch because of lack of efficacy.
Regarding safety, no CD patients reported adverse
event during CT-P13 therapy, while 6 UC patients
(11.8%) experienced adverse events.
Moreover, an open-label case series has evaluated
17 IBD patients (8 CD and 9 UC) at a tertiary center
[29]
in South Korea . Nine patients (four UC and five CD)
switched from IFX to CT-P13 during the remission
period and among these, one patient lost effect and
another discontinued CT-P13 due to arthralgia. No
serious or unexpected ADRs were evident.
Unlike previous studies, which only evaluated the
efficacy and safety of CT-P13, an Hungarian prospective, multicenter, observational study also examined
the immunogenicity of treatment with CT-P13 in
[30]
IBD . 210 patients (126 CD and 84 UC) patients

CT-P13 POST-MARKETING STUDIES IN
ADULT IBD
No randomized controlled trials are available on
the use of CT-P13 in IBD. A randomized, doubleblind, parallel group study, the NOR-SWITCH study
(ClinicalTrials.gov identifier: NCT02148640) is currently being pursued in Norway. The purpose of this
study is to assess the safety and efficacy of switching
from infliximab to the biosimilar treatment Remsima
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Table 1 Major real-world studies of CT-P13 in inflammatory bowel disease
Study

Design

FollowEffect
up
parameters

Park et al[27], 2015
South Korea

Open-label, retrospective,
multicenter

30 wk

Jung et al[28], 2015
South Korea

Open-label, retrospective,
multicenter

54 wk

Kang et al[29], 2015
South Korea

Open-label, case-series,
tertiary center

8 wk

Gecse et al[30], 2015
Hungary

Open-label, prospective,
observationalmulticenter

14 wk

IBD

[32,34,35]

Nr TNFEfficacy (%, n /n )
naive Clinical response Remission rate
95
78

62

72.2 (39/54)

375 (20/54)

26.9 (21/78)

1.3 (1/78)

CDAI
Mayo score
CRP
CDAI
Mayo score

CD
UC

59
51

32
42

87.53 (7/8)
1003 (12/12)

75.03 (6/8)
503 (6/12)

0 (0/59)
11.8 (6/51)

0
NR

CD

8

3

66.73 (2/3)

66.73 (2/3)

0

NR

UC

9

5

1003 (5/5)

1003 (5/5)

0

NR

CDAI
FDA
Mayo score
CRP
PLT count
CDAI
Mayo score

CD
UC

126
84

93
68

81.4 (79/97)
77.6 (45/58)

53.6 (52/97)
58.6 (34/58)

17.12
(36/210)

6.62 (14/210)

NR

NR

5

57.83 (26/45) 17.9 (17/95)

IRR

CDAI
CD4
Mayo score UC

51

77.83 (35/45)

Safety (%, n /n )
Adverse
event

2.1 (2/95)

Farkas et al[31], 2015
Hungary

Open-label, prospective,
8 wk
observational tertiary center

CD

18

16

37.51 (6/16)

50 (8/16)1

UC

21

19

201 (3/15)

66.71 (10/15)

Jahnsen et al[32], 2015
Norway

Open-label, prospective, 14 wk
HBI
CD
observational single-center
Mayo score UC
CRP
Calprotectin

46
32

33
27

NR
NR

79 (34/43)
56 (18/32)

NR
NR

2.2 (1/46)
3.1 (1/32)

325
75

26
6

NR
NR

87.5 (28/32)
57.1 (4/7)

NR
NR

3.1 (1/32)
28.6 (2/7)

Sieczkowska et al[35], 2015
Poland

Open-label, prospective,
observationalswitching,
pediatric

8 mo
5 mo

PCDAI
PUCAI
CRP

pCD
pUC

1

The patients who completed induction treatment; 2At week 30; 3In TNF-naïve patients only; 4Including fistulizing active CD (n = 12); 5Patients had switched
from infliximab to CT-P13. NR: Not reported; CDAI: Crohn’s disease activity index; CRP: C-Reactive protein; FDA: Food and drug administration; HBI:
Harvey-bradshaw index; PLT count: Platelet count; PCDAI: Pediatric Crohn’s disease activity index; PUCAI: Pediatric ulcerative colitis activity index; CD:
Crohn’s disease; UC: Ulcerative colitis.

were included. Adverse events were reported in 17.1%
of all patients. Infusion reactions occurred in 6.6% of
patients and were significantly more common in those
with previous IFX exposure; serious infectious adverse
events occurred in 5.7% of all patients, resulting in one
death. Therapeutic drug levels were monitored and
anti-drug antibodies ADAs were measured. Patients
exposed to previous infliximab treatment had significantly higher baseline ADA positivity as compared with
naïve patients (CD patients P = 0.006, UC patients P =
0.02), while there was no significant difference in ADA
positivity at Week 14 between patient groups when
stratified according to previous infliximab exposure.
Moreover, this study showed that patients with
previous infliximab exposure had a tendency towards
lower early mean trough levels of the drug, decreased
response rates and were more likely to develop allergic
reactions.
Another Hungarian observational, prospective
study enrolled 39 IBD (18 CD and 21 UC) patients
to evaluate efficacy, safety and immunogenicity of
[31]
CT-P13 . At week 8 clinical response and remission
was achieved in 37.5% and 50% of the patients with
luminal CD, and in 20% and 66.7% of UC patients.
The study reported a mild arthralgia and an anaphylactic reaction after the second infusion of CT-P13 in
a patient with high ADA levels and previously treated
with the originator IFX. One UC patient developed toxic
megacolon and underwent to colectomy.
A prospective observational study performed in a
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single center in Norway has evaluated the efficacy,
tolerability, and safety of CT-P13 in 78 patients with
[32]
moderate to severe disease (46 CD, 32 UC) .
About 79% of CD patients and 56% of UC patients
achieved remission at week 14. There were no
unexpected adverse events reported during the study.
Immunogenicity was seen in 8 patients (4 CD and 4
UC) and lead to discontinuation of treatment in seven
patients.
A German single-center study has evaluated 33
IBD patients treated with CT-P13 biosimilar and 86
[33]
IBD patients who received the infliximab . CT-P13
serum levels, IFX serum levels and anti-drug antibody
serum levels were measured in both groups to uncover
significant differences in anti-drug immunogenicity. In
total the analysis revealed no significant differences in
anti-drug immunogenicity in patients receiving CT-P13
and Infliximab, demonstrating the feasibility of drug
monitoring in IBD patients treated with the biosimilar.
[34]
A recent study demonstrated that anti-Infliximab
antibodies in IBD patients recognize and functionally
inhibit CT-P13 to a similar degree, suggesting similar
immunogenicity profile. All 69 positive anti-Infliximab
patients were cross-reactive to CT-P13. Titers of
antibodies to infliximab and CT-P13 were strongly
correlated (r values between 0.92 and 0.99, P < 0.001).
Anti-Infliximab antibodies of IBD patients exerted
similar functional inhibition on CT-P13 or Infliximab
TNF-α binding capacity.
In conclusion, all published studies show no
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apparent differences between biosimilar infliximab and
the originator. However, contrasting data have been
reported in a study reported in abstract by Murphy
[35]
et al
They showed a higher rate of surgery and
inadequate disease control in patients treated with
CT-P13 compared with those treated with infliximab.
But, response and remission rates were not reported
and no descriptions of baseline characteristics are
available.

Analytical techniques were behind demonstration
of the biosimilarity of ZRC-3197 in comparison with
the original adalimumab. Primary and secondary
structures were showed to be identical to the originator
product. Also, ZRC-3197 showed comparable level of
heterogeneity and purity, when matched with originator
adalimumab drug. Moreover, ZRC-3197 demonstrated
similar key properties if compared with Humira, analyzed by with cell-based assay and plasma resonance
techniques. ZRC-3197 showed a Tumor Necrosis Factor
counteracting activity and a tie kinship for FcγRⅢa
[38]
receptor comparable with Adalimumab originator .
Cadila Healthcare Ltd at the end of 2013, launched a
randomized, parallel-group, active controller, phase
Ⅲ trial to evaluate efficacy, tolerability and safety of
ZRC-3197 in comparison with Humira in Rheumatoid
Arthritis patients. In this study, 120 patients affected
by Rheumatoid Arthritis for at least six months and
seropositive active illness, were enrolled. All patients
were in treatment with Methotrexate, 10-25 mg/wk for
a minimum of twelve weeks at a fixed dose in the last
four weeks. Patients were randomized to the administration of Humira (AbbVie) 40 mg or Exemptia (Zyndus)
40 mg every two weeks for three months by a subcutaneous route. The proportion of subjects with an ACR
20 response on day 84 was the primary endpoint. The
secondary end-points were: modification of Disease
Activity Score 28, proportion of subjects with an ACR
50 response, proportion of subjects with an ACR 70
response and comparison between the two groups of
[39]
percentage of patients with antidrug antibodies . By
analyzing the data from this study, ZRC-3197 showed
comparable degree of efficacy, safety, and tolerability
if compared with the original drug Humira. However,
complete data of this trial are not yet available. In any
case, based on these data, Indian drugs authority gave
the agreement for ZRC-3197 marketing. In European
Union and United States this drug would not had the
agreement for marketing because of a more strict
[40]
regulatory process . Post-marketing efficacy and
[41]
safety data has not been showed .

CT-P13 POST-MARKETING STUDY IN
PEDIATRIC IBD
The effects of switching to CT-P13 from infliximab have
been investigated in a small prospective observational
study from Poland of 39 pediatric IBD patients (32
[36]
CD, 7 UC) . In the CD subgroup, 22 (69%) patients
were in clinical remission before switching. In the CD
group 69% were in remission at the time of switching
and 31% had mild to moderate disease activity. After
two infusions with CT-P13 a significant reduction in
pediatric CDAI (PCDAI) was seen. After a further mean
follow-up of 8 mo after switching, 88% of the patients
were in clinical remission. One infusion reaction to
infliximab biosimilar was observed in a CD patient,
which led to treatment discontinuation. In general,
adverse event incidence did not differ significantly
before and after the switch from infliximab RP to
CT-P13. Despite several limitations of this study, as the
small sample size, the heterogeneity of time of switching during therapy and the great variation in length of
the individual follow-up period, it demonstrates that
switching from infliximab RMP to CT-P13 seems to be
well tolerated in children with CD.

ADALIMUMAB BIOSIMILARS
The originator biologic Adalimumab (Humira) is a
human recombinant monoclonal antibody. This IgG1
antibody binds to TNF-alpha, avoiding it to join with its
specific receptors. As is largely known, TNF-alpha is an
important activator of the inflammatory cascade and
a modulator of apoptosis mechanisms. The originator
drug (AbbVie’s Humira) adalimumab, was approved
since 2002 in US and since 2003 in Europe. This
drug has generated income for 12.5 billion of dollars
worldwide in 2014, but at the end of 2016 the license
will expire in the United States, while in Europe will
expire in first half of 2018. Nowadays, Adalimumab
is authorized for the therapy of Rheumatoid Arthritis,
Ankylosing Spondylitis, Psoriatic Arthritis, Juvenile
Idiopathic Arthritis, Psoriasis, CD, and Ulcerative
Colitis.
At the end of 2014, the first Adalimumab biosimilar
drug started to be commercialized in India. The Indian
drug company Zydus Cadila Healtcare Ltd started to
sell the adalimumab biosimilar drug, ZRC-3197, with
[37]
the name of Exemptia, for the first time in the world .
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CONCLUSION
Several clinical data are already available in IBD
patients treated with IFX-biosimilar or who were
switched from to CT-P13 with satisfactory outcomes,
sustained efficacy and no sign of increased immunogenicity or any other safety concerns. However, further
controlled data are needed, and additional studies that
will support the validity of indication extrapolation to
IBD are ongoing. No contraindication for switching
from the originator to the relative biosimilar have
been raised, however some gastroenterological and
rheumatologic scientific associations have pointed out
doubts about extrapolation technique of indication and
its results. Realization of specific trials for each disease
is desirable before biosimilar approval. Unfortunately,
the increasingly number of treatment with biologics
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and their high cost, necessarily require a reduction of
the price of these compounds to allow their sustainability by healthcare systems. More long term data on
loss of response rates in switched therapies of IBD, as
well as more data on drug levels and antibodies are
awaited to assist physicians’ and patients’ confidence.
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Abstract
AIM
To develop a human in vitro model of non-alcoholic fatty
liver disease (NAFLD), utilising primary hepatocytes cul
tured in a three-dimensional (3D) perfused platform.
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METHODS
Fat and lean culture media were developed to directly
investigate the effects of fat loading on primary he
patocytes cultured in a 3D perfused culture system. Oil
Red O staining was used to measure fat loading in the
hepatocytes and the consumption of free fatty acids
(FFA) from culture medium was monitored. Hepatic
functions, gene expression profiles and adipokine
release were compared for cells cultured in fat and lean
conditions. To determine if fat loading in the system
could be modulated hepatocytes were treated with
known anti-steatotic compounds.
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RESULTS
Hepatocytes cultured in fat medium were found to
accumulate three times more fat than lean cells and
fat uptake was continuous over a 14-d culture. Fat
loading of hepatocytes did not cause any hepatotoxicity
and significantly increased albumin production.
Numerous adipokines were expressed by fatty cells
and genes associated with NAFLD and liver disease
were upregulated including: Insulin-like growth factorbinding protein 1, fatty acid-binding protein 3 and
CYP7A1. The metabolic activity of hepatocytes cultured
in fatty conditions was found to be impaired and the
activities of CYP3A4 and CYP2C9 were significantly

Manuscript source: Invited manuscript
Correspondence to: David Hughes, DPhil, CN Bio Innovations
Limited, BioPark, Broadwater Rd, Welwyn Garden City AL7
3AX, United Kingdom. david.hughes@cn-bio.com
Telephone: +44-1707-358739
Received: August 16, 2016
Peer-review started: August 17, 2016
First decision: October 11, 2016

WJG|www.wjgnet.com

204

January 14, 2017|Volume 23|Issue 2|

Kostrzewski T et al . Human in vitro model of NAFLD
understanding why this transition takes place in certain
individuals remains a key focus for research. The study
of NAFLD also has important implications for drug
metabolism and toxicity. Hepatocytes from steatotic
livers often have altered metabolic capacity; with
changes in expression of several cytochrome P450
[4,5]
(P450) enzymes and efflux transporter proteins .
Ultimately this can result in NAFLD patients having
altered drug exposure and an elevated risk of adverse
[4,5]
drug reactions .
Hepatic steatosis is characterised by the deposition
of cytoplasmic triglycerides as macro- and/or microvesicular lipid vacuoles and this excessive accumu
lation of triglycerides arises from an imbalance in tri
[3]
glyceride acquisition and removal . Investigating the
molecular mechanisms that underlie steatosis and the
hepatocellular consequences of triglyceride accumulation
may be important in understanding the transition from
steatosis to NASH and in the development of novel
therapeutic interventions. Animal models (e.g., genetic
models, diet-induced models) were first used to analyse
the molecular basis of NAFLD and its development and
many of these findings have been confirmed through
[6]
clinical studies . However, significant differences exist
between humans and pre-clinical animal models in the
way in which steatosis progresses, the inflammatory
markers that are produced and the triglycerides that
[7]
accumulate within hepatocytes . Additionally, due to
the complexity of these models it is difficult to analyse
how the interplay between hepatic fat accumulation,
environmental signals (oxidative stress and cytokines)
and transcriptional regulation combine to cause the
progression from steatosis to the more severe stages of
NAFLD.
Some studies have also employed in vitro appro
aches to help elucidate the molecular mechanisms
involved in disease progression, but compared to other
liver diseases (e.g., viral hepatitis) only limited data has
[8]
yet to be acquired using these approaches . Various
groups have analysed oleic acid-induced steatosis in
hepatoma cell lines (e.g., HepG2 and HuH7) showing
the accumulation of triglycerides reduces proliferation
and transiently increases expression of inflammatory
[9-12]
genes
. However, due to their immortalised nature,
the capacity for drug metabolism of these cells is vastly
[13]
reduced in comparison to primary cells . They also
lack expression of many key enzymes for lipid and fatty
[14]
acid metabolism
and have altered intra- and extra[15]
cellular signalling pathways .
Primary human hepatocyte cultures are a valuable
model for analysing the mechanisms that underlie
hepatic function as they most closely represent clinical
conditions. The use of monolayer or sandwich in vitro
cultures of hepatocytes has become common for
metabolism and toxicology studies, but often these
studies last for only a few days as hepatocytes lose
[16]
metabolic capacity when cultured for longer . Limited
studies have looked at the development of steatosis
with human hepatocytes in vitro. The combination of

reduced, similar to observations made in NAFLD
patients. The utility of the model for drug screening was
demonstrated by measuring the effects of known antisteatotic compounds. Hepatocytes, cultured under fatty
conditions and treated with metformin, had a reduced
cellular fat content compared to untreated controls and
consumed less FFA from cell culture medium.
CONCLUSION
The 3D in vitro NAFLD model recapitulates many
features of clinical NAFLD and is an ideal tool for
analysing the efficacy of anti-steatotic compounds.
Key words: Non-alcoholic fatty liver disease; Liver
disease; Three-dimensional cell culture; Organ-on-chip;
Primary cell culture; Fatty liver; Hepatocytes
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report the development of an in vitro ,
fully human, three-dimensional cell culture model of
non-alcoholic fatty liver disease (NAFLD). The model
recapitulates key features of clinical NAFLD, with
primary human hepatocytes continuously loaded with
fat, for up to 14 d of culture, without causing any hepa
totoxicity. Fat loading caused transcriptomic, proteomic
and metabolic changes to the hepatocytes, including
reduced activity of CYP3A4 and CYP2C9 enzymes. Fat
loading in the model could be modulated using known
anti-steatotic drugs (e.g. , metformin), demonstrating
the utility of the model for screening the efficacy of
novel anti-steatotic compounds.
Kostrzewski T, Cornforth T, Snow SA, Ouro-Gnao L, Rowe
C, Large EM, Hughes DJ. Three-dimensional perfused human
in vitro model of non-alcoholic fatty liver disease. World J
Gastroenterol 2017; 23(2): 204-215 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i2/204.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i2.204

INTRODUCTION
Due to the major increase in the prevalence of ob
esity, non-alcoholic fatty liver disease (NAFLD) is
now considered to be among the most common liver
[1]
diseases worldwide . NAFLD is regarded as a broad
spectrum of pathological conditions ranging from
hepatic steatosis through to non-alcoholic steato
hepatitis (NASH) and liver fibrosis. Simple steatosis is
a relatively benign state of liver injury, defined by the
presence of fat in the liver which accounts for more
[2,3]
than 5% of the livers weight . Fatty livers become
vulnerable to further injury from oxidative stress,
lipoapoptosis and inflammatory cytokines, which cause
[2]
the development of NASH and cirrhosis . Hepatic
steatosis can often be a self-limiting state, but in up to
25% of cases the disease will progress to NASH and
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A

B

C

type. Metabolic, transcriptome and phenotypic changes
were measured in the system and these were found
to mimic many of the changes observed in the clinical
condition.

MATERIALS AND METHODS

3D microtissue composed of cryopreserved
human hepatocytes

Hepatocyte culture

Cryopreserved human hepatocytes were purchased
from Life Technologies (Paisley, United Kingdom). Cells
were thawed according to the instructions provided
by the supplier. Viability was assessed using the
trypan blue exclusion test and was > 85% for all lots.
®
Cells were seeded into LiverChip platforms (CN Bio
Innovations, United Kingdom) (Figure 1), which were
housed in a humidified cell culture incubator at 37 ℃
®
with 5% CO2. The LiverChip platforms consist of 12
individual bioreactors in which fluid is recirculated by
a pneumatically driven micro-pump across a collagencoated scaffold, which enables the formation of 3D
microtissues in the channels of the scaffold (Figure 1).
The platform is covered with a single loose lid, as per
a standard microtiter plate enabling access to each of
the 12 bioreactors for cell seeding, media change, and
sampling.
Cells were seeded with flow in the downward
direction through the scaffold for 8 h at a flow rate
of 1.0 µL/s. Downward flow encourages cells to seed
within the scaffold and form microtissues. Following
cell attachment, the flow was changed to the upward
direction and maintained at 1.0 µL/s for the remainder
of the culture. Hepatocytes were seeded at a density
5
of 6 × 10 viable cells in 1.6 mL of medium per well.
The cells were maintained in Williams’ E medium
(WEM) containing primary hepatocyte thawing and
plating supplements (Life Technologies, United States)
for the first 24 h of culture. Thereafter cells were
cultured in lean or fat WEM, both of which contained
physiologically relevant quantities of insulin (2 nmol/L)
and glucose (5.5 mmol/L), as well as standard WEM
supplements (0.5% Pen/Strep, 2 mmol GlutaMAX, 15
mmol/L HEPES, 6.25 ng/mL sodium selenite, 6.25 µg/
mL transferrin, 1.25 mg/mL BSA, 5.35 µg/mL linoleic
acid, 100 nmol/L dexamethasone). The fat media was
further supplemented with 600 µmol/L FFA, containing
a 2:1 mix of oleate acid and palmitate acid, conjugated
to BSA. Complete media changes were performed on
all wells every 48-72 h. Hepatocytes were also cultured
in 2D in 96-well plates in lean and fat conditions. Post4
thawing 5 × 10 viable cells were seeded into each
well of a collagen-coated 96-well plate. Cells were
cultured in 150 µL media and treated equivalently to
3D-perfused samples.

Media flow
Scaffold
Support

Figure 1 LiverChip® three-dimensional perfused cell culture system. A:
The LiverChip® plate contains 12 independent bioreactors for the 3D culture
of hepatocytes; B: Hepatocytes form 3D micro-tissue structures in an array of
channels in a collagen I-coated scaffold that is contained in each LiverChip®
well; C: Schematic representation of how media flows through the channels of
each LiverChip scaffold due to the action of a pneumatically operated pumps in
the base of the plate. The speed and direction of flow can be adjusted using an
electronic controller. 3D: Three-dimensional.

oleic and palmitic acid has been shown to promote
intracellular fat accumulation in primary human he
[17]
patocytes
and IL-8 expression was observed to
[18]
increase after treatment with palmitic acid . These
studies involved the culture of cells in the presence
of excess free fatty acids (FFA) for short periods of
time, generally 12-48 h, in simple monolayer systems.
Subsequently, only transient cellular changes were
analysed and more long lasting effects of triglyceride
accumulation were not studied.
Numerous three-dimensional (3D) cell culture
models have now been developed that are proposed
to better maintain the differentiated state of primary
cells and provide more complex tissue organisation
that was not previously possible in conventional 2D
[19,20]
systems
. Using organ-on-a-chip and microfluidic
approaches, cell culture micro-environments can
be created that recapitulate the mechanical forces,
tissue-tissue interfaces, and spatiotemporal chemical
[21,22]
gradients of living organs
. Numerous advanced
liver models have been described, which improve the
long-term functionality of hepatocytes compared with
[20,21]
2D monocultures or simple 3D spheroid cultures
.
Here, we introduce a cryopreserved primary human
hepatocyte model of NAFLD in which the cells are
cultured in 3D microtissues on an engineered scaffold
that recapitulates the liver capillary bed under perfusion
[23-25]
(Figure 1)
. The microtissues are cultured in the
®
LiverChip platform which contains twelve isolated
bioreactors, each of which has an integrated micropump for controlling flow of culture medium through
the tissue, creating an oxygen gradient across the
tissue, like that observed in the in vivo liver sinusoid
[24]
(Figure 1) . Liver microtissues were cultured in lean
or fat conditions to analyse the effect of triglyceride
accumulation and the development of a NAFLD pheno
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Oil Red O staining and quantitation

Scaffolds containing microtissues were removed from
plates, washed with PBS and fixed in 4% PFA (in
PBS) for 15 min. Scaffolds were washed twice with
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70% isopropanol for 5 min and then stained for 1 h
in Oil Red O stain, which was a 3:2 mix of Oil Red O
solution (Sigma Aldrich, United Kingdom) and dH2O.
Tissues were washed three times in dH2O and twice
in 70% isopropanol to remove non-specifically bound
stain. Colour bright field images of stained scaffolds
were taken using an inverted light microscope (Leica,
United Kingdom). Oil Red O stain was removed from
tissues by incubating them with 100% isopropanol
for 15 min. The level of Oil Red O in the microtissues
was quantified by analysing absorbance at 515 nm.
Total cellular protein was determined for each sample
following staining. Each scaffold was washed once
in PBS and lysed in 0.1 mol NaOH + 2% SDS. Total
cellular protein was measured with a Pierce BCA
protein assay kit (Thermo Fisher, United Kingdom). The
relative fat content of each sample was determined
by normalising the level of Oil Red O, expressed as
absorbance at 515 nm to the quantity of total protein.

performed and the plate incubated for 1 h at 37 ℃,
under flow. Samples from each well were placed in
a 96-well assay plate and mixed 1:1 with luciferin
detection reagent. The plate was incubated at room
temperature for 20 min and luminescence measured
relative to a standard curve of beetle luciferin potassium
salt (Promega, United Kingdom).

RNA isolation and gene expression analysis

Total RNA was extracted from scaffolds cultured for
®
7 d in fat or lean conditions using TRIzol Reagent
(Ambion, United States) and a chloroform phase
separation. RNA was precipitated from aqueous phase
samples using 100% isopropanol and RNA pellets
were resuspended in dH2O. Reverse transcription and
2
2
PCR were performed using RT First Strand Kit and RT
Profiler PCR Arrays (Qiagen, United Kingdom) with 0.5
µg RNA analysed on each plate. Human Fatty Liver
(PAHS-157Z) RT² Profiler™ PCR Arrays and Human
Drug Metabolism (PAHS-002ZC-12) RT² Profiler™ PCR
Arrays were used to analyse each sample. Samples
were analysed using a Quantstudio 6 real time PCR
system (Applied Biosystems, United Kingdom). Ct
values from samples were compared and normalised
to house-keeping gene expression. The fold-change
in each transcript represented on the array plate
2
was determined using RT Profiler™ PCR Array Data
Analysis (v.3.5) Web Portal (Qiagen, United Kingdom).

Free fatty acid consumption

The consumption of free fatty acid from cell culture
medium was determined using the Free Fatty Acid
Quantification kit (Abcam, United Kingdom), following
the manufacturers protocol. Free fatty acid consumption
was calculated by comparing freshly prepared lean and
fat media to conditioned media removed from plates at
each media change.

Hepatocyte phenotyping

Adipokine proteome arrays

Albumin secretion was measured in culture supernatant
using a human albumin enzyme-linked immunosorbent
assay (Assay Pro, United States). Urea was quantified
with a colorimetric assay kit (BioAssay Systems, United
States) and lactate dehydrogenase (LDH) activity was
®
measured using the CytoTox 96 Non-radioactive
cytotoxicity assay (Promega, United Kingdom). Aspartate
transaminase (AST) and alanine aminotransferase
(ALT) clinical chemistry assays were performed at
the College of American Pathologists certified clinical
laboratories in the University of Pittsburgh Medical
Center (Pittsburgh, United States). Total glutathione
was quantified using the GSH-Glo™ Glutathione Assay
(Promega, United Kingdom). Microtissues were lysed
from scaffolds in glutathione lysis buffer and each
lysate was diluted 100-fold in fresh lysis buffer before
luminescent quantification of total glutathione against
a standard curve according to vendor instructions. The
glutathione content was normalised to total cellular
protein. Mitochondrial activity was assessed using Cell
Proliferation Reagent WST-1 (Roche, United Kingdom)
at a 20-fold dilution in cell culture medium.

Cells were cultured in either fat or lean conditions for
7 d and conditioned media samples were analysed
using the Proteome Profiler™ Human Adipokine array
kits (R&D Systems, United States), following the
manufactures protocol. Arrays were imaged using the
LAS-3000 imaging system (Fujifilm, Japan) and images
were analysed for pixel density using the ImageQuant
software (GE Life Sciences, United Kingdom).

Liquid chromatography tandem mass spectrometry
analysis for drug and metabolite quantification

To determine the activities of CYP -1A2, -2C9, -2D6
and -3A4 respectively, the conversion of Tacrine (5
µmol) to 1-hydroxytacrine, Diclofenac (90 µmol) to
4-hydroxydiclodenac, Bufuralol (10 µmol) to hydroxy
bufuralol and Midazolam (5 µmol) to 1-hydroxy
midazolam were analysed (compounds supplied by
Sigma Aldrich, United Kingdom). A mixture of the four
substrates was prepared at 1000-fold concentration in
DMSO and added to microtissues during a full medium
change. Cells were incubated for 2 h under standard
culture conditions. Metabolites were quantified in cell
culture medium by liquid chromatography tandem
mass spectrometry. Samples were separated using a
Waters Acquity UPLC system with an ACE Excel C18AR column and analysed on a Waters TQ-S Micro mass
spectrometer against quantitative standard curves.

CYP3A assay

CYP3A activity was measured with the P450-Glo
CYP3A4 assay with Luciferin-IPA (Promega, United
Kingdom). A complete medium change to medium
containing a 1000-fold dilution of Luciferin-IPA was
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Exposure of hepatocytes to anti-steatotic compounds

consumed lower quantities of FFA (Supplementary
Figure 2). On this basis, the 3D perfused platform was
selected for the in vitro NAFLD model.
Overloading hepatic cells with FFA has previously
[12,17]
been observed to cause cytotoxic effects
, therefore
we analysed the NAFLD model for cell death and liverspecific functions. Under fat conditions hepatocytes
were fully viable and fat loading significantly increased
their secretion of albumin (Figure 2D), whilst AST
and alanine transaminase (ALT) levels were not
affected (Figure 2E). LDH release, urea genesis and
mitochondrial activity, as measured by WST-1 and
cellular glutathione levels, were also not affected by fat
loading (Supplementary Figure 3). Taken together this
demonstrates hepatocytes cultured in the 3D perfused
platform under fat conditions are fully viable, functional
and continually become more steatotic.

Microtissues were cultured for 7 d in lean or fat
conditions, before dosing with anti-steatotic com
pounds. Pioglitazone hydrochloride and metformin
hydrochloride (Sigma Aldrich, United Kingdom) were
dissolved in DMSO, diluted in cell culture medium and
added to microtissues during a full medium change.
®
LiverChip cultures were maintained in the same lean
or fat conditions, in the presence of the compound, for
a further 7 d.

Statistical analysis

All the experiments were performed with at least three
replicates, with cells obtained from three different
primary human hepatocyte donors, if not indicated
otherwise. Values reported are mean ± SD, unless
otherwise stated. Comparisons between groups were
performed using Student’s t test. P values < 0.05 were
considered statistically significant.

Fat loading induces transcriptional and proteomic
changes in hepatocytes

The development of NAFLD and hepatic steatosis are
associated with a range of transcriptomic and pro
teomic changes, particularly in genes associated with
inflammation, cholesterol/lipid metabolism and insulin
[3]
signalling . We therefore explored whether our 3D
in vitro NAFLD model recapitulated the changes ob
served in vivo. We analysed the expression of key
genes associated with fatty liver and a number of
these were observed to be upregulated in cells cultured
in fatty conditions, including CYP2E1, IGFβ1, PDK4 and
CYP7A1 (Figure 3) (Supplementary Table 1). We also
explored transcriptional changes in genes associated
with hepatic metabolism and found upregulation of
several P450 genes, as well as the gene for alcohol
dehydrogenase C1 in fat loaded samples (Supple
mentary Figure 4, Supplementary Table 2). In addition
to exploring changes at the transcriptional level
we analysed the secretion of key adipokines from
cells cultured in fat and lean conditions. Fat loaded
hepatocytes secreted a range of adipokines, and in
comparison to lean cultured cells, produced increased
quantities of pro-inflammatory markers IL-8 and MIF;
as well as adipokines associated with fibrosis and
wound healing, including fibrinogen and TIMP-1 (Figure
4). The changes observed at the transcriptional and
proteomic level in our 3D in vitro model mimic many
of the changes commonly associated with NAFLD/
[26,27]
steatosis
.

RESULTS
In the presence of excess free fatty acid, hepatocytes
can accumulate fat deposits without inducing
cytotoxicity

The 3D perfused in vitro model of NAFLD was created
by seeding primary human hepatocytes into the
®
LiverChip platform and culturing the cells under fat
and lean conditions. Both culture conditions contained
physiologically relevant levels of glucose and insulin
and fat media contained 600 µmol/L FFA. To assess
the level of steatosis in microtissues, scaffolds were
stained with Oil Red O, which demonstrated significant
steatosis and triglyceride accumulation in samples
cultured in fat media (Figure 2A). The absorbance
of extracted Oil Red O from microtissues was spe
ctrophotometrically determined and normalised to
total cellular protein, to give a measure of relative
fat content of each sample (Figure 2B). After 7 d of
culture the fat media caused a significant increase in
lipid accumulation and this further increased after 14
d (Figure 2B). Hepatocytes cultured in fat media also
consumed more than four times the amount of FFA
from the cell culture media, than equivalent cells in the
lean condition (Figure 2C). Fatty acid consumption was
determined by measuring changes in the concentration
of FFA in the cell culture medium at each media
change and comparing it to input media. The loss of
FFA from the media was considered to be equivalent to
the amount of FFA consumed by the cells.
Cryopreserved human hepatocyte donors have
varying levels of basal fat, but all donors studied were
observed to accumulate fat when cultured under fat
conditions in the model (Supplementary Figure 1). Cell
from the same donor were also cultured in 2D static
monolayer cultures alongside the 3D-perfused platforms
and were observed to produce significantly less albumin,
had reduced expression of key metabolic genes and
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Metabolic capacity of hepatocytes is affected by fat
loading

As the transcription of numerous metabolic genes
were altered in the NAFLD model, we investigated
how fat loading affected the metabolic capacity of the
hepatocytes. The 3D perfused platform has previously
been shown to maintain the metabolic capacity of
[25]
human hepatocytes for extended periods of culture .
Initially, we used the CYP3A-Glo assay and found for
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Figure 2 Hepatocytes accumulate intracellular fat over time. Hepatocytes were cultured for 14 d under fat and lean conditions. Fat loading was measured by
Oil Red O staining of microtissues, which were observed by microscopy (A), and quantified by absorbance at 510 nm and normalised to total cellular protein to give
a relative fat content (B). Fat consumed by cells over 14 d of culture was calculated by analysing culture medium at each media change for the presence of free
fatty acids using enzyme-based colorimetric assay (C). Hepatocytes were compared for albumin (D) and ALT/AST production (E). Each time point is a mean of 6
independent cultures ± SD (aP < 0.01).

multiple hepatocyte donors fat loading for seven days
caused a significant reduction in P450 activity (Figure
5A). The different donors had varying P450 activity,
but when each donor was cultured in the fat media its
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CYP3A activity was reduced by ≥ 40% (Figure 5A). We
explored the activity of CYP1A2, CYP2C9, CYP2D6 and
CYP3A4, in more detail by measuring their ability to
metabolise probe compounds. Fat loaded hepatocytes
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Figure 3 Hepatocytes cultured in fat media have altered gene expression profiles. Hepatocytes were cultured in fat or lean conditions for 7 d before total RNA
was extracted and gene expression was compared using Fatty Liver RT2 Profiler PCR Arrays. A: Gene expression changes were defined by a fold change > 1.95 and
P ≤ 0.05; B: Fold change in expression in fat vs lean condition of key genes, filled bars = fat, white bars = lean. Data are mean ± SD from nine independent cultures
(three donors per condition and n = 3 per donor).
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secreted protein production was compared by antibody-based adipokine array analysis; B: Adipokine levels were expressed as the relative densitometric intensity.
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had significantly reduced CYP3A4 and CYP2C9 activity
when compared to cells cultured in lean media (Figure
5B). CYP3A4 activity was reduced by almost half and
CYP2C9 activity was reduced by 30%, however no
differences were observed for CYP1A2 and CYP2D6
activity (Figure 5). These observations align with those
of previous studies involving human hepatocytes
and clinical samples from NAFLD patients, which for
example have shown that CYP3A4 activity decreases
[28,29]
with disease progression
.

6B) significantly reduced fat loading of hepatocytes,
whilst neither affected hepatic function, as determined
by albumin production (Figure 6C). Physiologically
relevant concentrations of both drugs, which were
representative of therapeutic doses achievable in vivo,
were used to test in the model. Pioglitazone had the
most significant effect on hepatic fat accumulation,
reducing the relative fat content by 50% when dosed
at 10 µmol (Figure 6A), however we did not observe
pioglitazone to affect inflammation or fibrosis markers
in the model; the amount of IL-8 and fibrinogen
expressed by dosed cells was the same as control
cells (data not shown). Neither compound affected
the cells cultured in lean media, which accumulate
only small quantities of fat. The two compounds were
demonstrated to have differing modes of action, as only
metformin was observed to affect the consumption of
FFA from the cell culture medium, with treated cells
consuming up to 20% less FFA (Figure 6D). This data
demonstrates the utility of the 3D in vitro NAFLD model
for drug screening and its potential utility in discover
ing compounds that can prevent or reverse hepatic
steatosis.

Steatosis can be reduced using current NAFLD
therapies

We explored whether the level of fat loading into
hepatocytes could be modulated using known antisteatotic compounds. Both pioglitazone and metformin
have been shown to have anti-steatotic effects in vivo,
[30,31]
ultimately leading to improved clinical outcomes
.
Hepatocytes were cultured for one week in lean or fat
conditions and then continued for a second week in the
same conditions, but in the presence of pioglitazone,
metformin or vehicle control (Figure 6).
Both pioglitazone (Figure 6A) and metformin (Figure
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We cultured primary human hepatocytes as 3D
microtissues and exposed them to 600 µmol FFA, which
caused significant triglyceride accumulation and lead to
a range of phenotypic changes similar to those observed
in NAFLD patients. Our model utilised a combination
of palmitic and oleic acids, which are common dietary
long-chain FFAs found to accumulate in excess in
[32,33]
human livers with steatosis
. When cultured in
vitro, hepatocytes are also known to accumulate fat
[34]
when exposed to high levels of glucose . Therefore
the media conditions used in this model were selected
to have lower, more physiologically relevant, glucose
and insulin concentrations when compared to standard
[35]
hepatocyte culture media . This media composition

DISCUSSION
The utilisation of advanced or organ-on-a-chip type
in vitro culture systems that more closely mimic the
microenvironment of the liver are now established
as a method for maintaining the functions of primary
human hepatocytes in vitro and preventing rapid
[20,21]
dedifferentiation
. We have utilised a 3D perfused
platform to develop an all human in vitro model of
NAFLD. The main hallmark of NAFLD is intrahepatic
triglyceride accumulation (steatosis), which initially
leads to a benign condition, but with the correct additional
stimuli can progress to more advanced conditions of
steatohepatitis and fibrosis.
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[40,42]

allowed us to study the specific effect of triglyceride
accumulation on hepatocytes.
In fat media conditions cells were observed to
continually accumulate intracellular triglycerides without
showing signs of cytotoxicity. However, it is well esta
blished that when lipids accumulate in non-adipose
tissues they can enter non-oxidative, deleterious
pathways, potentially leading to cell injury and death.
Previous studies have shown that fat loading of he
patocytes cultured in vitro can cause cytotoxicity,
particularly when high concentrations of saturated fatty
[17]
acids are present . The concentration of FFA and
ratio of saturated to unsaturated FFAs (1:2) used in
our model were selected as these had previously been
previously shown to not cause hepatotoxicity, whilst
inducing significant levels of intracellular triglyceride
[9,11,17]
accumulation
.
We observed a four-fold increase in hepatocyte
triglyceride accumulation between fat and lean cultured
cells, which is a similar increase to that previously
reported for short term 2D cultures of hepatocytes
[12,17]
cultured with FFAs
and for hepatocytes isolated
from steatotic human livers compared to those obtained
[36]
from healthy, non-steatotic livers . Under fat conditions
cells could maintain hepatic functions in the 3D culture
system for up to two weeks. To our knowledge this is
significantly longer than all previous in vitro steatosis
studies, which have either analysed freshly isolated
primary hepatocytes or cultured cells with FFA for less
than 5 d. This allowed the analysis of longer term,
progressive effects of exposing hepatocytes to excess
FFA, rather than simply looking at the transient changes
that may occur in the cells when they are first exposed.
Interestingly, throughout the 14-d culture, albumin
production was significantly higher from cells cultured
with excess FFA. Similar observations have been made
in vivo, where increased serum albumin concentrations
have been associated with insulin resistance, diabetes
[37,38]
and over nutrition
. However, such findings have
not always been consistent, and some studies of
NAFLD patient subsets suggest that serum albumin
concentrations are not affected by the development
[39]
of disease . It may be that early stages of steatosis
and intrahepatic fat accumulation lead to increased
albumin production, which is balanced out in later
stages of NAFLD when inflammation and fibrosis begin
to more severely negatively impact hepatic function.
To more fully appreciate the other phenoty
pic changes that occur in hepatocytes during the
accumulation of triglycerides we analysed both
transcriptomic and proteomic changes in the model.
Numerous transcriptional changes were observed after
exposing the microtissues to FFA in the 3D-perfused
platform, including a five-fold increase in CYP2E1
expression. Higher hepatic CYP2E1 expression and
activity have been frequently observed in the context
[40,41]
of NAFLD and obesity
. It has been suggested
that this increase can result in reactive oxygen species
overproduction which can promote NAFLD patho
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genesis
. It should be noted that we only measured
transcriptional changes in CYP2E1 and it is known
that these do not always correlate well with enzyme
[28]
activity
and future studies should ascertain how
CYP2E1 enzyme activity is affected by fat loading in the
model. CYP7A1, a key gene in cholesterol metabolism,
was also upregulated in the model. This upregulation
has previously been observed in NAFLD/NASH patients,
who have increased free cholesterol levels and the
dysregulation of cholesterol metabolism has been
[43]
correlated with disease severity . Further genes
associated with insulin resistance and lipid metabolism,
such as IGFβ1, PDK4 and FABP-1 were also upregulated
in fat loaded hepatocytes. IGFβ1 has been identified
[44]
as an early marker for metabolic liver disease ,
whilst PDK4 has been found to be directly linked to
[45]
hepatic insulin resistance . It is important to note
that steatosis is the first stage in NAFLD pathogenesis
and is not associated with gross hepatic functional
changes. Therefore as expected we did not observe
large numbers of transcriptional changes that have
been reported for more advanced stages of NAFLD and
[46]
NASH .
When we analysed the proteins secreted by the
hepatocytes, the accumulation of fat also affected
the adipokines released by the cells, influencing the
secretion of proteins associated with fibrosis and liver
injury (fibrinogen, TIMP-1) as well as inflammatory
markers (IL-8 and MIF). It has been widely reported
that NAFLD/NASH patients have elevated serum levels
[47]
of pro-inflammatory cytokines, in particular IL-8 and
previously palmitic acid has been shown to stimulate
[18]
IL-8 expression in cultured human hepatocytes .
Increased MIF expression is associated with NAFLD
development in vivo, with liver biopsies of NAFLD
patients showing higher expression of MIF compared
[48]
to healthy controls . Animal studies have also shown
an association between high fat diets, insulin resistance
[49]
and the plasma level of MIF . Fibrinogen expression is
also associated with fatty liver disease as its expression
[50]
increases with liver stress and damage .
Despite these changes other inflammatory cytokines
associated with NAFLD, such as IL-1β and IL-6, were
not observed to be secreted by fat loaded cells in the
model. This is likely due to a lack of non-parenchymal
cells in our model which are the primary sources of
inflammatory cytokines during NAFLD development, in
[51]
particular IL-6 is highly expressed by Kupffer cells .
The adipokines observed to change in the model
including IL-8, fibrinogen, and MIF are known to be
expressed by hepatocytes and are all associated with a
[18,47,49]
NAFLD phenotype
.
Hepatic steatosis is known to affect the metabolic
capacity of hepatocytes, by affecting the expression
and activity of P450 enzymes and cell membrane
[5,29]
transporters
. In our NAFLD model the metabolic
rates of both CYP3A4 and CYP2C9 were reduced, but
the gene expression of both enzymes was not affected.
Similar changes in P450 activity were previously
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[29]

[23]

observed by Donato et al
using 2D plated human
hepatocytes, but these were only exposed to FFA for 14
[28]
h. Fisher et al
reported decreasing CYP3A4 protein
expression and activity in hepatocytes isolated from
NAFLD/NASH patients and this activity decreased with
disease progression. Conversely the same study found
that CYP2C9 activity is increased in more advanced
stages of NAFLD/NASH, so the decrease in activity that
we observed may be a specific feature of early stages
of steatosis that reverts during disease progression.
Being able to model the metabolic changes in NAFLD
demonstrates one way in which our in vitro model
could have important utility for analysing how novel
compounds will behave in different patient populations.
There remains a lack of studies relating to absorption,
distribution, metabolism, and elimination (ADME)
processes in human NAFLD. The study of metabolic
changes associated with NAFLD will become an
increasing issue as the proportion of the population with
fatty livers continues to rise.
We further demonstrated the utility of our in vitro
NAFLD model to be a tool for screening drugs as
NAFLD therapeutics by analysing the activities of two
known anti-steatotic compounds, pioglitazone and
metformin. When dosed in the model both compounds
reduced the level of triglyceride accumulation in the
fat loaded cells, but appeared to function by different
mechanisms. Pioglitazone has previously been reported
to reduce hepatic steatosis in animal models of NAFLD
and shown to have some benefit to NAFLD patients
[52]
in clinical trials . The direct effect of pioglitazone
on hepatocytes, which can reduce triglyceride accu
mulation, is by its ability to alter lipid metabolism and
mediate lipoprotein lipase expression through the
[53-55]
activation of PPARγ
. Pioglitazone is also known to
have indirect effects on hepatic steatosis by influencing
[56]
the release of FFA from adipose tissue . We observed
its ability to reduce triglyceride accumulation, but it did
not affect the consumption of FFA from the cell culture
media. In contrast, metformin was able to reduce
FFA consumption from the culture medium, leading
to reduced intrahepatic triglyceride concentration.
This finding was previously reported for metformin
[30]
treatment of murine models of NAFLD
and met
formin has been found to decrease the expression of
[57]
lipid-droplet associated proteins such as ADRP
and
[58]
inflammatory markers, including TNFα .
Our results demonstrate that the prolonged culture
of human hepatocytes in vitro, under fat conditions
mimics many of the effects observed in clinical NAFLD.
The 3D perfused nature of the model allows for
sustained culture of hepatocytes in vitro, allowing pro
longed effects of FFA accumulation to be explored.
This model is therefore well suited to exploring the
molecular mechanisms that underlie steatosis and has
the potential to be used as a tool for drug screening.
Using the 3D-perfused platform multicellular liver
models (e.g., hepatocytes and Kupffer cells) have
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already been developed
and could potentially be
combined with our steatosis model to create a further
more advanced model of NAFLD/NASH.
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Abstract
AIM
To assess the feasibility of SPECT-computed tomo
graphy (CT) in rats with trinitrobenzene sulfonic acid
(TNBS)-induced acute colitis and confront it with model
inflammatory characteristics.
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METHODS
Colitis was induced in Sprague-Dawley rats by intra
rectal injection of TNBS (n = 10) while controls
received vehicle (n = 10). SPECT-CT with intravenous
injection of 10 MBq of 67Ga-Citrate was performed at
day 2. SPECT-CT criteria were colon wall thickness and
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Marion-Letellier R et al . SPECT-CT in rats with TNBS-induced colitis
consists in repetition of flares leading to transmural
[1]
inflammation that affects the gastrointestinal tract .
These long-term post-inflammatory consequences
usually lead to fibrosis development and can be
responsible of disabling symptoms. However, the
management of inflammation by IBD therapy has
markedly progressed over the past 20 years thanks
to the availability of immunosuppressive and biologics
[2]
(anti-TNF or anti-adhesion molecules) . Biologics
enable to achieve a better and more long-term response
for IBD patients. Lesions improvement during biologic
[3]
therapy makes possible to look beyond symptoms .
Consequently current therapeutic objective is not only to
control disease activity but also to prevent progression
[4]
of structural bowel damage .
Currently, endoscopy is the gold standard technique
for assessing mucosal inflammation in IBD, as well
[2]
as evaluating the treatment efficacy on mucosa , it
does however represent a minor risk of severe com
[5]
[6]
plications . Endoscopy can be incomplete and is
limited to mucosa and therefore cannot reflect parietal
damage. Moreover, extra-luminal disease complications,
such as fistulae or abscesses leading to surgery,
cannot be detected by endoscopy, even though they
are decisive in the natural course of CD. Consequently,
trans-sectional imaging techniques including magnetic
resonance imaging (MRI), ultrasound and computed
tomography (CT) are emerging to evaluate small bowel
[7-9]
and colonic inflammation in IBD .
The evaluation of treatment impact on inflammatory
lesions also requires the development of innovative
treatment evaluation methods at preclinical stage.
Much of what we have learned regarding the patho
physiological mechanisms underlying IBD genesis
and progress has come from experimental studies
[10]
using animal models of intestinal inflammation . The
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced
colitis model is a reference acute colitis models with
transmural inflammation close in some regards to
[11,12]
those observed in CD
. We previously validate the
use of MRI to assess inflammation and fibrosis in colitis
[13,14]
models
. We now aim to evaluate the SPECT to
assess inflammation. SPECT is a main technique in
nuclear imaging to obtain functional images compared
to anatomical MRI images.
This study aimed to validate the feasibility of SPECT
in rats with TNBS-induced colitis and compare results
with clinical, biological and histological characteristics
of the model.

maximal wall signal intensity. Laboratory parameters
were assessed: colon weight:length ratio, colon cyclo
oxygenase-2 expression by western blot and histological
inflammatory score.
RESULTS
Colon weight/length ratio, colon COX-2 expression
and histological inflammatory score were significantly
higher in the TNBS group than in the control group (P
= 0.0296, P < 0.0001, P = 0.0007 respectively). Pixel
max tend to be higher in the TNBS group than in the
control group but did not reach statistical significance (P
= 0.0662). Maximal thickness is significantly increased
in the TNBS group compared to the control group (P
= 0.0016) while colon diameter is not (P = 0.1904).
Maximal thickness and colon diameter were correlated
to colon COX-2 expression (P = 0.0093, P = 0.009
respectively) while pixel max was not (P = 0.22).
Maximal thickness was significantly increased when
inflammation was histologically observed (P = 0.0043)
while pixel max and colon diameter did not (P = 0.2452,
P = 0.3541, respectively).
CONCLUSION
SPECT-CT is feasible and easily distinguished control
from colitic rats.
Key words: Crohn’s disease; Colitis; Colitis imaging;
Cyclooxygenase-2; SPECT-computed tomography
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transsectional imaging such as magnetic
resonance imaging are emerging to evaluate colonic
inflammation but they do not allowed inflammation
quantification. Functional imaging by SPECT-computed
tomography (CT) could be interesting under quanti
fication. This present study validates the use of SPECT
in colitis models. We confronted SPECT-CT parameters
to lab parameters and we found that maximal thickness
was correlated to inflammatory parameters such as
colon COX-2 expression or histological inflammatory
score. Evaluating animal models may be important an
important tool for preclinical studies in inflammatory
bowel diseases models. It also allows optimizing the
technique prior to patient contact.
Marion-Letellier R, Bohn P, Modzelewski R, Vera P, Aziz
M, Guérin C, Savoye G, Savoye-Collet C. SPECT-computed
tomography in rats with TNBS-induced colitis: A first step toward
functional imaging. World J Gastroenterol 2017; 23(2): 216-223
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i2/216.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i2.216

MATERIALS AND METHODS
Rats and study design

Animal care and experimentation complied with both
French and European Community regulations (Official
Journal of the European Community L358, 18/12/1986)
and Rachel Marion-Letellier is authorized by the French
Government to use this rat model (Authorization no.

INTRODUCTION
Natural history of inflammatory bowel diseases (IBD)
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76-106).
Sprague-Dawley male rats weighing 200-250 g
were obtained from Janvier (Le Genest St Isle, France).
They were randomized into a colitic group (10 rats) and
a control noncolitic group (10 rats). Water and food
were provided ad libitum until SPECT exam. The rats
were weighed on the day of colitis induction. After the
imaging session, they were killed by lethal anesthesia
and their colon was removed. It was then cleaned
with phosphate-buffered saline (PBS) to remove fecal
residues, then measured and weighed to determine
the colon weight:length ratio, which is an inflammatory
marker. Pieces of colon were collected and then stored
at -80 ℃. One piece was fixed in formalin and stored at
4 ℃.

France). The 4%-12% Bis-Tris gels, Invitrolon PVDF
membranes, Seeblue multi-colored standard were
obtained from Invitrogen (Cergy Pontoise, France). The
goat polyclonal antibody anti COX-2 (sc-1747), and
the secondary antibodies IgG1 horseradish conjugated
were obtained from Santa Cruz biotechnology (Tebu,
Le Perray-en-Yvelines, France).

Western blot

Frozen colon samples were homogenized in PBS with
0.1% protease inhibitor cocktail (Sigma) and 1%
phosphatase inhibitor cocktail (Sigma). Homogenates
were centrifuged (12000 g, 15 min, 4 ℃) and the
supernatants were collected. Protein concentration
was determined following Bradford’s colorimetric
method. Aliquots of supernatants containing equal
amounts of protein (25 μg) were separated on 4%-12%
NuPAGE gel (Invitrogen) and then transferred to a
nitrocellulose membrane (Hybond, GE Healthcare,
United Kingdom). After blocking, membranes were
incubated with COX-2 primary antibodies at the dilution
of 1:500. After three washes, filter was then incubated
with the secondary horseradish peroxidase linked
anti-goat IgG. To check equal loading, the blots were
analysed for β-actin expression. Immunodetection
was performed using enhanced chemiluminiscence
light-detecting kit (Amersham, Arlinghton Heights, IL,
United States). Densitometric data were measured
following normalisation to the control (house-keeping
gene) Immunocomplexes were revealed by using the
ECL detection system (GE Healthcare). Immunoblots
were scanned with ImageScanner II (GE Healthcare)
previously calibrated by using a greyscale marker
(Kodak) and digitalized with Labscan 6.00 software (GE
Healthcare).

Induction of colitis

Colitis was induced at day 0 by administration of
TNBS (Sigma-Aldrich, Saint-Quentin Fallavier, France)
[13,15,16]
as previously described
. The rats were then
briefly anesthetized with an intraperitoneal injection
of ketamine and chlorpromazine following 24-h food
deprivation. Colitic rats received TNBS dissolved in
50% (v/v) ethanol (25 mg in a volume of 0.25 mL) by
intrarectal injection through a cannula, whereas control
rats received the vehicle (0.25 mL of 50% ethanol).
Following instillation of the hapten, the rats were
maintained in a head-down position for a few minutes
to prevent leakage of the intracolon instillate.

SPECT procedure

®

SPECT-CT (Triumph , Trifoil Imaging) with intravenous
injection of 10 MBq of 67Ga-Citrate was performed
at day 2: 67Ga gamma camera imaging with multipinholes collimators and 93 keV and 184 keV ± 10%
photopeaks energy window.
Rats were injected via a tail vein with about 185
MBq of 67Ga, under continuous isoflurane anaesthesia
(2.5% in O2, 1 L/min). At 1 h post-injection, SPECT
scans were acquired with 64 projections over 360°
(radius of rotation = 9.3 cm, 30 s/projection).
SPECT projections were reconstructed with OSEM
reconstruction algorithm (5 iterations, 8 subsets). Each
reconstructed matrix (80 × 80) was composed of 80
3
transverse images with cubic voxels of 2 mm . SPECT
acquisitions were followed by CT scans, acquired at
80 kV and 180 μA with 512 projections over 360° and
a field of view (FOV) of 91 mm. Each reconstructed
matrix (512 × 512) was composed of 512 transverse
3
images with cubic voxels of 0.15 mm . Reconstructed
data from the SPECT and CT scans were visualized and
co-registered with OsiriX 64 imaging software (Figure
1). SPECT-CT criteria were colon wall thickness and
maximal wall signal intensity.

Histological studies

After formalin fixation (40%), colon samples were
embedded in paraffin wax blocks and 5 µm sections
were stained with hematoxylin-eosin-safran. A pa
thologist (Moutaz Aziz) blind to treatment allocation
scored these 5 µm sections. Epithelial necrosis,
inflammatory cells infiltration and thickness of the
mucosa were assessed using semi-quantitative scores
which ranged from 0 to 3 for each variable (0, no
inflammation; 1, very low level of inflammation; 2,
moderate level of leukocyte infiltration; 3, high levels of
leukocytes infiltration and vascular density, ulcerations)
using the analysis software Leica QWin (Leica
Microsystems, Bensheim, Germany).

Statistical analysis

Statistical comparisons were performed using Graph
PadPrism 5. Data are expressed as mean ± SEM.
Parametric quantitative data were analyzed with
Student t-test and non-parametric quantitative data
with Mann Whitney test. Qualitative data were analyzed
2
with χ test and Fisher’s test for low number (n < 5).

Material

PBS and Protease inhibitor cocktail, were purchased
from Sigma Aldrich-Company (Saint-Quentin Fallavier,
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Figure 1 Sagittal and coronal images of SPECT-computed tomography and the corresponding value of maximal signal colon wall intensity in a control (A)
or 2,4,6-trinitrobenzene sulfonic acid (B) rat.

Correlation between parametric quantitative data was
analyzed by simple linear regression and Pearson’s
correlation. For correlation between non-parametric
data, Spearman rank-order correlation was used and
Spearman correlation coefficient r was calculated.
Differences were considered significant at P < 0.05.

(r = 0.5661, P = 0.009; Figure 4C) but not to colon
weight/length ratio (r = 0.01960, P = 0.94, data not
shown).
Maximal thickness was significantly increased when
inflammation was histologically observed (inflammatory
score > 1, P = 0.0043; Figure 4D) while pixel max
and colon diameter did not (P = 0.2452, P = 0.3541
respectively, data not shown).

RESULTS
Colon weight/length ratio was significantly higher in
the TNBS group (0.20 ± 0.05 g/m; Figure 2A) than
in the control group (0.08 ± 0.00 g/m, P = 0.0296).
Colon COX-2 expression was significantly increased in
the TNBS group (2.33 ± 0.24; Figure 2B) than in the
control group (0.46 ± 0.25, P < 0.0001). Histological
inflammatory score was significantly higher in the
TNBS group (2.00 ± 0.29) than in the control group
(0.20 ± 0.13, P = 0.0007; Figure 2C).
Maximal thickness is significantly increased in the
TNBS group (1.9 ± 0.3 mm, Figure 3A) compared to
the control group (0.8 ± 0.1 mm, P = 0.0016). Maximal
thickness was correlated to colon COX-2 expression
(r = 0.5661, P = 0.0093; Figure 4A) but not to colon
weight/length ratio (r = 0.01626, P = 0.9458, data not
shown).
Pixel max tend to be higher in the TNBS group
(12.9 ± 3.0, Figure 3B) than in the control group (6.5
± 1.3) but did not reach statistical significance (P =
0.0662). Pixel max was not correlated with colon COX-2
expression (r = 0.2188, P = 0.22, data not shown) but
tends to be correlated with colon weight/length ratio (r
= 0.4063, P = 0.08; Figure 4B).
Colon diameter is not significantly different among
groups (P = 0.1904; Figure 3C).Colon diameter is
significantly correlated with colon COX-2 expression

WJG|www.wjgnet.com

DISCUSSION
Our data show that SPECT is feasible in rats with TNBSinduced colitis and was able to detect colitic rats from
controls. Three common criteria previously described
in human and rodent studies were used: pixel max,
bowel wall maximal thickness and colon wall diameter
and bowel wall thickness was the most relevant in our
study to distinguish inflammation. Similarly, we have
previously shown that measurement of maximal bowel
wall thickness was also relevant to detect inflammation
[13]
by MRC in rats with TNBS-induced colitis .
[13-15,17-20]
Similarly to previous studies
, we observed
colon inflammation demonstrated by stiffened colon,
histological inflammatory score or increased infla
mmatory markers. We also noted SPECT signs of
inflammation such as an increased maximal thickness
of colon. Nevertheless, some SPECT parameters
such as pixel max or colon diameter were numerally
different among groups but did not reach statistical
significance. One limitation of our study was the
small sample size with 10 rats per group. We also
hypothesized that this absence of effect was also the
result of the heterogeneity of TNBS-induced colitis
[13]
model including patchy lesions . The absence of
association between SPECT parameters and COX-2
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Figure 2 Validation of colitis. Colon weight: length ratio (A) colon cyclooxygenase-2 expression (B), inflammatory score (C) in rats with TNBS-induced
colitis at day 2. Colitis was induced in rats by intrarectal injection of TNBS at
day 0. aP < 0.05, bP < 0.01 vs control rats respectively.
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Figure 3 SPECT-computed tomography parameters. Maximal thickness (A),
pixel max (B) and colon diameter (C) in rats with TNBS-induced colitis at day 2.
Colitis was induced in rats by intrarectal injection of TNBS at day 0.

expression was also observed in one of our previous
study. Indeed, we previously found that some MRI
parameters such as maximal wall thickness were not
[13]
correlated with COX-2 expression in the same acute
colitis model. We used COX-2 as an inflammatory
marker because its lack of basal COX-2 expression
in normal tissue. Nevertheless, COX-2 is involved in
angiogenesis processes and chronic inflammation and
be more relevant in chronic colitis assessment. Indeed,
we have previously shown that MRC criteria were
associated with COX-2 expression in rats with chronic
[14]
TNBS-induced colitis . Evaluation of correlation
between SPECT criteria and colon COX-2 expression
required further evaluation in rats with chronic colitis.
Despite the fact we found statistical differences
among groups, some parameters did not reach
statistical significance. For instance, pixel max was
not significantly increased in the TNBS group and was
not associated with clinical parameters such as colon
COX-2 expression or colon weight/length ratio.
Few studies have investigated the use of SPECT in
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1.0

[21-24]

colitis models
but their purpose was to visualize
[24]
a specific cells trafficking such as macrophages
or
[21-23]
lymphocytes
.
SPECT is a non-invasive scintigraphic technique.
Despite its exposure to ionizing radiation, this tool
enables to study longitudinal inflammatory processes
and the potential follow-up of experimental treatment
in colitis. It also allows in accordance with the animal
ethics committee a drastic reduction of the number of
animals used in a series of experiments. For example,
SPECT is able to monitor chronic inflammatory disea
[25]
ses .
This pilot study validates the use of SPECT in colitis
models. Future prospective is to use SPECT with
specific tracers. As SPECT has a high sensitivity and a
good tissue penetration depth, this technique is a good
candidate for targeted molecular imaging. Indeed, use
of radiotracers that are capable of targeting specific
biological events associated with disease progression
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Figure 4 Association between SPECT-computed tomography parameters with inflammatory markers in rats with 2,4,6-trinitrobenzene sulfonic acidinduced colitis. Colitis was induced in rats by intrarectal injection of TNBS at day 0. SPECT- computed tomography was performed at day 2. A: Simple linear
regression between maximal thickness and colon cycloxygenase-2 expression; B: Simple linear regression between pixel max and colon weight:length ratio; C: Simple
linear regression between colon diameter and colon cycloxygenase-2 expression; D: Maximal thickness according to histological inflammation score.
[28]

and therapeutic success are crucial for a better under
standing of inflammatory processes.
Numerous radiotracers of angiogenesis from other
organs may be used in IBD context. In rat with liver
fibrosis, progression and recovery of the disease were
monitored by using an integrin αvβ3 in a SPECT-CT
[26]
approach . This αvβ3 integrin is strongly expressed
[27]
at an endothelial level in IBD patients . By a similar
approach, we may monitor the progression and
the recovery of angiogenesis processes in IBD. As
[27]
angiogenesis is a key process in IBD pathogenesis ,
targeted imaging of angiogenesis within the gastro
intestinal tract has the potential for non-invasive
assessment of the underlying molecular signal events
associated with the angiogenic process and may be
utilized to predict and evaluate clinical outcomes in
the setting of IBD. Similarly, intestinal fibrosis is also
a key issue in IBD. Indeed, chronic inflammation
results in intestinal fibrosis which leads to strictures.
Development of these fibrosis strictures can conduct
to intestinal obstruction, a frequent CD complication.
Mechanisms underlying fibrosis development in CD are
poorly understood. In small animal studies, fibrosis
processes from other organs can be monitored by a
SPECT approach. This is the case of liver fibrosis in
[28]
mice. Very recently, Zhang et al
develop a method
of SPECT imaging to quantify and stage liver fibrosis in
mice. They used a tracer targeting asialoglycoprotein
receptor and they validated that expression of this
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tracer correlated with liver fibrosis progression .
SPECT is a validated and reproducible technique.
In IBD patients, anatomical considerations are cru
cial in the diagnosis and novel anatomical imaging
approaches have emerged. MRI is a reference imaging
procedure because of three techniques: gadoliniumenhanced imaging, diffusion- weighted imaging and
[29]
more recently magnetization transfer imaging .
These anatomical imaging techniques techniques enable
to quantify and characterize inflammatory processes.
These tools provide diagnostic elements concerning
intestinal lesions in IBD. However, they did not highlight
the molecular mechanisms behind the inflammatory
processes. By contrast, SPECT is a molecular imaging
technique leading to a better understanding of in vivo
molecular signaling events and mays open doors for
real functional imaging of the bowel. The advantages
of SPECT technique is the availability of specific tracers
leading to a better understanding of the disease or the
monitoring of therapy efficacy. Novel imaging approach
can be bimodal and images can be commonly acquired
by a combination of SPECT and MRI to capitalize their
respective properties.
In IBD patients, SPECT approach is already in
vestigated. Endoscopy remains the gold standard
for IBD screening but is an invasive technique with a
[30]
potential risk for perforation. Aarntzen et al developed
99m
a
Tc-labeled CXCL-8 tracer to detect CXL8 receptors
mediating chemotaxis of immune cells to the site of
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to distinguish colitis rats from control rats.

inflammation. These authors were able to detect active
disease by this tracer in thirty IBD patients with good
diagnostic accuracy and they also found a correlation
between the accumulation of the tracer and the degree
[30]
of neutrophil influx in the mucosa . While endoscopy
can be used to identify intestinal inflamed lesions into
the bowel wall, SPECT imaging is a molecular imaging
[31]
technique . Contrary to anatomical imaging techniques
such as endoscopy, SPECT provides molecular insights
in order to identify potential therapeutic targets or to
better understand molecular inflammatory processes
[31]
leading to intestinal inflammation . The possibility to
use specific tracer enables to highlight the cellular and
molecular changes that take place in vivo beyond the
anatomical lesions.
SPECT is a relevant imaging technique that can
target specific steps early in disease progression. It may
provide important information on disease characteristics
in IBD patient. This might be particularly relevant in
efforts to stratify treatment of IBD.
A supplementary potential of the use of SPECT is to
assess potential therapeutic effect of IBD treatment. For
example, SPECT imaging can also be used to monitor
the effect of a radiotherapeutics in a longitudinal
[25]
study. Recently, Li et al
have monitored the efficacy
of 131I-anti epidermal growth factor liposomes in a
colorectal cancer mouse model. These authors were
able to follow the behavior of the radiotherapeutic
molecule such as the tumor uptake of the molecule in
[25]
the same animal at different time points . Anti-TNF
therapy is common in IBD patients. In a recent study,
99m
infliximab was radiolabeled with
Tc and its uptake
[32]
was recorded in patients with pulmonary sarcoidosis .
The authors of this study were able by a SPECT-CT
99m
approach to study
Tc-infliximab accumulation in the
[32]
target tissue . The authors validated the feasibility of
this marker because its tracer accumulation correlates
with cytokine concentration or lung function parameters.
A similar approach may be used in IBD patients.
In conclusion, in vivo imaging is an important tool for
preclinical studies in IBD models. It enables to studying
the molecular and structural basis of IBD models by
using specific tracers. In addition, the advances made
in preclinical imaging have important implications for
clinical practice. It allows to optimize the technique prior
to patient contact and to develop novel probed with
higher degree of specificity or safety.

Innovations and breakthroughs

SPECT is a molecular imaging technique leading to a better understanding
of in vivo molecular signaling events and mays open doors for real functional
imaging of the bowel. The advantages of SPECT technique is the availability
of specific tracers leading to a better understanding of the disease or the
monitoring of therapy efficacy. Novel imaging approach can be bimodal and
images can be commonly acquired by a combination of SPECT and MRI to
capitalize their respective properties.

Applications

Evaluating animal models may be important an important tool for preclinical
studies in inflammatory bowel diseases models. It also allows optimizing the
technique prior to patient contact.

Terminology

SPE-CT: nuclear imaging technique that can monitor radiation emitted by
tracers.

Peer-review

This is a study aimed to assess the feasibility of SPECT-CT in rats with
trinitrobenzene sulfonic acid-induced acute colitis and confront it with model
inflammatory characteristics.
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Abstract
AIM
GFPCreERT2
To prepare a Gpm6a/Reelin
construct with a
rapid and reliable strategy using a bacterial artificial
chromosome (BAC).
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METHODS
Gpm6a and Reelin BACs were purified and transformed
into SW102 E. coli by electroporation. The GFPCreERT2
fragment was prepared from a shuttle vector and
transformed into SW102 E. coli carrying a BAC. Homo
logous recombination was induced in SW102 E. coli .
Recombinant clones were screened and confirmed by
PCR and restriction enzyme digestion. Recombinant
clones were transformed into SW102 E. coli to remove
the kanamycin unit.
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[1-3]

RESULTS
A complete BAC was successfully transformed into
SW102 E. coli by electroporation because BAC purified
from SW102 E. coli showed the same pattern as the
original BAC with BamH I digestion. The GFPCreERT2
fragment was deemed to have been prepared success
fully because we obtained the same size fragment as
expected. Homologous recombination was induced, and
GFPCreERT2 was deemed to have been inserted into
the correct site of the BAC because we found the band
change was the same as the expected pattern after
restriction enzyme digestion. The kanamycin unit was
deemed to have been removed successfully because we
obtained different sizes of bands that were consistent
with the results expected by PCR with different primers.

liver fibrosis .
Until now, there have been few specific mouse
lines that cause recombination (Cre recombinase,
Cre) for tracing hepatic mesothelial cells or HSCs. The
CreERT2
Wt1
mice are useful to trace hepatic mesothelial
cells, but the labeling efficiency and specificity is
[4-6]
low . Specific genes have been identified in hepatic
[7,8]
mesothelial cells and HSCs by microarray . We plan
to develop Cre mouse lines with specific markers for
the study of HSCs or hepatic mesothelial cells. Based
on a previous study, glycoprotein M6a (Gpm6a) has
been identified as a specific surface marker of hepatic
mesothelial cells. It covers the surface of the liver and
[4]
migrates from the surface into the center . Reelin
is an extracellular matrix glycoprotein, which is a
specific HSC marker in the mouse liver and has similar
[9]
amounts in resting and activated HSCs .
GFPCreERT2
GFPCreERT2
The Gpm6a
or Reelin
mouse line
will express a fusion protein of green fluorescent
protein (GFP), Cre, and estrogen receptor induced
by tamoxifen (ERT2) under the control of the Gpm6a
or Reelin promoter. GFP is used to track the labeled
protein as a marker. Cre recombinase is used to
delete a segment of DNA flanked by LoxP sites (flox).
The ERT2 system is used to activate Cre activity by
[10,11]
tamoxifen treatment
.
Cre mouse lines are very useful tools that can
generate knockout mice through the cross breeding of
Cre and flox mouse lines. A mouse line is needed to
trace HSC lineages and study their function through
the knockout of specific genes in specific cells. It is,
GFPCreERT2
therefore, necessary to prepare a Gpm6a
or
GFPCreERT2
Reelin
mouse line. In this study, we investigated
the preparation and identification of a Gpm6a/
GFPCreERT2
Reelin
construct, which is the first step for the
GFPCreERT2
GFPCreERT2
preparation of a Gpm6a
or Reelin
mouse
line.

CONCLUSION
GFPCreERT2
GFPCreERT2
The construct of Gpm6a
or Reelin
was
prepared successfully, which will establish a foundation
for tracing the hepatic stellate cell lineage and studying
its function.
Key words: Bacterial artificial chromosome; Homologous
recombination; Glycoprotein M6a; Reelin
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Until now, there have been few specific
mouse lines that allowed recombination for tracing
hepatic mesothelial cells or hepatic stellate cells. Here,
we describe a rapid and reliable strategy for construct
preparation using a bacterial artificial chromosome. This
GFPCreERT2
study prepared a Gpm6a/Reelin
construct for
the first time, which is the first step for the preparation
GFPCreERT2
GFPCreERT2
of a Gpm6a
or Reelin
mouse line.
Shi HB, Lou JL, Shi HL, Ren F, Chen Y, Duan ZP. Construction
of Gpm6a/Reelin GFPCreERT2 by BAC recombination using a
specific gene in hepatic mesothelial or stellate cells. World J
Gastroenterol 2017; 23(2): 224-231 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i2/224.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i2.224

MATERIALS AND METHODS
Bacterial artificial chromosome DNA clones and a
shuttle vector

Gpm6a Bacterial artificial chromosome (BAC) (RP23410D17) and Reelin BAC (RP23-143M9) were pur
chased from the BACPAC Resource Center (BPRC)
located at the Children’s Hospital Oakland Research
Institute in Oakland, California, United States. The
female (C57BL/6J) mouse BAC library was made from
kidney and brain DNA cloned into the pBACe3.6 vector
at the EcoRI site and transformed into DH10B E. coli.
The reporter gene GFPCreERT2 is located in the shuttle
vector that was developed by the Biomed Company.
The 5arm and 3arm were inserted into both sites of
the reporter gene. The arm sequences were amplified
according to the BAC template by polymerase chain
reaction (PCR).

INTRODUCTION
Excessive extracellular matrix (ECM) of the liver results
in cirrhosis, which is an end stage liver disease with
high mortality and for which efficacious medical treat
ments are not currently available, except for liver tran
splantation. Hepatic stellate cell (HSC) activation is
considered a major mechanism in the formation of
fibrosis and cirrhosis. However, fundamental questions
concerning the cell fate regulation of HSCs remain
largely underexplored. A recent study reported that
hepatic mesothelial cells are the potential precursors
for HSCs in the development of liver disease and can
transdifferentiate into myofibroblast cells in mouse
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E. coli carrying BAC were induced, and competent cells
were made as described above. A total of 200 ng of
the fragment of GFPCreERT2 was added to 85 mL of
competent cells, which were then electroporated at
1.75 KV for 25 mF (time constant: 4.5-5.0). A total
of 0.6 mL of LB was added and cultured at 32 ℃ for 1
h. The sample was then plated onto LB plates with 25
mg/mL Cmr and 12.5 mg/mL Kam. The recombinant
BAC DNA was confirmed by PCR with platinum Taq
DNA Polymerase (Invitrogen, Carlsbad, CA, United
States) and restriction enzyme digestion.

Table 1 Primer sequences of Gpm6a and Reelin
Forward
Gpm6a 3arm

Gpm6a 5arm
Gpm6a Cre
Reelin 3arm

Reelin 5arm
Reelin Cre

Reverse

CGG TAC CTT TCA
AGG TAC CGG CCG GCC
TGT TTT CAT GGT
ATG ACA GCA AAC ACT
TGT CA
GCC TCT A
ACC CAA TCT CCC TGA ACT TGT GGC TTT AGA
TTT CAG
TC
ACC TGA AGA TGT
ACC GTC AGT ACG TGA
TCG CGA TTA TCT
GAT ATC TT
AGG TAC CAC GGC
AGG TAC CGG CCG GCC
ATC CCT ACG GCG C ACA GCC GCT CTG TTT CTT
GAG G
ACC CAA TCT CCC TGA ACT TGT GGC TTT ACG
TTT CAG
TC
ACT TAA GCT CGT
AGT CGA CGC CGC CGC
TCG CGC AGC G
GCT CCG T

Removal of the Kam unit and selection of the deleted
Kam clone

SW105 E. coli (NCI) was streaked without antibiotics.
A single colony was picked and competent cells were
made. Recombinant BAC DNA was transformed into
competent cells with electroporation and inoculated in
LB medium with L-arabinose (Sigma) for removal of
the Kam unit. They were then plated onto LB plates
with Cmr only. We confirmed that no colonies were
on the LB plate with Cmr and Kam. Sixteen colonies
were picked and checked by PCR using the 5arm
primer (Table 1). One colony was confirmed by PCR
using different primers (Table 1). The PCR product was
digested with BamHI and AflII (New England Biolabs)
for further confirmation.

mg/mL chloramphenicol (Cmr; Sigma, St Louis, MO,
United States) at 32 ℃. A single colony was picked and
cultured in 25 mL of LB medium with Cmr. BAC DNA
was purified with a large construct kit (Qiagen, Hilden,
Germany). BAC DNA was digested with the restriction
enzyme BamHI (New England Biolabs, Ipswich, MA,
United States).

Electroporation of BAC DNA into SW102 E. coli

SW102 E. coli (NCI, Frederick, MD, United States)
was streaked onto plates with 50 mg/mL tetracycline
(Tc; Sigma) at 32 ℃. A single colony was picked and
inoculated in LB medium with Tc and incubated for
4-6 h. After placing on ice, competent cells were
made from SW102 E. coli. The cells were washed
with ice-cold water, and 5 mL of BAC DNA was added
to 85 mL of competent cells. A Gene Pulser Xcell
(Bio-Rad, Hercules, CA, United States) was used for
electroporation at 1.75 KV for 25 mF (time constant:
4.5-5.0). Next, 1 mL of LB was added and incubated
at 32 ℃ for 1 h. Following plating onto LB plates
with Cmr, the BAC was purified using a Qiagen kit.
BAC DNA was confirmed with the restriction enzyme
BamHI.

RESULTS
Conformation of BAC by restriction enzyme BamHI
digestion

As mentioned previously, we purchased BAC from
BPRC and confirmed the BAC sequence. From Figure
1, it can be observed that, after digestion with BamHI,
Gpm6a BAC had 11 bands, which was the expected
pattern. For Reelin BAC, the same results were
obtained. Therefore, we confirmed that we received
the BAC clone.

Confirmation of BAC DNA transformed into SW102 E.
coli

Preparation of the reporter gene GFPCreERT2

BAC DNA is so long that it is impossible to transform
[12]
BAC into SW102 E. coli by chemical transduction .
We transformed purified BAC into SW102 E. coli by
electroporation. After electroporation, we purified
BAC from SW102 E. coli and identified BAC with
restriction enzyme BamHI digestion. For Gpm6a
BAC, after BamHI digestion, selected clones did not
show the same digestion pattern with original BAC,
as shown in Figure 2, which suggested the original
BAC DNA may have been fragmented during the
purification step. For Reelin BAC, we obtained two
positive clones that showed the same pattern as the
original BAC after BamHI digestion. We improved the
purification methods, and we finally succeeded in trans
forming the complete Gpm6a BAC into SW102 E. coli

SW102 E. coli were streaked onto 50 mg/mL kanamycin
(Kam; Sigma) plates at 32 ℃. A single colony was
picked and inoculated in LB medium with Kam and
incubated for 4-6 h. The shuttle vector was purified with
an Endofree plasmid maxi kit (Qiagen). The vector was
digested with NotI and FseI (New England Biolabs),
and electrophoresis was performed with agarose
gels (Takara, Osaka, Japan). The large fragment of
GFPCreERT2 was extracted from the gel with a quick gel
extraction kit (Qiagen).

Homologous DNA recombination

SW102 E. coli carrying BAC was streaked onto LB
plates with 50 mg/mL Tc and 25 mg/mL Cmr. SW102
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3723
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2791

1498
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Figure 1 Confirmation of bacterial artificial chromosome DNA with restriction enzyme digestion. A: Electrophoretogram of the original BAC with BamHI
digestion; B: The expected bands of the original BAC with BamHI digestion. The color of the number is same as the arrow. M: Marker; Uncut: Original BAC without
digestion; 5, 10, 20: 5 mg, 10 mg, 20 mg of original BAC with BamHI digestion. BAC: Bacterial artificial chromosome.
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Figure 2 Confirmation of bacterial artificial chromosome DNA transformed into SW102 E. coli. A: Electrophoretogram of Gpm6a and Reelin BAC purified
from SW102 E. coli with BamHI digestion; B: Electrophoretogram of Gpm6a BAC with BamHI digestion. The positive clones are emphasized by the red panes. BAC:
Bacterial artificial chromosome.

(Figure 2B).

competent cells and transformed the fragment of
GFPCreERT2 into the SW102 E. coli carrying the BAC.
After homologous recombination between BAC and
GFPCreERT2, GFPCreERT2 replaced the first exon in
the BAC vector. Then, we purified the recombinant
BAC for screening and confirmation. As shown in
Figure 4B, we obtained 14 positive clones for Gpm6a
(14/25, 56%), as evidenced by PCR screening. For
Reelin, we obtained 22 positive clones (22/25, 88%).
We further confirmed the positive clones by restriction
enzyme digestion. For Gpm6a, we found that the band
change was the same as the expected pattern after
BamHI or KpnI digestion (Figure 4C). Reelin had the
same results (Figure 4D). The results suggested that
GFPCreERT2 was inserted into the correct site in the
BAC vector and that we acquired the recombinant
BAC.

Preparation of the reporter gene GFPCreERT2

The reporter gene GFPCreERT2 was in the shuttle
vector that contained some genes encoding the 5arm,
flp recombinase target (FRT), Kam, FRT, GFPCreERT2,
3arm and ampicillin. We used NotI and FseI to digest
the shuttle vector and obtained the fragment of
GFPCreERT2 flanked by the 5arm and 3arm. As shown
in Figure 3, after digestion with NotI and FseI, we
obtained two bands; one was approximately 7600
bp, and the other was approximately 2800 bp. We
recovered the long band containing GFPCreERT2 from
the agarose gels for transformation.

Screening and confirmation of recombinant clones

We induced the SW102 E. coli carrying BAC to become
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A

Notl

Aflll
5 Arm

Amp

Kam

FRT
3 Arm

GFPCreERT2 (3066 bp)
FRT

B

Kpnl

C

Fsel and Fsel
M

Gpm6a

Reelin

Notl and Fsel
M

Gpm6a

Reelin

7600 bp

7600 bp

5000 bp
3000 bp
1500 bp

Fsel + Kpnl

2800 bp

2800 bp

Figure 3 Preparation of the reporter gene GFPCreERT2. A: Diagram of the shuttle vector carrying GFPCreERT2; B: Electrophoretogram of the shuttle vector cut
by NotI and FseI; C: Electrophoretogram after the GFPCreERT2 fragment was cut from the gel. M: Marker; Gpm6a: Shuttle vector inserted by the 5arm and 3arm
from the Gpm6a BAC; Reelin: Shuttle vector inserted by the 5arm and 3arm from the Reelin BAC.

Screening and confirmation of recombinant clones
without the Kam gene

we chose a BAC vector to prepare the constructs of
GFPCreERT2
GFPCreERT2
Gpm6a
and Reelin
.
Second, how to insert reporter genes into BAC
DNA was a question. In 200 kb of BAC DNA, there
would be 49 recognition sites for 6 nucleotide cutters
such as EcoRI and BamHI, so it was impossible to
use restriction enzyme digestion and ligation. We,
therefore, used homologous DNA recombination for
[15-18]
gene insertion
. In BAC DNA, we designed the
primers upstream or downstream of the first exon
and obtained the 5arm and 3arm fragment by PCR
amplification. In the shuttle vector, the 5arm fragment
was inserted upstream of the reporter gene, and
the 3arm fragment was inserted downstream of the
reporter gene. In SW102 E. coli, the reporter gene
that is GFPCreERT2 replaced the first exon in the BAC
vector by homologous recombination. The expression
of GFPCreERT2 is regulated by the Gpm6a or Reelin
promoter.
Finally, we removed the Kam unit by homologous
recombination of the FRT using SW105 E. coli. The FRT
is similar to LoxP, which is used to delete a segment
[19]
of DNA flanked by LoxP sites . The FRT cassette
was excised with high frequency, which was close
[20]
to 100% . Then, we obtained the constructs of
GFPCreERT2
GFPCreERT2
Gpm6a
and Reelin
successfully. After
microinjection, we can develop the mouse line with
GFPCreERT2
GFPCreERT2
Gpm6a
and Reelin
.
Homologous recombination was performed with
modified E. coli bacteria strains: SW102 and SW105.
SW102 E. coli carries genes such as exo, bet and gam.

Finally, we removed the Kam unit that could interfere
with the expression of the reporter gene. We purified
the recombinant BAC carrying GFPCreERT2 and
transformed it into SW105 E. coli. The Kam unit was
removed by homologous recombination. As shown in
Figure 5B, we obtained 16 positive clones for Gpm6a
(16/16, 100%), as evidenced by PCR screening. We
further confirmed the positive clones by PCR with
different primers. We obtained different sizes of bands
that were consistent with what was expected (Figure
5C). We digested the PCR product of 4527 bp with
BamHI or AflII, and the bands obtained were the same
as expected (Figure 5D). This suggested that the Kam
unit was removed and that we obtained BAC carrying
GFPCreERT2 without Kam.

DISCUSSION
First of all, we needed to choose a vector to prepare
GFPCreERT2
the Gpm6a/Reelin
construct. As a conventional
vector, its advantage was that it is easy to handle, but it
had low expression levels of the reporter genes and low
specificity because the DNA size is approximately 3-5
kb and contains only a promoter. For the BAC vector,
its advantages include relatively high efficiency and
relatively high specificity, but BAC DNA is fragile and can
break easily because BAC DNA is approximately 200
kb and contains all the regulatory sequences upstream
[13,14]
and downstream of the encoding sequence
. Thus,
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Figure 4 Screening and confirmation of recombinant clones. A: Diagram of homologous recombination between BAC and GFPCreERT2; B: Electrophoretogram
of the PCR product according to the recombinant BAC template with the 3arm primer; C: Electrophoretogram of recombinant Gpm6a BAC digested by BamHI and
KpnI; D: Electrophoretogram of recombinant Reelin BAC digested by BamHI and SmaI. M: Marker; OB: Original BAC; RB: Recombinant BAC. BAC: Bacterial artificial
chromosome.
[22,23]

Exo encodes 5’-3’ exonuclease, and bet encodes the
overhang binding protein, which enables annealing and
recombination with complementary DNA; gam encodes
the inhibitor of E. coli exonuclease to protect the
introduced DNA. SW105 E. coli carries the L-arabinoseinducible flp gene, which encodes recombinase, allowing
DNA modification without restriction enzymes and DNA
[21]
ligase .
Cre-Lox recombination is a site-specific recom
binase technology that is widely used to carry out
deletions, insertions, translocations and inversions in
the DNA of cells. It allows the DNA modification to be
targeted to a specific cell type or to be triggered by a

WJG|www.wjgnet.com

specific external stimulus
. For a mouse line with
GFPCreERT2
GFPCreERT2
Gpm6a
and Reelin
, once the specific
genes, such as Gpm6a or Reelin, begin to express, the
GFPCreERT2 will express in the specific cell. Using GFP
as a marker, we can trace the specific cells. Using the
CreERT2 system, we can knock out the specific gene
[24]
in specific cells, which is a conditional knockout .
In the next stage, we will label hepatic mesothelial
GFPCreERT2
and HSCs in the Gpm6a/Reelin
transgenic
mouse to trace the lineage of HSCs. We will also make
a conditional TGFβ-knockout mouse through cross
flox/flox
breeding of the TGF
mouse and the Gpm6a/
GFPCreERT2
Reelin
mouse to explore the function of HSCs
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Figure 5 Screening and confirmation of recombinant clones without the kanamycin unit. A: Diagram of the removal of the Kam unit in SW105 E. coli; B:
Electrophoretogram of the PCR product according to the recombinant BAC template with the 5arm primer; C: Electrophoretogram of the PCR product according to
the recombinant BAC template with different primers; D: Electrophoretogram of the PCR product with BamHI or AflII digestion. M: Marker; OB: Original BAC; RB:
Recombinant BAC; DkB: Deleted kanamycin BAC; 5F: Forward primer of the 5arm; 5R: Reverse primer of the 5arm; 3F: Forward primer of the 3arm; 3R: Reverse
primer of the 3arm; Cre: Cre primer.
cover the surface of the liver and migrate from the surface into the center.
Reelin is an extracellular matrix glycoprotein, which is a specific HSC marker in
the mouse liver and has similar amounts in resting and activated HSCs.

during development.
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Innovations and breakthroughs

Background

Until now, there have been few specific mouse lines that could Cre for tracing
hepatic mesothelial cells or HSCs. Here, the authors describe a rapid and
reliable strategy for construct preparation using a BAC. This study prepared a
Gpm6a/ReelinGFPCreERT2 construct for the first time, which is the first step in the
preparation of a Gpm6aGFPCreERT2 or ReelinGFPCreERT2 mouse line.

Hepatic stellate cell (HSC) activation is considered a major mechanism in the
formation of fibrosis and cirrhosis. However, fundamental questions concerning
the cell fate regulation of HSCs remain largely underexplored. A recent study
reported that hepatic mesothelial cells are the potential precursors of HSCs in
the development of the liver and can transdifferentiate into myofibroblast cells
in mouse liver fibrosis. Until now, there have been few specific mouse lines that
could cause recombination (Cre) for tracing hepatic mesothelial cells or HSCs.
Here, we describe a rapid and reliable strategy for construct preparation using
the bacterial artificial chromosome (BAC).

Applications

In this study, a construct of Gpm6aGFPCreERT2 or ReelinGFPCreERT2 was prepared
successfully, which will establish the foundation for tracing the HSC lineage and
studying its function.

Research frontiers

Terminology

A recent study reported that hepatic mesothelial cells are the potential
precursors for HSCs in the development of the liver and can transdifferentiate
into myofibroblast cells in mouse liver fibrosis. Glycoprotein M6a (Gpm6a) has
been identified as a specific surface marker of hepatic mesothelial cells, which
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Cre-Lox recombination is a site-specific recombinase technology widely used
to create deletions, insertions, translocations and inversions in the DNA of
cells. It allows the DNA modification to be targeted to a specific cell type or
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triggered by a specific external stimulus. In a mouse line with Gpm6aGFPCreERT2
and ReelinGFPCreERT2, once the specific genes such as Gpm6a or Reelin begin
to express, the GFPCreERT2 will express in the specific cell. Using GFP as
a marker, we can track the specific cells. Using the CreERT2 system, we can
knock out the specific gene in a specific cell, which is a conditional knockout.

11
12

Peer-review

This is a well-designed study in which the author prepared a construct of
Gpm6aGFPCreERT2 or ReelinGFPCreERT2 successfully, which is the first step for the
preparation of a Gpm6aGFPCreERT2 or ReelinGFPCreERT2 mouse line. Cre mouse
lines are very useful tools that can generate knockout mice through the cross
breeding of Cre and flox mouse lines.
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Abstract
AIM
To determine the relationship between five A3G gene
single nucleotide polymorphisms and the incidence of
hepatitis B virus (HBV) infection and hepatocellular
carcinoma (HCC).

Institutional review board statement: The study was
reviewed and approved by the First Hospital of Jilin University,
and Medical Ethics Committee of The First Hospital of Jilin
University Approval For Clinical Trials (No. 2015-232).
Conflict-of-interest statement: All authors declared no conflict
of interest related to this study.

METHODS
This association study was designed as a retrospective
study, including 657 patients with chronic HBV infection
(CHB) and 299 healthy controls. All subjects were
ethnic Han Chinese. Chronic HBV-infected patients
recruited between 2012 and 2015 at The First Hospital
of Jilin University (Changchun) were further classified
into HBV-related HCC patients (n = 287) and non-HCC
patients (n = 370). Frequency matching by age and sex
was performed for each group. Human genomic DNA

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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concern. There are more than 240 million chronic
HBV carriers today, and about 620000 die per year
from end-stage liver cirrhosis (LC) or hepatocellular
[1]
carcinoma (HCC) . Although HBV infection is a highrisk factor for liver disease, the clinical outcomes after
exposure to HBV are highly variable. Genetic and
environmental factors both critically modulate the
[2-4]
susceptibility and progression of liver disease . A
number of epidemiologic studies have demonstrated
that high alcohol consumption and cigarette smoking
[5,6]
are associated with increased HCC risk .
APOBEC3s (A3s) are components of innate immu
nity that play an important role in defending against
invading viruses, including HBV and human immuno
deficiency virus (HIV). In humans, A3s are comprised
of seven proteins: APOBEC-3A, -3B, -3C, -3DE,
[7]
-3F, -3G and -3H . A3s have one or two catalytic
domains that have cytidine deaminase activity, which
[8]
convert cytosine to uracil in DNA . The presence of
the enzyme in cells producing DNA viruses results in
C to T transitions in negative stranded DNA and G to
A transitions in positive stranded DNA during DNA
[9]
replication without repair pathways . A3s, especially
A3G, can inhibit HBV through hypermutation-dependent
[10,11]
and -independent mechanisms
. A3G is one of the
most active deaminases, with a strong inhibitory effect
[12-16]
on replication and editing of HBV DNA in vivo
. A3G
is expressed widely in human tissues, and its mRNA
[17]
levels broadly correlate with lymphoid cell content .
Levels of A3G were found to be the highest among A3s
[14]
in human liver tissue .
Several studies identified genetic variants that are
associated with risk of HIV infection and progression to
[18-20]
acquired immune deficiency syndrome
. Since A3G
is an important host factor that may inhibit HBV, we
screened the A3G gene for both regulatory and coding
region variants that could modify A3G transcription or
amino acid sequence. The goal of this study was to
evaluate the association of five A3G single nucleotide
polymorphisms (SNPs) with the development of chronic
HBV and HBV-related HCC in a Chinese Han population.

was extracted from whole blood. Gene polymorphisms
were identified using a mass spectroscopic method.
RESULTS
There were no significant differences between the
genotype and allele frequencies of the rs7291971,
rs5757465 and rs5757463 A3G gene polymorphisms,
and risk of CHB and HBV-related HCC. The AG
genotype and G allele for rs8177832 were significantly
related to a decreased risk of CHB (OR = 0.67, 95%CI:
0.47-0.96; OR = 0.69, 95%CI: 0.50-0.95, respectively)
and HCC (OR = 0.53, 95%CI: 0.34-0.84; OR =
0.58, 95%CI: 0.39-0.87, respectively). A significant
relationship was found between rs2011861 computed
tomography, TT genotypes and increased risk of HCC
(OR = 1.69, 95%CI: 1.02-2.80; OR = 1.82, 95%CI:
1.08-3.06, respectively). Haplotype analyses showed
three protective and four risk haplotypes for HCC. Also,
one protective haplotype was found against CHB.
CONCLUSION
This study indicates that the A3G rs8177832 poly
morphism is associated with a decreased risk of CHB
infection and HCC, while the rs2011861 polymorphism
is associated with an increased risk of HCC.
Key words: Hepatitis B viral; hepatocellular carcinoma;
APOBEC3s; polymorphism; progression
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A3G is a dominant cytidine deaminase that
strongly inhibits synthesis and editing of hepatitis B
virus (HBV) DNA. We studied the relationship between
five A3G gene single nucleotide polymorphisms and the
incidence of chronic HBV infection (CHB) and hepato
cellular carcinoma (HCC), including 657 CHB patients
(287 HCC and 370 non-HCC) and 299 healthy controls.
The AG genotype and G allele for rs8177832 were
potentially protective factors against CHB and HCC.
Computed tomography and TT genotypes of rs2011861
were risk factors for HCC. Haplotype analyses showed
three protective and four risk haplotypes for HCC. Also,
one protective haplotype was found against CHB.

MATERIALS AND METHODS
Study subjects

He XT, Xu HQ, Wang XM, He XS, Niu JQ, Gao PJ. Association
between polymorphisms of the APOBEC3G gene and
chronic hepatitis B viral infection and hepatitis B virusrelated hepatocellular carcinoma. World J Gastroenterol 2017;
23(2): 232-241 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i2/232.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i2.232

This association study was designed as a retrospective
study, including 657 patients with chronic HBV infection
(CHB) and 299 healthy controls. All subjects were
ethnic Han Chinese. CHB patients recruited between
2012 and 2015 at The First Hospital of Jilin University
(Changchun) were further classified into non-HCC (n
= 370) and HBV-related HCC (n = 287) patients. Fre
quency matching by age and sex was performed for
each group. CHB patients were defined by persistent
or intermittent elevations in alanine transaminase level
(≥ 2 times the upper limit of normal) and elevated
HBV DNA levels for at least 6 mo. HBV-related HCC was
diagnosed based on (1) positive results on computed

INTRODUCTION
Hepatitis B virus (HBV) infection is one of the most
common infectious diseases of global public health
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Figure 1 Location of the A3G gene and five selected single nucleotide polymorphisms.

tomography (CT), magnetic resonance imaging or
ultrasonography; and (2) combined positive findings
upon cytological or pathological examination. The
non-HCC patients included CHB and LC patients,
characterized by active necro-inflammatory liver disease
without/with fibrosis on imaging examination without
evidence of HCC, according to the guidelines for the
prevention and treatment of CHB (2010 version), and
th
the diagnostic criteria (10 National Conference on Viral
Hepatitis and Hepatopathy 2000, China). All samples
were HBV-positive, but hepatitis C virus (HCV)-, HIVnegative, according to serology tests and infection
history. Exclusion criteria included the presence of
autoimmune and other liver diseases, alcoholic liver
disease, hemorrhagic liver disease, and intra- and
extra-hepatic bile duct stones. The criteria for healthy
participants included no previous diagnosis of cancer
or liver-associated illness. Healthy individuals were
recruited from The First Hospital of Jilin University during
the same period. All patients were further confirmed
as being negative for hepatitis B surface antigen,
hepatitis B e antigen (HBeAg), hepatitis B e antibody
(HBeAb), hepatitis B virus core antibody, and hepatitis C
antibody, as measured by chemiluminescence methods
(Roche E411, Basil, Switzerland). We also collected
demographic data of each subject, such as smoking
and drinking status. Individuals who smoked daily for at
least 1 year were defined as smokers, and those who
consumed alcoholic drinks more than once per wk for
over 6 mo were considered drinkers. Written informed
consent was obtained from all patients, and this study
was approved by The First Hospital Ethical Committee

WJG|www.wjgnet.com

of Jilin University.

Selection of SNPs

GeneView of NCBI and 1000 Genomes databases were
used to select the SNPs in the functional region of
A3G (minor allele frequency > 10% in CHB data), and
the function was forecasted in the following website:
http://snpinfo.niehs.nih.gov/.Rs7291971, located in the
transcription factor binding site of the promoter region,
was selected because it may play a role in genetic
transcription. Previously reported SNPs (rs5757463,
rs5757465, rs8177832) were chosen because they may
change the expression and anti-virus function of A3G.
Haploview software (http://www.broad.mit.edu/mpg/
haploview) was used to perform linkage disequilibrium,
and haplotype analysis of the SNPs, rs5757465 and
rs2011861, was used to choose tag-SNPs for the
subsequent studies. The location of the A3G gene and
five selected SNPs are shown in Figure 1.

Genotype analysis

Human genomic DNA was extracted from whole blood.
Genotyping of the rs7291971, rs5757465, rs5757463,
rs8177832, and rs2011861 SNPs was performed using
a mass spectroscopic method (SEQUENOM, BioMiao
Biological Technology). Primers and the reaction con
ditions used for PCR are listed in Table 1.

Statistical analysis

The Hardy-Weinberg equilibrium (H-WE) test was
used to assess independent segregation of alleles.
2
The rank-sum test or χ text was used to evaluate the
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Table 1 Primer sequences and reaction conditions for genotyping APOBEC3G polymorphisms
SNP
Rs7291971
Rs5757465
Rs5757463
Rs8177832
Rs2011861

Sequences of the primers

Annealing temperature, ℃

F: 5’-ACGTTGGATGGATCATCTGAGGTCAGTGTC-3’
R: 5’-ACGTTGGATGCCATCTGGATGTATATGTGC-3’
F: 5’-ACGTTGGATGTGTACAAGGGATATGGCCAC-3’
R: 5’-ACGTTGGATGAATCTGGGTCCCAGAAGTAG-3’
F: 5’-ACGTTGGATGTAATTTGTAGGTCACCACGC-3’
R: 5’-ACGTTGGATGAGCCTGTCTGGAGCCTCCCT-3’
F: 5’-ACGTTGGATGGAGCCTTGGAATAATCTGCC-3’
R: 5’-ACGTTGGATGGAGACCCTCACCTGAGAATC-3’
F: 5’-ACGTTGGATGTCTTTTCCCGCAGGATGAAG-3’
R: 5’-ACGTTGGATGATTTGAGGATCAGGGCCTAC-3’

59.6
54.6
50.9
51.5
55.7

Table 2 Baseline characteristics of study subjects, n (%)
Group

Healthy controls,
n = 299

Non-HCC

n = 370
Male
Age, M (P25, P75)
Smoking
Ever
Never
Drinking
Ever
Never

247 (82.6)
50 (45, 55)

295 (79.7)
49 (42, 55)

113 (37.8)
186 (62.2)

128 (34.6)
242 (65.4)

122 (40.8)
177 (59.2)

122 (33.0)
248 (67.0)

Chronic HBV infection patients
HBV-related HCC
P value1
n = 287
P value2
0.345
246 (85.7)
0.304
0.078
50 (46, 56)
0.589
0.392
0.003
144 (50.2)
143 (49.8)
0.036
0.804
120 (41.8)
167 (58.2)

P value3

0.921
0.408
0.292

0.241

P values represent the non-HCC1, HCC2, and chronic HBV3 patients compared to the healthy controls. HBV: Hepatitis B virus; HCC: Hepatocellular
carcinoma.

differences in demographic and clinical data among
the groups. Distributions of the allele and genotype
2
frequencies were calculated by the χ test or Fisher’s
exact test. Unphased3.1.4 software was used for haplo
type analysis of polymorphisms. Logistic regression
analysis was used to calculate the P value, ORs and
95%CIs after adjusting for age, sex and environmental
factors. All two-sided P < 0.05 values were considered
statistically significant. All data were analyzed by
SPSS17.0 statistical software (SPSS, Chicago, IL,
United States).

rs8177832, and rs2011861) among the healthy controls
were in equilibrium, as determined by the H-WE test
(P = 0.34, P = 0.53, P = 0.84, P = 0.99, and P = 0.20,
respectively).

Healthy controls vs CHB patients

The genotype and allele frequencies of A3G gene
polymorphisms among the CHB patients and the
healthy controls are shown in Table 3. No significant
associations were observed between the genotype
and allele frequencies of the A3G gene rs7291971,
rs5757463, rs5757465, and rs2011861 polymorphisms
and the presence of CHB. We found a significant re
lationship between the G allele and decreased risk
of CHB with an OR of 0.69 (95%CI: 0.50-0.95) for
rs8177832. Compared to the AA genotype, the AG
genotype was significantly related to a decreased risk
of CHB after adjusting for age, sex, tobacco use, and
alcohol intake using binary logistic regression analyses
(OR = 0.67, 95%CI: 0.47-0.96). The adjusted OR for
the AG and GG genotypes combined was 0.66 (95%CI:
0.47-0.94).

RESULTS
Detailed patient demographics for all groups, including
sex, age, smoking, and alcohol intake, are listed in
Table 2. Detailed clinical and virological characteristics of
the HBV infection patients are shown in Supplementary
Table 1. The genotype frequencies of each of the A3G
gene polymorphisms were categorized into groups, as
shown in Table 3. There were no differences in A3G
polymorphisms between non-HCC and HCC in the HBVinfected patients (data not shown).
The statistical analyses showed no significant
differences among the three groups in terms of sex
and age. However, there was a significant difference in
smoking between HCC and healthy control patients (P
= 0.003) and in alcohol consumption between non-HCC
and healthy control patients (P = 0.036). Furthermore,
all five SNPs (rs7291971, rs5757463, rs5757465,
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Healthy controls vs non-HCC patients

The genotype and allele frequencies of A3G gene
polymorphisms among the non-HCC patients and the
healthy controls are shown in Table 3. No significant
differences were found in the frequencies of all alleles
and genotypes (rs7291971, rs5757463, rs5757465,
rs8177832, rs2011861) between the non-HCC patients
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Table 3 Genotype and allele frequencies of single nucleotide polymorphisms in the APOBEC3G gene in each group
SNP

Healthy
controls

n = 299 (%)
Rs7291971 genotype and allele
Detected number
n = 290

Chronic HBV infection patients
Hepatitis B patients (n = 657)
vs healthy controls (n = 299)
Non-HCC, n = 370
HBV-related HCC, n = 287
1
2
n (%)
OR (95%CI) P value
n (%)
OR (95%CI) P value
OR (95%CI)
P value3

CC
28 (9.7)
CG
113 (39.0)
GG
149 (51.4)
CG + GG
262
C allele
169 (29.1)
G allele
411 (70.9)
Rs5757463 genotype and allele
Detected number
n = 285

36 (9.8)
139 (38.0)
191 (52.2)
330
211 (28.8)
521 (71.2)

CC
241 (84.6)
CG
43 (15.1)
GG
1 (0.4)
CG + GG
44
C allele
525 (92.1)
G allele
45 (7.9)
Rs5757465 genotype and allele
Detected number
n = 285

308 (83.5)
56 (15.2)
5 (1.4)
61
672 (91.1)
66 (8.9)

TT
170 (59.6)
TC
101 (35.4)
CC
14 (4.9)
TC + CC
115
T allele
441 (77.4)
C allele
129 (22.6)
Rs8177832 genotype and allele
Detected number
n = 291

221 (60.5)
129 (35.3)
15 (4.1)
144
571 (78.2)
159 (21.8)

AA
227 (78.0)
AG
60 (20.6)
GG
4 (1.4)
AG + GG
64
A allele
514 (88.3)
G allele
68 (11.7)
Rs2011861 genotype and allele
Detected number
n = 284

302 (81.8)
65 (17.6)
2 (0.5)
67
669 (90.7)
69 (9.3)

CC
CT
TT
CT + TT
C allele
T allele

55 (15.1)
170 (46.7)
139 (38.2)
309
280 (38.5)
448 (61.5)

53 (18.7)
127 (44.7)
104 (36.6)
231
233 (41.0)
335 (59.0)

n = 282

= 366
1
0.92 (0.53-1.61)
0.98 (0.57-1.68)
0.95 (0.57-1.61)
1
1.02 (0.80-1.29)

0.778
0.935
0.867
0.901

n = 369

26 (9.2)
114 (40.4)
142 (50.4)
256
166 (29.4)
398 (29.1)

1
1.14 (0.63-2.09)
1.14 (0.63-2.06)
1.14 (0.65-2.02)
1
0.99 (0.76-1.27)

0.667
0.664
0.651
0.913

n = 285
1
1.02 (0.66-1.57)
1.93 (0.37-10.14)
1.06 (0.69-1.62)
1
1.15 (0.77-1.70)

0.944
0.439
0.799
0.500

n = 365

227 (79.6)
53 (18.6)
5 (1.8)
58
507 (88.9)
63 (11.1)

1
1.34 (0.86-2.10)
2.71 (0.51-14.31)
1.40 (0.91-2.17)
1
1.45 (0.97-2.17)

0.202
0.239
0.130
0.069

n = 279
1
1.02 (0.73-1.42)
0.82 (0.38-1.76)
0.99 (0.72-1.37)
1
0.95 (0.73-1.24)

0.898
0.610
0.984
0.714

n = 369

169 (60.6)
92 (33.0)
18 (6.5)
110
430 (77.1)
128 (22.9)

1
0.93 (0.65-1.34)
1.43 (0.68-3.01)
0.99 (0.70-1.39)
1
1.02 (0.77-1.34)

0.707
0.349
0.953
0.902

n = 287
1
0.80 (0.54-1.18)
0.40 (0.72-2.26)
0.78 (0.53-1.14)
1
0.78 (0.55-1.11)

0.253
0.302
0.195
0.167

n = 364

249 (86.8)
35 (12.2)
3 (1.0)
38
533 (92.9)
41 (7.1)

1
0.53 (0.33-0.84)
0.75 (0.16-3.43)
0.54 (0.35-0.85)
1
0.58 (0.39-0.87)

0.007
0.711
0.007
0.008

n = 279
1
1.25 (0.80-1.95)
1.27 (0.81-2.02)
1.26 (0.83-1.91)
1
1.11 (0.89-1.39)

0.328
0.301
0.277
0.350

33 (11.8)
135 (48.4)
111 (39.8)
246
201 (36.0)
357 (64.0)

1
1.69 (1.02-2.80)
1.82 (1.08-3.06)
1.75 (1.08-2.82)
1
1.24 (0.97-1.57)

0.042
0.024
0.022
0.085

n = 648 vs
n = 290
1
1.00 (0.61-1.66)
1.04 (0.64-1.69)
1.02 (0.64-1.64)
1
1.00 (0.80-1.24)
n = 654 vs
n = 285
1
1.16 (0.79-1.71)
2.25 (0.49-10.39)
1.21 (0.83-1.77)
1
1.28 (0.90-1.82)
n = 644 vs
n = 285
1
0.98 (0.73-1.32)
1.05 (0.55-2.02
0.99 (0.74-1.32
1
0.98 (0.77-1.24)
n = 656 vs
n = 291
1
0.67 (0.47-0.96)
0.55 (0.15-2.07)
0.66 (0.47-0.94)
1
0.69 (0.50-0.95)
n = 643 vs
n = 284
1
1.42 (0.95-2.13)
1.48 (0.98-2.24)
1.45 (0.99-2.11)
1
1.16 (0.95-1.42)

0.987
0.891
0.930
0.983

0.456
0.298
0.327
0.194

0.903
0.884
0.945
0.868

0.029
0.374
0.021
0.023

0.085
0.063
0.053
0.140

P values represent the non-HCC1, HCC2, and chronic HBV3 infection patients compared to the healthy control groups adjusted for age, sex, smoking, and
drinking by logistic regression analysis. The two-sided χ 2 test or Fisher’s exact test was used in alleles distribution comparison. HBV: Hepatitis B virus;
HCC: Hepatocellular carcinoma.

and healthy controls.

(95%CI: 0.39-0.87). Compared to the AA genotype,
the AG genotype and AG plus GG genotype of rs8177832
were significantly related to a decreased risk of HCC
(adjusted OR = 0.53, 95%CI: 0.33-0.84; OR = 0.54,
95%CI: 0.35-0.85, respectively). Meanwhile, compa
red to the CC genotype, the CT and TT genotypes of
rs2011861 were significantly related to an increased
risk of HCC after adjusting for age, sex, smoking, and
drinking (OR = 1.69, 95%CI: 1.02-2.80; OR = 1.82,
95%CI: 1.08-3.06, respectively). The adjusted OR for
the CT and TT genotypes combined was 1.75 (95%CI:
1.08-2.82).

Healthy controls vs HCC patients

The genotype and allele frequencies of A3G gene
polymorphisms among the HCC and the healthy
controls are shown in Table 3. No significant effects
were observed between the genotype and allele
frequencies of the A3G gene rs7291971, rs5757463,
and rs5757465 polymorphisms and the HCC risk after
adjusting for sex, age, smoking, and drinking. We
found a significant relationship between the G allele
of rs8177832 and the risk of HCC with an OR of 0.58
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Figure 2 A linkage disequilibrium map among the five single nucleotide polymorphisms associated with A3G in each group. HBV: Hepatitis B virus; HCC:
Hepatocellular carcinoma.

Haplotype analysis

the haplotypes comprised of the C-T, G-C alleles of
rs5757463-rs2011861 (OR = 1.41, 95%CI: 1.08-1.83;
OR = 1.80, 95%CI: 1.15-2.82, respectively), the C-G-A
allele of rs7291971-rs5757463-rs8177832 (OR = 1.64,
95%CI: 1.03-2.61), and the C-G-C allele of rs7291971rs5757463-rs2011861 (OR = 1.70, 95%CI: 1.05-2.76)
were associated with a significantly increased risk of
HCC (Table 5).
The HBV viral load and rate of HBeAg serocon
version of patients with rs8177832 and rs2011861
polymorphisms in each group are shown in Supple
mentary Tables 2 and 3. The viral load of rs8177832
GG genotype was lower than AA genotype in the nonHCC group, but the number of cases was small, and
the viral loads did not result in statistically significant
differences between patients with the mutant gene
type and wild-type rs8177832 in the other groups
(HCC and CHB). The viral loads of rs2011861 of each

A linkage disequilibrium map among the five SNPs
associated with A3G in each group (healthy controls,
CHB patients, non-HCC patients, and HCC patients)
is shown in Figure 2. We analyzed the differences
in haplotype distributions between healthy controls
and CHB patients, healthy controls and non-HCC
patients, and healthy controls and HCC patients. In
the CHB patients and healthy controls, the haplotype
C-G allele of rs5757463-rs8177832 was associated
with a significantly decreased risk of CHB (OR = 0.71,
95%CI: 0.51-0.98) (Table 4). In healthy controls and
HCC patients, the haplotype G-G allele of rs7291971rs8177832 (OR = 0.61, 95%CI: 0.39-0.95), C-G
allele of rs5757463-rs8177832 (OR = 0.61, 95%CI:
0.40-0.91), T-G allele of rs5757465-rs8177832
(OR = 0.58, 95%CI: 0.38-0.88) were significantly
associated with a decreased risk of HCC. In contrast,
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Table 4 Haplotype distributions between healthy controls and chronic hepatitis B virus infection patients, n (%)
Haplotype

Frequency

rs5757463-rs8177832
C-A
C-G
G-A

Healthy controls

Chronic HBV infection patients

455 (80.3)
66 (11.7)
45 (8.0)

1067 (81.7)
110 (8.4)
129 (9.9)

χ2

P value

OR (95%CI)

6.07

0.048

1
0.71 (0.51-0.98)
1.22 (0.86-1.75)

HBV: Hepatitis B virus.

Table 5 Haplotype distributions between healthy controls and hepatocellular carcinoma patients, n (%)
χ2

P value

OR (95%CI)

6.73

0.03

1
1.05 (0.81-1.37)
0.61 (0.39-0.95)

466 (81.8)
41 (7.2)
63 (11.1)

8.96

0.01

1
0.61 (0.40-0.91)
1.37 (0.91-2.05)

371 (66.0)
125 (22.2)
66 (11.7)

390 (69.9)
128 (22.9)
40 (7.2)

6.94

0.03

1
0.97 (0.73-1.30)
0.58 (0.38-0.88)

183 (33.2)
326 (59.1)
43 (7.8)
0 (0.0)

141 (25.4)
354 (63.7)
60 (10.8)
1 (0.2)

10.68

0.01

1
1.41 (1.08-1.83)
1.80 (1.15-2.82)
1.00 (0.99-1.02)

118 (21.1)
45 (8.0)
332 (59.3)
65 (11.6)

101 (18.0)
63 (11.3)
355 (63.4)
41 (7.3)

10.59

0.01

1
1.64 (1.03-2.61)
1.25 (0.92-1.70)
0.74 (0.46-1.18)

112 (20.4)
5 (0.9)
43 (7.8)
0 (0.0)
70 (12.8)
319 (58.1)

91 (16.6)
6 (1.1)
59 (10.8)
2 (0.4)
48(8.8)
342 (62.4)

11.62

0.04

1
1.63 (0.42-6.42)
1.70 (1.05-2.76)
1.02 (0.99-1.05)
0.85 (0.85-1.35)
1.33 (0.97-1.82)

Haplotype

Frequency

rs7291971-rs8177832
C-A
G-A
G-G
rs5757463-rs8177832
C-A
C-G
G-A
rs5757465-rs8177832
T-A
C-A
T-G
rs5757463-rs2011861
C-C
C-T
G-C
G-T
rs7291971-rs5757463-rs8177832
C-C-A
C-G-A
G-C-A
G-C-G
rs7291971-rs5757463-rs2011861
C-C-C
C-C-T
C-G-C
C-G-T
G-C-C
G-C-T

Healthy controls

HCC

166 (29.0)
339 (59.3)
67 (11.7)

166 (29.4)
357 (63.3)
41 (7.3)

455 (80.4)
66 (11.7)
45 (8.0)

HCC: Hepatocellular carcinoma.
[23]

genotype also did not result in statistically significant
differences among the groups. The AG genotype and
AG plus GG genotype of rs8177832 were shown to
have high HBeAg seroconversion rates in the non-HCC
group, and tended to have high HBeAg seroconversion
rates in the CHB group. There was no significant
difference between the ratio of HBeAg(+)HBeAb(-)/
HBeAg(-)HBeAb(+) in patients with rs2011861 poly
morphisms.

gradually occur . The mutation rate of HBV DNA
caused by A3s in patients with CHB has been shown to
[24]
be higher than that of acute HBV-infected patients .
In CHB patients, the frequency of hypermutated
genomes was higher in HBeAg-negative individuals
compared to HBeAg-positive cases, and the degree
was significantly associated with the extent of
[24,25]
fibrosis
. Also, A3s and their related editing patterns
have potential roles in oncogenesis. Recent analyses
showed that tumor samples contain hundreds of A3signature mutations in a wide variety of cancer types.
The mutations have implicated A3 cytidine deaminases
as significant factors in the mutagenesis of human
[26-28]
cancer genomes
. Overexpression of A3 could lead
to induction of DNA breaks and carcinogenic protein
mutants through activation of damage responses in a
[29,30]
deaminase-dependent manner, as shown in vitro
.

DISCUSSION
Innate immune mechanisms are the first line of
[21]
defense against invading viruses . The A3 family
plays an important role in facilitating innate immunity
[21,22]
by restricting many viruses, including HBV
. With
the progression of chronic infection, HBV mutations
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Although the mutations can be highly deleterious in
most instances, slightly edited genomes might help
the virus evolve, escape from the immune responses
[12]
and induce drug resistance . Therefore, A3 genetic
variation may play an important role in the occurrence
of HBV infection and progression of liver disease.
We performed a large case-control study that
determined associations between SNPs in the A3G
gene and the presence of CHB and HBV-related HCC.
The AG genotype and G allele for rs8177832 were signi
ficantly associated with a decreased risk of CHB and
HCC. Rs8177832 may enhance the effect of APOBEC3G
on HBV inhibition and promote seroconversion of
HBeAg. A significant correlation was found between
the rs2011861 CT, TT genotypes, and increased risk
of HCC. Haplotype analyses showed an association
between the G-G allele of rs7291971-rs8177832,
C-G allele of rs5757463-rs8177832 and T-G allele of
rs5757465-rs8177832, and decreased risk of HCC. The
three protective haplotypes against HCC development
suggested that the primary SNP may be rs8177832
because all three haplotypes share the rs8177832
G allele. However, the haplotypes C-T and G-C allele
of rs5757463-rs2011861 compared to the wild-type
allele C-C, C-G-A alleles of rs7291971- rs5757463rs8177832, and the C-G-C allele of rs7291971-rs5757463rs2011861 were associated with a significantly in
creased risk of HCC. The four haplotypes associated
with HCC development suggested that the rs5757463
G allele and the rs2011861 T allele may have primary
effects on an increased risk of HCC. The mechanism
by which the differential effects of these genotypes
affect the susceptibility to HBV infection and HCC is not
clear and requires further study. Rs8177832 caused
the substitutions of A to G of exon 4, resulting in an
amino acid change from histidine to arginine at codon
186 (H186R). It is speculated that this mutation may
change the antiviral function of A3G. Rs2011861 may
be associated with other functional genes.
A previous study investigated the relationship
between rs8177832 and CHB in 179 HBV chronic
carriers and 216 healthy control subjects in a Moroccan
[31]
population . The results showed that the G genotype
tended to be associated with an increased risk of
developing CHB (P = 0.254). However, no significant
difference was found, perhaps due to the small
sample size. There was no evidence of an effect of the
rs8177832 mutation on gene expression and anti-HBV
ability in vitro. The current report is the first to describe
the relationship between rs8177832, rs2011861
polymorphisms, the risk of HBV infection, and the deve
lopment of HCC.
There are limitations to the current study. The
explanation for our findings may have been influenced
by many factors involved in the disease. The outcome
of HBV infection is closely related to the age at which
[1]
infection occurred . A maintained long-term response
to therapy or a sustained off-treatment response
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is necessary to prevent liver damage and hepatic
decompensation and delay the onset of the long-term
[32]
complications of CHB, such as HCC . Recruitment
of individuals who have cleared an HBV infection, and
are also comparable in the duration of the infection,
could help clarify whether there is an association with
the predisposition to chronicity. Similarly, consistent
treatment can help determine the role of genes in
disease progression. However, that goal is difficult to
achieve in China. Therefore, further comprehensive
investigations on large sample populations of different
ethnic origin, and with different outcomes of infection,
but comparable durations of infection and therapeutic
schedule, will be required to confirm and extend our
findings. In vitro experiments should be performed to
ascertain the effects of SNPs on the changes of gene
functions.
In conclusion, the current study provides epide
miological evidence that the A3G locus may mediate
host innate resistance to HBV infection and HCC in
vivo. The role of inhibiting synthesis and editing of
the HBV genome in such defense systems should
be further investigated. It is important to continue
research on the identification of novel therapeutic
targets to stimulate the development of new antiviral
agents and immunotherapies. It may be possible to
transfect the protective mutation gene into somatic
cells, such as liver cells, to express the gene product.
Alternatively, the gene product itself could be introduced
resulting in therapeutic properties such as anti-viral or
anti-HCC effects.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Animal Ethics Committee
of Xi’an Jiaotong University, Xi’an, Shaanxi Province, China
(Permit No. XJTULAC2016-404).

AIM
To investigate the protective effect of a recombinant
adeno-associated virus carrying thymosin β4 (AAV-Tβ4)
on murine colitis via intracolonic administration.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of Xi’an Jiaotong
University, Xi’an, Shaanxi Province, China.

METHODS
AAV-Tβ 4 was prepared and intracolonically used to
mediate the secretory expression of Tβ 4 in mouse
colons. Dextran sulfate sodium (DSS) was applied to
induce the murine ulcerative colitis, and 2,4,6-trini
trobenzene sulfonic acid (TNBS) was used to establish
a mouse colitis model resembling Crohn’s disease. The
disease severity and colon injuries were observed and
graded to reveal the effects of AAV-Tβ4 on colitis. The
activities of myeloperoxidase (MPO) and superoxide
dismutase (SOD) and the content of malondialdehyde
(MDA) were determined using biochemical assays.
Colonic levels of tumor necrosis factor-α (TNF-α),
interleukin (IL)-1β and IL-10 were measured using
ELISA, and mucosal epithelial cell apoptosis and
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thymosins family. This small molecule spreads in nearly
all cells and exists in various body fluids, such as tears,
[1,2]
saliva, blood, plasma and wound fluid . Following
translation, Tβ4 undergoes complex modifications, such
as transglutamination, phosphorylation, N acetylation,
[3]
and proteolysis . Extracellular Tβ4, released via
[4]
either active secretion or cell lysis , can be rapidly
internalized via an unknown mechanism and acts
[5,6]
as a paracrine growth factor or cytokine
. The
biological actions of Tβ4 are partially mediated via the
[7]
activation of integrin-linked kinase , upregulation of
[8]
Bcl-2 production and inhibition of caspase activity .
Systemic administration of Tβ4 decreases lethality and
inflammatory responses in sepsis, prevents myocardial
rupture and improves cardiac function after myocardial
infarction, rehabilitates neural function following
stroke and encephalomyelitis, and accelerates fracture
[1,9-13]
healing
. Topical use of Tβ4 improves corneal injury,
promotes skin wound healing, and accelerates hair
[1,14-16]
growth
. These data suggest a great therapeutic
potential for Tβ4 in wound healing and inflammatory
diseases.
Tβ4 is expressed in human intestines where it mo
[17,18]
dulates the intestinal immune system
. Moreover,
Tβ4 has been considered to be an applicable treatment
[19]
of gastrointestinal disorders . Increased serum
Tβ4 levels have been demonstrated in patients with
[20]
inflammatory bowel diseases (IBDs) . However,
the role and function of Tβ4 in IBDs have not been
elucidated. Given the anti-inflammatory, anti-apoptotic,
and pro-tissue regeneration properties of Tβ4 that
have been previously reported, Tβ4 is supposed to be
a beneficial factor for IBDs. To verify this speculation,
we constructed a recombinant adeno-associated virus
(AAV) to achieve persistent secretory expression of Tβ4
in mouse colons and assessed its effects in two murine
colitis models.

proliferation were detected by TUNEL assay and
immunochemistry, respectively.
RESULTS
Recombinant AAVs efficiently delivered LacZ and Tβ4
into the colonic tissues of the mice, and AAV-Tβ4 led
to a strong expression of Tβ4 in mouse colons. In both
the DSS and TNBS colitis models, AAV-Tβ 4-treated
mice displayed distinctly attenuated colon injuries and
reduced apoptosis rate of colonic mucosal epithelia.
AAV-Tβ 4 significantly reduced inflammatory cell
infiltrations and relieved oxidative stress in the inflamed
colons of the mice, as evidenced by decreases in MPO
activity and MDA content and increases in SOD activity.
AAV-Tβ4 also modulated colonic TNF-α, IL-1β and IL-10
levels and suppressed the compensatory proliferation
of colonic epithelial cells in DSS- and TNBS-treated
mice.
CONCLUSION
Tβ4 exerts a protective effect on murine colitis, indicating
that AAV-Tβ4 could potentially be developed into a
promising agent for the therapy of inflammatory bowel
diseases.
Key words: Thymosin β4; Mice; Colitis; Dextran sulfate
sodium; 2,4,6-trinitrobenzene sulfonic acid
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We confirmed that intracolonically administered
recombinant adeno-associated virus (AAVs) efficiently
mediated the ectopic expression of LacZ and thymosin
β4 (Tβ4) in mouse colonic mucosa. The current study
first indicated that AAV-Tβ 4 could improve murine
colitis induced either by dextran sulfate sodium or
2,4,6-trinitrobenzene sulfonic acid by suppressing
inflammatory cell infiltration, alleviating oxidative
stress and epithelial apoptosis, and modulating the
production of inflammatory mediators in the inflamed
colon. Furthermore, locally overexpressed Tβ4 could
attenuate the proliferation of colonic mucosal epithelia.
In summary, these results suggest a protective role of
Tβ4 in inflammatory bowel diseases (IBD) and indicate
that AAV-Tβ4 has therapeutic potential for IBD patients.

MATERIALS AND METHODS
Preparation of recombinant AAV

Self-complementary recombinant adeno-associated
virus (subtype 2) were constructed by applying an
AAV Helper-Free System (Cell Biolabs, Inc., San
Diego, CA, United States). For secretory expression
of Tβ4, the N-terminal 80 amino acid signal peptide of
human neurotrophin-4 preproprotein was fused to the
N-terminus of human Tβ4 (GenBank NM_021109.3).
The coding DNA of the fusion protein was synthesized
with the addition of EcoRI and BamHI restrictionenzyme sites (AuGCT DNA-SYN Biotechnology Inc.,
Beijing, China) and inserted into pscAAV-MCS to
yield the pscAAV-NT-4-Tβ4 plasmid. Recombinant
AAV containing Tβ4 (AAV-Tβ4) was generated via cotransfection of pscAAV-NT-4-Tβ4, pHelper and pAAVRC5 into AAV-293 cells using polyethylenimine (PEI).
Similarly, a recombinant AAV carrying LacZ (AAV-LacZ)
was constructed as a control virus. Seventy-two hours
after transfection, the cells were collected for viral

Zheng XY, Lv YF, Li S, Li Q, Zhang QN, Zhang XT, Hao ZM.
Recombinant adeno-associated virus carrying thymosin β 4
suppresses experimental colitis in mice. World J Gastroenterol
2017; 23(2): 242-255 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i2/242.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i2.242

INTRODUCTION
Thymosin β4 (Tβ4) consists of 43 amino acids and is
a highly conserved protein belonging to the beta-
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particle isolation, purification and quantitative analysis.

5000, Sigma-Aldrich, St. Louis, MO, United States) as
drinking water for 7 d to establish the colitis model,
while the mice in the NC group received DSS-free
drinking water.

qPCR

TaqMan Universal PCR Master Mix (Applied Bio
systems, Foster City, CA, United States) was employed
to determine the rAAVs titters and the abundance
of the rAAVs in the colon. The primers against the
cytomegalovirus promoter region were as follows:
5’-AGACTTGGAAATCCCCGTGAGT-3’ (forward) and
5’-CGTATTAGTCATCGCTATTACCATGGT-3’ (reverse).
The sequence of the probe was 5’-6FAM-AACCGCT
ATCCACGCCCATTGATG-TAMRA-3’. The collected data
were analyzed by the standard curve method.

TNBS-induced colitis: The mice, 10 per group, were
randomly assigned to the ethanol control (EC), PBS/
TNBS, AAV-LacZ/TNBS and AAV-Tβ4/TNBS groups. Mice
of the three TNBS groups were given a 0.2 mL enema
of TNBS (Sigma-Aldrich, St. Louis, MO, United States,
dissolved in 500 mL/L ethanol) once per week for 6 wk.
TNBS was dosed at 50 mg/kg for the first 2 wk, 100
mg/kg for the next 2 wk and 150 mg/kg for the last 2
wk. Meanwhile, mice of the EC group received an equal
volume of enema with 500 mL/L ethanol. AAVs were
10
ic administered at a dose of 4 × 10 vg in 0.2 mL, 3 d
after the first TNBS instillation, while mice in the other
two groups were given PBS instead. At the end of the
modeling, mice of all of the groups were sacrificed and
colonic tissues were isolated.

Animal experiments

Male BALB/c mice, 6 wk of age, were purchased from
the Experimental Animal Centre of Xi’an Jiaotong
University and housed under pathogen-free conditions
at 22 ± 2 ℃ with a 12:12 h light-dark cycle. All animal
experiments were approved by the Institutional Animal
Ethics Committee of Xi’an Jiaotong University.
To verify the transduction efficiency of the recom
binant AAV (rAAV) in mouse colons, 12 mice were
divided into the following 3 equal groups: phosphatebuffered saline (PBS), AAV-LacZ and AAV-Tβ4. After
a 12-h fast, the mice were given an enema of PBS
or rAAVs accordingly. Under anesthesia with chloral
[21]
hydrate , a soft catheter was inserted into the mouse
anus at a depth of 4 centimeters, and 0.2 mL of PBS,
10
AAV-LacZ [4 × 10 viral genome (vg) or AAV-Tβ4 (4
10
× 10 vg] was instilled into the mouse colon via this
catheter. The mouse was then held in an upside-down
position for 1 min to allow the enema to distribute
throughout the colon. After recovery from the
anesthesia, water and food were provided. Two weeks
later, mice of all of the groups were sacrificed for their
colons. The colon was longitudinally opened, washed
with cold normal saline, and cut into three parts as
follows: the first was for DNA extraction and sequent
qPCR assays, the second was cryosectioned for X-Gal
[22]
staining as described previously , and the third was
homogenized in radioimmunoprecipitation assay lysis
buffer for Western blotting.
The following two models were studied: dextran
sulfate sodium (DSS) colitis to simulate human ulce
rative colitis (UC) and 2,4,6-trinitrobenzene sulfonic acid
(TNBS) colitis to model Crohn’s disease (CD).

Evaluation of disease activity

The health status of all the mice was observed during
the modeling. The disease activity index (DAI) was
estimated daily (DSS-induced colitis) or weekly (TNBSinduced colitis) in accordance with a well-established
[23]
scoring system .

Assessment of colon damage

Macroscopic damage of the colon was carefully
observed under an anatomic microscope (Nikon, Tokyo,
Japan) and graded according to a previously used scoring
[23]
system . Small colon segments were fixed, embedded
and sectioned for hematoxylin and eosin staining and
immunohistochemistry. Histological alterations were
graded by observing the H&E stained sections according
[24]
to a previously established criteria .

Sample preparation

Genomic DNA (gDNA) was isolated from the colonic
tissues using a DNeasy Kit (Qiagen, Valencia, CA,
United States). For the qPCR analysis, 1 μg of the total
gDNA was used in each PCR assay. Small pieces of
colonic tissue were weighed and mechanically homo
genized in normal saline on an ice-bath to obtain 100
mg/L colonic homogenates for biochemical detections
and ELISA.

Western blot analysis

DSS-induced colitis: The mice were divided into
a normal control (NC) group, a PBS/DSS group, an
AAV-LacZ/DSS group and an AAV-Tβ4/DSS group
(10 mice per group). Prior to inducing DSS colitis,
10
0.2 mL of AAV-LacZ (4 × 10 vg) and AAV-Tβ4 (4
10
× 10 vg) were intracolonically (ic) dosed for the
mice of the AAV-LacZ/DSS and AAV-Tβ4/DSS groups,
respectively. Meanwhile, the NC and PBS/DSS mice
received an enema of PBS. One week later, mice from
the three DSS groups were given 50 g/L DSS (MW:

WJG|www.wjgnet.com

Briefly, proteins were extracted from the colonic
tissue samples, applied to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (Tris-glycine system
for β-actin; Tris-Tricine system for Tβ4) and transferred
onto polyvinylidene fluoride membranes (Bio-Rad,
Hercules, CA, United States). Western blots were
performed with specific antibodies targeting β-actin
(Sigma-Aldrich, St. Louis, MO, United States) and Tβ4
(Abcam, San Francisco, CA, United States).
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Biochemical detection

of rAAVs. Next, we performed X-gal staining and
Tβ4 immunostaining to determine the AAV-mediated
expression of foreign genes. X-gal staining localized
the ectopic β-galactosidase expression in the colonic
epithelium and lamina propria of the AAV-LacZ-treated
mice (Figure 1B). Immunohistochemistry showed an
increased expression of Tβ4 in the AAV-Tβ4-treated
mice compared to the mice administered with PBS or
AAV-LacZ (Figure 1C). Moreover, we measured the
colonic expression of Tβ4 using Western blot in the two
sets of colitic mice. The results showed that the colonic
expression of Tβ4 was notably upregulated after DSS
treatment while slightly increased after enemas of
TNBS. Intracolonic AAV-Tβ4 led to a drastically increased
colonic expression of Tβ4 in both colitis models (Figure
1D). These findings provide further evidence that rAAV
by ic could efficiently deliver foreign genes into the
mouse colonic tissue, and AAV-Tβ4 could mediate the
secretory expression of Tβ4.

Myeloperoxidase (MPO) activity, malondialdehyde
(MDA) content and superoxide dismutase (SOD)
activity in the colonic homogenates were assessed
by applying the test kits (Nanjing Jiancheng Bio
engineering Institute, Nanjing, China) according to
the manufacturer’s protocols. The results of the MPO
activity, MDA content and SOD activity were, respec
tively, represented as units per gram of tissue (U/g),
nmol per mg protein (nmol/mgprot) and U/mgprot.

ELISA

The supernatants of the colonic homogenates were
collected to determine the tumor necrosis factor-α
(TNF-α), interleukin (IL)-1β and IL-10 levels. Three
ELISA kits (TNF-α, R&D Systems, Minneapolis, MN,
United States; IL-1β and IL-10, eBioscience, San Diego,
CA, United States) were used in accordance with the
manufacturers’ instructions. The results were expressed
as pictogram per mg protein (pg/mgprot).

AAV-Tβ 4 ameliorates experimental colitis in mice

Immunohistochemistry

Mice in the PBS/DSS and AAV-LacZ/DSS groups
suffered distinct weight loss, diarrhea and hemato
chezia, with higher DAI scores than normal mice.
AAV-Tβ4 administration ameliorated DSS-induced
colitic manifestations and DAI scores (Figure 2A).
Macroscopic examination revealed that DSS treatment
led to extensive colonic damages characterized by
hyperemia, edema and ulceration (Figure 2B), while
pre-treatment with AAV-Tβ4 significantly attenuated
the colonic damages, presenting low macroscopic
scores (Figure 2B and C). Similarly, DSS-induced
microscopic lesions, such as loss of goblet cells and
crypts, epithelia necrosis, inflammatory cell infiltrations
and crypt abscesses, were also markedly alleviated by
AAV-Tβ4 treatment (Figure 2D and E).
Repeated TNBS enemas led to similar but milder
symptoms as those caused by the DSS treatment.
Mice in the PBS/TNBS and AAV-LacZ/TNBS groups
presented notably higher DAI scores compared with
the EC mice. The AAV-Tβ4 treatment alleviated mouse
suffering, as indicated by the significantly lower DAI
scores after the fifth week of modeling (Figure 3A).
Similar to the findings in the DSS colitis model, AAVTβ4 administration markedly alleviated TNBS-induced
mucosal damage both macroscopically (Figure 3B and
C) and microscopically (Figure 3D and E).
Colonic MPO activity, a common index for neutrophil
and macrophage infiltrations, was increased in both
colitis models compared to their respective control
groups. The significantly decreased colonic MPO
activities in the colitic mice administered with AAV-Tβ4
indicate the efficacy of Tβ4 in attenuating inflammatory
cell infiltration (Figure 4).

Immunohistochemistry was performed with primary
antibodies against PCNA and Tβ4, according to a
[22]
previously reported method .
The proliferation of mucosal epithelial cells was
estimated by PCNA immunostaining of the colonic
sections. PCNA labeling index (PCNA LI) was determined
by calculating the ratio of the number of PCNA-positive
cells to the total number of counted cells in 10 randomly
chosen fields at × 400 magnification.

TUNEL assay

Epithelial cell apoptosis in colonic mucosa was
assessed by applying the DeadEnd Colorimetric TUNEL
System (Promega, Madison, WI, United States) based
on the manufacturer’s protocol. One thousand mucosal
epithelial cells from 10 randomly selected fields (mag
nification × 400) were counted in each colonic section.
The percentage of TUNEL-labelled epithelia was used
to present the apoptotic index (AI).

Statistical analysis

The Kruskal-Wallis test was applied to analyze the
nonparametric data, and the one-way analysis of
variance followed by Tukey’s post hoc test was adopted
for the quantitative data. P < 0.05 was considered to
represent statistical significance.

RESULTS
Ic administered AAV efficiently mediates secretory
expression of Tβ 4 in the mouse colon

To verify the transduction efficiency of ic AAV, we first
used real-time PCR to determine the abundance of
vector DNA in the mouse colon. As shown in Figure
1A, real-time PCR revealed the presence of AAV vector
DNA in the mouse colon after the administration

WJG|www.wjgnet.com

AAV-Tβ 4 attenuates epithelial apoptosis in inflamed
colonic mucosa

Apoptosis of the colonic mucosal epithelia disrupts
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Figure 1 Intracolonic administration of adeno-associated virus carrying thymosin β4 mediated secretory expression of thymosin β4 in mouse colons. Two
weeks after intracolonic (ic) adeno-associated virus (AAV)-LacZ, AAV-thymosin β4 (Tβ4) or PBS, the mice were euthanized to harvest their colons. A: Real-time PCR
showed the presence of viral DNA in the colonic tissues of the AAV-treated mice; B: X-gal staining verified AAV-mediated expression of LacZ in the colonic tissues. C:
Immunohistochemistry revealed that ic AAV-Tβ4 resulted in markedly increased expression of Tβ4 in the mouse colon; D: In the mice with experimental colitis, Western
blot showed that dextran sulfate sodium (DSS) treatment remarkably upregulated the colonic Tβ4 expression while TNBS enemas only slightly increased colonic Tβ4.
Intracolonic AAV-Tβ4 led to substantially increased expression of Tβ4 in the colonic tissues in both DSS- and TNBS-treated mice. Error bars indicate SD. Scale bars =
50 μm.

mucosal integrity and, consequently, affects the
barrier function of the colonic mucosa. TUNEL staining
was performed to assess the effect of Tβ4 on colonic
epithelial apoptosis in the two colitis models. As shown
in Figure 5, only a few apoptotic cells were distributed
on the surface of the normal colonic mucosa. Both
DSS and TNBS treatments remarkably led to the
apoptosis of the mucosal epithelial cells, while AAV-Tβ4
administration significantly attenuated these changes.
The AI of the AAV-Tβ4 groups was markedly lower than
that of the PBS or AAV-LacZ groups.

increased after DSS treatment, while it was mildly
increased in the TNBS model. AAV-Tβ4 markedly
decreased the colonic MDA levels in both DSS- and
TNBS-treated mice. DSS and TNBS treatments
decreased the colonic SOD activities similarly, while
AAV-Tβ 4 reversed these changes. These results
demonstrate the efficacy of Tβ4 in the alleviation of
oxidative stress in colitis.

Tβ 4 modulates TNF-α , IL-1β , and IL-10 levels in the
inflamed colon

Colonic productions of inflammatory cytokines were
determined to make a preliminary exploration of the
underlying mechanisms of the anti-inflammatory

Tβ 4 reduces oxidative damage in colonic tissues

Figure 6 shows that MDA content was distinctly
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Figure 2 Adeno-associated virus carrying thymosin β4 ameliorated dextran sulfate sodium-induced colitis in mice. A: Dynamic changes in DAI [the asterisk
indicates aP < 0.05 vs PBS/dextran sulfate sodium (DSS) or adeno-associated virus (AAV)-LacZ/DSS group]; B and C: AAV-thymosin β4 (Tβ4) improved DSS-induced
colonic lesions including mucosal edema, hyperemia, and ulceration, resulting in a significantly decreased macroscopic score; D and E: Histological examination (HE
staining, magnification × 200) revealed the mice in AAV-Tβ4/DSS group exhibited alleviated colonic lesions such as destruction of mucosal crypts, loss of epithelial
cells, deep ulcerations, and inflammatory cell infiltration, leading to a significantly decreased histological score compared with the mice in the other two DSS groups.
Error bars indicate the SD. Scale bars = 50 μm. DAI: Disease activity index.
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Figure 3 Adeno-associated virus carrying thymosin β4 improved 2,4,6-trinitrobenzene sulfonic acid-induced colitis in mice. A: Dynamic changes in DAI [the
asterisk indicates aP < 0.05 vs PBS/2,4,6-trinitrobenzene sulfonic acid (TNBS) or adeno-associated virus (AAV)-LacZ/TNBS group]; B: TNBS treatment resulted in
hyperemia, edema and ulceration, which were attenuated by Tβ4; C: Macroscopic score of AAV-Tβ4/TNBS group was significantly lower than those of the other two
TNBS groups; D and E: Histological observation of colonic tissue (HE staining, magnification × 200) showed that AAV-Tβ4 relieved TNBS-induced colonic mucosal
lesions and reduced the histological score. Error bars indicate the SD. Scale bars = 50 μm. DAI: Disease activity index.

effects of Tβ4. As shown in Figure 7, DSS treatment
resulted in distinct increases in colonic TNF-α, IL1β and IL-10 levels, while ectopically expressed Tβ4
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significantly inhibited these increases. Repeated TNBS
enemas increased colonic TNF-α levels and decreased
IL-10 levels, while AAV-Tβ4 administration attenuated
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sufficient to withstand the colonic injury and present
the protective effect. Only a dramatic increase in the
local Tβ4 content as in the present study achieved
by AAV delivery, can distinctly attenuate the colitic
manifestations in mice. Furthermore, our subsequent
results indicated that the protective effect of Tβ4 may
involve suppressing oxidant damage and inflammatory
cell infiltrations, regulating colonic inflammatory
cytokine levels, preventing mucosal epithelia from apo
ptosis and regulating cell regeneration in the inflamed
colonic tissues.
Inflammation is the core component of IBDs,
in which neutrophils and macrophages play crucial
roles. MPO is mainly produced by macrophages and
neutrophils, and its activity is usually considered as an
indicator of mucosal inflammation in IBDs. Previous
studies by others demonstrated that Tβ4 treatment
reduced the infiltration of MPO-positive neutrophils
[25]
into the infarct zone after myocardial infarction ,
and reduced the MPO activity in bleomycin-intoxicated
[26]
lungs in mice . In this study, MPO activity was dis
tinctly decreased after AAV-Tβ4 administration in
both DSS- and TNBS-treated mice, enhancing our
understanding of the inflammation-inhibitory efficacy
of Tβ4.
TNF-α is the most potent pro-inflammatory cytokine
involved in IBDs, which was verified by the successful
application of TNF-α antibodies for the treatment of
[27-29]
IBDs
. Consistent with the previous study in which
systemic administration of Tβ4 decreased the TNF-α
[9]
level in mice with sepsis , our results show that AAVTβ4 markedly alleviated the upregulated expression
of TNF-α in the injured colonic tissues, suggesting
that suppressing TNF-α expression is an essential
mechanism for the Tβ4-mediated alleviation of colitis.
IL-1β is an important mediator of inflammation,
and its level is often increased during the development
of UC. However, reports regarding alterations of IL[28,30-32]
1β levels in CD are controversial
. Distinct
upregulation of IL-1β was found in the colons of DSStreated mice, while the IL-1β content was hardly
changed in the TNBS model. Tβ4 reversed the DSSinduced increase in colonic IL-1β expression, which
suggests that the suppression of IL-1β expression
contributes to the protective effect of Tβ4 on colitis.
IL-10, a potent anti-inflammation cytokine, is
[33,34]
considered a negative regulator in IBDs
. How
ever, the colonic IL-10 expression profile in patients
with IBD is controversial. Most reports indicate that
[27,35]
mucosal levels of IL-10 are increased in UC
, but
[28]
[36,37]
[38,39]
normal , decreased
and elevated
mucosal
IL-10 levels are reported for CD. Recent studies have
demonstrated that polymorphisms of the IL-10 gene
[40]
are correlated with the development of UC and CD .
In our study, AAV-Tβ4 attenuated the DSS-induced
increase and TNBS-induced decrease in colonic IL-10
levels. It is known that TNBS colitis exhibits enhanced
Th1-mediated inflammatory response, while DSS
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Figure 4 Adeno-associated virus carrying thymosin β 4 suppressed
dextran sulfate sodium - and 2,4,6-trinitrobenzene sulfonic acid-induced
inflammation in colonic tissue, as indicated by myeloperoxidase activity
assessment. Error bars indicate the SD. AAV: Adeno-associated virus; Tβ4:
Thymosin β 4; DSS: Dextran sulfate sodium; TNBS: 2,4,6-trinitrobenzene
sulfonic acid.

these alterations (Figure 7A and C). Unlike the findings
in the DSS model, neither TNBS treatment nor ic AAVTβ4 significantly altered colonic IL-1β levels (Figure
7B, P > 0.05). Collectively, these data indicate that
Tβ4 could modulate the production of inflammatory
cytokines in inflamed colons.

Tβ 4 attenuates the acceleration of cell proliferation in
the inflamed colonic mucosa

PCNA immunostaining demonstrated that both DSS
and TNBS caused notable increases in the proportions
of PCNA-positive cells in the colonic mucosa, while
ectopic Tβ4 mediated by AAV significantly suppressed
these increases (Figure 8), indicating that Tβ4 alleviated
the acceleration of cell proliferation in the inflamed
colons.

DISCUSSION
Although increased levels of serum Tβ4 were reported
[20]
in IBD patients , the role of Tβ4 in the development
of IBDs is still elusive. In this study, the colonic ex
pression of Tβ4 was increased after colitis induction,
especially in the DSS model, and the increase was
positively related to the colitis severity. These findings
suggest that differential expressions of Tβ4 might be
helpful to predict and assess the severity of IBDs.
The present study also showed that AAV-mediated
overexpression of Tβ4 in mouse colons alleviated both
DSS- and TNBS-induced colitis. Collectively, these data
suggest a dose-dependent protective effect of Tβ4 in
inflamed colons. The increased production of local
Tβ4 in mice with severe colitis reflected an adaptive
response of these mice to colonic damages, while the
increased expression of endogenous Tβ4 might not be
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Figure 5 Adeno-associated virus carrying thymosin β4 alleviated dextran sulfate sodium- and 2,4,6-trinitrobenzene sulfonic acid-induced epithelial cell
apoptosis in the colonic mucosa. TUNEL staining showed that intracolonic adeno-associated virus (AAV)-thymosin β4 (Tβ4) prevented the colonic mucosal epithelia
from undergoing apoptosis and thus led to decreased apoptotic indexes (AIs) in dextran sulfate sodium (DSS)- (A and B) and 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced (C and D) colitis in mice. The insets indicate the TUNEL-positive nuclear staining. Error bars indicate the SD. Scale bar: 50 μm and 25 μm (insets).

colitis is characterized by a predominant Th2 response
(increase in IL-10). A previous study reported that
Tβ4 had inhibitory effects on human colonic lamina
[18]
propria lymphocytes . Thus, we speculate that the
disparate effects of Tβ4 on IL-10 production might
be mediated via its suppression on the differently
enhanced responses of immune cells in the two models.
Overall, our results suggest that restoring the balance of
cytokines might be one of the underlying mechanisms
of Tβ4 in attenuating colitis.
Oxidant/antioxidant imbalance plays an essential
role in the pathogenesis of IBDs. The present study
demonstrates that AAV-Tβ4 administration decreased
MDA production and increased SOD activity in the
inflamed colons, which illustrates the efficacy of
Tβ4 in scavenging ROS and boosting anti-oxidative
defense during colitis. ROS mainly originate from
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inflammatory cells. Therefore, the mechanism of
Tβ4 in the prevention of oxidant damage in colonic
tissue should be mainly attributable to the alleviation
of the infiltration of inflammatory cells. In addition,
previous studies have revealed that Tβ4 reduced ROS
levels in corneal epithelial cells, cardiac fibroblasts and
cardiomyocytes via the upregulation of the expression
[41-43]
of antioxidant enzyme SOD and catalase
. A direct
enhancement of SOD expression by Tβ4 might also
contribute to the protection of oxidative damage.
Intestinal epithelial apoptosis is a representative
indicator of mucosal damage in IBDs. In the present
study, the attenuation of colonic cell apoptosis by Tβ4
should be mainly due to its inhibitory effects on infla
mmation and oxidative reaction, which protect mucosal
epithelia against death-inducing factors. Moreover,
there is substantial evidence that Tβ4 suppresses
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Figure 6 Adeno-associated virus carrying thymosin β4 relieved colonic oxidant damage in the mice with colitis. MDA content (A) and SOD activity (B) were
determined using biochemical assays. Error bars indicate the SD. AAV: Adeno-associated virus; Tβ4: Thymosin β4.
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Figure 7 Adeno-associated virus carrying thymosin β4 modulated colonic TNF-α, IL-1β and IL-10 levels in dextran sulfate sodium and 2,4,6-trinitrobenzene
sulfonic acid models. Colonic TNF-α (A), IL-1β (B) and IL-10 (C) levels were determined by ELISA. Error bars indicate the SD. AAV: Adeno-associated virus; Tβ4:
Thymosin β4; DSS: Dextran sulfate sodium; TNBS: 2,4,6-trinitrobenzene sulfonic acid.
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Figure 8 Adeno-associated virus carrying thymosin β4 attenuated the acceleration of colonic mucosal cell proliferation following dextran sulfate sodium
and 2,4,6-trinitrobenzene sulfonic acid treatments. Colonic cell proliferation was determined by PCNA immunostaining in dextran sulfate sodium (DSS) (A) and
2,4,6-trinitrobenzene sulfonic acid (TNBS) models (C). PCNA label indexes (PCNA LIs) of the DSS model (B) and TNBS model (D) were calculated. Error bars indicate
the SD. Scale bars = 50 μm. AAV: Adeno-associated virus; Tβ4: Thymosin β4.

the compensatory regeneration secondary to tissue
damage, which surpasses the proliferation-promoting
effect mediated by Tβ4.
Because IBD is a chronic and relapsing disorder
mainly involving the intestines, local and persistent
expression of therapeutic molecules should be a sui
table approach to IBD treatment. AAV is characterized
by a wide range of hosts, long-term expression,
low immunogenicity and lack of toxicity. Repeated
application of AAV is also feasible. Therefore, AAV
emerges as a promising vector in gene therapy for
chronic diseases, and it has been widely utilized in
[49-51]
clinical trials to treat a variety of diseases
. In the
present study, we constructed AAV-Tβ4 and confirmed
its efficacy in transducing mouse colonic cells and
mediating high expression of secretory Tβ4.
In conclusion, our study verifies that Tβ4 is a pro
tective molecule in murine colitis and suggests that ic

apoptosis of corneal epithelia, cardiomyocytes, neurons,
normal intestinal epithelia, and colorectal cancer cells
by regulating several intracellular signaling events
such as Akt activation, c-Jun phosphorylation, Bcl-2
[8,44-48]
phosphorylation, and decreased caspase-3 activity
.
Thus, a direct anti-apoptotic activity of Tβ4 might also
participate in this protective effect. As apoptosis is a
dynamic pathophysiologic process with considerable
complexity, further investigation is needed to clarify
the underlying mechanism(s) of Tβ4 for inhibiting colonic
epithelial apoptosis.
Tβ4 can promote the regeneration of the cornea,
[1,46,47]
skin, heart, and intestine epithelial cells
; never
theless, PCNA immunostaining in the current study
revealed that Tβ4 attenuated the accelerated proli
feration of colonic mucosal cells following DSS or TNBS
treatment. One possible explanation may be that
the attenuation of mucosal damage by Tβ4 reduces

WJG|www.wjgnet.com

252

January 14, 2017|Volume 23|Issue 2|

Zheng XY et al . Effects of thymosin β4 on colitis
AAV-Tβ4 could potentially be developed into a promising
therapeutic approach for IBDs. To further clarify the
importance of endogenous Tβ4 in the maintenance
of intestinal homeostasis and in the development of
IBDs, tissue-specific ablation of Tβ4 in mouse colons
or neutralization of extracellular Tβ4 by immunizing
animals with a Tβ4-carrier protein conjugates should be
carried out. Besides, the “treatment” effect of AAV-Tβ4 on
chronic colitis such as IL-10 knock-out mouse model is
also under our consideration.

2

3
4

5

COMMENTS
COMMENTS

6

Background

Although increased serum thymosin β 4 (Tβ 4) level has been reported in
inflammatory bowel diseases (IBDs) patients, its role in the development of
IBDs is still unclear. Preclinical and clinical studies have confirmed that Tβ4
can promote wound healing and attenuate inflammation, suggesting a possible
beneficial role of Tβ4 in colitis. Recombinant adeno-associated virus (AAV),
when intracolonically (ic) administered, can efficiently infect the colonic mucosa
and therefore it is a suitable vector to mediate ectopic expression of therapeutic
genes for both research and therapeutic applications in IBDs.

7

8

Research frontiers

9

This study is novel in demonstrating that Tβ4 is a protective factor in colitis
by relieving oxidant damage, attenuating epithelial apoptosis, reducing
inflammatory cell infiltrations, and modulating tumor necrosis factor-α,
interleukin (IL)-1β and IL-10 levels in the inflamed colonic mucosa of mice.

10

Innovations and breakthroughs

To achieve persistent, secretory overexpression of Tβ4 in mouse colons, the
authors constructed a recombinant AAV carrying a fusion gene composed
of the N-terminal 80 amino acid signal peptide of human neurotrophin-4
preproprotein fused to the N-terminus of the coding region of Tβ4 and employed
it via ic administration. Moreover, the authors tested the effects of ic AAV-Tβ4 in
both the dextran sulfate sodium colitis (ulcerative colitis-like) and TNBS (Crohn’s
disease-like) colitis models.

11

12

Applications

The results of the present study suggest that intracolonic AAV-Tβ4 is likely to be
developed as an efficient and convenient therapeutic agent for IBDs.

13

Terminology

Tβ4, a conserved 43-amino acid protein, is present in nearly all cells and in
various body fluids. Despite the lack of a signal peptide, Tβ4 can be released to
extracellular spaces by either secretion, cell lysis or necrosis, while extracellular
or exogenous Tβ 4 can be rapidly internalized by presently unknown
mechanisms. Tβ4 possesses many physiological activities, including promotion
of cell migration, adhesion, angiogenesis, cell survival, stem cell maturation and
down-regulation of inflammatory cytokines. There is evidence that the biological
actions of Tβ 4 are mediated in part by activating integrin-linked kinase,
increasing bcl-2 expression and decreasing caspase activation.
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16

This is a well-designed study. The role of Tβ4 in colitis is novel and the data
of the present study indicate that AAV-Tβ4 may be explored as a promising
therapeutic agent for IBDs.
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Abstract
AIM
To investigate the dynamic alteration of mitochondrial
carnitine palmitoyl transferase Ⅱ (CPT-Ⅱ) expression
during malignant transformation of rat hepatocytes.

Institutional review board statement: The study was reviewed
and approved by the Affiliated Hospital of Nantong University,
China.

METHODS
Sprague-Dawley male rats were fed with normal,
high fat (HF), and HF containing 2-fluorenylaceta
mide (2-FAA) diet, respectively. According to the
Hematoxylin and Eosin staining of livers, rats were
divided into control, fatty liver, degeneration, pre

Institutional animal care and use committee statement: The
study was reviewed and approved by Nantong University, China.
Conflict-of-interest statement: No potential conflict of interest.
Data sharing statement: No additional data are available.
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cancerous, and cancerous groups. Liver lipids were
dyed with Oil Red O, CPT-Ⅱ alterations were analyzed
by immunohistochemistry, and compared with CPTⅡ specific concentration (μg/mg protein). Levels of
total cholesterol (Tch), triglyceride (TG), and aminotransferases [alanine aminotransferase (ALT), aspartate
aminotransferase (AST)] were determined by the
routine methods.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1,2]
common and rapidly fatal malignancies worldwide ,
with a highly chemoresistant cancer with no effective
[3,4]
systemic or well-established adjuvant therapies .
HCC prognosis remains very poor because of its high
recurrence. Nonalcoholic fatty liver disease (NAFLD)
has been one of the primary causes of cases of chronic
liver diseases or HCC in Europe, the United States, and
[5,6]
Japan . Now, it is also one of the main risk factors
for HCC in China, except for chronic persistent infection
with hepatitis B viruses or hepatitis C viruses as well as
[7-9]
other non-viral liver diseases .
NAFLD is a disease characterized by diffuse macro
vesicular steatosis of hepatocytes without excessive
[10,11]
drinking history or other factors of liver damage
.
It mainly includes simple fatty liver, nonalcoholic
steatosis hepatitis (NASH), NASH-related cirrhosis, and
[12,13]
even ultimate development of HCC
. However, the
pathogenesis of NAFLD formation is very complicated
and the relationship between nonalcoholic fatty accu
mulation and hepatocyte injury or malignant trans
[14,15]
formation still need to be elucidated
.
Fatty acids are a family of molecules classified within
the lipid macronutrient class. One role of fatty acids
within metabolism is energy production, captured in the
[16]
form of adenosine triphosphate (ATP) . When they are
completely oxidized to CO2 and water by β-oxidation
in mitochondria and the citric acid cycle. The carnitine
palmitoyl transferase (CPT) system (EC 2.3.1.21)
is a pivotal component of ATP generation through
[17]
mitochondrial fatty acid oxidation . The CPT complex
consists of two enzymes located in the outer (CPT-Ⅰ)
[18]
and inner (CPT-Ⅱ) mitochondrial membranes . The
rate-limiting step in the importation of long-chain fatty
acids into the mitochondria is the transesterification of
acyl-coenzyme A (CoA) to acylcarnitine by CPT-Ⅰ, while
CPT-Ⅱchanges the imported acylcarnitine back to acyl[19]
CoA .
CPT Ⅱ protein is a homotetramer encoded by a
single gene (which spans 20 kb and contains 5 exons
ranging from 81 to 1305 bp) located on chromosome
1p32. Its activity is closely associated with energy
[20]
metabolism and fatty acid oxidation . However, to our
knowledge, the relationship between CPT-Ⅱ activity
and lipid accumulation has not been reported, es
[21,22]
pecially in NAFLD or HCC
. The objectives of this
study were to investigate the dynamic alterations of
hepatic mitochondrial inner membrane CPT-Ⅱ activity
and hepatic specific concentration during rat hepa
tocarcinogenesis under the statues of nonalcoholic lipid
accumulation.

RESULTS
After intake of HF and/or HF+2-FAA diets, the rat
livers showed mass lipid accumulation. The lipid level
in the control group was significantly lower than that
in other groups. The changes of serum TG and Tch
levels were abnormally increasing, 2-3 times more
than those in the controls (P < 0.05). During the rat
liver morphological changes from normal to cancer
development process with hepatocyte injury, serum
AST and ALT levels were significantly higher (4-8 times,
P < 0.05) than those in the control group. The specific
concentration of CPT-Ⅱ in liver tissues progressively
decreased during hepatocyte malignant transformation,
with the lowest CPT-Ⅱ levels in the cancer group than
in any of the other groups (P < 0.05).
CONCLUSION
Low CPT-Ⅱ expression might lead to abnormal hepatic
lipid accumulation, which should promote the malignant
transformation of hepatocytes.
Key words: Fatty liver; Carnitine palmitoyl transferaseⅡ; Malignant transformation of hepatocytes; Dynamic
expression; Rat model
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD) is
one of the main risk factors for hepatocellular car
cinoma, except for chronic infection with hepatitis
B virus or hepatitis C virus as well as other nonviral liver diseases. However, the pathogenesis of
NAFLD formation still need to be elucidated. We have
successfully investigated the dynamic alteration of
carnitine palmitoyl transferase Ⅱ (CPT-Ⅱ) expression
located on the mitochondrial inner membrane during
malignant transformation of rat hepatocytes under lipid
accumulation and first discovered that the progressively
decreasing of CPT-Ⅱ expression in hepatocarcinogenesis
might lead to abnormal hepatic lipid accumulation and
promote the malignant transformation of hepatocytes.
Gu JJ, Yao M, Yang J, Cai Y, Zheng WJ, Wang L, Yao DB, Yao
DF. Mitochondrial carnitine palmitoyl transferase-Ⅱ inactivity
aggravates lipid accumulation in rat hepatocarcinogenesis. World
J Gastroenterol 2017; 23(2): 256-264 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i2/256.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i2.256
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MATERIALS AND METHODS
Rats and animal models

Ninety-four male Sprague-Dawley rats (4-6-wk-old,
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body weight 100-120 g) provided by the Experimental
Animal Center of Nantong University, China, were
divided randomly into control (n = 10), fatty liver (n =
42) and inducing cancer groups (n = 42), and housed
under bio-clean conditions at 22 ± 2 ℃ environment
with a 12-h light/dark cycle and 55% humidity according
[23]
to the previously described method . The starting time
for the animal experiment was defined as week 0. The
rats were then monitored daily for survival and weight
loss and their clinical signs were recorded; the rats were
sacrificed at different times. All procedures performed
on the animals were conducted in accordance with the
guidelines for experimental animals approved by the
Animal Care and Use Committee of Nantong University,
China.

PH 7.0 approximately 7.2) to remove excess blood
thoroughly and weighed before homogenization.
After mincing the tissues into small pieces, they
were homogenized in 10 mL of PBS on ice with a
glass homogenizer. The resulting suspension was
subjected to two freeze-thaw cycles to further break
the cell membranes. After that, the homogenates
were centrifuged for 5 min at 5000 × g and then
the supernatant was removed and either assayed
immediately or aliquoted for storage at -20 ℃. The
protein concentration was determined using a Bicin
choninic acid protein assay kit (Beyotime Institute of
Biotechnology, China).

CPT-Ⅱ immunohistochemistry

Paraffin tissue slides of the rat liver tissues were
dewaxed, rehydrated, and subjected to antigen
retrieval. Slides were incubated with 3% H2O2 for 10
min, washed with PBS, and then incubated with rabbit
anti-rat monoclonal CPT-Ⅱ antibody (ab181114, diluted
1:80; Abcam, United Kingdom) at 4 ℃ overnight.
After washing with PBS, the reaction enhancement
solution was added, incubated for 20 min and washed.
The samples were then incubated with horse radish
peroxidase (HRP)-conjugated goat anti-rabbit IgG
for 30 min. Finally, the slides were reincubated with
diaminobenzidine and counterstained with Hematoxylin
solution, dehydrated in ethanol, cleared in xylene, and
cover-slipped. The relative quantitative levels of CPT-Ⅱ
expression were calculated using Image Pro Plus 6.0.

Pathological examination

Rat liver tissues were fixed by 10% (V/V) buffered
formalin and then dehydrated, made transparent,
dipped in wax, embedded and sliced. The paraffin
sections were subjected to histological examination with
Hematoxylin and Eosin (HE) staining, with observation
and photograph recording by light microscope (BX51;
Olympus, Japan); the sections grouped as: control,
fatty liver, degeneration, precancerous, and cancerous.

Lipid accumulation model

The rats in the fatty liver group were fed with high
fat diet (HF; 10% lard, 10% yolk, 4% cholesterol,
[24,25]
1% cholic acid, and 75% normal diet)
. The rats
in the inducing cancer groups were fed with HF diet
containing 0.05% 2-fluorenyl-acetamide (2-FAA;
Sigma, United States). The rats in the control group
were fed with normal diet. The rats with one control,
each of the HF and HF-2-FAA group, were sacrificed
for blood draw and collection of livers every 2 wk. The
morphological changes of rat livers were examined by
H&E staining. According to the H&E results, the rats
were divided into the control, fatty liver, degeneration,
precancerous, and cancerous groups. The hepatic
lipid accumulation of different livers was dyed using
[26]
the Oil Red O method , the alterations of CPT-II
expression were confirmed by immunohistochemistry,
and compared with the CPT-Ⅱ specific concentration
(μg/mg liver protein) among the different groups.

Biochemistry analysis

The levels of total cholesterol (Tch), triglyceride
(TG), alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) in sera of rats were quan
titatively detected by routine clinical methods and
according to the instructions of matched test kits
provided by the Nanjing Jiangcheng Bioengineering
Institute. Then, the absorbance (A) was determined
and the result was calculated as concentration of Tch,
TG, AST, and ALT from the respective standard curves.

Enzyme-linked immunosorbent assay

The levels of hepatic CPT-Ⅱ expression were detected
by using an enzyme-linked immunosorbent assay
kit (Cloud-Clone Corp., United States) according to
the manufacturer’s instructions, with positive sample
as quality control and performed by two researchers
working independently. For the study, 100 μL was
added of each dilution of the standard, blank and
samples into the appropriate wells. After that, the
plates were covered by means of a plate sealer and
incubated for 2 h at 37 ℃, after which the liquid
was removed from each well, and 100 μL of biotinconjugated antibody specific to CPT-Ⅱ was added to
each well and incubated for 1 h at 37 ℃. Next, after
washing, 100 μL of avidin conjugated to HRP was
added and incubated for 30 min at 37 ℃. Then, after

Fat with Oil Red O staining

Rat liver tissues stored at -80 ℃ were made into frozen
sections, stained by the Oil Red O solution (0.5%;
Nanjing Jiangcheng Bioengineering Institute, China),
observed and photographed by light microscopy
(IX71-A12FL/PH; Olympus, Japan). The ratio of red
area to total tissue area in each microscopic field was
determined by Image Pro Plus 6.0. This ratio represents
the relative content of fats in each liver tissue.

Total protein in liver tissues

Liver tissues were rinsed in ice-cold PBS (0.01 moL/L,
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Figure 1 Rat liver tissues and their pathological examination. Liver alterations after the rats were sacrificed at different stages during hepatocyte malignant
transformation. A: A representative specimen from the control rats with normal diet; B: A representative specimen from the rats with high-fat diet without 2-fluorenyl
acetamide (2-FAA); C: A representative specimen from the rats with high-fat diet containing 2-FAA, at early stage; D: A representative specimen from the rats with
high-fat diet containing 2-FAA, at interim stage; and E: A representative specimen from the rats with high-fat diet containing 2-FAA, at later stage. The liver sections
were examined with hematoxylin and eosin staining and then divided into the control (A1), fatty liver (B1), degeneration (C1), precancerous (D1), and cancerous (E1)
groups; A1-E1: The original magnification of the corresponding rat liver sections was × 200.

washing, 90 μL of substrate solution was added to
each well and incubated for 15 min at 37 ℃. Next, 50
μL of the stop solution was added to each well, and the
A value was read at 450 nm using a microplate reader
(Synergy HT; BioTek, United States). A standard curve
was plotted based on the concentrations of different
standards and their corresponding A values. The
CPT-Ⅱ concentration of each sample was calculated
according to its A value with the standard curve.

H&E staining after 2-FAA diet were divided into the
degeneration, precancerous, and cancerous groups,
except for the control or fatty liver groups. At the early
stage, the livers in the degeneration group tended
to be yellowish and to show, microscopically, a large
number of round vacuoles around the nuclei, which
could be fused into a large vacuole with mild hepatic
fibrosis (Figure 1C and C1). At the medial stage, a
small amount of nodules appeared on the liver surface
in the precancerous group, and pseudolobuli formation
was observed under microscopy, with hyperchromatic
nuclei, obvious nucleoli and dysplasia (Figure 1D and
D1). At the last stage, the liver surface in the cancerous
groups showed diffuse small nodules and pathological
observation showed tumor cells that were disordered
and nested, neoplastic cells with round, oval or irregular
shape (Figure 1E and E1).

Statistical analysis

Statistical analysis was carried out by using SPSS
software (version 20.0). Image Pro Plus 6.0 image
system was used for analysis. Data were calculated as
the mean ± SD and compared between two groups
by t test. A P value less than 0.05 was set at the
significance level for statistical analysis.

Lipid accumulation and hepatocyte malignant
transformation

RESULTS
Pathological morphological alteration of rat livers

The lipid accumulation after liver sections stained with
the Oil Red O are shown in Figure 2. There was no
obvious positive lipid staining in the livers of the control
group (Figure 2A) and significant positive staining
was found in each of the other groups, with large
amount of lipid accumulation. The lipid level in the
control group was significantly lower than that in the
fatty liver group (t = -11.556, P < 0.001; Figure 2B),
the denaturation group (t = -4.847, P = 0.04; Figure
2C), the precancerous group (t = -13.652, P = 0.005;
Figure 2D), and the cancerous group (t = -10.896, P =
0.008; Figure 2E). The relative fat quantitative analysis
in the liver tissues (Figure 2F) indicated that there was
no obvious lipid staining in the control group, while
the lipid accumulation of livers in the fatty liver group
was the highest among different rats with the deepest
red by the Oil Red O staining. The lipid content in the

The alterations of morphology and pathology of rat
livers are shown in Figure 1. The general specimen of
the rat livers in the control group was observed to be
reddish brown, soft, and brittle (Figure 1A). The liver
cells after the H&E staining showed cords, prominent
nucleoli, clear nuclear membrane, sparse nuclear
chromatin, and shallow dyeing under microscopy
(Figure 1 A1). Of the livers in the fatty liver group, the
appearance volumes seem to be increasing slightly
with smooth tight membrane, soft texture, yellow
color, and greasy feeling (Figure 1B); the liver cells
under microscopy showed the cytoplasm appearing
in many, ranging from swollen size of the vacuoles
(lipid droplets), clear nucleus, and fuzzy intercellular
boundary (Figure 1 B1).
The rat liver morphological changes observed with
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Figure 2 Rat hepatic lipid accumulation in the different groups after liver section staining with the Oil Red O. The status of hepatic lipid accumulation in the
different rat groups was analyzed after liver section staining with the Oil Red O method. A: Liver sections of control rats with normal diet; B: Liver sections of the fatty
liver rats with high-fat diet without 2-fluorenylacetamide (2-FAA); C: Liver sections of the degeneration rats with high-fat diet containing 2-FAA, at early stage; D: Liver
sections of precancerous rats with high-fat diet containing 2-FAA, at interim stage; E: Liver sections of cancerous rats with high-fat diet containing 2-FAA, at later
stage; F: Relative quantitative analysis of fats in the liver tissue; A-E: The original magnification was × 200; A1-E1: The original magnification was × 400. aP < 0.05.

concentration of liver CPT-Ⅱ was 124.08 ± 26.73
ng/mg P in the control group, 92.84 ± 11.18 ng/mg
P in the fatty liver group, 39.29 ± 6.33 ng/mg P in
the denaturation group, 50.49 ± 18.92 ng/mg P in
the precancerous group, and 38.73 ± 14.95 ng/mg P
in the cancerous group. The hepatic CPT-Ⅱ level was
significantly higher in the control group than in the fatty
liver group (t = 2.641, P = 0.035), the denaturation
group (t = 7.559, P < 0.001), the precancerous group
(t = 5.504, P < 0.001), and the cancerous group
(t = 6.825, P < 0.001). Besides, the CPT-Ⅱ level in
the fatty liver group was significantly higher than in
the denaturation group (t = 10.210, P < 0.001), the
precancerous group (t = 4.721, P = 0.001) and the
cancerous group (t = 7.100, P < 0.001). It can be seen
that the specific concentration of liver CPT-Ⅱexpression
progressively decreased during hepatocyte malignant
transformation.

inducing cancer groups was about only 50% of the
fatty liver group, and the difference was significant (P
< 0.05).

Lipid accumulation and hepatocyte injury

During the rat hepatocyte malignant transformation, the
changes of circulating lipid levels and hepatic enzyme
activities in the Sprague-Dawley rats are shown in
Table 1. The changes of serum TG and Tch levels were
abnormally increased 2-3 times more than those in the
controls (P < 0.05). During the rat liver morphological
changes from normal to cancer development process
with hepatocyte injury, serum AST and ALT levels were
significantly higher (4-8 times, P < 0.05) than those in
the control group. All the data showed that liver lipid
accumulation was serious with hepatocyte injury in all
groups except for the rats in the control group.

Significant decrease of liver CPT-Ⅱ specific
concentration

Immunohistochemical analysis of CPT-Ⅱ expression

The alterations of CPT-Ⅱ concentration in liver tissues
are shown in Figure 3. The meaning is the concentration
of CPT-Ⅱ/per mg of total protein in the supernatant
of liver tissue homogenate (ng/mg P). The specific
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The immunohistochemical analysis results for CPTⅡ expression in the different rat liver tissues are shown
in Figure 4. The average optical density of hepatic CPTⅡ expression in the control group was significantly
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Table 1 Biochemical alterations and liver cell injury in different rats
Group

n

Tch (mmol/L)

TG (mmol/L)

ALT (IU)

AST (IU)

Control
Fatty liver
Degeneration
Precancerous
Cancerous

10
39
17
15
10

1.88 ± 0.42
3.36 ± 1.43a
6.26 ± 1.79a
4.84 ± 1.37a
5.10 ± 1.18a

1.09 ± 0.42
1.69 ± 1.12a
4.51 ± 3.10a
4.68 ± 2.20a
3.10 ± 1.76a

6.26 ± 2.76
27.48 ± 21.64a
54.45 ± 33.82a
48.83 ± 29.30a
32.97 ± 21.34a

8.15 ± 3.70
22.87 ± 17.51a
35.09 ± 14.72a
50.38 ± 22.65a
31.41 ± 16.13a

a

P < 0.05 vs control group. Tch: Total cholesterol; TG: Triglyceride; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
a

150

CoAs from acylcarnitines to initiate the β-oxidation of
[28,29]
fatty acids to acetyl-CoA
. Then, carnitine crosses
the mitochondrial inner membrane and binds with
the endogenous or exogenous acyl-CoA to prevent
the accumulation of acyl-CoA and subsequent cell
poisoning.
Although the association between NAFLD and
HCC has recently attracted a high degree of clinical
attention, the pathogenesis of NAFLD occurrence still
[13-15]
remains unclear
. In this study, we successfully
made an in vivo model under lipid accumulation con
ditions for the first time to investigate the dynamic
alteration of CPT-Ⅱ expression during hepatocyte
malignant transformation.
Long chain fatty acids are required to be tran
sported by carnitine via the mitochondrial inner
membrane to the substrate for oxidation, thus having
enough carnitine available is very important for fatty
[30]
acid oxidation . After virus infection, competitive
combination of endogenous metabolites and carnitine
inhibits CPT-Ⅱ expression, which causes a lack of
carnitine and accumulation of acyl-CoA and fatty acids,
leading to mitochondrial damage and finally resulting
[16,31]
in energy dysmetabolism
. During the process,
carnitine deficiency causes a decrease in serum free
fatty acids, resulting in visceral fat accumulation and
abnormal endogenous metabolites’ (dicarboxylic acid)
production, resulting in more severe injury of mito
[17,18]
chondria
.
After the Sprague-Dawley rats in-took HF diets, the
livers showed mass lipid accumulation. The lipid level
in the control group was significantly lower than in the
fatty liver the livers of the denaturation, precancerous
and cancer groups. The levels of serum TG and Tch
abnormally increased 2-3 times more than those
in the controls. During the rat liver morphological
changes from normal to cancer development process
with hepatocyte injury, serum AST and ALT levels
were significantly higher (4-8 times) than those in
the control group. The results indicated that the fat
accumulation in the rat livers with hepatocyte damage
could affect the fat oxidation in mitochondria.
Hepatic lipid accumulation is a complicated process
with multi-factors, multi-steps and multi-phases, and
is closely related to the mitochondrial inner membrane
[32,33]
CPT-Ⅱ activity or function
. Hepatic CPT-Ⅱ controls
the mitochondria’s lipid oxidation, and its activity is
sensitive to temperature, regulated by peroxisome

CPT-Ⅱ (ng/mg P)

a
100

50

0

A

  B

   C

D

   E

Figure 3 Dynamic alteration of carnitine palmitoyl transferaseⅡ expression in rat livers. The CPT-Ⅱ contents of rat hepatic tissues in the
different rat groups were analyzed during hepatocyte malignant transformation.
A: Liver sections of control rats with normal diet; B: Liver sections of the fatty
liver rats with high-fat diet without 2-fluorenylacetamide (2-FAA); C: Liver
sections of the degeneration rats with high-fat diet containing 2-FAA, at early
stage; D: Liver sections of precancerous rats with high-fat diet containing 2-FAA,
at interim stage; E: Liver sections of cancerous rats with high-fat diet containing
2-FAA, at later stage. aP < 0.05. CPT-Ⅱ: Carnitine palmitoyl transferase-Ⅱ.

higher than in the fatty liver group (t = 2.648, P =
0.025), the denaturation group (t = 9.071, P < 0.001),
the precancerous group (t = 8.397, P < 0.001), and
the cancerous group (t = 8.836, P < 0.001). Besides,
the average optical density in the fatty liver group was
significantly higher than in the denaturation group (t =
6.976, P < 0.001), the precancerous group (t = 6.166,
P < 0.001), and the cancerous group (t = 6.698, P
< 0.001). From these data, the decreasing specific
concentration of liver CPT-Ⅱ expression was revealed
during rat hepatocyte malignant transformation.

DISCUSSION
The formation mechanism of NAFLD is very complex,
with many related theories such as insulin resistance,
lipid peroxidation, cellular factors’ over-expression,
lipid metabolism disorder, genetic, environmental,
[25,27]
immune, drugs, iron overload and so on
. The
performance characteristic of NAFLD is metabolic
disorder of lipids, and CPT-Ⅱ located on the mito
chondrial inner membrane is the key enzyme of fatty
[18,28]
acid metabolism
. In normal lipid metabolism, the
fatty acids in the body are activated into acyl-CoA
are carried into the mitochondria by carnitine. In the
mitochondrial outer membrane, fatty acids and CoA
must be converted to acyltransferases by CPT-Ⅰ. Once
inside the mitochondrial matrix, CPT-Ⅱ generates acyl-
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Figure 4 Immunohistochemical analysis of carnitine palmitoyl transferase Ⅱ expression. The CPT-Ⅱ contents of rat hepatic tissues in the different rat groups
were analyzed by immunohistochemistry. A: Liver sections of control rats with normal diet; B: Liver sections of the fatty liver rats with high-fat diet without 2-fluorenyl
acetamide (2-FAA); C: Liver sections of the degeneration rats with high-fat diet containing 2-FAA, at early stage; D: Liver sections of precancerous rats with high-fat
diet containing 2-FAA, at interim stage; E: Liver sections of cancerous rats with high-fat diet containing 2-FAA, at later stage; F: The relative quantitative analysis of
CPT-Ⅱ in the liver tissue; A-E: The original magnification was × 200; A1-E1: The original magnification was × 400. aP < 0.05. CPT-Ⅱ: Carnitine palmitoyl transferase-Ⅱ.
[17,18]

proliferators-activated receptors
, and has multiple
variations. Liver derangements in lipid metabolism,
importing of free fatty acids and manufacturing, storing
and exporting of lipids could lead to NAFLD deve
lopment.
Although the majority of NAFLD patients presented
with steatosis only, about 20% of patients presented
with NASH (as defined by microscopic findings and
consisting of liver injury, steatosis, parenchymal and
[34,35]
portal inflammation, and distinctive fibrosis)
. Loss
of CPT-Ⅱ catalytic function has direct effect on lipid
oxidation. Hepatic CPT-Ⅱ level in the fatty liver group
was significantly lower than that in the control group,
indicating that CPT-Ⅱ reduction could be associated
with lipid accumulation or steatosis.
Systemic and genetic mechanisms involved in
the malignant trans- formation of liver cells, as well
as some biomarkers at early stage HCC, have been
[23,36]
investigated
. Dysregulation of the hormonal axes
and cytokines in patients with NAFLD promotes a
greater impairment of the cycle between metabolic and
inflammatory stimulus that might lead to malignant
[37,38]
transformation of hepatocytes
. However, the exact
mechanisms underlying the interrelation of NAFLD and
HCC remain largely unknown.
In this study, the dynamic alterations of CPT-Ⅱ ex
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pression were observed by using models of hepatocyte
malignant transformation under nonalcoholic lipid
accumulation. The rat hepatocyte development from
normal to malignant transformation after intake of fatty
liver diets with a chemical cancer inducing agent was
assessed. The specific contents of hepatic CPT-Ⅱin the
cancerous groups were significantly lower than those
in the fatty liver group, which was negatively correlated
with the cell malignancy degree. The present data
suggested that decreasing CPT-Ⅱ accompanying lipid
accumulation led to further damage of liver cells and
promoted cell malignancy transformation.
In conclusion, to the best of our knowledge, this is
the first report to investigate hepatic CPT-Ⅱ expression
in hepatocarcinogenesis and to indicate that it may
[39,14,40]
be a novel important factor for NAFLD
. Here,
the findings are promising, and the initial evidence
confirmed that CPT-Ⅱ is one of the key molecules in the
β-oxidation of fatty acids. Future studies should clarify
the molecular mechanisms of the down-regulation of
hepatic CPT-Ⅱ expression and the relationship between
NAFLD and HCC. Although the exact mechanisms
underlying the NAFLD tumor-promoting mechanisms
triggered by hypernutrition remain to be explored,
it is well recognized that NAFLD with excessive fat
deposition and loss CPT-Ⅱ activity represent a greater
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risk of tumor-promoting inflammation conditions and
should be treated in time to avoid liver cell malignant
[41,42]
transformation
.
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Background

Systemic and genetic mechanisms are involved in the malignant transformation
of liver cells. Dysregulation of the hormonal axes and cytokines in patients with
nonalcoholic fatty liver disease (NAFLD) promotes a greater impairment of the
cycle between metabolic and inflammatory stimulus that might lead to malignant
transformation of hepatocytes. However, the exact mechanisms underlying the
interrelation of NAFLD and hepatocellular carcinoma remain largely unknown.

7

Research frontiers

The formation mechanism of NAFLD is very complex, involving many related
theories such as insulin resistance, lipid peroxidation, cellular factors’ overexpression, lipid metabolism disorder, genetic, environmental, immune, drugs,
iron overload and so on. The performance characteristic of NAFLD is that of
a metabolic disorder of lipids, and carnitine palmitoyl transferase Ⅱ (CPTⅡ) located on the mitochondrial inner membrane is the key enzyme of fat
metabolism.

8

Innovations and breakthroughs

10

9

This is the first report to investigate hepatic CPT-Ⅱ expression in hepatocarcinogenesis and to indicate that it may be a novel important factor for
NAFLD. The findings are promising, and the initial evidence confirmed that
CPT-II is one of the key molecules in the β-oxidation of fatty acids.

11
12

Applications

Although the exact mechanisms underlying the NAFLD tumor-promoting
mechanisms triggered by hypernutrition remain to be explored, it is well
recognized that NAFLD with excessive fat deposition and loss CPT-Ⅱ activity
represent a greater risk of tumor-promoting inflammation conditions and should
be treated in time to avoid liver cell malignant transformation.

13

Terminology

14

CPT consists of two enzymes located in the outer (CPT-Ⅰ) and inner (CPTⅡ) mitochondrial membranes. CPT-Ⅱ is a homotetramer encoded by a single
gene (which spans 20 kb and contains 5 exons, ranging from 81 to 1305 bp)
located on chromosome 1p32, and its activity is closely associated with energy
metabolism and fatty acid oxidation.

15

Peer-review

16

The abnormality of mitochondrial CPT-Ⅱ expression was progressively
decreased in hepatocarcinogenesis, which might lead to abnormal hepatic lipid
accumulation that should promote the malignant transformation of hepatocytes,
and CPT-Ⅱ should be an early useful marker for monitoring malignant
transformation of rat hepatocytes.
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Abstract
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AIM
To evaluate the impact of glycemic control and nutri
tional status after total pancreatectomy (TP) on com
plications, tumor recurrence and overall survival.

Institutional review board statement: The study was reviewed
and approved by the Fudan University Huashan Hospital Ethical
Committee and Institutional Review Board.

METHODS
Retrospective records of 52 patients with pancreatic
tumors who underwent TP were collected from 2007 to
2015. A series of clinical parameters collected before and
after surgery, and during the follow-up were evaluated.
The associations of glycemic control and nutritional status
with complications, tumor recurrence and long-term
survival were determined. Risk factors for postoperative
glycemic control and nutritional status were identified.
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RESULTS
High early postoperative fasting blood glucose (FBG)
levels (OR = 4.074, 95%CI: 1.188-13.965, P = 0.025)
and low early postoperative prealbumin levels (OR =
3.816, 95%CI: 1.110-13.122, P = 0.034) were signi
ficantly associated with complications after TP. Posto
perative HbA1c levels over 7% (HR = 2.655, 95%CI:
1.299-5.425, P = 0.007) were identified as one of the
independent risk factors for tumor recurrence. Patients
with postoperative HbA1c levels over 7% had much
poorer overall survival than those with HbA1c levels
less than 7% (9.3 mo vs 27.6 mo, HR = 3.212, 95%CI:
1.147-8.999, P = 0.026). Patients with long-term dia
betes mellitus (HR = 15.019, 95%CI: 1.278-176.211, P
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gland, makes TP considered as a treatment for this
[4]
diffuse lesion . The presence of a microscopically positive surgical resection (R1) margin requires extended
resection up to TP. In the case of life-threatening
complications after partial pancreatectomy, emergency
[5]
TP can be utilized to control debridement and sepsis .
The procedure can also be performed as a feasible
strategy for tumor recurrence in the remnant, or a
more aggressive management for hereditary pancreatic
[6]
cancer in high-risk patients with genetic abnormalities
or multifocal diseases such as islet cell neoplasms or
[7]
renal cell metastasis .
According to a surveillance epidemiology and end
results (SEER) database review, the receipt of TP has
increased over the years, as 9.3% of patients with
pancreatic ductal adenocarcinoma underwent TP in
[8]
1998 compared with 14.3% in 2004 . Complete
absence of pancreatic hormones, including insulin,
glucagon and other islet regulation peptides, leads to
tough management of brittle diabetes and danger[9]
ous episodes of hypoglycemia . Lack of pancreatic
digestive enzymes contributes to malabsorption, with
[10]
symptoms of severe diarrhea and steatorrhea .
It has been hypothesized that glycemic control and
nutritional status at the apancreatic state may have a
potential impact on postoperative complications, tumor
recurrence and long-term survival, but this has not yet
been studied. Considering the complex postoperative
medical management, the decision of TP in the setting
of pancreatic tumors continues to be a challenge for
many surgeons and patients.
The aim of the study presented herein was to
clarify whether glycemic control and nutritional status
are associated with complications, tumor recurrence
and long-term survival by conducting a retrospective analysis of patients undergoing TP. In addition,
risk factors for postoperative glycemic control and
nutritional status were evaluated for further improvement of reduced pancreatic exocrine and endocrine
insufficiency.

= 0.031) and alcohol history (B = 1.985, SE = 0.860,

P = 0.025) tended to have poor glycemic control and
lower body mass index levels after TP, respectively.

CONCLUSION
At least 3 mo are required after TP to adapt to diabetes
and recover nutritional status. Glycemic control appears
to have more influence over nutritional status on longterm outcomes after TP. Improvement in glycemic
control and nutritional status after TP is important to
prevent early complications and tumor recurrence, and
improve survival.
Key words: Total pancreatectomy; Glycemic control;
Nutritional status; Complication; Tumor recurrence;
Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Considering that total pancreatectomy (TP)
deprives patients of endocrine and exocrine pancreatic
function, the decision of TP in the setting of pancreatic
tumors continues to be a challenge. A series of posto
perative clinical parameters ensure the instantaneity
of objective reflection of metabolism, and analyses
of their association with outcomes may have more
clinical value, compared with the preoperative ones. It
is concluded that postoperative glycemic control and
nutritional status have an impact on clinical outcomes
after TP. Improvement in postoperative management
is important to prevent early complications and tumor
recurrence and, more importantly, improve survival.
Shi HJ, Jin C, Fu DL. Impact of postoperative glycemic
control and nutritional status on clinical outcomes after total
pancreatectomy. World J Gastroenterol 2017; 23(2): 265-274
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i2/265.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i2.265

INTRODUCTION

MATERIALS AND METHODS

Pancreatic surgery has taken a dominant position
among the multimodal therapies of pancreatic tumors
owing to standardization of care, multidisciplinary
[1]
approach and centralization at high-volume centers .
Total pancreatectomy (TP), as a resection for the entire
gland, seems to have a more profound and lasting
impact on patients, compared with pancreaticoduodenectomy (PD) and distal pancreatectomy (DP). With
improved surgical techniques and acceptable mortality, interest in TP has been renewed by alternative
[2]
indications, in addition to invasive pancreatic cancer
[3]
and end-stage chronic pancreatitis . The increasing
recognition of intraductal papillary mucinous neoplasms (IPMN) that main duct tape is associated with
malignant transformation along the entire pancreas

Patients

WJG|www.wjgnet.com

A total of 52 patients who underwent elective TP
between 2007 and 2015 at Huashan Hospital, Fudan
University. At our institute, elective TP was indicated
for pancreatic ductal adenocarcinoma, cystadenocarcinoma, invasive IPMN, acinar adenocarcinoma,
adenosquamous carcinoma and renal cell carcinoma
metastasis (Table 1). Benign IPMN was not included
because it is not a regular indication for TP in our
nation and completion pancreatectomy is more acceptable for our patients once tumor recurrence occurs.
Completion pancreatectomy was excluded as well. All
data collected were consented by these patients and
approved by the Ethical Committee and Institutional
Review Board.
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located in the pancreatic corpus to avoid dissemination
of tumor cells. Extension of a pancreatectomy was
anticipated for positive frozen section of the pancreatic
margin (R1). Twenty-six patients underwent portal/
superior mesenteric vein resection and artificial blood
vessel replacement. Extended resection of adjacent
organs was performed when inevitable for locally
advanced tumors. TP for suspected carcinoma was
followed by a standard radical lymphadenectomy.
The spleen was usually preserved when a tumor was
deemed localized far from the structure. Pyloruspreserving TP was not performed in these cases.

Table 1 Clinicopathologic characteristics of 52 patients
undergoing total pancreatectomy
Variable

No. of patients

Mean age ± SD (yr)
60.3 ± 9.0
Sex (male)
32
Pathology
Adenocarcinoma
43
Cystadenocarcinoma
2
Invasive IPMN
4
Acinar adenocarcinoma
1
Adenosquamous carcinoma
1
Renal cell carcinoma metastasis
1
Tumor location
Head
28
Corpus
15
Tail
3
> 1 location
6
Median primary tumor size (IQR) (cm)
4.7 (3.0-6.0)
Venous invasion
26
Lymph node invasion
18
Splenectomy
11
Operative time (IQR) (min)
472.5 (421.3-548.8)
Operative arrangement
Planned
20
Unplanned
32
Postoperative complication1
Gastroplegia
4
Gastrointestinal or abdominal hemorrhage bleeding
1
Pneumonia
14
Abdominal infection
9
Hepatic failure
1
Respiratory failure
1
Length of postoperative hospital stay (IQR) (d)
12.0 (10.0-17.8)
Neoadjuvant treatment
14
Adjuvant treatment
52
Median recurrence-free time (IQR) (mo)
4.7 (2.7-13.6)
Median survival time (IQR) (mo)
20.9 (10.2-51.0)
1-year survival (%)
63.4
3-year survival (%)
24.2
5-year survival (%)
12.5

Postoperative medical monitoring and management

Postoperative complications and biochemical data during all 3 d after surgery were recorded, and the means
of these values were evaluated. Abdominal infection
was confirmed by positive germiculture of peritoneal
fluid from peritoneal drainage catheter. In the 3 d after
surgery, patients received continuous intravenous insulin infusion by trace syringe pump while blood glucose
levels were under dynamic monitoring. Subsequently,
patients were referred to a consultant endocrinologist
for subcutaneous insulin regimens. Exocrine insufficiency was managed by oral pancreatic enzymes
(18600 U/capsule) during meals. Patients were aware
of the need to adapt the number of pancreatic enzyme
capsules to their fat intake.

Evaluation of clinical variables and biochemical data
during follow-up

All data were collected and recorded prospectively
at each point of the routine follow-up. Patients were
recommended to be evaluated by laboratory tests
(and imaging) every month in the first year after
TP and every 3 mo afterwards. The variables for
evaluating the glycemic control included fasting blood
glucose (FBG) and HbA1c, while those for evaluating the nutritional status included body mass index
(BMI), serum total protein, albumin and prealbumin.
Prognostic nutritional index [PNI; albumin (g/L) + 5
9
× total lymphocyte count (× 10 /L)] was calculated
[11]
and applied as an immunonutritional indice as well .
The goal of glycemic control was set at both less than
155 mg/dL of FBG and less than 7% of HbA1c, which
was different from that of type 1 or type 2 diabetes
mellitus to avoid hypoglycemia. The condition above
the threshold was judged as poorly-controlled diabetes
after TP. The judgement is based on the glucose level
exceeding the threshold for at least 2 d. The point of
the judgement was the fasting state in the morning.
Recurrence-free survival was defined as the interval
between surgery and tumor recurrence; if recurrence
was not diagnosed, the recurrence-free survival period
ended on the date of death or the last follow-up.
Radiographic findings consistent with recurrent disease
were considered adequate proof of recurrence. Overall

1

Five patients had two complications simultaneously, and one patient
had three complications simultaneously. IPMN: Intraductal papillary
mucinous neoplasms.

Surgical eligibility

Standard preoperative evaluation consisted of a
baseline history, physical examination and routine
laboratory tests. A preliminary diagnosis was made by
contrast-enhanced multidetector computed tomography, completed by magnetic resonance imaging or
endoscopic ultrasound with/without fine needle aspiration when appropriate. Preoperative biliary drainage,
endoscopic retrograde biliary drainage or percutaneous
transhepatic cholangial drainage was indicated for
jaundice. Tumors were excluded from curative resection upon the presence of distant metastases, which
were identified by preoperative imaging or intraoperative exploration.

Surgical techniques

All total pancreatectomies were performed by one
surgical team. TP was utilized for invasive tumors
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Table 2 Changes in biochemical data after total pancreatectomy

FBG (mg/dL)
HbA1c (%)
BMI (kg/m2)
Total protein (g/L)
Albumin (g/L)
Prealbumin (mg/L)
PNI

Preop

Postop

1

Postop 1 mo

Postop 3 mo

Postop 6 mo

Postop 12 mo

P value2

130 ± 60
6.7 ± 1.5
22.3 ± 3.2
65.7 ± 9.2
39.3 ± 4.0
203.9 ± 54.3
46.0 ± 3.4

154 ± 39
/
/
60.4 ± 6.6
38.0 ± 4.2
171.6 ± 40.8
47.8 ± 6.3

153 ± 84
6.7 ± 0.8
21.2 ± 3.0
68.4 ± 5.8
38.2 ± 4.0
135.3 ± 34.6
44.6 ± 4.0

167 ± 94
7.2 ± 1.0
20.6 ± 2.8
66.4 ± 4.9
36.2 ± 4.4
147.9 ± 42.0
43.8 ± 5.9

149 ± 68
6.8 ± 0.8
20.3 ± 3.0
67.2 ± 8.5
38.0 ± 7.7
145.9 ± 48.8
42.7 ± 5.9

142 ± 79
6.5 ± 0.8
19.6 ± 2.5
67.8 ± 6.3
38.8 ± 4.6
148.2 ± 54.6
47.3 ± 4.8

0.078
0.330
0.001
0.369
0.933
0.001
0.244

1

The postoperative data are mean values calculated from biochemical data in the first 3 d after surgery; 2Paired t-test, mean ± SD, Preop vs Postop 12 mo.
FBG: Fasting blood glucose; BMI: Body mass index; PNI: Prognostic nutritional index; Postop: Postoperative.

survival was defined as the interval from the time of
initial histological diagnosis to the date of death or last
follow-up.

control during the follow-up (Table 2, Figure 1). FBG
levels increased at 3 mo but returned to the preoperative levels at up to 12 mo (P = 0.078). HbA1c levels
increased by the 3-mo follow-up but improved up to
the preoperative levels by 12 mo (P = 0.330). BMI,
serum total protein, albumin, prealbumin and PNI
levels were used to measure nutritional status over
the 12 mo of the follow-up (Table 2, Figure 1). BMI
levels after TP decreased continuously by 12 mo (P =
0.001). Serum total protein levels were the highest
postoperatively at 1 mo, and increased slightly up to
12 mo (P = 0.369), after a declination at 3 mo. Serum
albumin levels decreased to the lowest levels at 3 mo,
and recovered to the preoperative levels (P = 0.933).
Serum prealbumin declined rapidly by 1 mo, and was
maintained at a lower level up to 12 mo (P = 0.001).
Insulin dose, which patients undergoing TP required, at
1, 3, 6 and 12 mo was 0.54 ± 0.12, 0.64 ± 0.11, 0.58
± 0.13 and 0.56 ± 0.12, respectively. Therefore, there
were significant differences between the preoperative
and postoperative 12-mo BMI and serum prealbumin
levels, respectively.

Statistical analysis

Summary statistics were reported using mean or
median values where appropriate. Student’s t test or
analysis of variance was used for mean comparison
of continuous variables distributed normally, whereas
Mann-Whitney U test or Kruskal-Wallis H test was used
to compare skewed continuous variables. Risk factors
for complications, postoperative glycemic control
and changes in BMI levels were estimated by logistic
and linear regression analyses. Prognostic factors for
recurrence-free and overall survival were estimated by
Cox proportional hazards models. The Kaplan-Meier
method was used to analyze recurrence-free and overall survivals, and differences in survival were examined
using the log-rank test. A two-sided P value of < 0.05
was considered to indicate a statistically significant
difference. Statistical analyses were performed utilizing
SPSS statistics 20 (IBM corporation, Armonk, NY,
United States).

Risk factors associated with complications after TP

To determine which factors are associated with complications after TP, a univariate analysis was performed
for preliminary screening, followed by a stepwise
logistic regression analysis. Twenty-three patients had
postoperative complications, including gastroplegia,
gastrointestinal or abdominal hemorrhage, pneumonia, abdominal infection and hepatic or respiratory
failure (Table 1). Five patients had two complications
simultaneously, and one patient had three complications simultaneously. Mean values calculated from
biochemical data in the first 3 d after surgery (early
postoperative data) were evaluated in the analysis
(Figure 2). In univariate analysis, postoperative complications occurred in 16 (69.6%) of 23 patients with
higher early postoperative FBG levels compared with
10 (34.5%) of 29 patients with early postoperative
FBG levels less than 155 mg/dL (P = 0.014). Patients
with early postoperative prealbumin levels less than
185 mg/L had a significantly higher incidence of
complications than those with higher level (14 of 23,
60.9% vs 8 of 29, 27.6%, P = 0.018) (Supplement

RESULTS
Patient characteristics

Table 1 shows the clinicopathologic characteristics
of 52 patients undergoing TP. More than half of the
patients were male (n = 32) and the mean age was
60.3 years. Planned TP was performed in 20 patients,
while the surgical plan was intraoperatively changed
in 32 patients because of tumor invasiveness or R1
margin. The vast majority of malignant tumors were
pancreatic ductal adenocarcinoma (n = 43). Half of
the pancreatic tumors had venous invasion (n = 26),
but about one-third had lymph node invasion (n =
18). All of the patients with malignant tumors received
adjuvant chemotherapy. No patients died of hypoglycemic events or diabetes complications. The median
recurrence-free and overall survivals were 4.7 mo and
20.9 mo, respectively.

Changes in clinical data after TP

FBG and HbA1c levels were used to assess glycemic
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Figure 1 Changes in clinical parameters after total pancreatectomy. A: FBG; B: HbA1c; C: BMI; D: Total protein; E: Albumin; F: Prealbumin; G: PNI; H: Insulin
dose. FBG: Fasting blood glucose; BMI: Body mass index; PNI: Prognostic nutritional index

1). In multivariate analysis, high early postoperative
FBG levels (OR = 4.074, 95%CI: 1.188-13.965, P =
0.025) and low early postoperative prealbumin levels
(OR = 3.816, 95%CI: 1.110-13.122, P = 0.034) were
significantly associated with complications after TP.

95%CI: 1.299-5.425, P = 0.007) were still retained
as significant and independent risk factors for tumor
recurrence. Patients with postoperative HbA1c levels
over 7% had deceased recurrence-free survival compared to those with postoperative HbA1c levels less
than 7% (4.2 mo vs 8.2 mo, P = 0.008) (Figure 3A).

Risk factors for postoperative tumor recurrence after TP

Prognostic factors for overall survival after TP

The results of the Cox regression hazard model for
risk factors for tumor recurrence are shown in Table
3. The latest biochemical data during the followup before tumor recurrence (postoperative data)
were evaluated in the analysis (Figure 2). Univariate
analysis revealed that patients with preoperative FBG
levels over 110 mg/dL (P = 0.045), venous invasion
by tumor (P = 0.015), postoperative HbA1c levels
over 7% (P = 0.010) or postoperative PNI levels less
than 45 (P = 0.044) tended to have a diminished
recurrence-free survival, respectively (Supplement 2).
Multivariate analysis demonstrated that preoperative
FBG (HR = 2.330, 95%CI: 1.204-4.510, P = 0.012),
venous invasion (HR = 2.975, 95%CI: 1.502-5.892,
P = 0.002) and postoperative HbA1c (HR = 2.655,

WJG|www.wjgnet.com

Table 3 illustrates prognostic factors for patients undergoing TP using the Cox regression analysis. The latest
biochemical data during the follow-up before patient
death (postoperative data) were evaluated in the
analysis (Figure 2). Preoperative long-term diabetes
mellitus (P = 0.004), high preoperative FBG (P = 0.016)
and postoperative HbA1c (P = 0.011) levels, low postoperative serum total protein (P = 0.028), albumin (P
= 0.014), prealbumin (P = 0.009) and PNI (P = 0.021)
levels were related to adverse prognosis (Supplement
3). However, multivariate analysis showed that patients
with postoperative HbA1c levels over 7% had much
poorer overall survival than those with less than 7%
(9.3 mo vs 27.6 mo, HR = 3.212, 95%CI: 1.147-8.999,
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over 7% and less than 7%; B: Overall survival curves of patients with postoperative HbA1c over 7% and less than 7%.

0.860, P = 0.025). Patients with alcohol history tended
to have lower BMI levels postoperatively, suggesting a
poorer overall nutritional status.

P = 0.026). Patients with postoperative HbA1c levels
over 7% had much shorter overall survival compared
to those with postoperative HbA1c levels less than 7%
(9.3 mo vs 26.7 mo, P = 0.008) (Figure 3B).

DISCUSSION

Preoperative factors for glycemic control after TP

[12]

As the frequency of TP has increased over decades ,
meticulous and comprehensive management has
expanded from preparation of surgery to postoperative
rehabilitation. Except for tumor recurrence, metabolic
problems of endocrine and exocrine insufficiency
caused by the apancreatic state are a matter of
continuous concern. In the current study, we found
that high early postoperative FBG and low early
serum prealbumin were significantly associated with
complications after TP, respectively. Patients with
postoperative HbA1c levels over 7% had much poorer
recurrence-free and overall survival than those with
HbA1c levels less than 7%. In addition, we figured out
long-term diabetes mellitus and alcohol history as risk
factors for glycemic control and changes in BMI after
TP, respectively.
Of note, the majority of previous studies focused
on preoperative clinical parameters to evaluate shortterm and long-term outcomes after surgery. However,
given that the pancreas plays a central role in glycemic
control and nutritional status, pancreatic surgery
involving resection of pancreatic parenchyma, TP
in particular, breaks preoperative homeostasis and
obliges the body to adapt to another new balance of

Considering that apancreatic diabetic status played
an important role in complications, tumor recurrence
and overall survival, preoperative factors for the latest
post-TP glycemic control during the follow-up were
analyzed by logistic regression (Table 4). In univariate
analysis, the probability of poorly-controlled glycemic
control was significantly increased when patients
presented with long-term diabetes mellitus (P = 0.009)
and preoperative HbA1c (P = 0.043) (Supplement 4).
Multivariate analysis showed long-term diabetes mellitus (HR = 15.019, 95%CI: 1.278-176.211, P = 0.031)
as the only factor associated with glycemic control
after pancreatectomy.

Preoperative factors for changes in BMI after TP

Linear regression was used to analyze association
with changes in BMI (Table 4). The postoperative
BMI was the latest value obtained during follow-up.
Preoperative factors in univariate analysis were age (P
= 0.038), pathology of pancreatic ductal carcinoma (P
= 0.035) and alcohol history (P = 0.027) (Supplement
5). Multivariate analysis revealed alcohol history as
an independent factor affecting BMI (B = 1.985, SE =
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Table 3 Factors for complications, recurrence-free and
overall survival after total pancreatectomy
Variable

Table 4 Preoperative factors for postoperative glycemic
control and changes in body mass index after total
pancreatectomy

Multivariate analysis
Odds ratio/hazard ratio

Complications
Postop FBG1
< 155 mg/dL
≥ 155 mg/dL
Postop prealbumin1
> 185 mg/L
≤ 185 mg/L
Recurrence-free survival
Preop FBG
≤ 110 mg/dL
> 110 mg/dL
Venous invasion
No
Yes
Postop HbA1c1
< 7%
≥ 7%
Postop PNI1
> 45
≤ 45
Overall survival
Diabetes mellitus
No
Short-term
Long-term
Preop FBG
≤ 110 mg/dL
> 110 mg/dL
Postop HbA1c2
< 7%
≥ 7%
Postop total protein2
> 55 g/L
≤ 55 g/L
Postop albumin2
> 35 g/L
≤ 35 g/L
Postop prealbumin2
> 185 mg/L
≤ 185 mg/L
Postop PNI2
> 45
≤ 45

95%CI

Variable

P value

Multivariate analysis
Odds ratio/B

4.074

1.188-13.965

0.025

3.816

1.110-13.122

0.034

2.330

1.204-4.510

0.012

2.975

1.502-5.892

0.002

2.655

1.299-5.425

0.007

1.760

0.897-3.455

0.100

0.943
2.305

0.300-2.965
0.560-9.483

0.920
0.247

1.112

0.357-3.462

0.854

3.212

1.147-8.999

0.026

1.152

0.304-4.364

0.835

2.894

0.551-15.195

0.209

3.961

0.976-16.068

0.054

1.143

0.242-5.408

0.866

Postoperative glycemic control1
Diabetes mellitus
No
Short-term
Long-term
Preop HbA1c
< 6.5%
≥ 6.5%
Changes in BMI1
Age (yr)
Alcohol history, yes or no

P value

0.187-3.097
1.278-176.211

0.702
0.031

1
1.566

0.293-8.375

0.600

-1.010
1.985

0.733
0.860

0.175
0.025

1

Postoperative data were the latest biochemical values obtained during the
last follow-up. BMI: Body mass index.

additional nutritional support.
It is known that hyperglycemia has an adverse
impact on leukocyte function, including granulocyte
adherence, impaired phagocytosis, delayed che[13]
motaxis and depressed bactericidal capacity . A
degree of hyperglycemia as low as 200 mg/dL has
[14]
been demonstrated to impair phagocytic function .
In hepato-biliary-pancreatic surgery, the surgical
site infection rate was 20% among patients with
serum glucose levels less than 200 mg/dL, which
was significantly better than the rates of 52% among
[15]
patients with serum glucose levels over 200 mg/dL .
The rates of infectious and noninfectious complications and mortality increased parallel to the degree of
[16]
hyperglycemia . Our study indicated that a higher
early postoperative FBG was associated with a higher
morbidity rate (69.6%) compared with a rate of
34.5% in patients with early postoperative FBG less
than 155 mg/dL. It is inferred that early postoperative
glycemic control predicts nosocomial infection rate, and
postoperative infections improve with good glycemic
control. In addition, we demonstrated that patients
with postoperatively low serum prealbumin levels had
a high prevalence of complications. As the frequency of
postoperative pulmonary complications was also seen
much more often in patients undergoing total gastrectomy, the impairment of the nutritional status was considered to be most responsible for the increased risk
of postoperative pulmonary complications and abscess
[17]
formation . Previous studies in the literature have
proved a significant association between prealbumin,
rather than transferrin and albumin, and infectious
[18]
complications or related death . Given physiological
changes after total pancreatectomy and approximately
[19]
2-d half-life of prealbumin , postoperative serum
prealbumin is a more sensitive indicator than serum
albumin, and suitable for evaluation of complications.
A retrospective analysis of TP revealed patient sex
and tumor stage as factors influencing long-term sur-

1

Postoperative data were the latest biochemical values obtained during
the last follow-up before tumor recurrence; 2Postoperative data were the
latest biochemical values obtained during the last follow-up before patient
death. FBG: Fasting blood glucose; PNI: Prognostic nutritional index.

glycemic and nutritional status. Thus, a series of postoperative clinical parameters ensure the instantaneity
of objective reflection of metabolism, and analyses of
their association with complications, recurrence and
survival may have more clinical value, compared with
the preoperative ones. In our study, we found that
glycemic control tended to improve after an inflection
point at 3 mo, and nutritional status tended to level off
after reaching a nadir at 3 mo. These findings suggest
that at least 3 mo are required for patients after TP to
adapt to brittle diabetes and recover nutritional status,
with the help of tight glycemic management and
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[20]

vival . However, stratification of metabolic factors has
not been unequivocally established to further benefit
[21]
[22]
patients undergoing TP. Cheon et al
and Fan et al
unanimously confirmed that preoperative HbA1c levels
over 7.0% were associated with inferior overall survival
of patients with pancreatic cancer, and that antidiabetic
treatment, metformin in particular, might improve the
long-term outcomes. We determined that postoperative
HbA1c predicted recurrence and survival of patients
undergoing TP. The relationship between postoperative
HbA1c and recurrence and survival of patients undergoing TP may be attributed to the fact that pancreatic
cancers depend heavily on glucose for growth. While
the normal pancreas metabolizes glucose through oxidative phosphorylation, pancreatic cancer cells prefer
aerobic glycolysis for glycometabolism, which is known
[23]
as the Warburg effect . This pattern generates less
energy but more metabolites for biosynthetic functions
to sustain and accelerate cell proliferation, thus confer[24]
ring a survival advantage . To compensate for insufficient energy and meeting the increasing requirement
for biosynthesis, pancreatic cancer cells exhibit high
[25]
efficiency of glucose uptake . A dose-response metaanalysis confirmed the relations between blood glucose
[26]
and risk of pancreatic cancer . Although insulin is a
[27]
mitogenic and growth-promoting hormone , we did
not find any evidence that higher insulin administration
prompted an early recurrence of disease. Therefore, it
is concluded that hyperglycemia after TP, identified by
HbA1c, may promote tumor recurrence by enhancing
tumor cell proliferation and, thus, adversely impacting
survival. On the other hand, no nutritional parameters
were found to be associated with survival or recurrence
after TP in multivariate analyses in our study. However,
[11]
Geng et al
confirmed the role of PNI in prediction
of survival in advanced pancreatic cancer. Moreover,
[28]
Vashi et al concluded that improvement in nutritional
status during cancer treatment decreased the risk of
mortality independent of previous treatment history.
Therefore, it is important to maintain the postoperative
nutritional status of patients with malignant tumors
to allow repeated and aggressive chemotherapy for
prevention of recurrence and to prolong survival.
Since the significant metabolic derangements of
the apancreatic state may not immediately emerge
in the postoperative inpatient recovery stage, a strict
follow-up protocol should be available to supervise
glycemic and nutritional index at internals during
the postoperative period. These include FBG, HbA1c,
weight measurement, serum protein levels, daily
caloric intake and the number of stools per day. The
majority of patients do not have underlying endocrine
or exocrine insufficiency before surgery and have
difficulty adjusting to complex diabetic and nutritional
changes after TP. We demonstrated that patients
with long-term diabetes mellitus tended to have poor
glycemic control after TP, and elderly patients might
be subject to poor nutritional status. It is possible
that insulin resistance is less severe in patients with a
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shorter duration of diabetes mellitus than in patients
[29]
with a longer duration, as observed in gastrectomy .
On the other hand, functions of nutrient absorption
and regulation are likely to diminish with previous
alcohol history. Chronic alcohol may cause direct toxicity to the liver and digestive tract, consulting either
maldigestion and malabsorption or impaired utiliza[30]
tion of nutrients . Together with “empty” calories
provided by alcohol, functional impairments of the liver
and digestive tract reduce basic nutritional reserve for
the body and, thus, place a burden on the nutritional
recovery after TP.
The current study has several limitations. The
major limitation was the retrospective nature of the
analysis, which precludes inferring direct causation.
Despite a time span of 9 years, only a relatively small
sample size of patients was identified as the ones
undergoing TP. The selected patients with different
types of pancreatic tumors increased the heterogeneity
of subjects. Also, we could not use the stool elastase
and record steatorrhea and diarrhea during the follow-up to assess exocrine insufficiency and determine
whether the quantity of enzymes administered was
accurate. Although no hypoglycemia-related deaths
were observed, hypoglycemia events after discharge
were not included in the analyses to determine their
influence on quality of life and survival. Another
limitation was that target organ complications induced
by hyperglycemia might have an impact on survival,
although no diabetes-related deaths were recorded.
In conclusion, the apancreatic state after TP leads
to diabetes and malabsorption dependent on insulin and
enzyme replacement throughout one’s life. At least 3
mo are required for patients undergoing TP to adapt to
diabetes and recover nutritional status, with the help of
tight glycemic management and additional nutritional
support. Postoperative glycemic control and nutritional
status have an impact on clinical outcomes after TP,
while glycemic control appears to have more influence over nutritional status on long-term outcomes
in patients undergoing TP. Improvement in glycemic
control and nutritional status after TP is important to
prevent early complications and tumor recurrence
and, more importantly, to improve survival. Improved
postoperative management should include auto-islet
cell transplantation and advances in artificial pancreas,
which allow much tighter control of blood glucose,
and addition of acid-suppressing agents to pancreatin
enteric-coated capsules and surgical preservation of
the pylorus, which will improve nutrient digestion and
absorption. With new concepts and strategies, TP will
no longer be a challenge to surgeons and patients.

COMMENTS
COMMENTS
Background
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Abstract
AIM
To describe magnetic resonance (MR) imaging features
of pancreatic neuroendocrine neoplasms (PanNENs)
according to their grade and tumor-nodes-metastases
stage by comparing them to histopathology and to

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to MR examinations by written consent.
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determine the accuracy of MR imaging features in pre
dicting their biological behavior.

S, Tortora G, Scarpa A, Pederzoli P, D’Onofrio M. Pancreatic
neuroendocrine neoplasms: Magnetic resonance imaging
features according to grade and stage. World J Gastroenterol
2017; 23(2): 275-285 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i2/275.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i2.275

METHODS
This study was approved by our institutional review
board; requirement for informed patient consent was
waived due to the retrospective nature of the study.
Preoperative MR examinations of 55 PanNEN patients
(29 men, 26 women; mean age of 57.6 years, range
21-83 years) performed between June 2013 and
December 2015 were reviewed. Qualitative and quan
titative features were compared between tumor grades
and stages determined by histopathological analysis.

INTRODUCTION
The biological behavior of pancreatic neuroendocrine
neoplasms (PanNENs) is heterogeneous. The main
adverse prognostic factors are the histopathological
grade according to the World Health Organization
(WHO) 2010 classification, which mainly relies on the
[1]
[2]
proliferative activity , and the stage at diagnosis .
In fact, several studies demonstrated that high tumor
grade and advanced tumor-nodes-metastases (TNM)
stage are effective predictors of worse clinical out
[3-5]
come and shorter survival after surgical resection .
Moreover, tumor grade and stage influence the treat
ment strategy: surgical resection should always be
considered if technically feasible, even in selected cases
of metastatic disease; medical therapies are reserved to
locally advanced or metastatic tumors in whom upfront
[5]
surgery cannot be performed . Pretreatment prediction
of the biological behavior is therefore very important in
determining an efficient treatment strategy for these
tumors, especially when unresectable. Nevertheless,
even invasive methods, as fine-needle aspiration
(FNA), have a limited accuracy in determining the true
[6]
proliferative activity of PanNENs . Imaging methods
could estimate the malignancy of PanNENs in a noninvasive way. In fact, previous studies have identified
several imaging features that could predict the
malignancy of these tumors: beside well-established
criteria such as infiltration of peri-pancreatic vessels
and liver metastases, other features associated with
malignancy are large size, irregular margins, and
[7-10]
hypoenhancement during the arterial phase
.
Moreover, some authors reported that diffusionweighted (DW) imaging, a technique that depicts and
quantifies the random motion of water molecules
within biological tissues on magnetic resonance (MR)
imaging, might have the capability of roughly dis
[11-14]
tinguish high grade PanNENs from G1 tumors
.
Nevertheless, these results are based on small study
populations and the diagnostic accuracy of imaging
features in predicting the biological behavior of
PanNENs is still undefined; moreover, in most previous
studies tumor grade was established by FNA rather
than histopathological analysis of surgical specimens.
We therefore sought to investigate whether and how
MR and DW imaging features could be useful in the
non-invasive prediction of the biological behavior of
PanNENs in a large cohort of patients who underwent
surgery. As a consequence, the aims of this study are
to describe MR and DW imaging features of PanNENs

RESULTS
Ill defined margins were more common in G2-3 and
stage Ⅲ-Ⅳ PanNENs than in G1 and low-stage tumors
(P < 0.001); this feature had high specificity in the
identification of G2-3 and stage Ⅲ-Ⅳ tumors (90.3%
and 96%, 95%CI: 73.1-97.5 and 77.7-99.8). The mean
apparent diffusion coefficient value was significantly
lower in G2-3 and stage Ⅲ-Ⅳ lesions compared to
-3
well differentiated and low-stage tumors (1.09 × 10
2
-3
2
-3
2
mm /s vs 1.45 × 10 mm /s and 1.10 × 10 mm /s vs
-3
2
1.53 × 10 mm /s, P = 0.003 and 0.001). Receiving
operator characteristic analysis determined optimal cut-3
2
offs of 1.21 and 1.28 × 10 mm /s for the identification
of G2-3 and stage Ⅲ-Ⅳ tumors, with sensitivity and
specificity values of 70.8/80.7% and 64.5/64% (95%CI:
48.7-86.6/60-92.7 and 45.4-80.2/42.6-81.3).
CONCLUSION
MR features of PanNENs vary according to their grade
of differentiation and their stage at diagnosis and could
predict the biological behavior of these tumors.
Key words: Pancreatic neuroendocrine tumor; World
Health Organization classification 2010; Diffusionweighted imaging; European Neuroendocrine Tumor
Society staging system; Magnetic resonance imaging
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study aimed to describe magnetic
resonance imaging features of pancreatic neuro
endocrine neoplasms by comparing them to histo
pathology and to determine the accuracy in predicting
tumor grade and biological behavior. Beside vascular
infiltration and liver metastases, ill-defined margins
had high specificity for the identification of G2-3 and
stage Ⅲ-Ⅳ tumors (90.3% and 96%, respectively).
Lesion size above 17.5 mm had a 91.7% sensitivity in
the identification of G2-3 tumors; apparent diffusion
-3
2
coefficient values below 1.21 and 1.28 × 10 mm /s had
high sensitivity (70.8% and 80.7%) for the identification
of G2-3 and stage Ⅲ-Ⅳ tumors.
De Robertis R, Cingarlini S, Tinazzi Martini P, Ortolani S,
Butturini G, Landoni L, Regi P, Girelli R, Capelli P, Gobbo
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2

according to the 2010 WHO grade classification and
European Neuroendocrine Society (ENETS) TNM staging
system by comparing them to histopathology and
to determine the accuracy of MR imaging features in
predicting the biological behavior of these tumors.

s/mm were used. DW images were acquired using
a free-breathing echo-planar sequence; apparent
diffusion coefficient (ADC) maps were obtained with
a monoexponential decay model. Contrast-enhanced
MR imaging involved a quadriphasic study; 0.1 mmol
of a gadolinium chelate (gadobenate dimeglumine,
MultiHance; Bracco, Milan, Italy) per kilogram of
body weight were administered at 2.0-2.5 mL/s
by using a power injector (Medrad, Pittsburgh, Pa.,
United States). Images were obtained before contrast
material administration and during the late arterial/
pancreatic, portal/venous and delayed phases (35-45,
75-80 and > 180 s after the start of contrast material
administration).

MATERIALS AND METHODS
Patient population

This study was approved by our institutional review
board and the requirement for informed patient
consent was waived due to the retrospective nature of
the study.
A search of our histopathology and radiology records
for the period June 2013-December 2015 revealed
66 patients with resected PanNEN, whose data were
considered for inclusion. Inclusion criteria were: his
topathological diagnosis of PanNEN after surgical
resection and availability of good-quality preoperative
MR examinations. Exclusion criteria were: lack of
preoperative MR examinations (8 patients) and poorquality MR examinations (3 patients).
Thirty subjects included in this study have been
[14]
reported in a previous paper ; this prior article dealt
with identification and characterization of PanNENs
using MR and DW imaging, whereas in this manuscript
we report on the correlation between MR and DW
imaging findings, tumor grade and biological behavior
expressed as the stage at diagnosis.
The final study population comprised 55 patients
with a mean age of 57.6 years (range, 21-83 years):
29 men (mean age, 58.2 years; range, 35-83 years)
and 26 women (mean age, 57 years; range, 21-77
years).
At histopathological examination of surgical spe
cimens, 31 tumors (56.4%) were classified as G1, 20
(36.4%) as G2, and 4 (7.2%) as G3, according to the
[1]
2010 WHO classification .
Four patients underwent tumor enucleation or
middle pancreatectomy without lymphadenectomy,
therefore the TNM classification could not be applied;
accordingly, the remaining 51 lesions were staged as
[15]
follows, according to the ENETS TNM classification :
stage Ⅰ, 15 lesions (29.4%); stage ⅡA or B, 10 lesions
(19.6%); stage ⅢA or B, 19 lesions (37.2%); stage Ⅳ,
7 lesions (13.7%).

Image analysis

Qualitative and quantitative MR features of each tumor
were retrospectively analyzed on a workstation by
two radiologists (RDR and PTM, with 6 and 26 years
of experience in abdominal radiology); discrepancies
were solved by consensus. Aside from knowing that
the patients had PanNENs, both readers were blinded
to all other histopathological features. The qualitative
image analysis included: (1) location of the lesion; (2)
margins; (3) presence of intratumoral cystic/necrotic
areas; (4) main pancreatic duct (MPD) and/or common
bile duct (CBD) dilation upstream to the lesion; (5)
atrophy of the upstream parenchyma; (6) involvement
of peripancreatic vessels; (7) liver metastases; (8)
signal intensity of the lesion related to the adjacent
parenchyma (hypo-, iso- or hyperintense); and
(9) type of enhancement (homogeneous or hetero
geneous). Quantitative image analysis included: (1)
maximum diameter of the lesion; (2) caliber of the
MPD/CBD upstream to the lesion; and (3) mean
ADC values of the tumor. Pancreatic tail tumors were
excluded from the evaluation of MPD features and
pancreatic atrophy; pancreatic body/tail lesions were
excluded from the evaluation of CBD dilation and
caliber. ADC quantification was performed drawing
multiple free-hand regions of interests on several
contiguous axial slices to include nearly the whole
tumor volume; the results were averaged to obtain
the mean ADC value. Care was taken during ROI
placement to avoid inhomogeneities; each ROI was
positioned slightly inside the outer edge of each lesion,
thereby preventing partial volume artifacts. The
positioning of the ROI was performed in correlation
with the other sequences.

MR imaging

All patients signed an informed consent before MR
examination. MR imaging was performed in a single
institution using a 1.5 T unit (Magnetom Avanto or
Aera; Siemens, Erlangen, Germany) using phasedarray body coils. The patients were asked to fast for
4-6 h before MR. One hundred mL of pineapple juice
were administered 10-20 min before MR to prevent
signal overlapping from fluid-containing organs on T2weighted images. The MR imaging protocol is reported
in Table 1. For DWI, b-values of 50, 400 and 800
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Statistical analysis

For the purpose of statistical analysis, G2 and G3
tumors, as well as stage Ⅲ and stage Ⅳ PanNENs were
grouped and considered together.
Categorical variables derived from the qualitative
2
analysis were compared between groups using the χ
or Fisher’s exact tests; the results are presented as
numbers of cases and relative frequencies. Continuous
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G2-3 tumors presented infiltration of peri-pancreatic
vessels and liver metastases compared to G1 tumors
(25% vs 3.2% and 29.2% vs 0%, P = 0.022 and 0.002,
respectively; Figure 2). Atrophy of upstream pancreatic
parenchyma and dilation of the MPD/CBD were more
common among G2-3 tumors and stage Ⅲ-Ⅳ lesions
as compared to G1 and stage Ⅰ-Ⅱ tumors, although
without significant differences between groups (P =
0.446/0.151, 0.215/0.151, and 0.264/0.275).
Most lesions were hypointense on T1- and T1fsweighted images, hyper- or isointense on T2w images
and hyperintense on fsT2w images. On post-contrast
images, most tumors were hyperenhancing on late
arterial/pancreatic and portal phase images; most
tumors of this series were iso- or hyperintense on
delayed phase images. No significant differences
between tumor grades and stages were found regarding
the signal intensity on both unenhanced and postcontrast images. Intratumoral fluid areas were more
frequently found within G2-3 PanNENs, albeit without
significant differences between tumor grades and stages
(P = 0.279 and 0.464). Heterogeneous enhancement
was significantly more common among G2-3 tumors
as compared to G1 lesions (P = 0.006); nevertheless,
lesions with heterogeneous enhancement were
significantly larger than those presenting homogeneous
enhancement, independently from tumor grade (39.3 ±
23.5 mm vs 19.8 ± 12.8 mm, P < 0.001).
Details on the results of the qualitative image
analysis and the comparison between grades and
ENETS TNM stages are reported in Table 4. The lesions
had a mean diameter of 28.7 ± 20.8 mm; G2-3 tumors
were significantly larger than G1 PanNENs (P = 0.017),
while no significant differences were found between
tumor stages in terms of size (P = 0.080). The mean
caliber of the MPD/CBD was 6 ± 2 and 13.4 ± 3.9 mm,
respectively; no significant differences between tumor
grades were found regarding the extent of MPD/CBD
dilation (P = 0.256 and 0.151, respectively), while the
MPD/CBD diameter was significantly larger in stage I-II
PanNENs as compared to stageⅢ-Ⅳtumors (P = 0.038
and 0.034, respectively). G2-3 and stageⅢ-ⅣPanNENs
presented significantly lower mean ADC values
compared to G1 and stageⅠ-Ⅱtumors (1.09 ± 0.28 ×
-3
2
-3
2
10 mm /s vs 1.45 ± 0.53 × 10 mm /s and 1.10 ±
-3
2
-3
2
0.25 × 10 mm /s vs 1.53 ± 0.55 × 10 mm /s; P =
0.003 and 0.001, respectively; Figure 3). ADC values
were not correlated to tumor size (P = 0.236).

Table 1 Magnetic resonance protocol and pulse sequences:
Technical parameters
Pulse sequence

Imaging plane

TR (ms)

TE (ms)

Thickness
(mm)

T2w HASTE

Axial
Coronal
Para-coronal
Sagittal
Axial
Axial
Axial
Axial
Coronal
Sagittal
Multiple

∞
∞
∞
∞
2900.00
6000-6500
90-130
4.28
3.52
3.52
∞

90.00
90.00
90.00
90.00
82-87
59.00
2.37/4.87
2.39
1.32
1.32
746.00

6
6
4
4
6
6
6
2-3
2-3
2-3
65-75

FsT2w RARE
DWI-EPI
Chemical-shift
FsT1w VIBE

2D MRCP HASTE

TR: Repetition time; TE: Time of echo; HASTE: Half-Fourier single-shot
turbo spin echo; DWI-EPI: Diffusion-weighted echo-planar imaging;
RARE: Rapid acquisition with relaxation enhancement; VIBE: Volumeinterpolated breath-hold examination; MRCP: Magnetic resonance
cholangiopancreatography.

variables derived from the quantitative analysis were
compared between groups using Student’s t test or
univariate ANOVA; the results are reported as mean
± SD. Student’s t tests and bivariate correlation tests
were conducted to assess whether qualitative and
quantitative variables were correlated with tumor
size. For each significant qualitative feature, the
diagnostic performance in the identification of G2-3
and stage Ⅲ-Ⅳ lesions was tested by calculating
sensitivity (Se, %), specificity (Sp, %), positive and
negative predictive values (PPV/NPV, %). A receiving
operator characteristic (ROC) analysis evaluated the
diagnostic performance of significant quantitative
features, and optimal cut-off values, along with Se,
Sp, and PPV/NPV, were thus ascertained. Diagnosis
obtained by pathological examination was the external
gold standard. The sensitivity and specificity of
combinations of the statistically significant MR criteria
were also calculated. Statistical analysis was performed
with SPSS software version 21.2 (IBM, Chicago, Ill.,
United States). All P values were considered statistically
significant if ≤ 0.05.

RESULTS
Qualitative and quantitative features

Details on the qualitative features are reported in
Tables 2 and 3. Most lesions were located in the body
or in the head of the pancreas, without significant
differences in terms of location between tumor grades
and stages (P = 0.094 and 0.059, respectively).
Most tumors presented well defined margins; among
tumors presenting ill-defined margins, most were
found to be G2-3 (13/16; Figure 1) or stage ⅢⅣ (15/16) at histopathological analysis, with sig
nificantly higher frequency when compared to G1 and
stage Ⅰ-Ⅱ tumors (81.2% vs 18.8% and 93.8% vs
6.2%, P < 0.001). A significantly higher proportion of
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Performances of MR features in predicting the biological
behavior

The diagnostic performance of MR imaging parameters
in identifying G2-3 and stage Ⅲ-Ⅳ PanNENs is
presented in Table 5. Among qualitative features,
vascular invasion and liver metastases had the highest
specificity in identifying G2-3 tumors (96.7%, 95%CI:
81.5-99.8). Ill-defined margins had high specificity
for the identification of G2-3 and stage Ⅲ-Ⅳ PanNENs
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Table 2 Comparison of qualitative features between grades and stages
Feature

1

Grade

Location
Head
Body
Tail
Margins
Well defined
Ill defined
Vasc. infiltration
Present
Absent
Liver metastases
Present
Absent
Atrophy3
Present
Absent
MPD dilation4
Present
Absent
CBD dilation4
Present
Absent

ENETS TNM stage

2

Total

2

G1

G2-3

Total

Ⅰ/Ⅱ

Ⅲ/Ⅳ

23
22
6

7 (30.4)
14 (63.6)
4 (66.7)

16 (69.6)
8 (36.4)
2 (33.3)

0.022

35
16
-

24 (68.6)
1 (6.2)
-

11 (31.4)
15 (93.8)
-

-

0.002

-

-

-

-

13
32

4 (30.8)
17 (53.1)

9 (69.2)
15 (46.9)

13
32

4 (30.8)
17 (53.1)

9 (69.2)
15 (46.9)

7
16

1 (14.3)
6 (37.5)

6 (85.7)
10 (62.5)

P value

2

2

0.094
24
25
6

11 (45.8)
18 (72)
2 (33.3)

13 (54.2)
7 (28)
4 (66.7)

39
16

28 (71.8)
3 (18.8)

11 (28.2)
13 (81.2)

7
48

1 (14.3)
30 (62.5)

6 (85.7)
18 (37.5)

7
48

0 (0)
31 (64.6)

7 (100)
17 (35.4)

13
36

7 (53.8)
22 (61.1)

6 (46.2)
14 (38.9)

13
36

6 (46.2)
23 (63.9)

7 (53.8)
13 (36.1)

7
17

2 (28.6)
9 (52.9)

5 (71.4)
8 (47.1)

P value
0.059

< 0.001

< 0.001

0.446

0.151

0.215

0.151

0.264

0.275

1

Four lesions were excluded from this analysis (minimally invasive surgery without lymphadenectomy); 2Number of cases/cases in row; 3Pancreatic head/
body lesions; 4Pancreatic head lesions. Data are presented as numbers of cases. ENETS: European Neuroendocrine Society; TNM: Tumor-nodes-metastases.

A

B

C

D

Figure 1 Small hyperfunctioning pancreatic neuroendocrine neoplasm (insulinoma) classified as G1, stage 1 tumor at histology (Ki67 < 1%, T1, N0, M0)
in a 44 years-old woman. A: Axial volumetric interpolated breath-hold examination (VIBE) gradient echo image (repetition time msec/echo time msec, 4.3/1.4) with
fat suppression shows a homogeneously hypointense lesion with well defined margins (arrow) in the pancreatic body; B: On axial T2-weighted half-Fourier singleshot turbo spin echo (HASTE) image (TR/TE, ∞/90), the tumor appears slightly hyperintense (arrow) compared to adjacent pancreatic parenchyma; C: At ADC
quantification the tumor had a relatively high mean ADC value; D: The macroscopic pathological specimen (distal pancreatectomy, sagittal cut) shows a small, welldelimitated lesion bulging the contour of the pancreatic body.
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Table 3 Comparison of signal intensity between grades and European Neuroendocrine Society tumor-nodes-metastases stages
Feature

1

Grade
2

Total
T1w
Hypointense
Isointense
Hyperintense
fsT1w
Hypointense
Isointense
Hyperintense
T2w
Hypointense
Isointense
Hyperintense
fsT2w
Hypointense
Isointense
Hyperintense
Fluid areas
Present
Absent
Arterial
Hypointense
Isointense
Hyperintense
Portal
Hypointense
Isointense
Hyperintense
Delayed
Hypointense
Isointense
Hyperintense
Enhancement
Heterogeneous
Homogeneous

ENETS TNM stage
2

G1

G2-3

P value

Total

Ⅰ/Ⅱ

Ⅲ/Ⅳ

42
4
5

22 (52.4)
1 (25)
2 (40)

20 (47.6)
3 (75)
3 (60)

37
8
6

19 (51.4)
3 (37.5)
3 (50)

18 (48.6)
5 (62.5)
3 (50)

16
11
24

8 (50)
3 (27.3)
14 (58.3)

8 (50)
8 (72.7)
10 (41.7)

13
9
29

5 (38.5)
3 (33.3)
17 (58.6)

8 (61.5)
6 (66.7)
12 (41.4)

15
38

8 (53.3)
17 (47.2)

7 (46.7)
19 (52.8)

12
9
30

3 (25)
3 (33.3)
19 (63.3)

9 (75)
6 (66.7)
11 (36.7)

14
12
25

6 (42.9)
6 (50)
13 (52)

8 (57.1)
6 (50)
12 (48)

11
17
23

4 (36.4)
7 (41.2)
14 (60.9)

7 (63.6)
10 (58.8)
9 (39.1)

25
26

10 (40)
15 (57.7)

15 (60)
11 (42.3)

2

2

0.395
45
4
6

27 (60)
1 (25)
3 (50)

18 (40)
3 (75)
3 (50)

39
9
7

23 (59)
5 (55.6)
3 (42.9)

16 (41)
4 (44.4)
4 (57.1)

16
12
27

9 (56.3)
6 (50)
16 (59.3)

7 (43.2)
6 (50)
11 (40.7)

13
11
31

7 (53.8)
6 (54.5)
18 (58.1)

6 (46.2)
5 (45.5)
13 (41.9)

15
40

7 (46.7)
24 (60)

8 (53.3)
16 (40)

13
11
31

4 (30.8)
8 (72.7)
19 (61.3)

9 (69.2)
3 (27.3)
12 (38.7)

14
13
28

8 (57.1)
7 (53.8)
16 (57.1)

6 (42.9)
6 (46.2)
12 (42.9)

12
19
24

6 (50)
9 (47.4)
16 (66.7)

6 (50)
10 (52.6)
8 (33.3)

25
30

9 (36)
22 (73.3)

16 (64)
8 (26.7)

P value
0.659

0.836

0.900

0.937

0.274

1.000

0.318

0.279

0.464

0.089

0.055

1.000

0.933

0.441

0.340

0.006

0.163

1

Four lesions were excluded from this analysis (minimally invasive surgery without lymphadenectomy); 2Number of cases/cases in row. ENETS: European
Neuroendocrine Society; TNM: Tumor-nodes-metastases.

Table 4 Qualitative image analysis and comparison between grades and stages
1

Grades
Total
Size (mm)
MPD caliber2 (mm)
CBD caliber3 (mm)
ADCL (× 10-3 mm2/s)

28.7 ± 20.8
6±2
13.4 ± 3.9
1.29 ± 0.47

G1
22.7 ± 17.7
6.8 ± 2.7
18.3 ± 3
1.45 ± 0.53

ENETS TNM stages
G2-3
36.4 ± 22.1
5.4 ± 1
11.5 ± 2
1.09 ± 0.28

P value

Total

0.017
0.256
0.151
0.003

29.9 ± 21.1
6±2
13.4 ± 3.9
1.31 ± 0.48

Ⅰ/Ⅱ
24.6 ± 19
7.7 ± 2.9
20.5
1.53 ± 0.55

Ⅲ/Ⅳ

P value

34.9 ± 22.1
5.3 ± 0.9
12.3 ± 2.6
1.10 ± 0.25

0.080
0.038
0.034
0.001

Data are expressed as means ± SD. 1Four lesions have been excluded from this analysis (minimally invasive surgery without lymphadenectomy); 2Pancreatic
head/body lesions showing upstream MPD dilation; 3Pancreatic head lesions showing upstream CBD dilation. ENETS: European Neuroendocrine Society;
TNM: Tumor-nodes-metastases.
[5]

(90.3% and 96%, 95%CI: 73.1-97.5 and 77.7-99.8,
respectively; Figure 2). The ROC analysis of lesions’
size provided an area under the curve (AUC) for the
identification of G2-3 tumors of 0.757; the best cutoff value was found to be 17.5 mm, which provided
a sensitivity of 91.7% (95%CI: 71.5-98.5) and a
specificity of 61.3 (95%CI: 42.3-77.6).
By excluding 8 hyperfunctioning tumors and in
creasing the size threshold to 20 mm, a previously
identified cutoff for the choice between surgical
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resection and follow-up , the AUC was found to
be 0.736, sensitivity dropped to 79.2% (95%CI:
57.3-92.1), while specificity remained substantially
unchanged (60.9%, 95%CI: 38.8-79.5). The ROC
analysis of ADC values provided an AUC value of 0.740
for the identification of G2-3 tumors; the best cut-off
value for the identification of G2-3 tumors was found
-3
2
to be 1.21 × 10 mm /s, that yielded a sensitivity of
70.8% (95%CI: 48.7-86.6) and a specificity of 64.5%
(95%CI: 45.4-80.2). The ROC analysis of ADC values
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A

B

C

D

Figure 2 Non-hyperfunctioning pancreatic neuroendocrine neoplasm of the pancreatic head classified as G2, stage 3b tumor at histology (Ki67 15%,
T4, N1, M0) in a 55 years-old man. A: Axial volumetric interpolated breath-hold examination (VIBE) gradient echo image (repetition time msec/echo time msec,
4.3/1.4) with fat suppression shows a hypointense tumor with ill-defined margins (arrow); B: On coronal fat-saturated T1-weighted volumetric interpolated breathhold examination (VIBE) gradient echo image (TR/TE 3.5/1.3 ms) acquired during the delayed phase of the dynamic study the tumor shows heterogeneous
contrast enhancement, with infiltration of the superior mesenteric vein (arrow); C: The tumor presents intermediate mean ADC value; D: The surgical specimen
(pancreaticoduodenectomy with en bloc resection of the superior mesenteric vein, transverse cut) shows a large lesion of the pancreatic head with irregular margins
infiltrating the superior mesenteric vein (arrow).

Table 5 Diagnostic performances in the identification of G2-3 and stage Ⅲ-Ⅳ pancreatic neuroendocrine neoplasms
Feature

Diagnostic performance
Se

Grade 2-3

Stage Ⅲ-Ⅳ

Ill defined margins
Vascular infiltration
Liver metastases
Heterogeneous enhancement
Size > 17.5 mm
Size > 20 mm
ADC < 1.21 × 10-3 mm2/s
Ill defined margins
ADC < 1.28 × 10-3 mm2/s

Sp

54.2 (33.2-73.8)
29.2 (13.4-51.2)
25 (10.6-47)
66.7 (44.7-83.6)
91.7 (71.5-98.5)
79.2 (57.3-92.1)
70.8 (48.7-86.6)
57.7 (37.2-76)
80.7 (60-92.7)

90.3 (73.1-97.5)
96.7 (81.5-99.8)
96.7 (81.5-99.8)
71 (51.7-85.1)
61.3 (42.3-77.6)
60.9 (38.8-79.5)
64.5 (45.4-80.2)
96 (77.7-99.8)
64 (42.6-81.3)

PPV
81.2 (53.7-95)
87.5 (46.7-99.3)
85.7 (42-99.2)
64 (42.6-81.3)
64.7 (46.5-79.7)
67.8 (47.6-83.4)
60.7 (40.7-77.9)
93.7 (67.7-99.7)
70 (50.4-84.6)

NPV
71.7 (54.9-84.4)
63.8 (48.4-76.9)
62.5 (47.3-75.7)
73.3 (53.8-87)
90.5 (68.2-98.3)
73.6 (48.6-52.4)
74.1 (53.4-88.1)
68.6 (50.6-82.6)
76.2 (52.4-90.9)

Diagnostic performances are expressed as percentages (95%CI). AUC: Area under the curve; Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value;
NPV: Negative predictive value.

for the identification of stage Ⅲ-Ⅳ tumors provided
an AUC of 0.773; the best cut-off value for the
identification of stage Ⅲ-Ⅳ tumors was found to be 1.28
-3
2
× 10 mm /s (sensitivity 80.7%, 95%CI: 60-92.7;
specificity 64%, 95%CI: 42.6-81.3).
Details regarding the diagnostic accuracy of different
combinations of MR features in diagnosing G2-3 tumors
are reported in Table 6. The highest sensitivity and
specificity were reached using at least two of these five
criteria in combination (79.2%, 95%CI: 57.3-92.1; and
80.6%, 95%CI: 61.9-91.9); in particular, the highest
specificity values (100%) in diagnosing G2-3 tumors
were reached using a combination of ill-defined margins
and vascular involvement and/or liver metastases and
ill-defined margins.
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DISCUSSION
PanNENs have a wide variety of biological behavior.
Although all PanNENs have a malignant potential,
the biologic aggressiveness and metastasizing risk
are variable. The 2010 WHO classification categorize
PanNENs into three classes based on their mitotic
activity, expressed as mitotic rate or Ki-67 index:
2
G1, < 2 mitoses/2 mm (10 high power fields, 40×
magnification) and/or a Ki-67 index ≤ 2%; G2, 2-20
2
mitoses/2 mm and/or a Ki-67 index between 3%
2
and 20%, and G3, ≥ 21 mitoses/2 mm and a Ki-67
[1,15]
index > 20%
. Previous studies demonstrated that
Ki-67 value is an independent predictor of survival
[16]
[17]
for PanNENs . Strosberg et al
reported 5-year
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A

B

C

D

Figure 3 Non-hyperfunctioning pancreatic neuroendocrine neoplasm of the pancreatic head classified as G3, stage 3b tumor at histology (Ki67 60%, T4,
N1, M0) in a 76 years-old woman. A: Axial T2-weighted half-Fourier single-shot turbo spin echo (HASTE) image (TR/TE, ∞/90) shows a large, slightly hyperintense
tumor in the pancreatic head (arrow); B: On coronal fat-saturated T1-weighted volumetric interpolated breath-hold examination (VIBE) gradient echo image (TR/TE
3.5/1.3 ms) acquired during the delayed phase of the dynamic study the tumor shows heterogeneous contrast enhancement (arrow); C: At quantitative analysis of
ADC map the tumor shows low mean ADC value; D: The surgical specimen (pancreaticoduodenectomy, sagittal cut) shows a large lesion of the pancreatic head with
heterogeneous aspect.

Table 6 Combination of magnetic resonance findings for differentiating G1 from G2-3 pancreatic neuroendocrine neoplasms
Number of features
≥1
≥2
≥3
≥4
≥5

Diagnostic performance
Se

Sp

PPV

NPV

100 (82.8-100)
79.2 (57.3-92.1)
58.3 (36.9-77.2)
20.8 (7.9-42.7)
8.3 (1.4-28.5)

35.5 (19.8-54.6)
80.1 (61.9-91.9)
93.5 (77.1-98.9)
96.7 (81.5-99.8)
96.4 (86.4-99.4)

54.5 (38.9-69.3)
76 (54.5-89.8)
87.5 (60.4-97.8)
83.3 (36.5-99.1)
100 (19.8-100)

100 (67.8-100)
83.3 (64.5-93.7)
74.3 (57.6-86.4)
61.2 (46.2-74.4)
58.5 (44.2-71.6)

MR findings are ill-defined margins, vascular invasion, liver metastases, size > 17.5 mm, ADC < 1.21 < 10-3 mm2/s. Diagnostic performances are expressed
as percentages (95%CI). Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value.

survival rates for patients with low-, intermediate-,
and high-grade metastatic tumors of 87%, 38%,
and 0%, respectively. Along with tumor grade, the
stage according to the ENETS TNM classification
represent an adverse prognostic factor of PanNENs:
[18]
as reported by Yang et al , the 5-year survival rates
for the stages Ⅰ, Ⅱ, Ⅲ, and Ⅳ were 75.5%, 72.7%,
[2]
29.0%, and not-assessable, respectively. Rindi et al
reported that the ENETS TNM staging system perfectly
allocated patients into four statistically significantly
different and equally populated risk groups, with
stage Ⅱ hazard ratio (HR) of death equal to 16.23,
stage Ⅲ HR of death of 51.81, and stage Ⅳ HR of death
of 160, considering stage Ⅰ as the reference. It is still
controversial which, between tumor grade and stage,
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has a greater influence on survival. At this regard,
[3]
a study conducted by Martin-Perez et al reported
that patients with surgically resected loco regional
disease and high Ki-67 index (> 20%) had worse
prognosis (17% 5-year survival rate) than those with
advanced disease but low proliferative index (63%
5-year survival rate). These data suggest that Ki-67
index have a greater impact on survival than the extent
of disease. The treatment of choice for PanNENs is
surgical resection, which should always be considered if
technically feasible, even in selected cases of metastatic
[5]
disease ; medical therapies, including chemotherapy,
antiangiogenic drugs and peptide receptor radionuclide
therapy, are reserved to locally advanced or metastatic
tumors in whom upfront surgical resection cannot be
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[1]

performed. Small (< 20 mm) non-hyperfunctioning
PanNENs have a low malignant potential, therefore
[5]
a follow-up strategy can be adopted in such cases .
The treatment strategy of PanNENs, however, differs
according to their malignancy. Therefore, the more
precise will be the pretreatment prediction of the
biological behavior of PanNENs, the more effective will
be their treatment. In this setting, besides the wellestablished criteria of malignancy such as the infiltration
of peri-pancreatic vessels and liver metastases, a
[7,8]
parameter associated with malignancy is tumor size .
In our series, G2-3 tumors were significantly larger
than G1 PanNENs (36.7 mm vs 22.6 mm, P = 0.022);
the optimal size cut-off for the identification of G2-3
tumors was found to be 17.5 mm, a value that yielded
a sensitivity of 91.7%. As previously mentioned, a
non-operative management has been advocated for
non-hyperfunctioning tumors below 20 mm when
[5]
discovered incidentally ; in the present study, after
the exclusion of 8 hyperfunctioning PanNENs from our
sample population, a cut-off value of 20 mm provided
a sensitivity of 79.2% for the identification of G2-3
tumors. Ill-defined margins are significantly associa
[9]
ted with aggressive lesions ; in our series, ill-defined
margins were significantly more common among
high-grade and high-stage tumors, with a specificity
of 90.3 and 96% for the identification of G2-3 and
stage Ⅲ-Ⅳ tumors, respectively. On conventional MR
sequences, PanNENs have quite a broad spectrum of
appearance. Poorly differentiated PanNENs may lack
typical MR features, as hypervascularization during the
[9]
[9]
late arterial/pancreatic phase . Kim et al and Jang
[11]
et al
reported that arterial phase hypointensity was
significantly associated with tumors with higher degree
of dedifferentiation. We found similar results, as
indicated by the higher proportion of G2-3 and stage ⅢⅣ tumors among lesions showing hypointensity on
late arterial/pancreatic phase images compared to G1
and stage Ⅰ-Ⅱ tumors (69.2% and 75% vs 30.8%
and 25%, respectively), although without significant
differences between groups. In the present study,
the presence of heterogeneous enhancement was
a good predictor of G2-3 tumors (specificity, 71%);
nevertheless, heterogeneous enhancement has been
[19]
correlated also with tumor size
and our results
confirms these data: in the present series, PanNENs
showing heterogeneous enhancement were significantly
larger than homogenous lesions (19.8 mm vs 39.3 mm,
P < 0.001), independently from tumor grade.
DWI appears to be a promising adjunct for the
identification of PanNENs and liver metastases, as
[14,20-22]
reported in previous studies
. An inverse co
rrelation between the ADC value and tumor cellularity
[23-26]
has been reported in a variety of neoplasms
: a
probable explanation is that increased cellularity causes
a decrease in extracellular spaces, which results in
restriction of water diffusion. According to the WHO
classification, tumor grade in PanNENs is directly linked
to tumor cellularity: the higher the degree of cellularity,
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the poorer the differentiation : theoretically, increased
tumor cellularity and reduced cytoplasmic volume will
restrict the free motion of water molecules, resulting
[27]
in a decrease in ADC values . Consistent with this
theory, we found that G2-3 PanNENs have significantly
-3
lower ADC values compared to G1 tumors (1.09 × 10
2
-3
2
mm /s vs 1.45 × 10 mm /s, P = 0.003). Moreover,
we found that tumor with higher stage at diagnosis
-3
presented significantly lower ADC values (1.10 × 10
2
-3
2
mm /s vs 1.53 × 10 mm /s, P = 0.001). ROC analysis
determined optimal cut-off values of 1.21 and 1.28 ×
-3
2
10 mm /s for the identification of G2-3 tumors and
stageⅢ-Ⅳtumors, with sensitivity and specificity values
of 70.8/80.7% and 64.5/64%, respectively. In the
present series, no correlations were found between ADC
values and tumor size (P = 0.236). Our results therefore
may suggest a prognostic role for ADC quantification.
Our study has some limitations. First, although we
recruited patients who met the inclusion criteria, we
cannot rule out a selection bias that may have resulted
from the retrospective design of this study. Second,
manual measurements of ADC values may be poorly
reproducible and unreliable for small lesions due the low
spatial resolution of DW images. Finally, extracellular
accumulation of collagen, glycosaminoglycans and
proteoglycans as well as infiltrating leukocytes may
cause restriction of water diffusion in PanNENs in
addition to high cellularity: some tumors may present
intratumoral fibrosis, and even if well differentiated,
they can demonstrate low ADC values. These aspects
[12]
were explained by Wang et al , who found a difference
in mean ADCs between well-differentiated PanNENs
and endocrine carcinomas, but a significant inverse
correlation between ADC values and the cellularity of
PanNENs was only observed after excluding three welldifferentiated tumors with benign behavior and marked
fibrosis. It must be otherwise considered that PanNENs
[28]
containing fibrosis are uncommon; McCall et al found
only 14% lesions with prominent stromal fibrosis in
their large PanNEN series. Further studies, possibly
involving intravoxel incoherent motion DW imaging, are
needed to better understand the relationship between
histopathological features of PanNENs and water
diffusivity evaluated with MR-DWI.
In conclusion, our study demonstrated that MR
features of PanNENs vary according to the grade of
differentiation and the ENETS TNM stage and can
predict the biological behavior of these tumors. In
particular, irregular margins and low ADC values are
good predictors of less-differentiated PanNENs and
tumors with higher biological malignancy. MR features
may be helpful, in addiction to tissue sampling, to define
the most appropriate treatment strategy for PanNENs.
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even invasive methods, as fine-needle aspiration (FNA), have a limited
accuracy in determining the true proliferative activity of these tumors. Imaging
methods could estimate the malignancy of PanNENs in a non-invasive way.
Nevertheless, these results are based on small study populations and the
diagnostic accuracy of imaging features in predicting the biological behavior of
these tumors is still undefined.
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Research frontiers

The aims of this study are to describe magnetic resonance (MR) and diffusionweighted imaging features of PanNENs according to the 2010 World Health
Organization grade classification and European Neuroendocrine Tumor
Society tumor-nodes-metastases (TNM) staging system by comparing them
to histopathology and to determine the accuracy of MR imaging features in
predicting the biological behavior of these tumors.
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Innovations and breakthroughs

8

One of the major strenghts of our study is that histopathological analysis
was based on surgical specimens, while in most previous study FNA was
considered as the external gold standard. This study demonstrated that MR
imaging features of PanNENs vary according to the grade of differentiation and
the European Neuroendocrine Society TNM stage and can predict the biological
behavior of these tumors. In particular, besides other well-known features as
liver metastases and vascular infiltration, irregular margins and low apparent
diffusion coefficient (ADC) values are good predictors of less-differentiated
tumors and of those with higher biological malignancy. MR features may be
helpful, in addiction to tissue sampling, to define the most appropriate treatment
strategy for PanNENs.
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Applications

MR features, especially the mean ADC value calculated by the placement
of regions of interest within the tumor, may be helpful, in addiction to tissue
sampling, to define the most appropriate treatment strategy for PanNENs.
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The paper is well written. The idea of using MR imaging to correlate with the
grade/stage of tumors is not novel but in the context of PanNen may provide
useful information.
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Abstract
AIM
To understand the interference of carbohydrates
absorbance in nucleic acids signals during diagnosis
of malignancy using Fourier transform infrared (FTIR)
spectroscopy.
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METHODS
We used formalin fixed paraffin embedded colonic
tissues to obtain infrared (IR) spectra in the mid IR
region using a bruker II IR microscope with a facility
for varying the measurement area by varying the
aperture available. Following this procedure we could
measure different regions of the crypt circles containing
different biochemicals. Crypts from 18 patients were
measured. Circular crypts with a maximum diameter
of 120 μm and a lumen of about 30 μm were selected
for uniformity. The spectral data was analyzed using
conventional and advanced computational methods.
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RESULTS
Among the various components that are observed
to contribute to the diagnostic capabilities of FTIR,
the carbohydrates and nucleic acids are prominent.
However there are intrinsic difficulties in the diagnostic
capabilities due to the overlap of major absorbance
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are the nucleic acids, glycogen, proteins and other
macromolecules. It is well known that nucleic acids
undergo changes in all types of cancers arising due
[6]
to the composition of DNA that is altered due to
mutations or other effects and the transcription and
translation is a consequence of these alterations as
well as cause of disease manifestation. Both the nucleic
acids, RNA and DNA have been found to absorb in
-1
the wave numbers region 900-1300 cm in the mid[2]
infrared (IR) that are of diagnostic potential . However,
this region is also the region where carbohydrates and
phosphates/phospholipids prominently absorb. Thus,
it becomes important to study how the absorbance of
nucleic acids is affected by other compounds which are
present in the tissues and absorb at overlapping wave
numbers.
Many approaches have been undertaken to identify
the contribution of nucleic acids by measuring the
intensities at wave numbers where nucleic acids ab
[7-10]
sorb
. However, most of these cases dealt with in
vitro conditions where lipids and proteins were not
affected by the fixation procedures. Moreover in these
cases, the signals were measured from intact cells and
not from tissues, while during preparation of sections
from biopsies, even the nucleus has a possibility of
being sliced, leading to the reality of exposure of the
nucleic acids to histopathological processing.
We under took the study in colonic tissues which
provide an ideal condition for studying the absorbance
bands arising from the nuclei (nucleic acids) by mea
suring different zones across the transverse section
of the crypt. The colonic crypts in transverse section
display the epithelial cells arranged around the lumen
with the nuclei located at the periphery of the crypt.
Thus, by gradually increasing the (circular) aperture
of the FTIR-microscope, circular areas of various dia
meters can be measured that include and exclude
the nuclei. In this system at least three different
regions can be measured. The lumen that is filled with
secretions, consisting of mostly glycoproteins with
negligible contribution from lipids and nucleic acids is
the inner most and measured by the smallest aperture.
The outer circle that includes the nuclei along with
other cellular structures gets included in measurements
at the maximum aperture. Contribution from the cen
tral region that has mostly cellular structures especially
the endoplasmic reticulum (ER) and Golgi bodies that
would be required for synthesis of the glycoproteins
and their packing (rich in lipids due to the folding
nature of the ER) as well as organelles filled with mucin
is varied with the aperture. We assume that migrations
of extra material from the surrounding areas into
the crypt during all histopathological procedures is
minimum. Since one region of the crypt is measured
with respect to another region in the same crypt, using
difference of the normalized spectra, the variability
in the thickness of the sample, and presence of cell
debris and other factors that are usually encountered in
biological samples are not expected to affect the study.

bands of nucleic acids, carbohydrates and phospholipids
in the mid-IR region. The result demonstrates colonic
tissues as a biological system suitable for studying
interference of carbohydrates and nucleic acids under
ex vivo conditions. Among the diagnostic parameters
that are affected by the absorbance from nucleic acids
is the RNA/DNA ratio, dependent on absorbance at
-1
-1
1121 cm and 1020 cm that is used to classify the
normal and cancerous tissues especially during FTIR
based diagnosis of colonic malignancies. The signals
of the nucleic acids and the ratio (RNA/DNA) are
likely increased due to disappearance of interfering
components like carbohydrates and phosphates along
with an increase in amount of RNA.
CONCLUSION
The present work, proposes one mechanism for the
observed changes in the nucleic acid absorbance in
mid-IR during disease progression (carcinogenesis).
Key words: spectral interference; Fourier transform
infrared diagnosis; Nucleic acids; Malignancy; colonic
tissue
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Techniques like infrared (IR) spectroscopy
have been used in different research areas and
their potential has been established in the field of
biomedicine. However studies connecting the basic
spectral data to histological features are very few. The
connection between diagnosis of the disease pathology
and spectral features often needs a correlation. This
study address one such issue pertaining to the varying
histology and the spectral signatures in mid IR region
by trying to understand the contribution of one type of
bio molecules in presence and absence of another using
biopsies rather than synthetically created combinations.
Sahu RK, Salman A, Mordechai S. Tracing overlapping
biological signals in mid-infrared using colonic tissues as a model
system. World J Gastroenterol 2017; 23(2): 286-296 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i2/286.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i2.286

INTRODUCTION
In fourier transform infrared (FTIR) based diagnosis of
cancer and other abnormalities, the signals from nucleic
acids form a vital part and occur due to changes in
[1-5]
the composition of the DNA
and RNA. For example,
changes occur in DNA composition and structure
in biopsies which are routinely used in pathology
laboratories. Biopsied tissues are subjected to various
procedures like paraffin embedding, deparaffinization
with hot xylol and ethanol and thus, many smaller
molecules are removed and what remains essentially
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that were in the region considered as having normal
morphology as well as in regions where the disease
was diagnosed by the expert pathologist. All diseased
spectra presented are the average of spectra of that
category of disease. Sub categories were not evaluated
in this study and are a future prospectus.
The measurements were made only on circular
crypts that had no contaminating material and were
of the required diameter. The crypts were selec
ted such that they represented the measurements
along the middle of the height of a crypt as seen
by their proximity to the stromal layers. The FTIR
measurements on biopsies were performed using
the FTIR microscope, IR scope II, with liquid nitrogen
cooled mercury-cadmium-telluride detector, coupled
to the FTIR spectrometer (Bruker Equinox model 55,
OPUS software). After focusing on a crypt, the lowest
diameter was selected (45 µm) and the moving stage
so adjusted that the entire lumen was covered by the
circular area of measurement (area E in Figure 1). Once
this was established, the slide was not moved on the
microscope stage, but only the aperture was increased
to cover the entire crypt regions gradually measuring
regions D, C, B and A. Only those crypts where the
entire crypt was enclosed in the circular aperture of
diameter of 120 µm without elimination of any crypt
structure or inclusion of stromal substance, were
selected. Then measurements were made from the
lowest to the highest diameter aperture sequentially.
A background measurement was made separately
for each slit diameter and was used to calculate the
corrected absorbance for each aperture separately. To
achieve a high signal to noise ratio 128 co-added scans
were collected in the wavenumber region 600 to 4000
-1
cm for Fourier transform processing. The spectra were
baseline corrected using OPUS software and normalized
-1
to amide I band in the region 800-1800 cm after
smoothing, using the software to further exclude
noise arising due to the effect of decreasing apertures.
This method was carefully followed to allow a relative
comparison of various zones. The intensities obtained
at various wave numbers were used for subsequent
analysis. Additional normalization methods, such as
amide II or vector normalization, have also been tested
and gave negligible changes in the results.

A
B
C
D
E

Nuclei
Cytoplasm

Lumen

Figure 1 Histological section of H&E stained colonic biopsy showing the
architecture of crypts in a transverse section. The different zones indicated
by letters show the part of the crypt that likely has a different metabolic pattern.
The numbers indicate the size of the microscopic aperture that is used to
obtain the spectra of the portion of the crypt. The circle consists of several cells
joined in a concentric manner around the lumen with their nuclei in a peripheral
configuration to the lumen. N: Nucleus; L: Lumen; C: Cytoplasm.

Similarly while doping of compounds can be used as
model system to study interference, the presence of
multiple components makes the designing of such
doping experiments complicated and may not mimic
what occurs in the real biological systems. We utilized
the advantage of the microscopic setup that allows the
selection of regions of the crypts suitable for the study,
and focusing on the various crypt zones as detailed in
the methods section. The present work thus allows us
to look into the contribution of the nucleus that contains
mainly nucleic acids and proteins besides lipids that
form the structure around it without much interference
from carbohydrates which have a significant overlapping
absorbance with these biomolecules in the mid-IR
region. We propose at least one mechanism by which
the RNA/DNA parameter plays a role in diagnosis of
colonic abnormality, namely due to the decreasing
interference from carbohydrates/glycoproteins.

MATERIALS AND METHODS
Data acquisition

Formalin-fixed, paraffin-embedded colonic tissue from
biopsies (taken from regions far from the location of
cancer) of colon cancer patients were retrieved with
their consent from the histopathology files of Soroka
University Medical Center, Beer-Sheva (SUMC). Identical
[11]
sections, 10 µm thick of colonic mucosa were taken
and used for FTIR-MSP or for parallel hematoxylin
eosin staining. A pathologist examined the tissue
histology under microscope to ascertain that there was
no influence of stromal material in the measurement
sites in the biopsy and the region where measurement
on crypts was undertaken was equivalent to what is
observed in a normal colonic mucosa with regards to
morphology, when the data were being collected for
establishing the principle. For the study using samples
of IBD patients, measurements were made on crypts
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Spectral analysis and statistics

We used 19 crypts of human colonic tissues from
patients that were of similar morphology, size and
spectral features away from any abnormality to
establish the initial spectral variation pattern. The
spectra were collected from different crypts using
different apertures as represented in Figure 1. All the
-1
spectra were cut in the region 800-1800 cm . The
spectra in each region were manipulated separately
using OPUS (7) software before computational analyses.
Principal component analysis: Five categories of
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crypt spectra were considered here according to the
microscope aperture used during the measurements.
Our aim was to find differences among the spectral
categories by analyzing its IR spectrum and established
that measurements at each aperture gives rise to
spectra which can be grouped together. This indicated
that a spatial variation exists in the distribution of
biological components across the crypt which can be
monitored by FTIR spectroscopy. Each spectral mea
surement includes D points, which may be represented
as one point (or vector) in a D-dimensional space. The
number of representing points (i.e., number of different
spectra) is denoted by N. In order to find the features
characteristic of each category, two methods were
considered: principal component analysis (PCA), and
[12-16]
linear discriminant analysis (LDA)
. PCA is was used
[12,14,17-20]
for dimensionality reduction
, as well as for a
rough classification of the measured data into the five
categories. In PCA, the data is represented in a reduced
“principal” subspace, defined according to the variance
between the measurements, with orthogonal basis
vectors ν1, ν2, ..., νk, arranged according to the variance,
in increasing order (ν1 is the direction of maximal
variance, etc.). The corresponding components are the
st
nd
th
1 , 2 , …, k principal components (PCs). The data
points can also be represented graphically, in a twodimensional subspace, defined by only two chosen
components. This alone can provide some order of
differentiation between measurements belonging
to different categories. It is usually a rather poor
method of differentiation, because it uses only partial
knowledge regarding the category features. Never
theless, it is instructive to investigate the differentiation
graphically, even at this early stage of data analysis.

manner, each spectrum is considered as a place vector
in N dimensional space. The results are shown in
dendrogram which is a 2D plot of the date for example
[25,26]
name of file vs heterogeneity
. Unsupervised cluster
analysis was performed on spectra of the aperture 45
μm and 90 μm samples at different regions 900-1800
-1
cm .

RESULTS
Colonic mucosa as a model system for studying
spectral interference

Histological section of a colonic biopsy, displaying the
anatomy of the crypts in transverse section is shown in
figure 1. Most crypts which are tubular structures have
a circular to oval cross section as seen in the figure
and vary in their outer and luminal diameters. The
most frequent size encountered in crypts is a diameter
of 120 μm and a lumen diameter of 45 μm and these
crypts were mainly selected for measurements. It is
observed that the lumen is largely unstained in the
histological section under H&E staining. This zone
consists mainly of secretions of glycoprotein in the
crypt. On the contrary, Zone A contains nuclei in a
peripheral alignment to the lumen is densely stained.
Zone B has some portions of nuclei, while Zones C and
D mostly contain cell organelles and cytoplasm. The
FTIR spectra of Zone E largely reflect contributions
from glycoproteins (and other crypt secretions) while
the spectra obtained from Zone A reflect absorbance
from component of nucleic acids, especially DNA in
the presence of other components. Lipids contribute
towards absorbance in all zones and minimally to
Zone E and can be traced with the absorbance bands
-1
between 1700-1800 cm (Esters) and 1345-1469
-1
(CH2, CH3) cm . DNA being a prominent contributor
to nucleic acid absorbance would be found mostly in
Zones A and B while RNA absorbance would be found
in Zones A-D. Thus, this system presents a unique
opportunity to study contribution of different cellular
components in the IR spectra from a variety of deparaffinized tissue sections under ex vivo conditions.
Figure 2 shows typical spectra of the above five
-1
zones in the mid-IR region of 800-1800 cm , which has
been used for diagnosis of cancer and contains relevant
information from all metabolites in the cells/tissues.
There is a progressive decrease in the intensities
-1
in the region between 900-1200 cm vs aperture
diameter. This systematic decrease is attributed
mainly to glucose (carbohydrates) and glycoprotein
absorbance. To further understand the distribution
and gradient of various biochemicals along the crypt
diameter, cluster analysis was performed. The data are
presented in Figure 3A, which shows that the spectra
obtained with the same aperture cluster together
due to unique combination of the components in that
zone of the crypt. Although the main goal of PCA is

LDA: A more comprehensive method of differentiation
is the LDA, a linear model which separates data
into categories by defining a linear combination of
[21]
category features . In our case, the features were
the measured data points, but it is computationally
better to use the data after having performed the PCA
procedure. Data classification is obtained by analyzing
a training set (a subset of the total data) in order to
examine the model’s efficiency.
The LDA analysis was carried out using the “Leave
[12,14]
one out” algorithm (LOO)
. In the LOO algorithm,
the training set contained all of the measured spectra,
except for one. The category of this left-out mea
surement was then calculated, and compared to the
known category. This procedure was repeated N times;
in each repetition a different measured spectrum was
left out. LOO usually applied with small amount of data
[22,23]
was used when k = N, the number of data points
.
[24,25]

Cluster analysis: Using cluster analysis
which is
an unsupervised technique, it is possible to cluster the
spectra based on the distances between them. For this

WJG|www.wjgnet.com

289

January 14, 2017|Volume 23|Issue 2|

Sahu RK et al . Nucleic acid signals in mid-IR
45

2.0

45
60
75
90
120

Amides

75
Carbohydrate

1.0

0.5

0.0
1800

Lipids

Nucleic acids 45
60
75
90

Lipid ester

Absorbance (AU)

1.5

60

90

120

   1600

1400

1200

   1000

120

800

-1

Wavenumber (cm )

Figure 2 Amide I normalized spectra of a representative crypt with a lumen diameter of 45 μm and an outer diameter of 120 μm. The histological sections on
the right show the aperture of the microscope and the corresponding region of the crypt along with the spectra obtained for the same. The notations for the regions in
the figure correspond to those of the spectra displayed in Figure 2. The spectra are normalized with respect to Amide I. Numbers indicate the size of the aperture.

contribution from other macromolecules like proteins,
lipids and nucleic acids becomes significant, causing
a relative lowering of signals from the carbohydrate/
glycoprotein absorbance. Second derivative analysis of
the spectra showed variation of metabolites absorbing
in different regions obtained due to aperture variation
(Figure 3c). The lumen secretions originate from the
secretory vesicles that are concentrated in Zones B
and C. Thus, monitoring the glucose/glycosylation
variation would establish the validity of the model.
(Zone E containing glycoproteins in a higher proportion
than other zones, exhibits a deeper minima at this
-1
wavenumber (approximately 1030, 1045 cm ) in the
second derivative spectra (Top right panel Figure 3c).
The pattern obtained in Zone E shows bands that
correspond to absorbance from glycosylated proteins
(increased absorbance at amide II, and at wave
-1
numbers between 900-1300 cm ) which are known to
be present in the crypt lumen. Thus, we establish that
there is gradual decrease of this component using our
model which correlates with the histological features.
Glycoproteins are secreted into the crypt lumen and
as expected a decrease in protein level is reflected
also in the increasing minima (in the second derivative
spectra) at the amide II due to decreasing proportion
of protein absorbance with the inclusion of additional
cell components and nuclei into the spectra as we
move towards the periphery (Figure 3C lower right
panel).

Table 1 linear discriminant analysis of spectra
Zone A
Zone B
Zone C
Zone D
Zone E

20
1
0
1
0

0
16
4
0
0

0
3
14
2
2

0
0
2
16
5

0
0
0
1
13

dimensionality reduction by choosing the maximum
variance directions, sometimes, it is possible to detect
classification potential when looking in the PCs domain.
Figure 3B shows the scores of PC1 and PC2 in a two
dimensional figure generated using the calculated
scores derived using PCA calculation. As can be seen
from this figure, there is a total separation between
the data points of the far zones (A and E, A and D),
while the data points of near zones are overlapped (D
and C). To further establish that neighboring zones
had variations in spectra and composition we used a
more sophisticated LDA classifier. LDA analysis followed
the PCA calculations performed spectra in the range
-1
900-1800 cm show clear differentiation among
spectra obtained with different apertures (Table 1).
These results establish that we have a biochemical
variation along the crypt diameter and this is reflected
in the mid-IR spectra.

Signature component to indicate gradient across crypt

We next examined the spectra to see which regions
exhibited the maximum variation in the diagnostic
parameters. The most striking variation seen in the
-1
region 900-1200 cm is due to decreasing glucose
(carbohydrate) and glycoprotein absorbance when
the aperture was increased gradually from 45 to 120
μm. This indicates that as the aperture increases
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Relation between RNA/DNA and other overlapping
cellular components

Figure 4A shows the variation in different metabolites
across the crypt. We evaluated the variation of
-1
-1
carbohydrates/Amide II (I (1045 cm )/I (1545 cm ),
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Figure 3 Variation of the spectra due to aperture. A: Cluster analysis of spectra obtained with apertures of 45 and 90 μm to show the variation if composition
between zones and similarity within zones. Forty-five and ninety numbers indicate the apertures in the labels of crypts; B: PCA analysis of the spectra showing the
variation in biochemistry along the crypt diameter. The lines are drawn to show the group and are not mathematical in origin; C: Second derivative of the normalized
spectra obtained with various apertures, in the region between 900-1200 cm-1 showing the different wave numbers where the carbohydrates and nucleic acids absorb
and how these vary due to the aperture.

which is expected to be highest in the lumen and
progressively decrease with increasing aperture as
most carbohydrates and glycoproteins are secreted
into the lumen and hence are concentrated in that
region (Figure 4A). It is observed that as expected,
the level of glucose and phosphates decrease when
the aperture increases, indicating that the bulk of
the carbohydrate absorbance arises from the luminal
components (Figure 4A). The RNA/DNA ratio which
decreases with aperture shows that DNA signals arise
mainly from components localized at the periphery
further confirming that the absorbance from nucleic
acids and carbohydrates can be spatially partitioned
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in this system (Figure 4A). Other parameters that
indicate levels of carbohydrates and nucleic acids
display similar trends (data not shown).
Under normal conditions DNA and RNA are present
in the nucleus while the cytoplasm contains mostly
RNA. As the aperture increases signals from DNA get
included and the signals from RNA have a relative
-1
lowering. The classical ratio I (1121 cm )/I (1020
-1
cm ) seems to best denote the inclusion of nucleic
acid absorbance in the spectra as this increases
considerably with aperture in the larger apertures
(Zones B and A) in the spectral measurement. Inclusion
of the nuclei results in inclusion of signals from DNA
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Figure 4 Analysis of different parameters to indicate the changes in composition within a crypt. A: Distribution of different metabolites in the various zones:
Glucose/phosphate [I (1030 cm-1)/I (1080 cm-1)], Carbohydrates/amide II [I (1045 cm-1)/I (1545 cm-1)], RNA/DNA [I (1121 cm-1)/I (1020 cm-1)], and Phosphate/amide
II [I (1080 cm-1)/I (1545 cm-1)]. Each line represents a crypt and the dark line represents the average. A few crypts are shown along with the averages to indicate the
pattern; B: Correlation between different parameters (Solid square-phosphate/amide II and solid circle-carbohydrate/amide II) and the RNA/DNA ratio along the crypt.
The lines are only an indicator of the trends. The values within the box indicate the correlation coefficients of the different parameters with the RNA/DNA ratio.

which is mostly confined to the nuclei. Both RNA and
DNA signals are expected to increase with aperture.
However our results indicate that the RNA/DNA ratio
increases. Therefore RNA signals seem to increase
more rapidly than DNA. This observation may be due
to the fact that several types of RNA exist in the cells
and nuclei and most of the DNA is usually in compact
form with less contribution to IR absorbance. However
the region where these two nucleic acids prominently
absorb IR is also the region of considerable absorption
by sugars and their derivatives.
To understand the variation of the nucleic acid
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contribution in presence and absence of carbohydrates
and other interfering components, the relation of the
parameter representing the RNA/DNA ratio was plotted
against the parameters representing concentration
of carbohydrates/phosphates (Figure 4b). It can be
seen that the parameter shows an inverse relation
as indicated by the negative correlation coefficient
between RNA/DNA ratio and those representing the
carbohydrates or phosphates. This shows that if there
is a decrease in carbohydrates due to any disease
condition, an increase in signals from RNA/DNA may
be expected and becomes relevant when the diagnosis
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A

0.2

5a), there is similarity between the difference spectra
obtained for colonic malignancies with the difference
spectra obtained between Zones A and B. This
indicates that the observed diagnostic potential of the
technique owes its origin to the phenomenon, i.e., loss
of luminal structures and components that are present
in normal histology but are absent or disturbed during
malignancy. The nucleic acid signature is obtained
under both these conditions is presence or absence of
the interfering components.
To further confirm the absorbance of nucleic acids,
we analyzed the second derivative of the difference
spectra of the total crypt area (Zone A) and Zone B
containing some portions of nuclei should result in
identifying the signatures exclusive to DNA. Figure 5b
shows the second derivative spectra where minima
are observed at wave numbers that correspond to
nucleic acid absorbance bands. A statistical analysis
of the parameters showed significant difference in the
ratio obtained with the inclusion of absorbance from
Zone A when compared to the parameter obtained
from absorbance in the lumen alone (Table 2). This
shows that the RNA/DNA ratio though susceptible to
interference from the carbohydrate moieties can still be
a significant parameter when used to detect changes
occurring due to variation in nucleic acid content even
in tissues rich in glycoproteins. We further studied
this correlation between the average parameters
and the RNA/DNA ratio to see the interference of the
substances. Histologically studies of the cross sections
of crypts, indicate that the lumen is shrunken and
there is a collapsing structure with nuclei of the cells
[27]
occurring inner to their normal occurrence . Thus,
this indicates that indeed the nuclei contribute to the
absorbance.
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Figure 5 Extrapolation of the principle/observations to disease conditions.
A: Difference spectra between normal, IBD (Crohn's-H and Ulcerative colitisUC) and cancer (C) tissues showing similar pattern to the difference spectra
obtained by subtracting normalized spectra with apertures 120 and 90 μm
(bold black line); B: Second derivative of the difference spectra of 120 and
90 μm showing peaks corresponding to nucleic acid absorbance (DNA-1020,
1080, 964). The difference spectra of IBD, normal and Crohn’s represent the
average spectra for each category from ten different patients subtracted from
the average normal spectra.

Table 2 Comparison of diagnostic parameters between
different zones as evaluated statistically showing the P values
Apertures

1121/1020

1244/1230

Glucose/
phosphate

996/966

Compared
45, 60
60, 75
75, 90
90, 120
45, 120
75, 120

P values

P values

P values

P values

0.008998
0.187822
0.123108
1.55E-05
1.07E-10
9.58E-09

0.267273
0.002968
0.003836
0.016475
0.007219
0.000418

0.00164
0.00376
0.235976
4.26E-05
1.10E-05
0.000104

0.000501
0.0003
0.319264
0.199106
0.000104
0.037284

DISCUSSION
FTIR spectroscopy has been increasingly seen as a
potential technique for analysis of metabolic profiles of
[19,20]
cells and tissues during diagnostics in biomedicine
.
However, it has an intrinsic complexity associated with
overlapping signals from different metabolites that can
simultaneously absorb making it difficult to often assign
variations in absorbance at a particular wavenumber
to a single metabolite. To overcome this problem other
than taking very specific intensities corresponding
to known metabolites that are expected to vary due
to biological variations, advanced methodologies for
[15,18]
spectral analyses have been adopted
. These
have been useful to partly increase the sensitivity and
specificity of spectral analyses especially in cancer
diagnostics.
A question of considerable implications in this field
is how the variations of chemical composition from one
group of compounds may affect the signals arising due
to another group absorbing at similar wave numbers
and how such interference may result in affecting the
diagnostic features of the FTIR spectroscopy. While the

The P values were obtained by comparing data at different apertures.
Light gray shows significant difference at 0.01 < P < 0.05 and dark gray
shows non-significant difference between the two values. Unshaded
values show significant difference at P < 0.01.

is based on FTIR spectral measurements.

Absorbance of nucleic acids in the crypts

To further verify the proposition that disappearing
carbohydrate/glycoprotein signals can lead to in
creasing signals from nucleic acids, we subjected
the spectra obtained from different grades of colonic
malignancies to a qualitative analysis where data
were obtained by measuring absorbance in the entire
crypt circle and a difference spectra of the malignant
with the normal was plotted. As can be seen (Figure
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[28]

effect of contaminating extraneous materials
and
[30]
confounding variables have been studied as a part of
the basic research into spectral interference, no study
about how the actual interference from components
intrinsic to tissues has been undertaken.
Phospholipids are known to absorb at overlapping
wave numbers with nucleic acids and can influence the
absorbance due of nucleic acids. We confirmed that the
variation of the phospholipids along the crypt diameter
was minimum and did not contribute significantly to the
observed variations of the nucleic acids by monitoring
-1
the changes at 1737 cm where lipids have absorbance
with least interference from other macromolecules
(Figure 4A). Thus a decreasing level of carbohydrates
coupled with an increasing signal from nucleic acids
can help confirm the absorbance due to nucleic acids at
their specific wave numbers.
The correlation between the average parameters
and the RNA /DNA ratio was plotted to see the inter
ference of the substances. Figure 4b shows the
negative correlation of the two components, carbo
hydrates, phosphates with the RNA/DNA ratio showing
that these substances decrease while the RNA/DNA
(1121/1020) ratio increases with correlation around
-0.9. Thus, our initial hypothesis that a decreasing
carbohydrate and phosphate absorbance could con
tribute to increasing signals of RNA/DNA is verified.
Our groups had previously demonstrated that
utilization of simple ratios of intensities of nucleic
acids in the mid-IR region from normal and cancerous
samples of different tissues can be quite effective.
Implementing such simplistic analysis is important
when the technique is to be used in clinical set ups as
most personnel dealing with such preliminary diagnosis
may not have the required expertise to undertake
more complicated analysis as well as to avoid de
pendence on more complex software programs and
personnel. Interestingly, the absorbance of nucleic
acids is also affected by the presence of carbohydrates
or carbohydrate containing macromolecules, which
are known to vary from the normal levels in tissues
[31]
due to carcinogenesis . This has been observed in
[2]
several tissues like colon, cervix and cell lines . Thus, it
became important to undertake a study to understand
how the variation in carbohydrates affects the signals
of nucleic acids.
The colonic crypts in cross section provide a
unique opportunity to understand this phenomenon
of how increasing or decreasing levels of absorbance
of one component affects the signals associated
with a diagnostic variable. Under situations where
permissible, therefore developing techniques to
eliminate the contribution of carbohydrates would
render the technique more efficient when diagnosis is
based on nucleic acid absorbance. It may also lead to
identification of changes in nucleic acids composition of
content using FTIR spectroscopy due to enhancement
of signals from DNA or RNA. The RNA/DNA ratio is one

WJG|www.wjgnet.com

of the parameters that has a near universal diagnostic
potential across different types of malignancy. During
malignancy accumulated glycogen or carbohydrates
decrease in both Cervical intraepithelial neoplasia and
cervical cancer and during this condition the RNA/
[31]
DNA ratio is an effective parameter . Thus, lowered
interference from carbohydrates may indeed lead to
improved nucleic acid signatures. We show cases of IBD
in the present study and the variation. Observations
with different grades of colonic malignancy previously
had shown that RNA/DNA is indeed an effective ratio
and histopathological features indicated the shrinking
of the lumen or distortion of the lumen in crypt circle
evident of disappearing or altered carbohydrate meta
[11]
bolism .
With increasing evidence from different studies
indicating common variations during malignancies, it
is feasible to identify and classify the disease stage
and grade based on spectral data. However the
pathologist would still be needed for ascertaining that
the measurements are made in the right region. While
a pathologist’s classification would still be subjective,
a spectral data would help further lend a quantitative
approach to the diagnosis. This has been the objective
behind using computational methods that are free
from human bias. Previously studies have indicated
[32]
the potential of predicting diseases from biopsies .
While the disappearance of carbohydrates (Glycogen)
an decrease in its signal in the FTIR spectra is a
function of the differentiation process in the cervical
[33]
epithelium
and is elucidated by measurements in
different zones , in the crypt the same analogy may be
observed by varying the measurement using different
aperture in the crypt circle. This establishes that
biological variations can be manifested as chemical
signatures and are the basis for the diagnostics.
We have traced the variation in the interfering
components along the colon crypt diameter along with
the nucleic acid variation and shown that decreasing
carbohydrates from interfering substances may indeed
lead to improvement of signals from nucleic acids
leading to its effectiveness as a diagnostic variable.
In conclusion, we utilize the unique features pre
sent in the cross sections of crypts in the colonic
biopsies and advanced computational methods to
establish the contribution of nucleic acids in presence of
carbohydrates. We demonstrate the validity of using the
RNA/DNA ratio as a diagnostic parameter for detecting
colonic malignancies (abnormalities) by studying how
the nucleic acid absorbance may be effective in spite of
presence of confounding variables like carbohydrates
and phosphates in tissues. The present study indicates
that one has to be careful when comparing results ob
tained from different apertures and utilizing the system
for diagnosis. Different apertures strongly affect the
extracted biological markers due to overlap between
the IR signals at different zones.
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Abstract
AIM
To assess the effect of long-term oral nucleos(t)ide
analogues (NUCs) therapy on liver volume change in
patients with suppress hepatitis B virus (HBV)-related
liver cirrhosis.
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METHODS
We reviewed the data of naïve patients with HBVrelated liver cirrhosis, who had taken oral NUCs therapy,
between 2003 and 2007 at Chonbuk University Hospi
tal. We analyzed two consecutive sets of abdominal
computerized tomography scans-one at the time of
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treatment initiation and another at the second-year
follow-up. Liver volume was calculated by 3-dimensional
liver extraction volumetry program.

INTRODUCTION
Chronic hepatitis B virus (HBV) infection remains a
major global public health problem with the potential
to cause liver cirrhosis, hepatic decompensation, hepatocellular carcinoma (HCC), and liver-related mortality.
According to studies from Taiwan regarding the Risk
Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer (REVEAL), serum HBV DNA levels
were independent predictors for progression of chronic
[1,2]
HBV infection . Fortunately, oral nucleos(t)ide analogues (NUCs), including lamivudine (LAM), telbivudine
(LdT), adefovir (ADV), entecavir (ETV), and tenofovir
(TDF), have been approved to suppress HBV replication with potent reduction of serum HBV DNA levels
and improvement of hepatic necroinflammation and
[3,4]
fibrosis . Furthermore, a long-term treatment with
oral NUCs has been known to significantly reduce the
rates of disease progression and development of HCC
[5,6]
in patients with HBV-related cirrhosis .
Precise measurement of liver volume has been
made possible due to the availability of rapid volumetric scanning and reconstruction techniques of modified
discrete cosine transform (MDCT). Imaging-based
volumetry has been increasingly utilized in current
clinical practice to obtain accurate measurements of
liver volume. This modality is particularly useful prior
to major hepatic resection and living donor liver transplantation, where the size of the remnant liver and
liver graft, respectively, affects procedural success and
postoperative mortality and morbidity. Liver cirrhosis is
a progressive condition accompanied by morphologic
changes of the liver and deterioration of hepatic function. Clinically, Child-Turcotte-Pugh (CTP) classification
and model for end-stage liver disease (MELD) score
are mainly used in assessing the severity of liver
cirrhosis. Previous studies demonstrated that changes
in liver volume were positively correlated with CTP
classification and could be used as a severity marker
[7-9]
for liver cirrhosis
. However, there was no study
that evaluated the changes of liver volume in cirrhotic
patients undergoing oral NUCs therapy. In this study,
we aimed to assess the effect of long-term oral NUCs
therapy on the change of liver volume in patients with
HBV-related liver cirrhosis using a 3-dimensional (D)
virtual liver extraction measurement program.

RESULTS
A total of 55 patients (34 males) were included. There
was 114.3 mL ± 167.8 mL (12.9% ± 17.9%) of
increase in liver volume during the two years of NUCs
therapy (993.8 mL ± 242.8 mL at baseline vs 1108.1
mL ± 263.3 mL at two-year follow-up, P < 0.001).
The ratio of the measured baseline liver volume to the
estimated standard liver volume was improved from
70.8% to 78.0%. An increase in liver volume was
shown not only in patients with compensated cirrhosis
(P = 0.046) but also in those with decompensated
cirrhosis (P < 0.001). Significant factors for volume
increases were Child-Turcotte-Pugh grade and model
for end-stage liver disease score improvement without
virological breakthrough. In multiple linear regression
analysis, delta albumin and delta alanine amino
transferase levels showed a significant association with
the increase in liver volume (P = 0.002 and 0.005,
respectively).
CONCLUSION
Long-term oral NUCs therapy in patients with HBVrelated liver cirrhosis lead to significant increase in liver
volume assessed with 3-dimensional liver extraction
volumetry program.
Key words: Antiviral agents; Liver cirrhosis; Liver
regeneration; Image processing; Computer-assisted
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver volume change may represent the
hepatic functional and regenerative capacity. We
inspected the effect of oral nucleos(t)ide analogues
(NUCs) on liver volume in patients with hepatitis B
virus-related cirrhosis. The result showed the increase
in liver volume during two years of NUCs therapy and
the volume increase was shown both in compensated
and decompensated cirrhosis. The increase in liver
volume was well correlated with several markers
representing hepatic functional status. More volume
increase may be attained regarding aggressive
damage at baseline and marked improvement during
the treatment period. Our data support the reversal
of fibrosis and enhancement of liver regeneration of
damaged liver in patients with liver cirrhosis after the
treatment with NUCs.

MATERIALS AND METHODS
Study patients

This retrospective study included naïve HBV-related
liver cirrhosis patients, who had received oral NUCs
therapy for two years between January 2003 and
December 2012 at Chonbuk National University
Hospital. Patients were eligible if they had taken two
abdominal computerized tomography (CT) scansone at the time of treatment initiation and another
at the second-year follow up. HBV-related cirrhosis
was defined as a detectable serum hepatitis B surface

Lee CH, Kim IH, Moon JC, Seo SY, Kim SH, Kim SW, Lee
SO, Lee ST, Kim DG, Yang JD, Yu HC. 3-Dimensional liver
volume assessment in patients with hepatitis B virus-related liver
cirrhosis during long-term oral nucleos(t)ide analogues therapy.
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antigen (HBsAg) level for more than 6 mo with clinical
diagnosis of liver cirrhosis. Liver cirrhosis was clinically
diagnosed based on compatible radiological findings
of cirrhosis with one of the following three biochemical
3
findings: platelet count of less than 100000/mm ,
serum albumin level of less than 3.5 g/dL, and pro
thrombin time international normalized ratio of 1.3 or
[10]
more . Radiological findings compatible with liver
cirrhosis included morphologic changes (nodularity of
liver surface, atrophy of the right lobe, hypertrophy of
the left and caudate lobe, expansion of the periportal
space, and intrahepatic nodule), ascites, and presence
of portal hypertension (presence of collateral vessels
[10]
or splenomegaly) . Based on the CTP score, patients
with cirrhosis were categorized as compensated
(CTP class A) or decompensated (CTP class B or C).
Patients with the following were excluded from the
study: history of previous NUCs treatment, space
occupying lesions within the liver, hepatic vascular
thrombosis, bile duct dilatation, and alcoholism.
Additional exclusion criteria included co-infection with
human immunodeficiency virus, toxic hepatitis, and
congestive heart disease. During the study period, 192
patients with HBV-related liver cirrhosis were treated
with oral NUCs for at least 24 mo. After excluding 137
of patients without consecutive CT images at baseline
and 2-year follow-up data, a total of 55 naïve patients
were included for final analysis. TDF was not available in Korea during the study period, and oral NUCs
therapy was initiated on one of the NUCs, including
LAM (100 mg), LdT (600 mg), and ETV (0.5 mg). ADV
(10 mg) and ETV (1.0 mg) were used as a rescue
drug for patients with treatment failure, defined as the
emergence of virological breakthrough with or without
genotypic resistance after the initial NUCs therapy. The
strategies of oral NUCs therapy-treatment initiation,
monitoring, and management of treatment failurewere conducted in accordance with the clinical practice
[4]
guideline for chronic hepatitis B (CHB) .

say (Roche Diagnostics, Mannheim, Germany). Serum
HBV DNA was quantified by a real-time polymerase
chain reaction (PCR) assay using the COBAS Taq-Man
HBV quantitative test (Roche Molecular Systems Inc.,
Branchburg, NJ, United States), which had a lower limit
of quantification (20 IU/mL). Genotypic analysis of HBV
DNA polymerase was performed in patients showing
virological breakthrough during therapy using a matrixassisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS)-based genotyping
assay, which was previously known as the Restriction
[11]
Fragment Mass Polymorphism (RFMP) assay .

Liver volume measurement

Liver volume was calculated from two consecutive sets
of abdominal CT scans-one at the time of treatment
initiation (baseline) and another at the second-year follow-up. We used CT scans that had been taken within
three months at each time point. The Liver extraction
software was Dr. Liver version 04.2013 (POSTECH
Inc., Pohang, South Korea), which extracts liver information from abdominal CT images at the prephase,
[12,13]
arterial phase, portal phase, and delayed phase
.
We calculated the volume of liver parenchyma and
compared the changes of liver volume between the
baseline and follow-up. The standard liver volume (SLV)
[14]
was estimated via an equation proposed by Yu et al
and the estimated SLV of enrolled patients was 1436.0
mL ± 170.2 mL. This study was conducted in compliance with the World Medical Association Declaration of
Helsinki and was approved by the Ethics Committee at
our institution.

Statistical analysis

A descriptive analysis of liver volume change during
the treatment period was performed using a paired
t-test for qualitative variables. Factors associated with
volume change were analyzed by univariate and multiple linear regression analyses. A P value of less than
0.05 was considered statistically significant, and all
reported P values were two sided. Statistical software
package SPSS version 18.0 (SPSS Inc., Chicago, Ill)
was used for analysis.

Clinical data collections and serum assays

Sociodemographic data, biochemical tests, including
complete blood count (leukocytes, hemoglobin, platelets), liver function tests (aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin,
gamma glutamyl transpeptidase, alkaline phosphatase,
and bilirubin), prothrombin time, renal tests (blood urea
nitrogen, creatinine), alpha-fetoprotein, HBeAg, antiHBe, and HBV DNA level, type of initial oral NUCs were
collected at baseline. During the follow-up period, each
visitation data included oral NUCs therapy-related outcomes (serum ALT, HBeAg, anti-HBe, serum HBV DNA,
viral breakthrough, resistance, changing antivirals), any
cirrhosis-related complications, HCC development, and
death. Serum ALT was measured with an enzymatic
assay and defined as normal if it was less than 40 IU/L.
Serum HBsAg, anti-HBs, HBeAg, and anti-HBe were
detected by an electrochemiluminescence immunoas-
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RESULTS
Baseline and follow-up clinical characteristics of
patients

The baseline characteristics of patients are shown in
Table 1. The mean age was 53.2 ± 9.3, and there
were 34 males and 21 females. The mean body mass
index was 24.0 ± 2.5 (ranged from 16.5 to 29.0),
and 27 patients exceeded the upper normal range by
more than 22.9. There were 23 patients who showed
elevated ALT levels by two times or more. HBeAg
negativity was shown in 21 patients, and only one
patient showed HBV DNA titer level in undetectable
range at baseline. The AFP level was elevated in 28
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A

Table 1 Baseline clinical characteristics of patients with
chronic hepatitis B virus infection-related liver cirrhosis
1

55
53.2 ± 9.3
34:21
24.0 ± 2.5
11 (20.0)

1000

500

vs
P < 0.001

4507.6 ± 1703.3
13.2 ± 1.8
91.9 ± 51.9
1.4 ± 0.3
2.1 ± 2.0
115.7 ± 118.2
109.8 ± 151.8
218.5 ± 89.0
100.8 ± 94.5
3.5 ± 0.6
0.8 ± 0.2
142.4 ± 299.4
34 (61.8)
5.8 ± 1.2
7.8 ± 2.3
21 (38.2)/21 (38.2)/13 (23.6)
9.0 ± 4.9

0

B

Liver volume (mL)

Total number
Age (yr)
Sex , male: female
Body mass index (kg/m2)
Diabetes mellitus
Laboratory results
WBC (× 103/μL)
Hemoglobin (g/dL)
Platelet (× 103/μL)
Prothrombin time (INR)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
ALP
GGT
Albumin (g/dL)
Creatinine
AFP
HBeAg positive
HBV DNA (log IU/mL)
CTP score
CTP grade (A/B/C)
MELD score

Values

Estimated SLV

Liver volume (mL)

Clinical features

1500

At treatment

Follow-up

P < 0.001

P = 0.046

1500

Compensation LC at
treatment
Decompensation LC
at treatment

1000

500

1

Expressed by mean ± SD or number (percent). WBC: White blood cell;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase; GGT: Gamma glutamyl transpeptidase; AFP: Alpha
fetoprotein; HBeAg: Hepatitis B e antigen; CTP: Child-Turcotte-Pugh;
MELD: Model for end-stage liver disease.
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Figure 1 Change of liver volume during long-term oral nucleos(t)ide
analogues therapy. A: The overall change of liver volume from treatment
initiation to second-year follow-up. Liver volume was 993.8 mL ± 242.8 mL at
treatment initiation and 1108.1 mL ± 263.3 mL at follow-up. There was 114.3
mL ± 167.8 mL (12.9% ± 17.9%) of volume increase during the two years of
treatment period. Compared to the estimated standard liver volume (SLV), as
described by Yu et al[14]. which was 1436.0 mL ± 170.2 mL (shaded in gray),
measured baseline liver volume in this study was 70.8% and follow-up volume
was improved to 78.0% of estimated SLV; B: Comparison of changes of liver
volume according to the presence of decompensation at treatment initiation.
LC: Liver cirrhosis; F/U: Follow-up.

virological breakthrough and HCC had developed in 4
patients.
When divided into two groups-compensated liver
cirrhosis (CTP class A) group and decompensated liver
cirrhosis (CTP class B and C) group, the baseline liver
volume was lower in the decompensated cirrhosis
group. The volume changes between the two groups
are shown in Figure 1B. Liver volume increase was
shown not only in patients with compensated cirrhosis
but also in those with decompensated cirrhosis. In
patients with compensated liver cirrhosis, the baseline
liver volume was 1063.7 mL ± 238.9 mL and the
follow-up liver volume was 1127.9 mL ± 250.8 mL
(P = 0.046). In patients with decompensated liver
cirrhosis, the baseline liver volume was 950.0 mL ±
238.4 mL and the follow-up liver volume was 1095.9

Changes of liver volume during long-term oral NUCs
therapy

The overall changes of liver volume between the
treatment initiation and second-year follow-up are
shown in Figure 1. The liver volume at baseline and at
second-year follow-up was 993.8 mL ± 242.8 mL and
1108.1 mL ± 263.3 mL, respectively. There was 114.3
mL ± 167.8 mL (12.9% ± 17.9%) of volume increase
during the two-year treatment period. The measured
liver volume from baseline to second-year follow-up
showed an improvement; from 70.8% to 78.0% of
estimated SLV (Figure 1A). Fourteen patients showed a
volume decrease at the follow-up compared with that
at baseline. Among them, 7 patients had experienced
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2

tre
At

patients. The mean CTP score was 7.8 ± 2.3, and
decompensated liver cirrhosis (LC) patients accounted
for about 60% among the study population. The mean
MELD score was 9.0 ± 4.9, and the estimated 90-d
mortality rate was 0.05.
After the 2-year treatment period, two patients
showed elevated ALT level by two times or more, and
HBeAg seroconversion was observed in 28 (50.9%)
patients. HBV DNA undetectability was shown in 37
(67.3%) patients, and the mean HBV DNA level of
overall patients was 2.0 ± 2.3. The mean CTP score
was 5.9 ± 1.1 and the mean MELD score was 5.9 ± 2.5
at the second-year follow-up.
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A
Pre

Post

B
Pre

Post

Figure 2 Representative 3-dimentional reconstruction images in patients with (A) compensated liver cirrhosis and (B) decompensated liver cirrhosis.
Among 6 images for each patient, upper images are baseline (pre-NUCs therapy) images and lower images are follow-up (post-NUCs therapy) images in different
views (anterior, anteroinferomedial, and posteroinferomedial). NUCs: Nucleos(t)ide analogues.

Liver volume change according to the independent
nominal variables

mL ± 273.7 mL (P < 0.001).
Representative 3-D images are shown in Figure
2. A representative case in the compensated liver
cirrhosis group was a 71-year-old woman who showed
an increase in liver volume by 321 mL (35.0%) after
treatment (918 mL at baseline and 1239 mL at two
years of follow-up) (Figure 2A). Her baseline AST, ALT,
and total bilirubin levels were 67 IU/L, 31 IU/L, and
1.95 mg/dL, respectively, and her DNA titer was 8.25
6
× 10 . IU/mL. At the follow-up, her AST, ALT, and total
bilirubin levels were normalized, and her HBV DNA
titer was within the undetectable range. A representative case in the decompensated liver cirrhosis group
was a 48-year-old man, show showed an increase in
liver volume by 555 mL (69.1%) during the two years
of treatment period (803 mL of baseline liver volume
and 1358 mL of follow-up liver volume) (Figure 2B).
His baseline serum AST, ALT, and total bilirubin levels
were 723 IU/L, 824 IU/L, and 5.7 mg/dL, respectively,
6
and his HBV DNA titer was 1.62 × 10 IU/mL. After
treatment, serum AST, ALT, and total bilirubin levels
were normalized, and his HBV DNA titer was within the
undetectable range.
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Patients were divided into two groups in accordance
with several independent variables, and the changes
of liver volume were compared between the two
groups. The results are shown in Table 2. The liver
volume changes regarding baseline sex, initial NUCs,
and presence of decompensation were not significantly
different. Thirty-one patients showed an improvement
in their CTP grade during the treatment period, revealing a significantly greater liver volume increase than
those without CTP grade improvement (168.9 mL ±
164.8 mL vs 43.7 mL ± 146.6 mL, P < 0.005). The
group with MELD score showed a decrease by more
than 5, which also represented a significantly greater
volume increase (P = 0.013). Virological breakthrough
was developed in 13 patients; they showed a greater
increase in liver volume than those without virological
breakthrough (26.9 mL ± 153.3 mL vs 141.3 mL ±
164.5 mL, P = 0.030). Other variables, such as HCC
development, virological response, virological resistance, and history of stop medication, tended to show
reliable differences, but without statistical significance.
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Table 2 Liver volume change according to the independent nominal variables
Variables

No

Pre-Volume

Post-Volume

Volume change

Volume change (%)

P value

Male
Female
Initial NUCs: LAM or LdT
Initial NUCs: ETV
Compensated LC
Decompensated LC
CTP grade improvement
No CTP grade improvement
MELD score decrease > 5
No MELD score decrease > 5
HCC development
No HCC development
Virological response
No virological response
Virological breakthrough
No virological breakthrough
Virological resistance
No virological resistance
History of stop medication
Continuation of medication

34
21
32
23
21
34
31
24
17
38
6
49
38
17
13
42
8
41
2
53

1089.6 ± 222.6
838.8 ± 191.3
1022.2 ± 230.6
954.4 ± 258.8
1063.8 ± 238.9
950.6 ± 238.4
944.4 ± 224.4
1057.7 ± 255.3
1012.9 ± 172.6
985.3 ± 270.0
998.3 ± 202.8
993.3 ± 249.1
974.1 ± 230.2
1038.1 ± 271.0
1064.6 ± 255.3
971.9 ± 237.7
992.0 ± 206.0
969.0 ± 236.5
1369.5 ± 44.5
979.7 ± 235.7

1210.9 ± 245.0
941.6 ± 202.6
1125.1 ± 235.7
1084.5 ± 301.4
1127.9 ± 250.8
1095.9 ± 273.6
1113.3 ± 271.6
1101.4 ± 257.7
1209.9 ± 214.2
1062.6 ± 272.8
990.0 ± 196.8
1122.7 ± 268.2
1111.1 ± 270.3
1101.5 ± 254.8
1091.5 ± 168.7
1113.2 ± 287.8
1059.3 ± 132.5
1125.0 ± 286.7
1257.0 ± 141.4
1102.5 ± 265.9

121.3 ± 189.5
102.8 ± 128.7
102.9 ± 155.2
130.0 ± 186.4
64.1 ± 137.7
145.2 ± 178.9
168.9 ± 164.8
43.7 ± 146.6
197.0 ± 199.2
77.2 ± 139.3
-9.2 ± 124.3
129.4 ± 167.2
137.0 ± 162.8
63.4 ± 172.7
26.9 ± 153.3
141.3 ± 164.5
67.3 ± 129.7
156.0 ± 154.1
-112.5 ± 96.9
122.8 ± 164.4

12.6 ± 19.4
13.4 ± 15.5
11.4 ± 14.5
12.9 ± 17.9
6.6 ± 12.5
16.7 ± 19.7
18.9 ± 18.8
5.1 ± 13.2
21.1 ± 22.0
9.2 ± 14.5
-0.5 ± 11.3
14.5 ± 17.9
15.1 ± 18.6
8.0 ± 15.5
4.9 ± 14.5
15.4 ± 18.2
8.9 ± 14.2
16.8 ± 17.3
-8.3 ± 7.3
13.7 ± 17.7

0.695
0.559
0.081
0.005
0.013
0.056
0.134
0.030
0.134
0.051

LC: Liver cirrhosis; LAM: Lamivudine, LdT: Telbivudine; NUCs: Nucleos(t)ide analogues; ETV: Entecavir; CTP: Child-Turcotte-Pugh; MELD: Model for
end-stage liver disease; HCC: Hepatocellular carcinoma.

Factors associated with liver volume change by
univariate and multiple regression analyses

Liver is one of the major regenerative organs. Liver
regeneration is an important mechanism for maintaining liver function, and it is a well-orchestrated phenomenon, which is initiated when liver functional capacity is
[20]
diminished . After partial hepatectomy or portal vein
embolization, the regeneration process is accelerated
as a compensatory mechanism in normal livers. In
cirrhotic patients, however, liver volume is commonly
decreased with morphological change due to repeated
hepatic damage. In addition, the regeneration process
in cirrhosis patients after partial hepatectomy may
[8,21]
be incomplete
. Liver volume increase in cirrhotic
patients can be induced by reduced liver damage and
enough restoration of functional capacity. By measuring
liver volume change, we can suggest the regenerative
capacity and the role of regeneration. Moreover, liver
volume increase in patients with LC shows the potential
for the reversal of fibrosis. Although liver biopsy is the
gold standard for the assessment of hepatic fibrosis,
and despite the introduction of many other measuring
tools with functional capacity, liver volumetry can be a
non-invasive and effective tool in clinical practice.
We analyzed the liver volume change during a
two-year treatment period in patients with HBVrelated liver cirrhosis. The two-year duration period
was deemed appropriate based on previous studies
showing that the liver regeneration process is usually
completed within 3 to 6 mo after partial hepatec[20]
tomy . Unlike a hepatectomy state, treatment with
NUCs is a restorative process of the damaged liver,
and the effect of antiviral therapy may be represented
slowly and minimally during the treatment period.
Therefore, we set a prolonged period of observation
time sufficient enough to observe the changes in liver
volume post NUCs treatment. We hypothesized that

A linear regression analysis was performed to investigate the association between liver volume change
and variables. The results from a univariate linear
regression analysis revealed that the baseline AST, ALT,
total bilirubin, AFP, and CTP and MELD scores were
significantly independent variables associated with
liver volume change (Table 3). At the follow-up, prothrombin time, total bilirubin, and albumin levels were
associated with liver volume change. In addition, delta
AST, ALT, prothrombin time, total bilirubin, albumin,
serum HBV DNA level, CTP score, and MELD score
showed a significant association with liver volume
change via a univariate linear regression analysis.
According to the results of a multiple linear regression analysis, delta albumin (y = 105.006x + 31.820,
P = 0.002) and delta ALT level (y = -0.388x + 0.131,
P = 0.005) showed a significant association with the
2
increase in liver volume (R = 0.347) (Table 4).

DISCUSSION
Liver cirrhosis is a condition induced by a multifactorial
[15]
chronic liver injury . Liver cirrhosis induces various
complications of portal hypertension and decompensation, such as variceal bleeding, ascites, spontaneous
bacterial peritonitis, and encephalopathy, which may
[16]
result in poor survival outcome . Recently, there have
been reports that showed not only the prevention of
such complications, but also the regression of fibrosis
and cirrhosis through a long-term treatment with oral
[17,18]
NUCs
. Moreover, a sustained reduction of HBV
replication has also been known to lower the risk of
[19]
HCC in HBV-related cirrhosis .
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Table 3 Association of liver volume change with independent variables by univariate linear regression analysis
R2

Variables
Age
Body mass index
At treatment (baseline)
WBC
Hemoglobin
Platelet
AST
ALT
Prothrombin time, INR
Total bilirubin
Albumin
Creatinine
AFP
Serum HBV DNA
CTP score
MELD score
Follow-up
ALT
Prothrombin time, INR
Total bilirubin
Albumin
Creatinine
Serum HBV DNA
CTP score
MELD score
Delta (Follow-up - Baseline)
ALT
Prothrombin time, INR
Total bilirubin
Albumin
Creatinine
Serum HBV DNA improvement (log)
CTP score
MELD score
Duration of virological response

Standard error

P value

0.002
0.000

-0.766
-0.419

2.473
10.708

0.758
0.969

0.027
0.013
0.000
0.162
0.191
0.061
0.101
0.036
0.000
0.122
0.014
0.070
0.081

0.016
10.858
0.050
0.571
0.483
157.794
26.334
-53.958
-12.157
0.196
16.265
18.954
9.650

0.013
12.864
0.445
0.179
0.137
85.278
10.797
38.081
153.255
0.072
18.788
9.470
4.466

0.228
0.402
0.912
0.002
0.001
0.070
0.018
0.162
0.937
0.009
0.391
0.050
0.035

0.013
0.097
0.096
0.165
0.015
0.035
0.068
0.009

-0.936
-415.040
-79.343
147.769
106.249
-13.407
-39.884
-6.209

1.135
173.546
33.496
45.702
116.561
9.720
20.313
9.098

0.414
0.020
0.022
0.002
0.366
0.174
0.055
0.498

0.210
0.158
0.158
0.237
0.024
0.084
0.236
0.126
0.000

-0.513
-254.936
-31.355
132.268
151.708
12.505
-49.313
-12.873
-0.016

0.137
80.880
9.943
32.604
134.270
5.681
12.183
4.655
0.176

< 0.001
0.003
0.003
< 0.001
0.264
0.032
< 0.001
0.008
0.930

β

WBC: White blood cell; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AFP: Alpha fetoprotein; CTP: Child-Turcotte-Pugh; MELD:
Model for end-stage liver disease.

were improved and the liver volume increased approximately up to the standard liver volume. Interestingly,
liver volume increased in patients with compensated
liver cirrhosis, as well as decompensated liver cirrhosis.
Liver fibrosis or cirrhosis was considered irreversible in
the past, but advancements in research in the field has
[22]
shown that regression of liver fibrosis is possible .
Our study may support such reversal of cirrhotic liver as
liver volume increases even in patients with decompensated LC after NUCs therapy. Administration of NUCs
in both compensated and decompensated cirrhotic
patients seems to be beneficial for maintaining the
regeneration capacity and reversal of liver fibrosis.
Improvement of liver function can be represented
by normalized AST, ALT, and bilirubin levels, elevated
albumin level, and improved CTP and MELD scores.
A prolonged sustained virological response without
virological breakthrough or resistance is an important
parameter correlated with the clearance of virus.
We analyzed the liver volume change depending on
these variables. In this study, there was a significantly
greater increase of liver volume in patients with

Table 4 Association of liver volume change with independent
variables by multiple linear regression analysis

Delta albumin
Delta ALT

R2

β

Standard error

P value

0.347

105.006
-0.388

31.820
0.131

0.002
0.005

ALT: Alanine aminotransferase.

taking NUCs would maintain a baseline status of liver
volume, because it prevents hepatic damage and stops
the fibrotic process.
In our study, the serum levels of AST and ALT at
baseline were elevated with high HBV DNA levels, and
two thirds of enrolled patients were in a decompensated status. The liver volume of liver cirrhosis patients
was shown to decrease compared with the estimated
standard liver volume (SLV) calculated by patients’
height and weight at baseline. The baseline liver
volume of decompensated cirrhotic patients was lower
than that of compensated cirrhotic patients. However,
after treatment with NUCs, liver functional profiles
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improvements in CTP and MELD scores by more than
5, when compared with others. Because these two
parameters are well-known markers for the severity of
liver cirrhosis, we suggest that improved clinical stage
may induce more liver volume increase. Conversely,
virologic breakthrough cases showed liver volume
decrease. This suggests that continuous administration
of NUCs in sustained virologic response is important
in increasing liver volume. Other liver functional
parameters also showed similar tendencies, but failed
to have statistically significant differences. This result
indicates that well-treated clinical states without
virological breakthrough are important parameters for
the regeneration capacity and reversal liver fibrosis.
Finally, we underwent a regression analysis to
define the associated factors with liver volume change.
Delta (differences between baseline and follow-up)
scores were also analyzed because the alteration of
parameters during the treatment period can be important in liver regeneration. Our data showed that several
markers representing hepatic functional status are well
correlated with liver volume change. Among them,
in a multiple linear regression analysis, delta albumin
and delta ALT scores were significantly correlated with
liver volume change in this study. These markers can
be useful for predicting liver volume change, liver
regeneration capacity, and reversal of liver fibrosis.
Because high ALT level at baseline and low ALT level
cause high delta ALT score, more volume increase may
be attained regarding aggressive damage at baseline
and marked improvement during the treatment period.
Delta albumin also represents improved synthetic liver
function; thus, marked liver function improvement
seems to cause marked volume increase. This result
may show that aggressive damage at baseline and
marked improvement during the treatment period may
induce a greater liver volume increase, which may
reflect a high rate of hepatic fibrosis reversal.
Our study has several limitations to consider.
First, because we chose the duration of treatment for
patients, we do not know the real-time liver volume
change after NUCs treatment. Second, we did not
divide the groups according to the medication type of
NUCs. Moreover, we did not analyze segmental liver
volume change. With regard to the 3-dimentional liver
images, although the liver volume in decompensated
liver cirrhosis patients tended to have a greater
increase in the left side than in compensated liver cirrhosis patients, we were unable to measure the exact
segmental volume change due to the limitation of this
program. Previous studies showed that liver volume
decreased in the right and left lobes and increased
in the caudate lobe so that the analysis of segmental
liver volume change may be helpful. Lastly, we did
not analyze the associated factors, such as survival or
complication rates, to predict the outcomes of patients.
Despite these limitations, this study is, to the best of
our knowledge, the first study measuring liver volume
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change after NUCs treatment in cirrhotic patients and
supports the importance of antiviral therapy in CHB
with liver cirrhosis patients.
In conclusion, a long-term oral NUCs therapy in
patients with HBV-related liver cirrhosis significantly
increased liver volume, and the volume increase was
shown both in those with compensated and decompensated cirrhosis. The increase in liver volume was well
correlated with several markers representing hepatic
functional status, and significant variables associated
with the increase in liver volume were delta albumin
and delta ALT levels. Our data supports the reversal
of fibrosis and enhancement of liver regeneration of
damaged liver in patients with liver cirrhosis after the
treatment with NUCs.
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Background

Long-term oral nucleos(t)ide analogues (NUCs) are known to suppress hepatitis
B virus (HBV) replication effectively with an improvement of hepatic fibrosis.

Research frontiers

Reversal of fibrosis and liver regeneration in patients with liver cirrhosis are
important issues in the research field. Because liver volume change may
represent the hepatic functional and regenerative capacity, assessing liver
volume changes after long-term oral NUCs therapy in patients with HBV-relative
liver cirrhosis could be highly remarkable in the clinical field.

Innovations and breakthroughs

Previous studies demonstrated that changes in liver volume were positively
correlated with Child-Turcotte-Pugh classification and could be used as a
severity marker for liver cirrhosis. However, there was no study that evaluated
the changes of liver volume in cirrhotic patients undergoing oral NUCs therapy.
The authors first analyzed the effect of long-term oral NUCs therapy on the
change of liver volume in patients with HBV-related liver cirrhosis using a
3-dimensional (D) virtual liver extraction measurement program.

Applications

The result showed the increase in liver volume during two years of NUCs
therapy and the volume increase was shown both in compensated and
decompensated cirrhosis. Significant variables associated with the increase in
liver volume were delta albumin and delta ALT levels. More volume increase
may be attained regarding aggressive damage at baseline and marked
improvement during the treatment period. This data support the reversal of
fibrosis and enhancement of liver regeneration of damaged liver in patients with
liver cirrhosis after the treatment with NUCs.

Peer-review

The authors found that NUCs therapy in these patients with HBV-related
cirrhosis significantly increases liver volume and improves liver functions as
measurements of ALT/AST show. This is the first study which evaluates liver
volume in cirrhotic patients. This work is highly significant for the field of liver
cirrhosis and treatments of patients. The study uses a special technique/
program which is called a 3 dimensional virtual liver extraction measurement
program. The results of the study are convincing. In summary, the manuscript
provides a significant contribution to the understanding of liver cirrhosis and
treatments by NUCs.
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patients had a decrease in HBV DNA > 2 log10 IU/mL
in the vaccine group at week 12 after EOT compared
with the control group. A trend toward a difference in
the number of patients with undetectable HBV DNA
at week 28 after EOT was obtained. Adverse events
were similar. In the dynamic per-protocol set, which
excluded adefovir (ADV) add-on cases at each time
point instantly after ADV administration due to LAM
antiviral failure, more patients had a decrease in HBV
DNA > 2 log10 IU/mL in the vaccine group at week 12
and 28 after EOT compared with the control group.
More patients with undetectable HBV DNA at week 28
after EOT in the vaccine group were also observed.
Among patients with a viral load < 1000 copies/mL at
week 12, more patients achieved HBeAg seroconversion
in the vaccine group than among controls at week 36
after EOT, as well as less virological breakthrough and
YMDD mutations.

Institutional review board statement: The study was reviewed
and approved by the ethics committee of the Peking University
First Hospital, as well as by the committee of each of the
participating centers.
Clinical trial registration statement: This trial has been
registered in ClinicalTrials.org (NCT01487876).
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: Not declared.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

CONCLUSION
The primary endpoint was not achieved using the
HBV DNA vaccine. The HBV DNA vaccine could only
be beneficial in subjects that have achieved initial
virological response under LAM chemotherapy.

Manuscript source: Unsolicited manuscript
Correspondence to: Guang-Ming Chen, MD, Liver Disease
Research Center, 458th Hospital of PLA, No. 801 Dongfeng E.
Road, Guangzhou 510062, Guangdong Province,
China. chgm0616@sina.com
Telephone: +86-20-87376240
Fax: +86-20-87376240

Key words: Chronic hepatitis B; DNA vaccine; In
vivo electroporation; Lamivudine-resistant mutants;
Randomized placebo-controlled trial

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: July 22, 2016
Peer-review started: July 22, 2016
First decision: September 20, 2016
Revised: September 30, 2016
Accepted: October 27, 2016
Article in press: October 27, 2016
Published online: January 14, 2017

Core tip: The study aimed to assess the efficacy
and safety of in vivo electroporation-mediated dualplasmid hepatitis B virus (HBV) DNA vaccine vs placebo
for sequential combination therapy with lamivudine
(LAM) in patients with chronic hepatitis B. The results
indicated that the primary endpoint was not achieved
using the HBV DNA vaccine. The HBV DNA vaccine
might only be beneficial in subjects that have achieved
initial virological response under LAM chemotherapy.

Abstract
AIM
To assess the efficacy and safety of in vivo electro
poration (EP)-mediated dual-plasmid hepatitis B virus
(HBV) DNA vaccine vs placebo for sequential combination
therapy with lamivudine (LAM) in patients with chronic
hepatitis B.

Yang FQ, Rao GR, Wang GQ, Li YQ, Xie Y, Zhang ZQ, Deng
CL, Mao Q, Li J, Zhao W, Wang MR, Han T, Chen SJ, Pan
C, Tan DM, Shang J, Zhang MX, Zhang YX, Yang JM, Chen
GM. Phase Ⅱb trial of in vivo electroporation mediated dualplasmid hepatitis B virus DNA vaccine in chronic hepatitis
B patients under lamivudine therapy. World J Gastroenterol
2017; 23(2): 306-317 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i2/306.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i2.306

METHODS
Two hundred and twenty-five patients were randomized
to receive either LAM + vaccine (vaccine group, n =
109) or LAM + placebo (control group, n = 116). LAM
treatment lasted 72 wk. Patients received the DNA
vaccine or placebo by intramuscular injection mediated
by EP at weeks 12 (start of treatment with vaccine or
placebo, SOT), 16, 24, and 36 (end of treatment with
vaccine or placebo, EOT).

INTRODUCTION
Chronic hepatitis B (CHB) is a chronic infection caused
by the hepatitis B virus (HBV). There is no specific
symptoms and the diagnosis is based on the clinical
description accompanied by laboratory findings (IgM

RESULTS
In the modified intent-to-treat population, more
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anti-HBc-negative and positive results for HBsAg,
[1]
HBeAg, or HBV DNA) . The CHB burden is global, but
more significant in Asia, Pacific Islands, Sub-Saharan
[2]
Africa, Amazon, and Eastern Europe . HBV infection is
endemic in China, with about 110 million HBV carriers
and at least 300000 people dying from HBV-related
[3]
diseases each year .
Antiviral therapy aiming at clearing or radically
inhibiting virus replication is the most effective treat
ment for CHB, and consists of interferon and reverse
transcriptase inhibitors of oral nucleos(t)ide analogues
(NUCs) such as lamivudine (LAM), adefovir (ADV),
entecavir (ETV), and tenofovir (TDF). Impaired host
immune responses in patients with CHB constitute
an obstacle to virus clearance. Therefore, alternative
therapeutic strategies using vaccines have been
[4,5]
suggested .
Compared with protein vaccines, DNA vaccines
mediate the de novo intracellular viral protein ex
pression and synthesis in host cells, consequently
boosting host-specific T cell-mediated response against
[6-8]
HBV . However, a recent study revealed that DNA
[9]
vaccines have limited efficacy . The humoral and
cellular immune responses to an HBV PreS2/S DNA
vaccine were lower in chronic HBV carriers than in
[7,10]
healthy volunteers
. Therefore, alternative gene
delivery strategies are being considered, including in
vivo electroporation (EP), which has been studied in
animal models and approved for a phase Ⅰ trial among
[11]
healthy individuals .
In order to enhance the cellular immune response
to DNA vaccines, we developed a construct encoding
an interleukin-2 (IL-2) and interferon-γ (IFN-γ) fusion
protein to potentiate local antigen presentation by
antigen-presenting cells, and consequently to increase
[12,13]
immunogenicity against HBV
.
Therefore, we conducted a phase Ⅱa study in
which patients with CHB received LAM with or without
EP-mediated dual-plasmid HBV DNA vaccine (EDDNA). The vaccine has been shown to be safe and
immunologically effective, with the HBV-specific T-cell
responses induced under LAM chemotherapy showing a
[14]
correlation with suppression of viral replication . LAM
is a well-tolerated suppressor of viral replication with a
strong antiviral potential, and its effects are similar in
[15]
Asian and Western populations . Nevertheless, it was
reported that a large number of CHB patients under
LAM monotherapy develop drug resistance mutations
[16]
and virological breakthrough (VBT) . As suggested
[14]
by a previous study , adding vaccine therapy to
LAM could be effective to prevent VBT. The aim of the
present study was to further assess the efficacy and
safety of the dual-plasmid strategy with LAM in patients
with CHB compared with placebo plus LAM.

study, approved by the Chinese State Food and Drug
Administration (CFDA) (license number: 2006L03542).
Patients with CHB on a 72-wk LAM treatment (100 mg
daily; GlaxoSmithKline Pharmaceutical Corporation,
Suzhou, Jiangsu Province, China) were enrolled at 18
centers. This trial was registered in ClinicalTrials.org
(NCT01487876) and approved by the ethics committee
of the Peking University First Hospital, as well as by
the committee of each of participating center. Written
informed consent was obtained from each participant
prior to enrolment. The study was conducted between
April 2011 and October 2013 and in compliance with
the Declaration of Helsinki. The study was monitored
by Beijing Guoxin Ze Ding International Pharmaceutical
Co., Ltd. (China), an independent contract research
organization.

Participants

CHB diagnosis was carried out based on clinical
[17]
symptoms and liver function tests . Inclusion criteria
were: (1) 18-55 years old; (2) HBsAg and HBeAg
6
positivity for at least 6 mo with HBV DNA > 10
5
copies/mL (1.79 × 10 IU/mL) within 4 wk prior to ran
domization; and (3) serum alanine aminotransferase
(ALT) 2-10 times the upper limit of normal within 4
wk before randomization. Exclusion criteria were: (1)
suspected hepatic tumors or alpha-fetoprotein > 100
ng/mL; (2) cirrhosis; (3) co-infection with hepatitis A,
C, D, or E virus; (4) co-infection with human immu
nodeficiency virus; (5) other causes of liver disease;
(6) serious medical or psychiatric illness; (7) abnormal
serum creatinine, thrombocyte count, hemoglobin,
or serum total bilirubin; or (8) pregnancy. Previous
treatments for CHB were allowed, but not within 6 mo
before study participation.
Between April 2011 and October 2013, 229 patients
were screened and randomly assigned to LAM + vaccine
(vaccine) and LAM + placebo (control) groups (Figure 1);
111 patients were randomized to the vaccine arm and
two were excluded due to loss to follow-up or protocol
violation; 118 patients were randomized to the control
arm and two were excluded (Figure 1). Therefore, the
225 patients that received at least one dose of study
medication were designated as the intent-to-treat (ITT)
population, including 109 in the vaccine group and
116 in the control group; 222 patients were analyzed
as the modified ITT (mITT) population, excluding two
patients with HBV M204V mutant in the vaccine arm
and one who discontinued the allocated study agent in
the control arm. Finally, 102 (91.9%) and 113 (95.7%)
patients with good compliance and no additional dosing
were included in the per-protocol set (PPS) analysis
(Figure 1).
Baseline characteristics were comparable between
the two groups (Table 1). At the start of vaccine
treatment (SOT), serum HBV DNA, HBeAg, and HBsAg
were similar between the two groups (all P > 0.05)
(Table 1).

MATERIALS AND METHODS
Study design

This was a double-blind, randomized, placebo-controlled

WJG|www.wjgnet.com

308

January 14, 2017|Volume 23|Issue 2|

Yang FQ et al . Phase Ⅱb trial of therapeutic HBV DNA vaccine
Eligibility assessment
(n = 233)
Excluded (n = 4)
Not meeting inclusion criteria
Randomized
(n = 229)

Allocation
LAM + placebo
(n = 118)

LAM + DNA vacc.
(n = 111)

Package error before injection (n = 1)
HBeAg negative at baseline (n = 1)

HBeAg negative at baseline
(n = 2)
ITT population
LAM + placebo
(n = 116)

LAM + DNA vacc.
(n = 109)

Positive M204V mutant
(n = 2)

Discontinued before medication
(n = 1)
mITT
Completed DNA vacc.
administration (n = 107)

Completed placebo
administration (n = 115)

Lose to follow-up (n = 5)

Lose to follow-up (n = 2)
Per-protocol set
Completed follow-up
(n = 102)

Completed follow-up
(n = 113)

Figure 1 Patient disposition and different analysis populations. M204V mutant: The lamivudine-resistant amino acid mutation of HBV; mITT: Modified intent-totreat.

ED-DNA administration

The numbers of patients who needed ADV addon treatment, as proposed by the protocol, could be
determined by the physicians in their respective local
clinical centers, and are presented in Table 2. During
the 72-wk study period, a similar proportion of patients
in the two arms needed ADV add-on therapy.

Randomization and blinding

Patients were randomly assigned to either an LAM +
vaccine (vaccine) or an LAM + placebo (control) group.
Identical labels with computer-generated random
unique numeric codes were used to identify all study
drug vials. An independent biostatistician was in
charge of randomization using the SAS program (SAS
Institute Inc., Cary, NC, United States), as well as
labeling. The block size and seed numbers were sealed
with the randomization list and kept at the CFDA. Parti
cipants, investigators, and sponsors were blinded until
the end of the trial.

WJG|www.wjgnet.com

[18]

As described previously , the dual-plasmid consists of
a pS2.S HBV DNA vaccine plasmid (pcDNA3.1+/S2.S)
encoding the HBV envelope middle protein and a pFP
adjuvant plasmid (pcDNA3.1-/IL2+IFN-γ) containing
the fused sequence of human IL-2 (hIL-2) and human
IFN-γ (hIFN-γ). The S2.S gene was amplified from the
plasmid pHBVα1 with the whole HBV S gene fragment
(type ayw) by PCR, and then inserted in the eukaryotic
expression vector pcDNA3.1+ after the use of the
EcoR I enzyme. Supplementary Figure 1A shows a
representative map of the vaccine plasmid pS2.S of
the HBV DNA vaccine. Total RNA was extracted from
human peripheral blood mononuclear cells (PBMCs),
and cDNA was synthesized by reverse transcription.
PCR was carried out to amplify the recombined gene
fragments of hIL-2 and hIFN-γ. The fusion gene was
named hIIF. The hIIF gene was cloned conventionally
into the eukaryotic expression vector pcDNA3.1- after
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Table 1 Characteristics of the modified intent-to-treat population
Vacc. (n = 107)

Ctr. (n = 115)

P value

28.9 (23.1-37.1)
86 (78.9)
62.5 (56.0-70.0)
42/107 (39.3)

29.3 (24.0-35.4)
86 (74.1)
63.0 (56.0-70.0)
39/115 (33.9)

0.950
0.400
0.907
0.409

119.0 (94.0-167.5)
8.1 (7.7-8.3)
852.0 (223.5-1093.0)
10261.0 (3953.0-24089.0)

136.0 (102.6-195.3)
8.1 (7.5-8.4)
926.6 (508.5-1076.0)
8637.0 (2748.0-24436.0)

0.066
0.9532
0.1972
0.7542

3.5 (2.6-4.5)
147.4 (15.6-650.0)
4072.0 (1608.0-8514.0)

3.4 (2.6-4.6)
45.9 (11.9-1011.0)
3023.5 (1167.0-11194.0)

0.7542
0.6052
0.4602

Characteristic
Demographics
Age, median (IQR)
Male sex, n (%)
Weight (kg), median (IQR)
Genotype B, n (%)
Week 0 laboratory results
ALT (IU/L), median (IQR)
HBV DNA (log10 IU/mL), median (IQR)
HBeAg (COI), median (IQR)
HBsAg (IU/mL), median (IQR)
Week 12 laboratory results1
HBV DNA (log10 IU/mL), median (IQR)
HBeAg (COI), median (IQR)
HBsAg (IU/mL) median (IQR)
1

The time point when the injection of study agent started; 2Analyzed with Wilcoxon Rank Sum test. mITT: Modified intent-to-treat; LAM: Lamivudine; IQR:
Interquartile ranges; ALT: Alanine aminotransferase; COI: Semi-quantification by S/CO [the signal value ratio of sample (S) to the control (CO)]; Vacc.:
LAM + vaccine arm; Ctr.: LAM + placebo arm.

Chinese acupuncture needles (diameter: 0.3 mm;
length: 12 mm, for single use only). The two needles
are 1 cm apart.

Table 2 Cumulative number of patients in the per-protocol
set with adefovir add-on treatment due to lamivudine antiviral
failure at each time point of the trial n (%)
Week
24
36
40
48
52
56
60
64

Vacc. (n = 102)

Ctr. (n = 113)

1 (0.98)
2 (1.96)
4 (3.92)
7 (6.86)
11 (10.78)
17 (16.67)
27 (26.47)
34 (33.33)

0 (0.00)
1 (0.88)
5 (4.42)
8 (7.08)
14 (12.39)
18 (15.93)
26 (23.01)
32 (28.32)

Endpoints

Responses were assessed at 12, 28, and 36 wk after
EOT. The primary endpoint was the rate of undetectable
HBV DNA or HBeAg seroconversion (defined as loss
of HBeAg and presence of HBeAb). The secondary
endpoints included: (1) HBV DNA load suppression
(number of patients who had a decrease of HBV DNA
> 2 log10 IU/mL); (2) occurrence of LAM-resistant
mutations or VBT; and (3) normalization of ALT levels.

Vacc.: LAM + vaccine arm; Ctr.: LAM + placebo arm; ADV: Adefovir;
LAM: Lamivudine.

Laboratory assays

At the end of follow-up, all serum samples were assayed
in a central laboratory or at each participating center,
[14]
as previously described . HBV serological markers at
each visit were assayed using the same lots of reagents.
Serum HBsAg/HBeAg status and HBV DNA levels were
detected at the central laboratory (AxSYM test, dynamic
range of HBsAg was 0.05-250 IU/mL, Abbot, Chicago,
IL, United States; COBAS AmpliPrep/COBAS TaqMan
8
HBV Test, ranging from 20 to 1.7 × 10 IU/mL, Roche
Diagnostics, Basel, Switzerland).
Venous blood samples were obtained and PBMCs
were separated for immunologic response test. The
number of IFN-γ-secreting T lymphocytes among
PBMCs was assessed using an enzyme-linked immuno
sorbent spot (ELISPOT) assay using the hIFN-γ ELISPOT
kit (BD Biosciences, San Diego, CA, United States),
[14]
as previously described . Peptides synthesized by
GL Biochem Ltd (Shanghai, China), including HLA-2
restricted CTL epitope peptides and proteins in HBV
(preS2 + S) T cell antigen, were used to stimulate the
cells during the ELISPOT assays. The number of IFN-γ
spots was counted on an AID ELISPOT reader system
6
(AID, Germany). Data are expressed as mean SFCs/10
PBMCs. On the other hand, PBMCs were cultured under

digestion with EcoR I. Supplementary Figure 1B shows
a representative map of the adjuvant plasmid pFP of
the HBV DNA vaccine. The pharmaceutical grade dualplasmid was re-constituted in phosphate-buffered
saline and evaluated for efficacy, toxicity, and safety
[19,20]
in animals as an investigative new drug
. The
plasmids were manufactured by Guangzhou Biotech
Pharmaceutical Co., Ltd., China.
Patients in the vaccine group received four immuni
zations with ED-DNA consisting of a primer (week
12/SOT) and three boosting doses (weeks 16, 24, and
[14]
36/end of vaccine treatment, EOT) (Figure 2) . Each
dose of 4 mL of ED-DNA (2 mg of DNA vaccine plasmid
and 2 mg of adjuvant plasmid) was intramuscularly
injected into four sites of the deltoid muscle on both
sides of the patient, immediately followed by in vivo
EP. Placebo (4 mL of vaccine diluent) was administered
using the same method.
The custom-designed electro-pulse generator can
generate square wave signals with a voltage of 0-300
V and pulse duration of 0.01-100 ms in any specific
combination sequences. The device uses a medicalgrade sterilized two-needle electrode made of silver
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Liver biopsy
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Cytokine and CMI test
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Virological response test
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16
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Figure 2 Study design. Four intramuscular injections of either DNA vaccine (DNA Vacc.) or placebo mediated by in vivo electroporation were given to each patient.
LAM: Lamivudine. SOT: Start of treatment (black arrow); EOT: End of treatment.

stimulation with HBsAg. After 9 d, supernatants were
assessed for HBV antigen-specific IFN-γ secretion by
enzyme-linked immunosorbent assay (ELISA).
PBMCs were used for cytotoxicity analysis by flow
cytometry (FACS Calibur; BD Biosciences, Franklin Lake,
NJ, United States) as follows. PBMCs were first stained
with PerCP-conjugated α-CD3 and APC-conjugated
α-CD8. Then, fixation and permeabilization were
performed, followed by staining with PE-conjugated
IFN-γ monoclonal antibodies (BD Biosciences, Franklin
Lake, NJ, United States). Results were analyzed using
the FlowJo software (version 5.7.2; Tree Star Inc.,
Ashland, OR, United States).

symptoms disappearing by themselves in the intervals
of drug administration), moderate (relatively longlasting symptoms affecting daily life of the patients
and requiring reduction of drug dose or administration
frequency), or severe (long-lasting symptoms causing
disability to the patients who only recovered after drug
discontinuation and with appropriate treatments).

Statistical analysis

We assumed that 40% of patients would have an HBV
DNA loss in the DNA vaccine group compared with 20%
in the placebo arm at EOT. Therefore, 106 patients per
group (a total of 212 patients) were needed to achieve
a 90% power with a two-sided significance level of 0.05.
Assuming a drop-out rate of 15%, 240 patients were
required.
A database was established using Epidata 3.1
(http://www.epidata.dk/). SAS 9.2 (SAS institute
Inc., Cary, NC, United States) was used for statistical
analyses. Data double entry was performed, including
range and consistency checks. Analysis was conducted
on all eligible patients according to the ITT principle. A
dynamic PPS (dPPS) analysis was performed to take
into account the patients who received ADV as addon treatment. All categorical data were analyzed using
2
the χ test, Fisher’s exact test, or Mann-Whitney U
test, as appropriate. Continuous data were analyzed
using the Student’s t test or Wilcoxon Rank Sum test,
as appropriate. P values < 0.05 were considered
statistically significant.

Post-treatment immuno-memory tests

Among all participants, 45 patients were recruited
50-70 wk after the 72-wk LAM treatment period
and before unblinding. Then, IFN-γ levels in PMBC
supernatants were detected by ELISA after 9 d of in
vitro culture after HBsAg stimulation. In this case, a
positive T-cell response was defined as an increase in
IFN-γ secretion by two times compared to the control
level. Therefore, the threshold of < 100 pg/mL upon
9 d of culture of PBMCs stimulated by HBsAg was
+
selected. A positive response of CD8 intracellular
INF-γ secreting T-cells in PMBCs was defined as
no less than 0.1% frequency of CD8 cells showing
positive IFN-γ intracellular staining, measured by flow
cytometry (FACS), upon stimulation by various HBV
envelope antigens.

Safety

RESULTS

All health-related events were documented during
the 72-wk treatment period. Physical examinations,
vital signs, hematology tests, and urinalysis were
performed. In addition, anti-nuclear antibodies and
anti-DNA antibodies were measured in all subjects.
Patients with a failure to LAM antiviral therapy or with
VBT occurrence received ADV (10 mg/d) as add-on
treatment.
The adverse events were evaluated by clinicians
and defined as mild (transient, tolerable, and minor
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mITT analysis

The mITT analysis revealed a modest and transient
therapeutic effect. At week 12 after EOT, there were
more patients with a decrease in HBV DNA > 2 log10
IU/mL in the vaccine group (10.3% vs 3.5%, P =
0.044) compared with the control group. In addition,
there was a trend toward differences in the number of
patients in the two groups with undetectable HBV DNA
at 28 wk after EOT (28.0% vs 17.4%, P = 0.058) (Table
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No. of patients
HBV DNA (log10 IU/mL), median (IQR)
HBV DNA > 2 log10 IU/mL decrease, n (%)
HBV DNA undetectable, n (%)
HBeAg > 1 log10 IU/mL decrease, n (%)
HBeAg seroconversion, n (%)
No. of patients
HBV DNA (log10 IU/mL), median (IQR)
HBV DNA > 2 log10 IU/mL decrease, n (%)
HBV DNA undetectable, n (%)
HBeAg > 1 log10 IU/mL decrease, n (%)
HBeAg seroconversion, n (%)
No. of patients
HBV DNA (log10 IU/mL), median (IQR)
HBV DNA undetectable, n (%)
HBeAg seroconversion, n (%)
No. of patients
HBV DNA (log10 IU/mL), median (IQR)
HBV DNA undetectable, n (%)
HBeAg seroconversion, n (%)

Response
115
3.05 (1.43-5.02)
4 (3.48)
23 (20.0)
22 (19.1)
10 (8.7)
108
3.05 (1.43-5.02)
4 (3.8)
23 (21.3)
21 (19.4)
10 (9.3)
19
1.43 (0-2.64)
7 (36.8)
2 (10.5)
19
1.43 (0-2.64)
7 (36.8)
2 (10.5)

Ctr.

0.268
0.128
0.068

0.268
0.128
0.068

0.593
0.038
0.296
0.863
0.127

0.742
0.044
0.351
0.789
0.147

P value

12 wk after EOT (week 48)
107
3.06 (0-4.63)
11 (10.3)
27 (25.2)
22 (20.6)
16 (15.0)
98
2.99 (0-4.59)
11 (11.2)
27 (27.6)
20 (20.4)
16 (16.3)
11
0 (0-1.16)
8 (72.7)
5 (45.5)
11
0 (0-1.16)
8 (72.7)
5 (45.5)

Vacc.
115
2.78 (1.41-4.86)
6 (5.2)
20 (17.4)
ND
ND
87
2.78 (1.41-4.86)
6 (7.1)
20 (23.0)
ND
ND
19
1.73 (0-3.6)
8 (44.1)
ND
18
1.73 (0-3.6)
8 (44.4)
ND

Ctr.

0.053
0.042

0.053
0.142

0.104
0.040
0.030

0.164
0.065
0.058

P value

28 wk after EOT (week 64)
107
2.18 (0-5.01)
13 (12.2)
30 (28.0)
ND
ND
75
2.16 (0-4.66)
13 (17.3)
29 (38.7)
ND
ND
11
0 (0-0)
8 (72.7)
ND
9
0 (0-0)
8 (88.9)
ND

Vacc.
115
2.37 (0-5.38)
7 (6.1)
26 (22.6)
27 (23.5)
15 (13.0)
81
2.37 (0-5.38)
7 (8.9)
26 (32.1)
25 (30.9)
15 (18.5)
19
0 (0-4.32)
9 (47.4)
3 (15.8)
17
0 (0-4.32)
9 (52.9)
3 (17.7)

Ctr.

0.172
0.399
0.028

0.172
0.466
0.042

0.262
0.246
0.681
0.136
0.244

0.329
0.362
0.975
0.068
0.429

P value

36 wk after EOT (week 72)
107
1.88 (0-4.36)
10 (9.4)
24 (22.4)
37 (34.6)
18 (16.8)
68
1.85 (0-3.78)
10 (14.7)
24 (35.3)
29 (42.7)
18 (26.5)
11
0 (0-0)
7 (63.6)
6 (54.6)
9
0 (0-0)
7 (77.8)
6 (66.7)

Vacc.

[21]

A stratified analysis was performed, as previously described . At SOT, 30 patients (11 and 19 in the vaccine and control groups, respectively) with serum HBV DNA
2
levels < 1000 copies/mL (1.79 × 10 IU/mL) were selected. More patients achieved HBeAg seroconversion in the vaccine group (6/11, 54.5%) than among controls
(3/19, 15.8%) (P = 0.042) at week 36 after EOT (Table 3). At SOT, there were three cases with HBeAg seroconversion in the vaccine group compared to four in the

Stratified analysis

Taking into account the patients with ADV add-on treatment (Table 2), a dPPS was performed: cases were excluded dynamically from the PPS at each visit when they
had received ADV add-on treatment. Compared with the control group, more patients with a decrease in HBV DNA > 2 log10 IU/mL were found in the vaccine group at
weeks 12 (11.2% vs 3.8%, P = 0.038) and 28 (17.3% vs 7.1%, P = 0.040) after EOT. In addition, there were more patients with undetectable HBV DNA at week 28 after
EOT (38.7% vs 23.0%, P = 0.030) in the vaccine group compared with controls (Table 3).

dPPS analysis

3) and a decrease in HBeAg > 1 log10 IU/mL (34.6% vs 23.5%, P = 0.068) at 36 wk after EOT (Table 3). There was no difference in HBV DNA levels between the two
groups at any time point.
Detection for drug-resistant mutants, as well as all other HBV serological markers, showed no remarkable differences between the two groups throughout the study.

Subgroup, 30 patients with HBV DNA < 1000 copies/mL (1.79 × 102 IU/mL) at week 12; 2dPPS of subgroup, population for analysist of the 30 patients with HBV DNA < 1000 copies/mL (1.79 × 102 IU/mL) at week 12 by ruling
out the ADV add-on cases at each time point instantly after ADV administration due to lamivudine (LAM) antiviral failure. Data were analyzed with Fisher’s exact test. mITT: Modified intent to treat; dPPS: Dynamic per-protocol
set by ruling out the adefovir (ADV) add-on cases at each time point instantly after ADV administration due to lamivudine (LAM) antiviral failure; ND: Not detected; Vacc.: LAM + DNA vaccine arm; Ctr.: LAM + placebo arm.

1

dPPS of subgroup2

Subgroup1

dPPS

mITT

Population

Table 3 Virological responses after the end of treatment with DNA vaccination or placebo injection in contrast to the baseline at week 12 in different analysis populations
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Figure 3 Serological kinetics of hepatitis B virus DNA (A), HBsAg (B) and alanine aminotransferase (C) in 30 patients with hepatitis B virus DNA < 1000
copies/mL at week 12 (1.79 × 102 IU/mL). Data are presented as mean ± SEM. Vacc.: Lamivudine (LAM) + DNA vaccine arm; Ctr.: LAM + placebo arm; ALT: Alanine
aminotransferase; HBV: Hepatitis B virus.

control group. The three patients in the vaccine group
remained in seroconversion status throughout the trial
until the endpoint, while the seroconversion status
among the four control patients was unstable due either
to HBeAb loss or reappearance of HBeAg, resulting
in only two patients remaining in seroconversion at
week 36 after EOT. Two patients in the vaccine group
(2/11) had HBsAg levels below 1000 IU/mL at SOT, and
showed HBeAg seroconversion at week 36 after EOT.
Meanwhile, eight patients in the control group (8/19)
had HBsAg levels below 1000 IU/mL at SOT, with two
showing HBeAg seroconversion at week 36 after EOT.
In addition, less VBT (18.2% vs 47.4%, P = 0.140) and
YMDD mutations (9.1% vs 42.1%, P = 0.100) were
observed in the vaccine group at week 36 after EOT,
but the difference was not statistically significant.
Furthermore, in the dPPS analysis of the 30
patients by excluding the ADV add-on cases at each
time point instantly after ADV administration due to
LAM antiviral failure, viral load decrease at weeks 28
(P = 0.017) and 36 (P = 0.023) after EOT was more
remarkable in the LAM + vaccine group (Figure 3A),
in which more patients (8/9 vs 8/18, P = 0.042) had
serum HBV DNA maintained at undetectable levels
at week 28 after EOT. Similarly, less VBT (0.0% vs
41.2%, P = 0.058) and YMDD mutations (0.0% vs
35.3%, P = 0.063) were observed in the vaccine group
at week 36 after EOT.
Baseline serum HBsAg levels at SOT were higher
in the vaccine group (mean = 5287 IU/mL) than in
controls (1494 IU/mL) (Figure 3B), probably due
to lower ALT levels at week 0 (mean of 148 U/L)
compared with control values (mean of 195 U/L,
Figure 3C). As shown in Figure 3B, throughout the
trial, serum HBsAg tended to decrease slightly (4116
IU/mL at week 36 after EOT) in the vaccine group,
while remaining at a similar level with some elevation
in the control group (2991 IU/mL at week 36 after
EOT).
In the present study, normalized ALT levels dis
played a substantial decrease during the first 16 wk of
treatment and then stabilized (Figure 3C). No significant
differences were observed between the two groups.
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However, two patients in the vaccine group experienced
a flare-up with ALT elevation up to 593 U/L in one
VBT patient and 424 U/L in another patient with well
suppressed viral status at weeks 12 and 36 after EOT.
These analyses were also performed in the group of
patients with serum HBV DNA levels > 1000 copies/mL
2
(1.79 × 10 IU/mL), but no difference could be observed
in any parameter.

Immune response

Forty-five patients were recruited 50-70 wk after EOT,
including 22 and 23 in the vaccine and control groups,
respectively, to assess immuno-memory responses in
venous blood samples.
After 9 d of HBsAg stimulation, 19/22 (86.4%)
patients showed positive immunological response
with IFN-γ secretion in the vaccine group, compared
with 13/23 (56.5%) patients in the control group (P
= 0.027). In addition, intracellular IFN-γ secreting
+
+
CD3 /CD8 T cells among PMBCs were detected using
flow cytometry after 6-8 h of stimulation with HBVrelated antigens, and 17/22 (77.3%) vs 10/23 (43.5%)
patients showed positive results in the vaccine and
control groups, respectively (P = 0.021) (Table 4).
In either ex vivo or in vitro ELISPOT assay, the two
groups showed similar levels of IFN-γ-secreting T-cells
per million PBMCs, after stimulation by HBV specific
peptide pools for 48 h or 9 d.

Safety

Vaccine injections were well tolerated with limited
mild adverse events observed in 14 of 111 (12.6%)
DNA vaccine recipients compared with 15 of 118
(12.7%) patients receiving placebo. Adverse effects
did not lead to any dropout during the study. Only
two (1.8%) patients in the vaccine group and one
(0.9%) in the control group reported non-drug-related
serious adverse events during treatment (P > 0.05).
In the vaccine group, a 38-year-old male patient had
a severe CHB relapse due to LAM resistance at week
60. The other patient was a 46-year-old female who
underwent surgery for breast fibroma and thyroid
adenoma at weeks 54 and 55. In the control group, a
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the data sets is that we took into account the patients
who needed add-on therapy with ADV in the PPS
population and thus suggests that the added value of
the DNA vaccine, as a kind of HBV-specific immune
modulatory therapy upon LAM antiviral therapy,
might be achieved in easy-to-treat patients with CHB
but without antiviral failure. Therefore, these results
suggest that the effect of the vaccine could be better
in highly selected patients, but additional studies are
necessary to identify these patients adequately.
In the present study, the frequency of VBT was
[14]
higher than that in our previous phase IIa study
in
which the occurrence rate of VBT in patients receiving
LAM + vaccine was 50.0% vs 63.5% in the LAM +
placebo at week 72, compared with 55.1% vs 56.0% in
the present study. In addition, the numbers of patients
achieving a decrease in HBV DNA > 2 log10 at week 72,
as well as the numbers of patients with undetectable
HBV DNA, were comparable between the two groups,
which are in disagreement with our previous phase IIa
[14]
trial . Many reasons could explain these discrepancies.
There is a possibility that some patients were not naïve
to NUCs and some mutations could already have been
present. The patients enrolled in the present study
were different from the ones originally recruited in
the phase IIa trial, which included only four centers in
Beijing, while the present study involved many centers
across China. Nevertheless, the results of the stratified
[14]
analysis are similar to our previous findings , and
may suggest that the lower HBV DNA load at week
72 is probably due to lower rates of VBT and YMDD
mutations, but this needs to be confirmed.
In the stratified analysis of 30 patients with a viral
2
load < 1000 copies/mL (1.79 × 10 IU/mL) at SOT,
more patients achieved HBeAg seroconversion in
the vaccine group than among controls. In addition,
less VBT and YMDD mutations were observed in the
vaccine group. If HBeAg seroconversion is selected as
trial endpoint for the DNA vaccine, the baseline serum
HBsAg at SOT should be considered in this stratified
analysis, as it favors HBeAg seroconversion at the
[22]
end . Interestingly, baseline serum HBsAg levels at
SOT were higher in the vaccine group than among
controls, probably due to the higher ALT levels at week
0 among controls, which is an indicator of host cellular
immune response and would have been favorable
for viral clearance among the patients of this group.
During the trial course or at the endpoint, serum
HBsAg tended to decrease slightly in the vaccine
group, while remaining at the relatively same level
with some elevation in the control group. ALT flareups occurred only in the vaccine arm, but were not
associated with VBT in one case. Such host-induced
flare-ups have been reported in patients responding
to pegylated interferon-alpha 2a (peg-IFN), and are
[21,22]
thought to reflect the immune clearance of HBV
.
HBeAg seroconversion has been used as a reliable

Table 4 Hepatitis B virus antigen-specific T-cell responses in
45 patients from week 50 to 70 after the trial n (%)
Positive response
1

IFN-γ secretion
CD3 + CD8 + IFN-γ

2

Vacc. (n = 22)

Ctr. (n = 23)

P value

19 (86.4)
17 (77.3)

13 (56.5)
10 (43.5)

0.047
0.021

1

A positive T-cell response was defined as an increase in interferon-γ
(IFN-γ) secretion by two times compared to the control level, tested by
ELISA, that in itself was no less than 100 pg/mL upon 9 d cultivation of
PBMCs stimulated by HBsAg; 2A positive T-cell response was defined as
no less than 0.1 percentage frequency of CD8 cells showing positive IFN-γ
intracellular staining, tested by FACS, upon stimulation by various HBV
envelope antigens. Vacc.: LAM + DNA vaccine arm; Ctr.: LAM + placebo
arm.

43-year-old female patient was diagnosed with primary
liver cancer by ultrasound and computed tomography
at week 36 after EOT. All three patients were admitted
to the hospital for further treatments. These events
were reported as severe adverse events. Four (3.6%)
patients receiving the DNA vaccine and five (4.2%)
patients receiving the placebo had increased total
bilirubin levels at week 36 after EOT (P > 0.05). No
clinically significant serological abnormalities were
observed. No antinuclear antibodies against doublestrand DNA were detected in any patients during and
after treatment.

DISCUSSION
The aim of this study was to assess the efficacy of the
dual-plasmid strategy with LAM in patients with CHB
compared with placebo + LAM as a phase IIb trial.
Our results indicated that the primary endpoint was
not achieved using the ED-DNA. The HBV DNA vaccine
could only be beneficial in subjects that have achieved
initial virological response under LAM chemotherapy.
The efficacy did not reach the pre-set primary
endpoint as per the registered protocol, but the mITT
analysis showed that serum HBV DNA and HBeAg
levels decreased, and the secondary efficacy measures
of the treatment were better in the DNA vaccine +
LAM group than in the placebo + LAM group. There
was a higher number of patients with a decrease in
HBV DNA > 2 log10 IU/mL in the vaccine group at week
12 after EOT compared with the control group. There
were tendencies toward a difference in the number of
patients with undetectable HBV DNA at week 28 after
EOT and that with a decrease in HBeAg of > 1 log10
IU/mL at week 36 after EOT. The vaccine was safe,
well tolerated, and resulted in a rate of adverse events
comparable to that of the control group. Again, the
secondary efficacy measures of the vaccine was more
obvious in the dPPS analysis, in which there was a
higher number of patients with a decrease in HBV DNA
> 2 log10 IU/mL in the vaccine group at weeks 12 and
28 after EOT, as well as that with undetectable HBV
DNA at week 28 after EOT. The discrepancy between
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criterion for evaluating therapeutic efficacy of antiviral
treatments and could be the impetus for HBsAg loss
[23]
and seroconversion . It is considered a therapeutic
endpoint and has been associated with immune
restoration or control, and with reduced morbidity and
[14,23,24]
mortality of CHB patients
. In the present study,
LAM showed good efficacy during the first stage of viral
suppression, and the adjusted results provided clinical
evidence that DNA vaccine can induce an immune
control of HBV infection in CHB patients who had
already achieved initial virological responses under LAM
antiviral therapy. Indeed, treatment guidelines suggest
that therapy may be discontinued after 2-3 years of
consolidation therapy in HBeAg-positive non-cirrhotic
CHB patients that achieve HBeAg seroconversion
[25]
during an antiviral therapy . It was reported by
recent studies that patients with NUC therapy either
switching to or adding peg-IFN achieve higher rates
of sustained response than those continuing NUC
[21,26,27]
monotherapy
. Combination therapy of antivirals
and immunomodulators, either to improve response to
NUCs, IFN, or newly developed therapeutic vaccines,
is considered crucial for investigators to achieve
“functional” cure of HBV, defined as HBsAg loss or
[27]
off-therapy immune control . The present study
suggests that for patients receiving long-term therapy,
it might be possible to enhance the chances of HBeAg
seroconversion by adding a finite course of immuno
modulatory therapy, especially an HBV-specific one.
Patients with CHB often present immune defects
such as weak or undetectable helper and cytotoxic T
[22,28]
cell-mediated immune responses
, and immune
modulation therapy aims to induce a sustainable HBVspecific multi-epitope and polyclonal T cell response.
Therapeutic HBV DNA vaccine, as an HBV-specific
immunomodulator, might be superior to interferon,
as a non-specific one, in terms of adverse effects and
dosing regimens, given that vaccine therapy was well
tolerated and only four injections were administered
in our present and previous studies. A previous study
in macaques revealed that DNA vaccine may induce
[29]
some immune memory . Results from our phase
IIa trial showed that the patients receiving the DNA
vaccine had a significant elevation of HBV-specific IFN[14]
γ-secreting T cell count compared with baseline ,
suggesting that the DNA vaccine plays a role in
boosting the host cellular immune responses in favor
of viral eradication among CHB patients. Because local
laboratories were not equipped to assess T cells and
because of logistics issues for shipping fresh samples to
a central laboratory, we could not assess T cells in the
present phase IIb trial. Nevertheless, we attempted to
evaluate immune response in this cohort by recalling
the patients who completed the follow-up and before
unblinding. Compared with the control group, there
was a higher proportion of positive responses against
HBsAg and HBV T-cell related peptides in terms of IFN-γ
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secretion and phenotypes of T cells from the PBMCs of
patients receiving DNA vaccination. Additional studies
are necessary to determine the optimal doses and
administration strategies.
This study is not without limitations, as the sample
size was small in the stratified analysis, it potentially
prevented us from reaching a conclusion on its efficacy.
In addition, the follow-up duration was short, which
prevented us from evaluating the long-term efficacy and
the beneficial outcome of the HBeAg seroconversion
achieved with the vaccine. In the present study, only
one vaccine administration schedule was tried, based
[14]
on our previous phase IIa trial , but additional studies
could explore the best administration schedule. Last
but not the least, we failed to assess the real-time HBVspecific T-cell immune responses of the subjects during
the trial.
Even though the clinical efficacy as a whole was
a minor outcome in this trial, our findings are still of
relevance for future studies, in which DNA vaccine will
sequentially be combined with more potent NUCs or
NUCs less susceptible to drug resistance, like ETV or
TDF. Since there were only four doses of the vaccine
in the present trial, investigations on more appropriate
strategies of vaccination including the number of
injections and timing, either in animals or small-scale
clinical trials, are crucial before large-scale trials. The
results of positive memory T-cell responses in the
present study would be implicative for these further
studies, aiming to intensify and prolong the HBVspecific T-cell responses induced by the vaccine under
NUC chemotherapy among CHB patients.
In conclusion, the primary endpoint was not achieved
using the HBV DNA vaccine. The HBV DNA vaccine
might only be beneficial in subjects that have achieved
initial virological response under LAM chemotherapy.
Additional studies are necessary to identify the subset
of patients that could benefit the most from the EPmediated DNA vaccination.
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use of psychotropic agents (aOR: 11.79; 95%CI:
5.06-27.48), Los Angeles grades C (aOR: 7.35; 95%CI:
3.32-16.25), and D (aOR: 20.34; 95%CI: 8.36-49.53)
and long-segment Barrett’s esophagus (aOR: 4.63;
95%CI: 1.64-13.05).
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Abstract
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AIM
To assess the clinical characteristics of patients with
complicated erosive esophagitis (EE) and their asso
ciated factors.

Core tip: This nationwide prospective survey in Japan
evaluated the clinical characteristics of complicated
erosive esophagitis (EE) and its associated factors at
the time of proton pump inhibitors (PPIs) availability
in real-world clinical settings. Our results indicate
that aging and severe EE were common associated
factors, although there were more associated factors in
esophageal strictures than esophageal ulcer bleeding,
indicating that pathophysiology of esophageal strictures
was more complex than esophageal ulcer bleeding.
Despite the availability and widespread use of PPIs, EE
complications are likely to remain a problem in Japan
owing to the aging population and high-stress society.

METHODS
This prospective, cross-sectional study included patients
diagnosed with EE by upper gastrointestinal endos
copy between October 2014 and March 2015 at 106
Japanese hospitals. Data on medical history, general
condition, gastrointestinal symptoms, lifestyle habits,
comorbidities, and endoscopic findings were collected
using a standard form to create a dedicated database.
Logistic regression analysis was used to calculate
adjusted odds ratios (aOR) and 95%CI for the associ
ation with complicated EE.
RESULTS
During the study period, 1749 patients diagnosed with
EE, 38.3% of whom were prescribed proton pump
inhibitors (PPIs) were included. Of them, 143 (8.2%)
had EE complications. Esophageal bleeding occurred
in 84 (4.8%) patients, esophageal strictures in 45
(2.6%) patients, and 14 (0.8%) patients experienced
both. Multivariate analysis showed that increased age
(aOR: 1.05; 95%CI: 1.03-1.08), concomitant use of
psychotropic agents (aOR: 6.51; 95%CI: 3.01-13.61),
and Los Angeles grades B (aOR: 2.69; 95%CI:
1.48-4.96), C (aOR: 15.38; 95%CI: 8.62-28.37), and D
(aOR: 71.49; 95%CI: 37.47-142.01) were significantly
associated with complications, whereas alcohol
consumption 2-4 d/wk was negatively associated
(aOR: 0.23; 95%CI: 0.06-0.61). Analyzing associated
factors with each EE complication separately showed
esophageal ulcer bleeding were associated with
increased age (aOR: 1.05; 95%CI: 1.02-1.07) and
Los Angeles grades B (aOR: 3.60; 95%CI: 1.52-8.50),
C (aOR: 27.61; 95%CI: 12.34-61.80), and D (aOR:
119.09; 95%CI: 51.15-277.29), while esophageal
strictures were associated with increased age (aOR:
1.07; 95%CI: 1.04-1.10), gastroesophageal reflux
symptom (aOR: 2.51; 95%CI: 1.39-4.51), concomitant
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INTRODUCTION
The prevalence of erosive esophagitis (EE) was previously considered much lower in Asian countries, includ[1]
ing Japan, than in Western countries . In recent years,
[2,3]
however, the prevalence of EE has increased in Japan .
The major esophageal complications of EE include
ulcer bleeding and strictures. Although death from EE
is uncommon, these complications are associated with
[4]
significant morbidity and mortality rates .
Because reflux of acidic gastric contents into the
esophagus plays a major role in the pathogenesis of
EE, acid suppression is currently the most effective
therapeutic approach. During the last two decades,
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many pharmacological studies and large clinical trials
have shown the superiority of proton pump inhibitors
(PPIs) over other drugs, including antacids, prokinet[5]
ics, and H2-receptor antagonists . PPIs are now
considered the mainstay of anti-reflux treatment and
are extensively prescribed, not only by gastroenterologists and general practitioners but also by non-GI
[6]
specialists . Although the ready availability and widespread use of PPIs have altered the presentation of
complicated EE, little is known about its epidemiology.
This nationwide prospective survey in Japan therefore
evaluated the frequency of complicated EE and its
associated factors at the time of PPI availability in realworld clinical settings.

esophagus was diagnosed by endoscopic identification
of columnar epithelium extending more than 3 cm into
the esophagus without histological evidence of intestinal metaplasia. Concurrent findings during endoscopy,
such as hiatus hernia, gastritis, or gastroduodenal
ulcers were also recorded. The judging panel consisted
of four endoscopic specialists (KH, TJ, KN, and KI)
qualified by the Japan Gastroenterological Endoscopy
Society made the final diagnosis of EE complications.
If the panel could not reach a consensus diagnosis on
EE-related complications, the patient in question was
excluded from those with EE-related complications
(Figure 1).

Data collection

Each doctor who participated in this research study
conducted face-to-face interviews with all participants
using a questionnaire made for this study. Information
obtained via the questionnaire included patient
characteristics, EE treatment, concomitant drugs,
comorbidities, and lifestyle, including alcohol consumption, smoking status, and general condition (nasogastric
feeding, bedridden, or both). Other patient characteristics included sex, age, height, body weight, and GI
symptoms at the time of the endoscopy. Height and
body weight were used to calculate body mass index.
Reflux symptoms were based on patient reports of
heartburn and acid regurgitation. If patients complained
of reflux symptoms, the duration of each symptom was
determined. Upper GI symptoms were based on patient
reports of epigastric pain, epigastric burning, heavy
stomach feeling, and early satiety. Lower GI symptoms
were based on patient reports of abdominal fullness,
constipation, and diarrhea. Infection with Helicobacter
pylori (H. pylori) was defined as at least one positive
result on the following tests: histology, culture, rapid
urease tests using endoscopic biopsy specimens, H.
pylori-specific antibody in patient serum, urea breathing test, or stool antigen test. Patients were classified
as never smokers, ex-smokers or current smokers.
Regarding alcohol intake, patients were classified as
never drinkers, ex-drinkers or current drinkers. Patients
classified as current drinkers were subclassified by
weekly frequency of drinking as less than once, two to
four times, or five or more times.

MATERIALS AND METHODS
Study design

This multicenter, prospective, cross-sectional survey
was conducted between October 2014 and March 2015
by members of the Gastroesophageal Reflux Disease
(GERD) Society, a Japanese GERD study group, at
106 centers located throughout Japan. These centers
included 26 university hospitals, 76 public hospitals,
and four national hospitals. This study included all
patients with a final diagnosis of EE. The demographic
and clinical characteristics of these patients were
evaluated, including medical history, general condition, gastrointestinal (GI) symptoms, lifestyle habits,
comorbidities, and endoscopic findings. Each hospital
recorded detailed information on EE patients and sent
this information to a central database. This study
was conducted in accordance with the Declaration of
Helsinki and the Ethical Guidelines for Clinical Research
issued by the Ministry of Health, Labour and Welfare of
Japan, and was approved by the ethics committee of
each center and of Kawasaki Medical School, Kurashiki,
Japan (Study Number: 1883). This study was registered at the University Hospital Medical Information
Network (UMIN registration ID: UMIN000014157).

Inclusion and exclusion criteria

All consecutive patients aged ≥ 50 years with a final
diagnosis of EE were enrolled in this study. EE was
defined as mucosal breaks on the esophagus and
categorized as Los Angeles (LA) classification grades
[7]
A, B, C and D . All included patients provided written
informed consent. EE patients were excluded if they
had a history of malignancy, GI resection, gastrostomy,
or endoscopic resection (including endoscopic mucosal
resection or endoscopic submucosal dissection).

End-points

The primary end-point was the clinical characteristics
of patients with EE-related complications, including
esophageal ulcer bleeding and strictures. The secondary end-point was to clarify the factors associated with
complicated EE.

Endoscopic findings

Statistical analysis

EE-related complications, including esophageal ulcer
bleeding, strictures, and perforation, were recorded.
The endoscopic extent of gastric mucosal atrophy
[8]
was classified as described . Long-segment Barrett’s
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Continuous variables are reported as mean and SD,
whereas categorical variables are reported as percentages. Student’s t-tests were used to compare two
2
independent groups. The χ test (with Yates correction,
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Figure 1 Endoscopic images of typical cases with erosive esophagitis-related complications. A and C: Esophageal stricture with ulcer bleeding; B and D:
Esophageal stricture with ulcer.

Clinical characteristics in EE patients with and without
complications

if required) was used to compare percentages. Logistic
regression analysis was used to calculate odds ratios
(ORs) and 95%CIs for the association with complications of EE. Multivariate logistic regression analysis
included all factors determined by univariate analysis
to be associated with complications. OR was regarded
as an estimate of the relative risk of factors associated with complicated EE. Statistical significance was
defined at P < 0.05. All statistical analyses were performed using JMP 12.0.1 and SAS 9.4 (SAS Institute,
Cary, NC, United States).

Table 1 shows the clinical characteristics of the 143
EE patients with complications and the 1606 without
complications. The presence of complications was
associated with older age, female sex, and being
bedridden. The percentage of EE patients with refluxrelated symptoms was higher in patients who had
complications than in those without complications (Table
2), although their duration of heartburn symptoms did
not differ significantly (P = 0.226). Other GI symptoms,
including epigastric pain, epigastric burning, and constipation, were more frequent in EE patients with than
without complications (Table 2). There were a higher
percentage of current drinkers (two to four times per
week frequency) among patients with uncomplicated
EE than with complicated EE. Smoking status did
not differ significantly in these two groups (Table 1).
Patients with EE complications had more severe EE on
endoscopy than those without complications (Table 3).
The frequency of endoscopic gastric mucosal atrophy,
defined by the Kimura-Takemoto classification (C1-O3),
was similar in the two groups. The rates of hiatal hernia
and Barrett’s epithelium were higher in patients with
than without EE-related complications. Assessments
of comorbidities showed that cerebral infarction,
dementia, and kyphosis occurred more frequently in
EE patients with than without complications (Table
1), and that patients with complications used more

RESULTS
Participant description

During the study period between October 2014 and
March 2015, 1817 were diagnosed with EE. Of them,
68 (3.7%) were excluded for the following reasons:
age < 50 years (61 patients), insufficient data (four
patients), history of GI surgery (two patients), and lack
of esophageal mucosal breaks (one patient). The study
cohort therefore consisted of 1749 participants (1044
men and 705 women, mean age 68.0 ± 9.6). Of these
patients, 995, 508, 162, and 84 were diagnosed with
LA grades A, B, C, and D, respectively. Of the 1,749
patients with EE, 143 (8.2%) had complications,
including 84 (4.8%) with esophageal ulcer bleeding,
45 (2.6%) with esophageal strictures, and 14 (0.8%)
with both.
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Table 1 Demographic and clinical characteristics of erosive esophagitis patients with and without complications n (%)
With complications (n = 143)

Without complications (n = 1606)

P value

74/69
74.4 ± 11.0
23.2 ± 3.8
0/8/0
90/26/27
94/16/33
16.8 ± 13.7

970/636
67.4 ± 9.2
23.8 ± 3.5
1/5/1
1511/83/12
955/234/417
14.5 ± 13.3

0.043
< 0.001
0.074
< 0.001
< 0.001
0.311
0.359
< 0.001

76 (53.1)

711 (44.3)

10 (7.0)
4 (2.8)
38 (26.6)
15 (10.5)
8.8 ± 9.7

199 (12.4)
192 (12.0)
432 (26.9)
72 (4.5)
9.0 ± 10.8

71 (49.7)
26 (18.2)
33 (23.1)
22 (15.4)
4 (2.8)
13 (9.1)
6 (4.2)
13 (9.1)
11 (7.7)

724 (45.1)
282 (17.6)
391 (24.3)
83 (5.2)
30 (1.9)
85 (5.3)
34 (2.1)
11 (0.7)
36 (2.2)

20 (27.4)
40 (54.8)
2 (2.7)
11(15.1)

395 (50.4)
251 (32.1)
35 (4.5)
102 (13.0)

31 (21.7)
12 (8.4)
15 (10.5)
8 (5.6)
58 (40.6)
17 (11.9)
16 (11.2)

216 (13.5)
97 (6.0)
89 (5.5)
60 (3.7)
615 (38.3)
91 (5.7)
40 (2.5)

Sex (M/F)
Age (years old)
BMI (kg/m2)
General condition (tube-fed/bedridden/tube-fed + bedridden)
Consultation behavior (outpatient/inpatient/emergency patient)
Smoking (never/current smoker/ex-smoker)
Duration of smoking cessation (yr)
Alcohol drinking
Never
Current
< 1 d per week
2-4 d per week
> 5 d per week
Ex-drinker
Duration of drinking cessation (yr)
Comorbidities
Hypertension
Diabetes mellitus
Hyperlipidemia
Cerebrovascular disease
Liver cirrhosis
Ischemic cardiac disease
Collagen disease
Dementia
Kyphosis
PPI treatment status
Never
Continuation therapy
On-demand therapy
Cessation
Concomitant medication
Antithrombogenic
Aspirin
Antiplatelet agent
Anticoagulant agent
Antihypertensive drug
NSAID
Psychotropic

0.957
0.293
0.851
0.734
< 0.001
0.441
0.058
0.111
< 0.001
< 0.001
0.001

0.007
0.265
0.017
0.271
0.594
0.003
< 0.001

BMI: Body mass index; PPI: Proton pump inhibitor; NSAID: Nonsteroidal antiinflammatory drug.

Factors associated with esophageal ulcer bleeding

antiplatelet agents (except aspirin), non-steroidal antiinflammatory drugs, and psychoactive drugs. PPI
prescribing differed significantly in the two groups,
although previous history of EE did not (Table 1).

Multivariate logistic regression analysis was used to
determine the factors associated with esophageal ulcer
bleeding. Four factors were found to be significantly
and independently associated with complications:
increased age (aOR: 1.05; 95%CI: 1.02-1.07, P <
0.001), LA grades B (aOR: 3.60; 95%CI: 1.52-8.50,
P = 0.004), C (aOR: 27.61; 95%CI: 12.34-61.80, P <
0.001) and D (aOR: 119.09; 95%CI: 51.15-277.29, P
< 0.001).

Factors associated with complications of EE

Multivariate logistic regression analysis was used to
determine the factors associated with EE complications.
Six factors were found to be significantly and independently associated with complications: increased age
[adjusted odds ratio (aOR): 1.05; 95%CI: 1.03-1.08,
P < 0.001], concomitant use of psychotropic agents
(aOR: 6.51; 95%CI: 3.01-13.61, P < 0.001), and LA
grades B (aOR: 2.69; 95%CI: 1.48-4.96, P = 0.001),
C (aOR: 15.38; 95%CI: 8.62-28.37, P < 0.001) and
D (aOR: 71.49; 95%CI: 37.47-142.01, P < 0.001). In
contrast, consumption of alcohol two to four times per
week showed a significant negative association with
EE complications (aOR: 0.23; 95%CI: 0.06-0.61, P =
0.008) (Table 4).
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Factors associated with esophageal strictures

Multivariate logistic regression analysis was used to
determine the factors associated with esophageal strictures. Seven factors were found to be significantly and
independently associated with complications: increased
age (aOR: 1.07; 95%CI: 1.04-1.10, P < 0.001), refluxrelated symptoms (aOR: 2.51; 95%CI: 1.39-4.51,
P = 0.002), concomitant use of psychotropic agents
(aOR: 11.79; 95%CI: 5.06-27.48, P < 0.001), and LA
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Table 2 Symptoms at the time of endoscopy of erosive esophagitis patients with and without complications n (%)
With complications (n = 143)

Without complications (n = 1606)

P value

86 (60.1)
54 (37.8)
34 (23.8)
28 (19.6)
42 (29.4)
19 (13.3)

773 (48.1)
428 (26.7)
261 (16.3)
149 (9.3)
398 (24.8)
136 (8.5)

0.006
0.004
0.022
< 0.001
0.227
0.052

10 (7.0)
39 (27.3)
7 (4.9)
5 (3.5)

165 (10.3)
277 (17.2)
117 (7.3)
39 (2.4)

0.210
0.003
0.286
0.434

Upper GI symptoms
Heartburn
Regurgitation
Epigastric pain
Epigastric burning
Heavy stomach feeling
Early satiety
Lower GI symptoms
Abdominal Bloating
Constipation
Diarrhea
Constipation/diarrhea
GI: Gastrointestinal.

Table 3 Endoscopic findings of erosive esophagitis patients with and without complications n (%)

Los Angeles classification
A
B
C
D
Gastric mucosal atrophy
Hiatal hernia
Barrett’s epithelium
H. pylori infection
Positive
Negative
Unknown

With complications (n = 143)

Without complications (n = 1606)

19 (13.3)
30 (21.0)
43 (30.1)
51 (35.7)
82 (57.3)
123 (86.0)
8 (5.6)

976 (60.8)
478 (29.8)
119 (7.4)
33 (2.1)
930 (57.9)
1070 (66.6)
24 (1.5)

10 (7.0)
31 (21.7)
102 (71.3)

134 (8.3)
677 (42.2)
795 (49.5)

P value
< 0.001

0.464
< 0.001
< 0.001
< 0.001

H. pylori: Helicobacter pylori.

Table 4 Relative risk for complications of erosive esophagitis (multivariable analysis)

Ages
Alcohol drinking
Never
< 1 d per week
2-4 d per week
> 5 d per week
Concomitant medication: psychotropic agent
Los Angeles classification grade
A
B
C
D

Odds ratio (95%CI)

P value

1.05 (1.03-1.08)

< 0.001

1.00
0.73 (0.32-1.52)
0.23 (0.06-0.61)
1.32 (0.80-2.14)
6.51 (3.01-13.61)

0.425
0.008
0.268
< 0.001

1.00
2.69 (1.48-4.96)
15.38 (8.62-28.37)
71.49 (37.47-142.01)

0.001
< 0.001
< 0.001

whom were prescribed PPIs, showed that 8.2% of
these patients had complications, including 4.8% with
esophageal ulcer bleeding, 2.6% with esophageal
strictures, and 0.8% with both. On multivariate analysis, increased age, concomitant use of psychotropic
agents, and severe EE as defined by LA grades B-D was
significantly associated with complications. Interestingly,
moderate alcohol consumption showed a significant
negative association with complications in patients with

grades C (aOR: 7.35; 95%CI: 3.32-16.25, P < 0.001),
D (aOR: 20.34; 95%CI: 8.36-49.53, P < 0.001) and
long-segment Barrett’s esophagus (aOR: 4.63; 95%CI:
1.64-13.05, P = 0.004).

DISCUSSION
This Japanese, multicenter, prospective, cross-sectional
study involving 1749 patients with EE, 38.3% of
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EE. Although several studies have evaluated risk factors
[9,10]
for EE
, this study, to our knowledge, is the first
multicenter large-scale study to assess factors associated with complicated EE among Japanese patients, the
majority of whom were being treated with PPIs.
Obesity, smoking, and age are risk factors for
[11-16]
EE
, with age also being considered an important
[17-19]
risk factor for severe EE
. Age is associated with
increased esophageal exposure to acid, although
the severity of reflux symptoms decreases with age.
These changes are associated with a progressive
decrease in abdominal lower esophageal sphincter
[18]
(LES) length and esophageal motility . Increasing EE
severity in elderly subjects, such as esophageal ulcer
bleeding or stricture, is related to degradation of the
gastroesophageal junction and impaired esophageal
clearance. Interestingly, this study also found that
concomitant treatment with psychotropic agents was
an independently associated factor for complicated
EE. Long-term use of psychotropic agents, such as
clozapine and clomipramine, has been associated
with severe esophageal dilation and hypomotility
accompanied by lowered visceral sensitivity, leading
to excess esophageal exposure to acid and impaired
acid clearance, which are considered crucial causes of
[20]
complicated EE . Nevertheless, psychotropic agents
differed in the ability to influence the pathophysiology
[21,22]
of EE
. This study, however, did not evaluate the
relationships of complicated EE with the duration of
use or the type of psychotropic agents, suggesting the
need for further studies to clarify these points.
Because the reflux of acidic gastric content into the
esophagus leads to symptoms and esophageal mucosal
breaks, acid suppression is considered the most effective therapeutic approach, with PPIs being superior to
[5]
other classes of drug . PPIs are now considered the
mainstay of anti-reflux therapy and are extensively prescribed worldwide. This study found that patients with
complicated EE were more likely to be prescribed a PPI
than those without complications. Considering the previous studies showing that PPI-resistant EE is observed
more frequently in patients with severe EE than those
[23,24]
with mild EE
, it may be the case that patients with
PPI-resistant EE tend to also have complications.
This study also found that moderate alcohol drinking
was significantly negatively associated with compli
cated EE. Although this study did not clarify whether
the moderate alcohol drinking was a cause or result
of complicated EE, several studies have shown that
consumption of large amounts of alcohol can promote
regurgitation of acid into the esophagus, thereby
[25,26]
causing EE, which is inconsistent with our result
.
Several other studies examining the risk of EE in relation to alcohol consumption have yielded contradictory
outcomes. For example, alcohol use has been reported
[27]
to be a risk factor for EE , but its long-term effects
and relationship to pathological reflux have not been

WJG|www.wjgnet.com

determined. Other studies, however, have suggested
that alcohol exposure was not associated with the risk
[28]
of EE . EE was recently reported to be significantly
associated with psychosocial stress, with the severity
[29]
of EE correlating with the degree of stress . Moderate
[30]
amounts of alcohol may reduce psychosocial stress ,
explaining the mechanism underlying the negative
relationship between moderate alcohol drinking and
complicated EE. Additional physiological studies are
necessary to assess the influence of moderate amounts
of alcohol on the mechanism of EE in more detail.
Analyzing associated factors with each EE complication separately revealed that aging and severe EE
were common associated factors, which is consistent
[31,32]
with previous studies
. In this study we also found
that there were more associated factors in esophageal
strictures than esophageal ulcer bleeding, indicating
that pathophysiology of esophageal strictures was
more complex than esophageal ulcer bleeding.
This study had three limitations. First, information
about patients’ diets was not recorded, even though
chocolate and other high-fat foods have been reported
[33]
to increase the likelihood of EE . However, the impact
of diet on EE was not the focus of this study. Second,
this study did not evaluate the rate of drug adherence/
[34]
compliance . Rather, we focused on characteristics
of complicated EE, based on current Japanese clinical
guidelines. Further studies will therefore be necessary
to clarify these matters. Third, not only body mass
index but also upper arm anthropometry and grip
strength are important in the assessment of general
[35]
nutritional status . Because we only evaluated general nutritional status with body mass index, further
study is necessary to clarify this matter.
In conclusion, the aging of the Japanese population
and increasing levels of stress associated with daily
life in modern Japan will likely lead to increased rates
of EE and associated complications, despite the availability and widespread use of PPIs.
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Background

The prevalence of erosive esophagitis (EE) was previously considered much
lower in Asian countries, including Japan, than in Western countries. In recent
years, the prevalence of EE has increased in Japan. The major esophageal
complications of EE include ulceration, strictures, and gastrointestinal bleeding.
Although proton pump inhibitors (PPIs) have altered the presentation of
complicated EE, little is known about its epidemiology.

Research frontiers

The research hotspot is to evaluate the frequency of complicated EE and its
associated factors at the time of PPIs availability in real-world clinical settings
by the nationwide prospective survey in Japan.

Innovations and breakthroughs

Despite the availability and widespread use of PPIs, EE related complications
are likely to remain a problem in Japan. Increased age, concomitant use
of psychotropic agents, and severe EE as defined by LA grades B-D were
significantly associated with complications, while moderate alcohol consumption
showed a significant negative association with complications.

Applications

The aging of the Japanese population and increasing levels of stress
associated with daily life in modern Japan will likely lead to increased rates of
EE and associated complications, despite the availability and widespread use
of PPIs.

Terminology

EE-related complications included esophageal ulcer bleeding, strictures, and
perforation. The endoscopic extent of gastric mucosal atrophy was classified
by the Kimura-Takemoto classification. Long-segment Barrett’s esophagus
was diagnosed by endoscopic identification of columnar epithelium extending
more than 3 cm into the esophagus without histological evidence of intestinal
metaplasia.
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Very interesting topic and some of the data provided appear indicative of EE
etiologies. To improve the strength of this paper, a more comprehensive review
of the international literature (i.e., grey papers) may provide more compelling
data to include in your review process. Further a meta-analysis would have
added further credence to your findings.
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Abstract
AIM
To compare the efficacy and safety of cold snare polype
ctomy (CSP) and hot forceps biopsy (HFB) for diminutive
colorectal polyps.
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METHODS
This prospective, randomized single-center clinical trial
included consecutive patients ≥ 20 years of age with
diminutive colorectal polyps 3-5 mm from December
2014 to October 2015. The primary outcome measures
were en-bloc resection (endoscopic evaluation) and
complete resection rates (pathological evaluation).
The secondary outcome measures were the immediate
bleeding or immediate perforation rate after poly
pectomy, delayed bleeding or delayed perforation
rate after polypectomy, use of clipping for bleeding
or perforation, and polyp retrieval rate. Prophylactic
clipping after polyp removal wasn’t routinely performed.

INTRODUCTION
The United States National Polyp Study demonstrated
that a clean colon (i.e., a colon in which all adeno
matous polyps have been eliminated) significantly
[1]
decreases the mortality rate for colorectal cancer .
Accordingly, there is a need to consider the resection
of neoplastic polyps, including diminutive polyps, when
performing colonoscopy. Cold snare polypectomy (CSP)
is becoming a common method for resecting small or
diminutive polyps without using submucosal injections
or electrocautery, and it is regarded as a safe treatment
[2]
in Western countries . Recently, it has also gradually
[3-5]
gained popularity in Japan
. The advantages of
CSP are that electrocautery-related damages to the
submucosal vascular tissue are prevented and there are
fewer restrictions on patients’ postoperative activity or
diet. Low rates of postoperative bleeding and perforation
can also be expected, because electrocautery is not
used during CSP.
Hot forceps biopsy (HFB) is another method used
to remove diminutive polyps; it has been widely used
in Japan, because it is comparatively easy to use.
Although the HFB approach is advantageous in that
possible adenomatous remnants are fulgurated and the
blood vessels are coagulated, it also has disadvantages
associated with electrocautery, such as perforation and
[6,7]
delayed bleeding . To our knowledge, CSP and HFB
have not been directly compared. We hypothesized that
CSP would be more effective than HFB for resecting
diminutive polyps 3-5 mm. Therefore, the present study
aimed to compare the efficacy and safety of CSP and
HFB for removing colorectal polyps measuring 3-5 mm.

RESULTS
Two hundred eight patients were randomized into the
CSP (102), HFB (106) and 283 polyps were evaluated
(CSP: 148, HFB: 135). The en-bloc resection rate was
significantly higher with CSP than with HFB [99.3%
(147/148) vs 80.0% (108/135), P < 0.0001]. The
complete resection rate was significantly higher with CSP
than with HFB [80.4% (119/148) vs 47.4% (64/135),
P < 0.0001]. The immediate bleeding rate was similar
between the groups [8.6% (13/148) vs 8.1% (11/135),
P = 1.000], and endoscopic hemostasis with hemoclips
was successful in all cases. No cases of perforation or
delayed bleeding occurred. The rate of severe tissue
injury to the pathological specimen was higher HFB
than CSP [52.6% (71/135) vs 1.3% (2/148), P <
0.0001]. Polyp retrieval failure was encountered CSP
(7), HFB (2).
CONCLUSION
CSP is more effective than HFB for resecting diminutive
polyps. Further long-term follow-up study is required.

MATERIALS AND METHODS

Key words: Cold snare polypectomy; Colonoscopy;
Polypectomy; Colorectal diminutive polyps; Hot forceps
biopsy

Study design, subjects, and methods

This prospective, randomized, single-center comparison
study was conducted from December 2014 to October
2015. The inclusion criteria were consecutive patients
over 20 years old and those who were scheduled to
undergo the removal of colorectal polyps measuring
3-5 mm. The preoperative exclusion criteria were
patients with inflammatory bowel disease, polyposis,
polyps suggestive of cancer, and hyperplastic polyps
measuring less than 5 mm in the distal colon. Similar to
hyperplastic polyps less than 5 mm, typical hyperplastic
polyps featuring white, flat protrusions with a diameter
of 5 mm or less, which are frequently observed in the
distal colon (rectum and sigmoid colon), reportedly
exhibit no relationship with adenoma onset in the
future, and guidelines state that no proactive action is
required. The intra-operative exclusion criteria were
patients converted to endoscopic mucosal resection
(EMR), those with polyp retrieval failure, and patients
with non-neoplastic polyps. Patients presenting with
diminutive polyps were assigned to either the CSP
or HFB group using computer-generated random
sequencing. The polyp size was estimated on the basis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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serious adverse events such as delayed bleeding and
perforation.
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hematochezia after the patient was removed from the
endoscopic room; this was confirmed by a question
naire at the time of the patient’s next hospital visit
(7-10 d after treatment). Prophylactic clipping after
polyp removal was not routinely performed, except
in patients with immediate bleeding or in those with
a high risk for perforation, patients with a bleeding
tendency, those taking antithrombotic agents, etc.

229 patients were recruited

Excluded: 3 patients (rejected)
226 patients were enrolled in this study
Excluded: 18 patients
(no diminutive polyps)

Endoscopic procedures

Screened, 208 patients in whom at least one polyps was detected

All colonoscopic procedures were performed by six
experienced endoscopists (H.K., T.S., Y.A., Y.K., T.N.,
and H.M.) who had each performed more than 1000
polypectomies before. No colonoscopist had performed
CSP before this trial. High-definition endoscopes
(PCF-Q260AZI, CF-H260AZI, CF-HQ290I; Olympus
Medical Systems, Tokyo, Japan) were used in this
study. Patients drank a polyethylene glycol-electrolyte
solution (Ajinomoto Pharmaceutical Co., Tokyo, Japan)
for bowel preparation. Two types of snares were used
for CSP: the Profile snare and Captivator-II Snare
(Boston Scientific, Natick, MA, United States), both
of which are approved for cold polypectomy in Japan.
Each endoscopist chose which snare they preferred.
In addition, the FD-1U-1 forceps (Olympus) was used
to perform HFB. The respective maximum widths of
the FD-1U-1 forceps, Profile snare, and Captivator-II
Snare were 7, 10, and 11 mm.
During CSP, the polyps were resected without
injection or electrocautery, and some of the surrounding
normal mucosa was removed (Figure 1). The transected
polyps in the CSP group were vacuumed into a trap and
were collected (Figure 2). During HFB, an electrocautery
with coagulating current at 25-30 W in the setting of
the electrosurgical unit VIO300D (Erbe Elektromedizin,
Tuebingen, Germany) was applied to the polyp until the
[8]
white coagulum was seen at the polyp base (Figure 3) ,
and then the polyp was removed by gently pulling it
from the mucosa. The resected polyps in the HFB group
were collected in the cup of the forceps.
All tissue specimens were examined by an ex
perienced pathologist (T.T.) who was blinded to the
clinical information concerning the patient and polyp,
and to how the polyp was resected. The vertical and
lateral cut margins and tissue damage were evaluated
with a hematoxylin and eosin stain.

Randomization
CSP group
102 patients
183 polyps

HFP group
106 patients
156 polyps

Excluded, 35 polyps
Converted to EMR (2)
Polyp retrival failure (7)
Non-neoplastic (26)

Included, 148 polyps

Excluded, 21 polyps
Converted to EMR (1)
Polyp retrival failure (2)
Non-neoplastic (18)

Included, 135 polyps

Figure 1 Enrollment flowchart. CSP: Cold snare polypectomy; HFB: Hot
forceps biopsy; EMR: Endoscopic mucosal resection.

of the maximum width of the opened snare or HFB.
Endoscopic and pathological images obtained during
the tests were de-identified, and they were used to
make diagnoses on the basis of the findings. No limit
was set for the number of polyps removed per patient.
Each polypectomy was considered independent of the
others.
The study was approved by the institutional ethics
committee (registration number 26-180; date: Dec 2
2014), and it was registered with the University Hospital
Medical Information Network (UMIN ID: 000015016;
date of registration: Sep 1, 2014). Written informed
consent was obtained from all patients.

Outcome measures

The primary outcome measures were as follows:
the en-bloc resection rate (endoscopic evaluation
was used to confirm the tumor-free cut margin with
magnified endoscopic view) and complete resection
rate (pathological evaluation was used to confirm
the tumor-free cut margin in microscopic view). The
secondary outcome measures were as follows: the
immediate bleeding or immediate perforation rate after
polypectomy, delayed bleeding or delayed perforation
rate after polypectomy, use of clipping for bleeding or
perforation, and polyp retrieval rate.
Immediate bleeding was defined as spurting or
oozing blood that continued for more than 1 min
following resection that was stopped with hemoclips.
Delayed bleeding was clinically defined as evident

WJG|www.wjgnet.com

Sample size calculation and statistical analysis

The sample size was calculated on the basis of the
overall estimated complete resection rate. We assumed
that it would be 95% in the CSP group and 80% in
the HFB group according to the results of previous
[9,10]
reports (93% and 83%, respectively)
. Thus, the
needed sample size was 150 polyps per group with
a significance level of 5% (two-tailed) and power of
80% when the Fisher exact test was used to confirm
superiority of CSP to HFB. We assumed a dropout rate
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Figure 2 Technique for cold snare polypectomy. A: Chromoendoscopy was used to detect the polyp and surrounding normal mucosa, which were captured with
a snare, and resection was performed without electrocautery; B: The mucosal defect was assessed to ensure complete resection and no persistent bleeding; C: The
free cut-margin was negative for neoplastic tissue (area between the arrows).
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Figure 3 Technique for hot forceps biopsy. A: A slightly protruded polyp was detected with magnified chromoendoscopy; B: The polyp was captured in the cup of
the forceps and gently pulled from the mucosa; C: The electrocautery current was applied to the polyp until the color changed to white at the polyp base. Then the
polyp was completely removed from the mucosa; D: Pathologic evaluation of the free cut-margin was difficult to perform because of a thermal tissue injury (arrow).

from ITT analysis because endoscopic/pathological
evaluation of these polyps could not originally be per
formed. The target of modified ITT analysis was 157
polyps in CSP and 138 polyps in HFB.
All statistical analyses were performed using SAS
software, version 9.4 (SAS Institute, Cary, NC, United
States). Statistical review of the study was performed
by a biomedical statistician.

of 10%; thus, we determined that the sample size
should be 165 polyps per group.
Categorical variables were compared with the Fisher
exact test, and continuous variables were compared
with the t-test. To determine predictive factors of
complete resection, we conducted multivariable logistic
regression analysis with the resection method (CSP or
HFB) and polyp characteristics (location, shape, and
histology) as explanatory variables.
We performed a modified intention-to-treat (ITT)
analysis. In our modified ITT analysis, we considered
polyps converted to EMR and polyp retrieval failure
as incomplete en-bloc resection and pathological
resection. We excluded the non-neoplastic polyps

WJG|www.wjgnet.com

RESULTS
Patients’ and polyps’ characteristics

Two hundred eight patients were enrolled in the study
[mean ± SD: age 69.0 ± 8.0 years (range 35-87
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was significantly higher with CSP than with HFB [80.4%
(119/148) vs 47.4% (64/135), P < 0.0001]; however,
there were 6 polyps in the CSP group that broke into
pieces during retrieval by aspiration (Table 3). The
immediate bleeding rate was similar between the two
groups [CSP group: 8.8% (13/148) vs HFB group:
8.1% (11/135), P = 1.000]. Endoscopic hemostasis
with hemoclips was successful in cases of immediate
bleeding. Serious adverse events such as perforation
or delayed bleeding did not occur in any case, although
prophylactic clipping after polyp removal was not
routinely performed, except in cases of immediate
bleeding or in those with a high risk of bleeding.
The rate of tissue injury according to the pathologic
specimen was higher in the HFB group than in the
CSP group [52.6% (71/135) vs 1.3% (2/148), P <
0.0001]. The frequency of polyp retrieval failure was
higher in the CSP group than in the HFB group (7/148
vs 2/135). There was no significant difference between
the Profile snare and Captivator II Snare for CSP in
terms of all the factors (Table 4).
The results of this modified ITT analysis were that
the en-bloc resection rate was significantly higher
with CSP than with HFB [87.9% (138/157) vs 76.0%
(105/138), P < 0.0001]. The complete resection rate
was significantly higher with CSP than with HFB [70.1%
(110/157) vs 44.2% (61/138), P < 0.0001]. There
was no significant difference between the original data
and modified ITT analysis.
Multivariable logistic regression analysis showed
that the resection method (CSP vs HFB) was the stron
gest predictive factor for complete resection (Table 5).

Table 1 Patients’ baseline characteristics n (%)

Age (yr), mean (SD)
Female sex
Use of antithrombotic agents

CSP group
(n = 102)

HFB group
(n = 106)

P value

69.4 (8.0)
32 (31.3)
4 (3.9)

68.9 (7.9)
31 (29.2)
3 (2.8)

0.60
0.76
0.72

CSP: Cold snare polypectomy; HFB: Hot forceps biopsy.

Table 2 Polyps’ characteristics

Total No. of polyps
Polyp size (mm)
mean ± SD
No. of polyps per
patient, mean
Location
Right1/Left2
Shape
Protruded
Flat
Histology
High-grade adenoma
Low-grade adenoma
SSA/P
Hyperplastic polyp
Other

CSP group

HFB group

148
4.2 (1.0)

135
3.8 (1.0)

1.5

1.3

44/104

53/82

107
41

110
25

12
124
6
3
3

3
126
4
2
0

P value

0.10
0.09

0.16

1

Located from the cecum to the splenic flexure; 2Located from the splenic
flexure to the rectum. SSA/P: Sessile serrated adenoma/polyp; CSP: Cold
snare polypectomy; HFB: Hot forceps biopsy.

years), 31% women], and we excluded 3 patients who
were rejected (the rejection rate for inclusion in the
trial was 1.3%: 3/229) and 18 patients who had no
diminutive polyps (7.9%: 18/229). After randomization
was performed, 102 patients were allocated to the
CSP group, and 106 were allocated to the HFB group.
A flowchart of the study enrollment is shown in Figure
1. The mean ages were 69.4 ± 9.4 in the CSP group
and 68.9 ± 7.9 in the HFB group. The mean number
of resected polyps per patient was 1.5 in the CSP
group and 1.3 in the HFB group. Finally, 283 polyps
(CSP group: 148 polyps, HFB group: 135 polyps)
were evaluated after excluding some polyps (polyps
removed with EMR, polyps that could not be retrieved,
and non-neoplastic polyps). There was no significant
difference between the two groups with regard to the
characteristics of the patients and polyps (Tables 1 and
2). According to the pathological diagnosis, tubular
adenoma with low-grade dysplasia accounted for
83.4% of polyps in the CSP group and 93.3% in the
HFB group.

DISCUSSION
We demonstrated that CSP is more effective than HFB
for resecting diminutive polyps 3-5 mm. Recently,
in a randomized controlled trial at a single center,
[9]
Lee et al reported that CSP was superior to CFP for
removing small polyps ≤ 5 mm (93% vs 76%, P =
[11]
0.009). Kim et al also demonstrated that the overall
complete resection rate was significantly higher in the
CSP group than in the CFP (96.6% vs 82.6%, P = 0.01)
for polyps ≤ 7 mm. Authors of a pilot study conducted
in Japan reported that the rate of complete resection
[3]
after CSP for polyps < 10 mm was 60% . The present
study’s findings showed that the overall complete
resection rate for polyps 3-5 mm was significantly
higher with CSP than with HFB, although six polyps in
the CSP group could not be evaluated because they
broke into pieces in the working channel of the scope
during aspiration. In 19.6% of patients in the CSP
group, the resected free cut-margin was very close to
the lesion, thus it was considered unclear (i.e., tumor
involvement of the horizontal margin could not be
determined).
In the present study, the HFB group had a low

Primary and secondary outcomes

The en-bloc resection rate was significantly higher
with CSP than with HFB [99.3% (147/148) vs 80.0%
(108/135), P < 0.0001]. The complete resection rate

WJG|www.wjgnet.com
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Table 3 Outcomes and adverse events among the patients

Endoscopic evaluation
En-bloc resection rate with free cut-margin
Pathologic evaluation
Complete resection rate with free cut-margin
Histological tissue injury
Adverse event
Immediate bleeding
Delayed bleeding
Perforation

CSP group (95%CI)

HFB group (95%CI)

P value

147/148 = 99.3%
(92.3%-100.0%)
119/148 = 80.4%
(73.1%-86.5%)
2/148 = 1.3%
(0.2%-4.8%)

108/135 = 80.0%
(72.3%-86.4%)
64/135 = 47.4%
(38.8%-56.2%)
71/135 = 52.6%
(43.8%-61.2%)

< 0.0001

13/148 = 8.8%
(4.8%-14.6%)
0
0

11/135 = 8.1%
(4.1%-14.1%)
0
0

1.00

< 0.0001
< 0.0001

CSP: Cold snare polypectomy; HFB: Hot forceps biopsy.

Table 4 Outcomes and adverse events in terms of the snares used for cold snare polypectomy

Endoscopic evaluation
En-bloc resection rate with free cut-margin
Pathologic evaluation
Complete resection rate with free cut-margin
Histological tissue injury
Adverse event
Immediate bleeding
Delayed bleeding
Perforation

Profile snare (95%CI)

Captivator-II snare (95%CI)

P value

88/88 = 100%
(95.9%-100.0%)
75/88 = 85.2%
(76.1%-91.9%)
0/88 = 0%
(0.0%-4.1%)

59/60 = 98.3%
(91.2%-100.0%)
44/60 = 73.3%
(60.3%-83.9%)
2/60 = 3.3%
(0.4%-11.5%)

0.41

9/88 = 10.2%
(4.8%-18.5%)
0
0

4/60 = 6.7%
(1.8%-16.2%)
0
0

0.56

0.09
0.16

There were no differences in the type or number of polyps in these groups. CSP: Cold snare polypectomy.

were achieved, although the sample size was small.
In our study, no perforation or delayed bleeding
occurred in any case. The first author previously re
ported on an animal experiment conducted in pigs at
another institution, and no perforation occurred with
[13]
CSP for large polyps exceeding 1 cm . In the present
study, two polyps could not be resected with CSP
because there was too much resistance during snaring;
therefore, they were converted with conventional EMR
using an injection and electrical current was used.
These cases were excluded from further evaluation.
Accordingly, a very low incidence of perforation can be
expected in CSP. The change in the resection method
may have contributed to the low rate perforation.
A previous study reported a perforation rate of 0.05%
[14]
after HFB, including one case of death . In the present
study, no serious adverse events (delayed bleeding,
perforation, or post-coagulation syndrome) were ob
served in HFB group. Although Williams reported a rate
of 95% for specimens with interpretable histological
[8]
features , our study demonstrated that the rate of
severe histological tissue injury was higher in the HFB
group than in the CSP group.
Polyp retrieval failure occurred in seven patients
in the CSP group and two patients in the HFB group.
This corresponds with a previously reported result that
specimen retrieval is more difficult when the polyp size

Table 5 Results of multivariable logistic regression analysis of
the complete resection rate
Variable
Resection method
CSP/HFB
Location
Left1/Right2
Shape
Flat/protruded
Histology
Non-TA/TA

Odds ratio (95%CI)

P value

4.70 (2.68-8.24)

< 0.0001

1.24 (0.71-2.17)

0.45

0.94 (0.50-1.78)

0.85

1.34 (0.44-4.08)

0.61

1

Located from the cecum to the splenic flexure; 2Located from the splenic
flexure to the rectum. CSP: Cold snare polypectomy; HFB: Hot forceps
biopsy; TA: Tubular adenoma.

complete resection rate of 47.4%, significantly low rate
80.0% with en-bloc resection, and substantial tissue
damage due to electric resection. It is concerning that
HFB caused so much thermal damage to the specimen
that it made the pathological diagnosis difficult.
The current study also demonstrated similar imme
diate bleeding rates in both groups, and endoscopic
hemostasis with hemoclips was successful in these
[12]
cases. Horiuchi et al
reported that CSP was used
safely even in patients taking antiplatelet agents and
in those in which therapeutic levels of anticoagulation

WJG|www.wjgnet.com
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[15]

is ≤ 5 mm .
There were some limitations to this study. It was
performed at a single university hospital. We only
used the two types of snares that are approved for
cold resection in Japan; thus, our results may not be
applicable to other snares. In this study, we did not
assess the amount of time required using each of the
two techniques for complete polyp resection in each
colonoscopy because the time for polypectomy did not
differ between cold forceps polypectomy as almost
[16]
same technique of HFB and CSP in a previous study .
We did not compare the two procedures. Lastly, the
study did not include long-term follow-up after resection.
In conclusion, our results showed that CSP is more
effective than HFB for resecting diminutive polyps.
The endoscopic en-bloc resection rate and pathologic
complete resection rate were lower with HFB, as
histological evaluation in the HFB group was difficult due
to tissue injury. Serious adverse events such as delayed
bleeding and perforation did not occur in either group.
Further study with long-term follow-up is required.

2
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Abstract
AIM
To confirm previous conclusions on Saccharomyces
cerevisiae (S. cerevisiae ) CNCM I-3856 for irritable
bowel syndrome (IBS) management.
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METHODS
An individual patient data meta-analysis was performed
on two randomized clinical trials studying the effect
of S. cerevisiae CNCM I-3856 supplementation on
gastrointestinal (GI) symptoms in IBS subjects. A total
of 579 IBS subjects were included. Outcomes were the
daily Likert scale scores of abdominal pain/discomfort
and bloating [area under the curve (AUC) and weekly
means], responder status, and bowel movements (stool
frequency and consistency). Statistical analyses were
conducted in Intent to Treat (ITT) population, IBS-C
subjects and IBS-C subjects with an abdominal pain/
discomfort score higher than or equal to 2 at baseline
(“IBS-C ≥ 2 subpopulation”).
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RESULTS

S. cerevisiae CNCM I-3856 significantly improved

abdominal pain/discomfort and bloating during the
second month of supplementation [AUC (W5-W8)]
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with improvement up to the minimal clinically relevant
threshold of 10%: a 12.3% reduction of abdominal
pain/discomfort in the ITT population compared to
the Placebo group (P = 0.0134) has been observed.
In the IBS-C ≥ 2 subpopulation, there were a 13.1%
reduction of abdominal pain/discomfort and a 14.9%
reduction of bloating compared to the Placebo group (P
= 0.0194 and P = 0.0145, respectively). GI symptoms
significantly decreased during supplementation but no
statistical differences were reported between groups
at the end of the supplementation period. Responder
status was defined as a subject who experienced
a decrease of 1 arbitrary unit (a.u.) or 50% of the
abdominal discomfort score from baseline for at least
2 wk out of the last 4 wk of the study. A significant
difference between groups was reported in the ITT
population, when considering the first definition:
subjects in the Active group had 1.510 higher odds
to be a responder (reduction of 1 a.u. of abdominal
pain/discomfort) compared with subjects in the Placebo
group (P = 0.0240). At the end of supplementation
period, stool consistency in the Active group of the ITT
population was significantly improved and classified
as “normal” compared to Placebo (respectively 3.13 ±
1.197 a.u. vs 2.58 ± 1.020 a.u., P = 0.0003). Similar
results were seen in the IBS-C ≥ 2 subpopulation
(Active group: 3.14 ± 1.219 a.u. vs Placebo group: 2.59
± 1.017 a.u., P = 0.0009).

INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional
gastrointestinal (GI) disorder with high prevalence,
affecting up to 20% of the population in some geo[1]
graphical areas . Diverse GI symptoms occur in IBS,
mainly abdominal pain, bloating and altered bowel
habits. Subjects also report some extra-GI symptoms
[2]
and an impaired quality of life . According to Rome
Ⅲ criteria, IBS diagnosis is based on the presence of
abdominal pain and/or discomfort, associated with at
least two of the following: improvement with defecation, onset associated with a change in frequency
of stool, onset associated with a change in form of
[3]
stool . The diagnosis is confirmed by the absence
of any organic disorder. Some IBS subtypes are
distinguished depending on the predominant stool pattern: constipation-predominant IBS (IBS-C), diarrheapredominant IBS (IBS-D), mixed IBS (IBS-M) alternating constipation and diarrhea, and an un-subtyped
IBS. To date, the pathogenesis of IBS is still not clear.
Different mechanisms may be implicated, such as
altered GI motility, visceral hypersensitivity, intestinal
barrier disorder, dysfunction of the brain-gut axis,
intestinal inflammation and disruption of the intestinal
[2,4]
flora . When investigating IBS, the gut microbiota
is of great interest. First, some IBS cases begin after
an acute episode of a GI infection, which can alter the
[5,6]
gut microbiota’s diversity . Secondly, the intestinal
microbiota is thought to be involved in most of the
[7]
mechanisms of IBS . Due to a lack of satisfactory
pharmacological treatments suitable for long-term
[8]
administration , both patients and caregivers turn to
alternative methods for the management of IBS. In
such an approach, probiotics prove to be an interesting
and promising option. Their supplementation may help
[5,9]
to counterbalance mechanisms involved in IBS
and
to alleviate associated symptoms. Today the challenge
is to identify which probiotic strains are relevant for
IBS management and the conditions for their use
(preparations, doses, duration).
Saccharomyces cerevisiae (S. cerevisiae) CNCM
I-3856, a proprietary yeast strain from Lesaffre, has
been studied for its beneficial properties in alleviating
GI symptoms in IBS subjects. Two randomized clinical
[10,11]
trials (RCTs) have been conducted and published
involving a total of 579 IBS subjects. We decided to
perform an individual patient data (IPD) meta-analysis
to confirm the previous findings and strengthen
conclusions on this particular yeast strain.

CONCLUSION
This meta-analysis supports previous data linking S.
cerevisiae I-3856 and improvement of GI symptoms, in
IBS overall population and in the IBS-C and IBS-C ≥ 2
subpopulations.
Key words: Irritable bowel syndrome; Saccharomyces
cerevisiae ; Constipation; Abdominal pain; Probiotics
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Since the gut microbiota is considered to
play a role in the pathophysiology of Irritable Bowel
Syndrome, the use of probiotics has gained interest
for the management of gastrointestinal symptoms of
irritable bowel syndrome (IBS). However, the properties
of probiotics are strain-dependent. We performed an
individual patient data meta-analysis to assess the
effectiveness of Saccharomyces cerevisiae CNCM I-3856
on the management of IBS symptoms.
Cayzeele-Decherf A, Pélerin F, Leuillet S, Douillard B, Housez
B, Cazaubiel M, Jacobson GK, Jüsten P, Desreumaux P.
Saccharomyces cerevisiae CNCM I-3856 in irritable bowel
syndrome: An individual subject meta-analysis. World J
Gastroenterol 2017; 23(2): 336-344 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i2/336.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i2.336

WJG|www.wjgnet.com

MATERIALS AND METHODS
Design and study selection

Methods for statistical analyses were pre-specified in
a Statistical Analysis Plan. We evaluated manuscripts
that studied the effect of S. cerevisiae CNCM I-3856
supplementation on GI symptoms in IBS subjects.
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Only the two aforementioned clinical trials were identified and included in this meta-analysis.

the scope of the present supplementation. Inversely,
subjects with low level of symptoms intensity (strictly
below 2) can’t be considered as being improvable. In
the ITT population, outcomes throughout the study
period were analyzed using a fixed-effect repeated
measure model including the factors Product, Week,
IBS Type, Study and interactions Product*Week,
[15,16]
Product*Study and Product*Week*Study
. An
Analysis of Covariance (ANCOVA), including factors
Product, IBS Type, Study, Product*Study and the
baseline value as a covariate, was conducted to
analyze total AUCs. Finally, a Generalized Linear Model
(GLM, binomial distribution) including factors Product,
Study, IBS Type and interaction Product*Study was
conducted to assess the responder status. In the
subpopulations, the same statistical models, without
the IBS Type effect, were run. Statistical analyses
®
were performed using SAS software version 9.3 (SAS
Institute Inc., Cary, NC, United States).

Study product

The I-3856 strain of Sacharomyces cerevisiae is a
proprietary, well-characterized strain of Lesaffre,
registered in the French National Collection of Cultures
of Microorganisms (CNCM). The S. cerevisiae species
®
has been characterized by using phenotypic (API
ID32C, Biomerieux SAS) and genotypic referenced
methods (genetic amplification and sequencing of
[12,13]
26S DNA)
. Moreover, the strain I-3856 is identified thanks to the Polymerase Chain Reaction (PCR)
[14]
Interdelta typing technique , and other genetic
methods (e.g., complete genome sequencing).

Data collection

All data were provided by the sponsor of the trials.
Uniform collection methods were employed in the two
trials.

RESULTS

Definition of outcomes

Outcomes were defined as the daily Likert scale scores
of abdominal pain/discomfort and bloating (calculated
on a weekly basis) over the common study period of
both studies (8 wk) and also expressed as total Area
Under the Curve (AUC) [total AUC (W0-W8) and total
AUC (W5-W8)]. According to the abdominal score at
baseline, responder status was considered. A subject
was defined as responder if he/she experienced a
decrease of 1 arbitrary unit (a.u.) or 50% of the
abdominal discomfort score from baseline for at least
2 wk out of the last 4 wk of the study. Bowel movements, i.e., stool frequency and consistency, were also
studied.

The two clinical trials were published in 2015 and 2016
in two different peer-reviewed journals. Characteristics
of the trials are shown in Table 1.

Subjects

Data were obtained from 579 subjects, diagnosed with
[3]
IBS according to Rome Ⅲ criteria . All IBS subtypes
were represented in the two trials. Patient characteristics for the 2 trials are listed in Table 2. There are
no significant differences at baseline between the
Placebo and Active groups on the total population,
nor on the IBS-C subpopulation and the IBS-C ≥ 2
subpopulation.

Statistical analysis

Gastrointestinal symptoms - Total area under the curve

Statistical analyses were conducted, in first instance,
on the Intent to Treat (ITT) population. Two subpopulations of interest where then derived from this
population: IBS-C subjects (IBS subjects with hard
or lumpy stools ≥ 25% and loose (mushy) or watery
[3]
stools < 25% of bowel movements ) and IBS-C
subjects with an abdominal pain/discomfort score
higher than or equal to 2 at baseline (referred as “IBS-C
≥ 2 subpopulation” in this paper). In both RCTs of this
meta-analysis, subjects were included if they reported
a score of abdominal pain/discomfort ranging between
1 and 6 (on a 7-point Likert scale) at baseline. Never
theless, only subjects presenting a score ≥ 2 and <
6 at baseline have been considered in the IBS-C ≥
2 subpopulation. IBS typology can vary a lot from
one individual to another, inducing great variability in
symptoms scores intensity. The supplementation with
S. cerevisiae CNCM I-3856 aims to be administered
to healthy subjects with a medium level of abdominal
pain/discomfort. IBS patients who need a follow-up at
hospital because of high-level of pain (≥ 6) are out of

WJG|www.wjgnet.com

Any change in GI symptoms throughout the supplementation period was analyzed using AUC. Data are
presented in Figure 1 (abdominal pain/discomfort) and
Figure 2 (bloating).
Over the 2 mo of supplementation, no differences
were determined by AUC (W0-W8) analysis of abdominal pain/discomfort and bloating between Active and
Placebo groups of the ITT population and the IBS-C
subpopulation.
A significant difference between the Active and
Placebo groups was observed in the IBS-C ≥ 2
subpopulation on abdominal pain/discomfort (P =
0.0417, diff[95%CI] = -2.096 [-4.112;-0.080]) for
AUC (W0-W8); and a trend was reported on bloating (P
= 0.0540) in favor of the Active group.
Considering the second month of supplementa
tion [AUC (W5-W8)], S. cerevisiae CNCM I-3856
improved GI symptoms in all analyzed populations.
Abdominal pain/discomfort was significantly reduced
in the Active group compared to the Placebo group in
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Table 1 Characteristics of the trials
Trial

1

Type of IBS

Criteria

Sample size

Probiotic

Probiotic dosage

Control

Duration of
treatment

Follow-up

Pineton de Chambrun
et al[10] 2015

All types

Rome Ⅲ

200

Saccharomyces cerevisiae
CNCM I-3856

Placebo

8 wk

3 wk

Spiller et al[11] 2015

All types

Rome Ⅲ

379

Saccharomyces cerevisiae
CNCM I-3856

1 capsule (500 mg) of
S. cerevisiae/d
8 × 109 CFU/g
2 capsules of 500 mg of
S. cerevisiae/d
8 × 109 CFU/g

Placebo

12 wk

-

1

The capsules contained viable yeast cells only, no excipient has been added. Probiotic products should contain the adequate amount of living cells to be
efficient. Then, it is needed to maintain a suitable level of viable cells during the product’s shelf life. This living yeast cells count is expressed most of time
as a minimum of colony forming unit per gram. This count of the yeast strain CNCM I-3856 cells after manufacturing was around 8 × 109 CFU/g. It could
slightly vary within the specification limits at release depending on the batch even if the manufacturing process and the microbiological methods are
validated. This variation is due to the type of products (microbiological products obtained by fermentation) and due to the method variability of viable cell
counts (± 0.5 log). Moreover, it has to be considered that viable cell count slightly decreases with time (sensitivity to humidity and temperature), which has
already been confirmed by a stability test program performed according international conference on harmonisation guidelines. That is why, an overdose is
commonly adopted for probiotics. Based on these considerations, efficacy of probiotics is considered by the scientific community as similar when dosage
remains within the same log. CFU: Colony forming unit; IBS: Irritable bowel syndrome.

Table 2 Patient characteristics for the 2 trials n (%)

Subjects, n
Age (yr), mean ± SD
Subject weight (kg), mean ± SD
Subject height (cm), mean ± SD
Subject BMI (kg/m²), mean ± SD
Heart rate (bpm), mean ± SD
Female
Smoker
IBS-C
IBS-C with an abdominal pain/discomfort score ≥ 2 at baseline
IBS-D
IBS-M

Placebo group

Active group

287
45.3 ± 14.03
64.6 ± 12.37
164.3 ± 7.75
23.9 ± 3.93
70.2 ± 9.10
244 (85.0)
65 (22.6)
134 (46.7)
111 (38.7)
55 (19.2)
96 (33.4)

292
44.4 ± 14.79
65.8 ± 13.75
164.9 ± 8.19
24.1 ± 4.53
70.6 ± 9.08
245 (83.9)
75 (25.7)
130 (44.5)
111 (38.0)
56 (19.2)
103 (35.3)

BMI: Body mass index; IBS: Irritable bowel syndrome.

the ITT population (-12.3%, P = 0.0134, diff[95%CI]
= -0.728 [-1.305;-0.152]) and in the IBS-C ≥ 2
subpopulation (-13.1%, P = 0.0194, diff[95%CI] =
-1.144 [-2.100;-0.187]). A trend was reported in the
IBS-C subpopulation (-10.4%, P = 0.0544). Bloating
was significantly decreased during the second month
of supplementation in the ITT population (-9.2%, P =
0.0105, diff[95%CI] = -0.743 [-1.311;-0.175]); in the
IBS-C population (-12.3%, P = 0.0463, diff[95%CI] =
-0.864 [-1.714;-0.014]); and in the IBS-C ≥ 2 subpopulation (-14.9%, P = 0.0145, diff[95%CI] = -1.192
[-2.143;-0.240]).

significantly reduced throughout the study in the two
study groups (between W0 and W8, P < 0.0001 in
both groups). At W8, lower abdominal pain/discomfort
scores were reported in the Active group compared to
Placebo but the difference did not achieve statistical
significance (Active group: 2.14 ± 1.292 a.u., Placebo
group: 2.31 ± 1.355 a.u., P = 0.1052). In the IBS-C
subpopulation, abdominal pain/discomfort significantly
decreased between W0 and W8 in both groups (Active
group: 3.25 ± 1.177 a.u. vs 2.23 ± 1.231 a.u.; Placebo
group: 3.22 ± 1.159 a.u. vs 2.40 ± 1.420 a.u., P <
0.0001 in both groups). Similar evolution was observed
for bloating over the supplementation period (Active
group: 3.31 ± 1.272 a.u. at W0 vs 2.25 ± 1.257 a.u. at
W8; Placebo group: 3.36 ± 1.179 a.u. at W0 vs 2.54 ±
1.390 a.u. at W8, P < 0.0001 in both groups).
In the IBS-C ≥ 2 subpopulation, slightly higher
abdominal pain/discomfort was expressed at baseline
(3.54 ± 1.005 a.u. in the Active group; 3.54 ± 0.918
a.u. in the Placebo group) as compared to the IBS-C
subpopulation. Abdominal pain/discomfort scores
significantly decreased from W0 to W8 in both groups

Gastrointestinal symptoms - Scores over the study
period

In a complementary approach, daily Likert scale scores
of abdominal pain/discomfort and bloating were analyzed on a weekly basis. At baseline, in the ITT population, the two groups were not different regarding the
abdominal pain/discomfort scores (3.15 ± 1.163 a.u.
in the Active group vs 3.16 ± 1.110 a.u. in the Placebo
group, P = 0.9714). Abdominal pain/discomfort was
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Figure 1 Area under the curve (W0-W8) (A) and area under the curve (W5-W8) (B) of abdominal pain/discomfort in intent to treat population (all irritable
bowel syndrome subtypes) and in irritable bowel syndrome-C subjects with an abdominal pain/discomfort score higher than or equal to 2 at baseline
(irritable bowel syndrome-C ≥ 2) under placebo (white) or Saccharomyces cerevisiae CNCM I-3856 (grey) supplementation. Significant differences compared
to placebo are symbolized by aP < 0.05. IBS-C: Irritable bowel syndrome-C; a.u.: Arbitrary unit; ITT: Intent to treat; AUC: Area under the curve.

A

B
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8
AUC (W5-W8) of bloating
intensity (a.u. wk)

AUC (W0-W8) of bloating
intensity (a.u. wk)
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Figure 2 Area under the curve (W0-W8) (A) and area under the curve (W5-W8) (B) of bloating in intent to treat population (all irritable bowel syndrome
subtypes) and in irritable bowel syndrome-C subjects with an abdominal pain/discomfort score higher than or equal to 2 at baseline (irritable bowel
syndrome-C ≥ 2) under placebo (white) or Saccharomyces cerevisiae CNCM I-3856 (grey) supplementation. aP < 0.05, Significant differences, vs placebo are
symbolized. IBS-C: Irritable bowel syndrome-C; a.u.: Arbitrary unit; ITT: Intent to treat; AUC: Area under the curve.

(Active group: -1.21 ± 1.249 a.u.; Placebo group:
-0.91 ± 1.340 a.u., P < 0.0001 in both groups).
Bloating significantly improved throughout the supplementation period in both study groups (between W0
and W8, P < 0.0001 in both groups).

≥ 2 subpopulations.

Bowel movements

Bowel movements are not reported in the ITT population because of the variety of stool patterns in regard
to the different IBS subtypes present in the study
population.
Stool consistency statistically improved in the Active
and Placebo groups of the IBS-C subpopulation during
the supplementation period. There was a statistically
significant increase in the Bristol Stool Scale (BSS)
score between W0 and W8 in the Active group (2.41 ±
0.817 a.u. vs 3.13 ± 1.197 a.u., P < 0.0001, diff[95%CI]
= 0.752 [0.391;1.114]) and in the Placebo group
(2.24 ± 0.714 a.u. vs 2.58 ± 1.020 a.u., P = 0.0266,
diff[95%CI] = 0.402 [0.032;0.771]) (Figure 3). Over the
8 wk of supplementation, a significant product effect
was reported in the IBS-C subpopulation in favor of S.
cerevisiae CNCM I-3856 (P < 0.0001) and stool consistency was significantly different from Placebo from W2

Abdominal pain/discomfort - Responder status

Two definitions of responder status were applied in
this meta-analysis. In the ITT population, subjects
in the Active group had 1.510 higher odds to be a
responder compared to subjects in the Placebo group (P
= 0.0240, OR[95%CI] = 1.510 [1.056;2.161]) when
responders were defined by a reduction of 1 a.u. of
abdominal pain/discomfort score from W0 for at least
2 wk between W5 and W8. This difference was not
significant anymore when responders were defined
by a reduction of 50% of abdominal pain/discomfort
score.
No significant differences were reported between
the Active and Placebo groups in both IBS-C and IBS-C

WJG|www.wjgnet.com

340

January 14, 2017|Volume 23|Issue 2|

Cayzeele-Decherf A et al. Saccharomyces cerevisiae CNCM I-3856 in IBS
4.0
Mean daily bowel movement
form (a.u.) [IBS-C ≥ 2]

Mean daily bowel movement
form (a.u.) [IBS-C]

4.0

3.5
a

a

b

b

a

a

b

3.0

2.5

3.5
a

a

b

a

a

b

W5

W6

W7

W8

3.0

2.5

2.0

2.0
W0

W1

W2

W3

W4

W5

W6

W7

W0

W8

Figure 3 Evolution of stool consistency in irritable bowel syndrome-C
subjects during the 8-wk supplementation with active product
(Saccharomyces cerevisiae CNCM I-3856, white squares) or placebo
product (black circles). Values are estimated means, with standard error
represented by vertical bars. aP < 0.05, bP < 0.01, Significant differences, vs
placebo are symbolized. IBS-C: Irritable bowel syndrome-C; a.u.: Arbitrary unit.

W2

W3

W4

Figure 4 Evolution of stool consistency in irritable bowel syndrome-C
subjects with an abdominal pain/discomfort score higher than or equal
to 2 at baseline (irritable bowel syndrome-C ≥ 2) during the 8-wk
supplementation with active product (Saccharomyces cerevisiae CNCM
I-3856, white squares) or placebo product (black circles). Values are
estimated means, with standard error represented by vertical bars. aP < 0.05,
b
P < 0.01, Significant differences, vs placebo are symbolized. IBS-C: Irritable
bowel syndrome-C; a.u.: Arbitrary unit.

to W8. At the end of the supplementation period, stool
consistency in the Active group was significantly higher
and classified as “normal” compared to the Placebo
group (respectively 3.13 ± 1.197 a.u. vs 2.58 ± 1.020
a.u., P = 0.0003, diff[95%CI]: 0.510 [0.231-0.788]).
In the IBS-C ≥ 2 subpopulation, stool consistency
improved in the same way. BSS scores increased
in Active and Placebo groups between W0 and W8.
A statistically significant difference was reported in
the Active group (W0: 2.35 ± 0.832 a.u. vs W8:
3.14 ± 1.219 a.u., P < 0.0001, diff[95%CI]: 0.808
[0.411-1.204]) but not in the Placebo group (2.25 ±
0.728 a.u. vs 2.59 ± 1.017 a.u., P = 0.0865) (Figure
4). A significant product effect in favor of S. cerevisiae
CNCM I-3856 was apparent in the IBS-C ≥ 2 subpopulation over the supplementation period (P = 0.0017)
and stool consistency was significantly different from
Placebo during the second part of the supplementation
(P < 0.05 from W4 to W8).
Statistically significant product effects were irregularly observed on stool frequency in the IBS-C subpopulation and the IBS-C ≥ 2 subpopulation in favor of
the Active group. However the non-persistence of the
effect and the absence of clinical relevance between
Active vs Placebo did not demonstrate any benefits
from S. cerevisiae CNCM I-3856 supplementation on
this outcome.

mentation period which has already been discussed by
[17,18]
different authors
. No significant benefits of S. cerevisiae CNCM I-3856 supplementation were observed
during the first month of supplementation compared
to placebo. This point has been previously reported
[10]
by Pineton de Chambrun et al
who mentioned a
potential delay of action of S. cerevisiae. The yeast may
positively impact abdominal pain/discomfort due to an
analgesic effect, with a delay before significant effec[19]
tiveness as reported in animal studies . In rats, some
significant product effects were noted over the second
month of study but the analgesic effect was transitory
and limited to the time of product administration.
From a clinical point of view, AUC data provide
relevant information in regard to overall subjective feelings. First, the AUC presents an overview of GI symptom intensity during the study period. This provides an
indication of symptom alleviation over the supplementation period. The present analysis hardly succeeded in
demonstrating a beneficial effect of S. cerevisiae CNCM
I-3856 on the global AUC [AUC (W0-W8)] for abdominal pain/discomfort and bloating. Statistically positive
effects were reported in the IBS-C ≥ 2 subpopulation,
but not in the ITT population and IBS-C subpopulation.
An AUC was also calculated over the second month of
supplementation. This period was chosen in order to
account for the aforementioned delay for significant
action of the probiotic. Analysis on this specific period
[AUC (W5-W8)] confirmed the product effect associated with yeast supplementation, in comparison to
placebo, in all analyzed populations. Additionally, every
statistically significant difference or trend was related
to an improvement in the Active group from 9.2% and
up to 14.9% compared to Placebo. This observation is
of great interest from a clinical point of view: the 10%
difference is considered as a minimal clinically relevant

DISCUSSION
Based on the data of two RCTs investigating the benefits of S. cerevisiae CNCM I-3856 on IBS symptoms
management, this IPD meta-analysis confirmed some
promising qualities of this yeast strain to alleviate GI
symptoms.
Analysis of GI symptoms (abdominal pain/discomfort
and bloating) on a week-by-week basis demonstrated a
great variability in patient complaints over the supple-
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[20]

threshold . This means that S. cerevisiae CNCM I-3856
improves IBS symptoms in a significant and relevant
manner in IBS patients, in a global IBS population and
in the IBS-C subtype during the second month of consumption. Another approach in validating the clinical
benefits of therapy consists of analyzing the percentage
of patients who positively respond to the treatment.
Various definitions of responder status are suggested
[21]
by the literature . In addition, food and drug authorities have since established some complete definitions
[22,23]
for responder status
. Two different definitions of
[10,11]
responder status were applied in the two RCTs
.
They were re-used in the present meta-analysis for
consistency. Conclusions on responder status were
limited to the ITT population who experienced an
improvement of 1 a.u. of abdominal pain/discomfort for
at least 50% of the second month of supplementation.
One point limiting the positive conclusions on
S. cerevisiae CNCM I-3856 relates to the placebo
response commonly reported in GI disorders. A metaanalysis of placebo-controlled RCTs conducted in
IBS patients reported a mean placebo response rate
[24]
of 37.5% . This is consistent with previous meta[25]
analysis from Patel et al
who observed that 40.2%
of patients respond to placebo. The placebo effect is
one factor influencing the placebo response rate, but
it does not affect it alone. The authors of this metaanalysis tried to determine the confounding factors
which may influence the placebo response rate (duration of therapy, run-in phase, single or multi-centre
[24,25]
study, etc.); but, inconsistent data were reported
.
Today, probiotics are an alternative approach being
extensively researched for the management of symptoms in IBS patients. While the effects of probiotics on
[9]
IBS physiopathology are still under scrutiny , many
clinical trials investigating the benefits of one or more
bacterial strains in IBS have been published. Increased
resources are now available to examine probiotic benefits in IBS management. It remains difficult to clearly
conclude efficacy and set up recommendations for
probiotics supplementation because of the poor repeatability of the data and the difficulty in comparing studies. Indeed, great heterogeneity is observed between
trials in terms of variety of strains used, probiotic
dosage, treatment duration, outcome definitions, and
statistical analyses. This point is highlighted in litera[26-28]
ture reviews and meta-analyses
. In the absence
of comparable studies, meta-analyses are performed
to integrate qualitative clinical trials irrespective of the
[26-31]
probiotic strains studied
. All authors globally agree
as to the benefits of probiotics supplementation in IBS
patients. Neither individual probiotic nor combination
of strains was, however, identified as effective by
itself and conclusions were drawn for probiotics in
general. Some authors directed their meta-analyses
[32]
specifically to Lactobacillus strains or to Lactobacillus
[33]
rhamnosus GG in children . Only a few trials were
included in these meta-analyses (six trials investigating Lactobacillus strains and three trials investigating
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Lactobacillus rhamnosus GG in children), but their
conclusions can be considered relevant in light of
the studies selected. Both authors concluded on
beneficial effect of Lactobacillus spp on IBS symptoms,
namely on frequency and intensity of abdominal pain.
However, no recommendations for dose and treatment
duration were proposed.
In regards to these meta-analyses, the present IPD
meta-analysis demonstrates two advantages. First,
the two RCTs were designed to evaluate the same
probiotic strain, i.e., S. cerevisiae CNCM I-3856, and
the methodologies were very similar. Study designs
were double-blind, randomized, placebo-controlled to
achieve high quality studies, and recommendations for
[21]
treatment trial design were applied . These points
strengthen the integration of data and their analyses
as a whole. Second, individual data on all subjects
were compiled to perform new statistical analyses,
which provide a more robust result than metaanalyses based on aggregate data. The pooling of
[10,11]
the two original individual trials
for meta-analysis
increased the sample size and thus the power of the
statistical analyses, in particular in the context of
the analysis in the IBS-C subpopulation. In addition,
this meta-analysis allowed answering and confirming
questions not initially raised by both studies and
consolidated previous results reported on S. cerevisiae
CNCM I-3856.
In conclusion, this IPD meta-analysis confirms previous
data linking S. cerevisiae CNCM I-3856 supplementation
and improvement of GI symptoms in IBS overall population and in the IBS-C and IBS-C ≥ 2 subpopulations.
Despite great similarities in study designs, the two
RCTs considered in the meta-analysis differ in terms
of endpoints. The present observations would gain in
being validated by a new RCT designed according to
these meta-analysis conclusions.
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characterized by IBS-C or by IBS-C with score of abdominal pain/discomfort ≥
2 at baseline.
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Abstract
AIM
To investigate the diagnostic accuracy of FibroScan
(FS) in detecting esophageal varices (EV) in cirrhotic
patients.
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METHODS
through a systemic literature search of multiple data
bases, we reviewed 15 studies using endoscopy as a
reference standard, with the data necessary to calculate
pooled sensitivity (SEN) and specificity (SPE), positive
and negative LR, diagnostic odds ratio (DOR) and area
under receiver operating characteristics (AUROC).
The quality of the studies was rated by the Quality
Assessment of Diagnostic Accuracy studies-2 tool.
Clinical utility of FS for EV was evaluated by a Fagan
plot. Heterogeneity was explored using meta-regression
and subgroup analysis. All statistical analyses were
conducted via Stata12.0, MetaDisc1.4 and RevMan5.
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RESULTS
In 15 studies (n = 2697), FS detected the presence
of EV with the summary sensitivities of 84% (95%CI:
81.0%-86.0%), specificities of 62% (95%CI: 58.0%66.0%), a positive LR of 2.3 (95%CI: 1.81-2.94), a
negative LR of 0.26 (95%CI: 0.19-0.35), a DOR of
9.33 (95%CI: 5.84-14.92) and an AUROC of 0.8262.
FS diagnosed the presence of large EV with the pooled
SEN of 0.78 (95%CI: 75.0%-81.0%), SPE of 0.76
(95%CI: 73.0%-78.0%), a positive and negative
LR of 3.03 (95%CI: 2.38-3.86) and 0.30 (95%CI:
0.23-0.39) respectively, a summary diagnostic OR of
10.69 (95%CI: 6.81-16.78), and an AUROC of 0.8321.
A meta-regression and subgroup analysis indicated
different etiology could serve as a potential source of
heterogeneity in the diagnosis of the presence of EV
group. A Deek’s funnel plot suggested a low probability
for publication bias.

the leading cause of death in patients with cirrhosis,
[2,3]
with an in-hospital mortality of 14.2%-14.5% . En
doscopic screening for EV is recommended for the
diagnosis, prevention, and management in patients
with cirrhosis via surveillance with frequency related to
[1]
the degree and treatment of varices . Nevertheless,
a generalized program of periodical and repeated
esophagogastroduodenoscopy (EGD) examination can
result in unnecessary economic burden, and subject
the patient to an uncomfortable feeling without general
anesthesia or profound sedation. All of these reasons
lead to decline in patient compliance with treatment
and follow-ups. Meanwhile, the endoscopy-related
complications reported by a related article is close to
[4]
0.1% of incidence .
Moreover, approximately 50% of cirrhotic patients
may not develop EV in the 10-year period after the
[5]
initial cirrhosis diagnosis , and prophylactic medication
with beta-blockers or invasive preventive treatments
[1]
such as endoscopic sclerosis or band ligation should
have been initiated after diagnosis. Actually, according
to the point prevalence of medium and significant
varices the highest risk of hemorrhage is only 15% to
25%, and the majority of patients with cirrhosis who
undergo screening EGD either do not have varices
or have small EV that do not require prophylactic
[6]
therapy . To avoid unnecessary endoscopy in low-risk
patients, more noninvasive tests have been carried out
as substitution to replace endoscopy for EV screening.
Transient elastography (TE) with FibroScan (FS;
Echosens, Paris, France), which measures liver stiffness
(LS) depending on the calculation of liver frequency
[7]
elastic wave inside the liver , has been recognized as a
rapid, non-invasive technique for evaluating the severity
of liver disease, and has been found to be useful in the
diagnosis of the underlying stage of fibrosis in recent
[8-11]
studies
. Therefore, FS has the potential to be used
[12]
for the non-invasive evaluation of EV .
Although there are few studies that have focused
on the correlation between LS and the presence of EV
or the severity of EV, the cutoffs and validities vary
in the different factors, including different studies,
techniques of measuring LS, fibrosis stages and etio
[13]
logies of hepatic cirrhosis . Hence, the aim of this
meta-analysis of the basis for clinical application and
research was to assess whether there is sufficient
evidence to recommend FS as a noninvasive screening
method as compared with EGD as the reference
standard for predicting the presence of EV and highrisk EV in patients with cirrhosis.

CONCLUSION
Using FS to measure liver stiffness cannot provide high
accuracy for the size of EV due to the various cutoff
and different etiologies. These limitations preclude
widespread use in clinical practice at this time; there
fore, the results should be interpreted cautiously given
its SEN and SPE.
Key words: Transient elastography; FibroScan; Liver
cirrhosis; Meta-analysis; Esophageal varices
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal varices (EV) is the main relevant
portosystemic collaterals in cirrhotic patients. He
morrhage from EV remains the leading cause of death
in cirrhosis. Although more non-invasive techniques for
evaluating the severity of EV have been carried out, the
cutoff value and validity are not clear. Hence, this study
examining the basis for clinical application of transient
elastography [FibroScan (FS)] assessed whether there
is sufficient evidence to recommend FS to predict EV.
The result demonstrates that the cutoff of FS cannot
provide high accuracy due to the various etiologies,
and the value of FS should be interpreted cautiously.
Pu K, Shi JH, Wang X, Tang Q, Wang XJ, Tang KL, Long ZQ,
Hu XS. Diagnostic accuracy of transient elastography (FibroScan)
in detection of esophageal varices in patients with cirrhosis:
A meta-analysis. World J Gastroenterol 2017; 23(2): 345-356
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i2/345.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i2.345

MATERIALS AND METHODS
Study selection

INTRODUCTION

Electronic databases, including PubMed, EMBASE, Web
of Science and Cochrane Library, were used to perform
systematic search for all relevant clinical articles on
evaluation of LS for diagnosis of EV in cirrhotic patients

Esophageal varices (EV) is the main relevant porto
systemic collaterals and are present in approximately
[1]
50% of cirrhotic patients . Hemorrhage from EV remains
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from the time of database inception to January 1,
2016 by applying heading terms and key words of “TE”,
“EV” and “liver cirrhosis”. The process of trials selection
were assessed by two review authors (Wang XJ, Tang
KL) independently and blindly. The references were
screened by titles and abstracts firstly and then further
selected by reading the full-text to exclude irrelevant
reports according to the inclusion criteria.

values on the basis of the sensitivities and specificities
offered. However, summary statistics observed the
diagnostic threshold effect analyzed by Spearman’s
correlation coefficient and P value. If there was no
significant threshold effect, the diagnostic accuracy
was estimated by pooled statistics; on the contrary, the
diagnostic accuracy was evaluated by only AUSROC
and Q indexes, rather than sensitivities, specificities,
PLR, NLR and DOR.
A PLR was the probability of a cirrhotic patient
with EV testing positive by the gold standard (i.e.,
GIE) divided by the probability of a cirrhotic patient
without EV testing positive; meanwhile, a NLR was
the probability of testing negative for cirrhosis patients
with EV divided by the probability of testing negative
for cirrhotic patients without EV. The PLR > 5.0 and
NLR < 0.2 implied higher diagnostic evidence. The
DOR represented the odds of positive LS in cirrhotic
patients with EV compared with the odds of cirrhotic
patients without EV. AUSROC values of 0.5-0.7, 0.7-0.9
and 0.9-1.0 were used to suggest low, moderate and
high diagnostic accuracy, respectively. A smaller Q
index indicated a lower diagnostic accuracy.
Heterogeneity was valued by Cochran’s Q statistic
2
2
2
based on χ test and I statistic. I values of 0%-40%,
40%-70% and 70%-100% were indicative of low,
[15]
moderate and high variance, respectively . If moderate
heterogeneity existed or different clinical characteristics
were noted, the DerSimonian Laird method in randomeffects model was applied. Otherwise, the fixedeffects model was used. Considerable heterogeneity
2
was considered if I > 50% and/or P < 0.05. Sources
of heterogeneity were explored by meta-regression
analysis according to the possible characteristics; a
subsequent subgroup analysis was conducted in attempt
to identify potential covariates.
Post-test probability was calculated with a presumed
pre-test probability of 25%, 50% and 75% for EV
and high-risk EV via Fagan’s plot. Potential publication
bias was evaluated by the asymmetry test of Deek’s
funnel plots, which used a regression of the diagnostic
logarithm of OR against 1/sqrt [effective sample size
(ESS)] and weighting by ESS, with a P value < 0.10
for the slope coefficient indicating asymmetry and
[15]
suggestive of a significant publication bias .
Meta-Disc version 1.4 (Ramon y Cajal Hospital,
Madrid, Spain) software was use to generate forest
plot, and Stata12.0 (StataCorp, College Station, Tx,
United States) was applied to perform the SEN analysis
and publication bias.

Eligibility criteria

Study inclusion criteria were as follows: (1) performed
in patients with liver cirrhosis diagnosed by liver
biopsy, due to any etiology with or without evidence of
portal hypertension or cirrhosis; (2) offered adequate
description of LS using either TE (FS) or real-time
tissue elastography; (3) assessment of EV based on
upper endoscopy (GIE) as the reference standard; (4)
provided sufficient data necessary to calculate the test
performance, including sensitivity (SEN), specificity
(SPE), false positive and false negative diagnostic
results (either in the primary article or after contact
with corresponding authors) based on available cutoff
point of FS in the presence and large EV. Inclusion was
not restricted by study size, language, or publication
type.

Data extraction and quality assessment

The primary data from included studies was abstracted
as follows: first author’s name and year of publication,
number of patients, region, etiology of liver cirrhosis,
cutoff point, and the values for true-positive (TP), truenegative (TN), false-positive (FP), false-negative (FN),
SEN and SPE results of FS. All discrepancies were
resolved by consensus.
The quality assessment of the studies included in
this study was performed by two authors independently
using the Quality Assessment of Diagnostic Accuracy
[14]
studies (QUADAS-2)
in Systematic Review. This tool
consisted of 4 domains, including patient selection,
index test, reference standard and flow and timing
domain. Each signaling question was judged as “yes”,
“no” or “unclear”. Each study’s risk of bias and concern
for applicability were estimated as “high”, “low” or
“unclear”, except for the flow and timing domain, for
which applicability concern does not apply.

Statistical analysis

According to the TP, FP, FN and TN values from the
original papers, the meta-analyses were performed
by the Meta-Disc software version 1.4 to evaluate
the pooled statistics (95%CI) of SEN, SPE, positive
and negative LR [i.e., PLR = SEN/(1 - SPE), NLR =
(1 - SEN)/SPE], diagnostic odds ratio (DOR) and area
under the summary receiver operating characteristic
curves (AUSROC) with standard errors (SE) and Q
indexes with SE for the test performance of LS for
the presence of EV and large EV diagnosis. If there
were not sufficient information, we recalculated these
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RESULTS
Study selection and characteristics

The 303 articles yielded by the study selection process
are presented in a flow chart in Figure 1, of which
212 were excluded for irrelevance and duplication
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PubMed (132), Embase (157)
Cochrane library (14)
Articles excluded for irrelevant
and duplicated (n = 212)
Potentially relevant articles identified
and screened for retrieval (n = 91)
excluded for irrelevant
contents (n = 67)
Articles retrieved for more detailed
evaluation (n = 24)
9 studies had no full text (n = 5)
and detail data (n = 4)
Potentially appropriate articles to be
included in meta-analysis (n = 15 )

Presence or absence of
esophageal varices (n = 13 )

Presence of large esophageal
varices (n = 13 )

Figure 1 Flow chart of the details of the study.

following title and abstract screening. The remaining
91 potentially eligible reports were screened for further
evaluation. Of those, after exclusion for irrelevant
contents, no full-text and insufficient data, ultimately
[16-30]
15 papers
were included for the meta-analysis
[23]
and included 12 English papers, 1 Korean paper and
[20,21]
2 Chinese papers
.
The 15 studies, which were performed in Europe (8
papers), Asia (6 papers) and Africa (1 paper), included
a total of 2697 cirrhotic patients informing diagnostic
performance of LS measure by FS (TE) for the detection
of EV and significant EV (Table 1).
All studies included cirrhotic participants who were
recently diagnosed or referred to the endoscopic units
for screening endoscopy. Almost all of the patients
included were stable and did not have any active
upper gastrointestinal bleeding. All patients underwent
clinical and biochemical evaluation, and underwent
ultrasonography to assess the liver diameter and
determine the presence of ascites complication. The
severity of cirrhosis was classified into class A, B, and
C on the basis of Child Turcotte Pugh’s score.
The etiologies of liver cirrhosis included viral hepatitis
(hepatitis B virus, hepatitis C virus, and mixture),
alcoholic cirrhosis, and miscellaneous etiologies. Viral
etiology was the leading cause of liver cirrhosis in the
included studies. There were 5 studies performed only
in patients with hepatitis B or C, 3 studies performed
in cirrhotic patients with 2 etiologies and 7 studies
conducted in patients with more than 3 etiologies.
The gold standard for the identification and grading
of EV for all studies was GIE or EGD. Except for the
3 studies of respective design, the Chinese Medical
[31]
Association 2003 classification
was used to classify
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the varices into small, moderate and large, and 2
[32]
papers classified F0-3 and Grade 0-4 with Beppu
and Thakeb classification while the others used the
[33]
grading system to classify the varices into 4 Grades .
The quality of the eligible studies, as assessed
according to the QUADAS-2 criteria, was independently
appraised by reviewers, as reported in Figures 2 and
3. Five studies were identified as low-risk for risk of
bias and applicability concerns. The remaining studies
were estimated as suboptimal for unclear risk in the
following domains: index test, reference standard,
flow and timing; most of the studies were identified
as having a potential bias risk for patient selection and
reference standard.

Diagnostic accuracy of FS for detection of EV

The heterogeneity test indicated that Cochran-Q
2
and I of DOR were 40.34 and 70.3% (P = 0.0001)
(Supplementary Figure 1); there was significant hetero
geneity in the included articles. Therefore, the randomeffects model was selected to combine effect quantity.
As a result, the pooled SEN of 13 studies was 0.84
2
(95%CI: 81.0%-86.0%, I statistic 74.7%), whereas
2
the pooled SPE was 0.62 (95%CI: 58.0%-66.0%, I
statistic 83.6%) (Figure 4). The positive and negative
2
LR was 2.3 (95%CI: 1.81-2.94, I statistic 82.0%)
2
and 0.26 (95% CI: 0.19-0.35, I statistic 71.6%)
respectively. The summary diagnostic OR was 9.33
(95%CI: 5.84-14.92) (Supplementary Figure 1). The
area under receiver operating characteristics (AUROC)
was 0.8262 (SE 0.0357) (Figure 5). Significant hetero
geneity was found in the meta-analysis for 13 studies
assessing the LS for the prediction of the presence of
EV.
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According to the heterogeneity test indicating that Cochran-Q and I of DOR were 10.69 and 70.4% (P = 0.0001) (Supplementary Figure 2), there was significant
heterogeneity in the included articles. Hence, the random-effects model was selected to combine effect quantity. As a result, the pooled SEN of 13 studies was 0.78
2
2
(95%CI: 75.0%-81.0%, I statistic 63.4%), whereas the pooled SPE was 0.76 (95%CI: 73.0%-78.0%, I statistic 86.6%) (Figure 6). The positive and negative LR

Diagnostic accuracy of FS for detection of large EV

In cirrhotic patients with 25% pre-test probability, based on the clinical suspicion of pretest, FS diagnosed the presence of EV. There was 45% probability of
being diagnosed correctly by a positive LS measurement (LSM); nevertheless, there was 7% probability of EV for patients with liver cirrhosis following a negative
measurement (Supplementary Figure 3A). When 71% probability of diagnosing EV correctly was followed by a positive measurement under the suspicion of 50% pretest probability, a negative LSM descended to 19%; it also indicated that there was 19% probability of EV in cirrhotic patients with a negative test (Supplementary Figure
3B). When there was a high pre-test index of suspicion (pre-test probability = 75%), the probability of a correct diagnosis following a positive measurement was 88% for
EV; however, the misdiagnosis rate would raise 41% for patients with a negative measurement (Supplementary Figure 3C).

Design method: A: Cross-sectional; B: Case-control. EV: Esophageal varices; GIE: Gastrointestinal endoscopy; EGD: Esophagogastroduodenoscopy; UTE: Upper tract endoscopy; NR: No report; TP: True positive; FP: False
positive; FN: False negative; TN: True negative; SEN: Sensitivity; SPE: Specificity.
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Table 1 Descriptive characteristics of the eligible studies
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Figure 2 Methodological quality graph.
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Wang 2012
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-
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?

suspicion of 50% pre-test probability, a negative LSM
lowered from 50% to 22%; thus, it also implied that
there was 22% probability of EV in cirrhotic patients
with a negative test (Supplementary Figure 4B). When
there was a high pre-test index of hypothesis (pretest probability = 75%), the probability of a correct
diagnosis following a positive measurement was 90%
for significant EV; however, the misdiagnosis rate would
raise to 45% of patients under a negative measurement
(Supplementary Figure 4C).

Applicability concerns

Patient selection

Risk of bias

Unclear

+

Meta-regression

According to the characteristics of included studies,
covariates including etiology (one factor vs two factors
vs multiple factors), publication year (2006-2011 year
vs 2012-2016 year), location (European vs Asia vs
Africa) and LS threshold (< 20 kpa vs > 20 kpa in the
presence of EV; < 30 kpa vs >30 kpa in large EV) were
applied to investigate heterogeneity by using metaregression modeling.
In meta-regression analysis, sources of significant
heterogeneity suggested statistically that the accuracy
for detecting the presence of EV was affected mainly
by etiology (P = 0.04) (Supplementary Table 1),
and were not significantly affected by the rest of
the covariates. The heterogeneity of FS accuracy for
detecting large EV was not influenced significantly by
other covariates (Supplementary Table 2).

Low

Figure 3 Summary of the methodological assessment of the included
studies basing on the Cochrane handbook. +: Low risk; -: High risk; ?:
Unclear.
2

was 3.03 (95%CI: 2.38 to 3.86, I statistic 83.3%)
2
and 0.30 (95%CI: 0.23-0.39, I statistic 65.8%)
respectively. The summary diagnostic OR was 10.69
(95%CI: 6.81-16.78) (Supplementary Figure 2). The
AUROC was 0.8321 (SE 0.0229) (Figure 7). Significant
heterogeneity was found in the meta-analysis for
13 studies assessing the LS for the prediction of the
presence of large EV.
In cirrhotic patients with 25% pre-test probability,
depending on the clinical hypothesis of pretest, FS
diagnosis of significant EV had 51% probability for
correct diagnosis by a positive LSM; nevertheless,
there still was 7% probability of large EV in patients
with liver cirrhosis to be diagnosed with a result of
negative measurement (Supplementary Figure 4A).
When 75% of correct diagnostic probability of large
EV was followed by a positive measurement under the

WJG|www.wjgnet.com

Subgroup analysis

In accordance with the above results, the etiology
of studies could be explained as a source of the
heterogeneity for the presence of EV classification in
meta-regression, and none of the covariates could be
statistically elucidated for heterogeneity of the large
EV group. Hence, four subgroup analyses (etiology,
publication year, location and LS threshold) were
attempted to further investigate the heterogeneity
(Tables 2 and 3).
Studies conducted in multiple etiologies appeared to
be preeminently superior to solitary and double factors
[16.74 (8.23-33.84) vs 6.35 (3.77-10.68), and 16.74
(8.23-33.84) vs 6.18 (1.86-20.55)], as shown in Table 2,
whereas the heterogeneity of etiology revealed that the
2
one factor (I = 30.4%) etiology altered in a decreasing
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Saad 2013
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Figure 4 Forest plots and meta-analyses of studies showing the pooled sensitivity (A) and specificity (B) of FibroScan for diagnosing the presence of
esophageal varices in cirrhotic patients.

The accuracy and heterogeneity of FS applied at
cutoff of more than 20 kPa revealed FS for diagnosis
of the presence of EV was superior and inferior in con
trast to less than 20 kpa [11.11 (7.05-17.49) vs 7.82
(3.36-18.24), and (45.4 vs 77.4)].
According to subgroup analysis, the heterogeneity
for the presence of large EV classification is shown
in Table 3. In etiology subgroup studies, multiple
factors appeared to be superior to one and double
factors [12.46 (6.99-22.18) vs 9.05 (5.50-14.90),
and 12.46 (6.99-22.18) vs 7.21 (2.07-25.16)], and
the heterogeneity was influenced slightly compared
to solitary factor. Articles from European and Asian
countries showed no different diagnostic performance,
[European vs Asian, 10.55 (5.04-22.07) vs 10.03
(7.01-14.35)], but lower heterogeneity was found
in Asian countries. Studies published from 2012 to
2016 year suggested the prior performance of FS
for the prediction of large EV, contrasting with the
year from 2012 to 2016 [11.92 (7.10-20.01) vs 8.22
(3.94-17.15)]. Also, the accuracy of FS for the detection
of large EV in the less than 30 kPa classification, which
had moderate heterogeneity, was demonstrated
superior to the more than 30 kpa classification [12.39

SROC curve
1.0
0.9
0.8
Sensitivity

0.7

Symmetric SROC
AUC = 0.8262
SE (AUC) = 0.0357
Q* = 0.7592
SE (Q*) = 0.0323

0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0

  0.2

   0.4

0.6

   0.8

1.0

1-specificity

Figure 5 Summary receiver operating characteristic curve of FibroScan
for the diagnosis of esophageal varices.

trend. Studies in Asian countries manifested a better
diagnostic performance and a lower heterogeneity, as
compared to European countries [Asian vs European,
11.06 (7.10-17.23) vs 7.14 (3.06-16.66), and (50.7 vs
74.0)]. Also, articles published from 2012 to 2016 year
suggested the preferable performance of FS for the
prediction of EV, contrasting with the year from 2012
to 2016 [10.84 (5.94-19.77) vs 7.46 (3.43-16.24)].
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Figure 6 Forest plots and meta-analyses of studies showing the pooled sensitivity (A) and specificity (B) of FibroScan for diagnosing the presence of
significant esophageal varices in cirrhotic patients.
SROC curve

different, excluding the solitary factor in the presence
and absence of EV group.

1.0
0.9
0.8
Sensitivity

0.7

SEN analysis

Symmetric SROC
AUC = 0.8321
SE (AUC) = 0.0229
Q* = 0.7646
SE (Q*) = 0.0210

0.6
0.5
0.4
0.3

SEN analyses were performed using the leave-one-out
approach to investigate the influence of every included
study to the pooled result of the DOR of FS for the
diagnosis of the presence of EV and significant EV
respectively. As is shown in both Supplementary Figure
5A and B, the pooled DOR of the eligible studies after
removing every article sequentially, which did not alter
the results significantly, fluctuated between the range
of CI of the pooled DOR. Meanwhile, the consequence
of the figure reflected that the meta-analysis result
was robust, and no study dominated the results or
contributed to the heterogeneity primarily.

0.2
0.1
0.0
0.0

  0.2

0.4

0.6

   0.8   

1.0

1-specificity

Figure 7 Summary receiver operating characteristic curve of FibroScan
for the detection of significant esophageal varices.

(6.60-23.27) vs 8.33 (4.94-14.05)].
Therefore, although there were differences in
diagnostic accuracy of FS for the presence of EV and
significant EV based on the etiology, location, diag
nostic threshold (cutoff value) and publication year,
by combining the results of meta-regression analysis
we found that the heterogeneity was not statistically
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Publication bias

Deek’s funnel plot asymmetry test was used to
explore the publication bias of meta-analysis of
[15]
diagnostic accuracy . According to Deeks’ funnel plot
(Supplementary Figure 6), there was no evidence of
significant publication bias in FS for the detection of the
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Table 2 Subgroup analysis: the diagnostic accuracy of FibroScan for the detection of esophageal varices in cirrhotic patients
Subgroup
LC etiology
One factor
Two factors
Multiple factors
Location
Europe
Asia
Africa
Year
2006-2011
2012-2016
LS value (cutoff)
< 20 kPa
> 20 kPa

n

SEN (CI)

I 2 (%)

SPE (CI)

I 2 (%)

PLR (CI)

I 2 (%)

NLR (CI)

I 2 (%)

DOR (CI)

I 2 (%)

5
3
5

0.76 (0.70-0.81)
0.82 (0.77-0.85)
0.89 (0.86-0.92)

56.5
68.7
62.0

0.68 (0.62-0.74)
0.56 (0.48-0.63)
0.61 (0.55-0.66)

55.6
92.8
86.2

2.26 (1.86-2.74)
2.02 (0.96-4.27)
2.48 (1.65-3.73)

37.3
93.1
81.0

0.37 (0.29-0.48)
0.33 (0.19-0.58)
0.16 (0.10-0.25)

25.3
76.9
56.8

6.17 (4.20-9.06)
6.18 (1.86-20.55)
16.74 (8.23-33.84)

30.4
86.2
57.9

6
6
1

0.82 (0.79-0.86)
0.84 (0.81-0.87)
0.95

82.3
68.8
NA

0.52 (0.46-0.58)
0.69 (0.64-0.73)
0.67

89.1
28.5
NA

1.84 (1.33-2.55)
2.61 (2.25-3.03)

78.6
16.8
NA

0.29 (0.18-0.49)
0.25 (0.21-0.30)

74.1
68.1
NA

7.14 (3.06-16.66)
10.56 (7.93-14.07)

74.0
50.7
NA

5
8

0.83 (0.80-0.87)
0.84 (0.81-0.87)

75.9
77.2

0.51 (0.44-0.57)
0.68 (0.64-0.73)

87.6
63.6

1.97 (1.39-2.78)
2.48 (2.0-3.07)

82.0
49.7

0.30 (0.19-0.46)
0.24 (0.16-0.36)

62.6
77.0

7.46 (3.43-16.24)
10.84 (5.94-19.77)

69.6
70.8

6
7

0.84 (0.80-0.87)
0.83 (0.80-0.86)

83.2
65.7

0.55 (0.50-0.61)
0.68 (0.63-0.72)

91.0
1.1

1.94 (1.37-2.74)
2.58 (2.22-3.00)

83.2
9.9

0.27 (0.16-0.47)
0.24 (0.20-0.29)

78.6
58.8

7.82 (3.36-18.24)
10.69 (7.97-14.34)

77.4
45.4

Publication year (2006-2011 year vs 2012-2016 year); Location (European vs Asia vs Africa) and Liver Stiffness Threshold (< 20 kPa vs > 20 kPa in the
presence of EV; < 30 kPa vs > 30 kPa in the presence of Large EV) by using meta-regression model. SEN: Sensitivity; SPE: Specificity; NLR: Negative
likelihood ratio; PLR: Positive likelihood ratio; DOR: Diagnostic odds ratio; NA: Not available; LC: Liver cirrhosis; LS: Liver stiffness.

Table 3 Subgroup analysis: the diagnostic accuracy of FibroScan for the detection of large esophageal varices in cirrhotic patients
Subgroup
LC etiology
One factor
Two factors
Multiple factors
Location
Europe
Asia
Africa
Year
2006-2011
2012-2016
LS value (cutoff)
< 30 kPa
> 30 kPa

n

SEN (CI)

I 2 (%)

SPE (CI)

I 2 (%)

PLR (CI)

I 2 (%)

NLR (CI)

I 2 (%)

DOR (CI)

I 2 (%)

5
2
6

0.79 (0.69-0.86)
0.7 (0.62-0.78)
0.80 (0.76-0.83)

24.7
92.5
40.9

0.75 (0.71-0.80)
0.74 (0.69-0.79)
0.76 (0.73-0.79)

84.3
0.0
92.1

2.82 (2.31-3.45)
2.67 (2.00-3.57)
3.02 (2.01-4.55)

78.9
38.8
90.7

0.30 (0.21-0.44)
0.37 (0.13-1.02)
0.27 (0.21-0.34)

0.0
90.9
21.2

9.05 (5.50-14.90)
7.21 (2.07-25.16)
12.46 (6.99-22.18)

49.3
85.3
68.5

7
5
1

0.76 (0.72-0.80)
0.81 (0.75-0.86)
0.95

75.2
0.0
NA

0.77 (0.75-0.80)
0.72 (0.69-0.76)
0.67

90.3
81.9
NA

3.09 (2.03-4.70)
2.73 (2.37-3.15)

89.6
72.1
NA

0.31 (0.21-0.48)
0.27 (0.21-0.36)

79.5
0.0
NA

10.55 (5.04-22.07)
10.03 (7.01-14.35)

82.2
20.7
NA

4
9

0.72 (0.64-0.78)
0.80 (0.76-0.83)

84.4
8.4

0.72 (0.68-0.76)
0.77 (0.74-0.79)

78.1
88.8

2.58 (2.06-3.24)
3.19 (2.28-4.46)

39.9
87.2

0.34 (0.18-0.62)
0.27 (0.23-0.32)

76.2
0.8

8.22 (3.94-17.15)
11.9 (7.10-20.01)

61.0
66.4

7
6

0.80 (0.76-0.84)
0.73 (0.67-0.79)

30.1
74.5

0.77 (0.74-0.79)
0.74 (0.70-0.77)

92.6
12.3

3.11 (2.01-4.81)
2.78 (2.40-3.21)

91.4
1.6

0.27 (0.20-0.35)
0.34 (0.22-0.53)

28.3
67.3

12.39 (6.60-23.27)
8.33 (4.94-14.05)

71.6
48.0

Publication year (2006-2011 year vs 2012-2016 year); Location (European vs Asia vs Africa) and Liver Stiffness Threshold (< 20 kPa vs > 20 kPa in the
presence of EV; < 30 kPa vs > 30 kPa in the presence of Large EV) by using meta-regression model. SEN: Sensitivity; SPE: Specificity; NLR: Negative
likelihood ratio; PLR: Positive likelihood ratio; DOR: Diagnostic odds ratio; NA: Not available; LC: Liver cirrhosis; LS: Liver stiffness.

presence of EV (P = 0.153) and large EV (P = 0.481).

10.69 respectively, which indicated higher diagnostic
accuracy comparing patients without. The results of
pooled estimates for SEN and SPE in the presence of
EV and large EV groups were separately 84%, 78%
and 62%, 76%, with missed diagnosis rate of 16%
and 22%, and misdiagnosis rate of 38% and 24%.
The pooled LR positive was 2.30 and 3.03, LR negative
was 0.26 and 0.30 in two groups respectively, which
indicated the likelihood of an accurate positive LSM
diagnosis for EV and large EV with FS is 2-fold and
3-fold higher in cirrhotic patients in comparison to
cirrhotic patients without EV. Combining the pre-test
and post-test probability, we arrived at the following:
if pre-test probability was equal to 50%, FS for
predicting the absence and presence EV and significant
EV could have 71% and 75% probability of correctly
diagnosing, and 19% and 22% of patients might have
EV and large EV if LSM was negative by FS. A metaanalysis about the FS for diagnosing the presence

DISCUSSION
Patients with cirrhosis have high incidence of EV with
high morbidity and mortality due to bleeding; active
surveillance via upper gastrointestinal examination
can represent an unnecessary burden for patients,
therefore, the increasing number of noninvasive tests
for EV has gained widely attention. Nevertheless, few
meta-analyses have involved predicting the presence
and absence of EV and large EV measured by the LS
value obtained with FS. Therefore, this meta-analysis
aimed to assess the diagnostic performance of LS value
measured with FS as a TE test to detect the presence of
EV and large EV in patients with liver cirrhosis.
In meta-analysis of 15 studies on the diagnostic
accuracy of FS-based LSM, the DOR for detecting
the presence of EV and large EV was 9.33 and
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of EV and large EV, the area under the SROC curve
(AUROC) of EV and significant EV were 0.8262 and
0.8321, suggesting the better diagnostic performance
of LSM with FS in estimating the cirrhotic patients with
EV.
Significant heterogeneity (70.3% and 70.4%) was
found in the meta-analysis for 13 studies assessing the
FS accuracy for the prediction of the presence of EV
and large EV. Meta-regression and subgroup analysis
methods were applied and screened conveniently
and reliably the relevant factors that are responsible
for heterogeneity. Consequently, according to metaregression, we detected 4 covariates including the
etiology, publication year, LS cutoff values, and region.
Comparing the FS for the diagnosis of the presence of
EV and significant EV, etiology of cirrhosis in covariates
was significantly associated with the heterogeneity
in the former, and none of covariates accounted for
statistical heterogeneity in the latter. To take the
unexplained heterogeneity into account, through
subgroup analysis we further observed the systematic
differences in the performance characteristics of the
test across different covariates; however, the difference
was not the source of the heterogeneity, excluding the
solitary factor in the presence of EV group.
The strength of our study was that we evaluated
the diagnostic accuracy of LSM with FS for the de
tection of EV and large EV with different cirrhotic
patients and etiological characteristics, to achieve more
real assessment of the test performance. What’s more,
we sought to identify systematic differences in the
performance characteristics of the test across Asian
and Western populations through subgroup analysis.
Our results show that FS also had a high accuracy
in diagnosing EV and significant EV in patients with
cirrhosis.
There were several limitations of our analysis that
should be taken into consideration. Firstly, we screened
2697 patients in 15 reports limited to English or Chinese
language mostly, but the higher quality articles written
in non-English and non-Chinese were not included in
our study. In addition, it remains possible that diagnostic
performance showing poor accuracy has not been
published as results of negative outcome. Secondly,
owing to different etiologies, there was not the ability to
define a diagnostic threshold value, which could provide
the greatest accuracy in predicting the size of EV;
meanwhile, the difference in diagnostic threshold value,
identified through natural observation or derived on the
basis of disease prevalence, may have resulted in the
heterogeneity observed with the results. Consequently,
it is difficult to value the diagnostic threshold of LSM
with FS on the basis of these limited studies.
Finally, although we regarded EGD or GIE as the
standard reference for valuing EV, the significant
variability that exists unavoidably in different interobservers confined the validity of gold standard in
[34]
comparison with FS . Moreover, according to the
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methodological quality validated assessment, there
were inadequate information in most of the included
studies to determine whether the results of the FS
were blinded to EGD results, or vice versa, and the
time period between performance of EGD and FS
was not explicit. Similarly, there were insufficient and
non-uniform descriptions on the spectrum of cirrhotic
patients who received FS test, possibly impacting the
overall results for compensated and decompensated
cirrhosis with all etiologies in our study. Hence, the
unclear information might attribute to the studies at
risk for bias and heterogeneity.
In summary, this meta-analysis demonstrates that
FS could be considered as a better noninvasive test for
EV and significant EV in different histological stages
and etiologies of hepatic cirrhosis; meanwhile, it has
potential as part of a prediction rule incorporating other
clinical characteristics or varying LSM cutoffs and, if
used in conjunction with EGD, may help us prevent
unnecessary screening by EGD. Nevertheless, the
results should be interpreted cautiously given its SEN,
SPE and limited utility. The major role of FS, which
was suboptimal to substitute EGD as the screening
modality for detecting the presence of EV and large EV,
should be further validated.
In the future, prospective, well-designed studies
for use of noninvasive methods such as EV, which
may be a benchmark for diagnostic performance due
to its elegant technique, inexpensive cost and wide
availability, are needed to improve accuracy.
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Abstract
AIM
To analyze the research activity on liver abscess (LA)
and identify the main topic clusters in the area.
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METHODS
We identified all documents using the medical subject
heading “LA” indexed in the MEDLINE database
between 2001 and 2015. We performed a descriptive
bibliometric analysis, characterizing the evolution of
scientific activity, the publication types of the docu
ments, the document categories of clinical interest (case
reports, clinical trials, evaluation studies, meta-analysis,
observational studies, practice guidelines and valida
tion studies) and the geographic distribution of the
research. We also carried out an analysis of networks
and research clusters in order to identify the main topic
areas of research.
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RESULTS
Our search yielded a total of 1278 documents, showing
a stable scientific production over the study period and
a marked multidisciplinary nature. The research was
dominated by case reports (65.9% of the documents
analyzed). In terms of geographic distribution, re
searchers from the United States led in the number of
signatures (n = 229), followed by those from Taiwan (n
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= 185), India (n = 145), Japan (n = 144), South Korea
(n = 100), and China (n = 84). With regard to amebic
LA, the top-producing countries were India and Mexico
(n = 69 each), followed by the United States (n = 29).
In the case of pyogenic LA, Taiwanese researchers
led scientific production (n = 71), followed by the
United States (n = 39) and China (n = 29). The most
active areas of research in the field are diagnosis via
computerized tomography scan, differential diagnosis
with regard to liver cancer, treatment with antimicrobial
agents, and Klebsiella infections (including bacteremia).

of hepatobiliary diseases; and the high diagnostic
efficacy of ultrasound, computerized tomography
[6,7]
(CT) and abdominal magnetic resonance imaging .
[5,6]
Mortality fluctuates between 8% and 31% , although
it is decreasing thanks to early diagnosis, the use of
more effective antibiotics, and percutaneous drainage
(percutaneous puncture or puncture with a fine needle)
[8-10]
with ultrasound or CT guidance
.
Amebic LA is its own clinical entity due to Entamoeba
histolytica, a common parasite in low-resource countries
with more precarious hygienic-healthcare conditions,
although it is also found in developed countries among
immigrants who have been in contact with people
coming from these low-resource settings, among
travelers and among patients who have consumed
[11]
foodstuffs contaminated with the parasite .
Meanwhile, over the last several decades, biblio
metrics has consolidated as a discipline that allows
the analysis of scientific activity in a particular field
or area of knowledge by means of the quantification
of the bibliographic characteristics of scientific pub
lications. One of the areas that has seen significant
development within bibliometrics is the generation
of visual representations, networks and maps of
scientific activity. These have great analytic potential,
helping to characterize the structures, groupings
and interconnections between the elements under
analysis, including the descriptors assigned to the
documents, such as in the present study. Although
bibliometric indicators have been used to approach
the study of numerous diseases, this methodology has
not been applied to the well-known condition of LA,
which encompasses medical, surgical, diagnostic, and
therapeutic-radiologic aspects, among others.
The aim of this study is to describe the scientific
production on LA by means of bibliometric indicators,
using the documents indexed in the MEDLINE database
between 2001 and 2015. We analyze the diachronic
evolution in the number of publications, the publication
types, the document categories of clinical interest, the
journals of publication, the geographic distribution of
the research and the topics addressed according to the
different types of abscess.

CONCLUSION
Clinical case reports associated with diagnosis and
treatment are the main topic of study, highlighting
the importance of this document type in advancing
knowledge.
Key words: Liver abscess; Cluster analysis; Amebic
abscess; Pyogenic abscess; Bibliometrics
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinical case reports are the dominant pu
blication type for liver abscess research, which highlights
the importance of this document category with regard
to certain well-known diseases that encompass medical,
surgical, diagnostic and therapeutic-radiological aspects,
among others, and where professionals gain expertise
from relevant case experience. The existence of specific
journals that devote space to these contents is essential
for advancing knowledge on which to base clinical
decision-making.
González-Alcaide G, Peris J, Ramos JM. Areas of research
and clinical approaches to the study of liver abscess. World J
Gastroenterol 2017; 23(2): 357-365 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i2/357.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i2.357

INTRODUCTION
Liver abscess (LA) is an entity occurring more frequently
in tropical countries, representing 13% of abdominal,
[1,2]
and 48% of visceral abscesses . LA may be caused
by bacteria (pyogenic abscess) or less commonly by
Entamoeba histolytica (amebic abscess). The past four
decades have seen a change in the epidemiologic and
etiologic profile of LA, with an increase in the number of
cases, particularly those being transmitted in Southeast
[3]
Asia .
The incidence of pyogenic LA oscillated from about
8 to 20 cases/100000 hospital admissions until the
[4-6]
1970s. Since then, it has been increasing , becoming
[3]
a disease of worldwide relevance due to several
factors: immunosuppressive therapies in oncological and
transplant patients; increasingly aggressive management

WJG|www.wjgnet.com

MATERIALS AND METHODS
Identification of documents on “LA”

MEDLINE was chosen for the performance of the
study for its stature as the main database of reference
in the health sciences. It is an open access resource
that permits, through the use of the medical subject
headings (MeSH) thesaurus, the precise identification
of documents that address the concepts under analysis
as well as the contents of those documents.
In carrying out the search, we used the thesaurus
to identify all of the documents with the descriptor
“LA”, defined as “a solitary or multiple collections of
pus within the liver as a result of infection by bacteria,
protozoa, or other agents”. Because the MeSH the
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saurus allows users to search for not only all of the
documents with the assigned descriptor(s), but also all
of the documents with a more specific key word within
the hierarchical structure of the thesaurus, our search
strategy also retrieved the documents classified under
amebic or pyogenic LA. The only limitation we imposed
was chronological, narrowing the search to documents
published from 2001 to 2015 in order to obtain a vision
of recent research. We implemented the search via the
PubMed platform on March 10, 2016.

identify the descriptors assigned with respect to three
groups of documents: those assigned the descriptors
“LA”, “LA, amebic”, and “LA, pyogenic”. With regard
to the last of these, it is worth noting that it was only
introduced as a separate term in 2005, so it was
not possible to specifically identify those documents
published prior to then; they are included under the
more generic subject heading “LA”.

Calculation of indicators

Bibliometric indicators on scientific production:
To analyze the scientific activity of the area, we
determined the number of documents published each
year, the journal of publication, the document types,
the clinical approach to the study, and the countries of
the authors signing the documents. This information
generates a picture of the scientific activity, the
channels (scientific journals) through which the papers
are disseminated, the weight of different document
types, and the country’s leading the research, in
general and according to the different types of LA.

Download and standardization of bibliographic
information

Using the bibliographic information from the retrieved
documents, we created a relational database in order
to carry out a standardization process and calculate
the indicators described below, with special attention
to the following fields:
Publication type (field: Publication Type). Based on
the information collected from this field, we classified
the documents according to the type of material
and considering the document categories of clinical
interest. According to the system used most widely
by scientific journals to present the content that
they publish, we classified each of the documents
identified as articles, reviews, letters or others (for
documents that could not be assigned to any of the
other categories, such as biographies, editorials, or
news items). We also identified all of the categories
assigned to the documents of interest from the clinical
diagnosis and treatment perspective: case reports,
clinical trials (Phase Ⅰ, Phase Ⅱ, Phase Ⅲ, Phase Ⅳ),
controlled clinical trials, evaluation studies, metaanalysis, observational studies, practice guidelines,
randomized clinical trials and validation studies. With
regard to this classification, it is important to highlight
that no category has been assigned to some of the
documents, while more than one category has been
assigned to others.
Institutional affiliation (field: Affiliation). This field
includes information relating to the institutional affi
liation of the authors signing the documents. For this
analysis, we extracted the information on the country
of the first author. Although all institutional affiliations
have been available for papers published since 2014,
we aimed to study and present the information using
a homogeneous approach, so we limited the analysis
to the first institutional affiliation mentioned for the
entire study period. The main process involved in data
extraction for this field was to identify the country of
the principal institution, as it was not always explicit,
as well as to unify different variations (for example,
Korea, Republic of Korea, and South Korea).
Descriptors (fields: MeSH Terms and MeSH Sub
headings). The processes performed in this case were
to differentiate the MeSH from the topic qualifiers
(82 auxiliary descriptors that specify the aspect being
addressed in relation to the MeSH terms) and to

WJG|www.wjgnet.com

Topic analysis: To characterize the development of
the research in the area analyzed at a topic level, we
determined the frequency with which the descriptors
assigned to the documents appeared for each group:
the generic LA group and the specific document groups
on amebic and pyogenic abscesses. We constructed
a topic map to analyze the relationship between the
descriptors and the groups forming around them,
that is, the existing research clusters, approaches and
specializations. To do so, we performed the following
process:
Determination of the co-occurrence of the descriptors
assigned to the documents and the generation of a
matrix of absolute values. The joint assignment of two
descriptors in a single document implies a thematic
affinity, as both aspects are addressed simultaneously in
the same paper. For example, the paper might discuss a
diagnostic procedure in relation to a disease; in the case
of the descriptor “Tomography, X-Ray Computed”, it is
associated with “LA” in 363 documents in the present
study, hence constituting the main diagnostic procedure
related to LA.
Elimination of generic descriptors. In order to
facilitate the analysis, we eliminated some excessively
generic descriptors that did not describe relevant
information on content or that presented a high density
of relationships with the rest of the descriptors, making
it difficult to group the descriptors into clusters and
to visualize them. For example, in the case of the
descriptors related to LA: human, male and female. We
also excluded the descriptors related to age groups,
which were already analyzed in terms of their absolute
frequency.
Visual representation of the network and imple
mentation of a clustering algorithm. To establish the
topic clusters that exist in the area and to represent
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Figure 1 Evolution of number of documents published on liver abscess (2001-2014).

Table 1 Distribution of the number of documents published on liver abscess, by publication type and clinical research approach
(2001-2015)
Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
Total

Publication type

Document category (by clinical research approach)
1

Article

Review

Letter

Others

Total

68
60
70
67
62
67
76
53
71
60
79
71
80
77
39
1000

13
8
12
16
3
6
6
4
7
9
5
8
9
12
3
121

9
8
12
4
7
13
16
9
12
7
15
7
17
11
4
151

1
1
1
1
2
6

90
77
94
87
72
87
98
66
90
77
99
87
106
102
46
1278

Case reports

Clinical trial

Evaluation studies

Others

Total

60
48
63
43
49
55
73
37
59
56
74
63
67
64
31
842

1
2
1
1
1
1
3
1
2
1
2
16

2
1
1
2
1
3
1
1
12

1
1
1
1
1
5

60
49
68
46
50
56
74
40
62
58
78
66
68
68
32
875

1

1

The difference between the two totals is due to the fact that not all documents have been assigned to a category based on their clinical research approach.

them visually, we used a clustering algorithm in the
VOSViewer program, which helps to detect the commu
nities (clusters) within a network, made up of groups
of homogeneous items that are strongly related to
[12]
each other .
Interpretation of the results obtained. Two clinical
experts in the area carried out an interpretation of the
groupings or clusters identified, as well as of the key
words present in them, reviewing the titles, abstracts
and full text of the original documents.

a complete and comprehensive picture of the existing
research on the topic. The number of documents
remained relatively constant throughout the period,
ranging from 66 documents in 2008 to 106 in 2013, as
shown in Figure 1.
The main publication type was article, which
encompassed 78.2% of the documents (n = 1000);
followed at considerable distance by letters, which
made up 11.8% (n = 151); and reviews, at 9.5% (n
= 121). With regard to the type of research, 65.9%
(n = 842) of the documents were case reports; just
1.2% (n = 16) were clinical trials, and 0.9% (n = 12)
were evaluation studies. The rest of the study types
presented only negligible values. Table 1 presents the
detailed distributions by year of publication.
The documents were published in 482 different
journals. The two main journals were Clinical Infectious
Diseases and the Journal of Clinical Microbiology (n
= 20 each), followed by the American Journal of
Roentgenology (n = 18) (on topics related to radiology),
and another three medical and gastroenterology

RESULTS
During the study period, 1278 documents were pub
lished on LA. Performing this same search in the
Scopus database yields similar results (1303 articles,
reviews and letters in the 2001-2014 period, com
pared to 1226 records of the same document types
in MEDLINE). More specialized databases such as
Copernicus present a lower number of documents, so
we consider that the source used (MEDLINE) provides
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Table 2 Distribution of the top 15 countries that have led research on liver abscess, pyogenic liver abscess, and amebic liver abscess
(2001-2015)
Liver abscess

Liver abscess, amebic

Country
United States
Japan
Taiwan
South Korea
India
China
Germany
Spain
France
United Kingdom
Italy
Turkey
Singapore
Canada
Australia

Liver abscess, pyogenic

Total

n

Country

n

Country

n

Country

n

165
107
103
81
67
53
51
48
42
35
34
31
21
16
16

India
Mexico
United States
France
Germany
Japan
United Kingdom
Taiwan
Malaysia
Brazil
Pakistan
Bangladesh
Italy
Thailand
Spain/Turkey

69
69
29
21
21
18
16
12
10
9
9
7
7
6
5

Taiwan
United States
China
South Korea
Japan
India
Spain
Italy
Turkey
United Kingdom
Germany
Singapore
Australia
France
Brazil/Canada

71
39
29
21
19
13
11
8
7
6
6
6
5
5
5

United States
Taiwan
India
Japan
South Korea
China
Mexico
Germany
France
Spain
United Kingdom
Italy
Turkey
Brazil
Singapore

229
185
145
144
100
84
81
77
68
63
57
49
42
28
27

Fusobacterium infections

Portal vein

Streptococcal infections
Foreign-body migration

Radiography, abdominal

Tomography, X-ray computed
Actinomycosis
Abdominal pain

Treatment outcome
Laparoscopy

Diagnosis, differential
Reoperation

Anti-bacterial agents
Bacteremia

Sepsis

Klebsiella infections

Risk factors

Drainage

Liver neoplasms

Bile duct neoplasms

Figure 2 Analysis of topic clusters by means of medical subject headings assigned to publications on liver abscess (2001-2015).

journals from Southeast Asia: The Japanese Journal
of Gastroenterology (n = 17), The Korean Journal
of Gastroenterology (n = 17), and Internal Medicine
(Tokyo) (n = 17).
In terms of geographical distribution, the country
where the most papers originated was the United
States (n = 229), followed by Taiwan (n = 185), India (n
= 145), Japan (n = 144), South Korea (n = 100) and
China (n = 84). India and Mexico were the countries
producing the most research on amebic LA (n = 69
each), followed by the Unites States (n = 39) and China
(n = 29). Table 2 shows the total number of documents
published from the 15 most productive countries by
type of abscess.
The three principal MeSH terms in the field of
LA (Table 3) were “Tomography, X Ray Computed”,
“Antibacterial Agents” and “Drainage”. With specific
regard to amebic LA, and apart from the parasite
descriptor “Entamoeba histolytica”, the antiparasite

WJG|www.wjgnet.com

antibiotic “Metronidazole” stands out. For pyogenic LA,
there are references to Klebsiella infections and the
antibacterial agents used to treat them. In terms of the
qualifiers, for amebic LA “diagnosis” is more common
than “complications” and “therapeutic use,” while
for pyogenic LA, “complications” ranks first as the
foremost focus of research, although “diagnosis” is also
very prominent. The different research orientations,
parasitological (amebic LA) or microbiological (pyogenic
LA) are also reflected in the qualifiers. Figure 2 maps
the general visual representation of the field under
analysis, with the main key-word clusters and their ties.
Among the most important, we can point to diagnosis
via CT, differential diagnosis between LA and liver
neoplasm, treatment with antimicrobial agents, and
Klebsiella infections, including bacteremia.
We identified eight prominent clusters related to
research on LA. One cluster, with 13 items, is focused
on bacterial infections, especially Klebsiella acquired in
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362

173
164
163

142
133
131
118
94

Liver neoplasms
Klebsiella infections
Klebsiella pneumoniae

Liver
Retrospective studies
Animals
Aged, 80 and over
Adolescent

Adverse effects
Ultrasonography
Administration and
dosage
Genetics
Epidemiology
Pathogenicity
Classification
Secondary

Complications
Diagnosis
Microbiology
Etiology
Pathology
Surgery
Therapeutic use
Isolation and purification
Drug therapy
Therapy
Radiography
Methods

Qualifier

95
91
68
67
65

177
138
97

560
555
537
495
321
309
307
294
277
274
248
222

n

Treatment outcome
Antibodies, protozoan
Dysentery, amebic
Antiprotozoal agents
Drainage

Liver abscess, amebic
Humans
Male
Entamoeba histolytica
Animals
Adult
Middle aged
Female
Metronidazole
Cricetinae
Diagnosis, differential
Tomography, X-ray
computed
Entamoebiasis
Aged
Liver

Descriptor

47
45
44
43
41

52
51
48

414
352
272
207
190
146
141
127
76
67
62
59

n

Blood
Radiography
Surgery
Ultrasonography
Analysis

Metabolism
Pathogenicity
Methods

Diagnosis
Parasitology
Complications
Therapeutic use
Pathology
Drug therapy
Immunology
Isolation & purification
Therapy
Etiology
Genetics
Epidemiology

Qualifier

Liver abscess, amebic

47
39
37
36
35

59
59
58

181
172
106
104
102
94
93
91
75
72
67
62

n

Risk Factors
Adolescent
Diagnosis, differential
Taiwan
Prognosis

Liver abscess, pyogenic
Humans
Male
Female
Middle aged
Aged
Adult
Klebsiella pneumoniae
Klebsiella infections
Anti-bacterial agents
Retrospective studies
Tomography, X-ray
computed
Aged, 80 and over
Treatment outcome
Drainage

Descriptor

49
39
33
30
30

69
64
62

344
341
266
185
173
139
128
92
91
85
74
71

n

Genetics
Metabolism
Pathogenicity
Adverse effects
Administration and
dosage

Epidemiology
Mortality
Ultrasonography

Complications
Microbiology
Diagnosis
Etiology
Isolation and purification
Therapeutic use
Therapy
Drug therapy
Surgery
Pathology
Radiography
Methods

Qualifier

Liver abscess, pyogenic

n

25
24
19
19
16

56
35
32

167
158
152
120
95
88
87
66
64
64
56
56

The number of articles published on LA remained relatively stable throughout the period under study, which is unusual, as most bibliometric analyses on other diseases
[13]
reveal an upward trend in the number of publications .
In the area studied, scientific interest is more limited, probably due to the difficulties in making novel scientific contributions to the field. The most significant aspect
[14]
to point out is the predominance of clinical case studies (66%), which show values that far exceed those reported for other areas, such as glioblastoma (5%) or
[15]
maxillofacial surgery (31%) , to cite just two examples. This is probably due to the fact that this is an area of knowledge where expertise is obtained from relevant case
experiences, and where research in the form of clinical trials on treatment is rare, as evidenced by the scant number of identified clinical trials, making up just 1.3% of the
[16]
[13]
total documents. This proportion is similar to the case of retinoblastoma , but is lower than for other diseases such as Leishmaniasis (2%) and is far from the activity
[17]
observed in dynamic areas such as the development of treatments for psoriasis, where approximately 10% of the documents report on clinical trials .

DISCUSSION

the community and in diabetics. Two clusters of 8 items each deal with hepatobiliary neoplastic pathologies and biliary non-neoplastic pathologies like cholecystitis. Another
cluster of 7 items address differential diagnoses of LA, its drainage, endosonography, and cholangiopancreatography. Two other clusters, of 6 items, evaluate the criteria
for assessing severity and for treatment. Finally, another two clusters of 5 items refer to antibiotic treatment with ceftriaxone and metronidazole, on the one hand, and
laparascopy and liver cirrhosis, on the other. Table 4 shows the descriptors comprised in each of the identified clusters.

1278
1227
845
580
549
411
391
363
227
194
181
179

n

Liver abscess
Humans
Male
Female
Middle aged
Adult
Aged
Tomography, X-ray computed
Anti-bacterial agents
Drainage
Treatment outcome
Diagnosis, differential

Descriptor

Liver abscess

Table 3 Distribution of the top 20 descriptors and topic qualifiers assigned to papers on liver abscess and type of liver abscess (2001-2015)
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Table 4 Topic clusters and descriptors integrated within each for papers on liver abscess (2001-2015)
Cluster 1
(13 items)

Cluster 2
(8 items)

Cluster 3
(8 items)

Cluster 4
(7 items)

Cluster 5
(6 items)

Cluster 6
(6 items)

Cluster 5
(5 items)

Cluster 6
(5 items)

Antigens, bacterial

Bile duct neoplasms

Cholecystitis

Contrast media

Catheterization

Biopsy, needle

Biopsy

Bacterial capsules

Carcinoma,
Hepatocellular
Catheter ablation

Colonoscopy

Cysts

Echinococcosis,
hepatic

Diagnosis,
differential

Cholangiopancreatography
Drainage

Risk,
assessment
Severity of
illness index

Anti-bacterial
agents
Ceftriaxone

Fatal outcome

Hemangioma

Endosonography

Suction

Gram-positive
bacterial
infections
Metronidazole

Time factors

Sepsis

Liver
cirrhosis
Necrosis

Treatment
outcome
-

-

-

-

-

-

-

-

Bacterial proteins

Community-acquired
infections
Diabetes complications
Electrophoresis, gel,
pulsed field
Klebsiella infections
Klebsiella pneumoniae
Phenotype
Polysaccharides, bacterial
Serotyping
Virulence
Virulence factors

Chemoembolization,
Therapeutic
Cholangiocarcinoma
Focal nodular
Hyperplasia
Hepatectomy
Liver neoplasms
-

Intestinal
perforation
Splenic diseases

Image
Stents
enhancement
Liver diseases Ultrasonography,
Interventional
Tomography,
Sensitivity and
X-ray computed
specificity
Ultrasonography
-

Our observation on the predominance of clinical case
reports, which could not have come from analyzing
other levels of indicators (scientific production of
journals or disciplines), highlights the importance
of this document type for certain diseases, and the
need for specific journals that provide space for these
contents, in order to generate knowledge on which to
[18]
base clinical decision-making. In that sense, Flyvberg
draws attention to some erroneous conclusions that are
occasionally made about this type of study, for instance
that their theoretical contributions are less valuable
or that they do not participate meaningfully in the
scientific development of a given area of knowledge.
These papers may also be relegated to a lesser role due
to the limited impact of single case reports. However,
Flyvberg concludes that ‘‘a scientific discipline without a
large number of thoroughly executed case studies is a
discipline without systematic production of exemplars,
[19]
and a discipline without exemplars is an ineffective one” .
Although individually, clinical case studies may
be insufficient grounds on which to base treatment
decisions, when they are considered together and
adequately codified and integrated into structured
information systems, they can provide early insight
toward characterizing rare diseases, as they allow
physicians to compare cases and check diagnoses.
They may also be useful in identifying emerging trends
or studying the geographical distribution of diseases.
Case studies could even be apt for integration into
simulators for use in an educational context, as shown
[20,21]
through different initiatives
. Different projects
have highlighted the utility of international case report
registers describing unusual clinical cases in different
medical specialties or in relation with rare diseases
whose low prevalence makes them very difficult to
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investigate in studies with a more traditional design. By
drawing from a wide body of case reports, investigators
[22-24]
can develop an ad hoc cohort for analysis
. Different
initiatives have been proposed to promote the use
of clinical case reports for rare diseases and to lay
the groundwork for the generation of higher level
evidence. Although the BioMed Central project “Cases
[25]
Database” has unfortunately not been maintained ,
other international registers could base their case report
[26]
databases on the models described in the literature .
The dissemination of this document type could also
be expanded through specialized journals dedicated
to case studies or clinical case reports, and specific
identifiers could be used to locate these types of studies
in bibliographic databases, particularly the main multi
disciplinary databases.
At a journal level, this study shows the important
multidisciplinary approach in the area, as the two most
prominent publications are journals of microbiology
and infectious diseases, followed by a radiology journal
and then three Asian journals: two on gastroenterology
and another on general and internal medicine.
With regard to the MeSH terms, it is worth noting
the pre-eminence of diagnostic aspects (especially
via CT) and treatment (with drainage of liver lesions
and antibiotic treatment), together with the relevance
of microbiological aspects, with the separate entity
consisting of LA due to Klebsiella with bacteremia. This
entity has been seen more commonly in countries of
Southeast Asia, particularly Taiwan; patients are often
middle aged men with diabetes and frequently develop
metastatic complications, especially endophthalmitis.
However, the disease is also increasingly present in
[8]
other countries such as the United States .
For the past 20 years, Klebsiella pneumoniae was the
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studies, which show values that far exceed those reported for other areas. This
is probably due to the fact that this is an area of knowledge where expertise is
obtained from relevant case experiences.

leading isolate in patients with pyogenic LA, surpassing
Escherichia coli in Asian countries, the United States, and
[9]
Europe, with a propensity for a global spread .
As far as the distribution of countries observed, a
combination of factors explains it: the dominance of
the United States, which emerges as the main point
of reference, responds to its global leadership in all
scientific research spheres. The greater prevalence
of diseases such as Klebsiella pneumoniae may have
also sparked a greater interest at the researcher
level. Epidemiological criteria justify the presence of
geographic regions like Asia, with Taiwan, Japan, and
South Korea overtaking Europe to serve as important
global references. Other notable factors, in the case of
amebic LA, are the pre-eminence of India (which leads
the production of papers with 69 publications) and
Mexico (where 69 of the country’s total 81 published
documents also deal with this type of abscess). This
dominance reflects the interest of researchers in
providing a response to the incidence of this specific
pathology in these countries. Mexican research is
very relevant in the field of LA, in terms of the clinical,
therapeutic aspects; basic research, including in
animals; and systematic reviews and meta-analyses
[27,28]
of the literature
. In India, case reports of amebic
LA are the most common due the prevalence of the
disease and the research community’s attempts to
respond to this through different studies; in fact, India
is one of the countries that has performed randomized
[29,30]
trials on its treatment
.
The present study has revealed two features that
differ notably from bibliometric analyses on other clinical
pathologies: the steady pace of production throughout
the 2001-2015 period and the predominance of clinical
case reports (66%), which emerge as the primary
channel of knowledge generation and dissemination
in the area. The diagnostic aspects related to CT,
differential diagnosis with liver neoplasm, treatment
with antimicrobial agents, and Klebsiella infections
(including bacteremia), are the topics that dominate
research on LA, which is led by countries in Southeast
Asia, together with the United States.

Applications

Different initiatives have been proposed to promote the use of clinical case
reports to lay the groundwork for the generation of higher level evidence. They
can provide early insight toward characterizing rare or unusual diseases, can
be used to develop an ad hoc cohort for analysis, or could even be apt for use
in an educational context.

Terminology

Clinical cases are reports where symptoms, diagnoses, treatments, disease
associations, or unusual presentations on patients are described. Usually
demographic attributes (gender, age, weight, ethnicity etc.) are also described.

Peer-review

Clinical case studies can provide early insight toward characterizing rare
diseases, as they allow physicians to compare cases and check diagnoses.
They may also be useful in identifying emerging trends or studying the geographical
distribution of diseases.
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Vanishing bile duct syndrome (VBDS) has been described
in different pathologic conditions including infection,
ischemia, adverse drug reactions, autoimmune diseases,
allograft rejection, and humoral factors associated with
malignancy. It is an acquired condition characterized
by progressive destruction and loss of the intra-hepatic
bile ducts leading to cholestasis. Prognosis is variable
and partially dependent upon the etiology of bile duct
injury. Irreversible bile duct loss leads to significant
ductopenia, biliary cirrhosis, liver failure, and death. If
biliary epithelial regeneration occurs, clinical recovery
may occur over a period of months to years. VBDS has
been described in a number of cases of patients with
Hodgkin’s lymphoma (HL) where it is thought to be
a paraneoplastic phenomenon. This case describes a
25-year-old man found on liver biopsy to have VBDS.
Given poor response to medical treatment, the patient
underwent transplant evaluation at that time and was
found to have classical stage ⅡB HL. Early recognition
of this underlying cause or association of VBDS,
including laboratory screening, and physical exam for
lymphadenopathy are paramount to identifying potential
underlying VBDS-associated malignancy. Here we
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substance abuse. His medications included bupropion
for depression and omeprazole for occasional reflux
symptoms.
On initial physical exam, he was noted to be febrile
to 102 degrees Fahrenheit, markedly jaundice with
icteric sclera bilaterally, and tenderness to palpation in
the epigastric region of his abdomen without rebound,
guarding, or organomegaly. The remainder of his
exam was unremarkable aside from mild bipedal
edema. Labs were significant for alkaline phosphatase
(ALP) of 818 U/L, total protein of 4.5 g/dL, albumin of
2.5 g/dL, alanine aminotransferase (ALT)/aspartate
aminotransferase (AST) of 146/144 U/L, total bilirubin/direct bilirubin of 6.2/3.9 mg/dL, and INR of 2.23.
Remaining laboratory data including the complete
blood count were within normal limits. Stool studies
were negative other than positive fecal leukocytes.
Viral hepatitis panel, anti-nuclear antibody (ANA), and
an acetaminophen level were also negative.
Computerized tomography (CT) of the abdomen
and pelvis showed mild to moderate circumferential
thickening of the entire colon without peri-colonic fat
stranding. Given the cholestatic pattern, magnetic
resonance cholangiopancreatography (MRCP) was
obtained and unremarkable. The patient underwent a
colonoscopy that showed no focal ulcers, but continuous erythema and edema of the mucosa from rectum
to the cecum consistent with a pan-colitis. The terminal
ileum was also noted to be inflamed. Random biopsies
suggested epithelial injury secondary to ischemia,
drug/toxin effect, or an enteroinvasive infection.
During the patient’s hospital course, his coagulopathy was corrected with phytonadione, his liver function
remained stable, and abdominal pain resolved with
supportive care. He was subsequently discharged;
however, the patient was re-admitted with worsening
cholestasis in setting of Influenza A. He was treated
with oseltamivir and was initiated on ursodeoxycholic
acid. ALP remained elevated at 501 U/L, while liver
enzymes down trended (ALT/AST of 77/55 U/L).
Despite this, the patient was found to have a worsening hyperbilirubinemia (total bilirubin/direct bilirubin
of 6.2/3.9 mg/dL). Liver biopsy was obtained, which
showed cholestatic hepatitis with ductopenia, consistent with VBDS (Figure 1).
Given a static course without improvement over
a three month period and follow-up biopsy noting
persistent ductopenia, liver transplant workup was
initiated. CT chest performed during transplant evaluation revealed a soft tissue density mass in the left hilar
region. Biopsies of the lymph node confirmed classical
stage ⅡB HL. He later developed worsening edema
which was attributed to nephrotic syndrome. He began
treatment at an outside facility with nitrogen mustard
and high dose corticosteroids combined with radiation
therapy and ultimately gemcitabine/oxaliplatin for
disease outside of chest. The patient responded to
treatment and achieved remission of HL. However, he

review the literature of HL-associated VBDS and report
a case of diagnosed HL with biopsy proven VBDS.
Key words: Cholestasis; Bile ductopenia; Vanishing bile
duct syndrome; Hodgkin’s lymphoma; Liver
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vanishing bile duct syndrome (VBDS) is a
rare form of liver injury and can be caused by multiple
etiologies including malignancy. It is therefore critical
for physicians to create a broad differential when VBDS
is suspected and diagnosed. Liver biopsy is critical and
should not be deferred. Once the diagnosis of VBDS is
confirmed on biopsy, aggressive therapy, adjunctive
medical management of cholestasis, and supportive
care is indicated as achieving remission and symptom
management in Hodgkin’s lymphoma -associated VBDS
is crucial. If hepatic recovery does not occur, liver tran
splantation should be considered.
Bakhit M, McCarty TR, Park S, Njei B, Cho M, Karagozian
R, Liapakis A. Vanishing bile duct syndrome in Hodgkin’
s lymphoma: A case report and literature review. World J
Gastroenterol 2017; 23(2): 366-372 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i2/366.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i2.366

INTRODUCTION
Vanishing bile duct syndrome (VBDS) refers to a
group of acquired disorders associated with progressive destruction and disappearance of the intra[1]
hepatic bile ducts leading to cholestasis . Although
the pathogenesis is poorly understood, VBDS has
been associated with potential infectious etiologies,
ischemia, autoimmune diseases, adverse drug reactions, and humoral factors associated with malignancy
[2]
(Table 1) . Hodgkin’s Lymphoma (HL)-related VBDS
is thought to be a paraneoplastic process which
typically presents with jaundice, pruritus, and weight
[3]
loss . Here we extensively review available literature
addressing HL-associated VBDS and report a case of
HL with biopsy proven VBDS.

CASE REPORT
A 25-year-old man with past medical history significant
for depression presented to the hospital with twoweeks of nausea and abdominal discomfort accompanied by loose, blood-tinged stools, and tenesmus. He
denied recent travel and family history was only significant for a distant cousin with ulcerative colitis. The
patient worked as a baker in a local pastry shop. He
reported active tobacco use, social alcohol consumption, and occasional marijuana use, though no illicit
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Table 1 Causes of vanishing bile duct syndrome
Medications

Infections
Malignancy
Immunologic

1

Non-FDA approved weight loss supplements, sertraline, temozolomide, oxcarbazepine, levofloxacin,ibuprofen, sulfamethoxaxzoletrimethoprim, meropenom, lamotrigine , valproic acid, azithromycin, moxifloxacin, chlorpromazine, carbamazepine, interferon,
mycophenolate mofetil, anabolic steroids, allopurinol
Human immunodeficiency virus (HIV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), cryptosporidium, reovirus type 3
Lymphoma (B-cell, T-cell rich B-cell, Hodgkin’s, non-Hodgkin’s, and anaplastic large cell)
Primary biliary cholangitis, primary sclerosing cholangitis, sarcoidosis, chronic graft vs host disease

1

Not a comprehensive list.

A

B

C

Figure 1 Liver biopsy. A: The lobular parenchyma has marked cholestasis (arrow) with a zone 3 accentuation, associated with occasional feathery hepatocyte
degeneration (arrowhead) and mild inflammation; B: Portal tract with portal vein (arrow) and two branches of hepatic arterioles (arrowheads) with missing bile duct; C:
Ito cell lipidosis (arrowheads) were also seen. Hematoxylin-eosin staining, magnification × 200.

has had persistent cholestasis and a recent transjugular liver biopsy revealed portal hypertension, continued
bile duct loss and an increase in ductular proliferation
and sinusoidal fibrosis. He has ascites and a Model for
End Stage Liver Disease- Sodium score most recently
of 23. The goal of current therapy is to manage portal
hypertension and hope to achieve a recurrence free
interval to consider future transplantation.
The patient subsequently underwent extended
genetic panel sequencing to evaluate potential molecular
defects in bile acid transport or synthesis. Next-gene
ration whole exome sequencing identified a heterozygous missense variant of undetermined significance
in the macrophage stimulating (MST1) gene, C265Y
(chromosome 3: 49724179, TGC>TAC, hg19). This
change is located in a highly conserved residue in evolution and is not found in the general population. Primary
sclerosing cholangitis (PSC) and inflammatory bowel
disease (IBD) show consistent association with common

WJG|www.wjgnet.com

single nucleotide polymorphisms in the MST1 locus in
population studies. The significance of rare variants in
this gene is not known in the context of PSC or IBD and
is a unique finding that may have a future role in testing
in similar clinical presentations.

DISCUSSION
Here we present a case of VBDS in the setting of HL.
The association between VBDS and HL, first detailed
[4]
in 1993 by Hubscher et al , has subsequently been
described in a number of published cases to date (Table
[3-39]
2)
. The first three patients, described by Hubscher
[4]
[4]
et al , ultimately progressed to hepatic failure . Even
when hepatic failure does not occur, VBDS associated with HL may predict poor overall survival and
prognosis.
Hepatic involvement with HL may be seen in as
many as 50% of patients. Though VBDS is rare, liver
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Table 2 Reported literature involving the association between vanishing bile duct syndromand Hodgkin’s lymphoma
Author

Year

Liver biopsy

HL treatment (chemotherapy
and/or XRT)

Outcome/cause of death

Our patient
Rota Scalabrini D
Nader K
Aleem A
Wong KM
Umit H
Pass AK
Pass AK
Leeuwenburgh I
DeBenedet AT
Ballonoff A
Barta SK
Schmitt A
Han WS
Cordoba Iturriagagaitia A
Guliter S
Liangpunsakul S
Komurcu S
Ripoll C
Ripoll C
Ozkan A
Allory Y
Rossini MS
Yusuf MA
Dourakis SP
Yalcin S
Yalcin S
De Medeiros BC
De Medeiros BC
Crosbie OM
Gottrand F
Warner AS
Jansen PLM
Hubscher SG
Hubscher SG
Hubscher SG
Birrer MJ
Lieberman DA
Trewby PN
Trewby PN
Trewby PN
Trewby PN
Trewby PN

2014
2014
2013
2013
2013
2009
2008
2008
2008
2008
2007
2006
2006
2005
2005
2004
2002
2002
2002
2002
2001
2000
2000
2000
1999
1999
1999
1998
1998
1997
1997
1994
1994
1993
1993
1993
1987
1986
1979
1979
1979
1979
1979

Yes
Yes
Yes
Yes
Yes
Unknown
Yes
Yes
Yes
Yes
Yes
Yes
No
Unknown
Unknown
Yes
Yes
Yes
Yes
Yes
Yes
Unknown
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
No
Yes

Remission
Remission
Death/hepatic failure and sepsis
Death/hepatic failure
Remission
Unknown
Remission/awaiting liver transplant
Death/aspiration
Remission
Death/unknown
Remission
Remission
Death/sepsis
Recurrent HL
Remission
Death/sepsis
Remission
Death/hepatic failure
Death/hepatic failure
Remission
Death/hepatic failure
Unknown
Death/hepatic failure
Death/hepatic failure
Death/hepatic failure
Death/sepsis
Remission
Death/hepatic failure
Remission
Remission
Death/hepatic failure
Remission
Death/variceal hemorrhage
Death/pneumonia
Death/unknown
Death/sepsis
Death/sepsis
Death/respiratory arrest
Remission
Death
Death
Death
Remission

Trewby PN
Piken EP
Perera DR
Perera DR
Perera DR
Groth C
Juniper K
Bouroncle B
Bouroncle B

1979
1979
1974
1974
1974
1972
1963
1962
1962

VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
IC
VBDS
VBDS
VBDS
VBDS
Cholestatic hepatitis
VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
VBDS
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injury in VBDS has a high mortality in an otherwise
curable disease. Other conditions that may cause
jaundice in HL include biliary obstruction secondary
to lymph node enlargement, hemolysis, and other
[5]
viral illnesses, most commonly cytomegalovirus .
While hepatic failure is a major cause of mortality
amongst patients with HL-related VBDS, many of the
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case reports reviewed noted complete remission with
lymphoma treatment and improvement of hepatic
function.
Patients with HL-related VBDS typically present
with jaundice, pruritus, and weight loss as seen in the
[3]
patient reported above . Treatment revolves around
treating the underlying cause. Appropriate therapy
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must balance the need for aggressive chemoradiation
to achieve remission but is also limited by the degree
of liver dysfunction. Treatment and decisions on when
to treat remain difficult as there exists a delicate
balance between aggressive chemoradiation regimens
and worsening cholestasis. Many previous cases published in the literature utilized full dose chemotherapy
or a reduced dose to treat the underlying malignancy.
Despite a difference in dosage, some patients were
cured while others succumbed to liver failure.
Radiotherapy has been shown to improve liver
failure free survival. While chemoradiation is a treatment option, many cases ultimately lead to significant
liver dysfunction requiring liver transplantation. Some
authors feel HL-associated VBDS is irreversible and
patients should therefore be considered for liver transplantation regardless of remission, though this remains
controversial given the limited data and rarity of this
[4,8,17,33]
[29]
syndrome
. Pass et al
reported on a patient
awaiting liver transplant however the outcome of this
case is unknown. They reported that early measures
should be taken to prepare for liver transplant starting with aggressive treatment for HL remission with
subsequent liver transplant evaluation. Our patient did
not receive treatment at our institution though sought
treatment with MOPP (mechlorethamine, vincristine,
procarbazine, and prednisone). He showed improvement in regards to biliary regeneration and liver
function and will be followed for consideration for liver
transplantation should this become necessary.
The decision and timing of treatment of this disease
is a challenge. The preferred treatment of HL-related
VBDS is complex and controversial, driven largely by
the fact that the mechanism of VBDS in HL remains
unclear. Differing theories have proposed cell-mediated
immunologic reactions or toxic cytokines derived from
[1,9,40]
lymphoma cells that lead to ductopenia
. Alternative
proposals postulate biliary epithelial cells are damaged
due to cross reactive T cells recognizing auto-antigens
[40-42]
leading to apoptosis of biliary epithelium
. Previous
studies have shown the expression of major histocompatibility complex as well as intercellular adhesion
[43]
molecules in response to cytokines produced by HL .
Given the presumed immunological reaction causing
VBDS, treatments targeting this response have been
attempted. Rituximab, a chimeric monoclonal antibody
against CD20 frequently expressed in HL, has been
[44,45]
used with positive outcomes
. Rituximab may have
a therapeutic role in CD20-negative patients given this
[45]
presumed immunological reaction causing VBDS .
Apheresis treatment, in addition to chemotherapy and
radiotherapy, has also been reported effective in curing
[46]
patients with VBDS .
VBDS, colitis, and later nephrotic syndrome diagnosed in the setting of volume overload and edema,
were all believed to be paraneoplastic manifestations
of our patient’s underlying HL. Based upon the literature review and our patient’s presentation, cholestasis
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appears to be the predominant symptom of HL in
patients who were found to have VBDS. This has been
[46]
previously described by Hallén et al who reported on
a patient with severe hyperbilirubinemia in the setting
of VBDS with subsequent diagnosis of HL. Strategies
to improve cholestasis such as ursodeoxycholic acid
and cholestyramine may benefit patient’s symptoms
though limited data exists. Other treatment options
have been recommended including rifampin which can
[47]
improve bilirubin levels and symptoms of pruritus .
[46]
Hallén et al additionally described the use of bilirubin
apheresis treatment with an anion exchange adsorbent
column for the reduction of bilirubin and bile acids with
good symptomatic effect.
In summary, this case highlights the importance
of exercising an exhaustive investigation into all
potential causes of VBDS when the diagnosis is made [48]
especially underlying malignancy . Based on previous
published case presentations, patients do not appear to
recover from impaired liver function without achieving a
complete remission of HL. This highlights the need for
practitioners to be aware of the association of HL with
VBDS and evaluate patients with such presentation
for underlying malignancy. Early recognition of this
association, appropriate laboratory screening, and
survey for lymphadenopathy are critical to identifying
[8,29]
HL-associated VBDS
. Early aggressive treatment
and regeneration of the biliary epithelium are paramount to achieve a successful outcome.
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Case characteristics

A 25-year-old man with past medical history significant for depression
presented to the hospital with two-weeks of nausea and abdominal discomfort
accompanied by loose, blood-tinged stools, and tenesmus.

Clinical diagnosis

Jaundice, pruritus, and weight loss.

Differential diagnosis

Primary biliary cholangitis, primary sclerosing cholangitis, graft-vs-host disease,
biliary obstruction due to mass.

Laboratory diagnosis

Labs were significant for alkaline phosphatase of 818 U/L, total protein of 4.5
g/dL, albumin of 2.5 g/dL, alanine aminotransferase/aspartate aminotransferase
of 146/144 U/L, total bilirubin/direct bilirubin of 6.2/3.9 mg/dL, and INR of 2.23.

Imaging diagnosis

Computerized tomography chest revealed a soft tissue density mass in the left
hilar region.
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Pathological diagnosis

Cholestatic hepatitis with ductopenia and classical stage ⅡB Hodgkin’s
lymphoma.

11

Treatment

12

Nitrogen mustard and high dose corticosteroids combined with radiation
therapy.

Related reports

13

Vanishing bile duct syndrome (VBDS) is a rare disease defined by the loss of
intrahepatic bile ducts leading to ductopenia and cholestasis. Early recognition
of potential underlying VBDS associated malignancy is critical.

14

Term explanation

VBDS refers to a group of acquired disorders associated with progressive
destruction and disappearance of the intra-hepatic bile ducts leading to
cholestasis.

15

Experiences and lessons

Early recognition of underlying HL-related VBDS, early aggressive treatment,
cholestasis management, and liver transplantation evaluation are paramount to
achieve successful outcomes in patients with HL-related VBDS.

16

Peer-review

The paper is well-written.

17
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CASE REPORT

Posterior reversible encephalopathy syndrome in alcoholic
hepatitis: Hepatic encephalopathy a common theme
Elizabeth S John, Ramy Sedhom, Ishita Dalal, Ranita Sharma
widely recognized and reported over the past few
decades. As such, there are a number of known risk
factors that contribute to the development of this syn
drome, including volatile blood pressures, renal failure,
cytotoxic drugs, autoimmune disorders, pre-eclampsia,
and eclampsia. This report documents the first
reported case of PRES in a patient with severe alcoholic
hepatitis with hepatic encephalopathy and delves into a
molecular pathophysiology of the syndrome.
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Core tip: Posterior reversible encephalopathy syndrome
(PRES) has been described in a number of settings,
but not in the setting of severe alcoholic hepatitis, as is
presented in this case report. There are clear molecular
relationships between ammonia, which is detoxified
to glutamine in the brain, causing astrocytic swelling,
cerebral edema, and vasogenic edema. This vasogenic
edema is a pivotal component of PRES and accounts for
one of the major hypotheses of the syndrome. Thus,
though a clear connection between hyperammonemia
and PRES has never been documented, there is a
theoretical relationship.
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Abstract

INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES)
is a neuro-radiologic diagnosis that has become more
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Posterior reversible encephalopathy syndrome (PRES)
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John ES et al . PRES and hepatic encephalopathy
is a disorder characterized by various acute neurological symptoms and has been increasingly recognized
over the past two decades due to advances in brain
imaging. It is identified radiographically by subcortical
vasogenic brain edema. PRES has been documented
in patients with renal failure, labile blood pressure,
cytotoxic drugs, autoimmune disorders, pre-eclampsia
[1]
and eclampsia . There has been one documented
case of PRES in a patient with cirrhosis who presented
with gastrointestinal bleeding, hypotension and hepatic
[2]
encephalopathy . We present the first reported case
of PRES in the setting of severe alcoholic hepatitis with
hepatic encephalopathy and the absence of the known
predisposing factors described to date.

nadolol for grade 1 esophageal nonbleeding varices,
lactulose and rifaximin for hepatic encephalopathy, and
spironolactone and furosemide for ascites.
The patient was readmitted in less than 24 h following a witnessed tonic-clonic seizure. She was intubated
for airway protection and rapidly extubated within 24
h. Her admission vital signs included a temperature
of 97.2 F, pulse of 95 beats/min, respiratory rate of 8
breaths/min and a blood pressure of 114/78 mmHg.
Off sedation, there were no focal neurologic findings.
Labs were significant for hemoglobin of 10.0 g/dL, INR
of 1.79, prothrombin time of 19.4 s, creatinine of 0.3
mg/dL, bicarbonate of 15.5 mmol/L, anion gap of 21
mEq/L, total bilirubin of 10.8 mg/dL, direct bilirubin of
6.5 mg/dL, alkaline phosphatase of 133 IU/L, ALT of
54 IU/L, and AST of 112 IU/L, all relatively unchanged
from her discharge labs. Urine drug screen was negative and alcohol level was undetectable.
A repeat MRI was performed while the patient was
post-ictal and grade 3 HE, which showed a high signal
intensity in the subcortical, and periventricular white
matter of the bilateral temporal and parietal lobes
on the fluid attenuated inversion recovery (FLAIR)
sequence of MRI was consistent with PRES (Figure
1). The MRI was unchanged from the previous MRI,
though it was better quality because there was less
artifact from patient movement. EEG showed high
focal epileptogenic potential in this same temporalparietal area. Subsequent neurologic exam revealed
right visual field deficits, and psychomotor retardation
with subjective complaint of headaches, but no asterixis
or other focal deficits. She was started on lacosamide
for further seizure prevention and continued on lactulose
and rifaximin. Fluconazole was switched to itraconazole
to prevent the lowering of her seizure threshold. Prior
to discharge, her neurologic deficits and headaches had
completely resolved.

CASE REPORT
A 40-year-old female was readmitted to the hospital
with a seizure following a 3-wk admission for hepatic
encephalopathy due to severe alcoholic hepatitis. The
patient returned to the hospital in less than 24 h of
discharge following a witnessed tonic-clonic seizure at
home. She had no prior history of seizures. She did not
consume alcohol or non-prescription drugs between
discharge and readmission. She reported compliance
with prescribed medications at home.
During the preceding hospitalization, the patient
presented with altered mental status, fever, jaundice,
tender hepatomegaly, and a white blood cell count of
14.1 thousand/μL. Altered mental status was gauged
by the West Haven Criteria, by which the patient had
grade 3 hepatic encephalopathy. Her discriminant
function was 99. Hepatic dysfunction was characterized
by albumin of 3.0 g/dL, international normalized ratio
(INR) of 2.36, ammonia of 300 mcg/dL, and bilirubin
of 30.3 mg/dL. Her aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels were 241
IU/L and 62 IU/L, respectively. Body mass index was
16.5. Clinical and radiographic features were suggestive of chronic liver disease, including encephalopathy,
ascites, asterixis, spider angiomata and esophageal
varices without active gastrointestinal bleeding. Liver
biopsy and histology were not obtained as the results
would not affect management. Her serum ascites
albumin gradient was 3.8 gm/dL and confirmed
portal hypertension. Despite appropriate therapy with
lactulose and rifaximin, the patient remained grade 3
hepatic encephalopathy. Thus, a magnetic resonance
imaging (MRI) examination was performed. Although it
was a limited study due to patient movement, bilateral
temporal parietal restriction was described, raising
concern for PRES. There was no evidence of seizure
activity on 60-min electroencephalography (EEG) at
the time. Despite mild intermittent headaches, she
remained stable without focal neurologic deficits, and
was discharged home on the recommended steroid
taper for alcoholic hepatitis, ciprofloxacin for spontaneous bacterial peritonitis prophylaxis, fluconazole
for candidal esophagitis found on upper endoscopy,
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DISCUSSION
PRES, first described in 1996 in the New England Journal
of Medicine, is a clinic neuro-radiological diagnosis. While
the pathogenesis of PRES is not fully understood, two
prevailing hypotheses have been proposed, but neither
has been fully validated thus far. The more popular
theory purports that severe and rapidly developing
hypertension can devastate auto-regulation, resulting
in hyperperfusion with endothelial injury/vasogenic
[3]
edema . The posterior brain is more affected by
hyperperfusion, as minimal sympathetic innervation
exists in the posterior fossa. The original hypothesis
conversely suggests that hypoperfusion causes vaso
constriction, resulting in brain ischemia and consequent
[4]
vasogenic edema .
The increased intrahepatic resistance from cirrhosis causes portal hypertension, and is worsened
[4]
by hepatic and non-hepatic endothelial dysfunction ,
a component found in the prevalent theory of PRES
pathophysiology. Specifically, hypoactive endothelial
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headaches, visual disturbances, other focal neurological
[10]
deficits, or status epileptics . Symptoms are usually
acute or subacute. As stated earlier, symptoms are
most often seen in the setting of renal failure, labile
blood pressures, autoimmune disorders, preeclampsia/eclampsia or cytotoxic or immunosuppressive drugs
such as calcineurin inhibitors, cyclosporine, and cispla[10]
tin, but not steroids . The patient was on steroids, but
there has been no defined relationship in the literature
between the use of steroids and PRES. There have been
sparse case reports of PRES occurring in patients with
[11]
[1]
acute hepatic failure , and one in a cirrhotic patient
with hepatic encephalopathy. Our patient was hemodynamically stable and did not present with any of these
known risk factors. Her ammonia level was significantly
elevated despite lactulose and rifaximin therapy. The
hyperammonemia could have been the triggering factor
for developing PRES, while the fluconazole used to
treat esophageal candidiasis likely lowered her seizure
threshold, resulting in the witnessed tonic-clonic seizure.
Radiologic confirmation is an important component
of diagnosis. Neuroradiologic images of PRES show
characteristic white-gray matter edema predominantly
involving the posterior region of the brain and best
seen with brain MRI. Our patient had bilateral temporal
and parietal lobe findings, as seen in Figure 1, which
are two common areas that are affected in PRES. It
can also frequently be seen in the parieto-occipital
region, watershed regions, and frontal lobes.
Treatment of PRES has not been well studied;
symptoms usually resolve once the underlying cause
has been treated. Patients with seizures, such as our
patient, should be placed on anti-epileptic medications.
Once the underlying disorder has been treated, prognosis is usually favorable. Our case poses an interesting challenge because it introduces another potential
etiology of PRES, which has not been studied in the
past. Further research is needed to better understand
the pathophysiology of PRES, a neurologic entity that
can occur in many clinical conditions. Other possible
etiologies, including exaggerated immune response
or cytokine release may enhance systemic endothelial
activation. This case adds to the literature of potential
etiologies leading to PRES, an extremely rare clinical
and radiologic diagnosis.
In conclusion, this is the first reported case of
acute alcoholic hepatitis with hepatic encephalopathy
developing PRES in the absence of known risk factors
such as hypotension, ischemia, and blood pressure
fluctuations.

Figure 1 Flair hyperintense signal axial view involving the cortex and
subcortical white matter involving the parietal and temporal lobes,
consistent with posterior reversible encephalopathy syndrome.

cells decrease nitric oxide production that consequently
initiates portal hypertension. This, in turn, results in
endothelial dysfunction in the splanchnic and systemic
circulation (extrahepatic). There is a subsequent superfluous amount of vasodilators, resulting in vasodilation
that further contributes to exacerbating the portal
[4]
hypertension .
The pathophysiology of hepatic encephalopathy is
not completely understood, but ammonia has been
recognized as a pivotal player in the process. There
+
are two forms of ammonia - ammonium (NH4 ) and
ammonia (NH3) - the latter of which is more predominant in alkalotic states and described in approximately
[5]
70% of patients with decompensated liver disease .
As the brain has no inherent cycle of urea metabolism,
ammonia reaching the astrocytes is detoxified by glutamine synthetase in the presence of glutamate to form
glutamine. Glutamate is a major transmitter involved
in neuro-excitation in 80% of synapses. Glutamine
over-production promotes swelling of astrocytes, which
results in cerebral edema, resulting in intracranial
[6]
pressure . In fact, using magnetic resonance diffusion
tensor imaging, an increase in interstitial brain water
in patients with cirrhosis and hepatic encephalopathy
has been shown. In this study, the higher grades of
hepatic encephalopathy corresponded to an increased
brain water content. Similarly, treating hyperam[7]
monemia resulted in decreased brain water content .
Lastly, hyperammonemia has been implicated in the
dysregulation of cerebral blood flow and consequent
[8,9]
cerebral vasodilation causing vasogenic edema . It is
the presence of additional vasogenic edema that has
also been implicated in the specific pathogenesis of
PRES. As evidenced, portal hypertension and hepatic
encephalopathy result in changes that are concurrent
with the changes found in PRES. However, there is
a dearth of literature regarding PRES and hepatic
encephalopathy in the setting of portal hypertension
irrespective of the underlying etiology.
Clinical manifestations of PRES have been variable.
Most frequently it presents as various degrees of
encephalopathy or seizures. It can also manifest as
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COMMENTS
COMMENTS
Case characteristics

The patient is a known alcoholic, who had presented with altered mental status.

Clinical diagnosis

On physical exam, the patient had tender hepatomegaly, jaundice, asterixis, and
altered mental status consistent with grade 3 hepatic encephalopathy; on her read
mission, she presented with a post-ictal state after having a witnessed seizure.
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Differential diagnosis

been explored in the past. The weakness of this article is that there was no liver
biopsy to prove hepatic impairment, though this can be clinically determined.

The seizures were attributed to posterior reversible encephalopathy syndrome
(PRES), but other things considered included alcohol withdrawal, hepatic
encephalopathy, and drug abuse.
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P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
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Abstract
The treatment of peritoneal carcinomatosis (PC) of
colorectal origin with cytoreductive surgery (CRS) plus
hyperthermic intraperitoneal chemotherapy (HIPEC)
has a 5-year recurrence-free or cure rate of at least
16%, so it is no longer labeled as a fatal disease,
and offers prolonged survival for patients with a low
peritoneal carcinomatosis index. Metachronous PC
of colorectal origin is so predictable that there is a
model which has been used to successfully determine
the individual risk of each patient. Patients at risk are
clearly identified; those with the highest risk have small
peritoneal nodules present in the first surgery (70%
probability of developing PC), ovarian metastases
(60%), perforated tumor onset or intraoperative tumor
rupture (50%). Current clinical, biological and imaging
techniques still lack sufficient sensitivity to diagnose
PC in its initial stages, when CRS plus HIPEC has a
greater impact and a higher cure rate. Second-look
surgery with HIPEC or prophylactic HIPEC at the time
of the first intervention have been proposed as means
of preventing and/or anticipating clinical or radiological
relapse in at-risk patients. Both techniques have shown
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as reflected in the retrospective study presented by
[3]
Elias in 2015 . In fact analysis of this work confirmed
that PC patients with a low peritoneal carcinomatosis
index (PCI) (between 1 and 5) treated with CRS +
HIPEC, with a 3-year survival of 89%, have a better
prognosis than those with liver metastases. These data
[4]
are confirmed in Huang et al review of 60 patients
with a PCI of less than or equal to 5 which observed a
median survival of 80.6 mo, a 5-year survival rate of
54.7% and no mortality.
Therefore it is very important to treat PC while the
PCI is as low as possible. Less aggressive surgery is
required for lower PCI values and is also more likely to
achieve CCR-0; both PCI and CCR-0 are repeatedly the
two factors with the highest prognostic significance in
[5-6]
the treatment of PC .
However, early PC (when PCI is ≤ 5) cannot be
detected with clinical, biological or radiological methods.
It can only be detected through a surgical approach
(this is the basis for second-look surgery). On the other
hand, when the symptoms, biological abnormalities
and/or radiological signs of PC are detectable, then
patients usually present a high PCI and CRS + HIPEC
[7]
offers a poor outcome .
This locoregional colorectal cancer relapse and the
perception that it can probably be prevented or treated
in high-risk patients at an early stage, unfortunately
when it is still clinically and radiologically undetectable,
is an issue that has concerned surgeons for many
years. In 1948, Wagensteen performed second-look
laparotomy in asymptomatic patients with lymph node
involvement in the surgical specimen extracted from
the first colorectal resection. He followed the hypothesis that early surgery in the incipient stages of relapse
would increase survival in these patients and in 1962
he published a series on 98 asymptomatic patients,
of which 36 patients had a positive second-look
(36.7%), and 6 subjects in this group (17%) never
[8]
experienced recurrence . Wagensteen also published
a series on 47 symptomatic second-look patients of
which 15% became long-term survivors after several
interventions.
Several works with different selection criteria invo
lving patients undergoing second-look surgery were
[9-10]
published in the 1980s. Gunderson et al
published
a very noteworthy paper that investigated second-look
surgery performed within 6 to 12 mo after resection of
the primary tumor in 60 patients with pT4 tumors or
positive lymph nodes; relaparotomy yielded positive
findings positive in 42% of asymptomatic patients.
All these studies placed particular interest in the
morbidity and mortality rates associated with reoper
ation and the increased survival rates for patients whose
relapse was diagnosed at an early stage. However,
despite treating relapse before it was symptomatic or
radiographically detectable, the suboptimal treatment
offered to these patients meant recurrence was the
norm.

a significant decrease in peritoneal relapses and should
be considered essential weapons in the management
of colorectal cancer.
Key words: Second-look surgery; High-risk patients;
Peritoneal carcinomatosis; Hyperthermic intraperitoneal
chemotherapy; Colo-rectal cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Metachronous peritoneal carcinomatosis of
colorectal origin is so predictable that at-risk patients can
be clearly identified. Treating peritoneal carcinomatosis
in its early stages, when the peritoneal carcinomatosis
index is as low as possible, is vitally important to get
the maximum benefit from cytoreductive surgery plus
hyperthermic intraperitoneal chemotherapy (HIPEC).
Second-look surgery with HIPEC or prophylactic HIPEC
at the time of the first intervention have been proposed
as means of preventing and/or anticipating clinical or
radiological relapse in at-risk patients. Both techniques
have shown a significant decrease in peritoneal relapses
and should be considered essential weapons in the
management of colorectal cancer.
Cortes-Guiral D, Elias D, Cascales-Campos PA, Badía Yébenes
A, Guijo Castellano I, León Carbonero AI, Martín Valadés JI,
Garcia-Foncillas J, Garcia-Olmo D. Second-look surgery plus
hyperthermic intraperitoneal chemotherapy for patients with
colorectal cancer at high risk of peritoneal carcinomatosis: Does
it really save lives? World J Gastroenterol 2017; 23(3): 377-381
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i3/377.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i3.377

INTRODUCTION
The treatment of peritoneal carcinomatosis (PC) of
colorectal origin through a multimodal approach (cytoreductive surgery (CRS), hyperthermic intraperitoneal
chemotherapy (HIPEC) and systemic chemotherapy)
means it is no longer labeled as a fatal disease. Median
survival is about 6 mo without treatment. Nowadays
it would seem unacceptable to offer these patients a
palliative approach (palliative surgery and systemic
chemotherapy with/without biologics) with a survival
rate of about 24 mo. The multimodal approach with
curative intent achieves survivals of up to 64 mo with
a mean 5-year survival of 51% in patients receiving
[1]
a completeness of cytoreduction (CCR)-0 and a
[2]
disease-free survival at 5 years of 16% .
Surgeons and oncologists accept R0 resection plus
systemic treatment with curative intent as the standard therapy for colorectal cancer liver metastases,
this offers 5-year survival rate of 36.5%. This survival
curve runs parallel to the curve for PC patients treated
with CRS + HIPEC, which has a survival rate of 38%,
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look surgery for patients at risk of developing PC could
provide a means of anticipating clinical or radiological
relapse and treating carcinomatosis in its early stages,
[16]
culminating in the remarkable work by Elias et al .
Their study comprised a prospective series from 1999
to 2009 in which second-look laparotomy was indicated
for 47 patients considered at very high risk of developing carcinomatosis: 28 patients with minimal peritoneal
nodules resected at the time of the first intervention,
8 patients with synchronous ovarian metastases and
11 patients who had a perforated tumor at onset. All
patients underwent appropriate oncological surgery
with extensive lymphadenectomy, negative margins
and completed adjuvant therapy according to current
standard-of-care regimens (FOLFOX or FOLFIRI). After
systemic chemotherapy extension study was subsequently performed and those patients who had no clinical, biological or radiological signs of disease underwent
(within 12 mo of the first intervention) second-look
laparotomy, revealing macroscopic carcinomatosis
in 49% of patients with an average PCI of 7. In a
group of 24 macroscopic PC-free patients, 18 received
HIPEC, of which only one (5.5%) presented peritoneal
recurrence, while the other six did not receive HIPEC,
of which three (50%) suffered peritoneal relapse. Of
all patients treated with HIPEC only 17% experienced
a peritoneal relapse. This approach achieved a 5-year
survival of 90% of the series with a disease-free survival at 5 years of 44%. These results underlined the
tremendous impact of second-look surgery plus HIPEC
in this group of asymptomatic patients and therefore
emphasize the unavoidable responsibility of professionals treating colorectal cancer to be aware of each
patient’s risk of recurrence and current early treatment
and prevention options. It is important to note that
all patients in the above study had firstly undergone
oncological R0 colectomy with adequate lymphadenectomy and adjuvant therapy; so, despite establishing
optimal surgical and chemotherapeutic treatment to
prevent peritoneal relapse or treat it in its early stages,
a strategy that includes regional intensification therapy
is required for high risk patients, in other words HIPEC.
Two approaches can be used to treat patients at
risk of recurrence. One is the realization of second-look
surgery plus HIPEC, unavoidable in patients at very
high risk, i.e., with a positive resection margin, tumor
perforation, ovarian metastases, or implants in the first
intervention. For these patients the treatment sequence
is oncological colorectal surgery, adjuvant therapy for
6 mo and, if the extension study is negative, secondlook laparotomy with risk-reducing surgery and HIPEC.
Another option to avoid delay of the second-look is to
administer systemic chemotherapy for 3 mo, followed
by a laparotomy and HIPEC, and then complete the
remaining 3 mo of systemic chemotherapy. The selection criteria and second-look algorithm proposed by
[17]
Sugarbaker
in 2011 have become the worldwide
reference.

Table 1 Risk of recurrence in function of clinical and
histopathological characteristics of tumors
Estimated incidence of
peritoneal metastases
observed in follow-up
Clinical characteristic
Peritoneal nodules detected during primary
cancer resection
Ovarian metastases
Perforation through the primary cancer
Adjacent organ or structure invasion
Signet-ring histology
Fistula formation
Obstruction of primary cancer
Histopathological characteristic
Positive resection margin
Positive cytology before or after resection
Positive imprint cytology
Positive lymph nodes at or near resection
margin
T3/T4 mucinous cancer

70%
60%
50%
20%
20%
20%
20%
80%
40%
40%
20%
40%

Appreciation of the need for quality cancer surgery
changed the techniques used in colorectal resection
forever: total mesorectal excision and mesocolic excision were introduced and their impact on survival was
[11]
quantified . These techniques were universalized,
as were resections with safety margins and extensive
lymphadenectomies. However, local relapse, and
especially recurrence in the form of peritoneal carcinomatosis, emerged as an issue pending resolution in the
treatment of colorectal cancer.

LOOKING FOR HIGH RISK PATIENTS:
EVIDENCE FROM CLINICAL TRIALS
[12]

The titanic work of Honoré et al
defined patients at
risk of developing peritoneal carcinomatosis and classified those with small peritoneal nodules present in the
first surgery (70% probability of developing PC), ovarian metastases (60%), and perforated tumor onset
or intraoperative tumor rupture (50%) as being high
risk. Positive cytology (pre- or post-surgical resection),
the imprint of a positive tumor and T3-T4 mucinous
tumors have a risk of 30% to 40%.
[13]
According to Sugarbaker , the risk of recurrence
is determined by the clinical and histopathological
characteristics of the tumor, as shown in Table 1.
In fact, metachronous peritoneal carcinomatosis of
colorectal origin is so predictable that Segelman developed an individualized prediction model to estimate
[14-15]
each patient’s risk
. In her review the development
of metachronous PC was associated independently
with tumors located in the right colon (P < 0.002),
emergency surgery (P < 0.001), non-R0 surgery (P <
0.001), pN2 with lymphadenectomy with less than 12
nodes examined (P < 0.001), and pT4 (P < 0.001).
http://www.imm.ki.se/biostatistics/calculators/pcrisk
Logically this led to the conclusion that second-

WJG|www.wjgnet.com

379

January 21, 2017|Volume 23|Issue 3|

Cortes-Guiral D et al. Does second-look surgery save lives?
The second approach for at-risk patients is consi
dered to be ideal by many units of peritoneal surgery
and is offered to all patients at risk of peritoneal relapse
(1 to 12). It is performed simultaneously with resection
of the primary tumor, risk-reducing surgery and prophy
lactic HIPEC (which is as well-known as upfront HIPEC),
followed by 6 mo of systemic chemotherapy and regular
[13]
follow-ups .
[17]
Accepted exclusion criteria
for the second-look
approach are unresectable liver (more than 4 lesions)
or lung metastases, over 75 years (although this varies
between different units) or the presence of significant
comorbidities (performance status > 2, renal failure
with creatinine > 3, cardiac failure with ejection fraction < 50%).
[18]
Sammartino et al applied this proactive approach
in 25 patients at risk of peritoneal recurrence (pT3/T4
and mucinous or signet-ring cell), performing riskreducing surgery with prophylactic resection of organs
with are frequently affected by carcinomatosis (omen
tectomy, removal of the round ligament, appendectomy and bilateral oophorectomy in postmenopausal
patients) and HIPEC. The results were analyzed and
compared with 50 controls (treated in another unit)
and then re-analyzed 48 mo after closing the study.
Morbidity in both groups was comparable, but with a
4% incidence of carcinomatosis development in the
HIPEC treated group vs 28% in the control group (P <
0.03) and a disease free survival (P < 0.05) and overall survival (OS) (P < 0.04) significantly higher in the
group with prophylactic treatment.
[19]
In 2013 Tentes et al
published a prospective
study comparing the adjuvant setting in patients with
pT3 or pT4 colorectal cancer receiving systemic chemotherapy (40 patients) vs intraperitoneally by HIPEC with
mitomycin (41 patients). There were no recurrences in
the peritoneum in the group treated with HIPEC vs 3
cases of PC in the systemic chemotherapy group; the
5-year survival was 100% in the HIPEC group vs 72%
in the conventional group without reaching statistical
significance (P = 0.0938).
Phase Ⅲ studies were initiated in light of these
results in order to assess the impact of a second-look
protocol or HIPEC performed at the time of surgery of
the primary tumor to avoid cell implantation as a result
of surgical trauma.
The PROMENADE trial NCT02974556 in Rome
led by Sammartino randomizes patients with T3/T4
colorectal cancer into two arms, one for conventional
surgery of the primary tumor followed by adjuvant
systemic chemotherapy vs surgery of the primary
tumor with risk-reducing surgery (omentectomy, appen
dectomy, removal of the round ligament and bilateral
oophorectomy in postmenopausal patients) and HIPEC
followed by adjuvant therapy.
Also for high-risk patients with pT4 or perforated
[20]
tumors, the Dutch trial COLOPEC
randomizes
these patients to receive treatment with conventional
surgery followed by systemic adjuvant therapy vs
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surgery of the primary tumor and administration of
HIPEC (intraperitoneal oxaliplatin and intravenous
5-FU) during the intervention or within 5 to 8 wk after
the intervention. At 18 mo, an exploratory laparoscopy
will be performed in all patients. This study presents a
strategy that combines the advantages of prophylactic
HIPEC with second-look laparoscopy to detect relapse;
a promising strategy that may be useful in very high
risk patients or help to detect treatment resistance.
The French RENAPE group is finishing a prospective
study (COELIOCHIP) which compares the performance
of a laparoscopic approach against that of a laparotomic approach: all patients receiving second-look
surgery will undergo a careful initial exploration by
laparoscopy followed by the usual laparotomy.
Also, for radiologically identified T4, the HIPEC-T4
study in Spain will evaluate the impact of prophylactic
HIPEC with mitomycin at the time of first intervention.
The ProphyloCHIP NCT01226394 Phase Ⅲ trial led
by Elias seeks to analyze the impact of second-look
laparotomy with HIPEC (intraperitoneal oxaliplatin and
intravenous 5-FU) in 150 patients with a very high risk
of peritoneal relapse (ovarian metastases, perforated
tumors or small number of implants resected with the
primary tumor) within 12 mo after the first intervention and with negative extension tests vs conventional
follow-up, both groups receiving systemic adjuvant
therapy. They have finished recruiting and collecting
data; analysis will be completed in June 2019.

CONCLUSION
While awaiting the results of these Phase Ⅲ trials,
the evidence from studies published to date impels
us to acknowledge the existence of groups at risk of
developing carcinomatosis among our patients with
colorectal cancer. We must also be very conscious of
the potential benefits of cytoreductive surgery plus
HIPEC in patients with a very low PCI where the
chances of cure or preventing any future relapses are
maximized.
So the aim is to treat patients with the lowest possible PCI, ideally between 1 and 5, but these early stages
are beyond the sensitivity of current clinical, biological
and imaging techniques. Therefore these patients must
receive this treatment before any detectable signs of
relapse manifest. Thus prophylactic HIPEC at the time
of the first intervention or second-look laparotomy with
HIPEC during or after a course of adjuvant systemic
chemotherapy are the means available to achieve this
goal. The most common approach is second-look laparotomy because most colorectal cancer interventions
are performed in centers where HIPEC is unavailable
and high-risk patients are referred to specialized units
for assessment.
For patients at risk of peritoneal relapse, optimal
surgical treatment at the first intervention followed
by systemic chemotherapy is not enough to prevent
or provide early treatment of peritoneal metastases.
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Therefore a strategy including a regional intensification
treatment is required, i.e., up-front HIPEC or secondlook surgery plus HIPEC. This approach achieves a
decrease in peritoneal relapse from 50%-70% to
6%-17% in high-risk patients and from 30%-40%
down to 0%-4% in other at-risk patients. We can
therefore conclude that this course of action will save
many lives by preventing the development of peri
toneal carcinomatosis or enabling successful treatment
of carcinomatosis before it is clinically or radiologically
detectable while yielding the maximum benefit from
cytoreductive surgery and HIPEC.
Patients have the right to know their risk of deve
loping PC and the possibilities of prevention and early
treatment currently available.
If we want to offer our patients the best treatment,
we must be aware that second-look surgery with
HIPEC, prophylactic HIPEC or both have become essential weapons in the management of colorectal cancer.
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Pancreatic stellate cells (PSCs) were identified in the
early 1980s, but received much attention after 1998
when the methods to isolate and culture them from
murine and human sources were developed. PSCs
contribute to a small proportion of all pancreatic
cells under physiological condition, but are essential
for maintaining the normal pancreatic architecture.
Quiescent PSCs are characterized by the presence of
vitamin A laden lipid droplets. Upon PSC activation,
these perinuclear lipid droplets disappear from the
cytosol, attain a myofibroblast like phenotype and
expresses the activation marker, alpha smooth muscle
actin. PSCs maintain their activated phenotype via an
autocrine loop involving different cytokines and contri
bute to progressive fibrosis in chronic pancreatitis (CP)
and pancreatic ductal adenocarcinoma (PDAC). Several
pathways (e.g. , JAK-STAT, Smad, Wnt signaling,
Hedgehog etc .), transcription factors and miRNAs have
been implicated in the inflammatory and profibrogenic
function of PSCs. The role of PSCs goes much beyond
fibrosis/desmoplasia in PDAC. It is now shown that
PSCs are involved in significant crosstalk between the
pancreatic cancer cells and the cancer stroma. These
interactions result in tumour progression, metastasis,
tumour hypoxia, immune evasion and drug resistance.
This is the rationale for therapeutic preclinical and
clinical trials that have targeted PSCs and the cancer
stroma.
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the inflammatory mechanisms and their mechanistic
role in the pancreatic fibrosis in chronic pancreatitis
(CP) and pancreatic ductal adenocarcinoma (PDAC).
However, in view of the challenges of limited viability of
the PSCs in primary cultures, there had been several
attempts to modify isolation and culture techniques. In
this regard, techniques were developed to immortalize
the normal and tumour associated PSCs. However,
further validation studies will be required prior to their
[9-12]
routine use in PSC research
. Interestingly, even
though PSCs were associated primarily with the exocrine pancreas, a recent study has reported isolation of
PSCs from rat and human pancreatic islets too. These
cells demonstrated certain morphologic and functional
differences from the conventional PSCs in terms of
fewer lipid droplets, lower rates of proliferation, migra[13,14]
tion and easier activation
.

Pancreatic cancer stroma; Physiological functions;
Pancreatic stellate cells-cancer-stromal interactions;
Therapeutic targets
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic stellate cells (PSCs) have emerged
as one of the major effector cells in chronic pancreatitis
and pancreatic ductal adenocarcinoma. In this review,
we discuss the physiological function of PSCs and the
profibrogenic mechanisms. We also discuss various
pathways, transcription factors and miRNAs implicated
in the inflammatory and profibrogenic functions
mediated by PSCs. We further discuss the crosstalk
among PSCs, pancreatic cancer cells and pancreatic
cancer stroma and mechanisms that lead to cancer
progression, metastasis, tumour hypoxia, immune
evasion and drug resistance. We conclude with recent
preclinical and clinical studies that have targeted PSCs
and cancer stroma.

BASIC BIOLOGY OF PANCREATIC
STELLATE CELLS
Origin

Bynigeri RR, Jakkampudi A, Jangala R, Subramanyam C,
Sasikala M, Rao GV, Reddy DN, Talukdar R. Pancreatic stellate
cell: Pandora’s box for pancreatic disease biology. World J
Gastroenterol 2017; 23(3): 382-405 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i3/382.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i3.382

The origin of PSCs is still being debated. Till date no
direct studies have been executed to identify the origin
of PSCs. However, the studies on the origin of HSCs
have helped in gaining some insight into this aspect.
Even though initially a neuroectodermal origin of PSCs
was proposed, it was eventually negated in genetic cell
[15]
lineage mapping studies . A recent study forwarded
refreshing evidence supporting a mesodermal origin
of HSCs by using the conditional lineage analysis
[16,17]
approach
. Since most of the characteristic features
and functions that sketched the biology of PSCs are
similar to HSCs, it is believed that even PSCs might
have evolved from a mesodermal origin. Employing
such similar tracer techniques might help in ascertaining the origin of PSCs.
In the context of CP and PDAC, even though most
of the proliferating PSCs are derived from the resident
PSCs within the pancreas, a proportion of PSCs are
thought to originate in the bone marrow. This was
proposed in a novel sex mismatched study, which
evidenced that even bone marrow (BM) derived cells
may also contribute to PSC population in CP and
[18,19]
PDAC apart from the resident cells of pancreas
.
The speculation that bone marrow is another potential
source of PSC was further supported by a recent
study involving dibutylin chloride induced CP wherein
a model of stable hematopoietic chimerism by grafting enhanced green fluorescence protein (eGFP)expressing BM cells was used. In this study, 18% of
the PSCs in the pancreas was found to originate in the
[20]
bone marrow . A recent study that used enhanced
green fluorescent protein (EGFP)(+)CD45(-) cells
transplanted from EGFP-transgenic mice in a carbon
tetrachloride (CCL4) model suggested that infiltrating
monocytes could also differentiate into stellate cells
within the pancreas and liver under the influence of

HISTORICAL PERSPECTIVES
Stellate cells were described for the first time in the
perisinusoidal spaces of the liver by Karl Wilhelm Von
Kupffer in 1876 and were called “Sternzellen” (meaning star shaped cells). Later in 1951, Ito described
the presence of lipid droplet containing cells in the
perisinusoidal spaces of the liver and named them “Ito
[1]
cells” . The Ito cells were shown to emit blue-green
fluorescence due to the presence of vitamin A in the
[2]
lipid droplets . Later in 1971, the usage of multiple
techniques provided unequivocal evidence that the
“sternzellen” reported by Kupffer and “Ito cells”
identified by Ito were the same cell type: the hepatic
[3,4]
stellate cells (HSCs) . In 1982, a cell type carrying
vitamin A containing lipid droplets and exhibiting a
transient blue-green fluorescence were described in
[5]
mouse pancreas . In 1991, the cells exhibiting the
vitamin A autofluorescence were identified in the
[6]
healthy pancreatic sections from humans and rats .
These cells are now identified as pancreatic stellate
cells (PSCs), which localize the periacinar regions, with
long cytoplasmic projections extending towards the
basolateral aspects of the acinar cells. Later in 1998,
the development of in vitro tools to isolate and culture
the PSCs laid a strong foundation to characterize their
[7,8]
basic biology . These cells also surround the perivascular and periductal regions. Sustained PSC cultures
have helped to decipher the crucial factors that act in
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Using GFAP-LacZ transgenic mice model, it was proven
that GFAP promoter activity was unique to PSCs alone
[25]
in the pancreas .
Autotransformation of quiescent PSCs to activated
phenotype is observed in vitro. The basic phenotypic
differences that were observed when the PSCs switch
to activated phenotype include the disappearance of
lipid droplets and transformation into a myofibroblastlike phenotype. The expression of α-smooth muscle
actin (α-SMA) marks the transdifferentiation of the
quiescent PSC to an activated phenotype. Figure 1
shows the morphology of PSCs in culture at different
time points.

Table 1 Function of pancreatic stellate cells in the quiescent
state and after activation
Physiological functions
Store fat and retinoids in their perinuclear droplets, expressing GFAP,
desmin and vimentin
Secrete MMPs and TIMPs
Maintains ECM turnover
Involved in maintenance of pancreatic tissue architecture
No or limited secretion of cytokines, chemokines and growth factors
Function as an immune, progenitor and intermediary cell
Possible role in exocrine and endocrine secretions
Pathological functions
Exhibit cell proliferation and migration
Deranged ECM turnover due to loss of balance between MMPs and
TIMPs
Secrete various cytokines, chemokines and growth factors and thereby
contribute to inflammatory milieu
Stimulate cancer cell proliferation and migration and inhibit their
apoptosis
Mediate invasion and metastasis of carcinoma cells
Mediate chemoresistance and radioresistance thereby promoting
cancer cell survival
Contribute to the hypovascular and hypoxic tumour microenvironment
Promote angiogenesis, neural invasion and epithelial-mesenchymal
transition

PSC functions

The physiological and pathological functions of PSCs
have been summarized in Table 1. Under physiological
conditions, PSCs are believed to contribute to the
exocrine cell structure and function via maintenance
[26,27]
of the normal basement membrane
and carry out
normal ductal and vascular regulation by virtue of their
[28]
localization . Quiescent PSCs have a low mitotic index
and bears the capability to synthesize matrix proteins
and maintain the physiological extracellular matrix. The
expression of matrix metalloproteinases (MMPs) and
tissue inhibitors of matrix metalloproteinases (TIMPs)
are complementary to each other and is a prerequisite
to poise the ECM turnover. Increased production of
the ECM proteins fibronectin, periostin, MMPs and
TIMPs are the most common features exhibited by the
[29]
activated PSC phenotype
and hence described as
the effector cells contributing to the stroma associated
with CP and PDAC. Besides laying and maintaining the
ECM, PSCs have also been demonstrated to secrete
acetylcholine that might function as an intermediate
regulator for cholecystokinin mediated pancreatic
[30]
exocrine secretion .
Until recently, much attention was paid to unveil
the functions of activated PSCs as a multiple cytokine
producing profibrogenic cell type, which promotes selfproliferation, migration and fibrogenesis. However,
recent advances have even demonstrated certain nonfibrogenic functions of PSCs, which projected PSCs as
[31]
[30,32]
immune cells , intermediary cell
and also as a
[33-35]
progenitor cell
. An earlier study showed that PSCs
could phagocytize senescent neutrophils in experi
mental acute pancreatitis (AP) and this was reduced
by the presence of cytokines while augmented by
[31]
presence of PPAR-γ ligand . The same group subsequently demonstrated that PSCs could also phagocytize necrotic acinar cells and themselves undergo
cell death. No change in TGF-β concentration was
detected in the PSC media and medium with PSC and
acinar cells, thereby indicating that the death of PSCs
could result in inhibition of fibrogenesis in the setting
[36]
of AP . This role in innate immunity was further supported by the capacity of PSCs to recognize pathogenassociated molecular patterns via Toll-like receptors
[37]
(TLRs) that are expressed on their surface .

GFAP: Glial fibrillary acidic protein; MMPs: Matrix metalloproteinases;
TIMPs: Tissue inhibitors of matrix metalloproteinases; NGF: Nerve growth
factor.
[21]

monocyte chemoattractant protein-1 (MCP-1)

.

Morphologic characteristics

Most of the characteristic features exhibited by quiescent as well as activated PSCs have been determined
based on in vitro studies using rat and human PSC
isolates. Cultured PSCs display prominent vitamin A
containing lipid droplets with perinuclear localization
in the cytoplasm. These lipid droplets elicit a fugacious
blue-green autofluorescence when exposed to UV light
at 328 nm or 350 nm wavelength. The expression of
glial fibrillary acidic protein (GFAP) is specific to PSCs in
the pancreas and presence of lipid droplets in the cyto[5-8]
plasm define the quiescent phenotype of PSCs . The
underlying mechanisms involved in the accumulation
and disappearance of lipid droplets are still not elaborately elucidated. It was demonstrated in a few studies
that albumin colocalizes with the lipid droplets within
quiescent PSCs. Activated PSCs, which are characterized by disappearance of lipid droplets, re-developed
the lipid droplets and showed resistance against the
activating effects of transforming growth factor-β
(TGF-β) when transfected with the plasmids expressing albumin, thereby confirming the contribution of
albumin in lipid droplet formation. The albumin was
reported to be a downstream effector of peroxisome
proliferator activated receptor-γ (PPAR-γ), a nuclear
[22,23]
receptor that is known to inhibit PSC activation
.
The presence of lipid droplets together with expression of GFAP, desmin, nestin and vimentin is used to
[24]
differentiate the PSCs from pancreatic fibroblasts .
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A

B

6h

C

24 h

D

48 h

E

48 h

F

72 h

Figure 1 Morphological changes observed in cultured rat pancreatic stellate cells at different time points after isolation. A: Quiescent pancreatic stellate
cells (PSCs) in culture exhibiting a flattened shape with lipid droplets, 6 h after isolation (× 20); B, C: PSCs showing flattened angular appearance and exhibiting
cytoplasmic extensions with lipid droplets after 24 and 48 h respectively in cultures (× 20); D: PSCs exhibiting dense lipid droplets (lipid droplets are indicated with
black arrows) in the cytoplasm (× 40); E: Activated PSCs showing long cytoplasmic processes with no lipid droplets in the cytoplasm after 72 h in cultures (× 20); F:
Passage 2 rat PSCs in culture, immunostained for α-smooth muscle actin (α-SMA), a cytoskeletal marker for activated PSCs. Green striations indicate α-SMA and
blue spots indicate nuclei, stained with DAPI (× 20).
[40-42]

Studies have now also proposed a regenerative role
especially in the context of AP, where the interaction
between extracellular matrix laid by PSCs and acinar
surface integrin receptors could result in a scaffold for
acinar regeneration. Excess matrix deposition could
also potentially be ameliorated by matrix degrading
[38]
enzymes and apoptosis/cytolysis of activated PSCs .
In addition to the above-mentioned functions of
PSCs, it is now becoming more evident that these
multifunctional cells also affects endocrine secretion
in CP. This speculation surfaced from experiments
that demonstrated increased numbers of PSCs in rat
[39]
pancreas in a Type 2 diabetic model . Extension of this
study in vitro showed that PSCs could reduce insulin
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secretion and induce β-cell apoptosis
. On the
contrary, another study showed that PSCs increase
[43]
insulin secretion from mouse islets . Interestingly,
INS-1 cell culture supernatants reduced the secretion
of proinflammatory cytokines (that mediate β-cell dys[44]
function) and ECM proteins from PSCs . Moreover,
the expression of regenerating islet-derived protein-1
was high in islet stellate cells (ISCs) isolated from the
diabetic mice, which inhibited the viability, migration,
synthesis and secretion of ECM proteins in ISCs in
[45]
vitro . As the in vitro results are more divergent,
meticulous studies need to be designed and executed
to understand the precise role played by these cells
during their reciprocal interaction.
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Figure 2 Fate of activated pancreatic stellate cells. The fate of activated pancreatic stellate cells (PSCs) could be potentially two pronged-sustained inflammation
and/or autocrine mode of PSC activation may perpetuate its activated phenotype, even in the absence of its paracrine triggers, resulting in the development of
pancreatic fibrosis or PSCs might undergo either reversion to quiescent phenotype or apoptosis or may become senescent and further cleared by lymphocytes. In the
latter situation, there should not be fibrosis.

Fate of PSCs

a variety of factors, such as oxidative stress, cytokines,
growth factors, activin-A, angiotensin, hyperglycemia
and pressure, to name a few. Interestingly, activation
of PSCs can occur by both autocrine and paracrine
mechanisms, which imply that the effects of PSC
activation, primarily inflammation and resultant
fibrosis can progress, even after removing the primary
source. The distinctive sources of exogenous factors
that actuate the PSC include activated macrophages,
monocytes, pancreatic acinar cells, endothelial cells,
pancreatic cancer cells and platelets in inflamed
[47-50]
pancreas
. Figure 3 depicts the autocrine and paracrine mechanisms of PSC activation and the resulting
fibrosis.

The fate of activated PSCs is an important question
that remains unresolved. Figure 2 depicts a schematic
representation of the fate of PSCs. One of the two possible explanations that were proposed is that sustained
inflammation may perpetuate PSC activation, leading
to fibrosis; while the other explanation proposed that
the activated PSCs may undergo apoptosis or may
revert back to the native phenotype if the inflamma[46]
tion or injury is ceased. Recently, Fitzner et al
proposed that activated PSCs could undergo senescence
as evidenced by increased senescence-associated
β-galactosidase, higher expression of CDKN1A/p21,
mdm2 and interleukin (IL)-6. On the contrary, there
was lower expression of α-smooth muscle actin. The
authors also observed that senescence increased the
susceptibility of PSCs to cytolysis and concluded that
inflammation, PSC activation and cellular senescence
were coupled processes that took place in the same
[46]
inflammatory microenvironment of CP . In the setting of AP, PSCs could undergo death after phagocytiz[36]
ing necrotic acinar cells .

Alcohol, smoking and PSC activation

Alcohol and smoking are now recognized as independent risk factors for the development of CP. It is known
that pancreatic acinar cells can metabolize alcohol to
form toxic metabolites that results in oxidative stress.
[51-53]
This results in inflammation and PSC activation
.
Furthermore, PSCs themselves can metabolize ethanol
to acetaldehyde and generate oxidative stress, thus
promoting their own activation and lipid peroxidation.
The above findings have been confirmed by immunostaining for 4-hydroxy-nonenal (4-HNE), a reactive
product of lipid peroxidation, that demonstrated
localization of 4-HNE stained PSCs in fibrotic areas
[54-56]
adjacent to acinar cells
. Ethanol activated PSCs

PSCs AND FIBROSIS
A pathological hallmark of CP and PDAC is progressive
fibrosis that is mediated by the PSCs. One of the earliest cellular events at the initiation of fibrosis is activation of PSCs, which can be mediated concomitantly by
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Figure 3 Autocrine and paracrine factors mediating pancreatic stellate cell activation. Cytokines and growth factors secreted by injured acinar cells, immune
cells and cancer cells activate the pancreatic stellate cells (PSCs) in a paracrine fashion and stimulate them to secrete various factors. These factors secreted by
PSCs in turn acts in a paracrine fashion and sustains its activation. This autocrine and paracrine signal cycles may help PSCs to retain its activated phenotype,
resulting in excess ECM deposition, culminating to pancreatic fibrosis. ROS: Reactive oxygen species; PC: Pancreatic cancer; FGF: Fibroblast growth factor; PDGF:
Platelet derived growth factor; TGF-β: Transforming growth factor-β; VEGF: Vascular endothelial growth factor; TNF-α: tumor necrosis factor-α; MMP: Matrix
metalloproteinase; CP: Chronic Pancreatitis; TIMPs: Tissue inhibitors of matrix metalloproteinases; CTGF: Connective tissue growth factor; IL: Interleukin.

showed increased proliferation by enhancing the activation of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase system stimulated by platelet derived
[57]
growth factor (PDGF) . Also shown was expression of
connective tissue growth factor (CCN2/CTGF) that was
attributed to production of acetaldehyde and oxidant
stress in ethanol stimulated PSCs, which rendered the
properties of cell adhesion, migration and collagen syn[58]
thesis when stimulated with profibrogenic molecules .
Recently, CCN2 was also shown to increase miR-21
expression that in turn enhanced collagen α1 expression in a murine alcoholic CP model. CCN2 and miR-21
were shown to be colocalized in PSC derived exosomes
that were positive for cluster of differentiation (CD) 9.
In vitro studies revealed that these exosomes serve
as molecular cargos to activate and transfer fibrogenic
[59]
signals to the adjacent PSCs .
[60]
Lee et al
has recently demonstrated that PSCs
express nicotinic acetylcholine nAChRs (isoforms α3,
α7, β, ε). Furthermore, nicotine and nicotine-derived
nitrosamine ketone and cigarette smoke extracts
were shown to activate PSCs both in the presence and
absence of alcohol. This reiterates the clinical obser
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vation of role of smoking as an independent risk factor
[61]
in the initiation and progression of CP .

Pressure and PSC activation

Ductal hypertension resulting from obstructing pancreatic ductal calculi or stricture has been long believed to
be a major contributor of pain in CP. This formed the
rationale for ductal clearance of stone/stricture by endotherapy and/or surgery in an attempt to ameliorate pain
in CP. Experimental evidence to support this concept
[62]
came forward from studies by Asaumi et al
where
externally applied pressure of 80 mmHg induced activation of PSCs and generation of reactive oxygen species
[63]
(ROS) within the activated PSCs . ROS generation
was observed as early as 30 min after application of
pressure and reached peak by 1 h.

Hyperglycemia and PSC activation
[64]

In a study by Ko et al , exposure of PSCs to high
glucose concentration resulted in stimulation of α-SMA
expression, proliferation and expression of extracellular
matrix proteins such as CTGF and collagen type IV.
PSC activation by hyperglycemia was also confirmed
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[65]

by subsequent studies by Nomiyama et al and Hong
[39]
et al
and the latter study also suggested an additive effect of hyperglycemia and hyperinsulinemia in
inducing PSC activation and islet fibrosis in the context
of Type 2 diabetes. Observations from these studies
have provided an insight into the role of hyperglycemia
in preserving the activated phenotype and also in the
context of secondary diabetes in patients with CP. A
more recent study has indicated that hyperglycemia
could result in induction of Cysteine-X-Cysteine ligand
(CXCL) 12 production by the PSCs and its receptor,
[66]
CXCR4 on cancer cells .

tion of PSCs and the activated phenotype is further
retained by an autocrine loop, even in the absence of
paracrine triggers.

MOLECULAR PATHWAYS, MICRORNAS,
TRANSCRIPTION FACTORS AND
PROTEOMICS IN PSC MEDIATED
PANCREATIC FIBROSIS
Studies conducted over the past decade have implica
ted the involvement of several proteins and molecular
pathways (Figure 4) in perpetuating the profibrogenic
role of PSCs.

Cytokines and other activation factors that mediate
proinflammatory function of PSCs

Fibrous tissue in CP and PDAC abounds in type Ⅰ
collagen. Among the cytokines that can cause PSC
activation, TGF-β stands among the most important.
Studies have shown increased collagen synthesis and
upregulation of MMP1 in PSCs that were stimulated
[67,68]
with TGF-β and TGF-α
. Other activators of PSCs
include interleukin-8 (IL-8), MCP-1 and RANTES
(Regulated on Activation, Normal T-cell Expressed and
Secreted), which promote PSC activation via autocrine
[69]
pathways . Activin-A and angiotensin Ⅱ have also
been identified as the autocrine activators of PSCs,
contributing to further TGF-β1 expression and PSC
[70,71]
proliferation
. Expression of TGF-β1 and collagen
secretion, has also been shown to result from applica[63-65]
tion of external pressure and with hyperglycemia
.
Migration and proliferation of PSCs are other
important properties that go parallel along with the
proinflammatory and profibrotic cascade. Proliferation
[57,72,73]
and migration of PSCs is mediated by PDGF
(which is expressed after TGF-β mediated activation)
[74,75]
and endothelin-1
. A proinflammatory chemokine,
CX3CL1 (fractalkine), reported to circulate in the serum
of patients with alcoholic chronic pancreatitis, was
demonstrated as an activation and proliferation factor
for PSCs and PSCs were shown to express the receptor
[76,77]
(CX3CR1) for this chemokine
. Interestingly, this
chemokine and its receptor system was reported to
[78]
regulate the insulin secretion by β-cells . Recently,
another new activation factor, namely parathyroid
hormone related protein (PTHrP) was demonstrated to
be expressed by acinar cells during experimental pancreatitis using an acinar cell specific PTHrP gene knockout model. Receptor for this factor (PHT1R) has been
shown to be expressed in PSCs and receptor-ligand
[79]
interaction between the two resulted in fibrogenesis .
Of note, IL-6 has been shown to inhibit both PSCs
[80]
proliferation and collagen synthesis . Recently it was
also demonstrated that IL-4 and IL-13 secreted by
PSCs mediate macrophage activation, which in turn
[81]
participate in promoting the pancreatic fibrosis .
To summarize the effect of the above experimental
evidence, different paracrine factors released during the
injury will result in activation, proliferation and migra-
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MAPK, JAK-STAT and PI3K signaling pathways

Mitogen activated protein kinases (MAPKs) are
serine/threonine protein kinases with three families:
extracellular signal regulated kinase (ERKs), c-Jun
38[82]
N-terminal kinase (JNK) and p
, and all the three
MAPKs have been studied extensively for their role in
PSCs activation. In vitro studies demonstrated that the
activation of ERK1/2 is the initial pathway that precedes
the transformation of PSCs into activated phenotype
and PDGF was shown to mediate ERK1/2 and Activator
protein-1 (AP-1) dependent proliferation and migration
[72,73]
of PSCs
. Studies have also demonstrated involvement of the Janus-activated kinase-signal transducers
and activators of transcription (JAK2-STAT3) pathway
[83]
in PDGF-BB induced PSC proliferation . PI3K and all
the MAPKs were described in human PSCs to express
IL-32α and IL-33 when treated with proinflammatory
[84-86]
cytokines. IL-33 was shown to activate PSCs
. HNE
was reported to activate all the 3 classes of MAPKs and
AP-1. PSCs treated with HNE showed increased production of type Ⅰ collagen with no significant effect on
proliferation and transformation, implicating oxidative
stress mediated pathogenesis of pancreatic inflamma[87]
tion and fibrosis . All the three MAPKs including AP-1
were triggered in PSCs when stimulated with ethanol
38
and acetaldehyde. Inhibition of p , JNK and Rho associated protein kinase (ROCK). pathways demonstrated
the inhibition of PSC activation, supporting the involvement of above mentioned pathways in the pathogenesis
[54,88,89]
of alcohol induced pancreatic injury
.

Smad signaling pathway

TGF-β1, which is a proven profibrogenic cytokine, is
[90]
required in the regulation of PSC activation . Smads
are the signaling effectors of TGF-β mediated functions
and have also been ascribed a regulatory role in PSC
functions. Results from co-expression of Smad2/3 with
dominant negative Smad2/3 mutants and inhibition
of ERK showed that the activation, proliferation and
TGF-β1 mRNA expression are mediated through the
[91]
Smad2/3 and ERK dependent pathways in PSCs .
The autocrine loop between IL-1β and TGF-β1 and
the one existing between the IL-6 and TGF-β1 were
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Figure 4 Signaling pathways mediating pancreatic stellate cell activation. Expression of α-SMA, proliferation, migration and deposition of matrix proteins are the
important properties attained by activated pancreatic stellate cells (PSCs) when stimulated with various growth factors and proinflammatory cytokines. Proliferation
and migration is mediated through the MAP kinase and PI3K pathways when PSCs are stimulated with HNE, alcohol, PDGF and IL-33 and other cytokines. TGF-β1
induces the Smad proteins and stimulates the proliferation and collagen secretion by PSCs. Activation of Indian Hedgehog (IHH) signaling in PSCs promotes their
migration, proliferation and collagen deposition. PSC mediated Sonic Hedgehog (SHH) signaling promotes cancer cell invasion and migration. Wnt signaling can
cause collagen deposition and cancer progression. PDGF: Platelet derived growth factor; HNE: Hydroxy-nonenal; ERK: Extracellular signal-regulated kinases; JNK:
c-Jun N-terminal kinase; TGF-β: Transforming growth factor-β; α-SMA: α-smooth muscle actin; COX-2: Cyclooxygenase-2; IL: Interleukin.

mediated by Smad3/ERK dependent and Smad2/3 and
ERK dependent pathways. Further investigations had
confirmed the existence of a TGF-β1 autocrine loop and
supported the role of PSCs in preserving the activated
[92,93]
phenotype and collagen synthesis
. TGF-β1 induced
expression of cyclooxygenase-2 (COX-2) by PSCs also
followed Smad2/3 dependent pathway in response
[94]
to proinflammatory cytokines . This pathway has
been suggested to be protective against the inhibitory
activity of reversion-inducing-cysteine-rich protein
with kazal motifs (RECK), a membrane anchored MMP
[95]
inhibitor in the activated PSCs . The stimulation of
activated PSCs with TGF-β unveiled the possible role
of Ras-ERK and PI3/Akt pathways in the expression of
[68]
MMP-1 .

secreted by the PSCs.

Hedgehog signaling pathway

Indian hedgehog (IHH) and sonic hedgehog (SHH)
are the other important pathways in PSCs. Receptors,
namely smoothened and patched-1, for the IHH
protein are expressed on the surface of PSCs and the
receptor-ligand binding results in localization of the
membrane-type 1 matrix metalloproteinase on PSC
plasma membrane, which in turn could mediate PSC
[98]
migration . SHH was shown to influence the PSC
[99]
mobility and differentiation and also perineural invasion, metastasis, tumour growth and pain in pancreatic
[100,101]
cancer
.

microRNAs

Wnt signaling and β -catenin pathway

Implications on the involvement of microRNAs (miRs)
has recently being reported frequently in the context of
CP and PSCs. A recent study reported upregulation and
[102]
downregulation of 42 miRs each in activated PSCs .
miR-15b and 16 have been shown to induce apoptosis
of rat PSCs via influencing the anti-apoptotic Bcl-2
[103]
protein . An even more recent study demonstrated
a paracrine pathway wherein CCN2 mRNA and miR-21
containing exosomes liberated by PSCs were engulfed by
surrounding PSCs. This results in further expression of
[59]
the CCN2 and miR-21 by the activated PSCs .

Yet another signaling pathway aberration that could
result in PSC activation, proliferation and transformation into a profibrotic phenotype is that of Wnt signaling. This observation came from an experimental CP
[96]
model by Hu et al
where the authors have shown
that there was increased expression of Wnt and its
second messenger β-catenin and that this imbalance
could result in persistent activation of PSCs. Yet
[97]
another study by Xu et al
showed that cancer cell
invasion and migration are promoted by Wnt2 protein
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Transcription factors and interactions with cytokines

PSCs-PANCREATIC CANCER CELLSCANCER STROMAL INTERACTIONS

Different cytokines exert their effect by inducing
various transcription factors such as nuclear factorκB (NF-κB), Activator protein-1 (AP-1), STAT proteins
and Gli, to name a few. NF-κB is stimulated by various
[104]
cytokines associated with different cellular functions .
Activated PSCs showed NF-κB mediated expression of
intracellular adhesion molecule when stimulated with
IL-1β and tumor necrosis factor (TNF)-α, which was not
[105]
observed in the quiescent phenotype . Expression of
MCP-1, cytokine induced neutrophil chemoattractant-1,
IL-6, IL-8 and RANTES was observed via NF-κB activation when induced with galectin-1, various ligands of
TLR and cytokines, substantiating the role of PSCs in
mediating the infiltration and accumulation of inflam[106-108]
matory cells
.

It has now been conclusively demonstrated that
majority (50%-80%) of PDAC volume is composed of
a fibrous stroma, amidst which lay the islands of can[118]
cer cells . There has been increasingly accumulating
evidence that supports substantial two-way interactions between the stromal components and cancer
cells and the association between the cancer cells and
cancer associated PSCs have received several moni[119]
kers such as “dangerous liaisons”
, “friend or foe”
[120]
[121]
and “unholy alliance” . The stroma in pancreatic
cancer consists predominantly of collagenous fibres
laid down by the PSCs, along with other cellular [mast
cells, macrophages, lymphocytes, myeloid derived
[122-131]
suppressor cells (MDSC) and endothelial cells]
and non-cellular (ECM proteins such as collagen,
laminin, fibronectin, glycoproteins, proteoglycans and
glycosaminoglycans; non-ECM proteins such as growth
factors, osteopontin, periostin and serine protein-acidic
[132,133]
and rich in cysteine) components
. These stromal
components can mediate the interaction between the
PSCs and cancer cells and eventually influence the
biological behavior and clinical outcomes of PDAC.
Apart from vascular endothelial growth factor (VEGF)
and angiopoietin-1, PSCs also secrete hepatocyte
growth factor (HGF) and mediators responsible for
endothelial cell proliferation and tube formation. This
appears to operate through the HGF/c-MET pathway
via induction of the downstream PI3K and p38 signal[134]
ing pathways
. Of note, upon neutralizing the HGF
activity, proliferation and migration of cancer cells
[135]
could be inhibited and apoptosis could be induced .
Even though fibrosis that was observed early
in development of PDAC led to the belief that PSC
produced stroma is protective, this eventually shifted
towards the concept of the stroma having a tumour
permissive effect. However, the current opinion holds
that PSC-stroma-cancer cell interaction is dynamic
and stage-dependent, with protective effect in the
[38]
earliest stage and harmful effect in later stages . The
mechanism of PSC induced fibrosis in PDAC is similar
to that seen in CP. Therefore, in the next section we
will discuss only the cancer specific interactions and
phenotypic effects of stroma-cancer cell interactions.
While the PSC-pancreatic cancer cell interactions
result in cancer growth and PSC activation, interaction
between PSCs and stromal cells may be instrumental
in metastasis, immune evasion, tumour hypoxia and
resistance to chemoradiotherapy.

Proteomics

Proteomic studies using the immortalized PSC lines
from Mus musculus and Rattus norvegicus showed
the expression of cytoskeletal and ribosomal proteins
by activated PSCs. The studies also demonstrated
proteins involved in protein degradation, MAPK 3 and
[109,110]
Ras related proteins by pseudo-quiescent PSCs
.
Proteomic profiling of mild and severe CP by label
free quantitative proteomic approach displayed varied
expression of proteins with a relative change in the proteins related to ECM and PSC activation which includes
periostin, fibrillin 1, transgelin and a group of collagens.
An accompanying study showed increased expression
of transgelin in stromal and periacinar regions of CP,
[111,112]
confirming its role in PSC activation
.
A comparative proteomic profiling of human HSC
and PSC lines LX-2 and RLT-PSCs identified 1223
different proteins. Among 1223 proteins 1222 were
found to be commonly expressed in both cell lines
and a single protein (amino transferase) was found
expressed in HSCs alone. The proteins in abundance
from human PSC lines in this study were implicated for
[113]
their role in maintaining the cellular structure . The
proteomic analysis of nicotine treated human, mouse
and rat PSCs by GeLC-MS/MS approach demonstrated
the differential expression of proteins and signaling
pathways, while the expression of integral protein 2B,
procollagen type VI alpha, toll interacting protein and
amyloid interacting proteins was found to be com[114]
mon
. Expression of lysosomal proteins, indicators
of pancreatic disease, proteins involved in defense
mechanism and alteration in the phosphorylation
[115]
sites were observed in another study
. Few other
proteomic studies of similar kind have reported the
expression of proteins related to inflammation, fibrosis,
[116]
apoptosis, wound healing and proliferation
. The
change in the expression profile of the proteome in
response to various (TNF-α, FGF-2, CCL4 and IL-6)
proinflammatory factors on immortalized human PSCs
[117]
described their unique functions .
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PSC-PDAC crosstalk

Pancreatic intraepithelial neoplasia (PanINs) are the
precursor lesions of PDAC. It is now well known that
PSCs get activated even at the early PanIN stages of
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Figure 5 Crosstalk between pancreatic stellate cells and pancreatic cancer cells. Pancreatic stellate cells (PSCs) promote cancer cell proliferation, migration,
invasion, EMT and metastasis. They also promote the cancer cell survival by decreasing cancer cell apoptosis and helps in chemoresistance. The cancer cells
in turn promote PSC proliferation, contractility, migration and increased collagen synthesis. Apart from this, PSCs induce T cell anergy, activate mast cells and
promote endothelial cell proliferation and tube formation. Together, these events mediated by PSCs and pancreatic cancer cells further aggravate pancreatic cancer
progression. EMT: Epithelial-mesenchymal transition.
[142-145]

PDAC and initiates fibrosis around these precursor
lesions. Several in vitro and in vivo studies have
provided insight into the bipolar interactions between
the PSCs and PDAC. In vitro co-culturing of PSCs with
pancreatic cancer cells accelerated the proliferation
[49,136]
and increased survival by inhibiting apoptosis
.
Furthermore, co-culturing also resulted in epithelialmesenchymal transition (EMT) as evidenced by incre
ased expression of vimentin and snail (mesenchymal
marker) with corresponding reduction in E-cadherin
[137]
and cytokeratin (both epithelial markers) . This was
associated with migration of the cancer cells, which
indicate the capability of PSCs to trigger the metastasis
[138]
of pancreatic cancer cells .
Recurrence of PDAC after therapy has been postu
lated to be an effect of persistence of a treatment
resistant cancer stem cell niche. PSCs have been shown
to regulate the genesis of a cancer stem cell niche as
marked by increased expression of stem cell markers
such as ABCG-2, Lin28 and nestin, while also attaining
[139]
capability to form spheroids in vitro
. Interestingly,
it has been shown that the same PDAC can contain
a heterogeneous population of PSCs based on the
expression of CD10, which is a cell-membrane associated MMP. CD10(+) cells are associated with a higher
propensity to proliferate and invade, thereby indicating
that the relative proportion of PSC subtypes could also
[140]
determine the disease biology and prognosis .
While the foregoing paragraphs discussed the effect
of PSCs on pancreatic cancer cells, the cancer cells
also induce profound effects on the PSCs. Pancreatic
cancer cells produce factors such as PDGF, trefoil factor
[141]
1
and COX-2, which could induce PSC proliferation. COX-2 expression is upregulated not only in the
cancer cells, but also in the PanINs and PSCs exposed
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to conditioned medium from cancer cell lines
.
Galectin-1 and Galectin-3, members of galectin family
of β-galactoside binding proteins, are also important
drivers of the PSC-PDAC crosstalk. Galectin-3 expression by pancreatic cancer cell lines was found to
[146,147]
promote its own proliferation along with PSCs
.
Figure 5 outlines the overall crosstalk between PSCs
and pancreatic cancer cells.

Role of PSCs on invasion and metastasis
[147]

[148]

Galectin-3
, thrombospondin-2
, stromal cell
[149]
[150]
derived factor
and nerve growth factor (NGF)
expressed by PSCs are shown to drive the invasion
of PDACs. Studies on xenograft models showed that
PSCs exert a modulatory function and potentiate the
invasiveness of SUIT2 pancreatic cancer cells expres
[151,152]
sing serine protease inhibitor nexin2 (SERPINE2)
.
Pancreatic cancer cells and PSCs express fibroblast
growth factor (FGF) and fibroblast growth factor
receptor (FGFR) that have been shown to mediate
interaction between the tumour and stromal cells
[153]
resulting in development of an invasive phenotype .
A recent study confirmed that pro-invasive character
results from nuclear localization of FGFR1 and FGF2
[154]
in PSCs . Perhaps the most convincing and concept
changing data on the role of PSCs in metastasis was
[155]
reported in the study by Xu et al
which showed
that the PSCs could rapidly acquire a tumour inductive
property even after a short exposure of pancreatic
cancer cells, thereby facilitating tumour growth and
metastasis. The authors used a gender mismatch
approach in which they injected a combination of
female pancreatic cancer cells and male human PSCs
into the pancreas of female nude mice. Interestingly,
they could demonstrate Y-chromosome positive (i.e.,
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the injected male human PSCs) in metastatic liver
nodules. This implied that the PSCs from the liver
could intravasate blood vessels, transport in circulation
and extravasate into metastatic nodules alongside the
metastatic cancer cells. The findings also suggest that
the metastatic PSCs could mount an active stromal
reaction even in the metastatic nodule. The property
of transendothelial migration of the PSCs was further
supported by in vitro studies and was found to be
mediated by PDGF.
Besides contributing to distant metastasis, PSCs
have also been implicated in neural invasion. This
notion has been supported by studies that reported
expression of neurotrophic factors such as glial
derived neurotrophic factor and brain derived neurotrophic factor and stimulation of neurite formation
towards pancreatic cancer cells by activated PSCs.
These effects appear to be mediated by SHH para[100,101]
crine signaling pathway
.

of miR-29, the expression of which was lost during
the transformation of PSCs into activated phenotype,
resulted in the reduction of collagen deposition, cancer
[164]
cell growth and viability .
The outcomes of the above studies not only confi
rmed the central role of PSCs in desmoplasia but also
exhibited the proangiogenic functions mediated by
them in tumour hypoxia.

Immune escape of PDAC

Emerging data over the recent years have strongly
suggested that pancreatic cancer cells could evade host
immune surveillance. One of the major factors that
mediate immune evasion of pancreatic cancer cells is
by sequestration of CD8(+) cells within the stroma,
thereby preventing them from invading peritumoral
areas where they could mediate immune mediated
injury to the cancer cells. This appears to be mediated
[165]
by the chemokine CXCL12
. The other important
mediator that sustain an immunosuppressive milieu
is the β-galactoside binding lectin galectin-1, which
is overexpressed by PSCs in pancreatic cancer. Using
siRNA induced knockout and overexpression studies, it
was shown that galectin-1 could induce T-cell apoptosis
and reduced Th-1 response (with concomitant increase
in Th-2 responses) and thereby reducing the immune
mediated injury to the cancer cells. This was further
reconfirmed and was shown that the effects were
significantly higher in poorly differentiated tumours
[166]
compared to the well-differentiated ones .
Other PSC mediated mechanisms that has been
proposed to result in disruption of anti-tumour immunity
[167]
are cytokine secretion by macrophages
and expres[168]
sion of the fibroblast activation protein-α , migration
[130]
of MDSC , mast cell degradation leading to release of
[124]
tryptase and IL-13 .

Tumour hypoxia and resistance

Similar to CP, PDAC is also characterized by hypoxic
microenvironment. Tumour hypoxia arising from fibroinflammatory environment is shown to induce the
expression of hypoxia-inducible factor-1α (HIF-1α) and
stimulate the secretion of SHH ligand by cancer cells,
leading to stromal deposition by tumour associated
fibroblasts. Organotypic culture of thick pancreatic sections under hypoxic conditions depicted the activation
(α-SMA) and proliferation (Ki67) of PSCs along with
higher expression of HIF-1α, mediating the activation
[156]
of hypoxic pathways . In vitro studies on the role of
hypoxic milieu on the interactions between PSCs and
PDACs led to interesting observations. The hypoxia
exposed PSCs expressed type Ⅰ collagen and VEGF,
showed increased migration and also promoted the
endothelial cell proliferation, migration and angioge
[157]
nesis
. Another study also yielded similar results
where the hypoxia induced PSCs showed increased
expression of periostin, collagen type Ⅰ, VEGF and
fibronectin. In co-cultures, the hypoxia treated PSCs
enhanced the endostatin production by cancer cells
[158]
and increased the endothelial cell growth . A similar
kind of study using 3D matrices also reported that the
hypoxia induced procollagen-lysine, 2-oxoglutarate
5-dioxygenase 2 (PLOD2) in PSCs promotes cancer
[159]
cell migration
. Periostin, a matrix protein, with
its persevered autocrine loop was shown to promote
ECM synthesis and cancer cell growth under hypoxia
and starvation during chemotherapy by maintaining
[160]
the activated phenotype of PSCs
. PSCs were also
shown to express miR-21 and miR-210 under hypoxic
conditions, where miR-210 was reported to regulate
the interactions between PSCs and PDACs via ERK and
[161]
Akt pathways
and miR-21 contributing to cancer cell
[162]
invasion and metastasis . Apart from these 2 miRs,
miR-199a and miR-214 expressed by PSCs shown
to have a pro-tumoral effect and also promote their
[163]
own proliferation and migration
. Overexpression

WJG|www.wjgnet.com

THERAPEUTIC IMPLICATIONS
Given the background of substantial understanding
of the mechanisms of PSC involvement in pancreatic
fibrosis and pancreatic cancer, several experimental,
preclinical and early phase clinical studies on CP and
pancreatic cancer have appeared in the literature over
the recent years. Experimental studies (both in vivo
and in vitro) that have targeted the profibrogenic function of PSCs have shown favorable results; however
these results have not yet been satisfactorily reproduced in human CP. Table 2 summarizes the drugs and
[169-218]
their effects in experimental studies of CP
.
In the context of pancreatic cancer, where conventional chemotherapy has shown dismal results,
the current concept is to target the stroma along with
conventional chemotherapy. Since the pancreatic
cancer stroma has been shown to be associated with
tumour hypoxia, metastasis, drug resistance, it is
expected that prior stromal degradation could result
in chemosensitivity of the tumour even with the conventional chemotherapeutic drugs. Table 3 shows the
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Agent

Candesartan

FOY-007
FOY-305
IS-741
Lisinopril

Class/type of agent

Angiotensin Ⅱ receptor
antagonist

Synthetic serine protease
inhibitor
Carboxamide derivative
Angiotensin-converting
enzyme (ACE) inhibitor
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Lisinopril and
candesartan

Camostat mesilate
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Taurine

Tocotrienols

Rickmann et al[188]2007

Ascorbic acid

Lu et al[186] 2007

Shirahige et al[187] 2007

Retinol and its
metabolites
Allopurinol

Thioredoxin-1 (TRX-1)

McCarroll et al[184]
2006
Tasci et al[185] 2007

Ohashi et al[183] 2006

van Westerloo et al[178]
Troglitazone
2005
Reding et al[179] 2006
Rofecoxib
Asaumi et al[180] 2006
Epigallocatechin-3gallate EGCG
Baumert et al[181] 2005
IFN-γ
Fitzner et al[182] 2006

Yamada et al[177] 2005

Gibo et al[176] 2005

Trinitrobenzene sulfonic acid (TNBS)
induced CP in Sprague-Dawley rats
DBTC induced CP in Sprague-Dawley rats

Xanthine oxidase inhibitor

DBTC induced pancreatic fibrosis in Wistar
rats
Culture activated PSCs from Wistar rats
Vitamin E family members
Culture activated PSCs isolated from
Wistar rats

Amino sulfonic acid

Antioxidant

Caerulein induced CP in wild type
C57BL/6 mice and transgenic mice
overexpressing TRX-1
Ethanol stimulated culture activated rat PSCs

Caerulein induced experimental CP in female
C57BL6 mice
Wistar Bonn/Kobori rats
Ethanol stimulated PSCs isolated from Wistar
rats
Culture activated PSCs, isolated from
LEW.1W rats and pancreatic stellate cell lines

In vivo: DBTC induced CP in Lewis rat
In vitro: Culture activated PSCs
Wistar Bonn/Kobori rats

DBTC induced CP in Lewis rats

PSC activation was inhibited in vivo
Lower collagen deposition and lobular and sub-lobular atrophy was observed
Decreased malondialdehyde (MDA), hyaluronic acid, laminin concentrations and pancreatic injury
Increased superoxide dismutase activity
Improved pancreatic fibrosis in rats. Increased IL-6 and decreased IL-2 were observed in pancreatic
tissue homogenates
PSC culture supernatants showed decreased type I collagen, MMP-2 and TGF-β1
Reduced viability of activated PSCs by apoptosis and autophagy

Intrapancreatic fibrosis and hydroxy proline contents were reduced
Attenuated increase in MPO content and TGF-β1 levels
Reduced TGF-β, collagen synthesis, inflammation and macrophage infiltration
Inhibited lipid peroxidation, SOD activity and p38 phosphorylation
Decreased TGF-β1 and collagen secretion
Diminished PSC proliferation and collagen synthesis
Inhibited α-SMA expression
Induction of quiescent phenotype mediated through activated STAT1
Attenuated PSC activation and fibrosis
TGF-β1 and PDGF expression was reduced
Lower levels of MCP-1 in serum and acinar cells
Inhibited PSC activation, proliferation, expression of collagen I. All MAP kinases were activated

Reduced the activated PSCs, number of apoptotic acinar cells and fibrosis
Weight of the pancreas increased
Decreased MCP-1, fibrosis and hydroxyproline levels
Reduced IL6, TGF-β, IL-1β, MCP-1 and PDGF expression
In vivo: Inflammation, fibrosis and cytokines expression was inhibited
In vitro: PSC proliferation and MCP-1 production was reduced
Reduced MPO activity, hydroxyproline content, inflammation and fibrosis in combination therapy
Suppressed mRNA expression of TGF-β1, PDGF- β and TNF-α

Isolated PSCs from male Wistar rats

Wistar Bonn/Kobori rats

Caerulein induced CP in BALB/c mice

Outcome of the study
Both attenuated proliferation and procollagen type I C-terminal peptide (PIP)
FOY-007 also inhibited collagen synthesis
Suppressed the expression of IL-6 and CINC and pancreatic acute phase proteins (PAP and p8)
Increased pancreatic weight and decreased pancreatic MPO and serum ACE activity was observed
Decrease in serum MCP-1 levels, intra-pancreatic hydroxyproline content was identified
TGF-β1 mRNA overexpression was suppressed
Increased pancreatic weight and expression of angiotensinogen and angiotensin Ⅱ receptor type 2 mRNA
Decreased pancreatic MPO and serum ACE activity and hydroxyl proline content
Suppressed TGF-β1 mRNA overexpression
Inhibited α-SMA expression, proliferation, type I collagen production and chemotaxis

In vivo/in vitro (study) model
Cytokine stimulated human periacinar
fibroblast like cells
Wistar Bonn/Kobori rats
Wistar Bonn/Kobori rats

Redox-regulating
protein with
antioxidative activity
Vitamers of vitamin A

COX-2 inhibitor
Antioxidant of
polyphenols
Antifibrotic cytokine

PPAR-γ ligand

Angiotensin-converting
enzyme inhibitor and
angiotensin II type 1
receptor blocker

Oral protease inhibitor

Masamune et al[173]
Y-27632 and HA-1077
Rho kinase inhibitors
2003
Nagashio et al[174] 2004
AdTb-ExR
Adenoviral vector system
expressing TGF-β receptor
Zhao et al[175] 2005
Mutant MCP-1
…

Yamada et al[172] 2003

Nakamura et al[169]
2000
Xie et al[170] 2002
Kuno et al[171] 2003

Ref.

Table 2 Therapeutic agents that have been used in experimental studies for inhibition of Pancreatic stellate cells in chronic pancreatitis
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Pravastatin

α-Tocopherol

Wei et al[199] 2011

Li et al[200] 2011

Complete pancreatic duct obstruction and
caerulein hyperstimulation in female Wistar
rats
Culture activated rat PSCs

Caerulein-induced CP in fat-1 transgenic mice

Human PSCs from CP tissues

Amino acid

L-Cysteine

Sulindac

Simvastatin and
Troglitazone

Bai et al[204] 2012

Lee et al[205] 2012

HMG-CoA reductase
inhibitor and PPAR
agonists

Non-steroidal antiinflammatory drug

Amino sulfonic acid

Matsushita et al[202]
2012
Yang et al[203] 2012

Vitamin E family
member

Competitive inhibitor
of HMG-CoA

Chinese herb

Secretory stress
proteins family

Vitamin E family
members
Analog of somatostatin

Culture activated PSCs isolated from SpragueDawley rats

In vivo: DBTC induced CP in Wistar rats
In vitro: AR42J acinar cell
In vivo: TNBS induced CP in Sprague-Dawley
rats
In vitro: Culture activated PSCs
Caerulein induced CP in C57BL/6 mice

Ethanol induced (alcoholic) CP in Wistar rats

TNBS induced CP in Sprague-Dawley rats

Pancreatic ductal hypertension induced CP in
Wistar rats

TNBS induced CP in Sprague-Dawley rats

Culture activated PSCs from human CP tissue
obtained by outgrowth method

Arginine induced chronic like pancreatitis in
Wistar rats
In vivo: PSC induced Pancreas Graft Fibrosis
in Rats (Sprague Dawley rats as donors and
Wistar rats as recipients)
In vitro: PSCs isolated from Sprague Dawley rats

Metal carbonyl
Culture activated PSCs isolated from Wistar rats
compounds delivering
carbon monoxide
Caerulein induced CP in C57Bl/6 PSTI
transgenic mice

ET-1-receptor antagonist

Synthetic halogenated
derivative of febrifugine

Aminoalkylindole
derivative
Polyunsaturated fats.

Vitamin E
supplementation
Taurine

Monteiro et al[201] 2012

Sinisan

Pancreatic stone
protein ⁄ regenerating
protein

Tang et al[198] 2011

Li et al[197] 2011

Carbon monoxidereleasing molecules-2
(CORMs)
Nathan et al[194] 2010
Pancreatic secretory
trypsin inhibitor
(PSTI)
González et al[195] 2011 Palm oil tocotrienolrich fraction
Long et al[196] 2011
Octreotide

Schwer et al[193] 2010

Fitzner et al[192] 2008

Michalski CW et al[189] Canabinoid WIN
2008
55,212-2
Weylandt et al[190]
Omega-3
2008
polyunsaturated fatty
acids (n-3 PUFA )
Karatas et al[191] 2008
Halofuginone

Decreased α-SMA, TIMP-1, IL-1β TGF-β1 expression and hydroxylproline levels and increased
MMP-2 levels
Suppressed PSC proliferation and ECM synthesis
Reduced fibrosis, acinar cell loss and inflammatory cell infiltration
TNF-α and MCP-1 levels were decreased
Expression of TGF-β, PDGF-β, SHH and Gli was reduced
PSC proliferation was inhibited synergistically

Inhibited acinar cell apoptosis

Decreased serum amylase
mRNA expression of TNF-α, IL-1β and COX-2 were reduced and IL-10 was increased
α-SMA expression was reduced
Attenuated fibrosis and mRNA levels of TNF-α and TGF-β1 and increased IL-10 expression
Exocrine secretion was improved
SOD activity was increased
Reduced fibrosis and enhanced survival rate
Pancreatic weight was increased in CP model
mRNA levels of α-SMA, COX-2, IL-6, MIP-3α and TNF-α were decreased and PAP was increased

Inhibited PSC proliferation, migration and reduced collagen I and fibronectin
Increased MMP/TIMP ratio and promoted fibrolysis

Reduced amylase, hydroxyproline and TGF-β1 levels were observed
Diminished α-SMA, fibronectin and collagen expression was identified
In vivo: Reduced inflammatory cell infiltration and expression of α-SMA, collagen I and TGF-β1
In vitro: PSC proliferation and activation was inhibited

Reduction in collagen I and fibronectin mRNA levels

Decreased MPO activity and inflammatory cell infiltration

Inhibited PSC proliferation and collagen synthesis
Reduced the expression of ET-1, α-SMA and CTGF
PSC proliferation was inhibited through p38/HO-1 pathway activation

Pancreatic inflammation and acinar cell atrophy was reduced

Reduced fibronectin, collagen1 and α-SMA levels
Decreased IL-6, MCP-1 and MMP-2 secretion and invasiveness by PSCs
Increased n-3 PUFA tissue levels
Decreased PSC activation
Less pancreatic fibrosis and collagen content
Lower serum amylase, lipase, hyaluronic acid, nitric oxide levels and tissue hydroxyproline levels
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Edaravone

ONO-1301

Apigenin

Trans-resveratrol

Zhou et al[208] 2013

Niina et al[209] 2014

Mrazek et al[210] 2015

Tsang et al[211] 2015
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Trametinib and
dactolisib

CWHM-12 (RGD
peptidomimetic
compound)

Witteck et al[217] 2015

Ulmasov et al[218] 2016

In vivo: Caerulein induced CP in Balb/c mice
In vitro: Culture activated PSCs

PSCs isolated from C57BL6JOlaHsd mouse

Rat PSC line LTC-14

Immortalized human pancreatic stellate cell line

Rat pancreatic stellate cell line LTC-14

In vivo: Caerulein induced pancreatitis in C57/
BL6 mice
In vitro: PSCs isolated from human pancreatic
tissues
Rat pancreatic stellate cell line LTC-14

DBTC induced CP in Lewis rats

DBTC induced CP in Sprague-Dawley rats

In vivo: TNBS induced CP in Sprague-Dawley
rats
In vitro: Culture activated PSCs from SpragueDawley rats
In vivo: Caerulein induced CP in female Swiss
Webster mice
In vitro: PSCs isolated from female Swiss
Webster mice and human pancreatic tissue

Integrin inhibitor

In vivo: Caerulein induced pancreatitis in C57/
BL6 mice
In vitro: Rat PSC line LTC-14

MEK inhibitor and
Culture activated PSCs isolated from Lewis rats
PI3kinase/mTOR inhibitor

Vitamin A Metabolite

Vitamin D metabolite

Flavanol glycoside

Curcumin analog

Phenolic compounds

Natural stilbenoid

Hydroxyflavone

Prostacyclin agonist,

Free radical scavenger

TGF-β superfamily
members,

Chemokine

Decreased expression of TGF-βRII, collagen 1α1 PDGF-Rβ and β-catenin
Nuclear translation of β-catenin was decreased
Wnt 2 and β-catenin protein expression was downregulated
Inhibited PSC proliferation and induced apoptosis
Both drugs inhibited PSC proliferation
Trametinib suppressed the expression of IL-6 and TGF-β1
Dactolisib decreased the levels of α-SMA and Collagen type Iα1
Pancreatic fibrosis, acinar cell atrophy and loss was reduced
Decreased the expression of TGF-β regulated genes and PSC activation

Inhibited PSC proliferation and promoted apoptosis
Decreased the phosphorylation of ERK1/2
Inhibited expression of α-SMA Collagen type I and fibronectin Reduced the activation of NF-κB and
phosphorylation PI3K/AKT
Antiproliferative and antifibrotic effects were observed

In vivo: Reduced pancreatic fibrosis and retained acinar cell morphology
In vitro: Induced PSC apoptosis and death
Downregulated the parathyroid hormone related protein induced fibronectin, collagen 1α1, PCNA,
TGF-β and IL-6 expression
Collagen type I, α-SMA and fibronectin was downregulated both at mRNA and protein level
NF-κB activation was decreased
Collagen type I, α-SMA and fibronectin expression was decreased

Rats body weight was improved and reduced the fibrosis
SOD activity was increased and MDA levels were decreased
TGF-β, TNF-α and IL-6 levels were downregulated
NF-κB and PSC activation was inhibited
Reduced interstitial fibrosis and inflammatory cell infiltration
Increased HGF and decreased IL-1β, TNF-α, TGF-β, MCP-1 and collagen mRNA expression was observed

In vivo: BMP2 protein levels were increased
In vitro: PSC pre-treatment with BMP2 attenuated TGF-β1, α-SMA, fibronectin and collagen type Iα
expression

In vivo: reduced fibrosis
In vivo: protein expression of collagen 1α1 and TGF-β1 decreased

CINC: Cytokine-induced neutrophil chemoattractant-1; MCP-1: Monocyte chemoattractant protein-1; DBTC: Dibutyltin dichloride; MPO: Myeloperoxidase; PSC: Pancreatic stellate cell; CP: Chronic pancreatitis; α-SMA: α-smooth
muscle actin; PDGF: Platelet derived growth factor; TGF-β: Transforming growth factor-β; COX-2: Cyclooxygenase-2; MAP: Mitogen activated protein; CTGF: Connective tissue growth factor; SOD: Superoxide dismutase; TNBS:
Trinitrobenzene sulfonic acid; MMP: Matrix metalloproteinase; MDA: Malondialdehyde; HMG-CoA: 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase; TNF-α: tumor necrosis factor-α; IL: Interleukin; SHH: Sonic hedgehog;
MIP: Macrophage inflammatory protein-3; NF-κB: Nuclear factor-κB; HGF: Hepatocyte growth factor; PCNA: Proliferating cell nuclear antigen.

Xiao et al[216] 2015

1,25-dihydroxyvitamin
D3
Retinoic acid

Eruberin A

Bläuer et al[215] 2015

Gundewar et al[213]
2015
Tsang et al[214] 2015

Rhein, Emodin, and
Curcumin
L49H37

Bone morphogeneic
proteins

Gao et al[207] 2013

Lin et al[212] 2015

rCXCL9

Shen et al[206] 2013
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Table 3 Therapeutic agents that have been evaluated in experimental/pre-clinical studies targeting pancreatic stellate cells and
cancer stroma in pancreatic ductal adenocarcinoma
Ref.

Agent

Feldmann et al[219]
2007
Diep et al[220] 2011

Cyclopamine

Class/type of agent In vivo/in vitro (study) model
Steroidal alkaloid

Orthotopic xenograft model

In vitro: Pancreatic cancer cell
lines
In vivo: BxPC-3 and MIA
PaCa-2 mice xenograft model
Froeling et al[221] 2011 ATRA, 9-cis-RA and
Metabolites of
In vivo: LSL-KrasG12D/+;LSL13-cis-RA
vitamin A
Trp53R172H/+;Pdx-1-Cre mice
In vitro: AsPc1 and Capan1
pancreatic cancer cell lines,
PS1 and other PSC cell lines
Chauhan et al[222]
Losartan
Angiotensin inhibitor
Orthotopic mice model
2013
Erlotinib
RDEA119 and
AZD6244

EGFR tyrosine
Kinase and MAP
kinase inhibitors

Sun et al[223] 2013

Curcumin

Phenolic compound

Edderkaoui et al[224]
2013

Ellagic acid
Embelin

Macha et al[225] 2013

Guggulsterone

Polyphenolic and
benzoquinone
phytochemical
Plant polyphenol

TGF-β1 stimulated
PANC-1 cell line
Pancreatic cancer cells and
PSCs

Outcome of the study
Inhibited cancer cell invasion and metastasis by
suppressing hedgehog
Inhibited cancer cell proliferation, EGF receptor
signaling and induced apoptosis
Suppressed tumour growth
Retinoic acid induced PSC quiescence and decreased
migration
Decreased and induced proliferation and apoptosis of
cancer cells
Reduced stromal collagen production, expression of
TGF-β1, CCN2 and ET-1
Improved drug and oxygen delivery to tumour
Inhibited proliferation and promoted apoptosis
Cancer cell invasion and migration was decreased
Induced apoptosis and inhibited proliferation
NF-κB activity was decreased

Inhibited growth and colony formation
Induced apoptosis and arrested cell cycle
Decreased motility and invasion
Kozono et al[226] 2013
Pirfenidone
Pyridone compound In vivo: Orthotopic tumour In vivo: Reduced tumour growth, PSC proliferation and the
mice Model
deposition of collagen type I and periostin in tumours was
In vitro: PSCs isolated from
decreased
In vitro: Proliferation, invasiveness and migration of PSCs
pancreatic tissue
was inhibited
Guan et al[227] 2014
Retinoic acid
Vitamin A
Panc-1 and Aspc-1 cell lines
Reduced α-SMA, FAP and IL-6 expression
Inhibited cancer cell migration and EMT
derivative
Cancer associated fibroblasts
Gonzalez-Villasana Bisphosphonates
MonocyteIn vitro: Human PSCs and
In vitro: Inhibited PSC activation, proliferation MCP-1
et al[228] 2014
and nab-paclitaxel macrophage lineage
cancer cell line
release and collagen 1 expression and induced apoptosis
In vivo: Reduced tumour size, fibrosis, proliferation and
inhibitors
In vivo: Orthotopic mice
increased apoptosis
model
Pomianowska et
Prostaglandin E2
Lipid compound
Human PSCs isolated from
IL-1β and EGF induced COX-2 expression, TGF-β
al[229] 2014
(PGE2)
resected pancreatic tumour
induced collagen synthesis and PDGF induced PSC
tissue
proliferation was inhibited
Gong et al[230] 2014
Nexrutine
Phytoceutical with In vitro: pancreatic cancer cell In vitro: promoted cancer cell apoptosis and reduced
COX-2 Inhibitor
lines
their growth
Suppressed COX-2 expression
activity
In vivo: BK5-COX-2 transgenic
In vivo: NF-κB and Stat3 activity and fibrosis was decreased
mice
Yan et al[231] 2014

Crizotinib

Zhang et al[232] 2014

5-Azacytidine

Wang et al[233] 2014

miR-216a

Kumar et al[234] 2015

miR-let7b and
GDC-0449

Petrova et al[235] 2015

RU-SKI 43

Massó-Vallés et al[236]
2015
Zhou et al[237] 2015

Ibrutinib
Zileuton
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CD18/HPAF and Capan1
cell clones

c-MET/HGF receptor In vitro: Human pancreatic
and ALK tyrosine
cancer cell lines AsPC-1,
kinases inhibitor
PANC-1, MIA PaCa-2 and
Capan-1
In vivo: Mouse xenograft
model
Cytidine analogue
Bxpc-3 cancer cell line

In vitro: Growth and proliferation was inhibited
Induced apoptosis
Inhibited ALK activity
In vivo: Inhibited angiogenesis, tumour growth and ALK
activity

Inhibited cancer cell proliferation by suppressing Wnt/
β-catenin signaling
microRNA
In vitro: Capan-2 and PANC-1
In vitro: Inhibited cell growth and induced apoptosis
Down regulated survivin and XIAP expression
pancreatic cancer cell lines
In vivo: Inhibited xenograft tumour growth by
In vivo: BALB/c nude mice
suppressing JAK2/STAT3 signaling pathway
microRNA and
In vitro: Capan-1, HPAF-II,
In vitro: Decreased cell proliferation and induced
Hedgehog inhibitor T3M4 and MIA PaCa-2 cell
apoptosis via Gli dependent mechanism
In vivo: Reduced tumour cell proliferation with increased
lines
apoptosis and tumour growth was inhibited
In vivo: Athymic nude mice
bearing ectopic tumour
Hedgehog
In vitro: Pancreatic cancer cell
In vitro: Reduced cancer cell proliferation and Gli-1
acyltransferase
lines
activation through Smo independent signaling
Decreased Akt and mTOR activity
inhibitor
In vivo: Panc-1 xenograft
In vivo: Tumour growth decreased
mouse model
Tyrosine kinase
Transgenic mouse and
Reduced fibrosis and extended survival
inhibitor
xenograft mice models
5-LOX inhibitor
Pancreatic cancer SW1990 cell
Induced apoptosis, decreased proliferation and
line
expression of 5-lipoxygenase
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Lui et al[238] 2015

Khan et al[239] 2015

Desferrioxamine, Thiosemicarbazones
Di-2-pyridylketone4,4-dimethyl-3thiosemicarbazone
and Di-2pyridylketone
4-cyclohexyl4-methyl-3thiosemicarbazone
Ormeloxifene
Nonsteroidal drug

Liu et al[240] 2016

Haqq et al[241] 2016

Ji et al[242] 2016

Oridonin

Gemcitabine
with omega-3
polyunsaturated
fatty acid emulsion,
(LipidemTM)
MMP‑2 responsive
liposome loaded
with Pirfenidone
and gemcitabine

Tetracycline
diterpenoid
compound
Nucleoside analog

---

In vitro: PANC-1 and
MIAPaCa-2
In vivo: PANC-1 tumour
xenograft mice

Activation of the non-receptor tyrosine kinase Src and cAbl
was decreased in vitro and STAT3 activation was reduced
in both in vivo and in vitro condition

Pancreatic cancer cell lines
and PDAC xenograft mice

Inhibited cell proliferation, tumour stroma through SHH
pathway and stromal cell infiltration
Decreased collagen I expression
Restored the tumour-suppressor miR-132 expression
Migration and EMT was inhibited by affecting Wnt/
β-catenin signal events

Aspc1, Bxpc3, Panc1 and
SW1990 cell lines
In vitro studies using
pancreatic cancer cell lines
Capan-1 and Panc-1 and PSC
cell line; RLT-PSC

Drugs showed antiproliferative and anti-invasive effects

In vivo: BALB/c nude
Pirfenidone inhibited collagen I and TGF-β expression in
Orthotopic tumour mice
PSCs
Gemcitabine killed pancreatic tumour cells
model
In vitro: Human PSCs isolated
from surgical specimens of
Pancreatic cancer

PSC: Pancreatic stellate cell; TGF-β: Transforming growth factor-β; CCN2: Connective tissue growth factor; NF-κB: Nuclear factor-κB; FAP: Fibroblast
activation protein; EMT: Epithelial-mesenchymal transition; MCP-1: Monocyte chemoattractant protein-1; COX-2: Cyclooxygenase-2; PDAC: Pancreatic
ductal adenocarcinoma; SHH: Sonic hedgehog; PDGF: Platelet derived growth factor; ALK: Anaplastic lymphoma kinase; MMP: Matrix metalloproteinase;
XIAP: X-linked inhibitor of apoptosis protein; IL: Interleukin; HGF: Hepatocyte growth factor; mTOR: Mechanistic target of rapamycin.

recently tested drugs/biologics that targeted pancreatic
[219-242]
cancer stroma in preclinical studies
. Besides the
preclinical studies, several SHH pathway inhibitors
have also been tested in advanced or metastatic
PDACs in phase Ⅰ and Ⅱ studies (both open labeled
and randomized double-blind controlled trials). Few
of these include Vismodegib (GDC-0449), Saridegib
(IPI-926) and Erismodegib (LDE225), PDGFR inhibitor
(TKI258), hyaluran (PEGPH20) and dasatinib, to name
a few. These have been used along with gemcitabine
and/or nab-Paclitaxel and FOLFIRINOX. Discussion of
details of the study designs and results of these trials
are out of the scope of this review and can be obtained
[243,244]
from recent high quality reviews
.
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9
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MINIREVIEWS

Potential role of the gut microbiota in synthetic torpor and
therapeutic hypothermia
Claudia Sisa, Silvia Turroni, Roberto Amici, Patrizia Brigidi, Marco Candela, Matteo Cerri

Abstract

Claudia Sisa, Roberto Amici, Matteo Cerri, Department of
Biomedical and Neuromotor Sciences, University of Bologna,
40126 Bologna, Italy

Therapeutic hypothermia is today used in several
clinical settings, among them the gut related diseases
that are influenced by ischemia/reperfusion injury. This
perspective paved the way to the study of hibernation
physiology, in natural hibernators, highlighting an
unexpected importance of the gut microbial ecosystem
in hibernation and torpor. In natural hibernators,
intestinal microbes adaptively reorganize their stru
ctural configuration during torpor, and maintain a
mutualistic configuration regardless of long periods
of fasting and cold temperatures. This allows the gut
microbiome to provide the host with metabolites, which
are essential to keep the host immunological and meta
bolic homeostasis during hibernation. The emerging
role of the gut microbiota in the hibernation process
suggests the importance of maintaining a mutualistic
gut microbiota configuration in the application of
therapeutic hypothermia as well as in the development
of new strategy such as the use of synthetic torpor in
humans. The possible utilization of tailored probiotics
to mold the gut ecosystem during therapeutic
hypothermia can also be taken into consideration as
new therapeutic strategy.
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Core tip: Therapeutic hypothermia is currently limited
by several factors, including the patient compensatory
response. Recently, the possibility to induce synthetic
torpor in non-hibernators has opened new scenarios,
but a deep understanding of torpor and hibernation
physiology is required. One particular aspect to consider
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are referred as hibernation, when occurring at low
ambient temperature, or aestivation, when occurring
[9,10]
at higher ambient temperature
.
During hibernation, many organs present specific
adaptations to this condition. The brain synapses
[11,12]
are retracted
and neurons express an hyper[13]
phosphorylated Tau protein . Heart rate is strongly
[14]
reduced and rhythm is not regulated . Lung tissue
[15]
is remodeled . Thrombocytopenia is also observed
[16]
and lymphocytes are segregated into lymph nodes .
Muscles do not lose mass and strength after long
[17]
periods of immobilization . Bones of hibernators also
[18]
maintain strength and structural properties . During
hibernation, cell proliferation is stopped, a process also
[19]
seen in cancer cells . Moreover, hibernators have
an increased radioprotection from X-ray and gamma
[20]
radiation . The anatomy of the gastrointestinal tract
(GIT) is also affected during hibernation, with an
increased leakage of the intestinal barrier and some
lymphocytic infiltration in the mucosa; cell proliferation
[21]
in the intestinal crypts is also arrested .

is the gut microbiota (GM). In hibernators, the GM
undergoes seasonal shifts, as a physiological response
to the body temperature drop, and is considered playing
a central role in regulating physiology, specifically
influencing the immune system. Since the GM changes
induced by synthetic torpor have never been described
in non-hibernators, possible risks and reasonable
interventions are suggested.
Sisa C, Turroni S, Amici R, Brigidi P, Candela M, Cerri
M. Potential role of the gut microbiota in synthetic torpor
and therapeutic hypothermia. World J Gastroenterol 2017;
23(3): 406-413 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i3/406.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i3.406

THERAPEUTIC HYPOTHERMIA AND
SYNTHETIC TORPOR
Generality

Synthetic torpor in non-hibernators and clinical
applications

Therapeutic hypothermia (TH) is the procedure to
reduce body temperature in patients for therapeutic
[1,2]
purposes . The rationale behind the use of TH is to
reduce the energy requirement for cells in order to
counteract a condition of severe lack of energy supply.
[3]
[4,5]
In conditions such as cardiac arrest , or stroke ,
TH can be beneficial, reducing cellular metabolism in
neurons, therefore reducing the extent of the damage.
Currently, TH is induced by physical means, and coo
ling is achieved by direct infusion of cold fluids and by
[6]
cooling of the skin . The application of TH in clinical
practice is limited by two main factors: first, the degree
of cooling has to be modest, usually not below 34 ℃,
since possible cardiac side effects can arise from lower
[5]
temperatures ; second, the brain tends to defend
the body temperature against cooling, for instance by
[6]
activating shivering . Such defence may lead to an
increase in energy expenditure, that can even counte
ract the searched positive effects of TH. To improve the
use of TH, the development of a procedure to induce a
state of undefended, deep hypothermia would be very
useful. A promising path would be to mimic the natural
state of torpor, inducing a state of undefended hypometabolism that was recently referred to as synthetic
[7]
torpor .

Developing a procedure to induce synthetic torpor in
non-hibernating animals, including humans, would be
[7]
advantageous in many clinical settings . Currently,
only two procedures were shown to be effective to
induce synthetic torpor in non-hibernators (rats):
Cerri and coworkers first showed that the activation
of the GABAA receptors on neurons within the Raphe
Pallidus (RPa), a region on the ventral surface of the
brainstem, was sufficient to induce a state of deep
hypothermia accompanied by bradycardia, reduced
electroencephalogram (EEG) activity, and no significant
[22]
changes in arterial pressure ; Tupone and coworkers
showed that also the intracerebroventricular injection of the agonist for the adenosine A1 receptors,
N6-cyclohexyladenosine, induces a drastic drop in core
[23]
temperature, heart rate and EEG activity . In both
the previous researches, the procedure was shown to
be safe and reversible, hypothermia was maintained
[22,23]
for 6 h, and no side effects were reported
. Both
the procedures can be considered as a proof of concept that a synthetic torpor could be induced even in
humans, but, even if more work is required to achieve
such goal, several evidences suggest that it may be
[7,24]
possible
. Evolutionarily, torpor is in fact a trait that
was probably present in the proto-mammal, since
[25]
[26]
most orders of mammals , including primates ,
present it. The trait was subsequently lost in many
mammals, remaining present in all the species relying
on energy saving to survive. It can be argued that the
set of genes necessary to survive a deep hypothermic
state is shared among mammals. Also, an interesting
[27]
case of spontaneous torpor was reported in humans ,
strengthening the idea that synthetic torpor could be
induced in humans.

Torpor, hibernation and aestivation

In nature, a special case of undefended hypothermia
can be observed in mammals during torpor. Torpor
[8]
is a bout of metabolic suppression that leads to an
undefended decrease in body temperature according
to the thermal gradient with the environment. Such
metabolic suppression can last from a few hours to
many months. Short-lasting bouts of metabolic suppression are referred as daily torpor, whereas longer
bouts, usually interrupted by brief interbout arousal,

WJG|www.wjgnet.com

407

January 21, 2017|Volume 23|Issue 3|

Sisa C et al . Gut microbiota in therapeutic hypothermia
The cytoprotective effects of torpor could be very
useful in several clinical conditions, among which is
transplantation medicine: the possibility of reducing
donor organ metabolism could lead to a better preser
vation of the organ itself, compared to the cold stor[28-30]
age
. For patients with short bowel syndrome, or
untreatable bowel diseases, intestinal transplantation
[28]
is a common approach . However, problems related
to ischemia/reperfusion injury, and prolonged cold
[28]
storage may affect the success of the transplant .
One typical consequence of extended cold preservation consists in the alteration of cellular structure,
which leads to the disruption of mucosal barrier,
then resulting in the disruption of the typical absorp[28]
tive, and protective roles of the intestine . Such
consequences do not appear after torpor, because of
the protecting factors activated, making torpor a valid
alternative approach in cases of organ preservation.
The pathogenesis of many gut related diseases,
such as acute mesenteric arterial occlusion, neonatal
necrotizing enterocolitis, midgut volvulus, and septic
[31]
shock, is influenced by ischemia-reperfusion injury .
The reperfusion is generally associated with systemic
inflammation and bowel injuries, and leads to multiple
[32]
organ impairment, showing high mortality rate . One
possible approach suggested to contain reperfusion
derived damages, consists in the application of whole
[33-35]
body moderate hypothermia
. Specifically, this
technique was proven to not only limit injuries on the
reperfused gut, but it avoids multiple organ dysfunction syndrome, and it was proposed as a rescue
[34]
therapy for intestinal ischemia/reperfusion injury .
It is possible to speculate that the whole body hypothermia can be more beneficial over selective cooling,
and it enables a systemic control over the inflammatory state, leading to a reduction of metabolic needs.
In order to safely use synthetic torpor in humans,
both maximizing the benefits and containing possible
side effects, it is necessary to understand hibernation
physiology. Moreover, in cases of gut injuries, it is
important to have a clear understanding of the gut
role during hibernation.

cannot be degraded efficiently during torpor, but
interbout arousals boost enzyme activity, and the con[40,41]
sequent production of SCFAs
. The SCFAs during
hibernation are valuable for the host: their metabolism
leads to ATP synthesis, or they are converted in ketone
bodies as energy alternatives to glucose, or they can
[37]
boost gluconeogenesis pathway . Furthermore,
SCFAs offer to the intestinal epithelial cells 70% of the
necessary energy for cell proliferation. Thus low levels
of SCFAs during torpor may be central for the atrophy
[37]
recorded in the small intestine mucosa .
The gut immune system shows alterations during
hibernation, indeed gut epithelium becomes leakier
during the long torpor phase, leading to the uncontrolled passage of many molecules and even of bacte[39]
ria . The increased permeability risks to determine a
hyper activation of the immune system in hibernating
mammals, but interestingly, although a higher number
of immune cells is found, the mucosa does not appear
[39]
damaged, and there are no signs of pathology . One
hypothesis explaining these discoveries, proposes that
the immune system is stimulated to re-organize during
hibernation, thanks to changes in the gut microbiota
(GM) composition. Thus, it seems that the immune
system can provide a higher tolerance, avoiding overactivation of the immune response in this increased
[42]
permeability condition .

GUT MICROBIOTA IN THERAPEUTIC
HYPOTHERMIA
The gut microbiota: structure and function

The total amount of symbiotic bacterial cells living in
the human body varies between 10 and 100 trillion in
[43]
each person , but the highest concentrations occur
in the GIT, generating one of the densest and most
biodiverse ecosystems known so far: the human
[43]
[44]
GM . The GM constitutes a biomass of 1.5 kg , and
is particularly concentrated in the colon tract, with a
12
density of 10 CFU/g of luminal content. Regarding
its phylum-level taxonomic layout, the GM shows a
general common population: Firmicutes (mean relative
abundance, 65%), Bacteroidetes (25%), Actinobacteria
(5%), Proteobacteria (< 8%), Verrucomicrobia, and
[45]
Fusobacteria (1%) . The biodiversity of the GM is
more appreciable at species level: more than one
thousand different species have been detected in
[46]
the GM of the human population . The GM varies
among the population, indeed a healthy subject hosts
[46]
a specific subset of hundreds of species , resulting
in a high inter-individual variability, which may depend
on several factors, as genetics, age, environment, diet,
and it is not stable during adulthood, but always prone
[47]
to changes . The presence of these huge amounts
of bacteria in the human gut determines a relevant
genomic contribution (generally referred to as microbiome), which overcomes the human genome of at least

Importance of the gut in hibernation physiology

During hibernation, the intestine, especially the proximal
tract, undergoes a severe atrophy, without changing
[36]
the overall structure . It means that the transport of
nutrients and electrolytes is depressed, but the fact
that the overall structure is well conserved allows the
intestine to perform normally during the interbout
[37]
arousals . One hypothesis to explain the arousals is
that they allow solute transport during torpor, so that
the animal is able to use microbial derived short chain
fatty acids (SCFAs), vitamins and other substances in
[38]
the lumen . During the fasting period typical of hibernation, the microbes living in the gut have access to
only host derived compounds, such as mucus (glycans
[39]
and proteins), and epithelial cells . These products
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[62]

100 fold, and it provides functions that human beings
have not evolved on their own, including metabolic,
[44]
physiological and immunological support .
One of the most evident advantages for the host, is
the ability of the GM to encode for enzymes involved in
carbohydrate metabolism. In this way, the host is able
to extract and absorb energy from polysaccharides,
[48]
such as dietary fiber, otherwise indigestible . Also,
supporting the human diet, the microbiome provides
vitamins, cofactors and secondary metabolites, which
[49,50]
are instead poorly encoded by the human genome
.
Indeed, according to metagenomics analysis, the gut
microbiome is enriched for Kyoto Encyclopedia of
Genes and Genomes categories involved in metabolism, especially in carbohydrate metabolism, energy
metabolism, generation of SCFAs, amino acid metabolism, biosynthesis of secondary metabolites, and
[48,51]
metabolism of cofactors and vitamins
. Moreover,
the GM has a protective action against colonization
by enteric pathogens, solving this function in different
ways: first of all, the presence of dense colonies on the
GIT surface represents a direct inhibition of pathogen
growth; indeed, the GM not only determines the
depletion of nutrients, making the GIT a competitive
environment, but it also produces substances itself,
against pathogens, including bacteriocins, and protein[52,53]
aceous toxins
.
The GM is an extremely plastic and adaptive ecosystem, influenced by both host genome and environ
[53-55]
mental factors
. Specifically, the GM is mostly
affected by changes in the environment, together with
host habits, showing a profound adaptation to new con[56]
texts . A change in dietary habits is what influences
the GM composition the most. The GM structure is
altered after only 24 h of dietary shift, and the change
is driven also by the kind of nutrients assumed: these
results together point out the extreme plasticity of the
[57,58]
GM in responding to dietary changes
. Interestingly,
both short-term and long-term dietary changes were
confirmed in a recent study and, in addition, a taxon[59]
nutrient correlation was highlighted : this finding
associated specific bacterial taxa with the intake of a
specific class of nutrients, showing a bacterial composition shifting in a reciprocal and inverse pattern, respect
to the intake of animal, or plant derived products.
The ability of the GM to quickly adapt in response to
new dietary habits, suggests that it offers the host
the capability not to suffer from a dietary alteration,
instead taking the advantages of it, by improving host
metabolism, and favoring extraction of specific dietary
substrates.
The presence of this incredible amount of bacteria
in the GIT also represents a potential risk for the
individual health, suggesting a deep involvement of
[60,61]
the immune system
. The immune system solves
a crucial role in maintaining the homeostatic relation
between host and GM, limiting bacterial invasion,
and protecting against pathogens, otherwise leading
to severe illnesses, such as inflammatory bowel
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disease . The immune system regulates intestinal
homeostasis on multiple levels: first of all, it limits the
bacteria-epithelial surface contact; it identifies and
eliminates microbes infiltrated in mucosal tissues; it
minimizes immune system exposition to residential
bacteria, avoiding the hyper activation of the immune
[62]
system that may lead to auto-immune disorders .
Moreover, it is important to consider that the presence of the GM determines an adaptive response
of the immune system. Dendritic cells underneath
the epithelial layer extend their projections between
epithelial cells, to sample the bacterial composition
of the intestinal lumen. Then, they activate lymphocytes B in Peyer’s patches to differentiate into IgAproducing cells, which in turn will be released in the
[63]
lumen . Such activation is specifically directed to
intestinal microbes, to limit their interaction with
[64]
the epithelium , and to prevent their penetration
[65]
under the epithelial layer . This intense GM-host
immunological dialogue plays a strategic role for
the regulation and the development of the immune
system, indeed studies on germ free mice have
shown the microbiota to regulate and shape the Gut[62]
Associated Lymphoid Tissue (GALT) . Furthermore,
the presence of specific microbial groups, such as
fiber fermenting SCFA producers, from the Clostridium
clusters Ⅳ and XⅣa, and Bacteroidetes, induces active
proliferation of Treg and specific subsets of lymphocytes involved in the synthesis of anti-inflammatory
cytokines, supporting the immunological homeostasis
[66-68]
through the body
. Indeed, the absence of this
kind of cytokines is known to lead to chronic inflammation of the GIT, characterized by neutrophil and
lymphocyte infiltration in the mucosa, increasing in
cellular proliferation, with a corresponding increase
[69,70]
in mucus secretion
. This active role of the GM in
shaping the immune system has been analyzed further
with comparative studies, where germ free mice were
colonized with specific bacterial taxa, to observe the
[63,71,72]
immune system remodeling
.

Adaptive GM changes in torpor and hibernation

As mentioned earlier, the main adaptive changes in the
GM structure depend on the host dietary shifts, and
hibernation is an extreme example of this shift. Thus,
not only the animal overeats during the summer to
store fat and energies, but it shifts to a total starvation
lasting long periods during winter, and both the two
behaviors affect the GM composition and function
(Figure 1). Evidences on hibernating squirrels show
that the hibernation cycle strongly affects the luminal
microbiota in the animal cecum: during the starvation
period, the microbial biodiversity decreased significantly, and specifically a decrease in Firmicutes, and
an increase in Bacteroidetes and Verrucomicrobia were
[40,42]
observed
. The change detected in the microbial
community is consistent with the necessity for the GM,
during hibernation, to survive only on host substrates,
such as mucus (glycans and proteins), and epithelial
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Hibernator gut microbial
communities

Microbial metabolites

Maintenance of a good
epithelial functionality  
Colonocyte energy source
Tight junction strengthening

Maintenance of the
metabolic homeostasis
Maintenance of the
immunological homeostasis

Intestinal and hepatic gluconeogenesis
Regulation of fat storage
Regulation of insulin sensitivity

Downregulation of pro-inflammatory
cytokine production
Enhancement of Treg cell generation

Figure 1 Role of the gut microbiota in the hibernation physiology. In natural hibernators, the gut microbial ecosystem is capable of an adaptive response along
the hibernating cycle. Variations in the gut microbiome structure during torpor are functional for several physiological aspects involved in hibernation, such as the
maintenance of the good functionality of the intestinal epithelium and the regulation of the metabolic and immunological homeostasis. During interbout arousals,
metabolites from a cold and fasting-adapted gut microbial ecosystem reach the enterocytes, the underlying immune cells, as well as the circulation. In each district,
the microbial metabolites exert essential functions for the maintenance of the host homeostasis along the hibernating period. In particular, the microbiome derived
short chain fatty acids are of strategic importance, being at the same time, a valuable energy source for enterocyte metabolism, a regulator of gluconeogenesis, fat
storage, and insulin sensitivity, and, finally, a potent immunomodulator, favoring an anti-inflammatory immune system layout.
[73]

cells, as mentioned earlier . These data suggest that
the limited amount of substrates drives some microbial
species to grow more over others, less able to use host
substrates.
Recently, a study in mice focused on the alteration
[74]
of the GM after cold exposure . Although the mouse
is a mammal that can enter into torpor, in case of food
[75]
scarcity and low temperatures , the authors prevent
the animal from doing it. First, they observed a shift in
the GM of animals exposed to cold temperatures: such
shift was consistent with previous studies on ground
[40,43]
squirrels
, in particular they recorded changes
in Firmicutes:Bacteroidetes ratio. Also, the authors
restricted food access in one group exposed to cold,
and the animals, according to their nature, tended
to enter torpor, reducing their body temperature.
Surprisingly, the same effect on body temperature was
recorded in animals treated with broad range antibio
tics, disrupting the GM, despite unaltered food intake.
Such result underlines that energy harvested through
food intake, in cold environments, is necessary for
maintaining body temperature, but unexpectedly, the
result emphasizes the GM contribution in this process.
Then, to investigate the importance of the changes in
bacterial composition as an adaptive response to the
cold exposure, the GM from mice after 4 wk of cold
exposure, was transplanted in germ free mice. The
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effects of the transplant were surprising, including an
increase in insulin sensitivity, increase in brown adipose
tissue activity markers, and browning of the white
adipose tissue. Moreover, to compare cold transplanted
mice to controls, they were both exposed to extreme
cold environment, and while controls reduced their
body temperature after 4 h, cold transplanted mice
were fully resistant to cold temperature, increasing the
thermogenesis. Interestingly, the quantity of SCFAs
increased after the transplant, compared to germ free
mice transplanted with warm GM. Thus, the increased
fermentation after transplant, has been proposed to be
associated to the microbial shift during cold, increasing
energy harvest. Focusing on morphology, the intestinal
length in cold-exposed mice, increased of 35% compared to controls, specifically, at the small intestine
level, resulting in an incredible plasticity after only 9 d
of cold exposure. The same morphological effects were
recorded in germ free mice, transplanted with cold GM,
meaning that the microbiota alone contributes to this
[74]
phenotype .
The first study analyzing the alteration of the GM of
[76]
a free range hibernating bear was recently published .
The main aim of the study was to understand bear
physiology since, gaining weight during the summer,
it develops obesity, which is alternated to weight loss
due to the fasting period during hibernation season.

410

January 21, 2017|Volume 23|Issue 3|

Sisa C et al . Gut microbiota in therapeutic hypothermia
The authors analyzed if the changes in the GM composition may help somehow the bear to not develop
insulin resistance, despite the obese phenotype. Fecal
microbiota during winter was constituted by less taxa,
and it was more homogenous compared to summer
microbiota, moreover, according to previous studies,
an increase of Bacteroidetes over Firmicutes was
recorded. Following these observations, the authors
analyzed possible changes in host metabolism, driven
by the seasonal differences in the GM. To this aim,
germ free mice were colonized with summer and
winter bear GM: those colonized with summer GM
showed an increase in adiposity, but no alteration in
glucose metabolism, on the other hand, winter GM did
not induce particular changes in adiposity composition.
In humans an increased adiposity leads to insulin
resistance, which if not treated, could evolve in type
[77]
2 diabetes . Such effect was not recorded neither in
the brown bear, during the active phase, nor in germ
free mice colonized with summer bear GM. These
results suggest the GM might play a central role in
maintaining bear metabolic homeostasis, during the
transition from the weight gain summer period to the
[76]
fasting hibernating winter .

scenario, our suggestion for a possible future clinical
use of synthetic torpor is to focus on GM alteration.
Also, in the probable case of dysbiosis, the application
of tailored probiotics during the state of synthetic
torpor may help to reduce the inflammation, avoiding
the arise of eventual side effects.

CONCLUSION
Taken together, these pioneer studies exploring the
role of gut microbes in torpor and hibernation demonstrate that, in hibernating mammals, the GM has a
strong influence on host physiology, modulates their
metabolism, and contributes to the adaptation to the
extreme environmental changes. Such role of the GM
highlights that in the use of therapeutic hypothermia
as well as in the development of a procedure to induce
torpor in humans, the GM composition needs to be
monitored, and possibly tuned on the hibernation
modality.
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MINIREVIEWS

Clinical impact of immunomonitoring in the treatment of
inflammatory bowel disease
Donal Tighe, Deirdre McNamara

Abstract

Donal Tighe, Deirdre McNamara, Department of Gastroen
terology, Adelaide and Meath Incorporating the National
Children’s Hospital Tallaght, School of Clinical Medicine, Trinity
College Dublin, Trinity Academic Gastroenterology Group, 24
Dublin, Ireland

Despite improvement in outcomes, loss of response
(LOR) to tumor necrosis factor-alpha (TNFα) therapies
is a big concern in the management of inflammatory
bowel disease. LOR is associated with flares of disease,
increased hospitalisation rates, need for surgical
interventions, and decline in quality of life. LOR may be
multifactorial, but immunogenicity makes a significant
contribution. Traditionally doses of anti-TNFα have
been adjusted based on clinical response, using a
standard approach. Immunomonitoring involves the
measurement of anti-TNFα trough and antibody levels.
It takes into account the underlying pharmacokinetics
of anti-TNFα therapies. Expanding on this a treat
to target approach may be used, where doses are
intensified, or tailored to the individual based on
the measurement of anti-TNFα trough and antibody
levels. This review looks at the history, evolution, and
clinical impact that immunomonitoring is having in the
treatment of inflammatory bowel disease. It will focus
on the role of immunomonitoring in helping to achieve
long lasting deep remission and mucosal healing.
It will explore the different options in terms of best
measuring trough and antibody levels, explore possible
advantages of immunomonitoring, and discuss its role
in best optimising response, at induction, during the
maintenance phase of treatment, as well as a role in
withdrawing or switching therapy.
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biochemical and mucosal healing. Immunomonitoring
also facilitates more cost effective use of anti-TNFα
therapy, and helps reduce side-effect burden, and limit
toxicity.
This review article looks at the history, evolution,
and clinical impact that immunomonitoring is having
in the treatment of IBD. It will focus on the role of
immunomonitoring in helping to achieve long lasting
deep remission and mucosal healing.

optimise response rates in inflammatory bowel disease.
The aim of this review article is to explore the available
literature, and to understand the rationale for using
immunomonitoring and to see how this approach can
be best incorporated into inflammatory bowel disease
treatment algorithms. The focus of this review article
is the role for immunomonitoring at the key points of
induction, and at loss of response. It will emphasise the
possible advantages of immunomonitoring. It will define
optimal trough levels, plus targets required to achieve
mucosal healing, and help alter the natural history of the
disease.

WHAT IS IMMUNOMONITORING?
Overtime the body’s immune system may recognise
anti-TNFα molecules, as foreign antigens, and result
in antibody formation against them. This process is
called immunogenicity, and can result in increased
drug clearance and subsequent loss of response.
Antibodies against Anti-TNFα (ADA) formation can lead
to failure of anti-TNFα which may be due to a change
in pharmacokinetics causing a faster clearance or by
blocking the drug’s activity in case of neutralizing ADA.
Therefore, drug trough concentrations could be the
missing link to help understand the clinical impact of
[11]
ADA .
Infliximab (IFX) is a chimeric mouse-human IgG1
molecule and antibodies to IFX (ATIs) are directed
against the murine F(ab)2 fragment of the drug.
Antibodies may form against infliximab in a large
number of patients (8%-60%), and indeed may form
[10]
as soon as after the first infusion . Immunogenicity,
is associated with increased drug clearance, which
directly leads to reduced trough levels. This can
ultimately lead to loss of response, infusion reactions
and the need for dose intensification, or the need to
switch to an alternative agent. A two-compartment
pharmacokinetic model for infliximab has shown that
the clearance increases 2.7-fold in patients positive
[12]
for ATIs as compared with patients without ATIs .
Adalimumab is a fully human IgG monoclonal
antibody against anti-TNFα, which has proven efficacy
in the treatment of moderate to severe UC or CD. It
was initially thought that antibody formation against
adalimumab would be reduced, as it’s a fully human
IgG antibody, but studies have shown that antibodies
[13]
against adalimumab (AAA), are a real problem . AAA
formation are again associated with low trough levels,
and loss of response.
Expanding on this, immunomonitoring is the use
of laboratory techniques to measure anti-TNFα drug
and antibody levels. Historically using a standard
approach, drug doses are adjusted based on clinical
need. However this approach is not patient focused,
and doesn’t explore the underlying pharmacokinetics
of anti-TNFα therapy. A treat to target approach with
the use of anti-TNFα drug and antibody levels, could
help tailor treatment to the individual and may help
improve response rates, overcome loss of response,
and achieve mucosal healing. An example of this
approach used to good effect, is from the recent TAXIT

Tighe D, McNamara D. Clinical impact of immunomonitoring
in the treatment of inflammatory bowel disease. World J
Gastroenterol 2017; 23(3): 414-425 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i3/414.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i3.414

INTRODUCTION
Response and remission rates for inflammatory bowel
disease (IBD) have improved considerably with greater
utilisation of immunomodulators, like azathiopurine
and earlier introduction of anti-tumor necrosis factoralpha (TNFα) therapies. TNFα is a major driver of the
inflammatory cascade and a key molecule for targeting
[1]
in managing IBD . Anti-TNFα therapies have proven
efficacy in inducing and maintaining remission in both
[2-9]
ulcerative colitis (UC) and Crohn’s disease (CD) .
Anti-TNFα therapies have revolutionised the management of IBD, improving response rates, and helping
to alter the natural history of the disease, and achieve,
long term goals of mucosal healing and deep remission.
However loss of response and immunogenicity is a big
concern. 80% of patients treated with infliximab in CD
respond initially, but overtime 30% of patients will lose
[7,10]
response, requiring dose and interval adjustments
.
LOR is associated with flares of disease, increased
hospitalisation rates, need for surgical interventions,
and decline in quality of life. Historically doses have
been intensified in a stepwise fashion, based on clinical
response. This standard approach involves increasing
the doses of anti-TNFα used, and shortening frequency
of administration. However this approach does not
take into account the underlying pharmacokinetics of
anti-TNFα, and lacks flexibility for individual patients.
Immunomonitoring offers an alternative, treat to target
approach, where doses are tailored to the individual,
based on individual anti-TNFα trough and antibody
levels.
There is increasing evidence to suggest that utilisation of immunomonitoring, is helping to overcome LOR,
improve remission rates, achieve mucosal healing and
thus help alter the natural history of IBD. By targeting
treatment to the individual overall response rates can
be improved, and this can be further linked to both
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[19]

study, whereby patients infliximab doses were proac[14]
tively intensified if trough levels were < 3 μg/mL .
Key issues at present concerning immunomonitoring include, defining optimal trough levels. Clarifying
why low trough levels develop, and forming strategies
to improve them. Do we need higher troughs to
achieve mucosal healing? Distinguishing between
clinically significant and insignificant antibody levels.
Clarifying the role for combination therapy, and its
impact on immunogenicity. When best to check
levels, with perhaps strong consideration to targeting
the period around completion of induction therapy.
Improvement in laboratory enzyme-linked immunosorbent assay (ELISA) techniques, reproducibility, and
comparability of different assays.

opes and immunogenic potential of the two agents .
It confirms that patients with IBD who develop hightitre antibodies and infusion reaction/loss of response
to Remicade should probably not be considered for
switching to Remsima. In contrast, patients who
develop anti-adalimumab antibodies may be considered
for a switch to either Remicade or Remsima, if clinically
indicated.

IMMUNOMONITORING, TROUGH AND
ANTIBODY ASSAYS
There are a number of different ways of measuring
drug concentration of ant-TNFα molecules in serum.
For convenience trough levels are measured. The most
[20-21]
commonly used method is ELISA
. The advantage
of monoclonal or monospecific polyclonal anti-drug
antibody is the specificity toward the anti-TNF drug,
[22]
which results in lower specific binding . This reduces
the risk of false positives.
With regard to detecting ADA the most commonly
used assay is the double-antigen (a.k.a. bridging)
ELISA in which the anti-TNF drug is both used as cap[23]
ture and detecting antibody . Despite developments
and improvements in the assays to measure anti-TNFα
and ADA levels, there is still a lack of standardization
[24]
and quality control between the established tests .
This can have clinical implications, as well as issues
around reproducibility of results between different
centres.
A number of factors can influence ADA formation,
including the type of assay used, timing involved in
antibody measurement as well as the study population. Taking this into account there have been attempts
to standardize measurements, specifically for ADA
[25]
against adalimumab .
ELISA techniques whilst reproducible and accurate
do not offer single patient testing. Ongoing research
is looking at more rapid turnaround alternatives. Lu
[26]
et al
have developed a fast bioassay for determi
ning IFX concentration in serum using an in-house
developed fiber-optic surface plasmon resonance
biosensor. The assay turn-around time, was considerably reduced compared to ELISA.
[21,23-32]
Tables 1 and 2
illustrate the different options
available in terms of measuring anti-TNFα trough and
antibody levels. Measuring ADA have proved problematic, and there are ongoing attempts to develop drug
tolerant ELISA assays.

DEFINING TROUGH AND ANTIBODY
LEVELS?
As mentioned immunogenicity leads to ADA formation,
and sub-therapeutic anti-TNFα trough levels, which
can lead to loss of response. It’s important to define
targets when incorporating immunomonitoring into
the treatment algorithm of IBD. Low trough levels, are
defined as trough levels < 1 μg/mL. The treat to target
approach, involves aiming for optimal rather than
minimal anti-TNFα trough levels. Therapeutic trough
levels are currently being redefined, and targets will
likely be drug specific, and trough levels will need to
be improved, to achieve mucosal healing. This review
will explore these targets in further detail. ADA may
be defined as being detectable or undetectable, with
specific cut-offs depending on the assay used.
Concerns have been expressed about the risk of
high or supra-therapeutic trough levels. A recent study
however has shown IBD patients with higher anti-TNF
serum concentrations had significantly better diseasespecific quality-of-life. Fatigue, arthralgia, skin lesions
and other side-effects do not occur more often in these
patients. This study is reassuring in that high serum
[15]
concentrations of anti-TNF antibodies are not toxic .
Antibody formation to TNFα is not a fixed process.
A prospective study of 125 patients with IBD, treated
with infliximab showed that ATI formation can fluctu[16]
ate . Clinically relevant ATI were typically formed
within the first 12 mo but transient ATI, which are of
little clinical significance, can be formed at any time
during treatment. Loss of response can be predicted
based on a combination of C-reactive protein (CRP),
trough levels and stable antibodies with a high degree
[17]
of accuracy . Transient antibody formation is not
associated with a loss of response.
Recently there has been an introduction of biosimilar anti-TNFα molecules for treating IBD. European
agencies have approved Remsima (CT-P13) for use in
[18]
Europe across all indications . A recent study has confirmed the cross-reactivity of Remsima and Remicade
(infliximab) suggesting similar immunodominant epit-
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IMPACT OF IMMUNOGENICITY ON LOSS
OF RESPONSE
As mentioned above antibody formation against antiTNFα is associated with LOR. In general low trough
levels (< 1 μg/mL) and the presence of detectable
antibodies are associated with worse clinical outcomes.
[33]
Steenholdt et al
established a cut off of < 0.5
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Table 1 Detecting anti-tumor necrosis factor-α trough levels
Study

Technique

Ternant et al[21]
Vande Casteele et al[24]
Lu et al[26]
Malíčková et al[27]
Corstjens et al[28]
Wang et al[29]

Table 3 Relationship between infliximab trough levels and
response rates

Key Points

n

Ref.

ELISA
ELISA
FO-SPR based sandwich Faster than ELISA,
bioassay
correlates well
ELISA (for CT-P13
biosimiliar to infliximab)
Rapid lateral flow (LF)based assay
Non-radiolabeled
homogeneous mobility shift
assay (HMSA)

Mean IFX trough Mean IFX trough P value
levels ug/mL

levels ug/mL

Lost response Maintained response
Ainsworth et al[34]
Yamada et al[35]
Steenholdt et al[33]
Pariente et al[36]
Steenholdt et al[33]
Karmiris et al[37]
Marits et al[38]
Bortlik et al[39]
Adedokun et al[40]
Cornillie et al[41]
Reinisch et al[42]

ELISA: Enzyme-linked immunosorbent assay; FO-SPR: Fiber-optic surface
plasmon resonance.

27
31 (CD)
69 (CD)
76 (CD)
13 (UC)
136 (CD)
79 (CD)
84 (CD)
728 (UC)
147 (CD)
203 (CD)

0 (0-0.1)
6.3
N/A
3.3 ± 4.1
N/A
0.3 (0.3-3.6)
1.8
N/A
N/A
1.9
0.8

2.9 (0.9-4.3)
4.7
2.8 (0.8-5.3)
2.3 ± 2.2
3.8 (1.1-8.5)
4.9 (1.7-8.2)
4.1
>3
3.7
4.0
2.14

0.002
NS
< 0.0001
NS
< 0.0001
0.01
< 0.001
N/A
N/A
0.0331
0.006

IFX: Infliximab; UC: Ulcerative colitis; CD: Crohn’s disease.

Table 2 Detecting anti-tumor necrosis factor-α antibody
levels
Ref.

Technique

Key points

Van Stappen et al[30]

Solid-phase ELISA

[25]

Lacks the ability to detect
ADA in the presence of drug

Solid-phase ELISA
Drug tolerant ELISA
ELISA

Gils et al
Bloem et al[31]
Imaeda et al[23]
Van Stappen et al[32]

ELISA

Table 4 Relationship between adalimumab trough levels and
response rates
Study

Measures AAAs in the
presence of free ADA
Converts drug-sensitive
bridging ELISA into a drugtolerant bridging ELISA

Mean Adalimumab Mean Adalimumab P
trough levels trough levels μg/mL value
μg/mL
Lost response Maintained response

Imaeda et al[43] 40 (CD)
Roblin et al[44] 40 (UC/CD)

N/A
3.2

5.9
6.2

N/A
0.12

UC: Ulcerative colitis; CD: Crohn’s disease.

ELISA: Enzyme-linked immunosorbent assay; ADA: Anti-tumor necrosis
factor-α; AAA: Antibodies against adalimumab.

The ATLAS study in addition explored the relationship between serum and intestinal anti-TNF levels, with
[47]
endoscopic disease activity and levels of TNF . This
study of a cross-sectional group of 30 patients with UC
or CD, treated with IFX or ADA showed that anti-TNFα
levels were higher in mild to moderately inflamed than
in non-inflamed tissue, but this increase was more
than negated by the proportionally greater level of TNF
in inflamed tissue. Anti-TNF concentration in tissue correlated with degree of endoscopic inflammation, except
for tissue with severe inflammation in which anti-TNF
levels were again lower (mean normalised anti-TNF
in tissue: uninflamed = 0.93, mild = 2.17, moderate
= 13.71, severe = 2.2 inflammation (P = 0.0042).
This may explain why patients with satisfactory antiTNF levels, have active disease, as the inflamed tissue
characterised by an abundance of TNF acts as a sink
for the anti-TNF. This in turn increases the risk of ADA
formation. These patients might therefore benefit from
drug dose intensification.
Going forward more work is required to tease out
the distinction between clinically significant and insigni
ficant ADA, which undoubtedly has a big impact on
loss of response.
Finally one most also consider alternative explanations for loss of response. Overlap with functional
symptoms, small bowel bacterial malabsorption, noninflammatory strictures, could all explain alternatives

μg/mL, has been associated with loss of response.
It’s clear, that the level of anti-TNFα will impact on
response rates, and there is ample evidence that
higher trough levels are associated with sustained
response, and likewise low or undetectable trough
levels, increase the likelihood of loss of response.
The following table from published papers explores
the current evidence of the relationship between
infliximab trough levels and loss of response (Table
[33-42]
3
). The data for adalimumab is somewhat more
[43,44]
limited (Table 4
).
In addition, to ADA formation the inflammatory
burden may impact on response to anti-TNFα. For
[45]
example, Brandse et al
have shown that in UC,
patients with more severe disease loose infliximab in
stool, to a greater level than clinical responders. This
emphasises the concept of the leaky, inflamed gut,
with increased loss of anti-TNFα in severely inflamed
tissue. This links in with further research by Gibson
[46]
et al
showing increase response rates and reduced
colectomy rates in patients treated with an accelerated
induction course of infliximab for severe UC. Going
forward, it will be useful to check trough levels, during
this accelerated protocol, to further define the best
treatment strategy for severe UC.
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a therapeutic week 2 IFX trough level is associated
with higher likelihood of mucosal healing in a UC
[49]
population .

Table 5 Strategies to overcome loss of response
Dose escalate
Low trough
No ADA
Combination therapy
Low trough
ADA

Alternative cause for LOR?
Adequate trough
No ADA
Alternative anti-TNFα/agent
Low trough
ADA

Treatment selection based on trough and ADA

POSSIBLE ADVANTAGES OF
IMMUNOMONITORING?

Early trough level assessment is useful at predicting both short and long-term outcomes, as well as
facilitating earlier decision making between continuing
with the drug or considering alternative options. There
is ample evidence from the literature, that escalating
doses of anti-TNFα in patients with ADA is unlikely to
improve response rates, and alternative agents should
[50]
be considered . Immunomonitoring helps explore
this immunogenicity, and helps identify patients
loosing response for immune reasons, and to develop
strategies to regain response.

Dose intensification and treatment outcomes based on
anti-TNFα trough and ADA

Economic benefit

ADA: Anti-TNFα; LOR: Loss of response.

to immunogenicity, in causing loss of response.

A Danish study by Steenholdt also confirms that an
individualised approach, with adjustment of infliximab
doses based on drug antibody and trough levels, is
more cost effective, without any obvious negative
[51]
clinical effect on efficacy . Costs for intention-totreat patients were substantially lower (34%) for those
treated in accordance with the algorithm than by IFX
dose intensification: € 6038 vs € 9178, P < 0.001.
However, disease control, as judged by response
rates, was similar: 58% and 53%, respectively, P =
0.81; difference 5% (-19% to 28%). For per-protocol
patients, treatment costs were even lower (56%) in
the algorithm-treated group (€ 4062 vs € 9178, P <
0.001) and with similar response rates [47% vs 53%,
P = 0.78; difference -5% (-33% to 22%)].

Immunomonitoring has an increasingly important role
to play in managing IBD. A prospective examination of
a cohort in The Netherlands has shown absence of IFXtrough levels in a significant proportion of their population, suggesting a vital role for immunomonitoring, in
identifying and managing loss of response to anti-TNF
[48]
therapies .
As mentioned LOR is a big concern with anti-TNFα
therapy. Immunomonitoring has a role to play in helping to explore the pharmacokinetics behind LOR and
to develop strategies to overcome it. For example, if
patients have low trough levels, and no ADA, they may
benefit from dose intensification, whereas patients,
with adequate trough, and no ADA, are unlikely to
benefit. Furthermore in the setting of ADA, and low
trough, one strategy is the use of combination therapy,
to reduce ADA and improve trough levels. However in
the setting of ADA, and adequate trough levels, intensifying doses, will have no impact, and a drug switch
should be considered (Table 5). There is increasing
evidence that adaption of a treat to target approach,
with dose intensification based on anti-TNFα trough
and antibody levels, alongside appropriate treatment
selection, helps improve response rates, and achieve
mucosal healing.
There is now proven evidence, that dose escalation
of anti-TNF based on low drug trough levels, not only
leads to improved clinical response rates, but also to
increased mucosal healing. The TAXIT study looked at
patients on stable maintenance doses of infliximab in
remission and adjusted their infliximab dose to obtain
[14]
a fixed drug level between 3-7 μg/mL . This resulted
in a higher proportion of CD patients in remission than
before dose escalation (88% vs 65%, P = 0.020). This
approach was also cost-effective, with 72 patients with
trough levels > 7 μg/mL, 67 patients (93%) achieved
through levels of 3-7 μg/mL after dose reduction. This
resulted in a 28% reduction in drug cost from before
dose reduction (P < 0.001).
In addition a recent study has also shown that
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Reduced toxicity

In addition immunomonitoring can be utilised to manage complications or drawbacks to anti-TNFα therapy.
As well as impacting on loss of response, Anti-TNFα
antibody formation is also associated with transfusion
[52]
related reactions and anaphylaxis . For example
patients with ATI (antibodies against infliximab) are at
increased risk of acute transfusion reaction, and loss of
[53]
response, compared to those patients without ATI ).
[20]
In addition a study by Baert et al
in which an arbitrary figure for ATI was used in a population with CD,
they showed that patients with an ATI greater than 8
μg/mL, had increased risk of loss of response, and 2.4
fold increased risk of infusion reaction.

COMBINATION THERAPY AND
IMMUNOMONITORING
There is ample evidence that the addition of an
immunomodulator like a thiopurine or methotrexate
to anti-TNFα therapy is associated with improved
response rates in IBD. In the SUCCESS (Efficacy
and Safety of Infliximab, as Monotherapy or in
Combination with Azathioprine, versus Azathioprine
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Monotherapy in Moderate to Severe Ulcerative Colitis)
trial in UC, steroid-free remission was achieved by
40% of patients receiving infliximab and azathioprine,
compared with 22% receiving infliximab alone (P
[54]
= 0.017) . Furthermore it has been shown that
combination therapy of infliximab and azathioprine is
associated with reduced infliximab antibody formation,
as well as reduced systemic inflammation. Post hoc
analysis of the SONIC trial data has shown that at
week 30, trough levels for the combination of IFX and
azathioprin were 3.5 μg/mL vs 1.6 μg/mL for the IFX
group alone (P < 0.001) The authors also found that
only 1 out of 116 (0.9%) in the combination group had
drug antibodies compared to 15 out of 103 (14.6%)
[55]
in the IFX group alone . Combination therapy has
been shown to require less need for dose escalation,
surgical intervention or the need for switching to a
different class of ant-TNF or alternative agents.
In addition data from a Dutch study has confirmed
the benefits of combination therapy in overcoming
[56]
the problems of immunogenicity . In a study invo
lving 217 patients (108 patients IFX; 109 patients’
adalimumab). Mean trough levels in the IFX group was
higher in the combination therapy group compared
with the monotherapy group, 4.6 µg/mL vs 7.5 µg/mL,
P = 0.04. In the adalimumab group, the difference was
not significant. In patients with IFX monotherapy, the
incidence of antibody formation was higher compared
with patients with combination therapy (29.8% vs
5.7%, P = 0.001. The incidence of antibody formation
was lower in IFX patients who immediately started
with immunomodulators compared with patients who
did not (33.3% vs 66.7%, P = 0.04). Thus combination therapy, through a synergistic effect on immunogenicity clearly results in reduced antibody formation,
and leads to a greater likelihood of improved response
rates.
There is also role for measuring 6-TG levels, the
[57]
active metabolite of azathioprine . This offers the
potential to even further optimise the combination
[58]
approach. An interesting study by Yarur et al looked
at the relationship between 6-TG, infliximab trough
and antibody levels. They performed a cross-sectional
study of 72 patients receiving maintenance therapy
with infliximab and a thiopurine for IBD. They found
that levels of 6-TG correlated with those of infliximab
(ρ = 0.53, P < 0.0001). The cut-off point of 6-TG
that best predicted a higher level of infliximab was
8
125 pmol/8 × 10 red blood cells (RBCs) P < 0.001).
8
Patients with 6-TG levels less than 125 pmol/8 × 10
RBCs were significantly more likely to have ATI (OR =
1.3, 95%CI: 2.3-72.5, P < 0.01). Historically a 6-TG
8
level 230 pmol/8 × 10 RBCs have been associated
with better response rates in patients on monotherapy,
8
a level of 6-TG of 125 pmol/8 × 10 RBCs or greater
may be adequate to achieve therapeutic levels of
infliximab. In the long term, this may minimize the
toxicity and adverse side effects, like malignancy for
patients on combination therapy.
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However measuring 6-TG levels is complicated,
with concerns over reproducibility of the assay, as well
as the potential for increased toxicity, in patients with
high 6-TG levels. This may restrict the wide-spread use
of 6-TG monitoring, as part of the treatment algorithm.

IMMUNOMONITORING TO FACILITATE
DRUG WITHDRAWAL
The benefits of combination therapy are proven, with
improved response and remission rates. There is
however long terms concerns about the side-effects of
combination therapy, and concerns expressed about
risks of lymphoproliferative disorders in particular.
Therefore discussions about withdrawal of immunomodulators in well patients, achieving remission
have been debated. Concerns have been expressed
about relapse of disease, with their withdrawal. In a
retrospective study, among co-treated patients, levels
of infliximab remained stable after immunomodulators were withdrawn after at least 6 mo of therapy
(before: 3.2 μg/mL, 95%CI: 1.6-5.8 μg/mL and after:
[59]
3.7 μg/mL, 95%CI: 1.3-6.3 μg/mL, P = 0.70) . The
most striking observation in this study was the fact
that none of the 27 patients with infliximab trough
levels > 5 μg/mL at the time of immunomodulator
withdrawal lost response to infliximab after withdrawal
of immunomodulator during the median follow-up
of 29 mo. The authors propose that it is safe to stop
immunomodulators in patients with IFX trough levels
greater than 5 μg/mL.

OPTIMAL TROUGH
As mentioned above the use of anti-TNFα trough and
antibody levels, may be helpful in identifying loss of
response. Also of interest is the potential to develop
strategies to improve response rates. However there
is a need to define optimal trough levels, in terms of
what’s required not only to achieve clinical remission,
but also what’s necessary for achieving mucosal healing. As mentioned the TAXIT study, looking at patients
who have secondary loss of response to infliximab
doses can be safely intensified aiming for a trough
[14]
level of between 3-7 μg/mL .
[39]
Similarly Bortlik et al
showed that an infliximab
trough of greater than 3 μg/mL, at the start of a
maintenance regime was associated with sustained
clinical response to infliximab. A recent meta-analysis
[60]
by Moore et al has shed further light on optimal targets for infliximab. They found twelve studies reported
IFX levels in a manner suitable for determining effect
estimates. During maintenance therapy, patients in
clinical remission had significantly higher mean trough
IFX levels than patients not in remission; 3.1 μg/mL
vs 0.9 μg/mL. Patients with an IFX level > 2 μg/mL
were more likely to be in clinical remission (RR = 2.9,
95%CI: 1.8-4.7, P < 0.001), or achieve endoscopic
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Table 6 Trough levels associated with mucosal healing for infliximab
n

Study
Paul et al[61]
Ungar et al[63]
Imaeda et al[43]
Reinisch et al[42]
Colombel et al[64]
Papamichael et al[62]

Mean Infliximab Trough level μg/mL

Mean Infliximab Trough level μg/mL

Mucosal Healing

No mucosal Healing

52 (UC/CD)
78 (UC/CD)
45 (CD)
123 (CD)
188 (CD)
101(UC)

Delta IFX > 0.5
4.3
> 4.0
> 3.0
3.51
> 15 (wk 6)
> 2.1 (wk 14)

P value

95%CI

0.0001
0.002

1.7

0.56-0.70
1.53-7.28
1.72

0.0018
0.025
0.004

IFX: Infliximab; UC: Ulcerative colitis; CD: Crohn’s disease.

Table 7 Trough levels associated with mucosal healing for adalimumab
n

Study
Ungar et al[63]
Roblin et al[44]
Zittan et al[68]

67 (UC/CD)
40 (UC/CD)
60 (UC/CD)

Mean Adalimumab Trough level μg/mL

Mean Adalimumab Trough level μg/mL

Mucosal Healing

No mucosal Healing

6.7
6.5
14.7

3.1
4.2
3.4

P value
0.01
< 0.05
< 0.0001

UC: Ulcerative colitis; CD: Crohn’s disease.

remission (RR = 3, 95%CI: 1.4-6.5, P = 0.004) than
patients with levels < 2 μg/mL.
In addition evidence is emerging that in order to
achieve the more stringent target of mucosal healing,
[42,43,61-64]
higher trough levels are essential. Table 6
illustrates the data for infliximab trough levels, and mucosal
healing, and Table 7, the data for adalimumab. In a
French study looking at response to infliximab dose
intensification in patients loosing response, the only factor associated with a greater likelihood of mucosal heal[61]
ing, was an increase in drug trough levels . A recent
[65]
meta-analysis by Barnes et al
showed that among
patients with IBD, anti-TNFα trough levels above prespecified values were associated with increased rates of
mucosal healing (OR = 5.57, 95%CI: 3.80-8.15).
In a retrospective study of 145 IBD patients
[63]
Ungar et al
recently found significant association
between serum levels of anti-TNFα agents and level
of mucosal healing. Median serum levels of infliximab
and adalimumab were significantly higher in patients
with mucosal healing than patients with active disease
(based on endoscopy) (for infliximab, 4.3 μg/mL vs 1.7
μg/mL, P = 0.0002 and for adalimumab, 6.2 μg/mL
vs 3.1 μg/mL, P = 0.01). Levels of infliximab above 5
μg/mL (area under the curve = 0.75, P < 0.0001) and
levels of adalimumab above 7.1 μg/mL (area under
the curve = 0.7, P = 0.004) identified patients with
mucosal healing with 85% specificity. Increasing levels
of infliximab beyond 8 μg/mL produced only minimal
increases in the rate of mucosal healing, whereas the
association between higher level of adalimumab and
increased rate of mucosal healing reached a plateau
at 12 μg/mL. They propose that serum levels of 6-10
μg/mL for infliximab and 8-12 μg/mL for adalimumab
are required to achieve mucosal healing in 80%-90%
of patients with IBD, and that this could be considered
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as a “therapeutic window”. Exceeding these levels produces only a negligible gain in proportion of patients
with mucosal healing. Further studies are required, but
this suggests, that in order to alter the natural history
of IBD, and achieve mucosal healing, we need robust
and sustained trough levels of anti-TNFα.
With regard to adalumimab there is less available
research in the field of immunomonitoring. Post-hoc
[66]
analysis of the Karmiris trial by Baert et al has shown
that a low serum adalimumab concentration after the
induction regimen increases the risk of ATA formation.
A trough level of < 5 μg/mL, increased the risk of ATA
formation. In addition ATA formation is associated
with a future risk of inflammation and disease relapse.
Further analysis of the CHARM trial data also identified
a positive association between serum adalimumab
[67]
concentration and remission at several time points .
However the authors did not identify a threshold
concentration reliably associated with remission. Roblin
[44]
et al
also showed that in a cohort of 40 patients
with IBD, on maintenance therapy, trough levels of
adalimumab were higher in patients with mucosal healing (6.5 μg/mL) than in patients without (4.2 μg/mL, P
[68]
< 0.005). Zittan et al
similarly showed that higher
adalimumab trough levels are associated with mucosal
healing. In a cohort of 60 patients, on maintenance
adalimumab therapy, a median trough of 14.7 μg/mL
was found in those with mucosal healing vs 3.4 μg/mL
-5
in those without, P = 6.25 × 10 ).They propose a
cut-off of 8.14 μg/mL, be used, as a target to achieve
mucosal healing.

APPLICATION OF IMMUNOMONITORING
Immunomonitoring may be utilised at different stages
of the treatment pathway, from induction, to mainte-
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nance phase and finally remission.

ysis of 82 patients on maintenance infliximab and
adalimumab, and we found no association between
once off, anti-TNFα trough and ADA levels, with clinical
[72]
response, similar to other data . In future, event triggered immunomonitoring may be the best approach to
incorporate immunomonotoring. For example, in the
patient with a relapse, or who is losing response, calculation of trough and antibody levels, may help explore
this deterioration and help guide therapy as previously
discussed.

Induction/Early immunomonitoring

As ever with the management of IBD timing is crucial,
specifically at the key time points of induction, and
maintenance. Low anti-TNFα trough levels, in the
induction phase is linked to increase risk of antibody
[69,70]
formation for both infliximab and adalimumab
.
Data though on optimal trough levels at induction
phase is limited. However a recent Belgian study
of 101 patients with UC, who completed induction
therapy with infliximab has demonstrated that higher
infliximab trough levels are associated with increased
[62]
likelihood of short term mucosal healing
Multiple
logistic regression analysis identified infliximab concentration ≥ 15 at week 6 (P = 0.025, OR = 4.6, 95%CI:
1.2-17.1) and ≥ 2.1 μg/mL at week 14 (P = 0.004,
OR = 5.6, 95%CI: 1.7-18) as independent factors
associated with short term mucosal healing. Further
randomised studies are required, but this suggests
that a targeted approach, achieving therapeutic trough
levels, particularly after completion of induction phase
of therapy, will help optimise response and remission
rates.
[71]
Brandse et al
have also shown significant differences in IFX trough levels at 6 wk in responders compared to non-responders after completion of induction
course of IFX. The median serum concentrations of
infliximab at week 6 were 8.1 μg/mL in responders
(interquartile range, 3.0-13.7 μg/mL) and 2.9 μg/mL
in non-responders (interquartile range, 0.01-5.8
μg/mL) (P = 0.03). In addition they found that early
development of ATIs during induction therapy reduces
the serum concentration of infliximab and is associated with nonresponse to treatment. Patients with
high baseline serum levels of CRP had lower serum
concentrations of infliximab. Thus it’s clear, that
immunogenicity is a concern from the outset of treatment, and particularly for the severely inflamed colon,
accelerated induction courses, with therapeutic trough
levels may be aimed for, to best optimise response.

Stopping therapy

Immunomonitoring may also be useful in guiding when
[73]
to stop therapy. Amiot et al
have shown that in a
cohort of 80 patients with inflammatory bowel disease
in clinical remission on infliximab therapy, de-escalation
of infliximab therapy should be considered based on
therapeutic drug monitoring rather than the current
blind standard approach based on symptoms and CRP.
In addition a study of patients with Crohn’s disease
in remission, who had their infliximab discontinued,
has shown that an infliximab trough level < 6 μg/mL,
[74]
is associated with long lasting clinical remission .
Patients with higher trough levels at the time of IFX
discontinuation were more prone to relapse suggests
that these patients probably require continued antiTNFα administration and an adequate drug concentration to maintain clinical remission and therefore are
more likely to relapse once this therapy is discontinued. Further randomised controlled trials are required
to confirm this, but these two studies suggests that
immunomonitoring may be useful in guiding when it is
safe to stop anti-TNFα therapy.

OPTIMISING THERAPY: SWITCHING
AGENTS
Despite attempts to optimise response to anti-TNFα
therapy, some patients will require a switch to another
agent within the anti-TNF family, as well as alternative
biologic agents, or immunomodulators. Patients with
adequate trough levels, who loose response, are
unlikely to benefit from further dose escalation. In
a study of 247 IBD patients, with suspected loss of
response, trough levels of adalimumab greater than
4.5 μg/mL and infliximab greater than 3.8 μg/mL
identified patients who failed to respond to an increase
in drug dosage or a switch to another anti-TNF agent
[75]
with 90% specificity . In addition levels of antibodies
against adalimumab > 4 μg/mL or antibodies against
infliximab > 9 μg/mL identified patients who did not
respond to increase in doses of anti-TNF, with 90%
specificity.
Switching from one class on anti-TNF to an alternative agent is associated with modest response rates.
It’s worth noting that patients who develop antibodies
to one anti-TNF agent, are more likely to develop antibodies to an alternative anti-TNF agent. For example

Maintenance phase immunomonitoring

With regard to maintenance phase of treatment, as
mentioned above there is evidence from the literature,
backing up a targeted approach to therapy. As
mentioned The TAXIT study, where patients on maintenance infliximab were randomised between a treat
to target approach, aiming for trough levels between
3-7 μg/mL, and the current standard approach. During
optimization stage, response rates were improved,
in patients with sub-therapeutic levels, who had their
IFX doses intensified. In addition patients with supratherapeutic levels, had doses safely reduced, allowing
[14]
a more cost effective use of anti-TNFα .
There is however a lack of association between
once off maintenance phase immunomonitoring with
outcomes. Our group have done a retrospective anal
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[76]

Frederiksen et al
has shown that in patients who
failed infliximab, antibody formation to adalimumab
was increased which was associated with minimal drug
level, and a clear lack of response. They propose that
it is prudent to assess ADA immunogenicity in antiIFX antibody-positive switchers to ensure optimal
interventions at inadequate treatment responses and
to avoid inappropriate ADA intensification regimens.
In addition data from the SWITCH trial has shown that
elective switching to a subcutaneous regimen is not
efficacious and is associated with a high likelihood of
[77]
losing response .
In patients with ADA’s and low anti-TNFα trough
levels, consideration can be given to alternative antiTNFα agents, like golimumab, or newer agents, like
vedolizumab but data on immunomonoitoring for these
agents is lacking.

potential of immunomonitoring.
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Abstract
AIM
To evaluate sex differences and the effects of oestrogen

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
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administration in rat gastric mucosal defence.

Core tip: We report a sex difference in absolute gastric
mucosal blood flow using an in vivo rat experimental
model. Male rats had approximately twice as high
blood flow in the gastric corpus mucosa compared to
females. Moreover, relative gastric mucosal blood flow
decreased during oestrogen administration in males
but not in females and the permeability of the gastric
mucosa increased to a higher level in females than in
males after taurocholate challenge. However, mean
clearance increase, mucus thickness and accumulation
rate and the expression of ERα, ERβ or calcitonin gene
related peptide in the gastric mucosa did not differ
significantly between the sexes.

METHODS
Sex differences in gastric mucus thickness and accumu
lation rate, absolute gastric mucosal blood flow using
microspheres, the integrity of the gastric mucosal
epithelium in response to a chemical irritant and the
effects of oestrogen administration on relative gastric
mucosal blood flow in an acute setting was assessed
in an in vivo rat experimental model. Subsequently,
sex differences in the distribution of oestrogen
receptors and calcitonin gene related peptide in the
gastric mucosa of animals exposed to oestrogen
in the above experiments was evaluated using
immunohistochemistry.

Shore R, Björne H, Omoto Y, Siemiatkowska A, Gustafsson JÅ,
Lindblad M, Holm L. Sex differences and effects of oestrogen
in rat gastric mucosal defence. World J Gastroenterol 2017;
23(3): 426-436 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i3/426.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i3.426

RESULTS
The absolute blood flow in the GI-tract was generally
higher in males, but only significantly different in the
corpus part of the stomach (1.12 ± 0.12 mL/min•g
in males and 0.51 ± 0.03 mL/min•g in females) (P =
0.002). After removal of the loosely adherent mucus
layer the thickness of the firmly adherent mucus
layer in males and females was 79 ± 1 µm and 80 ±
3 µm respectively. After 60 min the mucus thickness
increased to 113 ± 3 µm in males and 121 ± 3 µm in
females with no statistically significant difference seen
between the sexes. Following oestrogen administration
(0.1 followed by 1 µg/kg•min), mean blood flow in the
gastric mucosa decreased by 31% [68 ± 13 perfusion
units (PFU)] in males which was significantly different
compared to baseline (P = 0.02). In females however,
mean blood flow remained largely unchanged with a
4% (5 ± 33 PFU) reduction. The permeability of the
gastric mucosa increased to a higher level in females
than in males (P = 0.01) after taurocholate challenge.
However, the calculated mean clearance increase did
not significantly differ between the sexes [0.1 ± 0.04
to 1.1 ± 0.1 mL/min•100 g in males and 0.4 ± 0.3 to
2.1 ± 0.3 mL/min•100 g in females (P = 0.065)]. There
were no significant differences between 17β-Estradiol
treated males (mean ratio of positive staining ± SEM)
(0.06 ± 0.07) and females (0.11 ± 0.11) in the staining
of ERα (P = 0.24). Also, there were no significant
differences between 17β-Estradiol treated males (0.18
± 0.21) and females (0.06 ± 0.12) in the staining
of ERβ (P = 0.11). Finally, there were no significant
differences between 17β-Estradiol treated males (0.04
± 0.05) and females (0.11 ± 0.10) in the staining of
CGRP (P = 0.14).

INTRODUCTION
There is an unexplained difference between the sexes
regarding the incidence of several gastric diseases.
For instance, there is a male predominance (2-3:1)
[1]
in the incidence of gastric adenocarcinoma and a
hypothesis that these sex differences could be due to
a protective effects of female sex-hormones, mainly
[2]
oestrogens . Moreover, there is a similar male predominance in the incidence of peptic ulcer disease;
although this difference has been declining over
[3]
time and oestrogens are hypothesised to play a role
[4,5]
in the protection against gastro-duodenal injury .
In light of previous epidemiological and experimental studies we hypothesised that a potentially
protective effect of oestrogen would be exerted
by influencing the mechanisms of gastric mucosal
defence. The gastric mucosal integrity is maintained by
several defence mechanisms that can be divided into
three levels: A pre-epithelial level (mucus-bicarbonate),
the epithelial level including tight junctions and fast
cell turnover, and a sub-epithelial level, mainly blood
[6-10]
flow
.
We first evaluated basal sex differences in gastric
mucosal blood flow, using the microspheres technique.
Secondly, we evaluated the effects of oestrogen
on relative gastric mucosal blood flow, using Laser
Doppler Flowmetry in a unique in vivo experimental
[11,12]
model developed in our laboratory
. Further,
gastric mucus thickness and accumulation rate, and
the integrity of the gastric mucosal epithelium in
response to a challenge with the nonsteroidal antiinflammatory drug (NSAID) diclofenac and the bile
acid taurocholate were studied in the same in vivo
animal model. Finally, we evaluated sex differences
in the distribution of oestrogen receptors (ERs) and

CONCLUSION
Gastric mucosal blood flow is higher in male than in
female rats and is reduced in male rats by oestrogen
administration.
Key words: Sex differences; Gastric mucosal defence;
Blood flow; Oestrogen; Gastric physiology; Mucus
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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calcitonin gene related peptide (CGRP), an oestrogen
[13]
sensitive potent vasodilator , in the gastric mucosa
using immunohistochemistry.

blood pressure had been established (less than 10%
variation during 10 min) approximately 300000 nonradioactive black microspheres with a mean diameter
®
of 15 µm (E-Z Trac Ultraspheres ; IMT, Stason Labs.,
Irvine, CA, United States), were suspended in 0.15 mL
saline containing 0.01% (v/v) Tween 80 and 0.002%
(w/v) Thimerosal, sonicated for 5 min and injected
through the carotid artery catheter within 10 s. The
catheter was then flushed with 0.3 mL saline for 20 s.
The reference blood sample was withdrawn into
a Heparin-containing (Leo Pharma, Malmö, Sweden;
5000 IU/mL) syringe at a constant rate of 0.5 mL/min
from the catheter in the left femoral artery starting 10
s before the injection of the microspheres and conti
nuing for 60 s after the injection. Blood pressure was
continuously monitored to ensure that this procedure
did not affect MAP. Thereafter the animals were
euthanised and a piece of the right and left kidney,
duodenum, colon, antrum and corpus of the stomach
were quickly removed, blotted and weighed. In a pilot
study (n = 5), muscularis and mucosa/submucosa
of stomach and gastrointestinal tract specimens
were dissected and analysed separately. In all these
experiments, the flow to the muscularis layer was not
possible to measure with this technique due to low
number of microspheres (≤ 400). The weight and the
blood flow of the muscularis were low compared with
the mucosa/submucosa. Therefore, a micro-dissection
to remove the muscularis from the mucosa/submucosa layer was not performed in subsequent
experiments. The specimens were placed on objective
glass and subjected to quick freezing in liquid nitrogen
before thawing to help visualise the microspheres.
The number of microspheres present in the organs
was counted in a light microscope. The microsphere
content in the arterial blood reference samples was
counted in the same manner after transferring the
blood to glass microfiber filters. The organ blood flow
was calculated according to the formula:
Qorg = (Norg × Qref)/Nref
Where Qorg = organ blood flow (mL/min), Qref
= flow of the reference sample (mL/min), Norg =
number of microspheres present in the organ and Nref
= number of microspheres present in the reference
sample. The value was then converted into blood flow
in mL/min•g of tissue by dividing the calculated flow
above with the total weight of the tissue in grams.
The blood flow values calculated from the microsphere
content of the kidneys were used to reassert that the
microspheres were sufficiently mixed in the circulation.
A difference of less than 10% in the blood flow values
was taken to indicate adequate mixing. Only animals
with adequate mixing were included in the statistical
calculations.

MATERIALS AND METHODS
Animal preparation

All experiments were approved by the Regional
Ethical Committee for Laboratory Animal Experiments
in Uppsala. The animal protocol was designed to
minimise pain or discomfort to the animals. Male and
female 9 wk old Sprague-Dawley rats (both sexes
are sexually mature at 8-10 wk) (Taconic M&B A/S,
Lille Skensved, Denmark) weighing 250-350 g and
180-225 g respectively were kept in standardised
conditions of temperature (21-22 ℃) and ambient
lighting using a 12 h night and day cycle. Rats were
allowed to acclimatise in wide cages with a mesh
bottom and free access to pelleted food and tap water
for at least seven days before the experiments started.
Before each experiment they were fasted for 18-20 h
with free access to water. To avoid additional stress the
animals were handled as little as possible outside their
cages and administered 120 mg/kg of thiobutabarbital
sodium (Inactin; Sigma-Aldrich, St Louis, Missouri,
United States) intraperitoneally to induce anaesthesia
before being returned to the cage. After an appropriate
length of time the level of anaesthesia was evaluated
by the reactions of the eye-lid and foot to tactile
and painful stimulus respectively. If anaesthesia was
deemed non-sufficient an additional bolus of thiobutabarbital sodium was administered when necessary
during the experimental procedure. No opioids or other
analgesics were administered to the animals. Core
body temperature was kept at 37-38 ℃ using a heating
pad connected to a rectal thermistor. A PE-200 cannula
was inserted into the trachea to facilitate spontaneous breathing. After the end of each experiment all
animals were euthanised with an intravenous injection
of saturated potassium chloride solution.

Measurement of gastric mucosal blood flow using
microspheres

Animal preparation specific for this experiment:
A PE-50 cannula containing Heparin (Leo Pharma,
Malmö, Sweden; 12.5 IU/mL) dissolved in 0.9%
saline was inserted into the ascending aorta via
the right carotid artery as well as the right and left
femoral artery. The mean systemic arterial blood
pressure (MAP) was under continuous measurement
by connecting the catheter in the right femoral artery
to a pressure transducer whereas the catheter in the
left femoral artery was connected to a constant rate
withdrawal pump. The position of the carotid catheter
just below or above the aortic valve for injection of the
microspheres was confirmed at autopsy at the end of
the experiments.

Measurement of mucus thickness and accumulation
rate

Animal and tissue preparation specific for this
experiment: The femoral artery was catheterised

Absolute blood flow measurements using microspheres - experimental protocol: After stable
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[11]

with a PE-50 cannula containing Heparin (12.5 IU/mL)
dissolved in 0.9% saline and connected to a pressure
transducer for continuous measurement of MAP. The
femoral vein was cannulated for drug administration
and a continuous infusion of a modified Ringer’s
solution (25 mmol/L NaHCO3, 120 mmol/L NaCl, 2.5
mmol/L KCl and 0.75 mmol/L CaCl2) at a rate of 1 mL
per hour.
The gastric preparation for mucus thickness meas[11,14]
urements has been described previously in detail
.
In brief, the abdomen was opened through a midline
incision and the stomach was exteriorised. The forestomach was opened along the greater curvature and
the rat was placed on its left side on an in-house built
Lucite microscope stage. The corpus of the stomach
was everted and draped over a truncated cone with
the luminal side up. A mucosal chamber with a hole
in the bottom was placed over the stomach, exposing
2
approximately 1.2 cm of the mucosal surface and the
junction was sealed with silicone grease. The mucosal
chamber was filled with un-buffered 0.9% saline (5
mL) and kept at 37-38 ℃ by warm water perfusing the
bottom of the chamber. The saline was changed every
10 min and pH was measured. The animal was allowed
to recover for at least 1 h after surgical preparation
until systemic blood pressure stabilised.

detail elsewhere

Blood flow measurement - laser doppler flowmetry: Laser doppler flowmetry (LDF) (PeriFlux 4001
Master and PeriFlux PF3; PeriMed AB, Stockholm,
Sweden) was used to measure gastric mucosal blood
flow. The helium neon laser (wavelength 635 nm) was
guided to the gastric mucosa by an optical fibre and
back-scattered light was detected by a pair of fibres
separated by 0.25-0.5 mm. The Doppler shift from
an illuminated tissue depends on the velocity and the
[16]
number of moving red blood cells . The accuracy of
the LDF method for gastrointestinal applications has
[17,18]
been described previously
. The laser probe was
mounted on a micromanipulator and maintained at a
distance of about 0.5 mm from the gastric mucosa in
the chamber solution. Because the recorded signal is
known to decrease exponentially with distance from
the probe and 70% of the total blood flow in the gastric
[6]
wall is mucosal the recorded signal was considered
to be mainly mucosal in origin. Using this technique
blood flow was determined as a voltage output and
expressed as perfusion units (PFU). Changes in blood
flow were expressed as a percentage of baseline
values and mean blood flow changes were calculated
from the area under the curve during 10 min periods.

Mucus thickness measurements - experimental
protocol: Mucus thickness and accumulation rate was
measured using micropipettes connected to a micro[12,14,15]
manipulator as described previously in detail
. In
brief the epithelial cell surface of the mucus gel was
visualised using carbon particles (extra pure activated
charcoal; Merck Inc., Darmstadt, Germany). A micropipette was pushed into the mucus gel at an angle (α)
of 25-35° to the epithelial surface and the distance (D)
travelled by the micropipette from the luminal surface
of the mucus gel to the epithelial cell surface was
measured by a digimatic indicator (IDC Series 543;
Mitutoyo Corp., Tokyo, Japan) connected to the micromanipulator. Mucus gel thickness (T) was calculated
using the formula T = D(sin α). A mean value from
four or five measurements at different locations was
used. Removal of the outer loosely adherent mucus
layer was performed by suction with a thin catheter.
The inner firmly adherent mucus layer remained and
the thickness of this was measured. The accumulation of mucus was studied by measuring the mucus
thickness every 20 min for 60 min at which point the
loosely adherent mucus layer was removed again
and the firmly adherent mucus layer was measured a
second time.

Oestrogen administration and experimental
protocol: 17β-Estradiol (Sigma Chemical, St Louis,
MO, United States) was dissolved in 100% ethanol to
form a stock solution which was initially diluted to 2%
ethanol in saline with a concentration of 1 mmol/L that
could be stored at -20 ℃. Subsequently this stock was
further diluted to a final concentration of 0.1 mmol/L
which was stored at +4 ℃ without precipitation.
On the day of the experiment these solutions were
further diluted in phosphate-buffered saline (PBS) to
10 and 1 nmol/L respectively as described by Binko
[19]
et al . Previous studies have shown that maximal
17β-Estradiol levels achieved in cycling rodents is
[20]
approximately 0.1 nmol/L . A two-step dose regimen
for intravenous administration was then adopted
[21]
influenced by Philp et al . However, based on the fact
that this group only found antiarrhythmic effects in
the higher dose regimens and in order to elucidate if
any response would be seen at all as well as to reduce
the number of animals required we decided to adopt
a regimen with a higher starting dose and a steeper
dose-response curve corresponding to approximately
30 and 300 times the physiologic serum concentration
seen in female rats. This was done using an initial
intravenous bolus dose of 1 and 10 µg/kg (0.17 mL)
respectively, administered to both intact males and
females, followed by a continuous one hour long infusion of first 0.1 (E1) and finally 1 (E2) µg/kg•min (6
and 60 µg/kg•h) at a rate of 1 mL per hour. Moreover,
a few pilot experiments confirmed that an initial bolus
dose of 0.1 µg/kg followed by a continuous one hour
long infusion of 0.01 µg/kg•min (0.6 µg/kg•h), did not

Measurements of gastric mucosal blood flow using
Laser Doppler Flowmetry before and after oestrogen
administration

Animal and tissue preparation specific for this
experiment: The preparations in this experiment are
identical to those described briefly in section B and in
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and 50 µL of plasma was removed for measurement
of radioactivity in counts per minute (cpm). During
the experiments the gastric mucosa was covered with
5 mL of isotonic saline or 5 mL of 10 mmol/L HCl. This
luminal solution and blood samples were analysed for
activity in a gamma counter (1282 Compugamma Cs;
Pharmacia, Uppsala, Sweden). Each clearance value
was calculated by dividing the luminal cpm value by
the corresponding plasma cpm value according to the
formula: Lumen sample (cpm/mL) × Sample volume
(mL) × 100/Plasma (cpm/mL) × Tissue weight (g)
× Time (min). Clearance was calculated in this way
every ten minutes during the experiment. If there
was a deviation of less than 10% between the three
different blood sample counts a mean plasma cpm/mL
value was calculated and used for all clearance calculations. If there was a deviation of more than 10% the
activity was plotted against time and a straight line
was drawn between the two nearest values.

51

Cr-EDTA blood does followed by infusion
Diclofenac i.v.
Blood sample

Blood sample

Blood sample

-60            0      20      40       60     80     100     120     140   160
Time (min) Saline        HCl pH 2        Taurocholate    HCl pH 2     Saline

Figure 1 Gastric mucosal permeability; experimental protocol. Time in
minutes is given on the X-axis. At -60 (1 h before the start of the experiment
but after the animal has been allowed to stabilise after surgery) a bolus dose
and a continuous intravenous infusion of 51CrEDTA in Ringer’s solution is
started. Time 0 marks the start of the experimental procedure. Interventions
intravenously are given above the X-axis. Changes in luminal solutions covering
the gastric mucosa are given below the X-axis.

cause any significant changes in blood flow (LDF) in
either of the sexes (data not shown). Each animal is its
own control and all results in this study are thus based
on differences in mean changes from the baseline.
During the course of the 2 h protocol, MAP and gastric
mucosal blood flow were measured continuously.

Mucosal blood flow: Gastric mucosal blood flow (LDF)
and systemic mean arterial pressure were measured
and recorded as described under section C only to
ensure the stability of the experimental setup. The
recorded values were not used in the analysis.

Data management: Each hour of infusion was
divided into six 10 min periods and the changes in MAP
and LDF during each period was calculated as a mean
value. To compare the different doses of oestrogen a
mean value was calculated using the last 30 min (i.e.,
three 10 min periods) of each infusion period. In one
of the female rats the experiment was stopped before
the entire last period was finished due to a reduction
in blood pressure. In that case the last 10 min period
was used as an approximation.

Experimental protocol: The experimental protocol
[22]
was adapted from Petersson et al
(Figure 1). MAP
and gastric mucosal blood flow were allowed to remain
at steady state for 20-30 min at which point the first
blood sample was drawn as described above. Every 10
min during the 160 min of the experimental protocol
the 5 mL solution to which the mucosa was exposed to
was withdrawn for analysis and instantly replaced. At
the start of the experiment the mucosa was exposed
to saline for the first 20 min followed by 130 min of
10 mmol/L isotonic HCl and finally to 10 min of saline.
Forty minutes into the experiment the COX inhibitor
diclofenac (Voltaren; Novartis, Täby, Sweden) was
given as an intravenous bolus dose of 5 mg/kg as a
“systemic” form of challenge as studies have shown
[23]
that NSAIDs increase gastric mucosal permeability .
Seventy minutes after the start of the experiment
the bile salt taurocholate 20 mmol/L (Sigma-Aldrich
Chemie) was added to the acidic luminal solution for
40 min as a topical challenge.
In each animal the mean clearance during the last
20 min before the administration of taurocholate was
chosen as a control value and the mean clearance during the last 20 min of the taurocholate exposure was
chosen as the effect value.

Measurements of gastric mucosal permeability

Animal and tissue preparation specific for this
experiment: The preparations in these experiments
are identical to those described briefly in section B.
Mucosal permeability: The blood-to-lumen clear51
51
ance of chromium-labeled EDTA ( CrEDTA; DuPontNEN, Boston, MA) was studied before, during and
after a chemical challenge to the gastric mucosa
in both male and female rats to evaluate any sex
differences in gastric mucosal permeability. These
experiments were conducted as described in detail
[22]
by Petersson et al
and presented in Figure 1. In
brief, after the animal had been allowed to stabilise
after surgery and 60 min before the start of the
experiment an intravenous bolus dose of 50-75 µCi
51
CrEDTA in Ringer’s solution was given followed by
an infusion of 10-30 µCi per hour (1 mL per hour)
during the entire experimental procedure. At the
start of the experiment a blood sample of 0.2 mL was
drawn and compensated for by an equal volume of 7%
BSA (Sigma-Aldrich Chemie, Steinheim, Germany).
Blood samples were also taken at 60 min into the
experiment and at 160 min at the end of the experimental protocol. All blood samples were centrifuged
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Detection of ERα , ERβ and CGRP in the gastric mucosa
by immunohistochemistry

Animal and tissue preparation specific for this
experiment: The tissues used in these experiments
were collected from the stomachs from all animals that
were exposed to oestrogen. The animal and tissue
preparation as well as the experimental protocol is
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given under section C. After each animal was euthanised the stomach was removed and divided into an
anterior and posterior half along the greater curvature.
One of the halves was fixed in formaldehyde, dehydrated and embedded in 4% wax. Each wax block was
th
cut into 4 µm thick sections and every 10 section was
collected, deparaffinized, and rehydrated.

of cells showed intermediate staining (intensity score =
2). In the light of this observation the intensity scoring
was scrapped and a scoring of either negative (0) or
positive (1) staining was adopted and the percentage
of staining was calculated as the number of stained
cells in one sample divided by the total number of such
cells in the sample.

Antibodies: The antibodies used were rabbit polyclonal anti-ERα (MC-20; Santa Cruz Biotechnology),
chicken polyclonal anti-ERβ503 (produced at the
Department of Biosciences and Nutrition, Karolinska
[24]
Institutet at Novum Huddinge, Sweden)
and rabbit
anti-Calcitonin Gene Related Peptide (anti-CGRPC8198)
(Sigma). Biotinylated anti-rabbit, anti-chicken antibodies were from Vector Laboratories (Burlingame, CA).

Statistical analysis

All data are expressed as means ± SE. Data was
checked for normality using the Shapiro-Wilk test. In
microsphere experiments (A) unpaired t-tests with
Welch’s correction was used for comparisons between
groups. Two-way repeated measurements ANOVA
with Dunnett’s multiple comparisons test were used in
mucus and blood flow experiments (B&C). Both paired
(before and after challenge) and unpaired (between
the sexes) t-tests were used in permeability experiments (D). Unpaired t-test was used in immunohistochemistry experiments (E). All tests were two-tailed
and a P value of < 0.05 was considered statistically
significant. GraphPad Prism version 6.00 for Windows,
GraphPad Software, San Diego, CA, United States was
used for statistical calculations.

Immunohistochemical staining: Antigens were
retrieved by microwave 650 W in 10 mmol/L citrate
buffer (pH 7.0) for 15 min. The sections were
incubated in 0.5% H2O2 in PBS for 30 min at room
temperature to quench endogenous peroxidase, then
incubated in 0.5% Triton X-100 in PBS for 15 min. To
block the nonspecific binding, sections were incubated
in BlockAce (Dai-Nippon Pharmaceutical, Japan) for
40 min at room temperature. Sections were incubated
with the following antibodies and dilutions: anti-ERα
(1:250), anti-ERβ (1:500) and anti-CGRP (1:5000)
in PBS overnight at 4 ℃. After washing, sections were
incubated with biotinylated corresponding secondary
antibodies (all in 1:200 dilutions) for 1 h at room temperature. The Vectastain avidin-biotin complex (ABC)
kit (Vector) was used for the ABC method according
to the manufacturers’ instructions. Peroxidase activity
was visualized with 3,3’-diaminobenzidine (DAKO).
The sections were mounted on slides and lightly counterstained with haematoxylin. Negative controls were
incubated without primary antibody.

RESULTS
Gastric mucosal blood flow using microspheres

The absolute blood flow in the GI-tract was generally
higher in males than in females, but only significantly
different in the corpus part of the stomach [1.12 ± 0.12
mL/min•g in males (n = 8) and 0.51 ± 0.03 mL/min•g
in females (n = 5)] (P = 0.002) (Figure 2).

Mucus thickness and accumulation rate

After removal of the loosely adherent mucus layer the
thickness of the firmly adherent mucus layer in males
and females was 79 ± 1 µm (n = 11) and 80 ± 3 µm
(n = 8) respectively. After 60 min the mucus thickness
increased to 113 ± 3 µm in males and 121 ± 3 µm in
females with no statistically significant difference seen
between the sexes (P = 0.12). After a second removal
of the loosely adherent mucus layer the thickness of
the firmly adherent layer was 80 ± 1 µm in males and
78 ± 4 µm in females indicating that the increase in
mucus thickness was due to accumulation of loosely
adherent mucus (Figure 3).

Immunohistochemical assessment: Immunohisto
chemical slides were evaluated by YO, blinded to
animal sex status, using light microscopy. A total of
16 male and 6 female rats were investigated after
exposure to 17β-Estradiol. As our focus was on the
changes in blood flow in the stomach, we hypothesised
that endothelial cells would be the most important
targets of oestrogen treatment. Therefore, all further
assessment was made on the basis of this hypothesis.
All endothelial cells of arteries in the samples were
investigated and the number of stained and nonstained cells on the slides was counted. To examine
the effects of 17β-Estradiol treatment, the ratio of
stained cells to the total number of endothelial cells
were calculated and applied to statistical analysis. This
was initially done by using proportion scores and inten[25]
sity scores as described by Allred et al . However,
after viewing all the slides the staining intensity in all
samples was found to be week (intensity score = 1) or
absent (intensity score = 0) and a negligible number
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Gastric mucosal blood flow before and after oestrogen
administration

Following oestrogen administration (0.1 followed by
1 µg/kg•min), mean blood flow in the gastric mucosa
decreased by 31% (68 ± 13 PFU) in males (n = 7)
which was significantly different compared to baseline
(P = 0.02). In females (n = 5) however, blood flow
remained largely unchanged with a 4% (5 ± 33 PFU)
decrease. MAP remained unchanged during the experimental protocol with no significant changes either
within each group or between the sexes (Figure 4).
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and female (F) (n = 24 for all experiments) animals, measured with the
microspheres technique. The absolute blood flow in the GI-tract was generally
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Figure 3 Mucus thickness and accumulation rate. Mucus thickness and
accumulation rate (means ± SE) in male (M) (n = 8) and female (F) (n = 11)
animals. Time in minutes is given on the X-axis. 1st removal marks the mucus
thickness of the firmly adherent mucus layer after removal of the loosely
adherent mucus layer at the start of the experiment. Subsequent time periods
show the accumulation rate of the loosely adherent mucus layer which is again
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The ratio of positive staining was calculated in every
sample and applied to the statistical analysis. Table 1
shows immunostaining of ERα, ERβ and CGRP in endothelial cells of the stomach wall. Values are calculated
as mean ratios of positive staining ± SE.
Staining for ERα after exposure to oestrogen
could be observed in gastric epithelial cells, glandular
cells (both chief cells and parietal cells), infiltrating
cells, myenteric neurons near the serosa in the outer
longitudinal muscle of the muscularis and in endothelial cells of blood vessels. The staining (proportion
of stained cells in relation to the total number of
observable cells) of ERα in endothelial cells was low
and the intensity was weak. There were no significant
differences between 17β-Estradiol treated males and
females in the staining of ERα (P = 0.24).
Staining for ERβ was seen in chief cells, at the base
of the gastric glands, infiltrating cells, adipocytes and
in endothelial cells of blood vessels. The staining of
ERβ was seen in a larger number of endothelial cells
and of a greater intensity than for ERα. There were no
significant differences between 17β-Estradiol treated

Gastric mucosal permeability

No effect on clearance was seen after an intravenous
bolus dose of diclofenac (data not shown). The calculated mean clearance increased from 0.1 ± 0.04 to 1.1
± 0.1 mL/min•100 g (P = 0.01) in males (n = 6) and
from 0.4 ± 0.3 to 2.1 ± 0.3 mL/min•100 g (P = 0.001)
in females (n = 6). There was no statistical significance
between the sexes at baseline (P = 0.2). The absolute
permeability of the gastric mucosa was greater after
taurocholate challenge in females compared to males
(P = 0.01). However, the difference in mean clearance
increase between the sexes did not reach significance
(P = 0.065) (Figure 5A and B). This increase in
permeability was completely reversible to 0.1 ± 0.07
mL/min•100 g in males and 0.6 ± 0.2 mL/min•100 g in
females within 60 min of removal of taurocholate.
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Figure 4 Gastric mucosal blood flow before and after oestrogen
administration. Gastric mucosal blood flow [laser doppler flow (LDF)]
presented as perfusion units (PFU) and mean arterial pressure (MAP) in
male (dashed line) and female (solid line) animals. The X-axis shows values
at baseline and following oestrogen administration at 0.1 µg/kg•min (E1) as
well as 1 µg/kg•min (E2) respectively. Mean blood flow in the gastric mucosa
decreased by 31% (68 ± 13 PFU) in males (n = 7) which was significantly
different compared to baseline (b).
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Table 1 Immunostaining of oestrogen receptors and calcitonin
gene related peptide
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B

Females

51

CrEDTA clearance(mL/min•100 g)

B

P value

0.11 ± 0.11
0.06 ± 0.12
0.11 ± 0.10

0.24
0.11
0.14

T

in the expression of endothelial ERα, ERβ or CGRP in
the stomach.
To our knowledge a sex difference in absolute
gastric mucosal blood flow has not been previously
reported. Since a higher blood flow has been sug[26,27]
gested to protect the gastric mucosa
and females
have a lower incidence of several gastric diseases such
as adenocarcinoma, our hypothesis was that gastric
mucosal blood flow would be higher in females than
in males. However, there are several other studies in
both humans and animals, which demonstrate similar
sex differences in blood flow albeit not in the gastric
[28]
mucosa. In a clinical study by Cooke et al
it was
shown that skin blood flow as well as blood flow in the
hands and fingers of females were significantly lower
[29]
than in males. In another study in dogs, Pontari et al
demonstrated that mucosal blood flow in the bladder
was significantly lower in females than in males.
Oestrogen has been shown to cause activation of
endothelial nitric oxide synthase (eNOS) leading to
production of NO, local vasodilation and an increase
in blood flow through non-genomic (within seconds to
minutes) stimulation of primarily membrane-bound
ERα - but also ERβ receptors as well as through direct
effects that are independent of the endothelium
[30]
and ERs . Therefore, the finding that oestrogen
decreased relative gastric mucosal blood flow in males
was unexpected. However, in light of our own results
that absolute gastric mucosal blood flow is lower in
female than in male rats, it is not at all that surprising.
In humans oestrogen was seen to induce vasodilation
in a major artery in females but not in males, concluding that there may be gender differences in the effects
of oestrogen therapy on endothelial functions and NO
[31]
production/release . Oestrogen has been shown
to increase levels of CGRP in sensory nerve-endings
leading to increased blood flow through endothelial
production of NO, COX-1 and prostacyclin which in turn
inhibits neutrophil activation reducing inflammatory
[32]
response . Although these factors explain in part why
females are more resistant to gastric mucosal injury
they do not explain the mechanisms behind lower
gastric mucosal blood flow in females at baseline or
the decrease in blood flow in males during oestrogen
administration. Further research to elucidate these
mechanisms is warranted.
We did not observe any changes in gastric mucosal
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Immunostaining of ERα, ERβ and CGRP in endothelial cells of the stomach
wall expressed as mean ratios ± SE of positive staining. CGRP: Calcitonin
gene related peptide; ERs: Oestrogen receptors.
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Figure 5 Difference in mean clearance increase between the sexes did
not reach significance. A: Absolute clearance increase. Absolute 51CrEDTA
clearance increase (mL/min•100 g) in female (n = 6) and male (n = 6) animals
from baseline (B) to after exposure to an NSAID and Taurocholate (T)
challenge. B: Calculated mean clearance increase. Calculated mean ± SE
51
CrEDTA clearance increase (mL/min•100 g) in female (n = 6) and male (n = 6)
animals from baseline (B) to after exposure to an NSAID and Taurocholate (T)
challenge. NSAID: Nonsteroidal anti-inflammatory drug.

males and females in the staining of ERβ (P = 0.11).
CGRP staining was present in gastric glands, infiltrating cells, myenteric neurons of the muscularis and
in endothelial cells of blood vessels. CGRP staining in
endothelial cells was less than for ERα and ERβ. There
were no significant differences between 17β-Estradiol
treated males and females in the staining of CGRP (P
=0.14) (Figure 6).

DISCUSSION
The main finding in this experimental study of the rat
is that there was a difference in the gastric mucosal
blood flow between the sexes. The absolute blood flow
in the corpus of the stomach was substantially lower in
female than in male rats and during oestrogen administration the gastric mucosal blood flow decreased in
males but not in females. Moreover, the permeability
of the mucosal epithelial barrier was significantly
higher in females than in males after exposure to a
combination of an NSAID and bile acid. There were
no sex differences regarding mucus thickness and
accumulation rate. Also, there were no sex differences
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Figure 6 Immunostaining of ERα, ERβ and calcitonin gene related peptide in the male rat stomach. Haematoxylin-stained slides depicting arteries in the
male rat stomach. Arrows indicate immunostaining of ERα (top left), ERβ (top right) and CGRP (bottom left) in the endothelium after exposure to oestrogen.
Immunostaining is also visible in many other cell-types surrounding the blood vessels. CGRP: Calcitonin gene related peptide.

physiological serum concentration the impact of the
oestrous phase in these animals should be minimal.
After exposure to a combination of NSAID and bile
acid, not resulting in permanent damage, the permeability of the gastric mucosa was significantly higher in
females than in males. Moreover, the basal clearance
levels agree with earlier results in male rats presented
[22]
by our laboratory . The finding of a difference in gastric permeability between the sexes during challenge
of the mucosa point to a greater ability in females to
increase removal of potentially toxic substances from
the gastric mucosa. However, since this method can
only evaluate clearance from blood to lumen and not
from the lumen to the cell surface we cannot draw any
conclusions about sex differences in the function of the
mucosal epithelial barrier.
Our measurements of mucus thickness and accumulation rate are in accordance with previous work
[12]
by Atuma et al
in which, however, only male rats
were investigated. To our knowledge sex differences
in mucus thickness and accumulation rate as well as
the integrity of the mucosal epithelial barrier after
exposure to NSAID and bile acid have not been previously evaluated. Even though we did not observe any
basal physiological sex differences in mucus thickness
and accumulation rate the effects of sex hormones on
gastric mucosal pathology and especially drug-induced
damage and ulcer healing have been extensively
studied with a tendency to sex dependent results. A

blood flow during 17β-Estradiol administration in
females. This response agrees with a previous study by
[33]
Zhang et al in which blood flow was measured using
the H2-gas clearance technique and a much lower dose
of oestrogen was used. Of interest from that study is
also that the gastric mucosal blood flow level recorded
in the corpus part of the stomach is virtually identical
to our absolute values in females recorded using the
microsphere method.
The differences found here between males and
females in absolute values of gastric mucosal blood
flow, as well as the influence of oestrogen cannot be
explained by differences in the conductions of the
experiments. The male and female animals were
subject to the exact same protocols and experiments
were carried out interchangeably between the sexes
overall during the same period of calendar time minimising the influence of different batches of animals or
seasonal variations. The reason to why we chose not
to perform bilateral ovariectomy, which is conducted
in most other studies of this nature, was that our
aim was to study the response in the intact animal
with a normal and preserved oestrogen cycle. One
limitation is that we did not measure in which phase of
the oestrous cycle the female animal was before the
start of the experiment. This could potentially affect
the response to exogenous oestrogen administration.
However, since the dose of oestrogen administered
should result in between 30 and 300 times the normal
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gastric diseases such as adenocarcinoma, but increase our knowledge of sex
differences in basic gastric mucosal physiology in the rat. The significance and
mechanisms of our findings need to be further elucidated.

study in female rats demonstrated that 17β-Estradiol
[34]
aggravated ulcer healing
whereas another study
in male rats presented conflicting results showing an
attenuating effect of both progesterone and oestrogen
[35]
on drug-induced gastric damage .
Oestrogen acts on intracellular ERs that regulate
gene expression and are found in both cancerous and
non-cancerous gastric tissue, although their purpose is
[36]
not fully understood . We did not find any differences
in ER or CGRP receptor expression between the sexes.
However, oestrogen effects could still be dissimilar
without any differences in receptor expression why
further analysis on this matter is warranted.
We found a sex difference in absolute gastric
mucosal blood flow not previously reported. Male rats
had approximately twice as high blood flow in the
gastric corpus mucosa compared to females and the
blood flow decreased during oestrogen administration
in males but not in females. The significance and
mechanisms of these findings need to be further elucidated. The observed lack of sex differences regarding
the properties and integrity of the mucosal epithelial
barrier and the distribution of ERα, ERβ or CGRP in this
study are tentative and warrant further investigation.
Thus, our results do not explain why human females
seem to be protected against gastric diseases such as
peptic ulcer disease and adenocarcinoma, but increase
our knowledge of sex differences in basic gastric
mucosal physiology in the rat.

Terminology

Gastric mucosal defence refers to pre-epithelial (the mucus-bicarbonate
barrier), epithelial and sub-epithelial (mucosal blood flow) mechanisms, which
protect the stomach against hydrochloric acid and potentially noxious agents.

Peer-review

The paper is interesting but has a major problem. In the introduction and
conclusions the authors made extensive references to gastric cancer and
hypothesized that a potentially protective effect of estrogen could be exerted by
influencing the mechanisms of gastric mucosal defense including blood flow.
Since they did not study gastric cancer model in rat (e.g., nitrosoguanidineinduced gastric cancer in rats) nor the effect of estrogens in this model they
could not test their hypothesis.
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Abstract
AIM
To investigate the impact of inflammatory bowel
disease (IBD) on α2-Heremans-Schmid Glycoprotein
(AHSG/fetuin A) and potential associations with
disease and patient characteristics.

Informed consent statement: Informed consent was obtained
from all study participants, along with a verbal permission for the
use of the acquired samples for scientific research.
Conflict-of-interest statement: No potential conflicts of
interest relevant to this article were reported.

METHODS
AHSG serum levels were determined in treatment-naïve
newly-diagnosed patients, 96 with ulcerative colitis
(UC), 84 with Crohn’s disease (CD), 62 with diarrheapredominant or mixed irritable bowel syndrome (IBS,
D- and M- types) and 180 healthy controls (HC), by
an enzyme linked immunosorbent assay (ELISA).

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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markers i.e. , C-reactive protein or serological markers
linked to IBD course i.e. , anti-glycan antibodies.

All patients were followed for a minimum period of
3 years at the Gastroenterology Department of the
University Hospital of Larissa, Greece. C-reactive protein
(CRP), anti-glycan antibodies, anti-Saccharomyces
cerevisiae mannan antibodies IgG, anti-mannobioside
carbohydrate antibodies IgG, anti-laminariobioside
carbohydrate antibodies IgG and anti-chitobioside
carbohydrate antibodies IgA were also determined via
immunonephelometry and ELISA, respectively.

Manolakis AC, Christodoulidis G, Kapsoritakis AN, Georgoulias
P, Tiaka EK, Oikonomou K, Valotassiou VJ, Potamianos SP.
α2-Heremans-schmid glycoprotein (fetuin A) downregulation and
its utility in inflammatory bowel disease. World J Gastroenterol
2017; 23(3): 437-446 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i3/437.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i3.437

RESULTS
The mean ± SE of serum AHSG, following adjustment
for confounders, was 0.32 ± 0.02 g/L in IBD, 0.32 ±
0.03 g/L in CD and 0.34 ± 0.03 g/L in UC patients,
significantly lower than in IBS patients (0.7 ± 0.018 g/L)
and HC (0.71 ± 0.02 g/L) (P < 0.0001, in all cases).
AHSG levels were comparable between the CD and UC
groups. Based on AHSG levels IBD patients could be
distinguished from HC with about 90% sensitivity and
specificity. Further adjusted analysis verified the inverse
association between AHSG and penetrating, as well
as stricturing CD (partial correlation coefficient: -0.45
and -0.33, respectively) (P < 0.05). After adjusting
for confounding factors, inverse correlations between
AHSG and CRP and the need for anti-TNFα therapy or
surgery, were found (partial correlation coefficients:
-0.31, -0.33, -0.41, respectively, P < 0.05, in all cases).
Finally, IBD individuals who were seropositive, for at
least one marker, had AHSG levels falling within the
two lower quartiles (OR = 2.86, 95%CI: 1.5-5.44,
P < 0.001) while those with at least two serological
markers positive exhibited AHSG concentrations within
the lowest quartile (OR = 5.03, 95%CI: 2.07-12.21, P
< 0.001), after adjusting for age, sex and smoking.

INTRODUCTION
Inflammatory bowel disease (IBD) has been long ago
recognized as a systemic inflammatory entity and as
such, it is anticipated to induce changes exceeding
the boundaries of bowel mucosa, being reflected in
[1-7]
a broader spectrum of tissues, including blood
.
Examples of such changes are the fluctuations in the
levels of C-reactive protein (CRP), tumour necrosis
factor alpha (TNF-α), interleukins, S100 proteins,
[4-7]
metalloproteinases, angiogenins, etc . Since a different task is carried out by each of these biomarkers,
it has been proposed that IBD induces multifarious
responses which in turn, may affect the levels of
different compounds via feedback mechanisms,
[4-8]
consumption or reprioritisation of synthesis . These
observations along with the inflammatory nature
of IBD itself seem to encourage the study of novel
proteins that tend to become affected by the establish[3,8]
ment of systemic inflammation . Such a candidate is
fetuin A or α2-Heremans-Schmid glycoprotein (AHSG),
a substance synthesized in the liver, bone marrow
and fetal organs, exhibiting properties similar to those
[9]
possessed by negative acute-phase proteins . AHSG
has been shown to carry out various immunologic
tasks, including regulation of macrophage-related
lipopolysaccharide-triggered opsonisation, TNF-α and
[10-13]
transforming growth factor beta (TGF-β) levels
.
AHSG is also an inhibitor of ectopic tissue calcification
such as that taking place in coronary arteries and
heart valves, while at the same time promoting mineralization within fibrils and subsequently, proper bone
[13-15]
formation
. Other recently discovered properties
of AHSG include a binding ability to insulin receptor,
modifying its sensitivity, participation in wound healing
as well as tumor growth processes, through the induc[8,9]
tion of a more effective cell migration . Increased
AHSG levels have been recorded in fetal organs
(probably reflecting an additional role for AHSG in
normal organ development), in adults with either
metabolic syndrome or increased insulin resistance
alone, patients infected with the severe acute respiratory syndrome-coronavirus as well as individuals at
high risk for future cardiovascular events: stroke and
[8,9,16]
acute myocardial infarction
. Low levels of AHSG

CONCLUSION
AHSG can be used to distinguish between IBD and
IBS patients or HC while at the same time “predicting”
complicated disease behavior, need for therapy
escalation and surgery. Moreover, AHSG may offer
new insights into the pathogenesis of IBD, since it is
involved in key processes.
Key words: Inflammatory bowel disease; Irritable bowel
syndrome; Fetuin A
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: α2-Heremans-Schmid Glycoprotein (AHSG/
fetuin A) a multi-task negative acute-phase protein is
downregulated in patients with inflammatory bowel
disease (IBD). Based on this significant decrease
a discrimination between IBD patients with either
Crohn’s disease or ulcerative colitis and those with
irritable bowel syndrome or healthy controls can be
made. A more robust AHSG decrease correlates well
with and predicts complicated disease behavior, need
for biological therapy and surgery, within three years
from diagnosis. These associations are supported
by additional links between AHSG and acute-phase
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Table 1 Patient/control and disease characteristics

No
Age, yr (mean ± SD)
Age at onset
≥ 40 yr
< 40 yr
Sex
Male
Female
Current smoking
Yes
No
Disease extent (UC)
Proctitis
Left-sided colitis
Pancolitis
Disease location (CD)
Upper GI involvement
Ileum
Colon
Ileocolon
Disease behavior (CD)
NS/NP
Stricturing
Penetrating
Extraintestinal manifestations
None
≥1
Treatment for remission
5-ASA
Corticosteroids
Immunosuppressants
Anti- TNFα
Surgery

UC

CD

IBS

HC

96
50.2 ± 13.4

84
42.3 ± 15.6

62
49 ± 19.4

180
46.7 ± 12.3

-

15
69

-

-

60
36

45
39

36
26

114
66

24
72

57
27

39
23

93
87

16
28
52

-

-

-

-

11
32
10
41

-

-

-

49
20
15

-

-

69
27

33
51

-

-

94
45
18
3
3

82
60
30
24
12

-

-

UC: Ulcerative colitis; CD: Crohn’s disease; IBS: Irritable Bowel Syndrome; HC: Healthy controls; GI: Gastrointestinal; NS/NP: Non stricturing/non
penetrating; ASA: Aminosalicylates; TNFα: Tumor necrosis factor-alpha.

have been recorded in patients on hemodialysis, those
with cirrhosis, hepatoma or rheumatoid arthritis (RA),
an entity sharing common inflammatory pathways
with IBD, and have been linked to vascular - excessive
valvular and coronary artery calcification, ischemic
[14,17,18]
events- and skeletal disorders - osteopenia
.
Moreover, similar phenomena: upregulation of TNF-α
and TGF-β, remodelling in intestinal microvessels, both
on an acute and chronic basis, as well as manifestations linked to mineral homeostasis i.e., osteoporosis
and urolithiasis, are all exerted in IBD. When bearing
in mind these characteristics, the idea of examining
[4,19-23]
AHSG levels in IBD, seems more than tempting
.

University Hospital of Larissa, Greece. Another group
consisting of 180 healthy individuals was also formed
(HC). Study groups were age and sex matched (P >
0.05) with one exception: the CD and UC groups, differed significantly (P = 0.002) as anticipated, since CD
is often associated with younger age. All individuals
participating in the study lacked any known disease
i.e., end-stage renal disease, RA, cirrhosis, hepatoma,
liver metastases potentially affecting AHSG levels,
with the exception of diabetes mellitus (DM), which
was treated as a confounding factor and was embedded in the models used for multivariate testing. The
demographic and clinical characteristics of patients
and HC are presented in Table 1.
The diagnosis of IBD and IBS was established
upon the co-evaluation of findings originating from
clinical and endoscopic procedures, imaging studies,
histopathology and laboratory analyses. IBS patients
were also diagnosed and classified as D-IBS or M-IBS
(40 and 22 individuals, respectively) according to the
[24]
Rome Ⅲ criteria . Disease activity in the IBD group
was documented using conventional indices: Crohn’s
Disease Activity Index (CDAI) and the Clinical Activity
[25,26]
Index (CAI), for UC
. A CDAI score greater than

MATERIALS AND METHODS
Patients

Among several patients visiting ER wards, outpatient
clinics or being hospitalised for chronic diarrhea, a
total of 242 patients were recruited: 96 diagnosed
with ulcerative colitis (UC), 84 with Crohn’s disease
(CD) and 62 with irritable bowel syndrome (IBS).
All patients were followed for a minimum period of 3
years at the Department of Gastroenterology at the
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150 and a CAI score exceeding 4, on a 0-16 scale,
were considered as active CD and active UC, respectively. Disease location and behavior, in CD, were
determined using the Vienna classification whereas for
disease extent, in UC, the Montreal classification was
[27,28]
used
. No animals were used for the present study.

IBD (56 CD and 52 UC) patients, using commercially
available ELISA kits (IBDX, Glycominds Ltd., Israel).
Cut-off levels for positivity were set at 50, 100, 60,
and 90 U/mL for gASCA IgG, AMCA IgG, ALCA IgG,
and ACCA IgA, respectively, as instructed by the
manufacturer.

Sample collection and preparation

Statistical analysis

Blood samples were collected upon presentation of
patients in our hospital, in serum separator tubes
and were allowed to clot for 30 min. All samples were
then centrifuged and the obtained serum was stored
at -25 ℃ for later analysis. The pre-analytical phase,
including sampling and handling methods (sampling
tubes, storage conditions etc.) was identical in all cases.

Normality (Kolmogorov-Smirnov) test was initially
carried out and since the normality assumption was
satisfied for the comparison of means between two
groups, Student’s t-tests were used. For comparisons
between multiple groups, one-way ANOVA and Tukey’s
post-hoc tests were applied. Variables are expressed
as mean ± SD or mean ± SE. For variables without
comparable variations, Welch’s correction has been
applied. AHSG was tested for its ability to predict IBD,
UC and CD, separately, using receiver operating chara
cteristic (ROC) curves, while area under the curve
(AUC) and cut-off values, with the optimal sensitivity
and specificity, were also calculated. For the simple
correlation studies, Pearson’s rank test was used.
Statistical significance was set at P < 0.05. Whenever
statistical significance or trend (0.05 < P < 0.1) was
recorded in univariate analysis, multivariate testing
was also performed. Using multiple linear regression
and a backward selection process independent
variables affecting AHSG levels - confounders - were
identified. As candidate confounding factors were initially considered age, sex, smoking, DM, treatment
modalities, disease duration and behaviour, age at
onset. For the associations originating from multiple
linear regression, partial correlation coefficients - quantifying the relationship between two variables while
controlling for other factors- are reported. Whenever a
categorical parameter was treated as dependent variable, logistic regression analyses, simple and multiple,
were applied and odds ratios (ORs) as well as 95%CIs,
unadjusted/adjusted for confounding, were calculated.
Adjusted means were also calculated using analysis
of covariance. Statistical analyses were conducted
using GraphPad Prism (4.0 and 7.0) and the MedCalc
10.2.0.0 statistical softwares. Statistical review of the
study was performed by a biostatistician.

Laboratory assays

AHSG assay: For AHSG determinations, a two-site
“sandwich” enzyme-linked immunosorbent assay
(ELISA) was performed, using a commercially available human Fetuin A ELISA kit (BioSource Europe SA,
Belgium). Assay calibrators, controls and prediluted
patient serum samples (10 μL initially) containing
human AHSG were added to microplate wells, coated
with a high affinity polyclonal goat anti-human AHSG
antibody. During incubation period, the antibody
could capture human AHSG in the sample. Unbound
proteins were then washed away and a horseradish
peroxidase (HRP) conjugated polyclonal anti-human
AHSG antibody was added to each well, so that a
“sandwich” of “capture antibody-human AHSG-HRP
conjugated detecting antibody” could be formed. After
additional washing, incubation with a substrate solution
took place, the reaction was stopped and the developed colour was quantified spectrophotometrically. The
enzymatic activity of the detecting antibodies, bound
to the AHSG on the wall of the microwells, was directly
proportional to the amount of AHSG in the sample.
A calibration curve which was generated by plotting
the absorbance vs the respective human AHSG concentration for each calibrator, allowed sample AHSG
determination.
C-reactive protein assay: For the determination of
C-reactive protein (CRP), immunonephelometry was
performed using the Behring Nephelometer Analyzer
Ⅱ , as well as the N High Sensitivity commercially
available kit (Dade Behring Gmbh, Germany). The
control and standard sera were provided by the same
company and used according to the manufacturer’s
instructions.

Ethical considerations

The study was approved by the University of Thessaly
Medical School Ethics Committee. Informed consent
was obtained from all study participants, along with a
verbal permission for the use of the acquired samples
for scientific research.

Anti-glycan antibodies assay: Serum levels of antiSaccharomyces cerevisiae mannan antibodies (gASCA)
IgG, anti-mannobioside carbohydrate antibodies
(AMCA) IgG, anti-laminariobioside carbohydrate antibodies (ALCA) IgG and anti-chitobioside carbohydrate
antibodies (ACCA) IgA were also determined in 108
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RESULTS
AHSG levels with regard to disease characteristics

The mean ± SE of AHSG in serum was 0.33 ± 0.01
g/L for IBD, 0.73 ± 0.02 g/L for IBS patients and 0.7
± 0.02 g/L for HC. The recorded difference between
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P < 0.0001
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Figure 1 α2-Heremans-schmid glycoprotein levels in patients with
inflammatory bowel disease, ulcerative colitis, Crohn’s disease, irritable
bowel syndrome patients and healthy controls. AHSG: α2-Heremansschmid glycoprotein; IBD: Inflammatory bowel disease; UC: Ulcerative colitis;
CD: Crohn’s disease; IBS: Irritable bowel syndrome; HC: Healthy controls.

B

AUC = 0.94

125

Sensitivity%

100
75

the IBD and control groups was statistically significant
(P < 0.0001) and this was also the case when CD and
UC were compared separately with IBS patients and
HC. AHSG levels in the CD group were 0.31 ± 0.01
g/L, significantly lower than those of IBS patients and
HC (P < 0.0001). Likewise, UC patients also exhibited
lower AHSG levels (0.34 ± 0.01 g/L) compared to
IBS patients and HC (P < 0.001). These differences
remained significant between IBD (0.32 ± 0.02 g/L),
CD (0.32 ± 0.03 g/L) or UC patients (0.34 ± 0.03 g/L),
IBS patients (0.7 ± 0.018 g/L) and HC (0.71 ± 0.02
g/L), after adjustment for age and sex (P < 0.001, for
all comparisons). When AHSG levels were compared
between UC and CD patients or between IBS patients
and HC, no significant differences were observed (P >
0.05, in both cases) (Figure 1).
ROC curve analysis showed that the optimal cut-off
of AHSG for the prediction of IBD was 0.44 g/L (90%
sensitivity and specificity). Similarly, an AHSG value of
0.44 g/L could distinguish CD patients from non-IBD
individuals (IBS and HC) with a sensitivity of 90% and
a specificity of 90.6%, while a value of 0.42 g/L could
discriminate UC patients and non-IBD subjects with
91.7% sensitivity and 89.3% specificity. The AUC was
0.94 (95%CI: 0.91-0.97), 0.94 (95%CI: 0.91-0.97)
and 0.95 (95%CI: 0.92-0.98) for the prediction of
IBD, UC and CD, respectively (P < 0.0001, in all cases)
(Figure 2).

50
25
0

C

0              25              50             75             100            125
100% - specificity%
AUC = 0.95

125

Sensitivity%

100
75
50
25
0

0              25              50             75             100            125
100% - specificity%

Figure 2 Receiver operating characteristic curves for the discrimination. A:
inflammatory bowel disease (IBD) and non-IBD group -irritable bowel syndrome
and healthy controls; B: ulcerative colitis; C: Crohn’s disease and non-IBD
group. AUC: Area under curve.

comparison of AHSG serum concentrations among
CD patients with diverse disease behavior: stricturing, penetrating and non-stricturing non-penetrating
(ns/np). The performed analysis showed that patients
with stricturing or penetrating disease had lower
AHSG levels (0.26 ± 0.07 g/L and 0.26 ± 0.06 g/L,
respectively), compared to patients in the ns/np
subgroup (0.33 ± 0.07 g/L). These differences were
statistically significant between CD patients with
stricturing and ns/np (P < 0.01) or between the

AHSG levels with regard to disease characteristics

All IBD patients exhibited active disease when blood
was drawn for later analysis. In our study, in patients
with active disease the AHSG levels were marginally
associated with CDAI and CAI scores (r = -0.24, P =
0.08). When disease location (CD) and extent (UC)
were taken under consideration no statistically significant differences were observed (P > 0.05 in all cases).
Another part of the present study included the
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0.5

P < 0.01

± 0.01 g/L and 0.33 ± 0.01 g/L, respectively) (P =
0.53). Likewise, AHSG levels were similar between IBD
patients, while taking into account age at onset and
smoking habits (Table 3).
Serum AHSG concentrations were examined
with regard to treatment modalities adequate for
inducing and maintaining remission during the
3-year follow up period: 5-aminosalicylates (5-ASA),
corticosteroids, immunosuppressants, anti-TNFα
agents or surgery. During comparison, IBD patients
requiring surgical intervention or the use of antiTNFα therapy exhibited lower AHSG concentrations
(0.26 ± 0.07 g/L and 0.3 ± 0.05 g/L), compared to
those adequately treated with 5-ASA (0.33 ± 0.05 g/L)
or corticosteroids (0.35 ± 0.1 g/L) (P < 0.05, in both
cases). Further evaluation of the recorded associations, using simple linear regression analysis, showed
that AHSG levels were inversely associated with the
need for anti-TNFα treatment (r = -0.31, P < 0.05)
and surgery (r = -0.36, P < 0.05). After multivariate
analysis - also considering age, sex, activity, duration,
smoking status- the inverse association between AHSG
and need for anti-TNFα therapy or surgery remained
statistically significant (partial correlation coefficients:
-0.33 and -0.41, respectively - P < 0.05, in both
cases). Since these results are suggestive of a link
between a more profound downregulation of AHSG
levels and the need for anti-TNFα treatment or surgical
intervention, AHSG concentrations were classified into
quartiles. Using logistic regression, AHSG levels in
the lowest quartile were found to be an independent
predictor of the need for anti-TNFα treatment, in a
model adjusted for other treatment modalities, age,
sex, smoking status and disease duration (OR = 5.22,
95%CI: 1.58-17.3, P < 0.01). Similarly, by applying
the same adjusted model, it was shown that need for
surgery could be independently predicted by the presence of AHSG levels within the lowest quartile (OR =
5.51, 95%CI: 1.11-27.3, P < 0.01).

P < 0.001

AHSG (g/L)

0.4
0.3
0.2
0.1
0.0

Stricturing

Ns/np
CD behavior

Penetrating

Figure 3 α2-Heremans-schmid glycoprotein levels in Crohn’s disease
patients exhibiting distinct disease behavior patterns: stricturing, penet
rating or non stricturing non penetrating (ns/np). AHSG: α2-Heremansschmid glycoprotein; CD: Crohn’s disease.

penetrating and ns/np disease subgroup (P < 0.001)
but not between the stricturing and penetrating
subgroups (P > 0.05) (Figure 3). Further analysis
verified the inverse association between AHSG and
penetrating, as well as stricturing CD, both before (r
= -0.44 and -0.32, respectively, P < 0.05), as well
as after adjustment (partial correlation coefficient:
-0.45 and -0.33, respectively, P < 0.05) for age, sex
and smoking status. In order to perform additional
testing of the link between lower AHSG levels and
complicated disease behavior, logistic regression was
applied, while considering penetrating or stricturing
CD, as dependent, and AHSG concentrations, in
quartiles - lowest, low, high, highest - as independent
variables. The results originating from this analysis
showed that AHSG levels, in the lowest quartile, were
associated with both penetrating as well as stricturing
disease, before (OR = 4.25, 95%CI: 1.54-11.8 and
OR = 1.23, 95%CI: 1.1-8.31, respectively) and after
adjustment (OR = 8.36, 95%CI: 2.57-27.17 and OR
= 3.5, 95%CI: 1.47-12.9, respectively) for age, sex
and smoking status (P < 0.01, in all cases).
AHSG levels were also examined with respect to
the presence of one or more IBD-related extraintestinal manifestations. IBD patients exhibiting extraintestinal manifestations had comparable AHSG levels
(0.32 ± 0.01 g/L) to the IBD subgroup without such
disorders (0.33 ± 0.01 g/L, P = 0.55). Interestingly,
11 IBD patients with a history of recurrent urolithiasis
had AHSG levels at the lowest quartile, this result,
however, did not reach statistical significance. All data
on AHSG variations according to the already described
disease characteristics are presented in Table 2.

AHSG and its association with IBD markers

IBD patients had higher CRP levels (median: 3.2
mg/dL, range: 0.9-29.3 mg/dL) compared to IBS
(median: 1.05 mg/dL, range: 0-4.3 mg/dL) and HC
groups (median: 0.9 mg/dL, range: 0-2.8 mg/dL) (P <
0.001). A correlation study of AHSG with the levels of
the inflammatory marker CRP was performed revealing
marginal association (r = -0.28, P = 0.07). Multivariate
analysis, considering as confounding variables age,
sex and smoking on the other hand, revealed a closer
association between the two substances with a -0.31
partial correlation coefficient and a P = 0.02 level of
significance.
Positivity rates for serological markers were 18%
for gASCA, 25.6% for ALCA, 5% for AMCA and ALCA
while actual median concentrations are presented in
Table 4. Additional associations were investigated by
examining positivity for these serological markers and

AHSG levels with focus on patients’ characteristics

The levels of serum AHSG were studied with respect
to gender of IBD patients, so that potential differences could be highlighted. Both male and female
IBD patients exhibited comparable AHSG levels (0.32
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Table 2 α2-Heremans-schmid glycoprotein levels (g/L) with respect to disease characteristics

Extent (UC)
Proctitis
Left-sided colitis
Pancolitis
Location (CD)
Upper GI
Ileum
Colon
Ileocolon
Behavior (CD)
NS/NP (a)
Stricturing (b)
Penetrating (c)
Extraintestinal manifestations
None
≥1

IBD

UC

CD

P value

-

0.35 ± 0.1
0.34 ± 0.12
0.35 ± 0.10

-

> 0.05

-

-

0.29 ± 0.09
0.32 ± 0.08
0.31 ± 0.09
0.29 ± 0.07

> 0.05

-

-

0.33 ± 0.07
0.26 ± 0.07
0.26 ± 0.06

a vs b: < 0.01
a vs c: < 0.001
b vs c: > 0.05

0.33 ± 0.01
0.32 ± 0.01

0.33 ± 0.09
0.36 ± 0.1

0.33 ± 0.07
0.30 ± 0.08

> 0.05

IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s disease; GI: Gastrointestinal; NS/NP: Non stricturing/Non penetrating.

Table 3 Variations of α2-Heremans-schmid glycoprotein (g/L) according to patient’s characteristics

Sex
Male
Female
Current smoking
Yes
No
Age at onset
≥ 40
< 40

UC

P

CD

P value

0.34 ± 0.07
0.34 ± 0.12

> 0.05

0.30 ± 0.08
0.33 ± 0.07

> 0.05

0.31 ± 0.02
0.32 ± 0.01

> 0.05

0.30 ± 0.01
0.28 ± 0.01

> 0.05

NA
NA

-

0.29 ± 0.01
0.32 ± 0.02

> 0.05

UC: Ulcerative colitis; CD: Crohn’s disease; NA: Not applicable.

Table 4 Concentrations of anti-glycan antibodies in inflammatory bowel disease patients
P value

Median(range)
gASCA
ALCA
AMCA
ACCA

UC

CD

25.5 (18-27.2)
46.9 (31-77.5)
67 (50.1-114.6)
65 (48-102)

49.5 (28.5-111)
66 (30.4-94.5)
45.8 (37.7-75)
63 (51.1-105.3)

< 0.0001
> 0.05
0.0001
> 0.05

UC: Ulcerative colitis; CD: Crohn’s disease; ASCA: Anti-Saccharomyces cerevisiae mannan antibodies; AMCA: Anti-mannobioside carbohydrate antibodies;
ALCA: Anti-laminariobioside carbohydrate antibodies; ACCA: Anti-chitobioside carbohydrate antibodies.

AHSG (in quartiles). Interestingly, an inverse association between serology and AHSG levels was recorded.
IBD individuals who were seropositive, for at least one
marker, had AHSG levels falling within the two lower
quartiles (OR = 2.87, 95%CI: 1.51-5.45, P < 0.001)
while those with at least two serological markers positive exhibited AHSG concentrations within the lowest
quartile (OR = 5.12, 95%CI: 2.17-12.08, P < 0.001).
Further analysis also considering potential confounding
factors such as age, sex and smoking did not alter
the reported associations significantly: OR = 2.86
(95%CI: 1.5-5.44) for single and OR = 5.03 (95%CI:
2.07-12.21) for multiple seropositivity (P < 0.001, in
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both cases).

DISCUSSION
In accordance with a preliminary report from our team
in 2010, AHSG levels were downregulated in patients
with IBD thus, allowing discrimination from IBS and
[29]
HC individuals . Furthermore, a more profound down
regulation of AHSG was very well associated with complicated disease behavior and the need for biological
anti-TNFα treatment or surgery. Additional associations
with CRP and anti-glycan antibodies offered better
insight into AHSG’s link with acute-phase response and
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IBD course.
The finding of an IBD-induced downregulation of
AHSG is nothing but surprising since, AHSG levels
[9,11,18]
decrease in the presence of robust inflammation
.
Moreover, an interplay had already been documented
between AHSG and the “notorious”, in IBD, TNF-α and
[11-13]
TGF-β
. An additional finding further confirming
the tight link of AHSG with TNFα, was the discovery
of a binding site for TNFα, within the AHSG gene. As
a consequence of TNFα’s binding on this region, the
expression of AHSG gene is suppressed, leading to
decreased AHSG production while other substances
[8,11-13]
are favored-repriorisation of liver synthesis
. Due
to the magnitude and rather IBD-selective character
of this suppression, however, an evaluation of AHSG’s
ability to differentiate between entities has been performed. When a cut-off of 0.44 g/L was used, AHSG
levels were shown to discriminate IBD from IBS and
HC with a sensitivity and specificity of 90%.
When magnitude of disease activity, as expressed
through CDAI and CAI scores, was taken into consideration marginal differences were detected. According
[30]
to the study by Ma et al
significant differences in
AHSG levels exist between IBD patients with active
or inactive disease. On the other hand, a correlation
between AHSG and CRP was confirmed, in our study.
This may be, at least in part, due to limitations of the
indices themselves although one should bear in mind
that apart from the negative acute phase protein
properties attributed to AHSG, its downregulation
is also a part of a more complex liver deregulation,
resulting from an excessive uptake and processing of
[8-18]
signals
. Perhaps, possible associations of AHSG
[31-32]
with other indices should also be evaluated
. At
this point, however, an asset of the present study has
to be underlined: the AHSG levels recorded in IBD
patients correspond to a prior-to-therapy status and
therefore, could not have been altered by any of the
known drugs used to treat IBD.
A different set of results was obtained while examining AHSG levels with respect to UC extent and CD
location. The recorded AHSG levels in this study could
not predict disease location or extent and therefore,
could not be used for this purpose.
This was not the case when disease behavior
was taken into account. A further downregulation of
AHSG was observed, in CD patients with stricturing
or penetrating disease, compared to those with the
ns/np subtype. This is not surprising as a more diffuse transmural inflammation would exert a stronger
[33]
proinflammatory effect . Moreover, in many organs
inflammatory stress leads to fibrosis and subsequently
[34]
tissue calcification . From another pathogenetic
perspective, a reason for the observed link between
AHSG and stricturing disease could also be the
reduced AHSG-induced counteraction of TGF-β’s fibro[12,13,19]
genic and antiproliferative potential
. Likewise,
microvascular calcification, reduced blood flow and
microthrombosis, exerted phenomena in the presence
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of low AHSG levels are also major findings during
a chronic phase in the intestinal vasculature of IBD
patients, leading to diminished intestinal perfusion and
[21,35]
in turn to ulceration and fibrosis
.
Another scopus of the present study was to test
whether there is a link between AHSG levels and
the presence of extraintestinal manifestations. The
performed analysis did not reveal any associations
between AHSG serum concentration and the presence
of any extraintestinal manifestations. In this case,
a limitation exists: the rather small number of IBD
patients manifesting specific disorders i.e., urolithiasis.
A study focusing on the characteristics of IBD
patients and AHSG levels was also performed. AHSG
concentrations were compared among patients of different gender, smoking status and age at onset. None
of these characteristics - male or female sex, current
smoking or non-smoking habit and age at onset- could
be linked with significant AHSG variations.
This was not the case when AHSG levels were
evaluated with respect to treatment modalities adequ
ately inducing and sustaining disease remission during
the three-year follow-up period. A robust downregulation of AHSG levels correlated with the need for antiTNFα therapy. This finding is within reason since, a
more profound and persisting upregulation of TNFα,
requiring subsequently the use of an anti-TNFα agent,
would result in a greater AHSG decrease. As far as
the link between AHSG levels and need for surgery,
is concerned, one should also bear in mind that this
subgroup predominantly consisted of CD patients with
stricturing and penetrating disease. In the case of a
refractory UC, requiring colectomy, safe conclusions
could not be drawn due to the small number of colectomised patients, in our study.
The evidence mentioned above seems to make
rather appealing the idea of AHSG’s use as a diagnostic
or even “predictive” tool rather tightly linked to IBD
behavior as well as with markers related to it, such as
[36]
the anti-glycan antibodies . A prerequisite for this
type of use is that its lack of a disease-specific nature,
with similar fluctuations also reported in other disor[9,14,17,18]
ders, is taken into account
. A combined clinical
and AHSG-based algorithm for the diagnosis of IBD,
on the other hand, could help overcome this limitation.
Setting aside the already-performed diagnosticallyoriented interpretation of current results, a careful
examination of AHSG’s potential implication in the
pathogenesis and complications of IBD, should also
be performed. As already mentioned, AHSG is an inhi
bitor of unwanted, ectopic, tissue calcification and its
decreased levels, as in this case, have been linked with
[4]
excessive valvular and arterial calcification . Although,
initial reports originated from animal studies and those
recruiting dialysis patients, similar results were obtained
[37]
in patients with ischemic heart disease, alone . Since
a decrease in circulating AHSG is present in IBD, it
would be logical to hypothesize that an accompanying
reduced inhibition of vascular and valvular calcification
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treatment existed in both studies.

would also be present. As this study was not designed
to “tackle” these matters, the actual contribution of
low AHSG levels in vascular changes and related acute
[38]
or chronic ischemic events in IBD , remains to be
clarified.
Apart from the implication of AHSG in vascular
pathology, another role, that of bone mineralisation
[13-15]
has been identified
. Under the influence of AHSG,
a “reliable”, stress-resistant bone structure is formed,
while in the absence of AHSG, minerals deposit outside
fibrils, leading to defective osseous formation and finally
[15]
osteoporosis . As IBD patients are at high risk for
osteoporosis, resulting from corticosteroids, malnutri[22]
tion and inflammation-induced osteopenia the examination of possible contribution of AHSG suppression
for the onset of osteopenic manifestations might prove
fruitful. In a rather similar manner, a defective coordination in mineral use, predominantly that of calcium,
due to decreased AHSG levels, may lead to urolithiasis.
[39]
Indeed, in the study of Stejskal et al
lower levels of
AHSG in urine have been associated with the presence
of urolithiasis. Although, in the case of IBD, wellestablished mechanisms- i.e., hyperoxaluria, reduced
[18]
citric acid etc
- for urinary compications exist, when
bearing in mind that still 80% of urinary stones consist
of calcium salts it is within reason to test for additional
candidates involved in calcium homeostasis and urinary
[40]
manifestations, such as AHSG .
Conclusively, AHSG seems to emerge as a molecule of potential diagnostic and perhaps predictive
value in IBD, as its downregulation shows a tight link
with acute-phase. As well as with chronic inflammatory responses in both CD and UC. This link also
encompasses the more challenging cases, those with
complicated disease behavior, as well as those requiring advanced treatment strategies such as biological
agents or surgery. As far as the pathogenetic role of
AHSG in IBD is concerned, further studies designed
to assess the impact and the association of low AHSG
levels with respect to micro- and macro-vascular
changes, skeletal and urinary complications recorded
in patients with CD and UC, are needed.

Innovations and breakthroughs

This is the first study assessing AHSG levels in treatment-naive patients. The
low levels of AHSG found in IBD patients are not recorded in control subjectsIBS patients and healthy controls- and are well-associated with complicated
disease behavior, as well as the need for anti-TNFα treatment or surgery.
Additional links with the acute phase protein C-reactive protein and serological
markers linked to IBD course, the anti-glycan antibodies, have been found.

Applications

AHSG could serve as an additional marker for IBD diagnosis and prediction of
a more challenging course requiring treatment with biological agents or surgery,
during the three-year period following initial diagnosis.

Peer-review

The paper is valuable. It finds AHSG can be used to distinguish between IBD
and irritable bowel syndrome, and may predict complicated disease behavior,
and foretell the need for intensified therapy and surgery. Moreover, AHSG may
offer new insights into the pathogenesis of IBD.
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Abstract
AIM
to investigate the association of seven single nucleo
tide polymorphisms (SNPs) of the IL23R gene with the
clinical picture of ulcerative colitis (UC).
METHODS
Genomic DNA samples of 131 patients (66 males, 65
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females, mean age 55.4 ± 15.8 years) with Caucasian
origin, diagnosed with UC were investigated. The
diagnosis of UC was based on the established clinical,
endoscopic, radiological, and histopathological guide
lines. DNA was extracted from peripheral blood leuko
cytes by routine salting out method. Polymerase chain
reaction and restriction fragment length polymorphism
were used to identify the alleles of seven SNPs of IL23R
gene (rs11209026, rs10889677, rs1004819, rs2201841,
rs7517847, rs10489629, rs7530511).

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) repre
sent the two most common forms of inflammatory
bowel diseases (IBD). IBDs are complex diseases with
suspected genetic and environmental etiology. Several
IBD-associated genes were identified. Interleukin-23
receptor (IL23R) is one of those genetic factors found
[1]
by genome-wide association studies (GWAS) . Various
studies suggest that the IL23-Th17 cell-axis plays an
important role in the pathogenesis of IBDs.
IL23R is the human gene of the IL23-receptor
[2]
located on chromosome 1p31 . IL23R is expressed by
CD4+ T cells, monocytes/macrophages, and CD11c+
[3]
dendritic cells (DCs) . IL23 is a pro-inflammatory
[4]
cytokine belonging to the Interleukin 12-family . It is
a heterodimer consisting of subunit p19 (IL23A), and
[5]
p40, a subunit of IL12B . IL23 is mainly produced by
[4]
activated macrophages and DCs .
Th17 cells differentiate from naive CD4+ Th cells
under the influence of transforming growth factor beta
[6]
(TGFβ) and IL6 . This can happen in a concentrationdependent manner. In a low concentration, TGFβ has
synergistic effects with IL6 and IL21, which results
in the induction of retinoid orphan nuclear receptor
gamma t (Rorγt) and an increase of IL23, as well as
promoting the differentiation into Th17 cells. In a high
concentration, as well as in combination with IL2,
TGFβ decreases the IL23-level, and raises the forkhead
box protein transcription factor 3-level (Foxp‑3),
which is a master regulator in the differentiation of
regulatory T cells (Treg). This leads to the conclusion
that there might exist a fluid balance between Th17
[7]
and Treg cells . Pathogenic Th17 cells seem to play
an important role in autoimmunity. Overexpression of
Th17-associated cytokines in the bowel tissue of IBD
[8]
patients was proven .
IL17, a pro-inflammatory cytokine produced by
[6,7]
Th17 cells, is produced under the influence of IL23 .
It activates stromal and epithelial cells, which results
in the excretion of cytokines and chemokines for
[9]
chemotaxis of neutrophil leukocytes .
These pathways make IL23R a potential target in
the treatment of various autoimmune inflammatory
diseases. Ustekinumab and briakinumab, antibodies
against the p40 subunit (IL12 and IL23) already
demonstrated therapeutic efficiency in psoriasis, as
[10-12]
well as in CD
. An IL12 antibody was able to induce
[13,14]
remission in CD
.
[1]
Duerr et al were the first who identified IL23R
as a gene associated with IBDs. They were able to
provide evidence for an association in non-Jewish UC
population.

RESULTS
Four out of seven analyzed SNPs had statistically
significant influence on the clinical picture of UC. Two
SNPs were associated with greater colonic extension
(rs2201841 P = 0.0084; rs10489629 P = 0.0405).
For two of the SNPs, there was more frequently need
for operations (rs2201841 P = 0.0348, OR = 8.0;
rs10889677 P = 0.0347, OR = 8.0). The rs2201841
showed to be a risk factor for the development of iron
deficiency (P = 0.0388, OR = 6.1837). For patients
with the rs10889677, a therapy with azathioprine was
more frequently necessary (P = 0.0116, OR = 6.1707).
Patients with rs10489629 SNP had a lower risk for
weight loss (P = 0.0169, OR = 0.3394). Carriers of the
heterozygous variant had a higher risk for an extended
disease (P = 0.0284). The rs7517847 showed a
protective character leading to mild bowel movements.
Three SNPs demonstrated no statistically significant
influence on any examined clinical features of UC.
CONCLUSION
We demonstrated susceptible or protective character of
the investigated IL23R SNPs on the phenotype of UC,
confirming the genetic association.
Key words: IL23R gene; ulcerative colitis; phenotype;
polymorphism; Hungarian
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: IL23R gene plays important role in the deve
lopment and influences the phenotype of inflammatory
bowel diseases. We investigated the association of
seven single nucleotide polymorphisms (SNPs) of
IL23R gene with the clinical picture of ulcerative colitis
(UC). Two SNPs were associated with greater colonic
extension. At two SNPs, there was more frequently
need for operations. Rs2201841 was found as a risk
factor for the development of iron deficiency. Patients
with rs10889677, therapy with azathioprine was more
frequently necessary. Patients with rs10489629 SNP
had lower risk for weight loss. This study demonstrated
the influence of the investigated SNPs of IL23R on the
phenotype of UC, confirming genetic association.
Fischer S, Kövesdi E, Magyari L, Csöngei V, Hadzsiev
K, Melegh B, Hegyi P, Sarlós P. IL23R single nucleotide
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[4]

In a big German cohort Glas et al investigated
interactions of IBD genes and the influence of IL23R
on the phenotype. All of observed IL23R gene variants,
showed a strong association to CD and a weaker
association to UC. Nevertheless, eight out of ten single
nucleotide polymorphisms (SNPs) showed significant
association with UC. The fact that these SNPs were
either protective or susceptible in both CD and UC
suggests similar disease-modifying effects. Rs7517847
was the SNP with the strongest association to, and the
only independent risk factor of UC. The SNP with the
strongest association to CD (rs1004819) was analyzed
for phenotypic correlation. Though the TT homozygous
carriers showed more frequently ileal involvement and
stenosis, it did not reach significance. Rs7517847 did
not show any specific influence on the phenotype of
UC. There was no evidence for epistasis between the
IL23R, and three other IBD genes CARD15/NOD2,
SLC22A4 and SLC22A5. Gene-gene interactions
seemed to influence the phenotype but didn’t reach
[4]
statistical significance .
[15]
Hayatbakhsh et al
were able to connect the
presence of rs7517847 in UC patients with two main
clinical manifestations: blood in the stool and bowel
movements. In a Jiangsu Han population the SNP
rs17375018 with the G allele was correlated with
[16]
mild activity in UC . Recent studies also suggest the
SNPs of IL23R to be a predictive factor of response
to the therapy, e.g., non-response to mesalazine and
corticosteroids as well as higher response rate for
[17,18]
azathioprine and infliximab
.
The aim of our present study was to investigate
the association of seven SNPs of IL23R (rs11209026,
rs10889677, rs1004819, rs2201841, rs7517847,
rs10489629, rs7530511) with the clinical picture of UC
in Hungarian patients diagnosed with UC.

guidelines. Patients with indeterminate colitis were
excluded from the study.

Genotyping

DNA was extracted from peripheral blood leukocytes
by routine salting out method. Polymerase chain
reaction (PCR) and restriction fragment length poly
morphism (RFLP) were used to identify the alleles of
the IL23R gene. The PCR amplifications were performed
on MJ Research PTC-200 thermal cyclers (Bio-Rad LTD.,
Budapest, Hungary). Amplification included an initial
denaturation step (96 ℃ for 2 min) followed by 35 cycles
of denaturation (95 ℃ for 30 s), annealing for 30 s at
54 ℃ (rs1004819); 60 ℃ for 45 s (rs10889677 and
rs7530511); 55 ℃ for 45 s (rs7517847, rs11209026
and rs10489629); 72 ℃ for 30 s (rs2201841), primer
extension at 72 ℃ for 45 s and final extension at 72 ℃
for 5 min. Each polymerase chain reaction contained
200 μmol/L of each dNTP, 1 unit of Taq polymerase, 5
μL of reaction buffer (100 mmol/L Tris HCl, pH = 9.0;
containing 500 mmol/L KCl, 15 mmol/L MgCl2), 0.2
μmol/L of each primer and 1 μL DNA to be amplified in
a final volume of 50 μL. The amplicons were digested
by allelespecific restriction endonucleases TaaI
(rs1004819), HpyF3I (rs2201841), MnlI (rs10889677),
BseMII (rs7517847), HphI (rs7530511), Hpy188I
(rs11209026) and SspI (rs10489629). The amplicon
contained an obligate cleavage site of the restriction
enzyme for the suitable visual control of the efficacy
of the digestion. The restriction fragments were
separated by electrophoresis on 3% agarose gels
containing ethidium bromide, and visualized by UV
transillumination.

Statistical analysis

The investigated phenotypic parameters included
severity (age of manifestation, extension, frequency
of relapse, blood in stool, bowel movements), compli
cations (fever, weight loss, anemia, iron deficiency,
hypoalbuminemia, need for operation), extraintestinal
manifestation (in eyes, joints, skin), medication
(aminosalicylate, azathioprine, corticosteroids), as well
as familial cases of IBDs and colorectal cancer.
For the age of manifestation, three groups were
formed analogous to the Montreal classification of
CD (group 1: younger than 17 years, group 2: age
between 17 and 40 years, group 3: older than 40
years). The extension of the disease along the colon
was defined accordingly to the E-stages of the Mon
treal classification for UC (E1: involvement limited
to the rectum, E2: involvement limited to distal of
splenic flexure, E3: involvement extends to proximal
[19]
to the splenic flexure) . For analyzing the frequency
of bowel movements, the patients were divided in
three groups (group 1: one up to three a day, group 2:
four up to ten a day, group 3: more than ten a day).
Data were examined for independence. Null hypo
thesis was formulated as follows: the phenotype of UC
is independent of the genotype of IL23R.

MATERIALS AND METHODS
Patients

We examined 131 Hungarian patients of Caucasian
origin (66 males, 65 females, mean age 55.4 ± 15.8
years) diagnosed with UC. The origin of the DNA
samples was the central Biobank, governed by the
University of Pecs, as part of the National Biobank
Network of Hungary (www.biobanks.hu), which belongs
to the pan-European Biobanking and Bio-molecular
Resources Research Infrastructure preparatory phase
project (http://bbmri.eu/bbmri/). The governance,
maintenance and management principles of the
Biobank had been approved by the National Scientific
Research Ethics Committee (ETT TUKEB). Clinical data
guidelines and regulations of the local Ethics Committee
and Helsinki Declaration in 1975 were followed during
collection and use of DNA samples. At blood collection
patients gave their informed consent for the future use
of their anonymized DNA.
The diagnosis of UC was based on the established
clinical, endoscopic, radiological, and histopathological
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22.0 (SPSS Inc., Chicago, IL, United States). P values
below 0.05 were considered statistically significant. In
this case null hypothesis was rejected.

Table 1 Genotypes of the investigated IL23R single nucleotide
polymorphisms in Hungarian population n (%)
SNP
rs11209026

rs10889677

rs1004819

rs2201841

rs7517847

rs10489629

rs7530511

Genotype

UC

Allele

UC

GG
AG
AA
total
RAF
CC
AC
AA
total
RAF
GG
AG
AA
total
RAF
TT
CT
CC
Total
RAF
TT
GT
GG
Total
RAF
GG
AG
AA
Total
RAF
CC
TC
TT
Total
RAF

109 (95.6)
5 (4.4)
0 (0.0)
114
0.0219
51 (45.5)
53 (47.3)
8 (7.1)
112
0.308
52 (40.3)
68 (52.7)
9 (7.0)
129
0.333
58 (45.0)
60 (46.5)
11 (8.5)
129
0.317
40 (35.7)
56 (50.0)
16 (14.3)
112
0.392
44 (34.6)
67 (52.8)
16 (12.6)
127
0.389
94 (73.4)
32 (25.0)
2 (1.6)
128
0.140

G
A

223 (97.8)
5 (2.2)

C
A

155 (69.2)
69 (30.8)

G
A

172 (66.7)
86 (33.3)

T
C

176 (68.2)
82 (31.8)

T
G

136 (60.7)
88 (39.3)

G
A

155 (61.0)
99 (39.0)

C
T

220 (85.9)
36 (14.1)

RESULTS
The frequencies of the genotypes and alleles are
shown in Table 1.
At the investigation of rs11209026, out of 114
subjects 109 (95.6%) carried the wild type (GG),
while 5 (4.4%) were heterozygous (GA). The AA homo
zygous variant did not appear in this population. That
is not surprising, considering a mean allele frequency
of A = 0.0219. Regarding the low number of the SNP
no significant results could have been expected.
For rs1004819, out of 129 subjects, 52 (40.3%)
were wild type carriers (GG), while 68 (52.7%) carried
the heterozygous (GA) and 9 (7%) the homozygous
(AA) variant. For this polymorphisms no significant
results were observed.
Out of 129 patients, 58 (40.0%) were carrier of the
wild type (TT) of rs2201841, 60 (46.5%) carried the
heterozygous (TC) and 11 (8.5%) the homozygous
(CC) variant. Three characteristics reached level of
significance: Montreal-Classification, appearance of
iron deficiency and need for surgery (Figure 1). The
Montreal-Classification and iron deficiency reached
significance for the total distribution (Wt + Hz + Ho).
Heterozygous carriers had significant higher risk
to require surgery compared to the wild type (P =
0.0348, OR = 8.0). The distribution of the MontrealClassification is shifted to greater extension for carriers
of the heterozygous variant. Total distribution reached
level of significance (P = 0.0084). This was verified by
comparison of the obtained and expected values. The
significance was mainly caused by the heterozygous
TC variant (P = 0.0429).
Carriers of the rs2201841 had significant higher
risk for iron deficiency (P = 0.0299). When Hz and Ho
SNPs were combined and compared with the Wt, no
significance was observed (P = 0.7476). Statistically
significance was found when Wt and Hz SNPs were
merged and compared with the Ho variant (P = 0.0388,
OR = 6.1837). Surgery was more frequently needed
for heterozygous carriers of rs2201841 (P = 0.0348,
OR = 8.0). The homozygous form seemed to have no
influence on the need for operations.
Out of 112 patients, 40 (35.7%) carried the wild
type (TT), 56 (50%) the heterozygous (TG) and 16
(14.3%) the homozygous (GG) rs7517847 SNP.
Frequency of bowel movements was significant (P =
0.0078). If instead of three (< 4, 4-10, > 10) just
two groups were used (< 3 and > 3 defecations per
day), the distribution was still significant (P = 0.0358).
If homozygous and heterozygous SNP were added
together and compared to the wild type, no significant
difference was found (P = 0.0634). Significance was
caused by the heterozygous variant compared to the
wild type (P = 0.0050). The rs7517847 seems to have

RAF: Risk allele frequency; SNP: Single nucleotide polymorphism; UC:
Ulcerative colitis.

2 × 3 or 3 × 3 contingency tables were created
depending on the attribute. For characteristics that
were tested for presence or lack of presence, 2 × 3
contingency tables were created. For characteristics
divided in three subsets such as age of onset,
Montreal-classification, frequency of relapse and bowel
movements, 3 × 3 contingency tables were generated.
Genotype was partitioned into wild type (Wt), hetero
zygous (Hz) and homozygous (Ho) susceptible SNP.
The distribution was tested in total (wild type +
heterozygous + homozygous) as well as separated and
2
regrouped. χ -test was performed if the expected value
was not lower than five in at least 80% of the cells.
In any other case Fishers exact test was performed.
2
For χ -test SPSS Statistics 22.0 was used (SPSS Inc.,
Chicago, IL, United States). SPSS performs Fishers
exact test for 2 × 2 contingency tables. Two other
calculators were used, available on vassarstat.net
and in-silico.net. Results were verified using KruskalWallis-Test. Odds Ratios were determined only for 2 ×
3 contingency tables.
χ 2 test was accomplished using SPSS Statistics
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A

100%
90%
80%
70%

33.3%

46.4%

E3
E2
E1

B

100%
80%
60%

33.3%

50%

50%

40%
30%

0%

C

28.6%

20%

33.3%

10%

7.1%

0%

Wild type   Heterozygous  Homozygous
    (TT)             (TC)             (CC)
Without
opetation
Opetation

90%
80%

D

100%

E

80%

98.1%

86.4%

30%

30%

20%

20%

90%

25%
48.3%

No
weightloss
Weightloss
65.1%
82.3%

50%

93.8%

40%
20%

12.5%
2.7%
Wild type   Heterozygous  Homozygous
    (GG)             (GA)             (AA)

0%

Without
azathioprin
treatment

80%
70%
78.8%

34.9%

10%

6.9%

90%

H

17.7%

6.3%

Wild type   Heterozygous  Homozygous
    (GG)             (GA)             (AA)

100%

Without
opetation

90%
80%

Opetation

70%

Azathioprin
treatment

60%

85.7%

50%

40%

40%

30%

30%

20%

20%

0%

Wild type   Heterozygous  Homozygous
    (TT)             (TG)             (GG)

30%

100%

10%

4-10 bowel
movements

66.7%

80%

24.3%

95.8%

88%
66.7%

90%

44.8%

60%

> 10 bowel
movements

1-3 bowel
movements

100%

63%

20%

50%

F

60%

40%

G

E3
E2
E1

70%

50%

0%

0%

73%

60%

10%

33.3%

10%

13.6%
1.9%
Wild type   Heterozygous  Homozygous
    (TT)             (TC)             (CC)

100%

30%

6%
6%

30.8%

50%
40%

70%

2.7%

60%
100%

40%

80%

9.6%
3.6%
Wild type   Heterozygous  Homozygous
    (TT)             (TC)             (CC)

70%

60%

0%

30%

90%

70%

10%

96.4%

30%

100%

50%

70%
90.4%

40%
46.4%

20%
10%

Iron deficiency

70%

71.4%

60%

Without iron
deficiency

90%

10%

21.2%
14.3%
4.2%
Wild type   Heterozygous  Homozygous
    (CC)             (CA)             (AA)

0%

97.7%

84.6%

100%

15.4%
2.3%
Wild type   Heterozygous  Homozygous
    (CC)             (CA)             (AA)

Figure 1 Distribution of the phenotype characteristics for the IL23R single nucleotide polymorphisms. A: Distribution of Montreal-classification (E1-3)
for rs2201841; B: Summary of the occurrence and non-occurrence of iron deficiency for rs2201841; C: Representation of the number of operations regarding to
rs2201841; D: Representation of stool frequency in three categories for rs7517847; E: Distribution of Montreal-classification (E1-3) on the alleles of rs10489629; F:
Distribution of patients with and without weight loss to the alleles of rs10489629; G: Need to azathioprine therapy in respect to rs10889677; H: Representation of the
number of operations regarding to rs10889677.
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Table 2 IL23R single nucleotide polymorphisms with statistically significant influence on the clinical picture of ulcerative colitis
SNP
rs2201841
Montreal-classification
Iron deficiency
Need for operation
rs7517847
Bowel movements
rs10489629
Montreal classification
Weight loss
rs10889677
Azathioprine
Need for operation

Wt vs Hz

Wt vs Ho

Wt vs Hz + Ho

Wt + Hz vs Ho

Total distribution

0.0429a
0.1892
0.0348a

0.2270
0.1108
1.0000

0.1921
0.7476
0.0766

0.0217a
0.0388a
0.6017

0.0084a
0.0299a
0.0564

0.0050a

0.8183

0.0634

0.2979

0.0078a

0.1017
0.0652

0.3906
0.0457a

0.4445
0.0169a

0.1170
0.1191

0.0405a
0.0350a

0.0116a
0.0347a

0.3407
0.8491

0.0136a
0.0746

0.6113
0.6153

0.0285a
0.0595

Indicates significant difference (aP < 0.05). Hz: Heterozygous; Ho: Homozygous; Wt: Wild type; Total distribution: Wt + Hz + Ho; SNP: Single nucleotide
polymorphism.

a protective character and prevent its carrier from
severe bowel movements.
Analyzing the rs7530511 SNP, 94 (73.4%) of 129
patients carried the wild type (CC), 32 (25.0%) the
heterozygous (CT) and 2 (1.6%) the homozygous (TT)
variant. No significant results were observed.
Out of 127 patients 44 (34.6%) carried the wild
type (GG), 67 (52.8%) the heterozygous (GA) and 16
(12.6%) the homozygous (AA) variant of rs10489629
SNP. Total distribution (Wt + Hz + Ho) of the MontrealClassification was significant (P = 0.0405). Carrying
the Hz and Ho SNP alone didn’t reach level of signifi
cance. Carriers of the heterozygous variant had a
higher risk for an extended disease (P = 0.0284). For
weight loss significance was observed (P = 0.035).
If wild type was compared with heterozygous and
homozygous SNP together (Hz + Ho) significance was
reached (P = 0.0169, OR = 0.3394). The homozygous
variant showed significance (P = 0.0457, OR = 0.1244).
Patients who carried the heterozygous susceptible SNP
had numerous but statistically not significant lower risk
of weight loss (P = 0.0652).
In the case of rs10889677 SNP, out of 112 patients,
51 (45.5%) carried the wild type (CC), 53 (47.3%)
the heterozygous (CA) and 8 (7.1%) the homozygous
(AA) variant. Carriers of the susceptible SNP needed
more frequently azathioprine treatment (P = 0.0285).
If wild type was compared with the heterozygous and
homozygous SNP, level of significance was found (P =
0.0136, OR = 5.8732). The heterozygous variant also
leads to a higher risk for need for surgery (P = 0.0347,
OR = 8.0).
Summarized four out of seven SNPs had a statis
tically significant influence on the phenotype of UC. The
results are shown in Table 2.
The rs2201841 showed higher stage of extension
along the colon (P = 0.0084). The CC homozygous
carriers had a higher risk for iron deficiency (P =
0.0388, OR = 6.183). Patients with the heterozygous
genotype needed more often operation (P = 0.0348,
OR = 8.0).

WJG|www.wjgnet.com

Patients with the rs7517847 GT heterozygous
variant suffered less from bowel movements (P =
0.005).
The rs10489629 SNP in heterozygous form was
connected to greater colonic extension (P = 0.0405).
Both the heterozygous and homozygous from this
variant were associated with lower risk of weight loss
(P = 0.0169, OR = 0.3394). In case of rs10889677,
therapy with azathioprine was more often necessary
for patients carrying the heterozygous and the homo
zygous SNP (P = 0.0116, OR = 6.1707). Heterozygous
carriers showed higher risk for the need of operations (P
= 0.0347, OR = 8.0).
The reason for the statistical significance only to
appear for the heterozygous genotype in some cases
can be attributable to low numbers of homozygous
carriers.
The variants rs11209026, rs1004819, and rs7530511
had no statistical significant influence on the phenotype
of UC.

DISCUSSION
Several recent studies suggest IL23R to be a suspect
in the pathogenesis of diverse autoimmune dise
[1,4,20-25]
[11,22,26]
ases such as IBDs
, psoriasis
, Graves
[27]
[28,29]
disease , ankylosing spondylitis
, and rheumatoid
[26,29-31]
arthritis
. Previous investigations in Hungarian
populations verified IL23R to play a role in the develop
[25,32]
ment of UC
. The present study demonstrated
the correlation between the SNPs of IL23R, and the
phenotype of UC.
Two of the susceptible SNPs for the development of
UC (rs2201841, rs10889677) seem to shift the clinical
picture from mild into more severe. The rs10889677
was associated with azathioprine-therapy, suggesting
the patients to be refractory to 5-aminosalicylic-acid
(5-ASA). These results are analogous to the findings
[18]
of Cravo et al . Interestingly one risk-polymorphism
(rs10489629) had risk-conferring (greater extension),
and protective features (lower risk of weight loss).
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either protective or susceptible in both Crohn’s disease and UC suggests similar
disease-modifying effects. Recent studies also suggest the SNPs of IL23R to be
a predictive factor of response to the therapy, e.g., non-response to mesalazine
and corticosteroids as well as higher response rate for azathioprine and
infliximab.

The reason for the protective and harming character
of rs10489629 remains unclear. A possible connection
could be a more frequent need for steroids because of
the greater extension of the disease along the colon,
leading to a lower risk for weight loss. This study
did investigate the need for corticosteroids but not
the administration frequency. No significant higher
need for steroids could been shown. The rs7517847
variant showed a protective character (less bowel
movements). Rs7517847 has shown to protect the
[4]
individual from acquiring the disease , assuming a
general protective character of this polymorphism.
[15]
An Iranian study (Hayatbakhsh et al , 2012)
demonstrated the protective influence of rs7517847
on bowel movements, and blood in stool, the two
important features of UC. We were partly able to
reproduce these results for the examined Hungarian
population. The rs1004819 showed no influence on
these characteristics, neither in the Iranian nor the
present study. Chinese research detected similar
results suggesting the rs17375018 SNP to have
[20]
a protective character . There are studies that
suggest IL23R to be a risk factor for the development
[18]
of extraintestinal manifestations . This was not
reproducible in our study with Hungarian UC patients.
The data of the present study are in contrast to
[1]
[4]
the results of Duerr et al and Glas et al , who did
find an association between IL23R and inflammatory
bowel diseases but no influence on the phenotype of
ulcerative colitis.
More studies are necessary to clarify the exact role
of IL23R in the development of IBDs, as well as other
autoimmune diseases, to improve the knowledge
about their pathogenesis and pathophysiology. This
may allow individual risk stratification, individual
pharmacotherapy, and new approaches for medication
with targeted therapy.

Research frontiers

Previous investigations in Hungarian populations verified IL23R to play a role
in the development of UC. The present study demonstrated the correlation
between the SNPs of IL23R, and the phenotype of UC.

Innovations and breakthroughs

Two of the susceptible SNPs for the development of UC (rs2201841,
rs10889677) seem to shift the clinical picture from mild into more severe. The
rs10889677 was associated with azathioprine-therapy, suggesting the patients
to be refractory to 5-aminosalicylic-acid. The rs7517847 variant showed a
protective character (less bowel movements). Rs7517847 has shown to protect
the individual from acquiring the disease, assuming a general protective
character of this polymorphism.

Applications

These results may allow individual risk stratification, individual pharma
cotherapy, and new approaches for medication with targeted therapy. However,
more studies are necessary to clarify the exact role of IL23R in the development
of IBDs.

Peer-review

The study is well conducted, the results are interesting but, as the number of
patients is not very high, the data should be validated in another cohort in a
future study.
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Abstract
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AIM
To investigate the abundance and potential functions of
+
+
LAP CD4 T cells in colorectal cancer (CRC).

Institutional review board statement: This study was reviewed
and approved by the First Affiliated Hospital of Guangxi Medical
University Institutional Review Board, Nanning, China.

METHODS
+
+
Proportions of LAP CD4 T cells were examined in
peripheral blood and tumor/paratumor tissues of CRC
patients and healthy controls using flow cytometry.
Expression of phenotypic markers such as forkhead
box (Fox)p3, cytotoxic T-lymphocyte-associated protein
(CTLA)-4, chemokine CC receptor (CCR)4 and CCR5
+
was measured using flow cytometry. LAP CD4 and
+
+
LAP CD4 T cells were isolated using a magnetic cellsorting system and cell purity was analyzed by flow
cytometry. Real-time quantitative polymerase chain
reaction was used to measure expression of cytokines
interleukin (IL)-10 and transforming growth factor
(TGF)-β.
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[1,2]

RESULTS
+
+
The proportion of LAP CD4 T cells was significantly
higher in peripheral blood from patients (9.44% ±
3.18%) than healthy controls (1.49% ± 1.00%, P <
+
+
0.001). Among patients, the proportion of LAP CD4 T
cells was significantly higher in tumor tissues (11.76%
± 3.74%) compared with paratumor tissues (3.87%
± 1.64%, P < 0.001). We also observed positive
+
+
correlations between the proportion of LAP CD4 T
cells and TNM stage (P < 0.001), distant metastasis (P
< 0.001) and serum level of carcinoembryonic antigen
(P < 0.05). Magnetic-activated cell sorting gave an
+
+
overall enrichment of LAP CD4 T cells (95.02%
+
± 2.87%), which was similar for LAP CD4 T cells
+
(94.75% ± 2.76%). In contrast to LAP CD4 T cells,
+
+
LAP CD4 T cells showed lower Foxp3 expression but
significantly higher levels of CTLA-4, CCR4 and CCR5
+
+
(P < 0.01). LAP CD4 T cells expressed significantly
larger amounts of IL-10 and TGF-β but lower levels of
IL-2, IL-4, IL-17 and interferon-γ, compared with LAP
+
CD4 T cells.

deaths every year worldwide . CRC progression is a
complex process involving interactions between host
cellular immunity factors and the tumor, which take
[3,4]
place in the so-called tumor microenvironment .
This environment includes numerous factors that
promote tumor growth, such as energy and nutrients
in blood vessels, growth factors from immune cells
and stromal cells, and proinflammatory mediators
[5]
secreted by tumor cells . The environment also
contains numerous factors that can limit tumor
growth, such as tumor-infiltrating immune cells and
[6]
tertiary lymphoid structures . This complex mixture
of factors largely determines patient prognosis and
[6,7]
serves as an attractive therapeutic target .
Several studies have suggested that during CRC
progression, peripheral regulatory T (Treg) cells
and myeloid suppressor cells increase in the tumor
microenvironment, which is associated with worse
[8-10]
prognosis
. Part of the reason appears to be that
these cell populations counteract the host’s antitumor
[11]
immune response . Downregulating Treg cells can
render antitumor responses more effective, which
may improve prognosis in patients with CRC and other
[12]
malignant carcinomas .
+
+
LAP CD4 T cells are a newly identified subset of
Treg cells that express latent-associated peptide (LAP),
and function within the latent transforming growth
factor (TGF)-β complex to block interaction between
[13]
TGF-β and receptors on immune cells . Among the
+
+
various Treg cell populations, LAP CD4 T cells are
endowed with more potent immunosuppressive fun
+
+
+
[14]
ction than traditional CD4 CD25 Foxp3 Treg cells ,
and they are associated with autoimmune disease
[13,15-17]
progression
. However, we are unaware of
+
+
studies examining whether LAP CD4 T cells contribute
to CRC progression. Thus, we analyzed the abundance,
+
+
phenotype and cytokine secretion of LAP CD4 T cells
in the tumor microenvironment in patients with CRC.

CONCLUSION
+
+
LAP CD4 T cells accumulated in the tumor micro
environment of CRC patients and were involved in
immune evasion mediated by IL-10 and TGF-β.
Key words: LAP+CD4+ T cells; Colorectal cancer; Tumor
microenvironment; Interleukin-10; Transforming growth
factor-β
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Many carcinomas, including colorectal cancer,
gastric and nasopharyngeal cancer, are associated with
elevated numbers of T regulatory (Treg) cells. It is
suggested that Treg cells promote tumor development
and metastasis by inhibiting the proliferation of effector
+
+
T lymphocytes. LAP CD4 T cells, a recently identified
+
subset of CD4 Treg cells, have 50-fold more potent
+
+
immunosuppressive ability than traditional CD4 CD25
T cells. Here, we present several lines of evidence
+
+
correlating LAP CD4 T cells with colorectal cancer
progression.

MATERIALS AND METHODS
Ethics statement

All patients enrolled in this study provided written
informed consent. The study protocol conformed to
the ethical guidelines of the Declaration of Helsinki
(Fortaleza, Brazil; October 2013), and it was approved
by the Research Ethics Committee of the First Affiliated
Hospital of Guangxi Medical University, China.

Zhong W, Jiang ZY, Zhang L, Huang JH, Wang SJ, Liao C, Cai B,
Chen LS, Zhang S, Guo Y, Cao YF, Gao F. Role of LAP+CD4+ T
cells in the tumor microenvironment of colorectal cancer. World
J Gastroenterol 2017; 23(3): 455-463 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i3/455.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i3.455

Study participants and samples

This study involved 50 patients who underwent
primary tumor resection for colorectal adenocarcinoma
at the First Affiliated Hospital of Guangxi Medical
University from January to August 2014. Samples
of peripheral blood were obtained preoperatively,
and colorectal tumor and paratumor tissues were
obtained postoperatively from each patient. Paratumor
tissue samples were taken from tissue near the

INTRODUCTION
Colorectal cancer (CRC) is the third most common
carcinoma in men and second most common in
women, with > 1 million new cases and > 500000
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Table 1 Clinical characteristics of patients with colorectal
cancer

Table 2 Primer sequences for polymerase chain reaction
Gene

Characteristics
Male
Female
Age, yr
Location of primary tumor
Colon
Rectum
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

Value

IL-2

F:5’ CAGCTACAACTGGAGCATTTAC
R:5’ TCAGTTCTGTGGCCTTCTTG
IL-4
F:5’ GACCGTAACAGACATCTTTGC
R:5’ TCGAGCCGTTTCAGGAAT
IL-10
F:5’ TTGCCAAGCCTTGTCTGA
R:5’ ACAGGGAAGAAATCGATGAC
IL-17
F:5’ CCTCAGAGATCAACAGACCAA
R:5’ GGTGCCTTGATCAGACAGAA
IFN-g
F:5’ GGCAAGGCTATGTGATTACA
R:5’ TAAAGCACTGGCTCAGATTG
TGF-β 1
F:5’ CACGTGGAGCTGTACCAGAA
R:5’ GAACCCGTTGATGTCCACTT
18srRNA F:5’ CCTGGATACCGCAGCTAGGA
R:5’ GCGGCGCAATACGAATGCCCC

31
19
57.4 (37-76)
22
28
23
27

1

Values are n or mean (range).

resection margin (≥ 10 cm away from the tumor
site) that was confirmed to be tumor-free based on
routine pathology. The basic data regarding the study
population are shown in Table 1.
Patients were excluded if they (1) had already
undergone CRC surgery or had been diagnosed with
locoregional recurrence; or (2) were receiving any
anticancer therapy, corticosteroids or other nonsteroidal
anti-inflammatory drugs at the time of peripheral
venous blood collection.
During the study period, peripheral blood was
also collected from 25 healthy donors serving as a
control group. Healthy controls were free of chronic
pain, cardiovascular complaints, or other chronic
inflammatory diseases. They were matched with
patients in age and sex and showed no significant
differences from patients.

Product
(bp)

T (℃)

130

60

180

60

160

60

80

60

180

60

219

60

112

60

1 μg/mL ionomycin, and 0.7 μl/mL GolgiStop reagent
in a 5% CO2 incubator. T cells were identified based on
surface or intracellular expression of markers labeled
using antibodies (eBioscience, San Diego, CA, United
States) against the following human antigens: LAP,
CD4, forkhead box (Fox)p3, cytotoxic T-lymphocyteassociated protein (CTLA)-4, chemokine CC receptor
(CCR)4, and CCR5. Antibodies were conjugated with
one of the following fluorophores: phycoerythrin (PE),
fluorescein isothiocyanate, PEcy5.5, PEcy7, peridinin
chlorophyll protein (PerCP)-cy5.5, or allophycocyanin.
Labeled cell suspensions were analyzed using a FACS
Calibur flow cytometer (BD Bioscience, Franklin Lakes,
NJ, United States) and FlowJo software (Tree Star,
Ashland, OR, United States).

Cell isolation

Real-time quantitative polymerase chain reaction

Peripheral blood mononuclear cells (PBMCs) were
isolated from patients using Ficoll density gradient
centrifugation. Fresh tumor and paratumor samples
were washed three times in RPMI 1640; after which,
fatty, connective and necrotic tissues were removed.
Samples were cut into 1-2-mm cubes, transferred
to a 50-mL beaker, and incubated for 3 h at room
temperature with a triple-enzyme digestion medium
containing 1 mg/mL collagenase IV, 30 μg/mL DNase
Ⅰ and 0.1 mg/mL hyaluronidase (Sigma, St. Louis,
MO, United States). Dissociated cell suspensions were
filtered through a 70-μm nylon mesh, then tumorinfiltrating lymphocytes (TILs) were isolated from
cell suspensions using discontinuous density gradient
[18]
+
+
+
centrifugation . LAP CD4 T cells and LAP CD4 T
cells were isolated using a Magnetic cell sorting system
(Miltenyi Biotec, Bergisch Gladbach, Germany). Cell
purity was analyzed by flow cytometry as described
below.

Total RNA was isolated using TRIzol reagent
(Invitrogen, Carlsbad, CA, United States), and firststrand cDNA was generated using oligo (dT) primers
and the SuperScript Ⅲ First-Strand Synthesis System
(Invitrogen). Levels of mRNAs encoding cytokines
+
+
+
secreted by LAP CD4 T cells and LAP CD4 T cells
(TGF-β, INF-γ, IL-2, IL-4, IL-10 and IL-17) were
determined using SYBR-based real-time polymerase
chain reaction (7500 StepOnePlus system, Applied
Biosystems, Carlsbad, CA, United States) and primers
purchased from TaKaRa Biosystems (Table 2). Relative
-ΔΔCT
expression levels were calculated using the 2
method and normalized to levels of β-actin mRNA.

Statistical analysis

Data were expressed as mean ± SD. Differences
between two groups were assessed for significance
using the Mann-Whitney U test, t-test, or paired t-test,
as appropriate. All statistical tests were performed
using SPSS version 16.0 (SPSS, Chicago, IL, United
States), and the threshold of significance was defined
as P < 0.05.

Flow cytometry

TILs and PBMCs were stimulated in culture for 4 h at
37 ℃ with 50 ng/mL phorbol-12-myristate-13-acetate,
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+

Figure 2B) and serum level of carcinoembryonic
antigen (CEA) (P < 0.05; Figure 2C) (Table 3).

+

Table 3 Proportions of LAP CD4 T cells in tumor tissues
and in relation to clinicopathological characteristics
n
Age, yr
< 60
≥ 60
Sex
Male
Female
Location
Colon
Rectum
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Pathological
pattern
Tubular/
papillary
Myxoma/
ring cell
Differentiation
High
Low
Metastasis
Yes
No
Ileus
Yes
No
CEA (ng/mL)
≤5
>5
CA199 (U/mL)
≤ 37
> 37

+

+

LAP CD4
Treg (%)

t

P value

29
21

11.15 ± 2.03
11.96 ± 4.51

0.747

0.458

-1.35-2.94

31
19

11.37 ± 3.24
11.82 ± 3.89

0.444

0.659

-1.60-2.50

22
28

10.35 ± 3.45
11.89 ± 3.17

0.652

0.517

-1.11-2.18

23
27

8.45 ± 2.98
14.90 ± 5.58

4.973

0.000

3.85-9.07

43

11.09 ± 3.54

1.335

0.188

-0.73-3.60

7

12.83 ± 3.26

42
8

10.50 ± 3.22
12.43 ± 3.87

0.877

0.385

-1.45-3.70

9
41

12.51 ± 4.17
7.85 ± 2.61

4.322

0.000

2.49-6.82

9
41

12.22 ± 3.49
11.15 ± 3.14

0.904

0.470

-1.30-3.44

34
16

9.94 ± 3.15
13.13 ± 4.06

2.692

0.010

0.81-5.58

32
18

11.34 ± 3.21
12.42 ± 4.35

0.854

0.370

-1.51-3.85

LAP+CD4+ Treg cell phenotype in CRC microenvironment

95%CI

Further studies of phenotypic marker expression
+
+
revealed differences between LAP CD4 T cells and
+
+
LAP CD4 T cells. In contrast to LAP CD4 T cells,
+
+
LAP CD4 T cells showed lower Foxp3 expression but
significantly higher levels of CTLA-4, CCR4 and CCR5 (P
< 0.01; Figures 3 and 4).

Magnetic-activated cell sorting in vitro

Magnetic-activated cell sorting gave an overall
+
+
enrichment of LAP CD4 T cells (95.02% ± 2.87%;
+
Figure 3A) and enrichment was similar for LAP CD4 T
cells (94.75% ± 2.76%; Figure 3B).

Cytokine expression

The expression levels of cytokine profiles were
+
+
measured by real-time qPCR, LAP CD4 T cells
expressed significantly larger amounts of IL-10 and
TGF-β but lower levels of IL-2, IL-4, IL-17 and IFN-γ,
+
compared with LAP CD4 T cells (Table 4).

DISCUSSION
Many carcinomas, including colorectal, gastric and
nasopharyngeal cancer, are associated with elevated
[19-21]
numbers of Treg cells
, and it is suggested
that Treg cells promote tumor development and
metastasis by inhibiting the proliferation of effector
[22]
+
+
T lymphocytes . LAP CD4 T cells, a recently
+
identified subset of CD4 Treg cells, have 50-fold more
potent immunosuppressive activity than traditional
+
+
[13,23]
CD4 CD25 T cells
. Here we present several
+
+
lines of evidence correlating LAP CD4 T cells with
CRC progression. These cells were more abundant in
peripheral blood and tumor tissue from patients with
CRC compared with healthy controls. In CRC patients,
the abundance of these cells correlated positively
with TNM stage, metastasis, and serum level of CEA.
CEA is the most widely used serum marker and is
related to the prognosis of patients with CRC. The
main use of CEA in CRC is in surveillance following
[24,25]
curative resection for primary cancer
. These
+
+
results suggest that LAP CD4 T cells, like traditional
+
+
CD4 CD25 Treg cells, accumulate in the tumor micro
environment and postoperative monitoring of the
+
+
LAP CD4 T cells in CRC patients may be useful for
assessing prognosis and predicting distant metastasis.
In our study, expression of CCR4 and CCR5
+
+
+
was higher in LAP CD4 T cells than in LAP CD4
T cells. CCR4 and CCR5 are highly expressed in
tumor microenvironments and appear to act as proin
[26,27]
flammatory cytokine receptors
. Some studies
have reported that CCR4 and its ligands are associated
with increased tumor recurrence and impaired
[28,29]
overall survival in patients with gastric cancer
.
[30]
Wang et al
have shown that the CCL5/CCR5 axis

RESULTS
LAP+CD4+ T cells are elevated in PBMCs and tumor
tissue of CRC patients

PBMCs were isolated preoperatively and TILs were
isolated postoperatively from patients who under
went radical resection for CRC. To understand
+
+
further the roles of LAP CD4 T cells in the tumor
microenvironment in patients with CRC, the proportion
+
+
of LAP CD4 T cells in PBMCs and tissues was detected
by flow cytometry (Figure 1). The proportion of
+
+
LAP CD4 T cells was significantly higher in peripheral
blood from patients (9.44% ± 3.18%) than healthy
controls (1.49% ± 1.00%, P < 0.001; Figure 1B and
+
+
C). Among CRC patients, the proportion of LAP CD4 T
cells was significantly higher in tumor tissue (11.76%
± 3.74%) compared with paratumor tissue (3.87% ±
1.64%, P < 0.001; Figure 1B and D).

Relationship between proportion of LAP+CD4+ T cells in
tumor tissues and clinicopathological characteristics of
CRC

We also observed positive correlations between the
+
+
proportion of LAP CD4 T cells and TNM stage (P <
0.001; Figure 2A), distant metastasis (P < 0.001;
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+

+

-

+

Table 4 Cytokine expression by LAP CD4 T cells and LAP CD4 T cells in colorectal cancer microenvironment

LAP+CD4+
LAP-CD4+
t

IL-2

IL-4

IL-10

IL-17

IFN-g

TGF-β

0.22 ± 0.01
1.49 ± 0.37
8.811

0.32 ± 0.12
0.86 ± 0.23
5.505

1.13 ± 0.23
0.86 ± 0.22
-2.327

0.38 ± 0.10
0.98 ± 0.23
6.435

0.18 ± 0.08
0.69 ± 0.21
5.981

1.40 ± 0.15
0.89 ± 0.11
-7.316

0.000

0.000

0.038

0.000

0.000

0.000

P value
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Figure 1 Abundance of LAP+CD4+ T cells in the colorectal cancer microenvironment based on flow cytometry. A: Gated on FSC/SSC, the proportion of
LAP+CD4+ T cells in the CD4+ subset is presented in quadrant Q2; B: Flow cytometry to measure the proportion of LAP +CD4+ T cells in PBMCs and tissues; C:
Proportion of LAP+CD4+ T cells in PBMCs; D: Proportion of LAP+CD4+ T cells in tissues.
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Figure 2 Correlation of LAP+CD4+ Treg cell abundance with clinicopathological characteristics of colorectal cancer, based on flow cytometry. A: TNM stage;
B: Distant metastasis; C: Level of CEA.
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Figure 3 Expression of phenotypic markers by LAP+CD4+ T cells and LAP-CD4+ T cells. A: Typical histograms of the expression of Foxp3, CTLA, CCR4 and
CCR5 in LAP+CD4+ T cells or LAP-CD4+ T cells are depicted. The expression levels of Foxp3, CTLA, CCR4 and CCR5 were measured and compared between
LAP+CD4+ T cells and LAP-CD4+ T cells; B: Foxp3; C: CTLA-4; D: CCR4; E: CCR5.

A

+

B

+

LAP CD4 cells
4

10

Q1
0.092%

Q2
95.7%

10

3

10

2

10

1

10

10

10

Q1
0.00%

Q2
2.58%

Q4
0.784%

Q3
96.6%

2

10

0

+

3

10

1

Q4
0.00%
0

LAP-PE

LAP-PE

-

LAP CD4 cells
4

Q3
4.25%
1

2

3         

10           10          10          10

0

4

   10

10

CD4-FITC

0

1

2

3         

10           10          10          10

4

   10

CD4-FITC

Figure 4 Purity of cells. A: LAP+CD4+ T cells; B: LAP−CD4+ T.

modulates angiogenesis and metastasis that dictate
cancer development in the tumor microenvironment.
We identified similarities and differences between
+
+
+
+
LAP CD4 T cells and traditional CD4 CD25 Treg
cells. Foxp3, previously identified as important in the
[31,32]
differentiation and development of Treg cells
,
was expressed at detectable levels in only 4% of
+
+
+
+
LAP CD4 T cells. This means that LAP CD4 T cells
+
+
differ from traditional CD4 CD25 Treg cells in marker
expression and their immunosuppressive activity
+
+
is independent of Foxp3. In contrast, LAP CD4 T
cells expressed abundant levels of CTLA-4, which is
+
+
used by CD4 CD25 Treg cells to modulate immune
[33]
+
+
responses . CTLA-4 on CD4 CD25 Treg cells has
been shown to suppress immune function through
[34,35]
several mechanisms
: increasing numbers of
+
+
CD4 CD25 CTLA-4 T cells; inhibiting production of
proinflammatory factors such as IFN-γ; increasing pro
duction of IL-2, IL-4, IL-10 and TGF-β1; and blocking
[36]
tryptophan synthesis by antigen-presenting cells .
Under normal circumstances, these mechanisms can
promote self-tolerance and prevent autoimmune
disease and transplant rejection. Our results suggest
+
+
that the CTLA-4 on LAP CD4 T cells help CRC tumors
evade the host immune system, and one mechanism
may be by inhibiting proliferation of effector T
lymphocytes.
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Our results reproduce most of those of Mahalingam
[37]
et al , using different procedures. We isolated
+
+
+
LAP CD4 T cells and LAP CD4 T cells using a
magnetic cell sorting system and analyzed cell purity
by flow cytometry. Our results revealed that, after
sorting, the purity of these two cells was > 90%. This
+
+
is the first time that LAP CD4 T cells were isolated
using a magnetic cell sorting system. In contrast to
[37]
+
+
Mahalingam et al , we found that LAP CD4 T cells
expressed high levels of IL-10 and TGF-β. These
cytokines play key roles in suppressing immune
responses in mouse models of cerebral meningitis and
[13,38,39]
allergic inflammation
. The immunoregulatory
activity of Treg cells has been linked to several
[40,41]
molecules, such as CTLA-4, TGF-β, and IL-10
.
TGF-β has been shown to play an important role
in the differentiation, maintenance and function of
[42-45]
natural Treg cells
. However, several studies have
revealed the role of IL-10 in Treg cell suppression.
It has been demonstrated that IL-10 is required for
the homeostatic maintenance of the T cell number
[46]
by Treg cells
and is involved in Treg-cell-mediated
suppression in murine models of transplantation, graftversus-host disease, chronic parasite infection, colitis,
[47]
and a rat model of type 1 diabetes . Like classical
+
+
CD4 CD25 Treg cells, our experiments suggest that
+
+
the immunosuppressive activity of LAP CD4 T cells
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could be mediated by IL-10 and TGF-β.
In conclusion, we provide evidence that patients
+
+
with CRC have elevated proportions of LAP CD4 T cells
in the peripheral blood and tumor microenvironment,
and their accumulation at tumor sites correlates with
+
+
CEA level, TNM stage and distant metastasis. LAP CD4
T cells express high levels of IL-10 and TGF-β, which
may be involved in tumor immune evasion. Our
findings suggest that investigating the functions and
+
+
regulation of LAP CD4 T cells in CRC may improve our
understanding of disease progression and treatment.

4
5
6

7
8
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patients.
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METHODS
This cross sectional primary care office-based study
examined mt-sDNA uptake in routine clinical practice
among 393 colorectal cancer screening non-compliant
Medicare patients ages 50-85 ordered by 77 physicians
in a multispecialty group practice (USMD Physician
Services, Dallas, TX) from October, 2014-September,
2015. Investigators performed a Health Insurance
Portability and Accountability Act compliant retros
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pective review of electronic health records to identify
mt-sDNA use in patients who were either > 10 years
since last colonoscopy and/or > 1 year since last fecal
occult blood test. Test positive patients were advised
to get diagnostic colonoscopy and thereafter patients
were characterized by the most clinically significant
lesion documented on histopathology of biopsies or
excisional tissue. Descriptive statistics were employed.
Key outcome measures included mt-sDNA compliance
and diagnostic colonoscopy compliance on positive
cases.

INTRODUCTION
Colorectal cancer (CRC) is among the top three causes
of cancer related death in men and women in the
[1]
United States . Despite the longstanding availability
and recent broad third party coverage of screening
tests without patient out-of-pocket expense (including
fecal occult blood (FOBT/FIT), sigmoidoscopy, and
colonoscopy) under the United States Affordable Care
Act, a large percentage of Americans are not up to
[2,3]
date with CRC screening . Given the reluctance of
some patients to have an invasive structural screening
test like sigmoidoscopy or colonoscopy or the required
annual testing using FOBT/FIT, a high sensitivity
noninvasive screening test with a longer screening
interval may provide an effective alternative that could
increase the participation in and performance of CRC
[4-7]
screening programs .
USMD (USMD, Dallas, TX) is an integrated health
system in Dallas/Fort Worth, Texas and is focused
on preventive care to improve population health.
Patient compliance with colorectal cancer screening
is a quality metric for USMD primary care physicians
and is documented with the USMD electronic health
record (EHR). Despite repeated efforts by clinicians,
some patients continuously refuse CRC screening via
colonoscopy and FOBT/FIT. We implemented mt-sDNA
(mt-sDNA) screening in general clinical practice to
provide a new strategy to increase colorectal cancer
screening in our previously screening-non-compliant
Medicare patients.
Mt-sDNA is an FDA approved, noninvasive, high®
sensitivity CRC screening strategy (Cologuard , Exact
Sciences Corporation, Madison WI) for patients at
average risk for colorectal cancer. Average risk includes
individuals 50 years of age and older who are asymptomatic and have no personal history of colorectal
cancer or colorectal adenoma; no family history of a
first degree relative developing colorectal cancer at age
60 or younger; or of any two first degree relatives with
colorectal cancer developed at any age; or an inherited
predisposition to colorectal cancer including adenomatous polyposis coli or Lynch syndrome (Hereditary nonpolyposis colorectal cancer) or no other rare inherited
CRC predispositions, or inflammatory bowel disease.
Mt-sDNA is a candidate test for increasing population based screening. It has documented superior
sensitivity for CRC, high grade dysplasia, advanced
adenoma, and sessile serrated adenoma/polyps
compared to fecal immunochemical testing (FIT)
[8,9]
alone, albeit with somewhat lower specificity . The
CRC screening system which includes mt-sDNA was
purposefully designed to address patient preference
issues including the need for screening support,
which is managed through an embedded nationwide
patient navigation system. Mt-sDNA was recently
included as a recommended routine CRC screening

RESULTS
Over 12 mo, 77 providers ordered 393 mt-sDNA studies
with 347 completed (88.3% compliance). Patient
mean age was 69.8 (50-85) and patients were 64%
female. Mt-sDNA was negative in 85.3% (296/347) and
positive in 14.7% (51/347). Follow-up colonoscopy was
performed in 49 positive patients (96.1% colonoscopy
compliance) with two patients lost to follow up. Index
findings included: colon cancer (4/49, 8.2%), advanced
adenomas (21/49, 42.9%), non-advanced adenomas
(15/49, 30.6%), and negative results (9/49, 18.4%).
The positive predictive value for advanced colorectal
lesions was 51.0% and for any colorectal neoplasia was
81.6%. The mean age of patients with colorectal cancer
was 70.3 and all CRC’s were localized Stage Ⅰ (2) and
Stage Ⅱ (2), three were located in the proximal colon
and one was located in the distal colon.
CONCLUSION
Mt-sDNA provided medical benefit to screening non
compliant Medicare population. High compliance
with mt-sDNA and subsequent follow-up diagnostic
colonoscopy identified patients with clinically critical
advanced colorectal neoplasia.
Key words: Multitarget stool DNA; Advanced adenoma;
Screening compliance; Colonoscopy; Colorectal cancer
screening; Preventive
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The availability of multitarget stool DNA
(mt-sDNA) colorectal cancer screening led to high
screening compliance (88%) and diagnostic colonoscopy
compliance on mt-sDNA positive cases (96%) in a cohort
of previously screening non-compliant Medicare patients
ages 50-85 years in a multi-specialty group practice
setting.
Prince M, Lester L, Chiniwala R, Berger B. Multitarget
stool DNA tests increases colorectal cancer screening
among previously noncompliant Medicare patients. World J
Gastroenterol 2017; 23(3): 464-471 Available from: URL: http://
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test by the United States Preventive Services Task
Force (2016) and is included in the American Cancer
Society (2014) and National Comprehensive Cancer
Network (2016) screening guidelines at three-year
[10-12]
intervals
. It is covered by Centers for Medicare
and Medicaid Services (CMS) at three year intervals
and described by test specific descriptive codes (HCPCS
[13]
G0464, CPT code 81528) . The National Committee
on Quality Assurance (NCQA) has added mt-sDNA
to the 2017 Healthcare Employer Data Information
Set (HEDIS 2017) which provides physicians the
opportunity to receive quality credit for using mt-sDNA
screening in the HEDIS effectiveness-of-care domain
[14]
which covers preventive health measures .
Mt-sDNA is a multi-analyte test with algorithmic analysis that provides a single qualitative
dichotomous positive or negative test result for each
[15]
patient . The test requires no preparation, change
in medication, or dietary restrictions. The test result
is based on a composite score derived from the quantitative values of the 11 biomarkers included in the
test: 10 DNA markers [aberrantly methylated NDRG4
and BMP3 gene promoter regions, 7 Kras point mutations, β -actin (reference gene)] and fecal hemoglobin
(immunochemical technique) analyzed as a group in
[8]
a logistic regression algorithm . Scores exceeding
the composite score threshold are reported qualitatively as “positive.” Individual biomarker results are
not reportable and are not associated with biomarker
specific reference ranges for clinical evaluation.
This study evaluated mt-sDNA uptake in a cohort
of screening non-compliant average-risk Medicare
patients aged 50-85 and the subsequent diagnostic
colonoscopy usage for those patients with a positive
mt-sDNA result. We correlated positive mt-sDNA
results with colonoscopy findings.

were collected by the patients, and the completed
tests were returned to the laboratory using pre-paid
shipping labels. The samples were then processed and
analyzed and the results reported to the USMD ordering physicians. The kit and patient process is illustrated
in Figure 1.
Mt-sDNA testing is provided by a single source
clinical laboratory (Exact Sciences Laboratories, LLC,
Madison, WI, United States) that is accredited by the
College of American Pathologists and certified by the
CMS Clinical Laboratory Improvement Amendments
(CLIA ‘88) program for high complexity testing. It is
supported by a patient navigation system that is available via telephone at all hours, every day and supports
patients, ordering providers, and health systems to
assure successful screening events. A laboratory report
with an mt-sDNA qualitative “Positive” or “Negative”
clinical result was the measure of a completed test
that was used to calculate screening compliance with
a test order (intent-to screen compliance). Data was
compiled and analyzed using descriptive statistics.
USMD physicians referred the patients with positive
results for diagnostic colonoscopy. Patients with negative results were returned to the screening pool to be
screened again in three years.
Colonoscopy and pathology findings on all mt-sDNA
positive patients were tabulated and included: histologic classification, size, location, and total number
of adenomas and non-adenomatous polyps. Patients
were categorized by the most advanced finding
(index lesion) as described on pathologic analysis of
colonoscopically directed biopsies and any subsequent
[8]
surgical excisional tissues . Major categories of index
lesions were CRC, advanced adenoma (AA), nonadvanced adenoma (NAA), and negative findings.
Advanced adenomas are further categorized as:
tubular adenoma (TA) with high grade dysplasia
or significant villous component of any size; and
tubular adenoma or sessile serrated adenoma/polyp
without other advanced features ≥ 10 mm in greatest
dimension. Non-advanced adenomas are further
characterized as; 1-2 TA’s > 5 mm but < 10 mm; > 3
TA’s < 10 mm; 1-2 TA’s ≤ 5 mm. as these may have
differing post-colonoscopy clinical surveillance intervals. Negative findings include absence of colorectal
neoplasia but may include the presence of hyperplastic
polyps (HP’s) < 10 mm. High risk patients were
excluded from this study including those patients who
were symptomatic and/or had a significant personal or
family history of colorectal neoplasia or inflammatory
bowel disease.

MATERIALS AND METHODS
Physicians at USMD began offering mt-sDNA routinely
to patients as of October 2014 in an effort to improve
CRC screening among previously non-compliant
Medicare patients. We performed a Health Insurance
Portability and Accountability Act compliant retrospective EHR-based medical records review (October,
2014-September, 2015) to identify mt-sDNA use
in average-risk Medicare patients treated by USMD
Physician Services (Dallas, Texas) who were not
previously compliant with colorectal cancer screening.
We offered mt-sDNA to patients who were either >
10 years since last colonoscopy and/or > 1 year since
last fecal occult blood test. Follow-up colonoscopy
was advised for all patients with a positive mt-sDNA
result.
Mt-sDNA was ordered as part of the USMD physician’s daily clinical practice without any modification.
Providers ordered the test, patients engaged with the
mt-sDNA patient navigation system, collection kits
were shipped directly to patients’ homes, samples
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RESULTS
Over 12 mo, 77 providers ordered mt-sDNA tests for
393 screening-noncompliant Medicare patients and
347 patients completed the test (88.3% intent-toscreen compliance). Successfully screened patients
(347) had a mean age of 69.8 (range 50-85) and
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Figure 1 Multi-target stool DNA collection kit and collection process. A: Contents of Cologuard collection kit: Top row, left to right: collection kit/shipping box,
stool collection container, hemoglobin sample tube, collection container support bracket for toilet; Bottom row - instructions for use, DNA preservative buffer; B:
Collection process - 1, set up collection container; 2 and 3, sample for hemoglobin; 4, add DNA preservative buffer; 5, close container; 6, replace hemoglobin tube and
sample container in box, seal and ship.

were 64% female. Unsuccessfully screened patients
(46; 11.7%) had a mean age of 71.2 (range 61-83),
and were 59% female. The mt-sDNA result was negative in 296 patients (85.3%), mean age 69.1 (range
50-85) and 61% female and positive in 51 patients
(14.7%), mean age 71.8 (range 65-83), 49% female
(Figure 2).
Diagnostic colonoscopy was subsequently per
formed on 49 mt-sDNA positive patients (96.1%
diagnostic colonoscopy compliance) and two patients
were lost to follow up. Index findings among 49 positive patients included: 4 patients with colorectal cancer
(8.2%), 21 patients with advanced adenoma (42.9%),
15 patients with non-advanced adenoma (30.6%),
and 9 patients with negative results (18.4%) (Table 1).
The positive predictive value for advanced colorectal
neoplasia was 51.0% (25/49) and for any colorectal
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neoplasia was 81.6% (40/49).
The four CRC patients were ages 66, 68, 73, and
74 years and included 2 men and 2 women. All CRC's
were localized, Stage Ⅰ (2) and Stage Ⅱ (2), and
three were located in the proximal colon and one was
located in the distal colon. The 21 advanced adenoma
patients, median age 73 (65-83), 43% female (9/21),
included: one with high-grade dysplasia in a 20 mm
rectal tubulovillous adenoma in a 72-year-old female;
9 with tubulovillous or villous adenoma; 10 with
tubular adenoma ≥ 10 mm without other advanced
features; and one with a 10 mm sessile serrated
adenoma/polyp. Index lesion location was specified in
20 advanced adenomas and 40% (8/20) were in the
proximal colon.
The 15 non-advanced adenoma patients, mean
age 70 (range 64-81) and 24% female (6/15),
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393 patients noncompliant with CRC
screening identified

Table 1 Distribution of most advanced findings on
colonoscopy
Most advanced finding
Colorectal cancer
Advanced adenoma1
Non advanced adenoma2
1-2 adenomas, > 5 and < 10 mm
> 3 adenomas, any size < 10 mm
1-2 adenomas, ≤ 5 mm
No colorectal neoplasia
HP only
No findings
Total Patients

n (%)
393 mt-sDNA tests ordered

4 (8.2)
21 (42.9)
15 (30.6)
7
5
3
9 (18.4)
5
4
49 (100)

347 mt-sDNA tests completed

296 negative (85.3%)
mt-sDNA tests

1

Includes adenoma with high grade dysplasia, villous adenoma,
tubulovillous adenoma and tubular adenoma and sessile serrated
adenoma/polyp ≥ 10 mm; 2Non advanced adenoma includes tubular
adenomas < 10 mm with no advanced features. HP: Hyperplastic polyp.

49 colonoscopies completed
96.1% colonoscopy compliance
(2 patients lost to follow up)

included: 7 patients with 1-2 tubular adenomas >
5 mm but < 10 mm; 5 patients with > 3 tubular
adenomas < 10 mm; and 3 patients with 1-2 tubular
adenomas ≤ 5 mm. The specimen of one patient
with a well described 8 mm polyp that was removed
but not retrieved and is included in the non-advanced
adenoma total. No sessile serrate adenomas/polyps
were recorded that were < 10 mm. There were 9
patients without colorectal neoplasia, median age
71 (65-80) and 67% female (6/9), including 5 with
hyperplastic polyps < 10 mm and 4 not requiring a
biopsy. Figure 3 includes a summary of the findings.
The size distribution of CRC and advanced adenoma
cases is provided in Table 2. The four CRCs were 14,
20, 25, and 40 mm in greatest dimension. Advanced
adenoma index lesions include 5 at 10 mm, 9 at 11-19
mm, 5 at 20-29 mm, and 2 at ≥ 30 mm.

Colonoscopy findings - most significant lesion
(index lesion)
4 colon cancer
1
21 advanced adenoma
15 non-advanced adenoma
9 negative (no colorectal neoplasia)

Figure 2 Enrollment outcomes. 1Advanced adenoma: colorectal adenoma
or sessile serrated adenoma/polyp ≥ 1.0 cm in diameter; or adenoma with
high-grade dysplasia or ≥ 25% villous component, of any size. mt-sDNA:
Multitarget stool DNA.

of new cases occurring patients age 45-84 years and
with 21.8%, 24% and 21.8% of new cases seen in
[22,23]
patients 55-64, 66-74, and 75-84 respectively
.
Our study documented the experience of an
integrated multispecialty medical practice working
to increase screening effectiveness in its screeningnoncompliant Medicare age patients. This population
is of critical importance; CRC incidence increases
with age and CRC’s that present with symptoms
rather than being detected through asymptomatic
screening are more likely to be of late stage with
[24]
increased related morbidity and cost .
We studied whether the availability of non-invasive
CRC screening with mt-sDNA in USMD's general medical practice for routine use might encourage providers
and patients to achieve successful screening. Our study
did not address the discriminate features of mt-sDNA
testing that led to increased patient uptake and
compliance. Common patient preference issues that
contribute to screening program performance include
concerns around privacy, convenience, accuracy,
extended screening intervals, and/or direct patient support through an embedded patient navigation system.
Additionally, the long-term benefits of decreased
patient and provider screening burden related to
performing, tracking, administering, and navigating
the mt-sDNA screening process on patient compliance
were not assessed.
Our data demonstrate that mt-sDNA, with an

DISCUSSION
Preventing colorectal cancer morbidity and mortality primarily rests on the ability of providers to
successfully screen patients for premalignant and
malignant colorectal neoplasia and treat accordingly.
Colonoscopy is the most widely used and effective
screening tool for those who will take advantage of
it and ensures the screening compliance of the vast
[3]
majority of screening compliant Americans . However,
there are millions of patients who remain unscreened
or only intermittently screened using FOBT/FIT only
and who will not use colonoscopic screening for a
variety of reasons including risk, inconvenience, pre[1,2,4,16-21]
paratory requirements and embarrassment
.
Consequently, in the United States, colorectal
cancer remains the second leading cause of cancer
related death overall and third leading cause of death
for each sex. The age-adjusted incidence of new CRC
cases reported by the US Surveillance, Epidemiology,
and End Results Program for the period 2009-2013
was 47.1 and 36.0 per 100000 for men and women
respectively. Incidence increases with age with 82.4%

WJG|www.wjgnet.com

51 positive (14.7%)
mt-sDNA tests
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Category

n

CRC

4

8.2%

Advanced
adenoma

21

42.9%

Nonadvanced
colorectal
neoplasia
(adenoma < 10
mm)

NAA

15

30.6%

HP's and no
findings

Negative

9

18.4%

Total positive

51

-

Positives with
colonoscopy

49

100%

Group
Advanced
colorectal
neoplasia

PPV

51%

82%

Colonoscopy compliance

Any
colorectal
neoplasia

96.1%

Figure 3 Summary of colonoscopy findings in 49 mt-sDNA positive patients. PPV: Positive predictive value; CRC: Colorectal cancer; NAA: Non-advanced
adenoma; HP's: Hyperplastic polyps.

Table 2 Features of the advanced colorectal neoplasms found in Cologuard positive patients on colonoscopy
Index lesion
CRC1
HGD
TVA/VA2
TA
SSA/P
Total

Greatest dimension (mm)

Proximal colon

10

11-19

20-29

30+

Total

0
0
1
3
1
4

1
0
3
6
0
10

2
1
4
0
0
7

1
0
1
1
0
3

4
1
9
10
1
24

75% (3/4)
0% (0/1)
38% (3/8)
40% (4/10)
100% (1/1)
40% (8/20)

Index lesion only. 1Stage Ⅰ (2), Stage Ⅱ (2); 21 location not reported. Index lesion: Most clinically significant lesion found on colonoscopy; CRC: Colorectal
cancer; HGD: High grade dysplasia; TVA/VA: Tubulovillous adenoma/villous adenoma; TA: Tubular adenoma ≥ 10 mm with no HGD or villous features;
SSA/P: Sessile serrated adenoma/polyp ≥ 10 mm.

88.3% intent-to-screen compliance, provided an
acceptable CRC screening strategy for previously
screening-noncompliant Medicare patients. Further,
there was almost universal compliance with follow-up
diagnostic colonoscopy (96.1%) by mt-sDNA positive
patients. Congruent with the purpose of CRC screening, mt-sDNA screening identified patients with early
stage CRC (4/4) and advanced adenoma that were
amenable to definitive surgical treatment and/or
colonoscopic excision. Therefore, screening with
mt-sDNA could reasonably be expected to contribute
to CRC related mortality reduction and prevention
respectively.
Because of the small size of the study, population
based statistics are only somewhat informative. CRC
incidence was elevated at 11.5/1000 (1.2%) which
is likely consistent with population age and advanced
adenoma incidence was unremarkable at 60.5/1000
(6%). The positive predictive value of mt-sDNA for
CRC and advanced adenoma exceeded that seen in
the much larger and more diverse DeeP-C mt-sDNA
screening study, again likely more reflective of the
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study population of unscreened and under-screened
[24]
patients than changes in test performance .
The study is limited by relatively small size (393)
but it is strengthened by the diversity of the provider
group participating (77); the use of mt-sDNA in routine
daily clinical practice with a focus on shared decision
making; and strong compliance data for both mt-sDNA
screening and post-positive test colonoscopy. The
findings may not be generalizable to non-Medicare-age
patients and may reflect disease incidence particular to
this geographic area.
In conclusion, the availability of mt-sDNA colorectal
cancer screening provided significant medical benefit
to Medicare patients cared for in a large multi-specialty group practice who were previously screeningnoncompliant. Patients with clinically significant
advanced colorectal neoplasia were identified as a
result of high compliance with both mt-sDNA screening and subsequent diagnostic colonoscopy. Broader
implementation of mt-sDNA screening into patients
ages 50-65 should be evaluated to ascertain similar
benefits in screening compliance in younger patients.
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Mt-sDNA test: a stool based assay for colorectal cancer screening. It
includes 11 biomarkers (10 DNA and 1 fecal hemoglobin) evaluated as a
group in a logistic algorithm to provide a single composite result of “positive” or
“negative”.
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Abstract
AIM
To investigate the impact of inflammatory bowel
disease (IBD) on α2-Heremans-Schmid Glycoprotein
(AHSG/fetuin A) and potential associations with
disease and patient characteristics.

Informed consent statement: Informed consent was obtained
from all study participants, along with a verbal permission for the
use of the acquired samples for scientific research.
Conflict-of-interest statement: No potential conflicts of
interest relevant to this article were reported.

METHODS
AHSG serum levels were determined in treatment-naïve
newly-diagnosed patients, 96 with ulcerative colitis
(UC), 84 with Crohn’s disease (CD), 62 with diarrheapredominant or mixed irritable bowel syndrome (IBS,
D- and M- types) and 180 healthy controls (HC), by
an enzyme linked immunosorbent assay (ELISA).

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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markers i.e. , C-reactive protein or serological markers
linked to IBD course i.e. , anti-glycan antibodies.

All patients were followed for a minimum period of
3 years at the Gastroenterology Department of the
University Hospital of Larissa, Greece. C-reactive protein
(CRP), anti-glycan antibodies, anti-Saccharomyces
cerevisiae mannan antibodies IgG, anti-mannobioside
carbohydrate antibodies IgG, anti-laminariobioside
carbohydrate antibodies IgG and anti-chitobioside
carbohydrate antibodies IgA were also determined via
immunonephelometry and ELISA, respectively.

Manolakis AC, Christodoulidis G, Kapsoritakis AN, Georgoulias
P, Tiaka EK, Oikonomou K, Valotassiou VJ, Potamianos SP.
α2-Heremans-schmid glycoprotein (fetuin A) downregulation and
its utility in inflammatory bowel disease. World J Gastroenterol
2017; 23(3): 437-446 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i3/437.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i3.437

RESULTS
The mean ± SE of serum AHSG, following adjustment
for confounders, was 0.32 ± 0.02 g/L in IBD, 0.32 ±
0.03 g/L in CD and 0.34 ± 0.03 g/L in UC patients,
significantly lower than in IBS patients (0.7 ± 0.018 g/L)
and HC (0.71 ± 0.02 g/L) (P < 0.0001, in all cases).
AHSG levels were comparable between the CD and UC
groups. Based on AHSG levels IBD patients could be
distinguished from HC with about 90% sensitivity and
specificity. Further adjusted analysis verified the inverse
association between AHSG and penetrating, as well
as stricturing CD (partial correlation coefficient: -0.45
and -0.33, respectively) (P < 0.05). After adjusting
for confounding factors, inverse correlations between
AHSG and CRP and the need for anti-TNFα therapy or
surgery, were found (partial correlation coefficients:
-0.31, -0.33, -0.41, respectively, P < 0.05, in all cases).
Finally, IBD individuals who were seropositive, for at
least one marker, had AHSG levels falling within the
two lower quartiles (OR = 2.86, 95%CI: 1.5-5.44,
P < 0.001) while those with at least two serological
markers positive exhibited AHSG concentrations within
the lowest quartile (OR = 5.03, 95%CI: 2.07-12.21, P
< 0.001), after adjusting for age, sex and smoking.

INTRODUCTION
Inflammatory bowel disease (IBD) has been long ago
recognized as a systemic inflammatory entity and as
such, it is anticipated to induce changes exceeding
the boundaries of bowel mucosa, being reflected in
[1-7]
a broader spectrum of tissues, including blood
.
Examples of such changes are the fluctuations in the
levels of C-reactive protein (CRP), tumour necrosis
factor alpha (TNF-α), interleukins, S100 proteins,
[4-7]
metalloproteinases, angiogenins, etc . Since a different task is carried out by each of these biomarkers,
it has been proposed that IBD induces multifarious
responses which in turn, may affect the levels of
different compounds via feedback mechanisms,
[4-8]
consumption or reprioritisation of synthesis . These
observations along with the inflammatory nature
of IBD itself seem to encourage the study of novel
proteins that tend to become affected by the establish[3,8]
ment of systemic inflammation . Such a candidate is
fetuin A or α2-Heremans-Schmid glycoprotein (AHSG),
a substance synthesized in the liver, bone marrow
and fetal organs, exhibiting properties similar to those
[9]
possessed by negative acute-phase proteins . AHSG
has been shown to carry out various immunologic
tasks, including regulation of macrophage-related
lipopolysaccharide-triggered opsonisation, TNF-α and
[10-13]
transforming growth factor beta (TGF-β) levels
.
AHSG is also an inhibitor of ectopic tissue calcification
such as that taking place in coronary arteries and
heart valves, while at the same time promoting mineralization within fibrils and subsequently, proper bone
[13-15]
formation
. Other recently discovered properties
of AHSG include a binding ability to insulin receptor,
modifying its sensitivity, participation in wound healing
as well as tumor growth processes, through the induc[8,9]
tion of a more effective cell migration . Increased
AHSG levels have been recorded in fetal organs
(probably reflecting an additional role for AHSG in
normal organ development), in adults with either
metabolic syndrome or increased insulin resistance
alone, patients infected with the severe acute respiratory syndrome-coronavirus as well as individuals at
high risk for future cardiovascular events: stroke and
[8,9,16]
acute myocardial infarction
. Low levels of AHSG

CONCLUSION
AHSG can be used to distinguish between IBD and
IBS patients or HC while at the same time “predicting”
complicated disease behavior, need for therapy
escalation and surgery. Moreover, AHSG may offer
new insights into the pathogenesis of IBD, since it is
involved in key processes.
Key words: Inflammatory bowel disease; Irritable bowel
syndrome; Fetuin A
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: α2-Heremans-Schmid Glycoprotein (AHSG/
fetuin A) a multi-task negative acute-phase protein is
downregulated in patients with inflammatory bowel
disease (IBD). Based on this significant decrease
a discrimination between IBD patients with either
Crohn’s disease or ulcerative colitis and those with
irritable bowel syndrome or healthy controls can be
made. A more robust AHSG decrease correlates well
with and predicts complicated disease behavior, need
for biological therapy and surgery, within three years
from diagnosis. These associations are supported
by additional links between AHSG and acute-phase
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Table 1 Patient/control and disease characteristics

No
Age, yr (mean ± SD)
Age at onset
≥ 40 yr
< 40 yr
Sex
Male
Female
Current smoking
Yes
No
Disease extent (UC)
Proctitis
Left-sided colitis
Pancolitis
Disease location (CD)
Upper GI involvement
Ileum
Colon
Ileocolon
Disease behavior (CD)
NS/NP
Stricturing
Penetrating
Extraintestinal manifestations
None
≥1
Treatment for remission
5-ASA
Corticosteroids
Immunosuppressants
Anti- TNFα
Surgery

UC

CD

IBS

HC

96
50.2 ± 13.4

84
42.3 ± 15.6

62
49 ± 19.4

180
46.7 ± 12.3

-

15
69

-

-

60
36

45
39

36
26

114
66

24
72

57
27

39
23

93
87

16
28
52

-

-

-

-

11
32
10
41

-

-

-

49
20
15

-

-

69
27

33
51

-

-

94
45
18
3
3

82
60
30
24
12

-

-

UC: Ulcerative colitis; CD: Crohn’s disease; IBS: Irritable Bowel Syndrome; HC: Healthy controls; GI: Gastrointestinal; NS/NP: Non stricturing/non
penetrating; ASA: Aminosalicylates; TNFα: Tumor necrosis factor-alpha.

have been recorded in patients on hemodialysis, those
with cirrhosis, hepatoma or rheumatoid arthritis (RA),
an entity sharing common inflammatory pathways
with IBD, and have been linked to vascular - excessive
valvular and coronary artery calcification, ischemic
[14,17,18]
events- and skeletal disorders - osteopenia
.
Moreover, similar phenomena: upregulation of TNF-α
and TGF-β, remodelling in intestinal microvessels, both
on an acute and chronic basis, as well as manifestations linked to mineral homeostasis i.e., osteoporosis
and urolithiasis, are all exerted in IBD. When bearing
in mind these characteristics, the idea of examining
[4,19-23]
AHSG levels in IBD, seems more than tempting
.

University Hospital of Larissa, Greece. Another group
consisting of 180 healthy individuals was also formed
(HC). Study groups were age and sex matched (P >
0.05) with one exception: the CD and UC groups, differed significantly (P = 0.002) as anticipated, since CD
is often associated with younger age. All individuals
participating in the study lacked any known disease
i.e., end-stage renal disease, RA, cirrhosis, hepatoma,
liver metastases potentially affecting AHSG levels,
with the exception of diabetes mellitus (DM), which
was treated as a confounding factor and was embedded in the models used for multivariate testing. The
demographic and clinical characteristics of patients
and HC are presented in Table 1.
The diagnosis of IBD and IBS was established
upon the co-evaluation of findings originating from
clinical and endoscopic procedures, imaging studies,
histopathology and laboratory analyses. IBS patients
were also diagnosed and classified as D-IBS or M-IBS
(40 and 22 individuals, respectively) according to the
[24]
Rome Ⅲ criteria . Disease activity in the IBD group
was documented using conventional indices: Crohn’s
Disease Activity Index (CDAI) and the Clinical Activity
[25,26]
Index (CAI), for UC
. A CDAI score greater than

MATERIALS AND METHODS
Patients

Among several patients visiting ER wards, outpatient
clinics or being hospitalised for chronic diarrhea, a
total of 242 patients were recruited: 96 diagnosed
with ulcerative colitis (UC), 84 with Crohn’s disease
(CD) and 62 with irritable bowel syndrome (IBS).
All patients were followed for a minimum period of 3
years at the Department of Gastroenterology at the
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150 and a CAI score exceeding 4, on a 0-16 scale,
were considered as active CD and active UC, respectively. Disease location and behavior, in CD, were
determined using the Vienna classification whereas for
disease extent, in UC, the Montreal classification was
[27,28]
used
. No animals were used for the present study.

IBD (56 CD and 52 UC) patients, using commercially
available ELISA kits (IBDX, Glycominds Ltd., Israel).
Cut-off levels for positivity were set at 50, 100, 60,
and 90 U/mL for gASCA IgG, AMCA IgG, ALCA IgG,
and ACCA IgA, respectively, as instructed by the
manufacturer.

Sample collection and preparation

Statistical analysis

Blood samples were collected upon presentation of
patients in our hospital, in serum separator tubes
and were allowed to clot for 30 min. All samples were
then centrifuged and the obtained serum was stored
at -25 ℃ for later analysis. The pre-analytical phase,
including sampling and handling methods (sampling
tubes, storage conditions etc.) was identical in all cases.

Normality (Kolmogorov-Smirnov) test was initially
carried out and since the normality assumption was
satisfied for the comparison of means between two
groups, Student’s t-tests were used. For comparisons
between multiple groups, one-way ANOVA and Tukey’s
post-hoc tests were applied. Variables are expressed
as mean ± SD or mean ± SE. For variables without
comparable variations, Welch’s correction has been
applied. AHSG was tested for its ability to predict IBD,
UC and CD, separately, using receiver operating chara
cteristic (ROC) curves, while area under the curve
(AUC) and cut-off values, with the optimal sensitivity
and specificity, were also calculated. For the simple
correlation studies, Pearson’s rank test was used.
Statistical significance was set at P < 0.05. Whenever
statistical significance or trend (0.05 < P < 0.1) was
recorded in univariate analysis, multivariate testing
was also performed. Using multiple linear regression
and a backward selection process independent
variables affecting AHSG levels - confounders - were
identified. As candidate confounding factors were initially considered age, sex, smoking, DM, treatment
modalities, disease duration and behaviour, age at
onset. For the associations originating from multiple
linear regression, partial correlation coefficients - quantifying the relationship between two variables while
controlling for other factors- are reported. Whenever a
categorical parameter was treated as dependent variable, logistic regression analyses, simple and multiple,
were applied and odds ratios (ORs) as well as 95%CIs,
unadjusted/adjusted for confounding, were calculated.
Adjusted means were also calculated using analysis
of covariance. Statistical analyses were conducted
using GraphPad Prism (4.0 and 7.0) and the MedCalc
10.2.0.0 statistical softwares. Statistical review of the
study was performed by a biostatistician.

Laboratory assays

AHSG assay: For AHSG determinations, a two-site
“sandwich” enzyme-linked immunosorbent assay
(ELISA) was performed, using a commercially available human Fetuin A ELISA kit (BioSource Europe SA,
Belgium). Assay calibrators, controls and prediluted
patient serum samples (10 μL initially) containing
human AHSG were added to microplate wells, coated
with a high affinity polyclonal goat anti-human AHSG
antibody. During incubation period, the antibody
could capture human AHSG in the sample. Unbound
proteins were then washed away and a horseradish
peroxidase (HRP) conjugated polyclonal anti-human
AHSG antibody was added to each well, so that a
“sandwich” of “capture antibody-human AHSG-HRP
conjugated detecting antibody” could be formed. After
additional washing, incubation with a substrate solution
took place, the reaction was stopped and the developed colour was quantified spectrophotometrically. The
enzymatic activity of the detecting antibodies, bound
to the AHSG on the wall of the microwells, was directly
proportional to the amount of AHSG in the sample.
A calibration curve which was generated by plotting
the absorbance vs the respective human AHSG concentration for each calibrator, allowed sample AHSG
determination.
C-reactive protein assay: For the determination of
C-reactive protein (CRP), immunonephelometry was
performed using the Behring Nephelometer Analyzer
Ⅱ , as well as the N High Sensitivity commercially
available kit (Dade Behring Gmbh, Germany). The
control and standard sera were provided by the same
company and used according to the manufacturer’s
instructions.

Ethical considerations

The study was approved by the University of Thessaly
Medical School Ethics Committee. Informed consent
was obtained from all study participants, along with a
verbal permission for the use of the acquired samples
for scientific research.

Anti-glycan antibodies assay: Serum levels of antiSaccharomyces cerevisiae mannan antibodies (gASCA)
IgG, anti-mannobioside carbohydrate antibodies
(AMCA) IgG, anti-laminariobioside carbohydrate antibodies (ALCA) IgG and anti-chitobioside carbohydrate
antibodies (ACCA) IgA were also determined in 108
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RESULTS
AHSG levels with regard to disease characteristics

The mean ± SE of AHSG in serum was 0.33 ± 0.01
g/L for IBD, 0.73 ± 0.02 g/L for IBS patients and 0.7
± 0.02 g/L for HC. The recorded difference between
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Figure 1 α2-Heremans-schmid glycoprotein levels in patients with
inflammatory bowel disease, ulcerative colitis, Crohn’s disease, irritable
bowel syndrome patients and healthy controls. AHSG: α2-Heremansschmid glycoprotein; IBD: Inflammatory bowel disease; UC: Ulcerative colitis;
CD: Crohn’s disease; IBS: Irritable bowel syndrome; HC: Healthy controls.

25

B

50
75
100% - specificity%

100

125

AUC = 0.94

125

Sensitivity%

100
75

the IBD and control groups was statistically significant
(P < 0.0001) and this was also the case when CD and
UC were compared separately with IBS patients and
HC. AHSG levels in the CD group were 0.31 ± 0.01
g/L, significantly lower than those of IBS patients and
HC (P < 0.0001). Likewise, UC patients also exhibited
lower AHSG levels (0.34 ± 0.01 g/L) compared to
IBS patients and HC (P < 0.001). These differences
remained significant between IBD (0.32 ± 0.02 g/L),
CD (0.32 ± 0.03 g/L) or UC patients (0.34 ± 0.03 g/L),
IBS patients (0.7 ± 0.018 g/L) and HC (0.71 ± 0.02
g/L), after adjustment for age and sex (P < 0.001, for
all comparisons). When AHSG levels were compared
between UC and CD patients or between IBS patients
and HC, no significant differences were observed (P >
0.05, in both cases) (Figure 1).
ROC curve analysis showed that the optimal cut-off
of AHSG for the prediction of IBD was 0.44 g/L (90%
sensitivity and specificity). Similarly, an AHSG value of
0.44 g/L could distinguish CD patients from non-IBD
individuals (IBS and HC) with a sensitivity of 90% and
a specificity of 90.6%, while a value of 0.42 g/L could
discriminate UC patients and non-IBD subjects with
91.7% sensitivity and 89.3% specificity. The AUC was
0.94 (95%CI: 0.91-0.97), 0.94 (95%CI: 0.91-0.97)
and 0.95 (95%CI: 0.92-0.98) for the prediction of
IBD, UC and CD, respectively (P < 0.0001, in all cases)
(Figure 2).
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Figure 2 Receiver operating characteristic curves for the discrimination. A:
inflammatory bowel disease (IBD) and non-IBD group -irritable bowel syndrome
and healthy controls; B: ulcerative colitis; C: Crohn’s disease and non-IBD
group. AUC: Area under curve.

comparison of AHSG serum concentrations among
CD patients with diverse disease behavior: stricturing, penetrating and non-stricturing non-penetrating
(ns/np). The performed analysis showed that patients
with stricturing or penetrating disease had lower
AHSG levels (0.26 ± 0.07 g/L and 0.26 ± 0.06 g/L,
respectively), compared to patients in the ns/np
subgroup (0.33 ± 0.07 g/L). These differences were
statistically significant between CD patients with
stricturing and ns/np (P < 0.01) or between the

AHSG levels with regard to disease characteristics

All IBD patients exhibited active disease when blood
was drawn for later analysis. In our study, in patients
with active disease the AHSG levels were marginally
associated with CDAI and CAI scores (r = -0.24, P =
0.08). When disease location (CD) and extent (UC)
were taken under consideration no statistically significant differences were observed (P > 0.05 in all cases).
Another part of the present study included the
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0.5

P < 0.01

± 0.01 g/L and 0.33 ± 0.01 g/L, respectively) (P =
0.53). Likewise, AHSG levels were similar between IBD
patients, while taking into account age at onset and
smoking habits (Table 3).
Serum AHSG concentrations were examined
with regard to treatment modalities adequate for
inducing and maintaining remission during the
3-year follow up period: 5-aminosalicylates (5-ASA),
corticosteroids, immunosuppressants, anti-TNFα
agents or surgery. During comparison, IBD patients
requiring surgical intervention or the use of antiTNFα therapy exhibited lower AHSG concentrations
(0.26 ± 0.07 g/L and 0.3 ± 0.05 g/L), compared to
those adequately treated with 5-ASA (0.33 ± 0.05 g/L)
or corticosteroids (0.35 ± 0.1 g/L) (P < 0.05, in both
cases). Further evaluation of the recorded associations, using simple linear regression analysis, showed
that AHSG levels were inversely associated with the
need for anti-TNFα treatment (r = -0.31, P < 0.05)
and surgery (r = -0.36, P < 0.05). After multivariate
analysis - also considering age, sex, activity, duration,
smoking status- the inverse association between AHSG
and need for anti-TNFα therapy or surgery remained
statistically significant (partial correlation coefficients:
-0.33 and -0.41, respectively - P < 0.05, in both
cases). Since these results are suggestive of a link
between a more profound downregulation of AHSG
levels and the need for anti-TNFα treatment or surgical
intervention, AHSG concentrations were classified into
quartiles. Using logistic regression, AHSG levels in
the lowest quartile were found to be an independent
predictor of the need for anti-TNFα treatment, in a
model adjusted for other treatment modalities, age,
sex, smoking status and disease duration (OR = 5.22,
95%CI: 1.58-17.3, P < 0.01). Similarly, by applying
the same adjusted model, it was shown that need for
surgery could be independently predicted by the presence of AHSG levels within the lowest quartile (OR =
5.51, 95%CI: 1.11-27.3, P < 0.01).

P < 0.001

AHSG (g/L)

0.4
0.3
0.2
0.1
0.0

Stricturing

Ns/np
CD behavior

Penetrating

Figure 3 α2-Heremans-schmid glycoprotein levels in Crohn’s disease
patients exhibiting distinct disease behavior patterns: stricturing, penet
rating or non stricturing non penetrating (ns/np). AHSG: α2-Heremansschmid glycoprotein; CD: Crohn’s disease.

penetrating and ns/np disease subgroup (P < 0.001)
but not between the stricturing and penetrating
subgroups (P > 0.05) (Figure 3). Further analysis
verified the inverse association between AHSG and
penetrating, as well as stricturing CD, both before (r
= -0.44 and -0.32, respectively, P < 0.05), as well
as after adjustment (partial correlation coefficient:
-0.45 and -0.33, respectively, P < 0.05) for age, sex
and smoking status. In order to perform additional
testing of the link between lower AHSG levels and
complicated disease behavior, logistic regression was
applied, while considering penetrating or stricturing
CD, as dependent, and AHSG concentrations, in
quartiles - lowest, low, high, highest - as independent
variables. The results originating from this analysis
showed that AHSG levels, in the lowest quartile, were
associated with both penetrating as well as stricturing
disease, before (OR = 4.25, 95%CI: 1.54-11.8 and
OR = 1.23, 95%CI: 1.1-8.31, respectively) and after
adjustment (OR = 8.36, 95%CI: 2.57-27.17 and OR
= 3.5, 95%CI: 1.47-12.9, respectively) for age, sex
and smoking status (P < 0.01, in all cases).
AHSG levels were also examined with respect to
the presence of one or more IBD-related extraintestinal manifestations. IBD patients exhibiting extraintestinal manifestations had comparable AHSG levels
(0.32 ± 0.01 g/L) to the IBD subgroup without such
disorders (0.33 ± 0.01 g/L, P = 0.55). Interestingly,
11 IBD patients with a history of recurrent urolithiasis
had AHSG levels at the lowest quartile, this result,
however, did not reach statistical significance. All data
on AHSG variations according to the already described
disease characteristics are presented in Table 2.

AHSG and its association with IBD markers

IBD patients had higher CRP levels (median: 3.2
mg/dL, range: 0.9-29.3 mg/dL) compared to IBS
(median: 1.05 mg/dL, range: 0-4.3 mg/dL) and HC
groups (median: 0.9 mg/dL, range: 0-2.8 mg/dL) (P <
0.001). A correlation study of AHSG with the levels of
the inflammatory marker CRP was performed revealing
marginal association (r = -0.28, P = 0.07). Multivariate
analysis, considering as confounding variables age,
sex and smoking on the other hand, revealed a closer
association between the two substances with a -0.31
partial correlation coefficient and a P = 0.02 level of
significance.
Positivity rates for serological markers were 18%
for gASCA, 25.6% for ALCA, 5% for AMCA and ALCA
while actual median concentrations are presented in
Table 4. Additional associations were investigated by
examining positivity for these serological markers and

AHSG levels with focus on patients’ characteristics

The levels of serum AHSG were studied with respect
to gender of IBD patients, so that potential differences could be highlighted. Both male and female
IBD patients exhibited comparable AHSG levels (0.32
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Table 2 α2-Heremans-schmid glycoprotein levels (g/L) with respect to disease characteristics

Extent (UC)
Proctitis
Left-sided colitis
Pancolitis
Location (CD)
Upper GI
Ileum
Colon
Ileocolon
Behavior (CD)
NS/NP (a)
Stricturing (b)
Penetrating (c)
Extraintestinal manifestations
None
≥1

IBD

UC

CD

P value

-

0.35 ± 0.1
0.34 ± 0.12
0.35 ± 0.10

-

> 0.05

-

-

0.29 ± 0.09
0.32 ± 0.08
0.31 ± 0.09
0.29 ± 0.07

> 0.05

-

-

0.33 ± 0.07
0.26 ± 0.07
0.26 ± 0.06

a vs b: < 0.01
a vs c: < 0.001
b vs c: > 0.05

0.33 ± 0.01
0.32 ± 0.01

0.33 ± 0.09
0.36 ± 0.1

0.33 ± 0.07
0.30 ± 0.08

> 0.05

IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s disease; GI: Gastrointestinal; NS/NP: Non stricturing/Non penetrating.

Table 3 Variations of α2-Heremans-schmid glycoprotein (g/L) according to patient’s characteristics

Sex
Male
Female
Current smoking
Yes
No
Age at onset
≥ 40
< 40

UC

P

CD

P value

0.34 ± 0.07
0.34 ± 0.12

> 0.05

0.30 ± 0.08
0.33 ± 0.07

> 0.05

0.31 ± 0.02
0.32 ± 0.01

> 0.05

0.30 ± 0.01
0.28 ± 0.01

> 0.05

NA
NA

-

0.29 ± 0.01
0.32 ± 0.02

> 0.05

UC: Ulcerative colitis; CD: Crohn’s disease; NA: Not applicable.

Table 4 Concentrations of anti-glycan antibodies in inflammatory bowel disease patients
P value

Median(range)
gASCA
ALCA
AMCA
ACCA

UC

CD

25.5 (18-27.2)
46.9 (31-77.5)
67 (50.1-114.6)
65 (48-102)

49.5 (28.5-111)
66 (30.4-94.5)
45.8 (37.7-75)
63 (51.1-105.3)

< 0.0001
> 0.05
0.0001
> 0.05

UC: Ulcerative colitis; CD: Crohn’s disease; ASCA: Anti-Saccharomyces cerevisiae mannan antibodies; AMCA: Anti-mannobioside carbohydrate antibodies;
ALCA: Anti-laminariobioside carbohydrate antibodies; ACCA: Anti-chitobioside carbohydrate antibodies.

AHSG (in quartiles). Interestingly, an inverse association between serology and AHSG levels was recorded.
IBD individuals who were seropositive, for at least one
marker, had AHSG levels falling within the two lower
quartiles (OR = 2.87, 95%CI: 1.51-5.45, P < 0.001)
while those with at least two serological markers positive exhibited AHSG concentrations within the lowest
quartile (OR = 5.12, 95%CI: 2.17-12.08, P < 0.001).
Further analysis also considering potential confounding
factors such as age, sex and smoking did not alter
the reported associations significantly: OR = 2.86
(95%CI: 1.5-5.44) for single and OR = 5.03 (95%CI:
2.07-12.21) for multiple seropositivity (P < 0.001, in
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both cases).

DISCUSSION
In accordance with a preliminary report from our team
in 2010, AHSG levels were downregulated in patients
with IBD thus, allowing discrimination from IBS and
[29]
HC individuals . Furthermore, a more profound down
regulation of AHSG was very well associated with complicated disease behavior and the need for biological
anti-TNFα treatment or surgery. Additional associations
with CRP and anti-glycan antibodies offered better
insight into AHSG’s link with acute-phase response and
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IBD course.
The finding of an IBD-induced downregulation of
AHSG is nothing but surprising since, AHSG levels
[9,11,18]
decrease in the presence of robust inflammation
.
Moreover, an interplay had already been documented
between AHSG and the “notorious”, in IBD, TNF-α and
[11-13]
TGF-β
. An additional finding further confirming
the tight link of AHSG with TNFα, was the discovery
of a binding site for TNFα, within the AHSG gene. As
a consequence of TNFα’s binding on this region, the
expression of AHSG gene is suppressed, leading to
decreased AHSG production while other substances
[8,11-13]
are favored-repriorisation of liver synthesis
. Due
to the magnitude and rather IBD-selective character
of this suppression, however, an evaluation of AHSG’s
ability to differentiate between entities has been performed. When a cut-off of 0.44 g/L was used, AHSG
levels were shown to discriminate IBD from IBS and
HC with a sensitivity and specificity of 90%.
When magnitude of disease activity, as expressed
through CDAI and CAI scores, was taken into consideration marginal differences were detected. According
[30]
to the study by Ma et al
significant differences in
AHSG levels exist between IBD patients with active
or inactive disease. On the other hand, a correlation
between AHSG and CRP was confirmed, in our study.
This may be, at least in part, due to limitations of the
indices themselves although one should bear in mind
that apart from the negative acute phase protein
properties attributed to AHSG, its downregulation
is also a part of a more complex liver deregulation,
resulting from an excessive uptake and processing of
[8-18]
signals
. Perhaps, possible associations of AHSG
[31-32]
with other indices should also be evaluated
. At
this point, however, an asset of the present study has
to be underlined: the AHSG levels recorded in IBD
patients correspond to a prior-to-therapy status and
therefore, could not have been altered by any of the
known drugs used to treat IBD.
A different set of results was obtained while examining AHSG levels with respect to UC extent and CD
location. The recorded AHSG levels in this study could
not predict disease location or extent and therefore,
could not be used for this purpose.
This was not the case when disease behavior
was taken into account. A further downregulation of
AHSG was observed, in CD patients with stricturing
or penetrating disease, compared to those with the
ns/np subtype. This is not surprising as a more diffuse transmural inflammation would exert a stronger
[33]
proinflammatory effect . Moreover, in many organs
inflammatory stress leads to fibrosis and subsequently
[34]
tissue calcification . From another pathogenetic
perspective, a reason for the observed link between
AHSG and stricturing disease could also be the
reduced AHSG-induced counteraction of TGF-β’s fibro[12,13,19]
genic and antiproliferative potential
. Likewise,
microvascular calcification, reduced blood flow and
microthrombosis, exerted phenomena in the presence
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of low AHSG levels are also major findings during
a chronic phase in the intestinal vasculature of IBD
patients, leading to diminished intestinal perfusion and
[21,35]
in turn to ulceration and fibrosis
.
Another scopus of the present study was to test
whether there is a link between AHSG levels and
the presence of extraintestinal manifestations. The
performed analysis did not reveal any associations
between AHSG serum concentration and the presence
of any extraintestinal manifestations. In this case,
a limitation exists: the rather small number of IBD
patients manifesting specific disorders i.e., urolithiasis.
A study focusing on the characteristics of IBD
patients and AHSG levels was also performed. AHSG
concentrations were compared among patients of different gender, smoking status and age at onset. None
of these characteristics - male or female sex, current
smoking or non-smoking habit and age at onset- could
be linked with significant AHSG variations.
This was not the case when AHSG levels were
evaluated with respect to treatment modalities adequ
ately inducing and sustaining disease remission during
the three-year follow-up period. A robust downregulation of AHSG levels correlated with the need for antiTNFα therapy. This finding is within reason since, a
more profound and persisting upregulation of TNFα,
requiring subsequently the use of an anti-TNFα agent,
would result in a greater AHSG decrease. As far as
the link between AHSG levels and need for surgery,
is concerned, one should also bear in mind that this
subgroup predominantly consisted of CD patients with
stricturing and penetrating disease. In the case of a
refractory UC, requiring colectomy, safe conclusions
could not be drawn due to the small number of colectomised patients, in our study.
The evidence mentioned above seems to make
rather appealing the idea of AHSG’s use as a diagnostic
or even “predictive” tool rather tightly linked to IBD
behavior as well as with markers related to it, such as
[36]
the anti-glycan antibodies . A prerequisite for this
type of use is that its lack of a disease-specific nature,
with similar fluctuations also reported in other disor[9,14,17,18]
ders, is taken into account
. A combined clinical
and AHSG-based algorithm for the diagnosis of IBD,
on the other hand, could help overcome this limitation.
Setting aside the already-performed diagnosticallyoriented interpretation of current results, a careful
examination of AHSG’s potential implication in the
pathogenesis and complications of IBD, should also
be performed. As already mentioned, AHSG is an inhi
bitor of unwanted, ectopic, tissue calcification and its
decreased levels, as in this case, have been linked with
[4]
excessive valvular and arterial calcification . Although,
initial reports originated from animal studies and those
recruiting dialysis patients, similar results were obtained
[37]
in patients with ischemic heart disease, alone . Since
a decrease in circulating AHSG is present in IBD, it
would be logical to hypothesize that an accompanying
reduced inhibition of vascular and valvular calcification
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treatment existed in both studies.

would also be present. As this study was not designed
to “tackle” these matters, the actual contribution of
low AHSG levels in vascular changes and related acute
[38]
or chronic ischemic events in IBD , remains to be
clarified.
Apart from the implication of AHSG in vascular
pathology, another role, that of bone mineralisation
[13-15]
has been identified
. Under the influence of AHSG,
a “reliable”, stress-resistant bone structure is formed,
while in the absence of AHSG, minerals deposit outside
fibrils, leading to defective osseous formation and finally
[15]
osteoporosis . As IBD patients are at high risk for
osteoporosis, resulting from corticosteroids, malnutri[22]
tion and inflammation-induced osteopenia the examination of possible contribution of AHSG suppression
for the onset of osteopenic manifestations might prove
fruitful. In a rather similar manner, a defective coordination in mineral use, predominantly that of calcium,
due to decreased AHSG levels, may lead to urolithiasis.
[39]
Indeed, in the study of Stejskal et al
lower levels of
AHSG in urine have been associated with the presence
of urolithiasis. Although, in the case of IBD, wellestablished mechanisms- i.e., hyperoxaluria, reduced
[18]
citric acid etc
- for urinary compications exist, when
bearing in mind that still 80% of urinary stones consist
of calcium salts it is within reason to test for additional
candidates involved in calcium homeostasis and urinary
[40]
manifestations, such as AHSG .
Conclusively, AHSG seems to emerge as a molecule of potential diagnostic and perhaps predictive
value in IBD, as its downregulation shows a tight link
with acute-phase. As well as with chronic inflammatory responses in both CD and UC. This link also
encompasses the more challenging cases, those with
complicated disease behavior, as well as those requiring advanced treatment strategies such as biological
agents or surgery. As far as the pathogenetic role of
AHSG in IBD is concerned, further studies designed
to assess the impact and the association of low AHSG
levels with respect to micro- and macro-vascular
changes, skeletal and urinary complications recorded
in patients with CD and UC, are needed.

Innovations and breakthroughs

This is the first study assessing AHSG levels in treatment-naive patients. The
low levels of AHSG found in IBD patients are not recorded in control subjectsIBS patients and healthy controls- and are well-associated with complicated
disease behavior, as well as the need for anti-TNFα treatment or surgery.
Additional links with the acute phase protein C-reactive protein and serological
markers linked to IBD course, the anti-glycan antibodies, have been found.

Applications

AHSG could serve as an additional marker for IBD diagnosis and prediction of
a more challenging course requiring treatment with biological agents or surgery,
during the three-year period following initial diagnosis.

Peer-review

The paper is valuable. It finds AHSG can be used to distinguish between IBD
and irritable bowel syndrome, and may predict complicated disease behavior,
and foretell the need for intensified therapy and surgery. Moreover, AHSG may
offer new insights into the pathogenesis of IBD.
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Abstract
AIM
to investigate the association of seven single nucleo
tide polymorphisms (SNPs) of the IL23R gene with the
clinical picture of ulcerative colitis (UC).
METHODS
Genomic DNA samples of 131 patients (66 males, 65
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females, mean age 55.4 ± 15.8 years) with Caucasian
origin, diagnosed with UC were investigated. The
diagnosis of UC was based on the established clinical,
endoscopic, radiological, and histopathological guide
lines. DNA was extracted from peripheral blood leuko
cytes by routine salting out method. Polymerase chain
reaction and restriction fragment length polymorphism
were used to identify the alleles of seven SNPs of IL23R
gene (rs11209026, rs10889677, rs1004819, rs2201841,
rs7517847, rs10489629, rs7530511).

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) repre
sent the two most common forms of inflammatory
bowel diseases (IBD). IBDs are complex diseases with
suspected genetic and environmental etiology. Several
IBD-associated genes were identified. Interleukin-23
receptor (IL23R) is one of those genetic factors found
[1]
by genome-wide association studies (GWAS) . Various
studies suggest that the IL23-Th17 cell-axis plays an
important role in the pathogenesis of IBDs.
IL23R is the human gene of the IL23-receptor
[2]
located on chromosome 1p31 . IL23R is expressed by
CD4+ T cells, monocytes/macrophages, and CD11c+
[3]
dendritic cells (DCs) . IL23 is a pro-inflammatory
[4]
cytokine belonging to the Interleukin 12-family . It is
a heterodimer consisting of subunit p19 (IL23A), and
[5]
p40, a subunit of IL12B . IL23 is mainly produced by
[4]
activated macrophages and DCs .
Th17 cells differentiate from naive CD4+ Th cells
under the influence of transforming growth factor beta
[6]
(TGFβ) and IL6 . This can happen in a concentrationdependent manner. In a low concentration, TGFβ has
synergistic effects with IL6 and IL21, which results
in the induction of retinoid orphan nuclear receptor
gamma t (Rorγt) and an increase of IL23, as well as
promoting the differentiation into Th17 cells. In a high
concentration, as well as in combination with IL2,
TGFβ decreases the IL23-level, and raises the forkhead
box protein transcription factor 3-level (Foxp‑3),
which is a master regulator in the differentiation of
regulatory T cells (Treg). This leads to the conclusion
that there might exist a fluid balance between Th17
[7]
and Treg cells . Pathogenic Th17 cells seem to play
an important role in autoimmunity. Overexpression of
Th17-associated cytokines in the bowel tissue of IBD
[8]
patients was proven .
IL17, a pro-inflammatory cytokine produced by
[6,7]
Th17 cells, is produced under the influence of IL23 .
It activates stromal and epithelial cells, which results
in the excretion of cytokines and chemokines for
[9]
chemotaxis of neutrophil leukocytes .
These pathways make IL23R a potential target in
the treatment of various autoimmune inflammatory
diseases. Ustekinumab and briakinumab, antibodies
against the p40 subunit (IL12 and IL23) already
demonstrated therapeutic efficiency in psoriasis, as
[10-12]
well as in CD
. An IL12 antibody was able to induce
[13,14]
remission in CD
.
[1]
Duerr et al were the first who identified IL23R
as a gene associated with IBDs. They were able to
provide evidence for an association in non-Jewish UC
population.

RESULTS
Four out of seven analyzed SNPs had statistically
significant influence on the clinical picture of UC. Two
SNPs were associated with greater colonic extension
(rs2201841 P = 0.0084; rs10489629 P = 0.0405).
For two of the SNPs, there was more frequently need
for operations (rs2201841 P = 0.0348, OR = 8.0;
rs10889677 P = 0.0347, OR = 8.0). The rs2201841
showed to be a risk factor for the development of iron
deficiency (P = 0.0388, OR = 6.1837). For patients
with the rs10889677, a therapy with azathioprine was
more frequently necessary (P = 0.0116, OR = 6.1707).
Patients with rs10489629 SNP had a lower risk for
weight loss (P = 0.0169, OR = 0.3394). Carriers of the
heterozygous variant had a higher risk for an extended
disease (P = 0.0284). The rs7517847 showed a
protective character leading to mild bowel movements.
Three SNPs demonstrated no statistically significant
influence on any examined clinical features of UC.
CONCLUSION
We demonstrated susceptible or protective character of
the investigated IL23R SNPs on the phenotype of UC,
confirming the genetic association.
Key words: IL23R gene; ulcerative colitis; phenotype;
polymorphism; Hungarian
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: IL23R gene plays important role in the deve
lopment and influences the phenotype of inflammatory
bowel diseases. We investigated the association of
seven single nucleotide polymorphisms (SNPs) of
IL23R gene with the clinical picture of ulcerative colitis
(UC). Two SNPs were associated with greater colonic
extension. At two SNPs, there was more frequently
need for operations. Rs2201841 was found as a risk
factor for the development of iron deficiency. Patients
with rs10889677, therapy with azathioprine was more
frequently necessary. Patients with rs10489629 SNP
had lower risk for weight loss. This study demonstrated
the influence of the investigated SNPs of IL23R on the
phenotype of UC, confirming genetic association.
Fischer S, Kövesdi E, Magyari L, Csöngei V, Hadzsiev
K, Melegh B, Hegyi P, Sarlós P. IL23R single nucleotide
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[4]

In a big German cohort Glas et al investigated
interactions of IBD genes and the influence of IL23R
on the phenotype. All of observed IL23R gene variants,
showed a strong association to CD and a weaker
association to UC. Nevertheless, eight out of ten single
nucleotide polymorphisms (SNPs) showed significant
association with UC. The fact that these SNPs were
either protective or susceptible in both CD and UC
suggests similar disease-modifying effects. Rs7517847
was the SNP with the strongest association to, and the
only independent risk factor of UC. The SNP with the
strongest association to CD (rs1004819) was analyzed
for phenotypic correlation. Though the TT homozygous
carriers showed more frequently ileal involvement and
stenosis, it did not reach significance. Rs7517847 did
not show any specific influence on the phenotype of
UC. There was no evidence for epistasis between the
IL23R, and three other IBD genes CARD15/NOD2,
SLC22A4 and SLC22A5. Gene-gene interactions
seemed to influence the phenotype but didn’t reach
[4]
statistical significance .
[15]
Hayatbakhsh et al
were able to connect the
presence of rs7517847 in UC patients with two main
clinical manifestations: blood in the stool and bowel
movements. In a Jiangsu Han population the SNP
rs17375018 with the G allele was correlated with
[16]
mild activity in UC . Recent studies also suggest the
SNPs of IL23R to be a predictive factor of response
to the therapy, e.g., non-response to mesalazine and
corticosteroids as well as higher response rate for
[17,18]
azathioprine and infliximab
.
The aim of our present study was to investigate
the association of seven SNPs of IL23R (rs11209026,
rs10889677, rs1004819, rs2201841, rs7517847,
rs10489629, rs7530511) with the clinical picture of UC
in Hungarian patients diagnosed with UC.

guidelines. Patients with indeterminate colitis were
excluded from the study.

Genotyping

DNA was extracted from peripheral blood leukocytes
by routine salting out method. Polymerase chain
reaction (PCR) and restriction fragment length poly
morphism (RFLP) were used to identify the alleles of
the IL23R gene. The PCR amplifications were performed
on MJ Research PTC-200 thermal cyclers (Bio-Rad LTD.,
Budapest, Hungary). Amplification included an initial
denaturation step (96 ℃ for 2 min) followed by 35 cycles
of denaturation (95 ℃ for 30 s), annealing for 30 s at
54 ℃ (rs1004819); 60 ℃ for 45 s (rs10889677 and
rs7530511); 55 ℃ for 45 s (rs7517847, rs11209026
and rs10489629); 72 ℃ for 30 s (rs2201841), primer
extension at 72 ℃ for 45 s and final extension at 72 ℃
for 5 min. Each polymerase chain reaction contained
200 μmol/L of each dNTP, 1 unit of Taq polymerase, 5
μL of reaction buffer (100 mmol/L Tris HCl, pH = 9.0;
containing 500 mmol/L KCl, 15 mmol/L MgCl2), 0.2
μmol/L of each primer and 1 μL DNA to be amplified in
a final volume of 50 μL. The amplicons were digested
by allelespecific restriction endonucleases TaaI
(rs1004819), HpyF3I (rs2201841), MnlI (rs10889677),
BseMII (rs7517847), HphI (rs7530511), Hpy188I
(rs11209026) and SspI (rs10489629). The amplicon
contained an obligate cleavage site of the restriction
enzyme for the suitable visual control of the efficacy
of the digestion. The restriction fragments were
separated by electrophoresis on 3% agarose gels
containing ethidium bromide, and visualized by UV
transillumination.

Statistical analysis

The investigated phenotypic parameters included
severity (age of manifestation, extension, frequency
of relapse, blood in stool, bowel movements), compli
cations (fever, weight loss, anemia, iron deficiency,
hypoalbuminemia, need for operation), extraintestinal
manifestation (in eyes, joints, skin), medication
(aminosalicylate, azathioprine, corticosteroids), as well
as familial cases of IBDs and colorectal cancer.
For the age of manifestation, three groups were
formed analogous to the Montreal classification of
CD (group 1: younger than 17 years, group 2: age
between 17 and 40 years, group 3: older than 40
years). The extension of the disease along the colon
was defined accordingly to the E-stages of the Mon
treal classification for UC (E1: involvement limited
to the rectum, E2: involvement limited to distal of
splenic flexure, E3: involvement extends to proximal
[19]
to the splenic flexure) . For analyzing the frequency
of bowel movements, the patients were divided in
three groups (group 1: one up to three a day, group 2:
four up to ten a day, group 3: more than ten a day).
Data were examined for independence. Null hypo
thesis was formulated as follows: the phenotype of UC
is independent of the genotype of IL23R.

MATERIALS AND METHODS
Patients

We examined 131 Hungarian patients of Caucasian
origin (66 males, 65 females, mean age 55.4 ± 15.8
years) diagnosed with UC. The origin of the DNA
samples was the central Biobank, governed by the
University of Pecs, as part of the National Biobank
Network of Hungary (www.biobanks.hu), which belongs
to the pan-European Biobanking and Bio-molecular
Resources Research Infrastructure preparatory phase
project (http://bbmri.eu/bbmri/). The governance,
maintenance and management principles of the
Biobank had been approved by the National Scientific
Research Ethics Committee (ETT TUKEB). Clinical data
guidelines and regulations of the local Ethics Committee
and Helsinki Declaration in 1975 were followed during
collection and use of DNA samples. At blood collection
patients gave their informed consent for the future use
of their anonymized DNA.
The diagnosis of UC was based on the established
clinical, endoscopic, radiological, and histopathological
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22.0 (SPSS Inc., Chicago, IL, United States). P values
below 0.05 were considered statistically significant. In
this case null hypothesis was rejected.

Table 1 Genotypes of the investigated IL23R single nucleotide
polymorphisms in Hungarian population n (%)
SNP
rs11209026

rs10889677

rs1004819

rs2201841

rs7517847

rs10489629

rs7530511

Genotype

UC

Allele

UC

GG
AG
AA
total
RAF
CC
AC
AA
total
RAF
GG
AG
AA
total
RAF
TT
CT
CC
Total
RAF
TT
GT
GG
Total
RAF
GG
AG
AA
Total
RAF
CC
TC
TT
Total
RAF

109 (95.6)
5 (4.4)
0 (0.0)
114
0.0219
51 (45.5)
53 (47.3)
8 (7.1)
112
0.308
52 (40.3)
68 (52.7)
9 (7.0)
129
0.333
58 (45.0)
60 (46.5)
11 (8.5)
129
0.317
40 (35.7)
56 (50.0)
16 (14.3)
112
0.392
44 (34.6)
67 (52.8)
16 (12.6)
127
0.389
94 (73.4)
32 (25.0)
2 (1.6)
128
0.140

G
A

223 (97.8)
5 (2.2)

C
A

155 (69.2)
69 (30.8)

G
A

172 (66.7)
86 (33.3)

T
C

176 (68.2)
82 (31.8)

T
G

136 (60.7)
88 (39.3)

G
A

155 (61.0)
99 (39.0)

C
T

220 (85.9)
36 (14.1)

RESULTS
The frequencies of the genotypes and alleles are
shown in Table 1.
At the investigation of rs11209026, out of 114
subjects 109 (95.6%) carried the wild type (GG),
while 5 (4.4%) were heterozygous (GA). The AA homo
zygous variant did not appear in this population. That
is not surprising, considering a mean allele frequency
of A = 0.0219. Regarding the low number of the SNP
no significant results could have been expected.
For rs1004819, out of 129 subjects, 52 (40.3%)
were wild type carriers (GG), while 68 (52.7%) carried
the heterozygous (GA) and 9 (7%) the homozygous
(AA) variant. For this polymorphisms no significant
results were observed.
Out of 129 patients, 58 (40.0%) were carrier of the
wild type (TT) of rs2201841, 60 (46.5%) carried the
heterozygous (TC) and 11 (8.5%) the homozygous
(CC) variant. Three characteristics reached level of
significance: Montreal-Classification, appearance of
iron deficiency and need for surgery (Figure 1). The
Montreal-Classification and iron deficiency reached
significance for the total distribution (Wt + Hz + Ho).
Heterozygous carriers had significant higher risk
to require surgery compared to the wild type (P =
0.0348, OR = 8.0). The distribution of the MontrealClassification is shifted to greater extension for carriers
of the heterozygous variant. Total distribution reached
level of significance (P = 0.0084). This was verified by
comparison of the obtained and expected values. The
significance was mainly caused by the heterozygous
TC variant (P = 0.0429).
Carriers of the rs2201841 had significant higher
risk for iron deficiency (P = 0.0299). When Hz and Ho
SNPs were combined and compared with the Wt, no
significance was observed (P = 0.7476). Statistically
significance was found when Wt and Hz SNPs were
merged and compared with the Ho variant (P = 0.0388,
OR = 6.1837). Surgery was more frequently needed
for heterozygous carriers of rs2201841 (P = 0.0348,
OR = 8.0). The homozygous form seemed to have no
influence on the need for operations.
Out of 112 patients, 40 (35.7%) carried the wild
type (TT), 56 (50%) the heterozygous (TG) and 16
(14.3%) the homozygous (GG) rs7517847 SNP.
Frequency of bowel movements was significant (P =
0.0078). If instead of three (< 4, 4-10, > 10) just
two groups were used (< 3 and > 3 defecations per
day), the distribution was still significant (P = 0.0358).
If homozygous and heterozygous SNP were added
together and compared to the wild type, no significant
difference was found (P = 0.0634). Significance was
caused by the heterozygous variant compared to the
wild type (P = 0.0050). The rs7517847 seems to have

RAF: Risk allele frequency; SNP: Single nucleotide polymorphism; UC:
Ulcerative colitis.

2 × 3 or 3 × 3 contingency tables were created
depending on the attribute. For characteristics that
were tested for presence or lack of presence, 2 × 3
contingency tables were created. For characteristics
divided in three subsets such as age of onset,
Montreal-classification, frequency of relapse and bowel
movements, 3 × 3 contingency tables were generated.
Genotype was partitioned into wild type (Wt), hetero
zygous (Hz) and homozygous (Ho) susceptible SNP.
The distribution was tested in total (wild type +
heterozygous + homozygous) as well as separated and
2
regrouped. χ -test was performed if the expected value
was not lower than five in at least 80% of the cells.
In any other case Fishers exact test was performed.
2
For χ -test SPSS Statistics 22.0 was used (SPSS Inc.,
Chicago, IL, United States). SPSS performs Fishers
exact test for 2 × 2 contingency tables. Two other
calculators were used, available on vassarstat.net
and in-silico.net. Results were verified using KruskalWallis-Test. Odds Ratios were determined only for 2 ×
3 contingency tables.
χ 2 test was accomplished using SPSS Statistics
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Figure 1 Distribution of the phenotype characteristics for the IL23R single nucleotide polymorphisms. A: Distribution of Montreal-classification (E1-3)
for rs2201841; B: Summary of the occurrence and non-occurrence of iron deficiency for rs2201841; C: Representation of the number of operations regarding to
rs2201841; D: Representation of stool frequency in three categories for rs7517847; E: Distribution of Montreal-classification (E1-3) on the alleles of rs10489629; F:
Distribution of patients with and without weight loss to the alleles of rs10489629; G: Need to azathioprine therapy in respect to rs10889677; H: Representation of the
number of operations regarding to rs10889677.
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Table 2 IL23R single nucleotide polymorphisms with statistically significant influence on the clinical picture of ulcerative colitis
SNP
rs2201841
Montreal-classification
Iron deficiency
Need for operation
rs7517847
Bowel movements
rs10489629
Montreal classification
Weight loss
rs10889677
Azathioprine
Need for operation

Wt vs Hz

Wt vs Ho

Wt vs Hz + Ho

Wt + Hz vs Ho

Total distribution

0.0429a
0.1892
0.0348a

0.2270
0.1108
1.0000

0.1921
0.7476
0.0766

0.0217a
0.0388a
0.6017

0.0084a
0.0299a
0.0564

0.0050a

0.8183

0.0634

0.2979

0.0078a

0.1017
0.0652

0.3906
0.0457a

0.4445
0.0169a

0.1170
0.1191

0.0405a
0.0350a

0.0116a
0.0347a

0.3407
0.8491

0.0136a
0.0746

0.6113
0.6153

0.0285a
0.0595

Indicates significant difference (aP < 0.05). Hz: Heterozygous; Ho: Homozygous; Wt: Wild type; Total distribution: Wt + Hz + Ho; SNP: Single nucleotide
polymorphism.

a protective character and prevent its carrier from
severe bowel movements.
Analyzing the rs7530511 SNP, 94 (73.4%) of 129
patients carried the wild type (CC), 32 (25.0%) the
heterozygous (CT) and 2 (1.6%) the homozygous (TT)
variant. No significant results were observed.
Out of 127 patients 44 (34.6%) carried the wild
type (GG), 67 (52.8%) the heterozygous (GA) and 16
(12.6%) the homozygous (AA) variant of rs10489629
SNP. Total distribution (Wt + Hz + Ho) of the MontrealClassification was significant (P = 0.0405). Carrying
the Hz and Ho SNP alone didn’t reach level of signifi
cance. Carriers of the heterozygous variant had a
higher risk for an extended disease (P = 0.0284). For
weight loss significance was observed (P = 0.035).
If wild type was compared with heterozygous and
homozygous SNP together (Hz + Ho) significance was
reached (P = 0.0169, OR = 0.3394). The homozygous
variant showed significance (P = 0.0457, OR = 0.1244).
Patients who carried the heterozygous susceptible SNP
had numerous but statistically not significant lower risk
of weight loss (P = 0.0652).
In the case of rs10889677 SNP, out of 112 patients,
51 (45.5%) carried the wild type (CC), 53 (47.3%)
the heterozygous (CA) and 8 (7.1%) the homozygous
(AA) variant. Carriers of the susceptible SNP needed
more frequently azathioprine treatment (P = 0.0285).
If wild type was compared with the heterozygous and
homozygous SNP, level of significance was found (P =
0.0136, OR = 5.8732). The heterozygous variant also
leads to a higher risk for need for surgery (P = 0.0347,
OR = 8.0).
Summarized four out of seven SNPs had a statis
tically significant influence on the phenotype of UC. The
results are shown in Table 2.
The rs2201841 showed higher stage of extension
along the colon (P = 0.0084). The CC homozygous
carriers had a higher risk for iron deficiency (P =
0.0388, OR = 6.183). Patients with the heterozygous
genotype needed more often operation (P = 0.0348,
OR = 8.0).
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Patients with the rs7517847 GT heterozygous
variant suffered less from bowel movements (P =
0.005).
The rs10489629 SNP in heterozygous form was
connected to greater colonic extension (P = 0.0405).
Both the heterozygous and homozygous from this
variant were associated with lower risk of weight loss
(P = 0.0169, OR = 0.3394). In case of rs10889677,
therapy with azathioprine was more often necessary
for patients carrying the heterozygous and the homo
zygous SNP (P = 0.0116, OR = 6.1707). Heterozygous
carriers showed higher risk for the need of operations (P
= 0.0347, OR = 8.0).
The reason for the statistical significance only to
appear for the heterozygous genotype in some cases
can be attributable to low numbers of homozygous
carriers.
The variants rs11209026, rs1004819, and rs7530511
had no statistical significant influence on the phenotype
of UC.

DISCUSSION
Several recent studies suggest IL23R to be a suspect
in the pathogenesis of diverse autoimmune dise
[1,4,20-25]
[11,22,26]
ases such as IBDs
, psoriasis
, Graves
[27]
[28,29]
disease , ankylosing spondylitis
, and rheumatoid
[26,29-31]
arthritis
. Previous investigations in Hungarian
populations verified IL23R to play a role in the develop
[25,32]
ment of UC
. The present study demonstrated
the correlation between the SNPs of IL23R, and the
phenotype of UC.
Two of the susceptible SNPs for the development of
UC (rs2201841, rs10889677) seem to shift the clinical
picture from mild into more severe. The rs10889677
was associated with azathioprine-therapy, suggesting
the patients to be refractory to 5-aminosalicylic-acid
(5-ASA). These results are analogous to the findings
[18]
of Cravo et al . Interestingly one risk-polymorphism
(rs10489629) had risk-conferring (greater extension),
and protective features (lower risk of weight loss).
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either protective or susceptible in both Crohn’s disease and UC suggests similar
disease-modifying effects. Recent studies also suggest the SNPs of IL23R to be
a predictive factor of response to the therapy, e.g., non-response to mesalazine
and corticosteroids as well as higher response rate for azathioprine and
infliximab.

The reason for the protective and harming character
of rs10489629 remains unclear. A possible connection
could be a more frequent need for steroids because of
the greater extension of the disease along the colon,
leading to a lower risk for weight loss. This study
did investigate the need for corticosteroids but not
the administration frequency. No significant higher
need for steroids could been shown. The rs7517847
variant showed a protective character (less bowel
movements). Rs7517847 has shown to protect the
[4]
individual from acquiring the disease , assuming a
general protective character of this polymorphism.
[15]
An Iranian study (Hayatbakhsh et al , 2012)
demonstrated the protective influence of rs7517847
on bowel movements, and blood in stool, the two
important features of UC. We were partly able to
reproduce these results for the examined Hungarian
population. The rs1004819 showed no influence on
these characteristics, neither in the Iranian nor the
present study. Chinese research detected similar
results suggesting the rs17375018 SNP to have
[20]
a protective character . There are studies that
suggest IL23R to be a risk factor for the development
[18]
of extraintestinal manifestations . This was not
reproducible in our study with Hungarian UC patients.
The data of the present study are in contrast to
[1]
[4]
the results of Duerr et al and Glas et al , who did
find an association between IL23R and inflammatory
bowel diseases but no influence on the phenotype of
ulcerative colitis.
More studies are necessary to clarify the exact role
of IL23R in the development of IBDs, as well as other
autoimmune diseases, to improve the knowledge
about their pathogenesis and pathophysiology. This
may allow individual risk stratification, individual
pharmacotherapy, and new approaches for medication
with targeted therapy.

Research frontiers

Previous investigations in Hungarian populations verified IL23R to play a role
in the development of UC. The present study demonstrated the correlation
between the SNPs of IL23R, and the phenotype of UC.

Innovations and breakthroughs

Two of the susceptible SNPs for the development of UC (rs2201841,
rs10889677) seem to shift the clinical picture from mild into more severe. The
rs10889677 was associated with azathioprine-therapy, suggesting the patients
to be refractory to 5-aminosalicylic-acid. The rs7517847 variant showed a
protective character (less bowel movements). Rs7517847 has shown to protect
the individual from acquiring the disease, assuming a general protective
character of this polymorphism.

Applications

These results may allow individual risk stratification, individual pharma
cotherapy, and new approaches for medication with targeted therapy. However,
more studies are necessary to clarify the exact role of IL23R in the development
of IBDs.

Peer-review

The study is well conducted, the results are interesting but, as the number of
patients is not very high, the data should be validated in another cohort in a
future study.
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AIM
To investigate the abundance and potential functions of
+
+
LAP CD4 T cells in colorectal cancer (CRC).

Institutional review board statement: This study was reviewed
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METHODS
+
+
Proportions of LAP CD4 T cells were examined in
peripheral blood and tumor/paratumor tissues of CRC
patients and healthy controls using flow cytometry.
Expression of phenotypic markers such as forkhead
box (Fox)p3, cytotoxic T-lymphocyte-associated protein
(CTLA)-4, chemokine CC receptor (CCR)4 and CCR5
+
was measured using flow cytometry. LAP CD4 and
+
+
LAP CD4 T cells were isolated using a magnetic cellsorting system and cell purity was analyzed by flow
cytometry. Real-time quantitative polymerase chain
reaction was used to measure expression of cytokines
interleukin (IL)-10 and transforming growth factor
(TGF)-β.
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[1,2]

RESULTS
+
+
The proportion of LAP CD4 T cells was significantly
higher in peripheral blood from patients (9.44% ±
3.18%) than healthy controls (1.49% ± 1.00%, P <
+
+
0.001). Among patients, the proportion of LAP CD4 T
cells was significantly higher in tumor tissues (11.76%
± 3.74%) compared with paratumor tissues (3.87%
± 1.64%, P < 0.001). We also observed positive
+
+
correlations between the proportion of LAP CD4 T
cells and TNM stage (P < 0.001), distant metastasis (P
< 0.001) and serum level of carcinoembryonic antigen
(P < 0.05). Magnetic-activated cell sorting gave an
+
+
overall enrichment of LAP CD4 T cells (95.02%
+
± 2.87%), which was similar for LAP CD4 T cells
+
(94.75% ± 2.76%). In contrast to LAP CD4 T cells,
+
+
LAP CD4 T cells showed lower Foxp3 expression but
significantly higher levels of CTLA-4, CCR4 and CCR5
+
+
(P < 0.01). LAP CD4 T cells expressed significantly
larger amounts of IL-10 and TGF-β but lower levels of
IL-2, IL-4, IL-17 and interferon-γ, compared with LAP
+
CD4 T cells.

deaths every year worldwide . CRC progression is a
complex process involving interactions between host
cellular immunity factors and the tumor, which take
[3,4]
place in the so-called tumor microenvironment .
This environment includes numerous factors that
promote tumor growth, such as energy and nutrients
in blood vessels, growth factors from immune cells
and stromal cells, and proinflammatory mediators
[5]
secreted by tumor cells . The environment also
contains numerous factors that can limit tumor
growth, such as tumor-infiltrating immune cells and
[6]
tertiary lymphoid structures . This complex mixture
of factors largely determines patient prognosis and
[6,7]
serves as an attractive therapeutic target .
Several studies have suggested that during CRC
progression, peripheral regulatory T (Treg) cells
and myeloid suppressor cells increase in the tumor
microenvironment, which is associated with worse
[8-10]
prognosis
. Part of the reason appears to be that
these cell populations counteract the host’s antitumor
[11]
immune response . Downregulating Treg cells can
render antitumor responses more effective, which
may improve prognosis in patients with CRC and other
[12]
malignant carcinomas .
+
+
LAP CD4 T cells are a newly identified subset of
Treg cells that express latent-associated peptide (LAP),
and function within the latent transforming growth
factor (TGF)-β complex to block interaction between
[13]
TGF-β and receptors on immune cells . Among the
+
+
various Treg cell populations, LAP CD4 T cells are
endowed with more potent immunosuppressive fun
+
+
+
[14]
ction than traditional CD4 CD25 Foxp3 Treg cells ,
and they are associated with autoimmune disease
[13,15-17]
progression
. However, we are unaware of
+
+
studies examining whether LAP CD4 T cells contribute
to CRC progression. Thus, we analyzed the abundance,
+
+
phenotype and cytokine secretion of LAP CD4 T cells
in the tumor microenvironment in patients with CRC.

CONCLUSION
+
+
LAP CD4 T cells accumulated in the tumor micro
environment of CRC patients and were involved in
immune evasion mediated by IL-10 and TGF-β.
Key words: LAP+CD4+ T cells; Colorectal cancer; Tumor
microenvironment; Interleukin-10; Transforming growth
factor-β
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Many carcinomas, including colorectal cancer,
gastric and nasopharyngeal cancer, are associated with
elevated numbers of T regulatory (Treg) cells. It is
suggested that Treg cells promote tumor development
and metastasis by inhibiting the proliferation of effector
+
+
T lymphocytes. LAP CD4 T cells, a recently identified
+
subset of CD4 Treg cells, have 50-fold more potent
+
+
immunosuppressive ability than traditional CD4 CD25
T cells. Here, we present several lines of evidence
+
+
correlating LAP CD4 T cells with colorectal cancer
progression.

MATERIALS AND METHODS
Ethics statement

All patients enrolled in this study provided written
informed consent. The study protocol conformed to
the ethical guidelines of the Declaration of Helsinki
(Fortaleza, Brazil; October 2013), and it was approved
by the Research Ethics Committee of the First Affiliated
Hospital of Guangxi Medical University, China.

Zhong W, Jiang ZY, Zhang L, Huang JH, Wang SJ, Liao C, Cai B,
Chen LS, Zhang S, Guo Y, Cao YF, Gao F. Role of LAP+CD4+ T
cells in the tumor microenvironment of colorectal cancer. World
J Gastroenterol 2017; 23(3): 455-463 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i3/455.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i3.455

Study participants and samples

This study involved 50 patients who underwent
primary tumor resection for colorectal adenocarcinoma
at the First Affiliated Hospital of Guangxi Medical
University from January to August 2014. Samples
of peripheral blood were obtained preoperatively,
and colorectal tumor and paratumor tissues were
obtained postoperatively from each patient. Paratumor
tissue samples were taken from tissue near the

INTRODUCTION
Colorectal cancer (CRC) is the third most common
carcinoma in men and second most common in
women, with > 1 million new cases and > 500000
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Table 1 Clinical characteristics of patients with colorectal
cancer

Table 2 Primer sequences for polymerase chain reaction
Gene

Characteristics
Male
Female
Age, yr
Location of primary tumor
Colon
Rectum
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

Value

IL-2

F:5’ CAGCTACAACTGGAGCATTTAC
R:5’ TCAGTTCTGTGGCCTTCTTG
IL-4
F:5’ GACCGTAACAGACATCTTTGC
R:5’ TCGAGCCGTTTCAGGAAT
IL-10
F:5’ TTGCCAAGCCTTGTCTGA
R:5’ ACAGGGAAGAAATCGATGAC
IL-17
F:5’ CCTCAGAGATCAACAGACCAA
R:5’ GGTGCCTTGATCAGACAGAA
IFN-g
F:5’ GGCAAGGCTATGTGATTACA
R:5’ TAAAGCACTGGCTCAGATTG
TGF-β 1
F:5’ CACGTGGAGCTGTACCAGAA
R:5’ GAACCCGTTGATGTCCACTT
18srRNA F:5’ CCTGGATACCGCAGCTAGGA
R:5’ GCGGCGCAATACGAATGCCCC

31
19
57.4 (37-76)
22
28
23
27

1

Values are n or mean (range).

resection margin (≥ 10 cm away from the tumor
site) that was confirmed to be tumor-free based on
routine pathology. The basic data regarding the study
population are shown in Table 1.
Patients were excluded if they (1) had already
undergone CRC surgery or had been diagnosed with
locoregional recurrence; or (2) were receiving any
anticancer therapy, corticosteroids or other nonsteroidal
anti-inflammatory drugs at the time of peripheral
venous blood collection.
During the study period, peripheral blood was
also collected from 25 healthy donors serving as a
control group. Healthy controls were free of chronic
pain, cardiovascular complaints, or other chronic
inflammatory diseases. They were matched with
patients in age and sex and showed no significant
differences from patients.

Product
(bp)

T (℃)

130

60

180

60

160

60

80

60

180

60

219

60

112

60

1 μg/mL ionomycin, and 0.7 μl/mL GolgiStop reagent
in a 5% CO2 incubator. T cells were identified based on
surface or intracellular expression of markers labeled
using antibodies (eBioscience, San Diego, CA, United
States) against the following human antigens: LAP,
CD4, forkhead box (Fox)p3, cytotoxic T-lymphocyteassociated protein (CTLA)-4, chemokine CC receptor
(CCR)4, and CCR5. Antibodies were conjugated with
one of the following fluorophores: phycoerythrin (PE),
fluorescein isothiocyanate, PEcy5.5, PEcy7, peridinin
chlorophyll protein (PerCP)-cy5.5, or allophycocyanin.
Labeled cell suspensions were analyzed using a FACS
Calibur flow cytometer (BD Bioscience, Franklin Lakes,
NJ, United States) and FlowJo software (Tree Star,
Ashland, OR, United States).

Cell isolation

Real-time quantitative polymerase chain reaction

Peripheral blood mononuclear cells (PBMCs) were
isolated from patients using Ficoll density gradient
centrifugation. Fresh tumor and paratumor samples
were washed three times in RPMI 1640; after which,
fatty, connective and necrotic tissues were removed.
Samples were cut into 1-2-mm cubes, transferred
to a 50-mL beaker, and incubated for 3 h at room
temperature with a triple-enzyme digestion medium
containing 1 mg/mL collagenase IV, 30 μg/mL DNase
Ⅰ and 0.1 mg/mL hyaluronidase (Sigma, St. Louis,
MO, United States). Dissociated cell suspensions were
filtered through a 70-μm nylon mesh, then tumorinfiltrating lymphocytes (TILs) were isolated from
cell suspensions using discontinuous density gradient
[18]
+
+
+
centrifugation . LAP CD4 T cells and LAP CD4 T
cells were isolated using a Magnetic cell sorting system
(Miltenyi Biotec, Bergisch Gladbach, Germany). Cell
purity was analyzed by flow cytometry as described
below.

Total RNA was isolated using TRIzol reagent
(Invitrogen, Carlsbad, CA, United States), and firststrand cDNA was generated using oligo (dT) primers
and the SuperScript Ⅲ First-Strand Synthesis System
(Invitrogen). Levels of mRNAs encoding cytokines
+
+
+
secreted by LAP CD4 T cells and LAP CD4 T cells
(TGF-β, INF-γ, IL-2, IL-4, IL-10 and IL-17) were
determined using SYBR-based real-time polymerase
chain reaction (7500 StepOnePlus system, Applied
Biosystems, Carlsbad, CA, United States) and primers
purchased from TaKaRa Biosystems (Table 2). Relative
-ΔΔCT
expression levels were calculated using the 2
method and normalized to levels of β-actin mRNA.

Statistical analysis

Data were expressed as mean ± SD. Differences
between two groups were assessed for significance
using the Mann-Whitney U test, t-test, or paired t-test,
as appropriate. All statistical tests were performed
using SPSS version 16.0 (SPSS, Chicago, IL, United
States), and the threshold of significance was defined
as P < 0.05.

Flow cytometry

TILs and PBMCs were stimulated in culture for 4 h at
37 ℃ with 50 ng/mL phorbol-12-myristate-13-acetate,
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+

Figure 2B) and serum level of carcinoembryonic
antigen (CEA) (P < 0.05; Figure 2C) (Table 3).

+

Table 3 Proportions of LAP CD4 T cells in tumor tissues
and in relation to clinicopathological characteristics
n
Age, yr
< 60
≥ 60
Sex
Male
Female
Location
Colon
Rectum
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Pathological
pattern
Tubular/
papillary
Myxoma/
ring cell
Differentiation
High
Low
Metastasis
Yes
No
Ileus
Yes
No
CEA (ng/mL)
≤5
>5
CA199 (U/mL)
≤ 37
> 37

+

+

LAP CD4
Treg (%)

t

P value

29
21

11.15 ± 2.03
11.96 ± 4.51

0.747

0.458

-1.35-2.94

31
19

11.37 ± 3.24
11.82 ± 3.89

0.444

0.659

-1.60-2.50

22
28

10.35 ± 3.45
11.89 ± 3.17

0.652

0.517

-1.11-2.18

23
27

8.45 ± 2.98
14.90 ± 5.58

4.973

0.000

3.85-9.07

43

11.09 ± 3.54

1.335

0.188

-0.73-3.60

7

12.83 ± 3.26

42
8

10.50 ± 3.22
12.43 ± 3.87

0.877

0.385

-1.45-3.70

9
41

12.51 ± 4.17
7.85 ± 2.61

4.322

0.000

2.49-6.82

9
41

12.22 ± 3.49
11.15 ± 3.14

0.904

0.470

-1.30-3.44

34
16

9.94 ± 3.15
13.13 ± 4.06

2.692

0.010

0.81-5.58

32
18

11.34 ± 3.21
12.42 ± 4.35

0.854

0.370

-1.51-3.85

LAP+CD4+ Treg cell phenotype in CRC microenvironment

95%CI

Further studies of phenotypic marker expression
+
+
revealed differences between LAP CD4 T cells and
+
+
LAP CD4 T cells. In contrast to LAP CD4 T cells,
+
+
LAP CD4 T cells showed lower Foxp3 expression but
significantly higher levels of CTLA-4, CCR4 and CCR5 (P
< 0.01; Figures 3 and 4).

Magnetic-activated cell sorting in vitro

Magnetic-activated cell sorting gave an overall
+
+
enrichment of LAP CD4 T cells (95.02% ± 2.87%;
+
Figure 3A) and enrichment was similar for LAP CD4 T
cells (94.75% ± 2.76%; Figure 3B).

Cytokine expression

The expression levels of cytokine profiles were
+
+
measured by real-time qPCR, LAP CD4 T cells
expressed significantly larger amounts of IL-10 and
TGF-β but lower levels of IL-2, IL-4, IL-17 and IFN-γ,
+
compared with LAP CD4 T cells (Table 4).

DISCUSSION
Many carcinomas, including colorectal, gastric and
nasopharyngeal cancer, are associated with elevated
[19-21]
numbers of Treg cells
, and it is suggested
that Treg cells promote tumor development and
metastasis by inhibiting the proliferation of effector
[22]
+
+
T lymphocytes . LAP CD4 T cells, a recently
+
identified subset of CD4 Treg cells, have 50-fold more
potent immunosuppressive activity than traditional
+
+
[13,23]
CD4 CD25 T cells
. Here we present several
+
+
lines of evidence correlating LAP CD4 T cells with
CRC progression. These cells were more abundant in
peripheral blood and tumor tissue from patients with
CRC compared with healthy controls. In CRC patients,
the abundance of these cells correlated positively
with TNM stage, metastasis, and serum level of CEA.
CEA is the most widely used serum marker and is
related to the prognosis of patients with CRC. The
main use of CEA in CRC is in surveillance following
[24,25]
curative resection for primary cancer
. These
+
+
results suggest that LAP CD4 T cells, like traditional
+
+
CD4 CD25 Treg cells, accumulate in the tumor micro
environment and postoperative monitoring of the
+
+
LAP CD4 T cells in CRC patients may be useful for
assessing prognosis and predicting distant metastasis.
In our study, expression of CCR4 and CCR5
+
+
+
was higher in LAP CD4 T cells than in LAP CD4
T cells. CCR4 and CCR5 are highly expressed in
tumor microenvironments and appear to act as proin
[26,27]
flammatory cytokine receptors
. Some studies
have reported that CCR4 and its ligands are associated
with increased tumor recurrence and impaired
[28,29]
overall survival in patients with gastric cancer
.
[30]
Wang et al
have shown that the CCL5/CCR5 axis

RESULTS
LAP+CD4+ T cells are elevated in PBMCs and tumor
tissue of CRC patients

PBMCs were isolated preoperatively and TILs were
isolated postoperatively from patients who under
went radical resection for CRC. To understand
+
+
further the roles of LAP CD4 T cells in the tumor
microenvironment in patients with CRC, the proportion
+
+
of LAP CD4 T cells in PBMCs and tissues was detected
by flow cytometry (Figure 1). The proportion of
+
+
LAP CD4 T cells was significantly higher in peripheral
blood from patients (9.44% ± 3.18%) than healthy
controls (1.49% ± 1.00%, P < 0.001; Figure 1B and
+
+
C). Among CRC patients, the proportion of LAP CD4 T
cells was significantly higher in tumor tissue (11.76%
± 3.74%) compared with paratumor tissue (3.87% ±
1.64%, P < 0.001; Figure 1B and D).

Relationship between proportion of LAP+CD4+ T cells in
tumor tissues and clinicopathological characteristics of
CRC

We also observed positive correlations between the
+
+
proportion of LAP CD4 T cells and TNM stage (P <
0.001; Figure 2A), distant metastasis (P < 0.001;
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+

+

-

+

Table 4 Cytokine expression by LAP CD4 T cells and LAP CD4 T cells in colorectal cancer microenvironment

LAP+CD4+
LAP-CD4+
t

IL-2

IL-4

IL-10

IL-17

IFN-g

TGF-β

0.22 ± 0.01
1.49 ± 0.37
8.811

0.32 ± 0.12
0.86 ± 0.23
5.505

1.13 ± 0.23
0.86 ± 0.22
-2.327

0.38 ± 0.10
0.98 ± 0.23
6.435

0.18 ± 0.08
0.69 ± 0.21
5.981

1.40 ± 0.15
0.89 ± 0.11
-7.316

0.000

0.000

0.038

0.000

0.000

0.000

P value

A
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4

10

Forward Scatter, side scatter
subset 84.8%

Q2
0.246%

Q4
98.6%

Q3
0.716%

3

10

FL2-H: IgGr2 PE

SSC-H: Side scatter

800

Q1
0.449%

600
400

2

10

1

10

200

0

0
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0
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400
600
800
FSC-H: Forward scatter

B

0

1

10
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2

3

10
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10
FL1-H: IgGr2a FITC

4
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4

10

3
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3
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CD4 FITC, LAP PE
subset 9.23%

2
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1

10
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2

10

1

10

0
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4
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0

0

10

1
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2
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3
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4

10

0
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1

2
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3

10

4
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4
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CD4 FITC, LAP PE
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LAP-PE

3
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CD4 FITC, LAP PE
subset 4.14%

3
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2

2
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1
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1
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+

+
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Figure 1 Abundance of LAP+CD4+ T cells in the colorectal cancer microenvironment based on flow cytometry. A: Gated on FSC/SSC, the proportion of
LAP+CD4+ T cells in the CD4+ subset is presented in quadrant Q2; B: Flow cytometry to measure the proportion of LAP +CD4+ T cells in PBMCs and tissues; C:
Proportion of LAP+CD4+ T cells in PBMCs; D: Proportion of LAP+CD4+ T cells in tissues.
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B
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LAP CD4 (%)

20
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+
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5
0

≤ 5 ng/mL
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Figure 2 Correlation of LAP+CD4+ Treg cell abundance with clinicopathological characteristics of colorectal cancer, based on flow cytometry. A: TNM stage;
B: Distant metastasis; C: Level of CEA.

A

200
4.87%

150
+

150

+

LAP CD4 cells

600

0

10

  10

1

10

2

3

-

+

0

4

10

10

0

10

  10

1

10

2

3

10

4

10

18.0%

Cell counts

0

  10

1

10

2

3

0

4

10

10

Foxp3

B

15

  10

10

2

3

4

10

10

23.4%

0

  10

1

10

2

3

10

4

10

0

C

600

0

10

  10

1

10

2

10

3

10

2

10

4

3

10

17.2%

200

100
10

0

400

0

10

  10

CTLA-4

P = 0.000

1

200

200

10

0

10

300

100
0

0

400

300
200

50

20

400

400

100

40

500

17.5%
LAP CD4 cells

60

50

50

21.6%

150

80

100

100

0

39.9%

200

45.7%

100

1

10

2

3

4

10

10

CCR4

100

0

0

10

  10

1

10

4

CCR5

P = 0.000

CTLA-4 (%)

Foxp3+ (%)

80
10

5

60
40
20

0

+

+

LAP CD4

WJG|www.wjgnet.com

-

+

LAP CD4

0

+

+

LAP CD4

460

-

+

LAP CD4

January 21, 2017|Volume 23|Issue 3|

Zhong W et al . LAP+CD4+ T cells in CRC

D

80

E

P = 0.006

40
30

CCR5 (%)

CCR4 (%)

60

P = 0.003

40
20

20
10

0

+

+

-

LAP CD4

0

+

LAP CD4

+

+

-

LAP CD4

+

LAP CD4

Figure 3 Expression of phenotypic markers by LAP+CD4+ T cells and LAP-CD4+ T cells. A: Typical histograms of the expression of Foxp3, CTLA, CCR4 and
CCR5 in LAP+CD4+ T cells or LAP-CD4+ T cells are depicted. The expression levels of Foxp3, CTLA, CCR4 and CCR5 were measured and compared between
LAP+CD4+ T cells and LAP-CD4+ T cells; B: Foxp3; C: CTLA-4; D: CCR4; E: CCR5.
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Figure 4 Purity of cells. A: LAP+CD4+ T cells; B: LAP−CD4+ T.

modulates angiogenesis and metastasis that dictate
cancer development in the tumor microenvironment.
We identified similarities and differences between
+
+
+
+
LAP CD4 T cells and traditional CD4 CD25 Treg
cells. Foxp3, previously identified as important in the
[31,32]
differentiation and development of Treg cells
,
was expressed at detectable levels in only 4% of
+
+
+
+
LAP CD4 T cells. This means that LAP CD4 T cells
+
+
differ from traditional CD4 CD25 Treg cells in marker
expression and their immunosuppressive activity
+
+
is independent of Foxp3. In contrast, LAP CD4 T
cells expressed abundant levels of CTLA-4, which is
+
+
used by CD4 CD25 Treg cells to modulate immune
[33]
+
+
responses . CTLA-4 on CD4 CD25 Treg cells has
been shown to suppress immune function through
[34,35]
several mechanisms
: increasing numbers of
+
+
CD4 CD25 CTLA-4 T cells; inhibiting production of
proinflammatory factors such as IFN-γ; increasing pro
duction of IL-2, IL-4, IL-10 and TGF-β1; and blocking
[36]
tryptophan synthesis by antigen-presenting cells .
Under normal circumstances, these mechanisms can
promote self-tolerance and prevent autoimmune
disease and transplant rejection. Our results suggest
+
+
that the CTLA-4 on LAP CD4 T cells help CRC tumors
evade the host immune system, and one mechanism
may be by inhibiting proliferation of effector T
lymphocytes.
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Our results reproduce most of those of Mahalingam
[37]
et al , using different procedures. We isolated
+
+
+
LAP CD4 T cells and LAP CD4 T cells using a
magnetic cell sorting system and analyzed cell purity
by flow cytometry. Our results revealed that, after
sorting, the purity of these two cells was > 90%. This
+
+
is the first time that LAP CD4 T cells were isolated
using a magnetic cell sorting system. In contrast to
[37]
+
+
Mahalingam et al , we found that LAP CD4 T cells
expressed high levels of IL-10 and TGF-β. These
cytokines play key roles in suppressing immune
responses in mouse models of cerebral meningitis and
[13,38,39]
allergic inflammation
. The immunoregulatory
activity of Treg cells has been linked to several
[40,41]
molecules, such as CTLA-4, TGF-β, and IL-10
.
TGF-β has been shown to play an important role
in the differentiation, maintenance and function of
[42-45]
natural Treg cells
. However, several studies have
revealed the role of IL-10 in Treg cell suppression.
It has been demonstrated that IL-10 is required for
the homeostatic maintenance of the T cell number
[46]
by Treg cells
and is involved in Treg-cell-mediated
suppression in murine models of transplantation, graftversus-host disease, chronic parasite infection, colitis,
[47]
and a rat model of type 1 diabetes . Like classical
+
+
CD4 CD25 Treg cells, our experiments suggest that
+
+
the immunosuppressive activity of LAP CD4 T cells
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could be mediated by IL-10 and TGF-β.
In conclusion, we provide evidence that patients
+
+
with CRC have elevated proportions of LAP CD4 T cells
in the peripheral blood and tumor microenvironment,
and their accumulation at tumor sites correlates with
+
+
CEA level, TNM stage and distant metastasis. LAP CD4
T cells express high levels of IL-10 and TGF-β, which
may be involved in tumor immune evasion. Our
findings suggest that investigating the functions and
+
+
regulation of LAP CD4 T cells in CRC may improve our
understanding of disease progression and treatment.

4
5
6

7
8
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Abstract
AIM
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(CRC) screening non-compliant average-risk Medicare
patients.
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METHODS
This cross sectional primary care office-based study
examined mt-sDNA uptake in routine clinical practice
among 393 colorectal cancer screening non-compliant
Medicare patients ages 50-85 ordered by 77 physicians
in a multispecialty group practice (USMD Physician
Services, Dallas, TX) from October, 2014-September,
2015. Investigators performed a Health Insurance
Portability and Accountability Act compliant retros
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pective review of electronic health records to identify
mt-sDNA use in patients who were either > 10 years
since last colonoscopy and/or > 1 year since last fecal
occult blood test. Test positive patients were advised
to get diagnostic colonoscopy and thereafter patients
were characterized by the most clinically significant
lesion documented on histopathology of biopsies or
excisional tissue. Descriptive statistics were employed.
Key outcome measures included mt-sDNA compliance
and diagnostic colonoscopy compliance on positive
cases.

INTRODUCTION
Colorectal cancer (CRC) is among the top three causes
of cancer related death in men and women in the
[1]
United States . Despite the longstanding availability
and recent broad third party coverage of screening
tests without patient out-of-pocket expense (including
fecal occult blood (FOBT/FIT), sigmoidoscopy, and
colonoscopy) under the United States Affordable Care
Act, a large percentage of Americans are not up to
[2,3]
date with CRC screening . Given the reluctance of
some patients to have an invasive structural screening
test like sigmoidoscopy or colonoscopy or the required
annual testing using FOBT/FIT, a high sensitivity
noninvasive screening test with a longer screening
interval may provide an effective alternative that could
increase the participation in and performance of CRC
[4-7]
screening programs .
USMD (USMD, Dallas, TX) is an integrated health
system in Dallas/Fort Worth, Texas and is focused
on preventive care to improve population health.
Patient compliance with colorectal cancer screening
is a quality metric for USMD primary care physicians
and is documented with the USMD electronic health
record (EHR). Despite repeated efforts by clinicians,
some patients continuously refuse CRC screening via
colonoscopy and FOBT/FIT. We implemented mt-sDNA
(mt-sDNA) screening in general clinical practice to
provide a new strategy to increase colorectal cancer
screening in our previously screening-non-compliant
Medicare patients.
Mt-sDNA is an FDA approved, noninvasive, high®
sensitivity CRC screening strategy (Cologuard , Exact
Sciences Corporation, Madison WI) for patients at
average risk for colorectal cancer. Average risk includes
individuals 50 years of age and older who are asymptomatic and have no personal history of colorectal
cancer or colorectal adenoma; no family history of a
first degree relative developing colorectal cancer at age
60 or younger; or of any two first degree relatives with
colorectal cancer developed at any age; or an inherited
predisposition to colorectal cancer including adenomatous polyposis coli or Lynch syndrome (Hereditary nonpolyposis colorectal cancer) or no other rare inherited
CRC predispositions, or inflammatory bowel disease.
Mt-sDNA is a candidate test for increasing population based screening. It has documented superior
sensitivity for CRC, high grade dysplasia, advanced
adenoma, and sessile serrated adenoma/polyps
compared to fecal immunochemical testing (FIT)
[8,9]
alone, albeit with somewhat lower specificity . The
CRC screening system which includes mt-sDNA was
purposefully designed to address patient preference
issues including the need for screening support,
which is managed through an embedded nationwide
patient navigation system. Mt-sDNA was recently
included as a recommended routine CRC screening

RESULTS
Over 12 mo, 77 providers ordered 393 mt-sDNA studies
with 347 completed (88.3% compliance). Patient
mean age was 69.8 (50-85) and patients were 64%
female. Mt-sDNA was negative in 85.3% (296/347) and
positive in 14.7% (51/347). Follow-up colonoscopy was
performed in 49 positive patients (96.1% colonoscopy
compliance) with two patients lost to follow up. Index
findings included: colon cancer (4/49, 8.2%), advanced
adenomas (21/49, 42.9%), non-advanced adenomas
(15/49, 30.6%), and negative results (9/49, 18.4%).
The positive predictive value for advanced colorectal
lesions was 51.0% and for any colorectal neoplasia was
81.6%. The mean age of patients with colorectal cancer
was 70.3 and all CRC’s were localized Stage Ⅰ (2) and
Stage Ⅱ (2), three were located in the proximal colon
and one was located in the distal colon.
CONCLUSION
Mt-sDNA provided medical benefit to screening non
compliant Medicare population. High compliance
with mt-sDNA and subsequent follow-up diagnostic
colonoscopy identified patients with clinically critical
advanced colorectal neoplasia.
Key words: Multitarget stool DNA; Advanced adenoma;
Screening compliance; Colonoscopy; Colorectal cancer
screening; Preventive
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The availability of multitarget stool DNA
(mt-sDNA) colorectal cancer screening led to high
screening compliance (88%) and diagnostic colonoscopy
compliance on mt-sDNA positive cases (96%) in a cohort
of previously screening non-compliant Medicare patients
ages 50-85 years in a multi-specialty group practice
setting.
Prince M, Lester L, Chiniwala R, Berger B. Multitarget
stool DNA tests increases colorectal cancer screening
among previously noncompliant Medicare patients. World J
Gastroenterol 2017; 23(3): 464-471 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i3/464.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i3.464
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test by the United States Preventive Services Task
Force (2016) and is included in the American Cancer
Society (2014) and National Comprehensive Cancer
Network (2016) screening guidelines at three-year
[10-12]
intervals
. It is covered by Centers for Medicare
and Medicaid Services (CMS) at three year intervals
and described by test specific descriptive codes (HCPCS
[13]
G0464, CPT code 81528) . The National Committee
on Quality Assurance (NCQA) has added mt-sDNA
to the 2017 Healthcare Employer Data Information
Set (HEDIS 2017) which provides physicians the
opportunity to receive quality credit for using mt-sDNA
screening in the HEDIS effectiveness-of-care domain
[14]
which covers preventive health measures .
Mt-sDNA is a multi-analyte test with algorithmic analysis that provides a single qualitative
dichotomous positive or negative test result for each
[15]
patient . The test requires no preparation, change
in medication, or dietary restrictions. The test result
is based on a composite score derived from the quantitative values of the 11 biomarkers included in the
test: 10 DNA markers [aberrantly methylated NDRG4
and BMP3 gene promoter regions, 7 Kras point mutations, β -actin (reference gene)] and fecal hemoglobin
(immunochemical technique) analyzed as a group in
[8]
a logistic regression algorithm . Scores exceeding
the composite score threshold are reported qualitatively as “positive.” Individual biomarker results are
not reportable and are not associated with biomarker
specific reference ranges for clinical evaluation.
This study evaluated mt-sDNA uptake in a cohort
of screening non-compliant average-risk Medicare
patients aged 50-85 and the subsequent diagnostic
colonoscopy usage for those patients with a positive
mt-sDNA result. We correlated positive mt-sDNA
results with colonoscopy findings.

were collected by the patients, and the completed
tests were returned to the laboratory using pre-paid
shipping labels. The samples were then processed and
analyzed and the results reported to the USMD ordering physicians. The kit and patient process is illustrated
in Figure 1.
Mt-sDNA testing is provided by a single source
clinical laboratory (Exact Sciences Laboratories, LLC,
Madison, WI, United States) that is accredited by the
College of American Pathologists and certified by the
CMS Clinical Laboratory Improvement Amendments
(CLIA ‘88) program for high complexity testing. It is
supported by a patient navigation system that is available via telephone at all hours, every day and supports
patients, ordering providers, and health systems to
assure successful screening events. A laboratory report
with an mt-sDNA qualitative “Positive” or “Negative”
clinical result was the measure of a completed test
that was used to calculate screening compliance with
a test order (intent-to screen compliance). Data was
compiled and analyzed using descriptive statistics.
USMD physicians referred the patients with positive
results for diagnostic colonoscopy. Patients with negative results were returned to the screening pool to be
screened again in three years.
Colonoscopy and pathology findings on all mt-sDNA
positive patients were tabulated and included: histologic classification, size, location, and total number
of adenomas and non-adenomatous polyps. Patients
were categorized by the most advanced finding
(index lesion) as described on pathologic analysis of
colonoscopically directed biopsies and any subsequent
[8]
surgical excisional tissues . Major categories of index
lesions were CRC, advanced adenoma (AA), nonadvanced adenoma (NAA), and negative findings.
Advanced adenomas are further categorized as:
tubular adenoma (TA) with high grade dysplasia
or significant villous component of any size; and
tubular adenoma or sessile serrated adenoma/polyp
without other advanced features ≥ 10 mm in greatest
dimension. Non-advanced adenomas are further
characterized as; 1-2 TA’s > 5 mm but < 10 mm; > 3
TA’s < 10 mm; 1-2 TA’s ≤ 5 mm. as these may have
differing post-colonoscopy clinical surveillance intervals. Negative findings include absence of colorectal
neoplasia but may include the presence of hyperplastic
polyps (HP’s) < 10 mm. High risk patients were
excluded from this study including those patients who
were symptomatic and/or had a significant personal or
family history of colorectal neoplasia or inflammatory
bowel disease.

MATERIALS AND METHODS
Physicians at USMD began offering mt-sDNA routinely
to patients as of October 2014 in an effort to improve
CRC screening among previously non-compliant
Medicare patients. We performed a Health Insurance
Portability and Accountability Act compliant retrospective EHR-based medical records review (October,
2014-September, 2015) to identify mt-sDNA use
in average-risk Medicare patients treated by USMD
Physician Services (Dallas, Texas) who were not
previously compliant with colorectal cancer screening.
We offered mt-sDNA to patients who were either >
10 years since last colonoscopy and/or > 1 year since
last fecal occult blood test. Follow-up colonoscopy
was advised for all patients with a positive mt-sDNA
result.
Mt-sDNA was ordered as part of the USMD physician’s daily clinical practice without any modification.
Providers ordered the test, patients engaged with the
mt-sDNA patient navigation system, collection kits
were shipped directly to patients’ homes, samples
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RESULTS
Over 12 mo, 77 providers ordered mt-sDNA tests for
393 screening-noncompliant Medicare patients and
347 patients completed the test (88.3% intent-toscreen compliance). Successfully screened patients
(347) had a mean age of 69.8 (range 50-85) and
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Prob + tube
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Figure 1 Multi-target stool DNA collection kit and collection process. A: Contents of Cologuard collection kit: Top row, left to right: collection kit/shipping box,
stool collection container, hemoglobin sample tube, collection container support bracket for toilet; Bottom row - instructions for use, DNA preservative buffer; B:
Collection process - 1, set up collection container; 2 and 3, sample for hemoglobin; 4, add DNA preservative buffer; 5, close container; 6, replace hemoglobin tube and
sample container in box, seal and ship.

were 64% female. Unsuccessfully screened patients
(46; 11.7%) had a mean age of 71.2 (range 61-83),
and were 59% female. The mt-sDNA result was negative in 296 patients (85.3%), mean age 69.1 (range
50-85) and 61% female and positive in 51 patients
(14.7%), mean age 71.8 (range 65-83), 49% female
(Figure 2).
Diagnostic colonoscopy was subsequently per
formed on 49 mt-sDNA positive patients (96.1%
diagnostic colonoscopy compliance) and two patients
were lost to follow up. Index findings among 49 positive patients included: 4 patients with colorectal cancer
(8.2%), 21 patients with advanced adenoma (42.9%),
15 patients with non-advanced adenoma (30.6%),
and 9 patients with negative results (18.4%) (Table 1).
The positive predictive value for advanced colorectal
neoplasia was 51.0% (25/49) and for any colorectal
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neoplasia was 81.6% (40/49).
The four CRC patients were ages 66, 68, 73, and
74 years and included 2 men and 2 women. All CRC's
were localized, Stage Ⅰ (2) and Stage Ⅱ (2), and
three were located in the proximal colon and one was
located in the distal colon. The 21 advanced adenoma
patients, median age 73 (65-83), 43% female (9/21),
included: one with high-grade dysplasia in a 20 mm
rectal tubulovillous adenoma in a 72-year-old female;
9 with tubulovillous or villous adenoma; 10 with
tubular adenoma ≥ 10 mm without other advanced
features; and one with a 10 mm sessile serrated
adenoma/polyp. Index lesion location was specified in
20 advanced adenomas and 40% (8/20) were in the
proximal colon.
The 15 non-advanced adenoma patients, mean
age 70 (range 64-81) and 24% female (6/15),
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393 patients noncompliant with CRC
screening identified

Table 1 Distribution of most advanced findings on
colonoscopy
Most advanced finding
Colorectal cancer
Advanced adenoma1
Non advanced adenoma2
1-2 adenomas, > 5 and < 10 mm
> 3 adenomas, any size < 10 mm
1-2 adenomas, ≤ 5 mm
No colorectal neoplasia
HP only
No findings
Total Patients

n (%)
393 mt-sDNA tests ordered

4 (8.2)
21 (42.9)
15 (30.6)
7
5
3
9 (18.4)
5
4
49 (100)

347 mt-sDNA tests completed

296 negative (85.3%)
mt-sDNA tests

1

Includes adenoma with high grade dysplasia, villous adenoma,
tubulovillous adenoma and tubular adenoma and sessile serrated
adenoma/polyp ≥ 10 mm; 2Non advanced adenoma includes tubular
adenomas < 10 mm with no advanced features. HP: Hyperplastic polyp.

49 colonoscopies completed
96.1% colonoscopy compliance
(2 patients lost to follow up)

included: 7 patients with 1-2 tubular adenomas >
5 mm but < 10 mm; 5 patients with > 3 tubular
adenomas < 10 mm; and 3 patients with 1-2 tubular
adenomas ≤ 5 mm. The specimen of one patient
with a well described 8 mm polyp that was removed
but not retrieved and is included in the non-advanced
adenoma total. No sessile serrate adenomas/polyps
were recorded that were < 10 mm. There were 9
patients without colorectal neoplasia, median age
71 (65-80) and 67% female (6/9), including 5 with
hyperplastic polyps < 10 mm and 4 not requiring a
biopsy. Figure 3 includes a summary of the findings.
The size distribution of CRC and advanced adenoma
cases is provided in Table 2. The four CRCs were 14,
20, 25, and 40 mm in greatest dimension. Advanced
adenoma index lesions include 5 at 10 mm, 9 at 11-19
mm, 5 at 20-29 mm, and 2 at ≥ 30 mm.

Colonoscopy findings - most significant lesion
(index lesion)
4 colon cancer
1
21 advanced adenoma
15 non-advanced adenoma
9 negative (no colorectal neoplasia)

Figure 2 Enrollment outcomes. 1Advanced adenoma: colorectal adenoma
or sessile serrated adenoma/polyp ≥ 1.0 cm in diameter; or adenoma with
high-grade dysplasia or ≥ 25% villous component, of any size. mt-sDNA:
Multitarget stool DNA.

of new cases occurring patients age 45-84 years and
with 21.8%, 24% and 21.8% of new cases seen in
[22,23]
patients 55-64, 66-74, and 75-84 respectively
.
Our study documented the experience of an
integrated multispecialty medical practice working
to increase screening effectiveness in its screeningnoncompliant Medicare age patients. This population
is of critical importance; CRC incidence increases
with age and CRC’s that present with symptoms
rather than being detected through asymptomatic
screening are more likely to be of late stage with
[24]
increased related morbidity and cost .
We studied whether the availability of non-invasive
CRC screening with mt-sDNA in USMD's general medical practice for routine use might encourage providers
and patients to achieve successful screening. Our study
did not address the discriminate features of mt-sDNA
testing that led to increased patient uptake and
compliance. Common patient preference issues that
contribute to screening program performance include
concerns around privacy, convenience, accuracy,
extended screening intervals, and/or direct patient support through an embedded patient navigation system.
Additionally, the long-term benefits of decreased
patient and provider screening burden related to
performing, tracking, administering, and navigating
the mt-sDNA screening process on patient compliance
were not assessed.
Our data demonstrate that mt-sDNA, with an

DISCUSSION
Preventing colorectal cancer morbidity and mortality primarily rests on the ability of providers to
successfully screen patients for premalignant and
malignant colorectal neoplasia and treat accordingly.
Colonoscopy is the most widely used and effective
screening tool for those who will take advantage of
it and ensures the screening compliance of the vast
[3]
majority of screening compliant Americans . However,
there are millions of patients who remain unscreened
or only intermittently screened using FOBT/FIT only
and who will not use colonoscopic screening for a
variety of reasons including risk, inconvenience, pre[1,2,4,16-21]
paratory requirements and embarrassment
.
Consequently, in the United States, colorectal
cancer remains the second leading cause of cancer
related death overall and third leading cause of death
for each sex. The age-adjusted incidence of new CRC
cases reported by the US Surveillance, Epidemiology,
and End Results Program for the period 2009-2013
was 47.1 and 36.0 per 100000 for men and women
respectively. Incidence increases with age with 82.4%
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51 positive (14.7%)
mt-sDNA tests
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Category

n

CRC

4

8.2%

Advanced
adenoma

21

42.9%

Nonadvanced
colorectal
neoplasia
(adenoma < 10
mm)

NAA

15

30.6%

HP's and no
findings

Negative

9

18.4%

Total positive

51

-

Positives with
colonoscopy

49

100%

Group
Advanced
colorectal
neoplasia

PPV

51%

82%

Colonoscopy compliance

Any
colorectal
neoplasia

96.1%

Figure 3 Summary of colonoscopy findings in 49 mt-sDNA positive patients. PPV: Positive predictive value; CRC: Colorectal cancer; NAA: Non-advanced
adenoma; HP's: Hyperplastic polyps.

Table 2 Features of the advanced colorectal neoplasms found in Cologuard positive patients on colonoscopy
Index lesion
CRC1
HGD
TVA/VA2
TA
SSA/P
Total

Greatest dimension (mm)

Proximal colon

10

11-19

20-29

30+

Total

0
0
1
3
1
4

1
0
3
6
0
10

2
1
4
0
0
7

1
0
1
1
0
3

4
1
9
10
1
24

75% (3/4)
0% (0/1)
38% (3/8)
40% (4/10)
100% (1/1)
40% (8/20)

Index lesion only. 1Stage Ⅰ (2), Stage Ⅱ (2); 21 location not reported. Index lesion: Most clinically significant lesion found on colonoscopy; CRC: Colorectal
cancer; HGD: High grade dysplasia; TVA/VA: Tubulovillous adenoma/villous adenoma; TA: Tubular adenoma ≥ 10 mm with no HGD or villous features;
SSA/P: Sessile serrated adenoma/polyp ≥ 10 mm.

88.3% intent-to-screen compliance, provided an
acceptable CRC screening strategy for previously
screening-noncompliant Medicare patients. Further,
there was almost universal compliance with follow-up
diagnostic colonoscopy (96.1%) by mt-sDNA positive
patients. Congruent with the purpose of CRC screening, mt-sDNA screening identified patients with early
stage CRC (4/4) and advanced adenoma that were
amenable to definitive surgical treatment and/or
colonoscopic excision. Therefore, screening with
mt-sDNA could reasonably be expected to contribute
to CRC related mortality reduction and prevention
respectively.
Because of the small size of the study, population
based statistics are only somewhat informative. CRC
incidence was elevated at 11.5/1000 (1.2%) which
is likely consistent with population age and advanced
adenoma incidence was unremarkable at 60.5/1000
(6%). The positive predictive value of mt-sDNA for
CRC and advanced adenoma exceeded that seen in
the much larger and more diverse DeeP-C mt-sDNA
screening study, again likely more reflective of the
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study population of unscreened and under-screened
[24]
patients than changes in test performance .
The study is limited by relatively small size (393)
but it is strengthened by the diversity of the provider
group participating (77); the use of mt-sDNA in routine
daily clinical practice with a focus on shared decision
making; and strong compliance data for both mt-sDNA
screening and post-positive test colonoscopy. The
findings may not be generalizable to non-Medicare-age
patients and may reflect disease incidence particular to
this geographic area.
In conclusion, the availability of mt-sDNA colorectal
cancer screening provided significant medical benefit
to Medicare patients cared for in a large multi-specialty group practice who were previously screeningnoncompliant. Patients with clinically significant
advanced colorectal neoplasia were identified as a
result of high compliance with both mt-sDNA screening and subsequent diagnostic colonoscopy. Broader
implementation of mt-sDNA screening into patients
ages 50-65 should be evaluated to ascertain similar
benefits in screening compliance in younger patients.
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Mt-sDNA test: a stool based assay for colorectal cancer screening. It
includes 11 biomarkers (10 DNA and 1 fecal hemoglobin) evaluated as a
group in a logistic algorithm to provide a single composite result of “positive” or
“negative”.
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Abstract

Informed consent statement: Patients were not required to
give informed consent due to the fact that the original dataset was
anonymized and the design of this study is retrospective. Data
were obtained after patients gave written consent to the surgical
interventions.

AIM
To evaluate frequency and clinical course of incidental
adenocarcinoma in patients with stricturing Crohn’s
disease (CD).

Conflict-of-interest statement: The authors declare no conflicts
of interest

METHODS
In this study, consecutive patients, who were oper
ated on for stricturing CD between 1997-2012, were
included at an academic tertiary referral center. Demo
graphic data and clinical course were obtained by an
institutional database and individual chart review.
Besides baseline characteristics, intraoperative findings
and CD related history were also recorded. Colorectal
cancer was classified and staged according to the
Union for International Cancer Control (UICC).

Data sharing statement: The original dataset is available
from the corresponding author (stefan.riss@meduniwien.ac.at).
Consent was not obtained but presented data are anonymized and
risk of identification is very low.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/

RESULTS
During the study period 484 patients underwent
resections due to stricturing CD. Incidental adenocar
cinoma was histologically confirmed in 6 (1.2%)
patients (4 males, 2 females). Patients diagnosed with
colorectal cancer had a median age of 43 (27-66)

Manuscript source: Invited manuscript
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stenotic lumina leading to an incomplete assessment.
[7]
Importantly, Maykel et al noted that the majority of
adenocarcinoma in CD related surgery was not discovered preoperatively but incidentally following surgery.
Incidental postoperative diagnosis of adenocarcinoma after resections for stricturing CD confronts the
colorectal surgeon with a fundamental issue. Primarily,
strictures in CD are treated as benign and therefore
the extent of resection differs from oncologic resections. Limited and inadequate lymph node surgery
may be responsible for poor long-term outcomes
[8]
compared to the general population .
Unfortunately, to the authors knowledge, there are
hardly any data focusing on incidental adenocarcinoma
[9,10]
in stricturing CD
.
The aim of the current study was to evaluate frequency and clinical course of incidental CRC in patients
undergoing surgery for stricturing CD.

years and a median history of CD of 16 (7-36) years.
Malignant lesions were found in the rectum (n = 4,
66.7%), descending colon (n = 1, 16.7%) and ileocolon
(n = 1, 16.7%). According to the UICC classification
two patients were stages as Ⅰ (33.3%), whereas the
other patients were classified as stage ⅡA (16.7%),
stage ⅢB (16.7%), stage ⅢC (16.7%) and stage Ⅳ
(16.7%), respectively. After a median follow-up of 2
(0.03-8) years only 1 patient is still alive.
CONCLUSION
The frequency of incidental colorectal cancer in pati
ents, who undergo surgery for stenotic CD, is low but
associated with poor prognosis. However, surgeons
need to be aware about the possibility of malignancy in
stricturing CD, especially if localized in the rectum.
Key words: Stenosis; Incidental; Colorectal; Crohn’s
disease; Cancer; Gastrointestinal
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Incidental colorectal cancer can be expected
in 1.2% of patients operated on for stricturing Crohn’s
disease. Predominantly, malignant lesions were localized
in the rectum and are associated with poor prognosis.

We enrolled consecutive patients, who underwent
intestinal resections for symptomatic stricturing CD at
a tertiary academic referral center between 1997 and
2012. Disease behaviour was confirmed by perioperative and histological examination.
All surgical procedures were performed or supervised by consultants, who were specialised in the
treatment of CD.
Demographic data and information about the clinical course were obtained by an institutional database
and by individual chart review, respectively. Besides
baseline characteristics, intraoperative findings and
CD related history was recorded. Exposure to steroids
was defined as steroid intake until the day before
surgery. Azathioprin/6-mercaptopurin (AZA/6MP)
treatment was registered within 2 wk prior to surgery,
whereas anti-tumor necrosis factor (anti-TNF) antibody
therapy was documented within 1 wk preoperatively.
Furthermore, resections were grouped into simple
(1 intestinal resection) and complex (> 1 intestinal
resection).
Colorectal cancer was classified and staged accor
ding to the Union for International Cancer Control
(UICC).
The study was approved by the institutional ethics
Committee.

Study design

Kristo I, Riss S, Argeny S, Maschke S, Chitsabesan P, Stift
A. Incidental adenocarcinoma in patients undergoing surgery
for stricturing Crohn’s disease. World J Gastroenterol 2017;
23(3): 472-477 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i3/472.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i3.472

INTRODUCTION
Patients affected by Crohn’s disease (CD) face a 80%
[1,2]
lifetime risk of undergoing a surgical resection .
Although novel medical strategies have been demonstrated to be effective, the stricturing phenotype still
remains a common indication for surgical interven[3]
tions . Unfortunately, symptoms caused by malignant
obstruction are similar to benign strictures in inflam[4]
matory bowel disease (IBD). Ruffolo et al assessed
the clinical presentation of intestinal adenocarcinoma
in CD and concluded that rectal bleeding and weight
loss were unrelated to cancer diagnosis. Therefore,
personalized endoscopic surveillance plays a crucial role
[5]
[6]
in cancer prevention . Lutgens et al analysed survival rates and tumor stages in IBD related colorectal
cancer (CRC) and compared patients that underwent
endoscopic screening to no surveillance. Interestingly,
5-year survival rates were significantly superior in the
surveillance group, which was explained by cancer
detection at an early stage. Nevertheless, a complete
endoscopic passage may not be possible as a result of
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Statistical analysis

Continuous data are shown as mean with standard
deviation if normally distributed, or with median and
minimum-maximum otherwise. Categorical variables
are described with absolute numbers and percentages. Comparison between groups were analysed by
2
Wilcoxon and χ test when appropriate. All calculations
were performed using SPSS for Macintosh, Version
21.0 (IBM Corp., Armonk, NY).
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Table 1 Demographic and clinical characteristics of patients undergoing surgery for stricturing Crohn’s disease with and without
incidental finding of colorectal cancer n (%)

Patients
Age (yr)
Sex
Female
Male
Body Mass Index (kg/m2)
Age at CD diagnosis (yr)
Smoking (yes)
Medical therapy
AZA/6-MP
Corticosteroids
Anti-TNF antibody
CD related surgery

Stricturing CD

Stricturing CD and incidental cancer

478
35.2 (11-82)

6
43 (27-66)

214 (44.8)
264 (55.2)
21.4 ± 3.9
26 (6-82)
227 (47.5)

2 (33.3)
4 (66.6)
22.4 ± 4.4
26.5 (11-44)
1 (16.6)

105 (22)
128 (26.8)
5 (1)
1 (1-25)

1 (16.6)
0
0
2 (1-3)

P value
NS
NS

NS
NS
NS
NS

NS

CD: Crohn’s disease; AZA/6-MP: Azathioprin/6-mercaptopurin; TNF: Tumor necrosis factor.

Table 2 Characteristics of patients with incidental adenocarcinoma after surgery for stricturing Crohn’s disease

Age
Sex
BMI
Age at CD diagnosis
Smoking
Azathioprine/6-Mercaptopurine
Corticosteroids
Anti TNF-Antibodies
Previous CD Surgery
Indication
Resection typ
Operative Time (min)
Location of Stricture
UICC Staging

Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Patient 6

66
Female
17.6
30
Yes
No
No
No
3
Elective
Simple
130
Rectum
ⅢC

27
Female
19.5
11
No
Yes
No
No
1
Acute
Simple
100
Descending Colon
ⅢB

48
Male
20.0
18
No
No
No
No
3
Elective
Complex
90
Rectum
ⅡA

36
Male
21.7
23
No
No
No
No
2
Elective
Simple
199
Rectum

38
Male
28.0
31
No
No
No
No
1
Acute
Complex
70
Ileum

60
Male
27.7
44
No
No
No
No
2
Elective
Complex
135
Rectum

Ⅰ

Ⅳ

Ⅰ

BMI: Body mass index; CD: Crohn’s disease; TNF: Tumor necrosis factor; UICC: Union for International Cancer Control.

Incidental adenocarcinoma

RESULTS

Colorectal cancer was detected in structuring CD
in seven (1.4%) patients. In six (85.7%) of these
patients adenocarcinoma was an incidental finding,
whereas 1 (14.3%) patient had a preoperative diagnosis of cancer and so was excluded from further anal
ysis. Four males and 2 females were diagnosed with
adenocarcinoma at a median age of 43 (27-66) years
and a median history of CD of 16 (7-36) years.
Two (33.3%) operations had to be performed
acutely due to bowel obstruction and 4 (66.7%) resections were electively because of symptomatic stenotic
CD. All six patients had open surgery with a median
operative time of 115 (70-199) min.
Four (66.7%) patients had rectal cancer, whereas
descending colon (16.6%) and terminal ileum (16.6%)
were origin of neoplasia in the other two patients (Table
2).
According to the UICC classification 2 (33.3%)
patients had staged Ⅰ disease, whereas the other four

During the study period 484 patients were operated on
for symptomatic structuring CD. Further characteristics
are listed in Table 1.
Patients underwent an ileocolic resection predominantly. This was performed in 346 (71.5%) patients,
followed by 68 (14.0%) colonic resections, 53 (11.0%)
small bowel resections and 9 (1.9%) rectal resections. In addition to stricturing disease behavior, 240
(49.6%) patients suffered from fistula, 195 (40.3%)
patients from an inflammatory mass, with 104 (21.5%)
patients having abscesses. Multiple stenoses were
reported in 68 (14.0%) of patients.
Acute resections were performed in 53 (11.0%)
patients and 431 (89.0%) of operations were conducted
electively. Median operative time was 145 (30-495) min
and 233 (48.1%) operations were performed minimalinvasively. Conversion to an open procedure was necessary in 32 (6.6%) patients.
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have found a higher risk of developing neoplasia.
Furthermore, a changing paradigm in medical treatment and its impact on carcinogenesis are still under
debate. Interestingly, monoclonal tumor necrosis
factor alpha (TNFα) antibodies have established
anti-cancer effects while having considerable side
effects when administered in therapeutically relevant
[15]
doses . In contrast, TNFα antibodies is also secreted
[16]
by tumors to enhance neoplastic proliferation . Addi
tionally, immunosuppressive antimetabolites have also
been shown to generate mutagenic oxidative DNA
[17]
damage and may promote malignancy . Recently,
[18]
Axelrad et al
included 333 patients with IBD and
history of cancer that subsequently were exposed to
anti-TNF and/or antimetabolites in a retrospective
study design. They concluded that anti-TNFα or antimetabolites were not associated with an increased risk
of recurrent or new cancer in this cohort. These findings are comparable with our results, where patients
with strictures and no cancer had even higher rates of
medical therapy compared to patients with strictures
and cancer. One could even speculate that novel potent
therapeutic options may break the chain of chronic
inflammation and even have beneficial results as far as
incidental cancer is concerned. However, our number
of cancers was so small that a very large multicenter
trial would be needed to power such a hypothesis.
Interestingly, localized, diffuse or multifocal genomic
[19]
changes precede cancer in IBD . Point mutation and
concomitant inactivation of p53 is associated with
[20]
malignant transformation in ulcerative colitis . Even
in noncancerous tissue an increased frequency of p53
mutations was present as a consequence of chronic
[21]
inflammation .
Therefore, endoscopic surveillance is crucial to
decrease risk of neoplasia by detecting pre-neoplastic
[22]
lesions in patients at risk . Unfortunately, stricturing
CD may lead to incomplete surveillance, especially
[23]
when multiple stenoses are present. Kamiya et al
followed 174 consecutive patients diagnosed with CD
and revealed 2 cases of adenocarcinoma, which both
of which were observed in patients with strictures.
Intestinal obstruction was a sensitive symptom in 12
consecutive patients with intestinal adenocarcinoma
in CD, as only the minority of patients was diagnosed
[4]
preoperatively . Moreover, overlapping clinical
presentation may delay therapy and lead to poor
[24]
prognosis .
However, our results highlight that personalized
endoscopic surveillance is not feasible in all patients
with stricturing CD. We currently put further emphasis on the risk of incidental carcinoma especially in
older patients with long disease duration that cannot
be fully explored by endoscopic means. This strategy
may lead to better long-term survival in patients with
incidental carcinoma in future.
At present, there are only 2 studies that address
the occurrence of CRC in stricturing CD (Table 3).
[9]
Yamazaki et al analyzed 132 patients between 1959

Table 3 Studies focusing on incidental finding of
adenocarcinoma in patients undergoing surgery for Crohn’s
disease
Patients (n ) incidental
adenocarcinoma (%)

Risk factors

Maykel et al[7] (2006)

222 (2.3)

Yamazaki et al[9] (1991)

132 (6.8)

Fumery et al[10] (2015)

248 (0.8)

Kristo et al (present study)

484 (1.2)

Age, duration and
extent of disease
Age, duration of
disease
No active disease
at surgery
-

patients had stage ⅡA (16.7%), stage ⅢB (16.7%),
stage ⅢC (16.7%) and stage Ⅳ (16.7%), respectively.
After a median follow-up of 2 (0.03-8) years, 5
(83.3%) patients had died and 1 (16.7%) patient was
still alive.
Concerning stage Ⅰ, one patient died 12 d after
surgery due to fulminant sepsis. The other patient
experienced relapse of adenocarcinoma with palliative
chemotherapy and died 8 years after cancer detection.
One patient staged as ⅡA received postoperative
chemotherapy but died 2 years after surgery due to
cancer recurrence and progression of disease.
All patients with stage Ⅲ received postoperative
chemotherapy. Two years after surgery progression
of disease led to early death in one patient, whereas
the second patient experienced oxaliplatinium induced
acute lung injury and underwent lung-transplantation.
She is alive and cancer free 8 years after the incidental
finding of cancer.
The patient classified as stage Ⅳ received postoperative chemotherapy and died one year after initial
diagnosis of cancer due to progression of disease.
Interestingly, preoperative diagnosis of CRC in a
chronic stenosis of the rectum with UICC stage ⅡA
led to neoadjuvant chemoradiation with subsequent
resection in one patient. He is still alive and being
treated with palliative chemotherapy for pulmonary
metastases 9 years after surgery.

DISCUSSION
This is the largest study to date addressing the incidental finding of cancer in patients undergoing surgery
for stricturing CD. After final histological examination,
1.2% of patients were confronted with diagnosis of
adenocarcinoma.
Importantly, these findings are of high clinical value
since inflammatory bowel disease is linked to increased
[11]
mortality due to colorectal cancer . Although an
elevated risk for CRC in ulcerative colitis was identified
[12]
decades ago, data on CRC in CD patients are scarce .
A chronic pro-inflammatory environment and cellular
damage have been associated with an increased risk
of colonic cancer in patients with CD involving the
[13]
[14]
colon . In cases of paediatric onset, Peneau et al
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and 1985 that were admitted with colonic strictures in
CD. Importantly, malignant strictures were present in
6.8% and did not show differences in clinical presentation compared to benign strictures. Nevertheless,
these results represent a different therapeutic era and
do not include incidental findings.
[10]
Recently, Fumery et al
assessed frequency of
dysplasia and cancer in patients undergoing resection
for strictures in IBD. In this multi-center retrospective
study 248 patients were included with stricturing
disease behavior and screened for dysplasia and
cancer. Interestingly, only 2 (0.8%) patients with CD
were diagnosed to have cancer, whereas 4 (1.6%)
were found to have dysplasia. This rate of intestinal
adenocarcinoma is in accordance with our findings at a
tertiary academic referral center.
Chronic inflammatory conditions can be misleading in preoperative imaging and result in inadequate
surgical resections. As the majority of our incidental
CRC findings were located in the rectum, the questions
raises, whether patients, who require rectal resection
for CD should be operated on oncologically routinely.
Especially, patients with extensive disease, long disease
duration or diagnosis at an older age, who are at
increased risk to develop CRC might benefit from this
[7]
approach . Importantly, duration of disease is even
[9]
more important when disease extends over 20 years .
These finding are consistent with our cohort, where
cancer was diagnosed after a substantial history of CD.
Therefore, caution has to be used in the interpretation
of strictures of long-standing disease. However, if endoscopic screening fails, active surgical strategies should
consider the possibility of incidental cancer.
Unfortunately, long-term survival of patients affected
by incidental adenocarcinoma was poor in our analysis.
Previously, unfavorable survival was also reported in
CD even when the diagnosis of colorectal cancer was
[25]
established preoperatively . This hower could be due
to their co-morbidities, such as the death from fulminant sepsis in a stageⅠpatient or due to the advanced
nature of cancer (3 patients stage Ⅲ or Ⅳ) with a
number of factors predisposing to this in CD patients.
Although stricturing phenotype is dominated by
stenosis, penetrating behaviour may additionally
occur. Long-standing anal fistula is an indicator for
failed therapy or low medical response, which is an
expression of aggressive disease behaviour and leads
to prolonged inflammation. Therefore, these patients
should be subject to periodic assessment and histologi[26]
cal analyses . Importantly, intestinal fistula should be
discriminated from perianal fistulating disease, given
[27]
that they differ in management and outcome . There
are hardly any data about cancer originating from
extra-anal fistula formation in CD, but one has to be
aware of the possibility of incidental cancer manifesting
[28]
in penetrating CD .
Few limitations of this study have to be addressed.
Although the current analysis included a very large
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consecutive cohort of patients, the study was designed
retrospectively, thus selection bias cannot be ruled out.
Additionally, tertiary referral centers may attract patients
with complex clinical conditions, therefore incidental
findings of adenocarcinoma may be overrepresented.
In conclusion, Patients, operated on for symptomatic stricturing CD have a low risk for incidental
colorectal cancer. However, clinicians need to be aware
that the most common location of cancer is in the rectum and that the long-term survival in these patients
is low.
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AIM
To identify the risk factors and clarify the subsequent
clinical courses.
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METHODS
This study retrospectively analyzed consecutive
patients with esophageal squamous cell carcinoma
(ESCC) treated using endoscopic submucosal
dissection (ESD) between April 2008 and October
2012. We divided the ESCC lesions into perforation
cases and non-perforation cases, and compared
characteristics and endoscopic findings between the
two groups. “Intraoperative perforation” was defined
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Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
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has been accepted widely as the standard procedure
for superficial ESCC. However, it is difficult to resect
lesions larger than 20 mm in diameter by an en bloc
manner in EMR. Therefore, endoscopic submucosal
dissection (ESD) was developed as a new technique to
resolve the problem.
ESD has the advantage over EMR of enabling ESCC
resection in an en bloc manner, regardless of tumor
size, and to provide a reduction in the local recurrence
[2]
rate . However, ESD is technically more difficult
[3]
and has a higher rate of complications than EMR ,
because the esophagus has a narrow lumen and a thin
wall without a serous membrane. Perforation is the
major complication during ESD, and the frequency is
[2,4-6]
reported to be 0%-6.9%
. However, little is known
regarding the risk factors for intraoperative perforation
and the subsequent clinical courses. The aim of this
study was to identify the risk factors for intraoperative
perforations and to clarify the clinical courses after
perforation during ESD for superficial ESCC.

as the detection of a perforation site during ESD and
the presence of mediastinal emphysema.
RESULTS
In total, 147 patients with 156 ESCC lesions were
treated by ESD. Intraoperative perforation was recorded
for nine lesions (5.8%) from nine patients. Multivariate
analysis identified mucosal deficiency larger than
75% of the circumference of the esophagus as an
independent risk factor for intraoperative perforation
(OR = 7.37, 95%CI: 1.45-37.4, P = 0.016). The predo
minant site of perforation was the left wall [6/9 (67%)].
Six of nine perforation sites were successfully closed by
clips during the procedures. Two of nine cases required
drainage for pleural effusions; however, all nine cases
recovered with conservative treatment and without
surgical intervention. At the median follow up of 42 mo
after ESD, no cases of local recurrence or distant organ
metastasis had been observed.
CONCLUSION
This study suggests that mucosal deficiency larger than
75% of the luminal circumference is a risk factor for
intraoperative perforation during ESD for ESCC.

MATERIALS AND METHODS
Patients

Key words: Endoscopic submucosal dissection; Risk
factor; Esophageal carcinoma; Perforation

This study analyzed retrospectively consecutive
patients with ESCC treated using ESD at the National
Cancer Center Hospital East in Japan between April
2008 and October 2012. The indication criteria of ESD
for ESCC were as follows: (1) clinical depth invasion
[7]
was limited within submucosal 1 (SM1) ; (2) absence
of lymph node or distant metastasis; (3) histologically
confirmed ESCC with biopsy specimens before ESD;
and (4) provision of written informed consent. Lesions
of ESD for cervical ESCC that required general anesthesia in the operation room were excluded.
Macroscopic type was classified using the Paris
[8]
classification . All cases were divided into two groups:
intraoperative perforation cases and non-perforation
cases. “Intraoperative perforation” was defined as the
detection of a perforation site during ESD, and the
presence of mediastinal emphysema as observed on
computed tomography (CT) or radiography.
All information was collected from medical records,
including endoscopic images in filing systems, radio
logical images, and pathological reports. The institutional review board of our institution approved the
study protocol in September 2014 (2014-119). The
study was performed according to the ethical principles
of the Declaration of Helsinki.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Perforation is the major complication during
endoscopic submucosal dissection (ESD), with a
frequency of 0%-6.9%. The risk factors for intraoperative
perforation during ESD for esophageal squamous cell
carcinoma (ESCC) are largely unknown. In this study,
we assessed the differences in perforation and nonperforation groups regarding the characteristics and
endoscopic findings. Mucosal deficiency larger than
75% of the luminal circumference was a risk factor for
intraoperative perforation during ESD for ESCC.
Noguchi M, Yano T, Kato T, Kadota T, Imajoh M, Morimoto
H, Osera S, Yagishita A, Odagaki T, Yoda Y, Oono Y, Ikematsu
H, Kaneko K. Risk factors for intraoperative perforation during
endoscopic submucosal dissection of superficial esophageal
squamous cell carcinoma. World J Gastroenterol 2017;
23(3): 478-485 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i3/478.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i3.478

ESD procedure

All ESD procedures were performed using a singlechannel upper gastrointestinal endoscope (GIF-Q260J;
Olympus Medical Systems, Tokyo, Japan), a water-jet
system (OFP; Olympus), and a high frequency generator (ICC200 or VIO300D; Erbe Elektromedizin Ltd.,
Germany). The transparent attachment (disposable
distal attachment; Olympus) was fitted on to the tip of

INTRODUCTION
An increasing number of esophageal squamous cell
carcinoma (ESCC) lesions are being detected because
[1]
of recent technological advances in endoscopy .
Therefore, we can now detect ESCC more frequently
at the early stage. Endoscopic mucosal resection (EMR)
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the endoscope.
The outline of the lesion was identified by staining
with 2% iodine solution, and marking spots were
made on the entire circumference outside of the
tumor margins. The mucosa around the lesion was
cut circumferentially with a dual knife (Olympus) or an
insulation-tipped diathermic knife (IT knife; Olympus),
after injection into the submucosal layer of 0.4%
®
sodium hyaluronate (MucoUp ; Johnson and Johnson,
Tokyo, Japan) diluted with normal saline solution to
create a submucosal cushion. The dual knife was used
in most ESD procedures in all cases. We used the IT
knife adjunctively, with which a cut was by drawing the
knife in the direction of the long axis in cases with a
long lesion. All patients underwent ESD using carbon
dioxide (CO2) insufflation.
The patients were placed in the left lateral decubitus
position and put under sedation with an intravenous
injection of 2-3 mg midazolam and 35 mg pethidine
hydrochloride. Sedative drugs were added as required
to keep the patients calm, and the patients were
monitored with pulse oximeters and administered with
oxygen via a cannula when their saturation became low.
Cases with no complications were allowed to
drink water on the day after surgery, and gradually
converted to solid food.

maximum dimension of lesion, rate of 75% or larger
circumference of mucosal deficiency after ESD, lesion
location, depth of invasion, predominant site, operator,
procedure time, and en bloc resection rate. Operators
were divided into two cohorts, instructor and novice.
The instructor in this study was defined as the Japan
Gastroenterological Endoscopy Society board certified
instructor.
Risk factors for perforation were determined using a
logistic regression model. Factors that might influence
intraoperative perforation were analyzed by univariate
logistic regression analysis, and factors with a P value
< 0.2 were analyzed by multiple logistic regression
under the forced entry method. Multicollinearity was
assessed using the Pearson product moment correlation coefficient or Spearman’s rank correlation coefficient. A correlation coefficient > 0.5 was regarded as
a strong correlation.
A P value < 0.05 was considered statistically significant. All analyses were performed using SPSS version
22 (SPSS Japan Inc., Tokyo, Japan).

RESULTS
Clinicopathological characteristics and procedure
outcomes

A total of 147 consecutive patients with 156 ESCC
lesions treated with ESD were enrolled. Male sex
was predominant, and the median age of patients
was 68 years (range, 46-88). The median maximum
lesion dimension was 29 mm (range, 6-68), and most
tumors were located in the middle (53.2%) or lower
(41.6%) thoracic esophagus.
Of the 156 ESCC, 131 (84.0%) were intramucosal
carcinomas and 25 (16.0%) were submucosal carcinomas. The macroscopic types of almost all tumors were
type 0-Ⅱc (151 lesions, 96.8%). The mean procedure
time was 107.1 ± 50.2 min. The en block resection
rate was 90.4%. Intraoperative perforations were
recorded as having occurred in nine lesions (5.8%) in
nine patients. There was no case of late perforation in
this study (Table 1).

Treatment for perforation cases

When a perforation was detected during the ESD procedure, an operator tried to close the perforation with
through-the-scope clips (HX-610; Olympus); however,
this was only performed in cases where the operator
predicted that the intervention would lead to interruption of the remaining ESD procedure. If the patient’s
vital status, such as oxygen saturation, blood pressure,
or subcutaneous emphysema worsened despite the
best supportive treatment during the procedure, ESD
was immediately discontinued. If the patient’s vital
status was stable, the ESD procedure was continued,
or the operator switched from ESD to performing
endoscopic piecemeal mucosal resection (EPMR), using
a snare to reduce the procedure time. After the procedure, the patient was assessed with CT or radiography
to evaluate the degree of subcutaneous or mediastinal
emphysema, or the presence of a pneumothorax or
pleural effusion. Cases with perforation were fasted
and treated by intravenous administration of antibiotics under continual drainage of saliva at the perforation
site through a nasal tube until the confirmation of
closure. Closure of the perforation was confirmed by
esophagography under endoscopic observation. In
cases of massive pleural effusion, a chest drain was
inserted as required.

Clinicopathological findings associated with
intraoperative perforation

No significant differences were observed between the
perforation group (n = 9) and the non-perforation
group (n = 148) in terms of age, sex, history of treatment for prior esophageal carcinoma, lesion location,
depth of invasion, predominant site, or operator. In
the perforation group, however, the mean maximum
dimension of the lesion was significantly larger (42.9
mm vs 30.8 mm, P = 0.016), and the frequency of
having a circumference of mucosal deficiency of 75%
or larger after ESD was significantly higher (77.8% vs
30.6%, P = 0.007). Furthermore, the mean procedure
time was significantly longer (183.8 min vs 102.4 min,
P < 0.001). In contrast, the en block resection rate
was significantly lower (33.3% vs 93.9%, P < 0.001)

Statistical analysis

We analyzed the data comparatively between the perforation group and non-perforation group using Fisher’s
exact tests or t-tests for the following variables: age,
sex, history of treatment for esophageal carcinoma,

WJG|www.wjgnet.com

480

January 21, 2017|Volume 23|Issue 3|

Noguchi M et al . Risk factors of perforation in esophageal-ESD
Table 1 Clinicopathological characteristics and procedure
outcomes of the 156 esophageal squamous cell carcinomas in
147 patients n (%)

Table 2 Clinicopathological findings associated with
intraoperative perforation during endoscopic submucosal
dissection n (%)
Perforated group Non-perforated group P value

Patients = 147,
ESCC = 156
Age, median (range)
Sex
Male
Female
Lesion
Maximum dimension, median (range), mm
Location
Upper
Middle
Lower
Depth of invasion
EP
LPM
MM
SM1
SM2
Macroscopic type
0-Ⅱc
0-Ⅱa
0-Ⅰ + Ⅱc
Predominant site
Right
Left
Operator
Instructor
Novice
Procedure time, mean ± SD, min
En block resection
Perforation
Late perforation

Age, mean ± SD
Sex
Male
Female
History of treatment
for esophageal
carcinoma, n (%)
Yes
No
Maximum
dimension of lesion,
mean ± SD, mm
Mucosal
deficiency ≥ 75%
circumference, n (%)
Yes
No
Location
Upper
Middle
Lower
Depth of invasion
M
SM
Predominant site
Right
Left
Operator
Instructor
Novice
Procedure time,
mean ± SD, min
En bloc resection

68 (46-88)
131 (89.1)
16 (10.9)
29 (6-68)
8 (5.1)
83 (53.2)
65 (41.7)
50 (32.1)
44 (28.2)
37 (23.7)
8 (5.1)
17 (10.9)
151 (96.8)
3 (1.9)
2 (1.3)
102 (65.4)
54 (34.6)
100 (64.1)
56 (35.9)
107.1 ± 50.4
141 (90.4)
9 (5.8)
0 (0.0)

ESCC: Esophageal squamous cell carcinoma.

in ESD for patients who developed a perforation during
the procedure (Table 2).

n = 147
68.1 ± 7.5

0.929

9 (100)
0 (0)

131 (89.1)
16 (10.9)

0.599

0 (0)
9 (100)
42.9 ± 19.3

17 (11.6)
130 (88.4)
30.8 ± 14.1

0.599
0.016

7 (77.8)
2 (22.2)

45 (30.6)
102 (69.4)

0.007

0 (0)
4 (44.4)
5 (55.6)

8 (5.4)
79 (53.7)
60 (40.8)

0.697

6 (66.7)
3 (33.3)

125 (85.0)
22 (15.0)

0.158

4 (44.4)
5 (55.6)

98 (66.7)
49 (33.3)

0.277

6 (66.7)
3 (33.3)
183.8 ± 48.7

94 (63.9)
53 (36.1)
102.4 ± 46.7

1.00
< 0.001

3 (33.3)

138 (93.9)

< 0.001

confirmation of perforation during the procedure in five
of nine cases, endoscopic resection was completed in
all cases. Although ESD was continued in the remaining four cases, it was not possible to complete en
block resection in one of the four cases, whereas the
procedure was completed in the other three cases.
The left wall was the predominant site of perforation (67%; Table 5). Six of nine perforation sites were
closed successfully by clips during the procedures.
The other three perforation sites were too large to be
closed. Subcutaneous emphysema was detected in
eight cases (89%) during the procedures. After the
ESD procedures, five cases had nasogastric tubes
inserted.
While no case developed a pneumothorax, pleural
effusion was detected by CT in four cases (44%). Two
of the four cases had chest drains inserted because of
a massive pleural effusion. Five cases (56%) required
continuous oxygen administration for hypoxia after
ESD. Seven cases (78%) became feverish (body
temperature ≥ 37.0 ℃) on the day after ESD. Median
peak of fever was on postoperative day 1 (range, 1-2).
Mean maximal C-reactive protein (CRP) level was 9.4

Risk factors for perforation by univariate and
multivariate analysis

Upon univariate analysis, the maximum lesion
dimension (10 mm increments; OR = 1.64, 95%CI:
1.07-2.52, P = 0.025) and a mucosal deficiency corresponding to more than 75% of the circumference
(OR = 7.93, 95%CI: 1.59-39.7, P = 0.012) were
risk factors for intraoperative perforation (Table 3).
There was a strong correlation between maximum
lesion dimension and mucosal deficiency (correlation coefficient = 0.598), thus the maximum lesion
dimension was excluded from the multivariate anal
ysis. Multiple logistic regression analysis identified
only a mucosal deficiency larger than 75% of the
lumen circumference as an independent risk factor
for intraoperative perforation (OR = 7.37, 95%CI:
1.45-37.4, P = 0.016; Table 4).

Outcomes of ESD and clinical courses in perforation
cases

While ESD was withdrawn and switched to EPMR after
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Table 3 Risk factors for perforation by univariate analysis
Factor

Odds ratio (95%CI)

1

P value

0.96 (0.40-2.32)
1.64 (1.07-2.52)

0.931
0.025

7.93 (1.59-39.7)

0.012

1.86 (0.48-7.23)
3.00 (0.69-12.9)
2.50 (0.64-9.72)
1.13 (0.27-4.69)

0.368
0.140
0.186
0.869

Age (10 yr increments)
Maximum dimension of lesion (10
mm increments)
Mucosal deficiency (< 75% vs ≥ 75%
circumference)
Location (upper + middle vs lower)
Depth of invasion (M vs SM)
Predominant site (right vs left)
Operator (novice vs instructor)

Table 4 Risk factors for perforation by multivariate analysis
Factor

1

P value

7.37 (1.45-37.4)

0.016

2.63 (0.57-12.2)
2.33 (0.57-9.57)

0.218
0.240

Mucosal deficiency (< 75% vs ≥ 75%
circumference
Depth of invasion (M vs SM)
Predominant site (right vs left)
1

Multivariate logistic regression analysis.

be that lesions on the left side are affected by the
direction of gravity, so that water, blood, and small
[16,17]
fragments collect in the left wall
. Patients maintain
a left lateral decubitus position during ESD procedure;
therefore, it is difficult to make full use of counter
traction when dissecting the left side of the lesion.
These data suggested that the location of a mucosal
deficiency on the left wall is associated with ESD difficulties. To overcome this problem, endoscopists should
shorten the range of mucosal deficiency as narrowly
as possible, while maintaining oncological curability,
and changing the position of the patient may enable
the use of gravity to help control the movements of
[18]
the endoscope . Furthermore, these are methods to
improve counter traction. The clip-with-line method
and the outer route method make the endoscopic view
[19,20]
clearer and counter traction easier
.
All cases with a perforation were treated successfully with conservative management. In general, the
mortality of esophageal perforation from any cause is
high; it is reported to be 11.9%, based on results from
[21]
a meta-analysis . The favorable outcome after perforation without surgical intervention in the present study
might reflect the occurrence of early detection immediately after perforation and the fasting period before
and after ESD. Furthermore, all cases were monitored
not only by endoscopists, but also by surgeons to avoid
any delay in the surgical intervention. A meta-analysis
of the outcome of esophageal perforation reported
that treatment starting within 24 h after the event
resulted in a mortality rate of 7.4% compared with
20.3% in patients treated later (RR = 2.279, 95%CI:
[21]
1.63-3.18) . Therefore, it is very important to detect
the perforation during ESD and start treatment immediately. In this study, pneumoderma was identified in
eight of nine cases. Pneumoderma extends into the
cervical subcutaneous tissue beyond the mediastinum,
so that the operators are able to perceive it by palpation during the procedure. If there is a suspicion of an
intraoperative perforation, the operators or assistants
should carefully palpate the patient’s neck to detect this
complication as quickly as possible. Although CT also
helps to detect emphysema caused by a perforation,
mediastinal emphysema observed on CT does not
always indicate a perforation. Mediastinal emphysema
was found on CT in 62.9% of the patients treated, even
in those without a perforation, because of the lack of
[22]
serosa .

1

Univariate logistic regression analysis. CI: Confidence interval.

mg/dL (range, 1.9-26.5). Median fasting duration
and hospitalization after the procedure were six days
(range, 5-22) and 12 d (range, 7-41), respectively. All
nine cases recovered with conservative treatment and
without surgical intervention. A representative case that
suffered perforation during ESD is shown in Figure 1.
Three of the nine cases underwent additional treatments, including chemoradiotherapy or esophagectomy because of submucosal infiltration. At a median
follow-up of 42 mo (range, 28-59) after ESD, no case
of local recurrence or metastasis had been observed
(Table 6).

DISCUSSION
This study is the first to report the risk factors for intraoperative perforation during ESD of superficial ESCC.
It showed that mucosal deficiency corresponding to
more than 75% of the lumen circumference was an
independent risk factor for intraoperative perforation.
In contrast, previous reports regarding ESD for
gastric carcinomas demonstrated risk factors for perforation such as long procedure time, location of the
[9-11]
lesion (body), and piecemeal resection
. Meanwhile,
in colorectal ESD, large tumor size, fibrosis, and
laterally spreading tumor type have been reported as
[12-15]
risk factors
. Hence, various risk factors for perforation have been demonstrated in different organs
despite identical ESD. In the present study, while the
procedure times were significantly longer in cases with
perforation compared with those with no perforation,
a long procedure time may not only be a risk factor
for perforation, but also might have been influenced
by the perforation itself. In addition, in some cases,
we switched to EPMR to reduce the procedure time.
Therefore, we excluded the procedure time and the
rate of en bloc resection from the univariate logistic
regression analysis. In this study, there was a strong
correlation between maximum lesion dimension and
mucosal deficiency, because the circumference of the
tumor and mucosal deficiency become more extensive
as the tumor expands.
In this study, six of nine cases of perforations
occurred on left side of the wall. The reason may

WJG|www.wjgnet.com

Odds ratio (95%CI)

482

January 21, 2017|Volume 23|Issue 3|

Noguchi M et al . Risk factors of perforation in esophageal-ESD

A

B

C

D

E

F

Figure 1 Clinical course of a patient who suffered intraoperative perforation during endoscopic submucosal dissection. A: Type 0-Ⅱc tumor located in the
right wall of the middle thoracic esophagus; B: During ESD, a perforation site was detected on the left wall (this image was rotated); C: Following perforation, the
presence of mediastinal emphysema was observed on CT; D: This patient required a chest drain because of a massive pleural effusion on postoperative day (POD) 4; E:
The closure of the perforation was not confirmed on POD 11; F: After confirmation of the closure on POD 18, oral intake was initiated. ESD: Endoscopic submucosal
dissection; CT: Computed tomography.

The present study indicated that perforation does
not necessarily worsen patient prognosis if the perforation is managed appropriately. In particular, careful
follow-up is required during hospitalization. If the
patient is unstable after the perforation, consultation
with a surgeon has to be performed quickly.
ESD was switched to EPMR and the rate of piecemeal resection was high in most perforation cases.
Piecemeal resection is a risk factor for local recurrence
[23]
in ESCC treated using EMR . In addition, esophageal
perforation in ESD for ESCC may lead to pleural and
mediastinal dissemination. Although no cases of local
recurrence or metastasis have been observed so far,
perforation cases require careful long-term observation, not only using endoscopy, but also CT scan.
The present study has several limitations associated

WJG|www.wjgnet.com

with a retrospective single center study. The number
of perforations was small because the frequency of
perforation was low. A larger number of cases are
required to confirm our results. There is a possibility
that the device used could be a factor related to intraoperative perforation. In this study, we used a dual
knife in most of the ESD procedures. An IT knife was
used adjunctively according to physician’s judgment,
as mentioned in the Methods. Therefore, it is very difficult to compare the risk of perforation between each
device. In this study, procedure time was excluded
from the logistic regression analysis, because we only
recorded the entire duration of the ESD procedure and
did not separately record the procedure time before
and after the perforation. However, a longer procedure
time might cause operator fatigue and worsen the
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Table 5 Clinicopathological characteristics and outcomes of endoscopic submucosal dissection in perforation cases (n = 9)
Case Age Sex Location

1
2
3
4
5
6
7
8
9

70
59
61
58
77
61
77
85
63

M
M
M
M
M
M
M
M
M

Middle
Lower
Lower
Middle
Lower
Middle
Lower
Middle
Lower

Predominant
site

Circum- Circum-ference Maximum Macroscopic Procedure En bloc Swiching to Depth of Perforation site
ference of of mucosal
dimension
type
time (mm) resection EPMR after invasion
tumor
deficiency
(mm)
perforation

Right
Left
Left
Right
Left
Right
Left
Left
Right

2/3
1/2
3/4
1/3
3/4
1/2
1/2
Circ
1/8

3/4
7/8
7/8
1/2
7/8
7/8
3/4
Circ
1/2

54
50
38
30
67
40
32
68
7

0-Ⅱc
0-Ⅱc
0-Ⅱc
0-Ⅱc
0-Ⅱc
0-Ⅱc
0-Ⅱc
0-Ⅱc
0-Ⅱc

240
240
150
140
210
210
150
210
104

No
Yes
No
No
Yes
No
No
Yes
No

Yes
No
Yes
Yes
No
No
Yes
No
Yes

SM2
M3
M2
SM2
M3
M2
M3
SM2
M1

Left
Left
Left
Posterior > left
Anterior > left
Left
Left
Left
Right

Circ: Whole circumference. EPMR: Endoscopic piecemeal mucosal resection.

Table 6 Clinical courses and treatment after perforations (n = 9)
Case

1
2
3
4
5
6
7
8
9

Fasting Hospitaliduration zation (d)
(d)
8
8
6
5
5
19
22
6
6

20
13
12
8
7
22
41
9
9

Maximal
Complication
CRP
Pneumo- Pneumo- Pleural Hypoxia Fever
(mg/dL)
derma
thorax effusion
( ℃)
26.5
6.7
5.7
1.9
6.9
16.7
6.3
5.5
8.8

−
+
+
+
+
+
+
+
+

−
−
−
−
−
−
−
−
−

+
−
−
−
+
+
−
+
−

−
−
+
−
−
+
+
+
+

38.1
37.7
37.6
37.2
< 37.0
38.3
37.6
< 37.0
37.8

Treatment
Closing by
clips

ABx

Possible
Possible
Possible
Possible
Possible
Impossible
Impossible
Impossible
Possible

+
+
+
+
+
+
+
+
+

Local
Follow-up
recurrence
(mo)
NG tube Chest
drain
−
−
+
−
+
+
+
−
+

+
−
−
−
−
+
−
−
−

−1
−
−
−2
−
−
−
−2
−

59
50
41
46
42
40
30
28
53

1

Additional chemoradiotherapy because of submucosal infiltration; 2Additional curative surgery because of submucosal infiltration. CRP: C-Reactive
protein; ABx: Antibiotics; NG tube: Nasogastric tube.

during ESD of superficial esophageal squamous cell carcinoma. It showed
that mucosal deficiency corresponding to more than 75% of the lumen
circumference was an independent risk factor for intraoperative perforation.
Additionally, this study clarified the clinical courses after intraoperative
perforations during ESD.

patient’s condition; therefore, we speculated that
procedure time could be a risk factor.
In conclusion, the present study suggested that
mucosal deficiency corresponding to 75% of the
circumference or larger is an independent risk factor
for intraoperative perforation during ESD for ESCC.
Although perforations in the esophagus represent a
potentially deadly complication, this study suggested
that most instances of perforation, if appropriately
managed and detected during ESD, might allow the
patients to recover with conservative treatment under
careful observation.

Applications

Endoscopists should shorten the range of mucosal deficiency as narrowly as
possible, while maintaining oncological curability. In addition, we changed the
position of the patient or used the clip-with-line method during the procedure to
improve the intraoperative visualization.

Terminology

Perforation is the major complication during ESD, and “Intraoperative perforation”
was defined as the detection of a perforation site during ESD, and the presence
of mediastinal emphysema as observed on computed tomography or radiography.
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Abstract
AIM
To evaluated vascular dynamic processes in the liver
of hereditary hemorrhagic telangiectasia (HHT) patients
by ultrasound (US) considering quantitative analytic
methods.
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METHODS
The imaging features on US and contrast-enhanced
ultrasound (CEUS) in 18 patients diagnosed with HHT
were retrospectively analyzed. Regarding CEUS, realtime contrast harmonic imaging and sulfur hexafluoridefilled microbubbles were used.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/

WJG|www.wjgnet.com

RESULTS
HVaMs were identified in all 18 patients. By US, the
two major Caselitz criteria could be detected in 55.6%
patients. "Color spots" were detected in 72.2% of
the cases. Respecting sonographic grading criteria
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[4,5]

of HHT patients, but merely 8% are symptomatic .
Shunts are especially arteriovenous, merely few cases
of arterioportal and portovenous shunts have been
[6,7]
reported . The clinical appearance comprises highoutput heart failure, portal hypertension and biliary
[8]
disorder . Diagnosis of HVaMs is usually made in
the first line by vascular ultrasound (vUS) including
color coded Doppler sonography (CCDS) and Power
Doppler (PD) but also by magnetic resonance imaging
tomography (MRI) or by computerized tomography
(CT).
The advent of contrast-enhanced ultrasound
(CEUS) has greatly ameliorated the aptitude to
illustrate macro- and microcirculation in focal hepatic
[9-15]
lesions
, yet, so far only one case report delineated
[16]
the use of CEUS in HHT associated HVaMs . To
better understand US characteristics of HHT hepatic
involvement we analyzed for the first time HVaMs in
a group of patients (n = 18) using CEUS and supple
mented qualitative data with quantitative perfusion
time intensity curve (TIC) analysis.

by Buscarini, grade 3 could be demonstrated most
frequent (40%). By CEUS, all the patients showed
quick and early hyperenhancement during the arterial
phase. Significant lowest time to peak (TTP) and
highest area under the curve (AUC) values were
identified in the hepatic artery (TTP: 69.8%; AUC:
100%) and highest TTP and lowest AUC in the hepatic
parenchyma and the portal vein.
CONCLUSION
For the first time we analyzed CEUS findings of a group
of HHT patients regarding macro- and microcirculation.
Our data demonstrate significant differences in TTP and
AUC values in the four selected regions: hepatic artery,
shunt region, portal vein and hepatic parenchyma.
Key words: Hereditary hemorrhagic telangiectasia;
Intrahepatic shunts; Contrast-enhanced ultrasound;
Time-intensity-curve
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: For the first time we analyzed contrastenhanced ultrasound (CEUS) examination of a group
of 18 hereditary hemorrhagic telangiectasia (HHT)
patients regrading macro- and microcirculation. This
new information could be used to sub-classify a high
risk group of asymptomatic patients with therapeutic
indication. With regard to the advent of new the
rapeutic agents, CEUS analysis can complete the
required accurate cost-effective screening methods in
HHT patients.

MATERIALS AND METHODS
Patients

B-mode US, vUS with CCDS/PD as well as CEUS imaging
data of 18 patients were retrospectively analyzed.
Diagnostic was made considering the Curaçao criteria.
The database was searched for all patients in the years
2015/2016 who got vUS or CEUS examinations after
being diagnosed with HHT in the Ear-Nose-Throat (ENT)
department of the University Hospital of Regensburg
(UKR).
This study was approved by the ethical committee
of the UKR and the demand for informed consent was
waived, each patient accepting injection of contrast
agent for CEUS investigation.

Schelker RC, Barreiros AP, Hart C, Herr W, Jung EM. Macroand microcirculation patterns of intrahepatic blood flow changes
in patients with hereditary hemorrhagic telangiectasia. World J
Gastroenterol 2017; 23(3): 486-495 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i3/486.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i3.486

Imaging examinations

All US investigations were accomplished with a
high-end US scanner (LOGIQ E9, GE Healthcare,
Milwaukee, United States). The frequency of the
convex transducers ranged from 1.0 to 5.0 MHz, all
being conceptualized for abdominal use. Contrast
specific imaging in terms of amplitude modulation
(AM) or pulse inversion harmonic imaging was
installed in the US system. A sulfur hexafluoridefilled microbubble contrast agent (SonoVue, Bracco,
Milan, Italy) was applied in this work. A volume of 1.0
to 2.4 mL of this agent was injected intravenously
in a bolus manner via antecubital vein, followed by
administration of 10 mL of 0.9% NaCl.
All US investigations were executed by one
radiologist who had more than five years of experience
in CEUS and conducted more than 3000 US/year over
more than 15 years. Uniform imaging settings were
applied and all the US methods were implemented
conformable to standard protocol. An entirely
exploration of the liver was achieved by vUS before

INTRODUCTION
Hereditary hemorrhagic telangiectasia (HHT) is a
systemic autosomal dominantly inherited affection
concerning the vasculature. It is assumed a rare
disorder (1/5000 to 1/10000 births) with no differenti
[1,2]
ation between race, age or sex . HHT is definitive
when more than two of the following Curaçao criteria
are present: (1) “Heredity”, meaning at least one-first
degree relative with HHT; (2) “Hemorrhagic”, meaning
unprompted recurrent nose bleeds; (3) “Telangiectasia”,
meaning several telangiectases at typic sites: lips, oral
cavity, fingers, nose; and (4) Visceral involvement,
such as gastrointestinal telangiectasia, pulmonary
arteriovenous malformations (VaMs), hepatic VaMs,
[3]
cerebral VaMs and spinal VaMs .
Hepatic VaMs (HVaMs) can be detected in circa 78%
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CEUS for each patient. For CEUS a sweep technology
was used for detection of contrast enhancement in
the center and the peripheral parenchymal structures.
The mechanical index (MI) was reduced les than
0.16, which allows effective tissue annulment to
constitute nearly pure microbubble pics and prevent
their destruction. Usually, the focus was placed under
the target lesion. Then CEUS operating mode and a
stopwatch were started coincidentally when contrast
agent was applicated. The CEUS clips until 120 s after
the administration were recorded steadily, neither in
any alteration in the machine settings nor motion of
the tansducer. After 120 s the transducer was moved
to scan the whole liver. Baseline US images and CEUS
cine clips were saved digitally on the hard disks of the
US systems and transferred to an archiving system for
analysis.

perfusion curves in dB. For quantitative investigation,
the area under the curve (AUC) and time to peak
(TTP) was considered. After calculation of the mean
value regarding the two ROIs/region, the percentage
in relation to AUC of the hepatic artery (100%),
respectively to TTP of the portal vein (100%) was
evaluated.

Image analysis

Basic characteristics

Statistical analysis

The statistical analysis was carried out using Prism 6
software (Graphpad, La Jolla, CA, United States). The
continuous data were expressed as mean ± SE of the
mean. The comparison between quantitative data was
assessed using one way ANOVA. P values less than 0.05
were regarded statistically significant.

RESULTS

All US images and clips were interpreted retrospec
tively by two independent scientists who have not
participated in the investigation and were uninformed
about relevant clinical, laboratorial, histopathological
data and the findings of other imaging procedures.
Variant views on the enhancement configuration and
extent were solved by agreement. The findings were
analyzed in respect of suggested sonographic criteria.
[17]
In 2003 Caselitz et al
proposed major (dilated
common hepatic artery > 7 m; intrahepatic arterial
hypervascularisation) and minor criteria (systolic
Vmax of the proper hepatic artery > 110 cm/s; RI of
the proper hepatic artery < 0.60; Vmax of the portal
vein > 25 cm/s; tortuous course of the extrahepatic
hepatic artery) to establish the diagnosis of HVaMs
in patients with HHT. Positivity of two major criteria
or one major criterion and at least two minor criteria
were required. In 2008 Buonamico emphasized the
importance of “color spots” (spotty like images in
[18]
the peripheral region of the liver) . Independently,
Buscarini described in 2011 four sonographic grades
considering dilatation of the common hepatic artery,
shunt images, sonographic evidence of heart failure
or portal hypertension, systolic Vmax of the hepatic
[19,20]
artery and RI (EASL guidelines 2015)
.
The CEUS phase was categorized into arterial
(8-30 s from contrast agent application), portal
[10,11,13]
. The intra
(31-120 s) and late (121-360 s)
ductal enhancement intensity was compared to the
neighboring liver parenchyma and was divided into
hyper-, iso-, hypo- and non-enhancement in compliance
[9]
to the lately published guideline . The enhancement
configurations were subdivided into homogeneous and
heterogeneous.
In order to perform TIC analysis eight regions of
interest (ROIs) with a diameter of 5 mm were placed
in the perfused hepatic artery, portal vein, shunt
region and hepatic parenchyma, two ROIs per region.
The investigation of the grayscale value represents the

WJG|www.wjgnet.com

The patients were two men and sixteen women, with a
mean age of 59.4 ± 12.1 years (range, 21-83 years) at
the time of HVaM diagnosis. HVaMs could be identified
in all 18 patients. Coexisting disorders like for example
aneurysm of the mesenteric vein (n = 1), ectatic
V. cava (n = 1), ectatic Aorta abdominalis (n = 1),
thrombosis of V. porta with cavernous transformation (n
= 1), focal nodular hyperplasia (n = 1), hepatic cysts
(n = 4), bilioma (n = 1; Figure 1), cholecystolithiasis
(n = 3), sludge in the gall bladder (n = 1), ascites (n
= 1), splenomegaly (n = 1), hepatomegaly (n = 1),
steatosis hepatis (n = 4), high-flow angiomas (n = 2;
Figure 2) were present in certain patients. There was
no evidence for malignant lesions in the patients. The
shunts were situated in the central area (hilum) of the
liver (n = 13), the left lobe of the liver (n = 6) and
segment 8 of the liver (n = 10), respectively (Table 1).

Findings on B-mode, CCDS and PD

In our 18 patients, the mean value of the diameter
of the common hepatic artery was 11.5 ± 2.7 mm.
Intrahepatic arterial hypervascularization was identified
in 61.1%. Systolic Vmax of the proper hepatic artery
was on average 111.0 ± 38.6 cm/s and diastolic Vmax
47.6 ± 15.4 cm/s. RI averaged 0.58 ± 0.04 and Vmax
of the portal vein 28.9 ± 6.5 cm/s. In 83.3% of HHT
patients, tortuous course of the extrahepatic artery
could be demonstrated. “Color spots” were detected
in 72.2% of the cases and portal hypertension in
27.8%. HVaMs were particularly arteriovenous and
arterioportal (61.1%) while 38.9% were singularly
arteriovenous and 16.7% showed even all three
HVaMs (arteriovenous, arterioportal and portovenous).
Left accessory artery was found only in 3 patients
(16.7%). Hepatic veins appeared dilated in 72.2%
of cases, while mean diameter of the portal vein was
11.9 ± 2.3 mm.
Taken together, positivity of two major Caselitz
criteria could be described in 55.6% patients while
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A

B

C

D

E

F

Figure 1 HVaM in a 46-year-old woman. B-mode and dynamic images detected in the arterial phase of contrast-enhanced ultrasound (CEUS) (A-D) compared to
contrast enhanced magnetic resonance imaging tomography (MRI) (E) and computerized tomography (CT) (F) images. Intrahepatic arterial hypervascularization with
tortuous hepatic artery in segment Ⅳ, Ⅵ, Ⅶ and Ⅷ of the liver. Enhanced mean diameter of the hepatic artery (14.4 mm) intra- and extrahepatic. Intrahepatic non/
hypoechoic (B-mode), hypodense (CT) and hypointense (MR; T1-phase) lesion without enhancement (CEUS) in segment Ⅴ, Ⅵ of the liver corresponding most likely
to bilioma.

Microcirculation patterns on CEUS - TIC analysis

62.5% of the cases with only one positive major
criterion had at least 2 positive minor criteria. Buscarini
grading criteria were as follows: grade 1 (22.2%),
grade 2 (16.7%), grade 3 (44.4%), grade 4 (16.7%)
(Tables 2 and 3, Figures 3-5).

Quantitative perfusion analysis within hepatic artery,
portal vein, shunt region and hepatic parenchyma (two
ROIs per region) was performed. In order to better
compare the AUC and TTP values we investigated the
percentage in relation to AUC of the hepatic artery
(100%), respectively to TTP of the portal vein (100%).
Obvious significant differences (P < 0.0001) in AUC
values was found between the four areas, to the
effect that highest values were determined in hepatic
artery (100%), next in the shunt region (83.9% ±
13.2%), subsequent in the portal vein (54.2% ±
12.6%) and the lowest values were identified in the
liver parenchyma (35.2% ± 13.8%). Concerning TTP
(Figures 4 and 6), the fastest maximal enhancement
could be detected in the hepatic artery (69.8% ±
33.2%), following the shunt region (87.6% ± 29.3%),
the hepatic parenchyma (102.5% ± 22.7%) and
finally the portal vein (100%) (P < 0.02).

Macrocirculation patterns on CEUS

All the 18 patients showed quick and early hyper
enhancement during the arterial phase (Figure 1).
During the portal and late phases isoenhancement was
detected in 16 cases, hyperenhancement in 2 cases.
The hepatic cysts showed no enhancement during
all the phases. There was no evidence for any “wash
out” phenomenon, and thus no hint for a malignant
lesion. The areas of hepatic sclerotization showed late
enhancement of the portal vein. In two patients several
hepatic lesions with quick hyperenhancement and
lacking “wash out” phenomenon could be demonstrated,
consistent with high-flow angiomas (Figure 4).
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A

B

C

Figure 2 High-flow angiomas in a 21-year-old woman. B-mode and contrast-enhanced ultrasound (CEUS) images. Intrahepatic hypoechoic and isoechoic lesions
in segment Ⅳ, Ⅴ and Ⅷ of the liver detected by B-mode ultrasound (A and B), showing in CEUS early hyperenhancement during arterial phase without “wash out”
phenomenon in portal and late phases (C).

Table 1 Basic characteristics of 18 patients with hereditary hemorrhagic telangiectasia
Case No.

Gender
(M/F)

Age (yr)

HVaMs
(yes/no)

Coexisting lesions

Malignant lesions
(yes/no)

Location HVaMs

1
2

F
F

83
60

Yes
Yes

-

No
No

3
4

F
F

75
50

Yes
Yes

Aneurysm of the mesenteric vein
-

No
No

5

F

36

Yes

FNH; cholecystolithiasis

No

6

F

75

Yes

No

7
8

F
F

58
65

Yes
Yes

Sludge in the gall bladder;
Ectatic V. cava; ascites
Cholecystolithiasis
-

Diffuse
hilum;
left hepatic lobe;
segment 8
Hilum
Hilum;
left hepatic lobe
Hilum;
left hepatic lobe;
segment 8
Hilum

9

F

66

Yes

Splenomegaly

No

10
11

F
F

52
76

Yes
Yes

No
No

12

F

49

Yes

Steatosis hepatis
Cholecystolithiasis;
Hepatic cysts
Steatosis hepatis

13

F

55

Yes

No

14
15
16
17

M
F
M
F

72
21
69
62

Yes
Yes
Yes
Yes

18

F

46

Yes

Steatosis hepatis;
Hepatic cysts
High-flow angiomas
High-flow angiomas
Ectatic Aorta abd.; hepatic cysts;
Hepatomegaly;
Steatosis hepatis
Thrombosis of V. porta (cavernous transformation);
hepatic cysts;
bilioma
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No
No

No

Hilum
Hilum;
left hepatic lobe
Left hepatic lobe;
segment 8
Segment 8
Hilum
Hilum;
segment 8
Segment 8

No
No
No
No

Hilum
Hilum
Segment 8
Hilum;
segment 8

No

Left hepatic lobe;
segment 8
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Table 2 Findings on B-Mode, color coded Doppler sonography and Power Doppler
Case No.

Shunt type
(a-v/A-p/V-p)

Portal hypertension
(yes/no)

Tortuousity extrahepatic A. Hepatica
(yes/no)

Vmax portal
vein
(cm/s)

Ri hepatic
artery

Vmax hepatic
artery
(cm/s)

Intrahepatic arterial
hyper-vascularization
(yes/no)

Diameter
common hepatic
artery (mm)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

a-v + a-p
a-v + a-p + v-p
a-v + a-p
a-v + a-p
a-v
a-v + a-p
a-v + a-p
a-v + a-p + v-p
a-v + a-p
a-v
a-v
a-v
a-v + a-p
a-v
a-v
a-v
a-v + a-p
a-v + a-p

No
Yes
No
Yes
No
No
No
Yes
No
No
No
No
No
No
No
No
Yes
Yes

No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

45.0
32.3
20.0
20.0
44.0
36.0
40.0
18.0
22.8
27.0
20.0
26.6
26.9
25.4
27.6
25.2
30.0
29.6

0.66
0.60
0.56
0.55
0.59
0.56
0.52
0.51
0.55
0.62
0.56
0.64
0.62
0.65
0.64
0.60
0.50
0.35

105.5
111.7
148.1
96.0
81.0
145.5
60.2
109.2
86.7
92.5
87.9
245.7
218.3
40.5
46.0
86.7
123.8
112.1

Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
No
No
Yes
Yes

7.4
19.5
15.5
9.5
9.7
13.8
14.2
13.7
13.2
13.3
8.7
8.2
9.9
7.8
12.2
10.0
7.8
12.0

RI: Resistive index; Vmax: Peak flow velocity.

referring to these features, and especially in diagnosis
of challenging lesions suitable for HHT, like high-flow
angiomas (Figure 2).
In the two patients in which angiography of the
liver vessels was performed, transarterial embolization
of HVaMs was carried out repeatedly (3-4x) with
successful results, monitorized by CEUS three months
after each investigation.

Table 3 Considered sonographic criteria in 18 patients with
hereditary hemorrhagic telangiectasia
Case No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Caselitz criteria (2003)

Buscarini
grading
(2008)

“Color spots”
Buonamico
(2008)
(Yes/No)

2 Major + 2 Minor
2 Major + 3 Minor
1 Major + 2 Minor
2 Major + 2 Minor
1 Major + 2 Minor
2 Major + 3 Minor
2 Major + 3 Minor
2 Major + 2 Minor
2 Major + 1 Minor
1 Major + 2 Minor
1 Major + 1 Minor
2 Major + 3 Minor
1 Major + 3 Minor
1 Major + 1 Minor
1 Major + 2 Minor
1 Major + 0 Minor
2 Major + 4 Minor
2 Major + 4 Minor

3
4
1
3
1
4
3
4
3
2
2
2
3
1
1
3
3
3

Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
No
Yes
Yes

DISCUSSION
HHT is a rare autosomal dominantly inherited affection
characterized by systemic vascular dilatation resulting
in arteriovenous fusion in the form of telangiectases or
larger vascular malformations, implicating the risk of
[21]
bleeding events .
HVaMs can be demonstrated in most HHT patients,
[4,22]
but merely few cases (8%) are symptomatic
. In
symptomatic patients, diagnosis of HVaMs is usually
made by vUS including CCDS and PD but also by MRI
and CT. Due to currently efforts to identify certain risk
factors for progression to the symptomatic stage and
thus to sub- classify a high risk group of asymptomatic
patients on the one side and the experienced benefits
of angiogenesis inhibitors like bevacizumab for treat
ment of HVaMs on the other side, cost-effective scree
ning of HHT patients for hepatic involvement become
[23]
more and more attractive .
[16]
Until now, only one case report by Neye et al
handled with CEUS in HHT patients. However, in this
paper only macrocirculation patterns were considered
and described very rudimentary, without making refer
ence to TIC analysis or reference imaging methods.
In our work we analyzed for the first time HVaMs
in a group of patients (n = 18) applying CEUS and

Reference imaging characteristics

Besides vUS/CEUS examination, in six of eighteen
patients contrast enhanced MRI of the liver, in four
cases contrast enhanced CT of the abdomen and in
two patients angiography of the liver vessels was
performed. In all cases, vUS/CEUS covered every
detailed finding on abovementioned sophisticated
imaging modalities, from precise localization of HHT
lesions to accurately morphology characteristics of
hepatic vessels right up to information about homo
geneity of the liver parenchyma (Figure 1). Actually,
vUS/CEUS investigations proved much more exact
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A

B

Figure 3 Arteriovenous hepatic malformation (shunt) in a 49-year-old woman. Color coded Doppler sonography and Power Doppler images. A: Intrahepatic
arterial hypervascularization with tortuous hepatic artery and aliasing in segment Ⅳ (central) and Ⅷ of the liver as well as obvious presence of left accessory artery.
Enhanced mean diameter of the hepatic artery (8.2 mm) intra- and extrahepatic and increased peak systolic velocity (245.7 cm/s) and end-diastolic velocity (85.9
cm/s); B: Image of the portal vein of the same patient, showing increased peak flow velocity (27.9 cm/s) but without elevation of the mean diameter and without signs
of portal hypertension. Caselitz-Kriteria: 2 Major + 3 Minor; Buscarini grade 2; no color spots in peripheral regions.

A

B

Figure 4 Arteriovenous hepatic malformation (shunt) in a 36-year-old woman. Contrast-enhanced ultrasound image and time intensity curve (TIC) analysis.
A: Intrahepatic tortuos hepatic artery in segment Ⅳ (central) and Ⅷ of the liver being evident by early hyperenhancement during the arterial phase after injection of
2.0 mL contrast agent. Enhanced mean diameter of the extrahepatic hepatic artery (9.7 mm) without dilation intrahepatic (4.2 mm) and of the portal vein (7.5 mm);
B: For TIC analysis eight regions of interest (ROIs) with a diameter of 5 mm were placed in the perfused hepatic artery (yellow, turquoise), portal vein (red, green),
shunt region (orange, purple) and hepatic parenchyma (white, blue), two ROIs per region. TIC analysis showed significant lowest time to peak (TTP) and highest area
under the curve (AUC) in the hepatic artery and highest TTP and lowest AUC in the portal vein and hepatic parenchyma. Appropriate to the idea that the shunt region
represents mixed arteriovenous perfusion, TTP and AUC values were between those of hepatic artery and portal vein. (Caselitz-Kriteria: 1 Major + 2 Minor; Buscarini
grade 1; no color spots in peripheral regions).
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A

B

Figure 5 Arteriovenous and arterioportal hepatic malformation (shunt) in a 62-year-old woman. Color coded Doppler sonography and Power Doppler images.
A: Intrahepatic arterial hypervascularization with tortuos hepatic artery and aliasing in segment Ⅳ (central), Ⅴ and Ⅷ of the liver as well as obvious presence of “color
spots”. Enhanced mean diameter of the hepatic artery (7.8 mm) intrahepatic and increased peak systolic velocity (123.8 cm/s) and end-diastolic velocity (61.4 cm/s)
as well as decreased RI (0.5); B: Image of the portal vein of the same patient, illustrating arterioportal shunt formation and signs of portal hypertension but without
elevation of the mean diameter. Caselitz-Kriteria: 2 Major + 4 Minor; Buscarini grade 3; presence of “color spots” in peripheral regions.
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Figure 6 Quantitative (time intensity curve-) perfusion analysis within hepatic artery, portal vein, shunt region and hepatic parenchyma (two regions
of interest per region) in 18 patients with diagnosed hereditary hemorrhagic telangiectasia. Percentage in relation to AUC of the hepatic artery (100%),
respectively to time to peak (TTP) of the portal vein (100%). A: Obvious significant differences (P < 0.0001) in AUC values was found between the four areas, to the
effect that highest values were determined in hepatic artery (100%), next up in the shunt region (83.9% ± 13.2%), subsequent in portal vein (54.2% ± 12.6%) and the
lowest values were identified in the liver parenchyma (35.2% ± 13.8%); B: Concerning TTP (P < 0.02), the fastest maximal enhancement could be detected in the
hepatic artery (69.8% ± 33.2%), following the shunt region (87.6% ± 29.3%), the hepatic parenchyma (102.5% ± 22.7%) and finally the portal vein (100%).

adding quantitative perfusion analysis. HVaMs could
be identified in all patients (100%), thus in higher
[4]
percentage than in literature (78%) and considerably
higher compared to studies dealing with only baseline
[24]
US (53% ). Coexisting disorders were rare, hepatic
cysts and steatosis hepatis being the most frequent
ones (n = 4). Two patients (12.5%) presented highflow angiomas, similar to the percentage described
[17]
by other authors (12% ). Focal nodular hyperplasia,
described as a lesion with an enhanced prevalence
in patients with HHT (2.9%) compared to general
[24]
population (0.3%)
could be detected only in one
case in our examination setting, however with the
meaning of higher percentage (6.25%). There was
no evidence for malignant lesions. The shunts were
situated particularly in the central area (hilum),
segment 8 and the left lobe of the liver. Until now,
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no data regarding this aspect could be found in the
literature.
Using B-Mode, CCDS and PD criteria for hepatic
involvement of HHT were figured out. All patients
showed dilated hepatic artery with mean diameter of
11.5 mm. In only 55.6% of our patients the two major
Caselitz criteria were positive, while 16.7% of the cases
did not reach diagnostic criteria for HVaMs. Buonamico
reported higher sensitivity for “color spots” compared
to Caselitz criteria, but 27.8% of our patients showed
no spots at all. Respecting sonographic grading criteria
by Buscarini E. grade 3 could be demonstrated most
frequent (about 40%).
Contrary to former assumption that only few cases
present arterioportal HVaMs, we find arterioportal
HVaMs in more than the half of the patients (61.1%),
however always in combination with arteriovenous
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for hepatic involvement becomes more and more attractive. In our work we
analyzed for the first time HVaMs in a group of patients (n = 18) applying
contrast-enhanced ultrasound (CEUS) and adding quantitative time intensity
curve analysis (TIC analysis).

malformations. In 16.7% even portovenous malfor
mations were associated as third component.
HVaMs could be demonstrated by CEUS in all
patients. On CEUS macrocirculation analysis, all 18
patients showed quick and early hyperenhancement
during the arterial phase and 16 isoenhancement
during the portal and late phases. This finding
corresponds to our microcirculation TIC analysis,
showing significant lowest TTP and highest AUC in the
hepatic artery and highest TTP and lowest AUC in the
hepatic parenchyma and the portal vein. Appropriate
to the idea that the shunt region represents mixed
arterial-venous perfusion, TTP and AUC values were
between those of hepatic artery and portal vein.
In all cases in which MRI, CT or angiography was
performed, vUS/CEUS covered not only all subtle
patterns described on mentioned methods but also
proved much more accurate referring to quantitative
perfusion analysis and in diagnosis of challenging lesions
like high-flow angiomas or focal nodular hyperplasia. A
similar benefit for vUS/CEUS investigations compared
to MRI and CT was shown by our group regarding
[25]
prediction of malignancy of hepatic tumors .

Research frontiers

The advent of CEUS has greatly ameliorated the aptitude to illustrate macroand microcirculation in focal hepatic lesions, yet, so far only one case report
delineated the use of CEUS in HHT associated HVaMs. To better understand
US characteristics of HHT hepatic involvement the authors analyzed for the
first time HVaMs in a group of patients (n = 18) using CEUS and supplemented
qualitative data with quantitative perfusion TIC analysis.

Innovations and breakthroughs

The knowledge about US characteristics of HVaMs increased in the last years,
especially by using color coded Doppler sonography (CCDS) and Power
Doppler (PD) but there are still no data about quantitative proliferation patterns.
For the first time we analyzed CEUS findings of a group of 18 HHT patients
regrading macro- and microcirculation. These data demonstrate significant
differences in time to peak (TTP) and AUC values in the four selected regions:
hepatic artery, shunt region, portal vein and hepatic parenchyma.

Applications

These new facts could be used to sub-classify a high risk group of asympto
matic patients with therapeutic indication. Besides, based on new emerging
therapeutic agents like angiogenesis inhibitor bevacizumab, treatment of
HVaMs and their complications will become more attractive in future. US/CEUS
analysis can therefore fill the gap of required accurate cost-effective screening
methods in HHT patients with hepatic involvement.

Limitations of the study

HVaM changes of the liver concern only a small
group of patients in the daily clinical practice. For US
examinations high resolution technique is necessary,
for CEUS special techniques with perfusion imaging of
TIC analysis which are not available in all US systems.
Histological proven references were not available
because of the risk of bleeding.
The knowledge about US characteristics of HVaMs
increased in the last years, especially by using CCDSand PD-US but there are still no data about quantitative
proliferation patterns. For the first time we analyzed
CEUS findings of a group of 18 HHT patients regrading
macro- and microcirculation. Our data demonstrate
significant differences in TTP and AUC values in the
four selected regions: hepatic artery, shunt region,
portal vein and hepatic parenchyma. These new facts
could be used to sub-classify a high risk group of
asymptomatic patients with therapeutic indication.
Besides, based on new emerging therapeutic agents
like angiogenesis inhibitor bevacizumab, treatment
of HVaMs and their complications will become more
attractive in future. vUS/CEUS analysis can therefore
fill the gap of required accurate cost-effective screening
methods in HHT patients with hepatic involvement.

Terminology

CEUS: A sonographic procedure used to image blood perfusion in organs after
intravenous injection of a microbubble contrast agent. TIC analysis: a tool which
allows quantitative analysing of the CEUS perfusion images by placing regions
of interest in the perfused regions of interest.

Peer-review

For the first time we analyzed CEUS findings of a group of 18 HHT patients
regarding macro- and microcirculation. Our data demonstrate significant
differences in TTP and AUC values in the four selected regions: hepatic artery,
shunt region, portal vein and hepatic parenchyma.
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Abstract

Informed consent statement: This was a retrospective study
using routinely collected data, and the results had no impact on
the participants. Patients were not required to give informed
consent for the study because the analysis used anonymous
clinical data that were obtained after each patient agreed to
treatment by written consent. The information regarding this
study has been posted on the website of Aso Iizuka Hospital at
(http://aih-net.com/shared/oshirase/rinri_201604-008.html).

AIM
To determine the prognostic factors associated with
mortality in patients with gastric fundal variceal (GFV)
bleeding.
METHODS
In total, 42 patients were endoscopically diagnosed
with GFV bleeding from January 2000 to March 2014.
We retrospectively reviewed the patients’ medical
records and assessed their history, etiology of liver
cirrhosis, disease conditions, treatment options for GFV
bleeding, medications administered before and after
onset of GFV bleeding, blood test results (hemoglobin,
albumin, and bilirubin concentrations), and imaging
results (including computed tomography and abdominal
ultrasonography). We also assessed the prognostic
factors associated with short-term mortality (up to 90 d)
and long-term mortality in all patients.

Conflict-of-interest statement: The authors declare no conflict
of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
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RESULTS
Multivariate analysis showed that prophylactic admi
nistration of antibiotics was an independent progn
ostic factor associated with decreases in short-term
mortality (OR = 0.08, 95%CI: 0.01-0.52) and longterm mortality (OR = 0.27, 95%CI: 0.08-0.91) in
patients with GFV bleeding. In contrast, concurrent
hepatocellular carcinoma (HCC) and regular use
of proton pump inhibitors (PPI) were independent
prognostic factors associated with increases in shortterm mortality (HCC: OR = 15.4, 95%CI: 2.08-114.75;
PPI: OR = 12.76, 95%CI: 2.13-76.52) and long-term
mortality (HCC: OR = 7.89, 95%CI: 1.98-31.58; PPI:
OR = 10.91, 95%CI: 2.86-41.65) in patients with
GFV bleeding. The long-term overall survival rate was
significantly lower in patients who regularly used PPI
than in those who did not use PPI (P = 0.0074).

phageal variceal bleeding, gastric variceal bleeding
is much more life-threatening. In particular, gastric
fundal variceal (GFV) bleeding is a serious condition
[1,4]
associated with high mortality . Thus, it is important
to determine the prognostic factors associated with
mortality in patients with GFV bleeding and the
risk factors for GFV bleeding, which have not been
[1,2,4]
previously evaluated
. In contrast, risk factors for
esophageal variceal bleeding have been investigated
in several prospective trials; an increased risk of
esophageal variceal bleeding is associated with a high
Child-Pugh classification, increased variceal size, and
the presence of red wale markings, while the risk of
esophageal variceal bleeding is decreased in patients
[5,6]
taking beta blockers .
Approximately 20% of patients with cirrhosis who
develop acute variceal bleeding are affected by subsequent bacterial infections within 48 h after the onset
[7]
of bleeding . The guidelines of major gastrointestinal
societies recommend the administration of short-term
prophylactic antibiotics as standard treatment for all
patients with cirrhosis who develop variceal bleeding,
irrespective of the presence or absence of actual
[8]
infection . However, whether this treatment strategy
should be applied to all patients with variceal bleeding
remains unclear. In particular, whether prophylactic
administration of antibiotics to patients with GFV
bleeding is associated with a decreased risk of rebleed[7,9]
ing and/or decreased mortality is controversial .
We performed this retrospective study to identify
the prognostic factors associated with mortality in
patients with GFV bleeding and determine whether
prophylactic administration of antibiotics positively
affects patients with GFV bleeding.

CONCLUSION
Administration of antibiotics is associated with decreased
short- and long-term mortality, while concurrent HCC
and regular PPI administration are associated with
increased short- and long-term mortality.
Key words: Antibiotics; Gastric varices; Gastric fundus;
Proton pump inhibitors; Hemorrhage
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bleeding from gastric fundal varices is asso
ciated with high mortality. This study aimed to clarify
the prognostic factors associated with short- and longterm mortality of patients with gastric fundal variceal
(GFV) bleeding and, in particular, to determine the effect
of prophylactic antibiotic administration on the outcome
in patients with GFV bleeding. Antibiotic administration
was associated with decreases in short- and long-term
mortality in patients with GFV bleeding; concurrent
hepatocellular carcinoma and use of a proton pump
inhibitor were independent factors associated with an
increase in short- and long-term mortality.

MATERIALS AND METHODS
Patient characteristics

This retrospective study included 42 patients (29
males, 13 females; mean age, 64.9 years; range,
48-82 years) endoscopically diagnosed with GFV bleeding from January 2000 to March 2014. The patients
had either type 2 gastroesophageal varices or type
1 isolated gastric varices based on the classification
[1]
developed by Sarin et al . We retrospectively reviewed
the patients’ medical records and assessed their
history, etiology of liver cirrhosis, disease conditions,
treatment options for GFV bleeding, medications
administered before and after onset of GFV bleeding,
blood test results (hemoglobin, albumin, and bilirubin
concentrations), and imaging results (including computed tomography and abdominal ultrasonography).
Whether prophylactic antibiotics should be administered to patients with GFV bleeding is still controversial;
therefore, the decision regarding whether to administer
prophylactic antibiotics was made by the attending
doctors in our hospital. In total, 23 of 42 patients were
administered intravenous prophylactic antibiotics within

Komori K, Kubokawa M, Ihara E, Akahoshi K, Nakamura K,
Motomura K, Masumoto A. Prognostic factors associated with
mortality in patients with gastric fundal variceal bleeding. World
J Gastroenterol 2017; 23(3): 496-504 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i3/496.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i3.496

INTRODUCTION
Gastric varices occur in 20% to 60% of patients with
[1,2]
portal hypertension , and the incidence of acute
bleeding in patients with gastric varices reportedly
[2,3]
ranges from 3% to 36% . Although the incidence
of gastric variceal bleeding is lower than that of eso
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Ethical considerations

Table 1 Baseline demographics and characteristics of patients
with gastric fundal variceal bleeding

This study was reviewed and approved by the ethics
committee of our hospital. It was conducted in accordance with the ethical principles of the Declaration of
Helsinki and in compliance with good clinical practice.

n (%)

Parameters
Sex ratio (F/M)
Mean age (yr)
Mean follow-up period (d)
History
Smoking (presence/absence)
Alcohol (presence/absence)
Disease conditions
Child-Pugh classification (A/B/C)
Hepatocellular carcinoma (presence/absence)
Hepatic encephalopathy (presence/absence)
Form of gastric fundal varices (F1-F2/F3)
Concurrent esophageal varices (presence/absence)
Previous treatment of gastric varices (presence/absence)
Etiology of liver cirrhosis
Hepatitis B
Hepatitis C
Alcoholic
Others
Treatment of gastric fundal varices
Success of initial treatment (total success/total failure)
Endoscopic treatment (EIS) (success/failure)
Nonendoscopic treatment (success/failure)
Not applicable
Antibiotics (presence/absence)
Blood transfusion (presence/absence)
Rebleeding after initial treatment (presence/absence)
Medications administered before admission
NSAIDs (presence/absence)
Anticoagulants (presence/absence)
Proton pump inhibitors (presence/absence)
Blood test results
Hemoglobin (g/dL)
Albumin (g/dL)
Bilirubin (mg/dL)

13/29
64.9 ± 11.6
631 ± 109.6

RESULTS

21/21 (50)
20/22 (47.6)

Demographic and clinical characteristics of patients

The baseline demographic and clinical characteristics
of patients with GFV bleeding included in the present
study are summarized in Table 1. All patients deve
loped GFV bleeding as a complication of liver cirrhosis,
the etiology of which was hepatitis B (n = 5), hepatitis
C (n = 18), alcoholic liver cirrhosis (n = 12), and other
etiologies including nonalcoholic steatohepatitis and
primary biliary cirrhosis (n = 7). The preserved liver
function was assessed according to the Child-Pugh
[10]
classification ; 4 patients were classified as grade A,
20 as grade B, and 18 as grade C. Fourteen patients
had concurrent hepatocellular carcinoma (HCC). With
respect to the initial hemostatic procedure for GFV
bleeding, endoscopic injection sclerotherapy with
cyanoacrylate glue was performed in 31 patients, and
nonendoscopic treatments including balloon-occluded
retrograde transvenous obliteration and simple intubation with a Sengstaken-Blakemore tube were performed in 9 patients (of whom success was achieved in
8). No hemostatic procedures could be applied to two
patients because of their very poor general condition.
Thirty-eight patients underwent blood transfusion.
Rebleeding occurred in 10 patients, all of whom
underwent a second hemostatic procedure (endoscopic
injection sclerotherapy in 8 patients, balloon-occluded
retrograde transvenous obliteration in 1, and surgical
treatment in 1). The mean hemoglobin, albumin, and
bilirubin concentrations were 8.70 ± 1.80, 2.54 ± 0.44,
and 1.98 ± 1.40 mg/dL, respectively. Oral medications
administered before admission included proton pump
inhibitors (PPI) (n = 14 patients), nonsteroidal antiinflammatory drugs (n = 5 patients), and anticoagulants (n = 1 patient). As for PPI, either lansoprazole
(15 mg or 30 mg o.m.) or omeprazole (10 mg o.m.)
was administered continuously for at least 1 mo by the
primary doctors. In contrast, intravenous antibiotics
including ciprofloxacin (n = 8), cefazolin sodium (n =
5), cefmetazole sodium (n = 5), ceftriaxone sodium (n
= 4), and sulbactam/ampicillin (n = 1) were administered to 23 patients for 3 to 4 d within 48 h after the
onset of GFV bleeding to prevent infection after the
hemostatic procedure according to the attending doctors in our hospital.

4/20/18
14/28 (33.3)
6/36 (14.3)
4/38
30/12 (71.4)
1/41 (2.4)
5 (11.9)
18 (42.9)
12 (28.6)
7 (16.6)
39/3 (92.9)
30/1 (96.7)
8/1 (11.1)
1/1 (50)
23/19 (54.8)
38/4 (90.5)
10/32 (23.8)
5/37 (11.9)
1/41 (2.4)
14/28 (33.3)
8.7 ± 1.8
2.54 ± 0.44
1.98 ± 1.44

Results are presented as mean ± SEM, if applicable. EIS: Endoscopic
injection sclerotherapy; NSAIDs: Non-steroidal anti-inflammatory drugs.

48 h after the onset of GFV bleeding. We determined
the prognostic factors associated with short- and longterm mortality in all patients with GFV bleeding. Shortterm mortality was calculated as the death rate up to
90 d after the onset of GFV bleeding, while long-term
mortality was calculated as the overall death rate.
Rebleeding was defined as recurrence of GFV bleeding
within 90 d after the initial treatment.

Statistical analysis

The Kaplan-Meier method, log-rank test, and Breslow
test were used for survival analyses. Cox regression
analysis was used to analyze prognostic factors for
mortality. Parameters with P values of < 0.10 in the
univariate analysis were included in the multivariate
analyses. Student’s t-test was used to compare
variables between two groups, and Fisher’s exact test
was used to compare two categorical variables. All
statistical analyses were performed using SPSS version
12.0 (SPSS Inc., Chicago, IL). A P value of < 0.05 was
considered statistically significant.
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Prognostic factors associated with short-term mortality
in patients with GFV bleeding

We performed a univariate analysis to determine
which prognostic factors were associated with short-
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Table 2 Factors associated with 90-d mortality related to gastric fundal variceal bleeding
Parameters

Univariate analysis

Sex (F/M)
Age (yr)
History
Smoking
Alcohol
Disease conditions
Child-Pugh classification (C/B/A)
Hepatocellular carcinoma
Hepatic encephalopathy
Form of GFV (F2 or F3/F1)
Concurrent esophageal varices
Etiology of liver cirrhosis (non-viral/viral)
Treatment of GFV
Success of initial treatment
Initial treatment (non-EIS/EIS/none)
Antibiotics
Blood transfusion
Rebleeding after initial treatment
Medications before admission
NSAIDs
Proton pump inhibitors
Blood test results
Hemoglobin (g/dL)
Albumin (g/dL)
Bilirubin (mg/dL)

Multivariate analysis

P value

R

HR (95%CI)

0.2393
0.0291

0.7354
0.3215

0
0

1.27 (0.32-5.09)
1.03 (0.97-1.09)

0.5698
0.1163

0.4208
0.8624

0
0

1.77 (0.44-7.08)
0.89 (0.24-3.32)

0.7513
1.6422
0.8163
−0.263
−0.233
−1.215

0.1991
0.02091
0.3115
0.8046
0.7422
0.1302

0
0.23
0
0
0
−0.07

2.12 (0.67-6.67)
5.17 (1.28-20.8)
2.26 (0.47-10.99)
0.77 (0.10-6.16)
0.79 (0.20-3.17)
0.30 (0.06-1.43)

−2.176
0.0253
−1.637
3.1861
1.5956

0.00811
0.9726
0.04131
0.4892
0.01771

−0.28
0
−0.18
0
0.24

0.11 (0.02-0.57)
1.03 (0.24-4.36)
0.19 (0.04-0.94)
1.96 (0.32-14.68)
4.94 (1.32-18.42)

0.5802
1.5316

0.4697
0.03061

0
0.2

1.79 (0.37-8.61)
4.63 (1.15-18.53)

−0.012
−1.429
0.1916

0.9458
0.0951
0.3572

0
−0.11
0

0.99 (0.70-1.39)
0.24 (0.04-1.28)
1.21 (0.81-1.82)

β

P value

R

2.3041

0.00921

0.28

−2.5412

0.00861

−0.28

2.5465

0.00531

0.29

β

HR (95%CI)

10.01 (1.77-56.74)

0.08 (0.01-0.52)

12.76 (2.13-76.52)

1

P < 0.05. Hazard risk ratios were calculated using a Cox proportional hazard model. HR: Hazard risk ratio; GFV: Gastric fundal varices; EIS: Endoscopic
injection sclerotherapy; NSAIDs: Nonsteroidal anti-inflammatory drugs.

term mortality in patients with GFV bleeding. The
success of the initial treatment and administration of
antibiotics were associated with decreased short-term
mortality, while concurrent HCC, regular use of PPI,
and rebleeding were associated with increased shortterm mortality (Table 2). In the multivariable analysis,
prophylactic administration of antibiotics was an independent prognostic factor for decreased short-term
mortality, while concurrent HCC and regular use of
PPI were independent prognostic factors for increased
short-term mortality (Table 2).

the presence of concurrent HCC and regular use of
PPI were independent prognostic factors for increased
long-term mortality (Table 3). Multivariate analysis
did not identify either the bilirubin concentration or
nonsteroidal anti-inflammatory drug use as a prognostic factor for mortality. Interestingly, regular use of
PPI was an independent prognostic factor associated
with increases in both short- and long-term mortality,
whereas prophylactic administration of antibiotics
was an independent prognostic factor associated with
decreases in both short- and long-term mortality.

Prognostic factors associated with long-term mortality
in patients with GFV bleeding

Effects of prophylactic administration of antibiotics on
mortality in patients with GFV bleeding

We performed a subanalysis to assess whether prophylactic administration of antibiotics was associated
with decreased mortality in patients with GFV bleeding. The 42 patients were divided into 2 groups: the
antibiotic group (n = 23) and the nonantibiotic group
(n = 19). There were no significant differences in the
baseline demographics or characteristics of the antibiotic and nonantibiotic groups (Table 4). The survival
curves of both groups are shown in Figure 1; there
was no statistically significant difference between the
two groups (P = 0.071).

Similarly to the results for short-term mortality,
univariate analysis revealed that the success of the
initial treatment was associated with decreased longterm mortality, while concurrent HCC, the Child-Pugh
classification (C vs B vs A), regular use of PPI, and
rebleeding were associated with increased long-term
mortality (Table 3). An elevated bilirubin concentration
and nonsteroidal anti-inflammatory drug use tended
to be associated with increased long-term mortality;
however, these associations were not statistically
significant (Table 3). Univariate analysis revealed a
tendency for prophylactic administration of antibiotics
to be associated with decreased long-term mortality.
Multivariable analysis indicated that prophylactic
administration of antibiotics was an independent prognostic factor for decreased long-term mortality, while
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Effects of regular PPI use on mortality in patients with
GFV bleeding

We performed a subanalysis to assess whether regular
PPI use was associated with increased mortality in
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Table 3 Factors associated with overall survival related to gastric fundal variceal bleeding
Parameters

Univariate analysis

Sex (F/M)
Age (yr)
History
Smoking
Alcohol
Disease conditions
Child-Pugh classification (C/B/A)
Hepatocellular carcinoma
Hepatic encephalopathy
Form of GFV (F2 or F3/F1)
Concurrent esophageal varices
Etiology of liver cirrhosis (non-viral/viral)
Treatment of GFV
Success of initial treatment
Initial treatment (non-EIS/EIS/none)
Antibiotics
Blood transfusion
Rebleeding after initial treatment
Medications administered before admission
NSAIDs
Proton pump inhibitors
Blood test results
Hemoglobin (g/dL)
Albumin (g/dL)
Bilirubin (mg/dL)

Multivariate analysis

P value

R

HR (95%CI)

0.1107
0.0152

0.8404
0.5056

0
0

1.12 (0.38-3.28)
0.98 (0.94-1.03)

0.5678
0.3031

0.3014
0.5591

0
0

1.76 (0.60-5.18)
1.35 (0.49-3.74)

0.9924
1.8351
0.5089
0.3475
−0.098
−0.086

0.03661
0.00131
0.4391
0.7379
0.8596
0.8688

0.15
0.29
0
0
0
0

2.70 (1.06-6.84)
6.27 (2.05-19.17)
1.66 (0.46-6.04)
1.42 (0.18-10.85)
0.91 (0.31-2.67)
0.92 (0.33-2.54)

−2.176
0.0496
−0.81
0.5432
1.3669

0.00811
0.9356
0.0512
0.6012
0.00871

−0.22
0
−0.07
0
0.22

1.0131
1.4012

0.0877
0.00841

−0.062
−1.081
0.3065

0.6398
0.0915
0.0514

β

β

P value

R

HR (95%CI)

7.89 (1.98-31.58)

2.0666

0.00351

0.26

0.11 (0.02-0.57)
1.05 (0.32-3.50)
0.44 (0.16-1.25)
1.72 (0.22-13.18)
3.92 (1.41-10.89)

−1.3103

0.03411

−0.16

0.1
0.22

2.75 (0.86-8.81)
4.06 (1.43-11.52)

1.2391
2.3901

0.1184
0.00051

0.07
0.32

3.45 (0.73-16.35)
10.91 (2.86-41.65)

0
−0.09
0.13

0.94 (0.72-1.22)
0.34 (0.10-1.19)
1.36 (0.99-1.85)

0.4224

0.0535

0.13

1.53 (0.99-2.34)

0.27 (0.08-0.91)

1

P < 0.05. Hazard risk ratios calculated using a Cox proportional hazard model. GFV: Gastric fundal varices; EIS: Endoscopic injection sclerotherapy;
NSAIDs: Nonsteroidal anti-inflammatory drugs.

1.0
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0.4

0.2

0.0
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0.6
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0.4
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0
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0.8
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0.8

0.0
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P = 0.0074
0

500

1000 1500 2000 2500
Survival duration (d)

3000

28       23       22       21       21        21      21 Number at risk
14         5         5         5         5          5        5 Number at risk

Antibiotic
23       17       17       17       17        17      17 Number at risk
Nonantibiotic 19       11       10       10         9          9        9 Number at risk

Non-PPI
PPI

Figure 1 Overall survival of patients with gastric fundal variceal bleeding
who received prophylactic antibiotics within 48 h after admission
(antibiotic group, n = 23) vs those who did not (nonantibiotic group, n =
19). The overall survival in the two groups was not significantly different (log-rank
test, P = 0.071).

Figure 2 Overall survival of patients with gastric fundal variceal bleeding
who used proton pump inhibitors before admission (proton pump
inhibitor group, n = 14) vs those who did not (non-proton pump inhibitor
group, n = 28). The overall survival rate was significantly higher in the non-PPI
than PPI group (Breslow test, P = 0.0074). PPI: Proton pump inhibitor.

patients with GFV bleeding. The 42 patients were
divided into 2 groups: the non-PPI group (n = 28) and
the PPI group (n = 14). The serum albumin concentration in the non-PPI group was significantly higher than
that in the PPI group (Table 5). The survival curves of
both groups are shown in Figure 2; the overall survival
rate in the non-PPI group was significantly higher than

that in the PPI group (P = 0.0074).
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DISCUSSION
Gastric varices are classified based on their location
within the stomach and their relationship with esophageal varices. The most common type of gastric varices
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Table 4 Baseline characteristics of patients with gastric fundal variceal bleeding in the antibiotic vs nonantibiotic group
Parameters

Antibiotic group

Non-antibiotic group

(n = 23)

(n = 19)

5/18
64.4 ± 13.07

8/11
65.47 ± 9.83

Sex ratio (F/M)
Mean age (yr)
History
Smoking (presence/absence)
Alcohol (presence/absence)
Disease conditions
Child-Pugh classification (A/B/C)
Hepatocellular carcinoma (presence/absence)
Hepatic encephalopathy (presence/absence)
Form of gastric fundal varices ( F2-F3/F1)
Concurrent esophageal varices (presence/absence)
Previous treatment of GV (presence/absence)
Etiology of liver cirrhosis
Non-viral/viral
Treatment of gastric fundal varices
Success of initial treatment (success/failure)
Antibiotics (presence/absence)
Blood transfusion (presence/absence)
Medications before admission
NSAIDs (presence/absence)
Anticoagulant (presence/absence)
Proton pump inhibitors (presence/absence)
Blood test results
Hemoglobin (g/dL)
Albumin (g/dL)
Bilirubin (mg/dL)

P value
0.1925
0.7673

12/11
12/11

9/10
8/11

1
0.5512

2/13/8
7/16
1/22
21/2
17/6
0/23

2/7/10
7/12
5/14
17/2
13/6
1/18

NA
0.7483
0.0754
1
0.7422
0.4524

10/9

0.5347

17/2
0/19
16/3

0.5813
< 0.0001a
0.3129

3/16
1/18
6/13

0.6440
0.4524
1

8.30 ± 1.63
2.50 ± 0.39
2.09 ± 1.49

0.2472
0.6125
0.6616

9/14
22/1
23/0
22/1
2/21
0/23
8/15
8.97 ± 1.99
2.56 ± 0.47
1.89 ± 1.41

Antibiotic group: patients with gastric fundal variceal (GFV) bleeding who were administered prophylactic antibiotics; Nonantibiotic group: patients with
GFV bleeding patients who did not receive antibiotics. aP < 0.05. NA: Not applicable; GV: Gastric varices; NSAIDs: Nonsteroidal anti-inflammatory drugs.

[4,20]

are lesser curve varices connecting to esophageal
varices, which originate from the deep submucosal
[1]
veins arising from the left gastric vein ; gastric varices
within the fundus are comparatively less common.
Fundus varices originate from dilations of the short
gastric and posterior gastric veins or direct anastomotic
veins between the gastric and retroperitoneal veins,
which are frequently associated with large gastrorenal
[4,11]
shunts
. Varices on the lesser curve can be treated
by conventional injection sclerotherapy with generally
[1,4]
satisfactory hemostatic results . In contrast, fundus
varices require more complex treatments such as
devascularization, shunting, splenectomy, transjugular
intrahepatic portosystemic shunting, balloon-occluded
retrograde transvenous obliteration, and endoscopic
[1,3,4,12-17]
cyanoacrylate injection
. Hence, GFV bleeding is
a more serious condition associated with higher mor[1,4,14,18,19]
tality than is lesser curve variceal bleeding
.
Determination of the prognostic factors associated with
mortality of patients with GFV bleeding is thus very
important and was the focus of the present study.
We found that prophylactic administration of
antibiotics was an independent prognostic factor
associated with a decrease in short- and long-term
mortality of patients with GFV bleeding. Furthermore,
the long-term overall survival rate tended to be
higher in the antibiotic group than in the nonantibiotic
group. Although several studies have determined
the prognostic factors for mortality in patients with
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GFV bleeding
, only a few studies have reported
antibiotic therapy as a favorable prognostic factor.
In some studies, bacterial infection in patients with
cirrhosis who developed bleeding was associated
[21]
with early mortality and failure to control bleeding ,
and antibiotic therapy prevented rebleeding of both
[22,23]
[22]
esophageal varices
and gastric varices . Goulis
[24]
et al
reported that bacterial infection has a close
relationship with gastrointestinal bleeding and hypothesized that bacterial infection/endotoxemia triggers
a cytokine cascade with release of vasoactive substances, thus increasing variceal pressure, impairing
primary hemostasis, and inducing variceal bleeding.
It has also been reported that bacterial infection is an
independent clinical factor associated with failure of
primary hemostasis of gastrointestinal bleeding and
[25,26]
with early rebleeding
. Hence, we conducted a
subanalysis to determine the risk factors associated
with GFV rebleeding. However, multivariate analysis
showed that prophylactic administration of antibiotics
was not associated with a risk of GFV rebleeding (data
not shown). Prophylactic administration of antibiotics
might play a role in improving the mortality of patients
with GFV bleeding, independent of GFV rebleeding;
further studies are necessary to clarify this.
We found that concurrent HCC and regular use of
PPI were independent prognostic factors associated
with an increase in short- and long-term mortality in
patients with GFV bleeding. It is reasonable to expect
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Table 5 Baseline demographics and characteristics of patients in the proton pump inhibitors vs non- proton pump inhibitors group
Parameters
Sex ratio (F/M)
Mean age (yr)
History
Smoking (presence/absence)
Alcohol (presence/absence)
Disease conditions
Child-Pugh classification (A/B/C)
Hepatocellular carcinoma (presence/absence)
Hepatic encephalopathy (presence/absence)
Form of gastric fundal varices (F2-F3/F1)
Concurrent esophageal varices (presence/absence)
Previous treatment of GV (presence/absence)
Etiology of liver cirrhosis
Non-viral/viral
Treatment of gastric fundal varices
Success of initial treatment (success/failure)
Antibiotics (presence/absence)
Blood transfusion (presence/absence)
Medications before admission
NSAIDs (presence/absence)
Anticoagulants (presence/absence)
Proton pump inhibitors (presence/absence)
Blood test results
Hemoglobin (g/dL)
Albumin (g/dL)
Bilirubin (mg/dL)

P value

PPI group

Non-PPI group

(n = 14)

(n = 28)

6/8
61.9 ± 13.36

7/21
66.4 ± 10.53

0.2980
0.2364

8/6
7/7

13/15
13/15

0.7442
1

0/6/8
6/8
2/12
2/12
7/7
0/14

4/14/10
8/20
4/24
2/26
23/5
1/27

0.2122
0.4899
1
0.5902
0.0666
1

4/10

15/13

0.1905

12/2
8/6
13/1

27/1
15/13
25/3

0.2537
1
1

4/24
1/13
14/0

1/13
0/28
0/28

0.6496
0.3333
< 0.0001a

8.65 ± 1.59
2.34 ± 0.39
2.00 ± 1.39

8.68 ± 1.99
2.64 ± 0.43
1.97 ± 1.48

0.4792
0.0314a
0.5238

PPI group: patients with gastric fundal variceal (GFV) bleeding who were administered proton pump inhibitors; Non-PPI group: patients with GFV
bleeding who did not receive proton pump inhibitors. aP < 0.05. NA: Not applicable; GV: Gastric varices; NSAIDs: Nonsteroidal anti-inflammatory drugs;
PPI: Proton pump inhibitors.

concurrent HCC to negatively affect mortality. In general, patients with HCC present with more severe liver
dysfunction and liver-related complications than those
without HCC, leading to increased mortality in patients
[27]
with concurrent HCC . In contrast, we did not expect
that regular use of PPI would be associated with
increased mortality. PPI treatment is beneficial and
recommended in patients with cirrhosis who undergo
endoscopic band ligation for esophageal variceal bleed[28]
ing . However, regular use of PPI is associated with
[29]
increased mortality in patients with cirrhosis . UK
guidelines do not recommend prophylactic administration of PPI to all patients with cirrhosis who have a risk
of variceal bleeding unless they have peptic ulcers, a
condition associated with an increased risk of variceal
[8]
bleeding . Therefore, whether prophylactic PPI should
be administered to patients with cirrhosis remains controversial. The present study provides more evidence
that regular use of PPI should not be recommended to
all patients with cirrhosis who are at risk of GFV bleeding; the PPI group had increased short- and long-term
mortality rates and a significantly lower overall survival
rate than did the non-PPI group. It is important to
consider how regular PPI use increases the mortality of
patients with GFV bleeding. One potential explanation
is that regular use of PPI might increase the risk of
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bacterial infection. In one study, regular use of PPI in
patients with cirrhotic ascites was associated with an
[30]
increased risk of spontaneous bacterial peritonitis ,
and in another study, PPI treatment tended to be
[29]
associated with the onset of bacterial infection .
Additionally, PPI themselves might have direct adverse
effects on patients with GFV bleeding. Further studies
are required to clarify the effect of PPI on patients with
GFV bleeding.
There are a few limitations to the present study.
First, this was a retrospective study carried out in a
single hospital. Second, because of the rarity of GFV
bleeding, the study had a relatively small sample size
despite a > 14-year study period. We cannot deny the
possibility that the study period affected the statistical
analysis.
In conclusion, this study is the first to reveal that
prophylactic administration of antibiotics to patients
with GFV bleeding is significantly associated with a
decrease in short-term mortality and that regular
use of PPI before and after the onset of GFV bleeding
is associated with an increase in both short- and
long-term mortality. Large-scale prospective studies
are required to determine whether the mortality of
patients with GFV bleeding is actually reduced by the
prophylactic administration of antibiotics and increased
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by regular PPI use.
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Abstract
AIM
To evaluate the prognostic value of the neutrophil-tolymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) in patients with colorectal cancer (CRC).

Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.

METHODS
Between April 1996 and December 2010, medical
records from a total of 1868 patients with CRC
were retrospectively reviewed. The values of simple
inflammatory markers including NLR and PLR in pre
dicting the long-term outcomes of these patients were
evaluated using Kaplan-Meier curves and Cox regression
models.
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and the use is non-commercial. See: http://creativecommons.
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RESULTS
The median follow-up duration was 46 mo (interquartile
range, 22-73). The estimation of NLR and PLR was
based on the time of diagnosis. In multivariate Cox
regression analysis, high NLR (≥ 3.0) and high PLR
(≥ 160) were independent risk factors predicting poor
long-term outcomes in patients with stage Ⅲ and
Ⅳ CRC. However, high NLR and high PLR were not
prognostic factors in patients with stage Ⅰ and Ⅱ CRC.
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CONCLUSION
In this study, we identified that high NLR (≥ 3.0) and
high PLR ( ≥ 160) are useful prognostic factors to
predict long-term outcomes in patients with stage Ⅲ
and Ⅳ CRC.

standardization limit their application in routine clinical
[9,10]
practice
.
Previous reports have shown that the inflammatory
response increases the risk of developing many types
[11,12]
of cancer
. Some transcription factors including
NF-kB and STAT3 (signal transducer and activator of
transcription 3) and several inflammatory cytokines
(such as IL-1β, IL-6, IL-23, and TNF-α) are involved in
cancer-related inflammation. Therefore, it has been
suggested that the inhibition of these transcription
factors and cytokines could decrease the incidence and
[11]
spread of cancer . In particular, non-steroidal antiinflammatory drugs reduce the risk of developing CRC
[13-15]
and the mortality of CRC
. At this time, it is widely
accepted that the inflammatory response has a crucial
role in the pathogenesis and progression of cancer.
Among the various inflammatory markers, neutrophilto-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) have been shown to influence clinical
[16-19]
outcomes in various cancers
. NLR and PLR can
be easily calculated as the neutrophil count or platelet
count divided by the lymphocyte count. Because
neutrophil count, platelet count, and lymphocyte
count are routinely evaluated, the assessment of NLR
and PLR could be routinely used without additional
cost in clinical practice. An elevated neutrophil count
promotes tumor growth and metastasis by remodeling
the extracellular matrix, releasing reactive oxygen
[20]
species, and suppressing lymphocyte activity . In
addition, the presence of tumor cells affects platelets
[21]
and causes cancer-induced thrombosis . As a result
of this activation, platelets release a number of growth
factors which support tumor growth, angiogenesis,
[22]
and metastasis . Recently, NLR and PLR have been
suggested as important inflammatory markers and
potential predictors of long-term outcomes in patients
[23-26]
with CRC
. However, because of the diversity in
study designs, heterogeneous enrolled patient groups,
and different cutoff values, the direct impact of NLR
and PLR on long-term outcomes in patients with
CRC remains inconclusive. In this study, we aimed to
identify the prognostic value of the NLR and PLR in
patients with CRC.

Key words: Colorectal cancer; Neutrophil; Lymphocyte;
Platelet; Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently, neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) have
been suggested as important inflammatory markers
and potential predictors of long-term outcomes in
patients with colorectal cancer (CRC). However, the
direct impact of NLR and PLR on long-term outcomes in
patients with CRC remains inconclusive. In this study,
we identified that high NLR and high PLR are useful
independent prognostic factors to predict poor longterm outcomes in patients with stage Ⅲ and Ⅳ CRC.
And we propose that initial assessment of NLR and
PLR in newly diagnosed stage Ⅲ and Ⅳ CRC patients is
important for predicting long-term outcomes.
Kim JH, Lee JY, Kim HK, Lee JW, Jung SG, Jung K, Kim
SE, Moon W, Park MI, Park SJ. Prognostic significance of
the neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte
ratio in patients with stage Ⅲ and Ⅳ colorectal cancer. World J
Gastroenterol 2017; 23(3): 505-515 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i3/505.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i3.505

INTRODUCTION
Colorectal cancer (CRC) is the third most common
[1]
tumor in men and the second in women worldwide .
According to the database of GLOBOCAN 2012, 1.4
million new CRC cases and 694000 CRC deaths
[2]
occurred in 2012 worldwide . In Eastern Asia, CRC
occurs in more than 37.0 per 100000 individuals per
year and accounts for approximately 207700 annual
[2]
deaths . Although the 5-year relative survival rate of
CRC has been increasing over the past few decades,
CRC is still the third leading cause of cancer-related
death in the world and the median overall survival of
[3,4]
patients with metastatic CRC is less than 30 mo .
Identification of prognostic markers is an important
step for assessing clinical outcome in CRC treatment.
In previous studies, tumor stage, histologic grade,
number of resected lymph nodes, lymphatic, venous
or peri-neural invasion, and carcinoembryonic antigen
(CEA) level have been demonstrated as prognostic
[5-8]
factors . Recently, a large number of studies have
suggested useful biomarkers for predicting clinical
outcomes in CRC, however high costs and lack of
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MATERIALS AND METHODS
Patients

Between April 1996 and December 2010, the medi
cal records from patients diagnosed with CRC at
Kosin University Gospel Hospital (Busan, Korea) were
retrospectively reviewed. Patients who were histolo
gically confirmed to have CRC were included. Patients
whose medical records did not include complete blood
count, and clinicopathological and follow-up data were
excluded. Detailed clinical data including patient age,
gender, tumor location, histopathology, tumor stage,
and use of chemotherapy were collected. This study
was approved by the Institutional Review Board of
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RESULTS

Table 1 Baseline clinical characteristics of the enrolled patients
Characteristics
Mean age (range), yr
Gender
Male
Female
Location
Colon
Rectum
Unknown
Histology
Well differentiated
Moderate differentiated
Poorly differentiated
Unknown
Tumor stage

Baseline characteristics and clinicopathological findings

Patients (n = 1868)

A total of 1868 patients were included between April
1996 and December 2010. Their mean age was 65
years, and 796 patients (42.6%) were female. The
median follow-up duration was 46 mo (interquartile
range, 22-73). During the follow-up period, 599
patients (32.1%) died. Baseline characteristics are
summarized in Table 1. All patients had data on
neutrophil counts, lymphocyte counts, and platelet
counts, therefore the NLR and PLR could be calculated
for all patients. The mean ± SD neutrophil count,
lymphocyte count, and platelet count were 5.65
9
9
± 3.14 × 10 /L, 1.86 ± 0.88 × 10 /L, and 285.25
9
± 98.11 × 10 /L, respectively. And the mean NLR
and PLR were 4.54 ± 5.83 and 200.17 ± 168.96,
respectively. On ROC analysis, the NLR and PLR were
found to have the largest area under the curve (AUC
= 0.569, 95%CI: 0.542-0.597, P < 0.001, and AUC =
0.556, 95%CI: 0.528-0.584, P < 0.001, respectively)
with an optimal NLR cut-off value of 3.0 (sensitivity
51%, specificity 62%) and an optimal PLR cut-off value
of 160 (sensitivity 53%, specificity 55%) for predicting
OS. Patients were classified into two groups based on
the optimal cut-off value of the NLR: high NLR (NLR
≥ 3.0) and low NLR (NLR < 3.0). In addition, patients
were divided into two groups according to the optimal
cut-off value of the PLR: high PLR (PLR ≥ 160) and
low PLR (PLR < 160).
Clinicopathological findings of the patients accor
ding to NLR and PLR are summarized in Table 2.
There were statistically significant differences in T
stage and peri-neural invasion according to NLR and
PLR, however there were not statistically significant
differences in N stage and lymphatic invasion according
to NLR and PLR.

65 (28-93)
1072 (57.4)
796 (42.6)
892 (47.8)
957 (51.2)
19 (1.0)
484 (25.9)
1066 (57.1)
139 (7.4)
179 (9.6)
281 (15.0)
551 (29.5)
667 (35.7)
369 (19.8)

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Chemotherapy
No
Yes

294 (15.8)
1574 (84.2)

Values are presented as mean (range) or n (%).

Kosin University Gospel Hospital (KUGH 2016-06-033).

Assessment of NLR and PLR

All blood samples were taken at the time of admi
ssion for initial diagnosis and the neutrophil, platelet,
and lymphocyte counts identified in these blood
samples were used to calculate the NLR and PLR. NLR
was calculated by dividing the absolute neutrophil
count by the absolute lymphocyte count, and PLR
was calculated by dividing the absolute platelet count
by the absolute lymphocyte count. Cutoff values,
sensitivity, and specificity of the NLR and PLR were
evaluated using receiver operating characteristic (ROC)
curves.

Overall survival and Disease free survival according to
NLR and PLR

Patient follow-up and statistical analysis

Figure 1 shows Kaplan-Meier curves of the OS and the
DFS for patients according to NLR and PLR. The OS for
patients with low NLR were better than those with high
NLR (P < 0.001), and the OS for patients with low PLR
were also better than those with high PLR (P < 0.001)
(Figure 1A). The DFS for patients with low NLR were
better than those with high NLR (P < 0.001), and the
DFS for patients with low PLR were also better than
those with high PLR (P < 0.001) (Figure 1B).
We evaluated the long-term outcomes according
to NLR and PLR based on the tumor stage. The 3-year
and 5-year OS/DFS rate according to NLR and PLR
based on the tumor stage are shown in Table 3.
Interestingly, the long-term outcomes according to
NLR and PLR were different depending on the tumor
stage (Figures 2 and 3). The OS and DFS of patients
with stage Ⅰ and Ⅱ CRC were not significantly different
according to NLR and PLR. However, the OS of patients
with stage Ⅲ and Ⅳ CRC were significantly different

The overall survival (OS) was measured from the date
of CRC diagnosis to the date of death or final follow-up.
The disease free survival (DFS) was measured from
the date of CRC diagnosis to the date of recurrence or
final follow-up. The recurrence of CRC was diagnosed
on radiological and endoscopic histopathological
2
data. Student’s t-test and χ test were performed for
continuous and categorical variables, as appropriate.
ROC curves were used to differentiate the ability of the
NLR and PLR to predict long-term outcomes in patients
with CRC. Kaplan-Meier curves were used to construct
survival curves based on cumulative incidences and
compared using the Breslow test. Cox proportional
hazards regression model was used to assess factors
affecting the OS. P values less than 0.05 were
considered statistically significant. Statistical analysis
was performed using IBM SPSS Statistics version 23.0
(IBM Co., Armonk, NY).
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Table 2 Clinicopathological findings according to neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio
Variable
T stage
T1
T2
T3
T4
Unknown
N stage
N0
N1
N2
Unknown
Lymphatic invasion
Yes
No
Unknown
Vascular invasion
Yes
No
Unknown
Peri-neural invasion
Yes
No
Unknown

NLR < 3.0

NLR ≥ 3.0

(n = 1086)

(n = 782)

112
171
668
48
87

39
91
498
59
95

589
289
196
12

434
201
138
9

349
587
150

253
391
138

193
742
151

149
496
137

168
767
151

142
502
138

P value

PLR < 160

PLR ≥ 160

(n = 973)

(n = 894)

112
159
579
41
82

39
102
587
66
100

543
257
164
9

480
232
170
12

311
524
138

291
453
150

160
675
138

182
562
150

141
693
139

169
575
150

P value

< 0.001

< 0.001

0.854

0.443

0.421

0.446

0.243

0.011

0.045
0.004

NLR: Neutrophil-to-lymphocyte-ratio; PLR: Platelet-to-lymphocyte-ratio.

Table 3 Overall survival and disease free survival according to neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio
NLR
Overall survival
Stage Ⅰ
3-yr OS rate
5-yr OS rate
Stage Ⅱ
3-yr OS rate
5-yr OS rate
Stage Ⅲ
3-yr OS rate
5-yr OS rate
Stage Ⅳ
3-yr OS rate
5-yr OS rate
Disease free survival
Stage Ⅰ
3-yr DFS rate
5-yr DFS rate
Stage Ⅱ
3-yr DFS rate
5-yr DFS rate
Stage Ⅲ
3-yr DFS rate
5-yr DFS rate
Stage Ⅳ
3-yr DFS rate
5-yr DFS rate

PLR

Low (< 3.0)

High (≥ 3.0)

Low (< 160)

High (≥ 160)

97.0%
92.6%

98.2%
91.9%

99.3%
94.8%

94.7%
87.3%

91.2%
86.1%

89.2%
84.0%

90.6%
84.3%

90.1%
86.2%

79.6%
69.3%

73.4%
60.9%

82.1%
69.6%

71.4%
61.9%

39.8%
34.3%

21.2%
18.1%

33.9%
28.6%

27.4%
23.8%

98.3%
96.1%

97.4%
95.6%

98.7%
97.2%

96.6%
93.3%

88.5%
84.7%

89.3%
86.5%

87.8%
83.5%

89.9%
87.5%

79.2%
75.2%

78.1%
68.6%

79.8%
74.5%

77.2%
70.5%

42.2%
37.5%

30.3%
26.8%

38.5%
34.3%

34.5%
30.4%

NLR: Neutrophil-to-lymphocyte-ratio; PLR: Platelet-to-lymphocyte-ratio; OS: Overall survival; DFS: Disease frees survival.
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Figure 1 Kaplan-Meier analysis shows the overall survival (A) and disease free survival (B) for patients with colorectal cancer according to neutrophiltolymphocyte ratio and platelet-to-lymphocyte ratio.

is not clearly. Recent studies suggested that inflam
mation and cancer are closely connected by the intrinsic
[11,12]
and extrinsic pathways
. The intrinsic pathway is
activated by genetic alterations resulting in neoplasia,
whereas inflammatory conditions increase the risk of
developing cancer in the extrinsic pathway. The two
pathways result in the activation of transcription
factors in tumor cells including NF-kB, STAT3, and
hypoxia-inducible factor 1α, and these transcription
factors produce inflammatory mediators including
[11]
cytokines and chemokines . By these processes, the
inflammatory response contributes to the pathogenesis
and progression of cancer. The relationship between
chronic inflammation and CRC has been established
by the observations showing the increased risk of
[27]
CRC in patients with inflammatory bowel disease .
Increased NLR or PLR indicates a relative reduction
in lymphocytes and lymphocyte-mediated immune
response, which plays a crucial role in cytotoxic cell
death. And elevated neutrophils and platelets can
cause the synthesis of chemokines, growth factors to
[20]
promote angiogenesis and tumor progression .
Several studies have reported that some laboratory
markers including C-reactive protein and modified
Glasgow prognostic score have prognostic value in
[28-30]
the cancer population
. However, these laboratory
markers are not routinely examined as part of the
pretreatment assessment of patients with CRC in most
hospitals. Whereas, since neutrophil count, platelet
count, and lymphocyte count are routinely evaluated,

according to NLR and PLR. And the DFS of patients
with stage Ⅲ and Ⅳ CRC were significantly different
according to NLR, but not PLR.

Factors affecting long-term outcomes

Multivariate analysis using Cox proportional hazards
regression were performed based on the tumor stage.
In multivariate analysis in patients with stage Ⅰ and
Ⅱ CRC, NLR and PLR were not significant factors
affecting long-term outcomes (Table 4). However, in
patients with stage Ⅲ and Ⅳ CRC, high NLR and PLR
were significant prognostic factors affecting long-term
outcomes (Table 5). In patients with stage Ⅲ and Ⅳ
CRC, high NLR was independent factor affecting OS (HR
= 1.44, 95%CI: 1.14-1.83, P = 0.003) and DFS (HR
= 1.43, 95%CI: 1.11-1.85, P = 0.005), and high PLR
was also independent factor affecting OS (HR = 1.35,
95%CI: 1.06-1.73, P = 0.017) and DFS (HR = 1.32,
95%CI: 1.02-1.69, P = 0.034).

DISCUSSION
This study showed that stage Ⅲ and Ⅳ CRC patients
with high NLR or high PLR at initial diagnosis had poor
prognosis. According to the results of this study, high
NLR and high PLR are useful independent prognostic
factors to predict poor long-term outcomes in patients
with stage Ⅲ and Ⅳ CRC.
The mechanism by which high NLR or high PLR
affects poor long-term outcomes in patients with cancer
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Figure 2 Kaplan-Meier curves show the overall survival of patients with colorectal cancer according to neutrophil-to-lymphocyte ratio and platelet-tolymphocyte ratio based on tumor stage.
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Figure 3 Kaplan-Meier curves show the disease free survival of patients with colorectal cancer according to neutrophil-to-lymphocyte ratio and plateletto-lymphocyte ratio based on tumor stage.
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Table 4 Prognostic factors by multivariate Cox regression analysis (Stage Ⅰ and Ⅱ)
Predictor

OS

Age
< 60 yr
≥ 60 yr
Histology
Well/moderate differentiated
Poorly differentiated
T stage
T1/T2
T3/T4
Lymphatic invasion
No
Yes
Vascular invasion
No
Yes
Peri-neural invasion
No
Yes
NLR
Low NLR (< 3.0)
High NLR (≥ 3.0)
PLR
Low PLR (< 160)
High PLR (≥ 160)

DFS

HR

95%CI

P value

HR

95%CI

P value

1.00
1.72

1.08-2.76

0.023

1.00
1.44

0.91-2.28

0.123

1.00
1.57

0.72-3.47

0.260

1.00
2.46

1.25-4.81

0.009

1.00
1.66

0.95-2.90

0.074

1.00
1.62

0.94-2.80

0.084

1.00
0.77

0.46-1.28

0.306

1.00
1.02

0.62-1.68

0.931

1.00
2.36

1.46-3.84

< 0.001

1.00
1.11

0.64-1.95

0.708

1.00
2.64

1.59-4.35

< 0.001

1.00
3.08

1.86-5.09

< 0.001

1.00
1.16

0.76-1.76

0.498

1.00
1.06

0.69-1.62

0.788

1.00
1.07

0.71-1.62

0.744

1.00
0.98

0.64-1.49

0.908

NLR: Neutrophil-to-lymphocyte-ratio; PLR: Platelet-to-lymphocyte-ratio; OS: Overall survival; DFS: Disease free survival.

Table 5 Prognostic factors by multivariate Cox regression analysis (Stage Ⅲ and Ⅳ)
Predictor

OS

Age
< 60 yr
≥ 60 yr
Histology
Well/Moderate differentiated
Poorly differentiated
T stage
T1/T2
T3/T4
Lymphatic invasion
No
Yes
Vascular invasion
No
Yes
Peri-neural invasion
No
Yes
NLR
Low NLR (< 3.0)
High NLR (≥ 3.0)
PLR
Low PLR (< 160)
High PLR (≥ 160)

DFS

HR

95%CI

P value

HR

95%CI

P value

1.00
1.46

1.13-1.89

0.004

1.00
1.10

0.84-1.44

0.479

1.00
1.90

1.36-2.66

< 0.001

1.00
1.46

0.98-2.14

0.058

1.00
2.61

1.51-4.51

0.001

1.00
3.13

1.69-5.78

< 0.001

1.00
1.19

0.91-1.58

0.199

1.00
1.17

0.87-1.57

0.298

1.00
1.52

1.15-2.01

0.003

1.00
1.39

1.03-1.87

0.031

1.00
1.45

1.10-1.91

0.008

1.00
1.56

1.16-2.08

0.003

1.00
1.44

1.14-1.83

0.003

1.00
1.43

1.11-1.85

0.005

1.00
1.35

1.06-1.73

0.017

1.00
1.32

1.02-1.69

0.034

NLR: Neutrophil-to-lymphocyte-ratio; PLR: Platelet-to-lymphocyte-ratio; OS: Overall survival; DFS: Disease free survival.

[16,23,24,26,31]

in patients with CRC
. Recently, two metaanalyses showed significant evidence to support the
association between high NLR and poor prognosis
[25,32]
in patients with CRC
. In this study, we aimed

NLR and PLR could be inexpensive prognostic markers
which can easily be assessed in clinical practice.
There has been rapidly growing interest in the
association between NLR and long-term outcomes
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CRC, however high costs and lack of standardization limit their application
in routine clinical practice. Inflammatory response has a crucial role in the
pathogenesis and progression of cancer. Among the various inflammatory
markers, neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) have been shown to influence clinical outcomes in various cancers.
NLR and PLR can be easily calculated as the neutrophil count or platelet
count divided by the lymphocyte count. In this study, we aimed to identify the
prognostic value of the NLR and PLR in patients with CRC.

to identify and strengthen the role of NLR and PLR
in patients with CRC, therefore we performed the
analysis with a large number of CRC patients to
determine if these ratios could be useful for predicting
long-term outcomes. We identified that patients with
low NLR and low PLR showed longer overall survival
and disease free survival than those with high NLR and
high PLR (Figure 1). Previous studies reported that
preoperative NLR may be an independent prognostic
marker to predict long-term outcomes in stage Ⅱ and
[23,33-35]
Ⅲ CRC
, and also an important predictive marker
[36-38]
in stage Ⅳ CRC
. In our study, we demonstrated
that NLR and PLR have predictive values for OS and
DFS in patients with stage Ⅲ and Ⅳ CRC. High NLR
and high PLR were independent factors affecting OS
and DFS in patients with stage Ⅲ and Ⅳ CRC (Table
5). These findings suggest that stage Ⅲ and Ⅳ CRC
patients who have high NLR and high PLR should be
more carefully managed when establishing a treatment
strategy. Whereas, NLR and PLR were not prognostic
factors in patients with stage Ⅰ and Ⅱ CRC (Table 4).
These findings suggest that the assessment of NLR
and PLR should be interpreted differently depending on
the tumor stage of CRC.
Several studies have proposed various cut-off
values of NLR and PLR for OS (for instance, 3 to 5 as a
cut-off value of NLR and 150 to 225 as a cut-off value
[24,32,35,38-40]
of PLR)
. In this study, the cut-off value of
NLR was 3.0 (sensitivity 51%, specificity 62%) and
the cut-off value of PLR was 160 (sensitivity 53%,
specificity 55%). Although the sensitivity and specificity
of the cut-off values of NLR and PLR in our results were
not high, these values could be relatively reliable due to
the large number of patients included in our study.
This study has some limitations. First, this study
was retrospectively performed in a single center.
Therefore, we could not avoid selection bias when
collecting information on patients with CRC. However,
we attempted to minimize any bias by repeatedly
reviewing the medical records. Second, the NLR and
PLR were assessed by single measurements at the
time of admission for the initial diagnosis. It would be
interesting to examine changes in NLR and PLR during
the follow-up period in CRC patients to determine their
usefulness as surveillance markers.
In conclusion, our study showed that high NLR and
high PLR are useful prognostic factors to predict poor
long-term outcomes in patients with stage Ⅲ and Ⅳ
CRC. Based on the results of this study, we suggest
that initial assessment of NLR and PLR in newly
diagnosed stage Ⅲ and Ⅳ CRC patients is important
for predicting long-term outcomes.

Research frontiers

This study presents that high NLR (≥ 3.0) and high PLR (≥ 160) are useful
prognostic factors to predict poor long-term outcomes in patients with stage Ⅲ
and Ⅳ CRC.

Innovations and breakthroughs

In this study, a total of 1868 patients were included. The authors used ROC
curves to assess optimal cut-off values of the NLR and PLR, and evaluated
the roles of the NLR and PLR using Kaplan-Meier curves and Cox regression
models in predicting the long-term outcomes in patients with CRC.

Applications

Initial assessment of NLR and PLR in newly diagnosed stage Ⅲ and Ⅳ CRC
patients can be helpful to predict long-term outcomes.

Terminology

NLR: calculated by dividing the absolute neutrophil count by the absolute
lymphocyte count. PLR: calculated by dividing the absolute platelet count by
the absolute lymphocyte count.

Peer-review

This is an interesting retrospective study including a large cohort of CRC
patients. Some data are missing and should be supplemented by the authors.
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Abstract

Informed consent statement: Due to the retrospective nature
of the study, patients were not required to give informed consent
to the study because the analysis used anonymous clinical data
that were obtained after each patient agreed to receive surgery,
postoperative chemotherapy and the other medical treatment by
written informed consent.

AIM
To provide more information and therapeutic methods
about gastric neuroendocrine carcinomas (G-NECs)
which occur rarely but are highly malignant and
clinically challenging.
METHODS
We retrospectively analyzed the clinicopathological
characteristics, treatments, and prognosis of 43 G-NEC
patients at our hospital between January 2007 and
December 2014. The diagnosis was based on the 2010
World Health Organization criteria.
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RESULTS
Forty-three G-NECs containing 39 small cell carcinomas
and 4 large cell NECs with Ki67 > 60% were included
in this study, accounting for only 0.95% of all gastric
carcinomas. The median patient age was 62 years
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called neuroendocrine tumors (NETs), are a group of
pathologically and clinically heterogeneous tumors
with benign to high-grade malignant behavior. These
tumors are considered uncommon, but can occur in
almost every site throughout the body, especially in
the lung, small intestine, rectum, pancreas, stomach,
[1]
cecum, colon, appendix, and thymus . And more than
half of extra-pulmonary NENs occur in digestive tract.
It is now believed that NENs originate from the
diffuse neuroendocrine cell system. In the gut and
pancreas, these cells locate in the mucosa of the
gastrointestinal tract or form islets in the pancreas,
[2,3]
deriving from multipotent stem cells . While most
gastroenteropancreatic NENs (GEP-NENs) are clinically
silent, some can secrete hormones and amines, causing carcinoid syndrome and other clinical syndromes.
For nonfunctioning NENs, early detection might be
difficult, which can delay diagnosis by several years,
unless the primary or metastatic lesions have grown
[3]
large enough to cause symptom .
In the past several decades, the incidence of NENs
[4,5]
has increased over time
, from 1.09/100000 in
[1]
1973 to 5.25/100000 in 2004 in the United States .
However, there seemed to be no improvement in
outcomes, because of our limited understanding of this
disease and a lack of uniform pathology classification
[6,7]
and staging system
. More recently, increasing
attention has been paid to this condition, and in 2010,
the World Health Organization (WHO) issued a new
classification. According to this classification, GEPNENs can be categorized as NET G1 or NET G2, or
neuroendocrine carcinoma (NEC) G3. NET G1 or G2
are composed of tumor cells with well differentiated
morphology and Ki67 ≤ 20%, while NECs have poorly
[8]
differentiated histology with Ki67 > 20% . And NECs
are characterized by high-grade cytological atypia,
apparent pleomorphism, extensive necrosis, and
[9]
prominent mitotic activity .
Gastric neuroendocrine carcinomas (G-NECs) are a
group of poorly differentiated tumors with high-grade
malignancy, and can be either small-cell carcinomas
or large-cell NECs. Epidemiological, clinical and treatment data is lack for these patients and little is got
for prognostic and predictive factors. Therefore, we
report the medical records of 43 patients with G-NECs
that met the definition of the updated (2010) WHO
classification. And to our knowledge, this report is one
of sizable series of G-NECs so far.

(range, 33-82) and the male-to-female ratio was 4.4:1.
All patients underwent surgery, including 38 curative
resections and 5 palliative resections. Among these 43
patients, nearly half (48.84%) of these tumors were
located in the cardiac region of the stomach, regional
lymph node metastasis was found in 31 cases (72.09%),
and liver metastasis was found in 6 cases (13.95%).
Follow-up information was got for 40 patients. Twentythree die of this disease with a median survival of
31 mo (range 1-90). The 1-year, 2-year, 3-year, and
5-year survival rate was 77.50%, 57.04%, 44.51%,
and 35.05%, respectively. Survival was better in
patients with tumor located in the cardiac region of
the stomach, less than 7 lymph nodes metastasis and
no liver metastasis. Five patients did not undergo
postoperative chemotherapy, and the median survival
time for these patients was 15 mo. For the remaining
34 patients who received postoperative chemotherapy,
the median survival time was 44 mo and those received
etoposide, cisplatin, and Paclitaxel survived the best.
One patient with resected liver metastasis who received
postoperative Capecitabine plus Oxaliplatin and
Paclitaxel systemic chemotherapy plus octreotide LAR
(30 mg intramuscularly, every 4 wk, for 2 years) has
survived for 74 mo with no recurrence.
CONCLUSION
G-NECs are mostly nonfunctioning, which lead to a
delay in detection. Local and/or distant metastases were
noticed in most patients when diagnosed, and they
required postoperative medical treatment. Adjuvant
etoposide, cisplatin plus Paclitaxel systemic chemotherapy
is recommended for these patients.
Key words: Gastric neuroendocrine carcinomas; Liver
metastasis; Medical treatment; Surgery; Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to provide more
information and therapeutic methods about gastric
neuroendocrine carcinomas. In this study we found
that local and/or distant metastases were noticed in
most patients when diagnosed, and they required
postoperative medical treatment. Adjuvant etoposide,
cisplatin plus Paclitaxel systemic chemotherapy is
recommended for these patients.
Liu DJ, Fu XL, Liu W, Zheng LY, Zhang JF, Huo YM, Li J,
Hua R, Liu Q, Sun YW. Clinicopathological, treatment, and
prognosis study of 43 gastric neuroendocrine carcinomas. World
J Gastroenterol 2017; 23(3): 516-524 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i3/516.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i3.516

MATERIALS AND METHODS
This was a retrospective study. All G-NECs treated in
Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong
University from 2007 to 2014 were investigated. All of
them were local people of South China. The diagnosis,
grading, and staging were performed according to the
[8]
2010 WHO classification . TNM staging was evaluated
th
in accordance with the 7 Edition of the AJCC Cancer’s
[10]
TNM Classifcation . Information on age, gender, tumor

INTRODUCTION
Neuroendocrine neoplasms (NENs), which used to be
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considered statistically significant.

Table 1 Clinical characteristics of 43 gastric neuroendocrine
carcinomas

Age (yr)
< 60/≥ 60
Mean ± SD
Gender
Male/Female
Tumor location
Cardiac
Corpus
Antrum
Residual stomach anastomosis
Tumor size (max diameter, cm)
≤ 5/> 5
Mean ± SD
T classification
T1
T2
T3
T4
Lymph node metastasis
N0/N1
Liver metastasis
Absent/present
Pathological stage
Ⅰ/Ⅱ/Ⅲ/Ⅳ
Pathology
Small cell carcinomas
Large cell carcinomas
Operation
Curative resection
Palliative resection
Neoadjuvant therapy
No/present
Adjuvant chemotherapy
No-chemotherapy/present/lost
Follow-up
Median OS (mo)
Dead/alive/lost

RESULTS

n (%)

Clinicopathological features

Forty-three patients were enrolled in this study, accoun
ting for 0.95% of all patients with gastric carcinoma.
They were 35 males and 8 females, ranging in age
from 33 to 82 years, with a median of 62 years (Table
1).
The most common initial clinical symptoms were
intermittent upper abdominal pain or discomfort (n =
29, 67.44%), followed by obstruction (n = 8, 18.60%)
and gastrointestinal bleeding (n = 4, 9.30%). Two
cases were found accidentally during endoscopy, and
none of these patients suffered characteristic hormonal
syndromes.
All patients underwent surgery, including 38 curative resections and 5 palliative resections because of
liver metastases (Table 1). Of the 6 liver metastases, 1
had resection of both primary and metastatic tumors,
and the other 5 received palliative primary tumor
resection only. We found that nearly half (n = 21,
48.84%) of these tumors were located in the cardiac
region of the stomach, and the others occurred in the
gastric corpus (n = 10, 23.26%), gastric antrum (n =
10, 23.26%), and residual stomach anastomosis (n =
2, 4.65%). The maximum diameters of these tumors
ranged from 0.8 to 22.0 cm, with a mean maximum
diameter of 5.47 cm. Among these 43 patients,
regional lymph node metastasis was found in 31 cases
(72.09%), and liver metastasis was found in 6 cases
(13.95%). TNM stages were as follows: stage Ⅱ in
2 patients, stage Ⅲ in 35 patients, and stage Ⅳ in 6
patients (Table 1)
The Ki67 indices were 60%-85%, determined by
the immunohistochemistry. And in pathology, there
were 39 small cell carcinomas and 4 large cell NECs.
Patients were followed up for 1 to 90 mo, and
information was available for 40 patients. By the
ultimate follow-up deadline, 23 patients have died
of this disease. The total median survival was 31.0
mo (range 1-90) and the 1-year, 2-year, 3-year, and
5-year survival rate was 77.50%, 57.04%, 44.51%,
and 35.05%, respectively (Figure 1). By evaluating
potential survival factors, such as age, gender, tumor
location, tumor size, T classification, lymph node
metastasis number and liver metastasis utilizing
univariable Cox regression analysis and Kaplan-Meier
analysis, we found that tumor location, lymph nodes
metastasis and live metastasis were associated with
OS of G-NEC patients, and survival after surgery was
better in patients with tumor located in the cardiac
region of the stomach (median survival: 48.0 (Car)
vs 16.25 (Cor)/19.0 (Ant)/45.5 (Rsa) months, Car vs
Ant, P = 0.0742; Car vs Cor, P = 0.0152), less than 7
lymph nodes metastasis (median survival: 44.0 mo vs
15.0 mo, P = 0.0233) and no liver metastasis (median
survival 38.0 mo vs 8.25 mo, P = 0.0096) (Table 2

15 (34.88)/28 (65.12)
62.26 ± 10.46
35 (81.40)/8 (18.60)
21 (48.84)
10 (23.26)
10 (23.26)
2 (4.65)
20 (46.51)/23 (53.49)
5.47 ± 3.18
0 (0)
4 (9.30)
0 (0)
39 (90.70)
12 (27.91)/31 (72.09)
37 (86.05)/6 (13.95)
0 (0)/2 (4.65)/35 (81.40)/6 (13.95)
39 (90.70)
4 (9.30)
38 (88.37)
5 (11.63)
100 (100)/0 (0)
5 (11.63)/34 (79.07)/4 (9.30)
31.0
23 (53.49)/17 (39.53)/3 (6.98)

Patients were staged in accordance with the 7 th Edition of the AJCC
Cancer’s TNM Classification. OS: Overall survival.

size, tumor location, T classification, lymph node metastasis, liver metastasis, pathological stage, pathology,
treatment and outcome were reviewed. The overall survival (OS) time was calculated from the date of surgery
to death, or August 30, 2016, the ultimate follow-up
deadline. The research was approved by the Research
Ethics Committee of Ren Ji Hospital and all participants
were provided with written informed consent before
enrolment in this study. Cases with mixed tumors were
excluded.
Statistical analysis was performed using SPSS
version 22.0 software (IBM Corp., Armonk, NY, United
States). Graphical representations were carried out
with Graph Pad Prism 6 (San Diego, CA, United States).
Data were presented as the means ± SD. The survival
calculations were illustrated with Kaplan-Meier curves
and differences between survival curves were tested
by the log-rank test. Cox proportional hazards model
was used to identify the prognostic factors by univariable analysis. P values (two-sided) less than 0.05 were
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Table 2 Univariable analysis of prognostic parameters for survival in Ren Ji cohort patients with gastric neuroendocrine carcinomas
Prognostic parameter

Univariable analysis

Age (yr)
< 60
≥ 60
Gender
Male
Female
Tumor location
Cardiac
Corpus
Antrum
Residual stomach anastomosis
Tumor size
≤ 5 cm
> 5 cm
T classification
T1 + T2
T3 + T4
Lymph node metastasis
≤7
>7
Liver metastasis
Absent
Present
Adjuvant chemotherapy
No-chemotherapy
Present
Chemotherapy regimen
No-chemotherapy
EP
EP + PTX
Other chemotherapy

HR

95%CI

P value

1.0 (reference)
2.718

0.921-8.023

0.070

1.0 (reference)
0.915

0.308-2.718

0.873

1.0 (reference)
3.034
2.331
1.401

1.100-8.374
0.817-6.648
0.176-11.159

0.032
0.114
0.750

1.0 (reference)
1.605

0.693-3.717

0.269

1.0 (reference)
0.760

0.407-1.420

0.390

1.0 (reference)
2.766

1.101-6.948

0.030

1.0 (reference)
3.515

1.269-9.731

0.016

1.0 (reference)
0.226

0.076-0.674

0.008

1.0 (reference)
0.138
0.059
0.426

0.029-0.667
0.012-0.298
0.140-1.296

0.014
0.001
0.133

The bold number represents the P values with significant differences. EP: Etoposide plus cisplatin; EP + PTX: EP plus Paclitaxel.

Cumulative survival curves rate(%)

(EP + PTX) systemic chemotherapy, 3 patients (2
stage Ⅲ, 1 stage Ⅳ) received adjuvant Gimeracil and
Oteracil Potassium capsule only chemotherapy. The
remaining 14 patients received Fluoropyrimidine-based
regimens, such as 5-fluorouracil/leucovorin/oxaliplatin
combination regimen (FOLFOX) and Capecitabine plus
Oxaliplatin. By analyzing the effect of these different
regimens, we found that the 3-drug regimen (EP + PTX)
[median survival: undefined (8 alive and 3 dead)] and
EP regimen (median survival: 48.25 mo) produced a
dramatically longer OS than no-chemotherapy (median
survival: 15 mo, EP + PTX vs no-chemo, P < 0.0001;
EP vs no-chemo, P = 0.0085), and EP + PTX regimen
exhibited a better improvement than EP regimen, but
it didn’t reach a statistical significance (P = 0.3188;
Table 2 and Figure 2D).
It is worth mentioned that, in this study, 1 patient
with resected liver metastasis and postoperative
Capecitabine plus Oxaliplatin and Paclitaxel systemic
chemotherapy plus octreotide LAR (30 mg intramuscularly, every 4 wk, for 2 years) has survived for 74 mo
with no recurrence.

G-NEC patients (n = 40)

100
80
60
40
20
0

0

20

40
60
Months after surgery

80

100

Figure 1 Survival curves of the 40 cases of gastric neuroendocrine
carcinomas. G-NECs: Gastric neuroendocrine carcinomas.

and Figure 2A-C). There was no difference in survival
between the small cell carcinoma and large cell neuroendocrine carcinoma (data and figure not shown).
After surgery, among the 43 patients, 5 patients
did not undergo chemotherapy, 4 patients failed in follow-up of chemotherapy regimens, 6 patients received
adjuvant etoposide plus cisplatin (EP) systemic chemotherapy, 11 patients received adjuvant EP plus Paclitaxel
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A

B

Tumor location
Cardiac of the stomach (n = 19)
Antrum of the stomach (n = 9)
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Figure 2 Survival curves of the 40 cases of gastric neuroendocrine carcinomas according to (A) tumor location, (B) lymph node metastasis number, (C)
liver metastasis, (D) postoperative chemotherapy. EP: Etoposide plus cisplatin; EP + PTX: EP plus Paclitaxel.

based grading and histopathological diagnostic criteria.
Meanwhile, the TNM classification was also introduced.
However, recently many studies have revealed that
the G3 category might be composed of two different
entities: a group of well differentiated NETs with highly
proliferation and a group of poorly differentiated NECs,
including small cell carcinomas and large cell NECs.
These two entities exhibit different mitotic rate, Ki67
index, response to platinum-based chemotherapy and
[9,15-17]
prognosis
. In this study, all the 43 patients were
poorly differentiated NECs with Ki67 > 60%. Among
which, there are 39 small cell carcinomas and 4 large
cell NECs. And our investigation suggested that there is
no difference in survival between these two subtypes,
[4,18,19]
which coincided with the previous study
.
The present study examined one of the sizable
series of G-NECs, all of which met the criteria defined
by the current WHO classification. The patient characteristics, including a male predominance and a median
age of 62 years, were similar to those presented in
[19,20]
previous reports
. NECs can occur in almost every
site throughout the body, also they can originate from
each part of the stomach. G-NECs usually arose in
[19]
the upper third of stomach . In our study, nearly

carcinomas of the gastrointestinal tract and coined the
term carcinoid. Then, for a long period, these tumors
were referred to as carcinoids, even in the first WHO
classification published in 1980, most of the NENs are
still named carcinoids, except for endocrine tumors
of the pancreas and thyroid, paragangliomas, smallcell lung carcinomas, and Merkel cell tumors of the
[11]
skin . Then, in 2000, the WHO classified NENs into
the following categories: well-differentiated neuroendocrine tumors, well-differentiated NECs, and poorly[12]
differentiated NECs . But the term carcinoid was still
used for NENs of the gastrointestinal tract; carcinoids
and malignant carcinoids were used synonymously
with well-differentiated neuroendocrine tumors and
well-differentiated NECs, respectively.
In order to standardize the stratification and
management procedures, in 2010, the WHO adopted
the classification originally proposed by the European
[11,13,14]
Neuroendocrine Tumor Society in 2005 and 2006
.
According to this new WHO classification system, the
term ‘neuroendocrine neoplasm’ is used to define all
tumors comprised of neuroendocrine cells, and GEPNENs can be categorized as NET G1 or G2, or NEC
G3. This grading system used both proliferation-
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[24]

half (48.84%) of these tumors were located in the
cardiac region of the stomach. And there seems to be
some difference in survival among tumor location. By
analysis, we found patients with tumor located in the
cardiac region of the stomach have a median survival
of 48.0 mo, gastric corpus 16.25 mo, gastric antrum
19.0 mo, and residual stomach anastomosis 45.5 mo,
but there was only statistic difference between cardiac
region and corpus of the stomach.
Depending on the presence or absence of characteristic hormonal syndromes, NENs can be classified as
functioning or nonfunctioning. Functioning NENs have
the ability to produce and secrete certain hormones,
such as insulin, gastrin, vasoactive intestinal polypeptide, histamine, bradykinin, 5-hydroxytryptamine,
and substance P, causing hypoglycemia, diarrhea,
palpitation, tachycardia, anxiety, sweating, flushing,
[21]
and so on . But most GEP-NENs are clinically silent.
Due to the absence of easily observable symptoms,
non-functioning NENs are less likely to be detected
early, presenting late with large primary tumors and
advanced disease. This approach is also supported by
our data, which showed that none of these patients
suffered characteristic hormonal syndromes, and
72.09% of such tumors were locally metastasized and
13.95% were liver metastasized when diagnosed. And
patients with liver metastasis and more than 7 lymph
node metastasis had a poor prognosis. However,
nonfunctioning NENs may release bioactive amines at
subclinical levels, causing nonspecific symptoms such
as increased tumor mass and other under-recognized
[22]
syndromes .
Standard therapy is still lacking for GEP-NENs,
because of the rarity, complexity, heterogeneity, and
poor understanding of this disease. Since they are a
group of heterogeneous tumors, the treatment of GEPNENs should be highly individualized, based on the
diverse range of tumor burden and symptoms.
Until now, surgery has been the primary and most
important treatment for GEP-NENs, and is also the only
[2]
possible curative treatment . For grade 1-2 GEP-NENs
without extensive local invasion and advanced distant
[23]
metastases, surgery is the best option . In the case
of G-NECs, it is generally accepted that, when possible,
surgical resection of the primary tumors and metas
tases is the most beneficial treatment, and it is the only
[24]
possible cure approach . Previous research has shown
that R0 resection of metastases is a potential curative
[2]
option . And in our study, one patient with resected
liver metastasis has survived for more than 74 mo with
no recurrence.
Palliative surgery, which can be performed before or
after medical treatment, also plays an important role
in treating unresectable metastases by debulking or
bypassing to make medical treatment more effective
[2,22]
or to decrease the secretion of bioactive hormones
.
Other therapies, such as embolization/chemoembolization, radiofrequency ablation, and liver transplantation,
should also be considered in selected patients with
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disseminated liver metastases .
For G-NECs, as a group of poorly-differentiated
tumors, only radical surgery is not sufficient, medical treatments should also be applied. It has been
reported by many studies that surgery alone is rarely
curative, even for those with apparently localized dis[25]
ease . Currently available medical treatments include
chemotherapeutics, biotherapeutics, targeting agents,
and peptide-receptor radionuclide therapy.
It has been reported that additional systemic chemotherapy can improve the survival in patients with
[16,26]
[27]
NECs
. In 1991, Moertel et al reported the favorable response of EP in treating GEP-NECs, since then
the EP regimen has been recommended as the firstline treatment. In our study, six patients received 2-9
cycles (mean: 6 cycles) EP regimen treatment after
surgery, and got a median survival of 48.25 mo significantly longer than those who didn’t receive chemo
therapy (n = 5, median survival: 15.0 mo). As we
all know, the short-response-time of the EP regimen
in treating lung small cell NECs is obvious. So many
other different chemotherapeutics have been explored
[28,29]
in the past few years
, such as the 3-drug regimen
[30]
(EP + PTX). In a past report , this 3-drug regimen
did not improve the median survival. In our study, 11
patients who received this treatment acquired the best
prognosis [median survival: undefined (8 alive and 3
dead)], but it didn’t reach a significant value compared
with those who received EP regimen (P = 0.3188).
Gimeracil and Oteracil Potassium capsules have
been reported to be an effective adjuvant treatment
for East Asian patients with locally advanced gastric
[31]
[32]
cancer . Koide et al
reported a case of G-NEC
with lymphatic metastasis who received Gimeracil and
Oteracil Potassium Capsule and cisplatin chemotherapy
after total gastrectomy and achieved a PFS of 45 mo.
The authors of this study retrospectively reviewed the
charts of 11 patients (stage Ⅲ or Ⅳ) who got Gimeracil
and Oteracil Potassium Capsule chemotherapy after
surgery, and reported that 4 of them survived for
more than 2 years. However, in our study, 3 patients
(2 stage Ⅲ, 1 stage Ⅳ) merely received postoperative
Gimeracil and Oteracil Potassium Capsule chemotherapy and survived for an average of only 10.0 mo.
GEP-NENs express multiple somatostatin receptors,
making them potential therapeutic targets for somatostatin. Somatostatin analogs, which have proved
effective in controlling clinical syndromes caused by
hormone production, were once thought to be ineffective in treating nonfunctioning NENs. Recently, the
role of antiproliferative treatments have been expanding in treating both functioning and nonfunctioning
[33-35]
tumors
. These treatments have been found to be
well tolerated and safe, with mild adverse events and
high tolerability. And, with the availability of long-acting
somatostatin analogs, requiring monthly injections
only, they have become even more convenient and
more acceptable to patients. In our study, one patient
with resected liver metastasis, received postoperative
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Applications

Capecitabine plus Oxaliplatin and Paclitaxel systemic
chemotherapy systemic chemotherapy plus 2-years
octreotide LAR treatment, and has survived for 74 mo
with no recurrence. It seems octreotide LAR might be
[36]
a good maintenance drug . For those patients who
develop resistance to analogs, radionuclide-labeled
[37]
somatostatin can be an alternative option .
Because of the limited efficacy of these traditional
treatments, a lot of newer agents, such as sunitinib,
everolimus, sorafenib, and bevacizumab are being
[38-40]
tested in GEP-NEN
. Although these new agents
have shown to be effective in stabilizing the tumors, it
is too early to draw a conclusion regarding their efficacy until they have been tested in randomized trials.
It should also be addressed that, although several
different medical treatment options are currently available, these treatments are limited by low (30%-40%)
response rates, and by the fact that they are effective
only in a subpopulation of patients and only for limited
[23,24]
periods of time
.
The incidence of G-NENs has been increasing in
the past few decades, and during that time, significant
advances have been made in their diagnosis and
treatment. However, the understanding of G-NECs is
still limited, and most of them are diagnosed too late,
leading to a poor prognosis. Therefore, there is a pressing need for further research, physician education,
and identification of molecular markers and improved
imaging modalities to enable early diagnosis. And, to
further develop more effective treatment strategies,
more clinical trials should be conducted. Finally, the
limitations of this study should be acknowledged.
There might be some bias in the multivariable prognosis analysis because of the small sample size.

This study suggests that survival after surgery was better in patients with
tumor located in the cardiac region of the stomach, less than 7 lymph nodes
metastasis and no liver metastasis. And patients of G-NECs will benefit from
adjuvant etoposide, cisplatin plus Paclitaxel systemic chemotherapy.

Terminology

NENs are a group of pathologically and clinically heterogeneous tumors
with benign to high-grade malignant behavior originating from the diffuse
neuroendocrine cell system. They can occur in almost every site throughout the
body, especially in the lung, small intestine, rectum, pancreas, stomach, cecum,
colon, appendix, and thymus. And more than half of extra-pulmonary NENs
occur in digestive tract.

Peer-review

This manuscript has shown clinicopathological features of 43 patients with
neuroendocrine carcinoma of the stomach. The authors provide important
information related to prognosis and treatment of NECs. The study was welldesigned and the manuscript was well-organized and well-write.
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Abstract
AIM
To evaluate the prevalence of gastroesophageal reflux
disease (GERD) with additional symptoms, relationship
with Helicobacter pylori (H. pylori ) of this country-wide
study.
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METHODS
Data from 3214 adults were obtained with validated
questionnaire. Eight hundred and forty-one subjects
were randomized to be tested for H. pylori via the
urea breath test. “Frequent symptoms” were defined
heartburn and/or regurgitation occurring at least
weekly.
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RESULTS
The prevalence of GERD was 22.8%, frequent and
occasional heartburn were 9.3%-12.7%, regurgitation
were 16.6%-18.7%, respectively. Body mass index
(BMI) ≤ 18.5 showed a prevalence of 15%, BMI >
30 was 28.5%. The GERD prevalence was higher
in women (26.2%) than men (18.9%) (P < 0001).
Overall prevalence of H. pylori was 75.7%. The
prevalence was 77.1% in subjects without symptoms
vs 71.4% in subjects with GERD (χ 2 = 2.6, P = 0.27).
Underprivileged with the lowest income people exhibit
a higher risk.
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CONCLUSION
GERD is common in Turkey which reflects both Wes
tern and Eastern lifestyles with high rate of H. pylori .
The presence of H. pylori had no effect on either the
prevalence or the symptom profile of GERD. Subjects
showing classical symptoms occasionally exhibit more
additional symptoms compared with those without
classical symptoms.

affect GERD. There is an ongoing debate regarding
whether H. pylori protects by the increase in the prevalence or severity of GERD or vice versa. The studies
addressing this topic have generally been performed in
Western countries where there is a low prevalence of
H. pylori and a high prevalence of GERD and Barrett’s
esophagus. However, in Turkey, a country characterized
by both Western and Eastern lifestyles, there is a high
rate of H. pylori infection but a very low prevalence of
Barrett’s esophagus. Furthermore, the majority of the
studies addressing the prevalence of GERD have been
performed using different methodologies and questionnaires, which makes comparing their results difficult.
Using one of the widely studied questionnaire might
provide an opportunity to compare results between
[6-8]
[9]
different countries . We used a reflux questionnaire
[6]
derived from Locke et al , previously validated in an
English-speaking Western culture. Turkey exhibits a
different profile than Western counterparts for GERD,
H. pylori is very common, the prevalence of Barrett’s
esophagus is very low, social, geographicraphical and
economic status are different. Wide-scale studies from
non-Western, Caucasian studies are lacking. We aimed
to evaluate the prevalence of GERD and its relationship
with H. pylori in a Caucasian country with low prevalence of Barrett’s esophagus and high rate of H. pylori.

Key words: Heartburn; Regurgitation; Gastroesophageal
reflux disease; Epidemiology; Prevalence
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using a validated gastroesophageal reflux
disease (GERD) questionnaire and the urea breath
test for Helicobacter pylori (H. pylori ), we found a
relatively high prevalence of GERD and more frequent
regurgitation than heartburn. We also determined that
the prevalence of GERD increases with increased body
mass index and with female gender and decreases
with increased education and income, whereas there
was no relationship with age, alcohol use, or smoking.
Additionally, we found that H. pylori did not affect the
prevalence or symptom profile of GERD and that Turkish
individual with classical symptoms were more prone to
additional symptoms. This unique disease profile may
be attributable to Turkey’s combination of Western and
Eastern lifestyles.

MATERIALS AND METHODS
Data from 3214 representatively selected subjects
aged 20 years or older were obtained from a representation list produced by the Governmental Statistics
Institute. Those subjects were selecte according to
the age and gender distribution of the country and
provided by the Institute. The study was performed
in 17 cities in Turkey, and we included one district
and village from each city. The cities were selected
according to the representative characteristics of the
area in which they were located, and all major cities
with a population over 1 million people were included.
The total population of Turkey was 67803927 on the
date of the study, and the citizens living in these cities
represented 72% of the country’s population. Trained
interviewers (medical doctors) were employed for data
collection. Randomization was performed with the
assistance of the Turkish Prime Ministry.

Bor S, Kitapcioglu G, Kasap E. Prevalence of gastroesophageal
reflux disease in a country with a high occurrence of Helicobacter
pylori. World J Gastroenterol 2017; 23(3): 525-532 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i3/525.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i3.525

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
clinical disorder that can cause significant morbidity,
impact the patient’s quality of life, and result in high
[1,2]
costs to health care systems worldwide . This disease
is recognized as a common health problem of Western
countries but is uncommon in Eastern countries, among
Asians, and possibly among Africans in developing
[3,4]
and under-developed countries . However, different
factors might have an impact on the prevalence and
presentation of the disease spectrum, either separately
[5]
or in combination , such as the following: a high
prevalence of Helicobacter pylori (H. pylori); genetic
factors (low maximal acid output and small parietal
cell mass in the stomach); a lower body mass index
(BMI) and obesity; lower consumption of carbonated
drinks, alcohol, tea, and coffee; smoking; the use of
fewer medicines; and dietary factors such as low fat
consumption. H. pylori needs to be considered in countries where it shows a high prevalence because it may

WJG|www.wjgnet.com

Statistical institute

Sampling method: Three-stage stratified cluster
sampling (cases from households on streets of urban
and rural areas of seven geographicraphical regions)
with deterministic components (household-based age
and gender quotas).
At the first step, cities were selected from seven
geographicraphical regions. We included the three
major cities of the country and selected two cities
form each of the seven geographicraphical regions.
The cities were selected via lottery by the Institute
with chances to be drawn proportional with the ratio
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of population of the city over population of the region,
they are located.
At the second step, two counties, one from urban
and the other from rural areas, were selected via
lottery with chances to be drawn proportional with the
ratio of population of the district over population of the
area, they are located. Therefore, overall 34 districts
were included in the sample. The numbers of cases to
be included in the sample in each districts were determined proportionally based on the ratio of population
of region they are located, over population of country.
Accordingly, more individuals were included from cities
selected from crowded geographic regions, than from
uncrowded geographic regions.
At the third step, streets from each districts, were
selected randomly from official lists of streets. The
number of streets changed among districts due to
different sample sizes in each district.
Representatively selected street numbers were
provided by the Turkish Statistical Institute, and
interviewers counted every fifth house on their right
side. A quota was determined for each house based
on age and gender, and only one adult was included
from each house. The questionnaire was administered
during face-to-face interviews at each subject's home.
The urea breath test was performed on 854 subjects
who were randomly selected from the study population. The test was conducted while fasting (> 4 h after
their last meal). A 150 mL test meal of orange juice or
apple juice was first given to the subjects, after which
13
75 mg of C-labeled urea dissolved in 20 mL of juice
was administered, followed by another 30 mL of juice
to rinse the tracer from the mouth. Mass spectrometry
analysis was performed blindly on expired air samples
collected before urea was administered and 30 min
after its ingestion. All tubes were collected and tested
at the same center (INFAI GmbH, Cologne, Germany).
If a subject was taking an antibiotic and/or a proton
pump inhibitor (PPI), the interviewers set another visit
to perform the test. The exclusion criteria were as
follows: gastric or esophageal surgery, refusal to participate in the test, pregnancy, and current malignancy
other than non-melanoma skin cancers. Subjects were
excluded if they died or moved from the city before the
interview, possessed any mental or psychiatric disease,
were unable to communicate due to dementia, refused
to attend the survey, or had an incorrect address or
name within the registration system. The results of a
previous study that we performed in a small city led
us to assume a maximum GERD prevalence of 20%
[10]
in this population , and the interviewers therefore
stopped enrollment when a sample size of 3214 was
reached (95%CI, and the worst acceptable was ± 3%).

into Turkish, linguistically validated, and adapted to
[9]
the cultural profile of Turkey . The translation process
included an independent translation, a back translation,
and a pilot test using 15 subjects, and a review and
approval by the original questionnaire developers. The
test-retest reliability was analyzed for each respondent
using Cohen’s kappa coefficient, and the obtained
Cronbach’s alpha values were all higher than 70%
for all major symptoms (heartburn, regurgitation).
Questions related to the presence of the following
characteristics were employed: (1) major (heartburn,
regurgitation) and related (dyspepsia, dysphagia, odyn
ophagia, chest pain) symptoms and triggering factors
for these symptoms; (2) associated medical conditions; (3) the past medical history of upper (dyspepsia,
nausea, vomiting, belching) and lower gastrointestinal
symptoms (abdominal pain or discomfort) and respiratory, throat and cardiac problems (cough, dyspnea,
hoarseness, hiccups, globus, asthma), the number
of physician visits and diagnostic procedures related
to upper gastrointestinal symptoms, medication use
[non-steroidal anti-inflammatory drugs (NSAIDs),
aspirin and all related drugs associated with upper
gastrointestinal complaints, and those for treating
other health problems], smoking and alcohol, coffee or
tea consumption; (4) demographic and socioeconomic
data, including the number of households and children,
total monthly income, age, weight, height, employment, level of education, and marital status; and (5)
additional conditions which might have an effect on
symptoms such as stress; similar with the original
questionnaire the question was asking whether the
subject has stress and if yes whether there is an effect
on symptoms.
“Frequent symptoms” were defined as a major
symptom (heartburn and/or regurgitation) occurring at
least once a week, and common and “occasional symptoms” were an episode of one of the major symptoms
less than once a week within the past year, as previ[10]
ously defined by our group and others . Frequent
heartburn and/or regurgitation were defined as GERD.
The period considered for the prevalence of symptoms
was the previous 12 mo. Each symptom (heartburn,
regurgitation, dysphagia and chest pain) was scored
for frequency and severity by the subject. Symptom
frequency was measured on the following five-point
scale: less than once a month, once a month, once a
week, several times a week, and daily.
The analyses were conducted with the Stati
stical Package for Social Sciences, 9.0 for Windows.
Statistical significance was assigned to P values of
less than 0.05, except for post-hoc multiple pairwise
comparisons. All analyses comparing the study groups
were performed twice: first to compare the two
groups “GERD present” vs “GERD absent”; and then
to compare the three groups “Never”, “Occasional”
and “Frequent”. Comparisons of data between two
or three groups were performed with the chi-square
test, unless any expected cell value was lower than 2

Questionnaire

The total questionnaire contained 49 questions. We
[6]
used a reflux questionnaire derived from Locke et al
that was previously validated in an English-speaking,
Western culture, and the instrument was translated

WJG|www.wjgnet.com

527

January 21, 2017|Volume 23|Issue 3|

Bor S et al . GERD prevalence in a high H. pylori country
35
Once a year

30
25

No Sx

Once a year

Once a
month

Once a
week

HB and/or Reg 41.5
HB
22.0
Reg
35.4
Daily

%

20
15

Occasional

10

HB and/or Reg 58.5
Heartburn
78.0
Regurgitation
64.6

5
0

University

High
school

Middle Elementary Literate
school
school

22.8 (GERD)
12.7
18.7

Figure 2 Prevalence of gastroesophageal reflux disease symptoms.
GERD: Gastroesophageal reflux disease.
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Figure 1 Prevalence of gastroesophageal reflux disease according to
education.

ency of occasional heartburn and regurgitation, which
showed prevalences of 9.3% and 16.6%, respectively.
GERD was detected in 18.9% of the male subjects vs
2
26.2% of the females (P < 000.1, χ = 38.003). The
prevalence of GERD according to marital status was as
follows: 23.4% of GERD patients were married; 15.6%
were single; and 22.8% were divorced, with the single
2
group exhibiting significantly less GERD (χ = 25.749, P
< 0.0001). The prevalence of GERD was also evaluated
according to geographical areas (Figure 3).
The northern part of the country showed a signi
ficantly higher prevalence rate (27.3%) than the
southern part (19.3%) (P < 0.0001). However, no
difference was observed between the areas in the east
and the west according to the prevalence of GERD or
major symptoms. This finding is interesting because
the eastern part of the country presents a different life
profile than the west, which is closer to the Western
lifestyle.

or more than half of the cell values were lower than
5. When any expected cell value was lower than 2
or more than half the cell values were lower than 5,
2
Fisher’s exact test was employed instead of the χ
test for 2 × 2 contingency tables. Comparisons of
ordinal data or non-normally distributed numeric data
between two groups were performed with the MannWhitney U (MWU) test. When three groups were
to be compared with regard to an ordinal variable,
Kruskal-Wallis nonparametric analysis of variance
(ANOVA) was used for global comparisons, after which
pairwise group comparisons were performed with
the MWU test. Comparisons of normally distributed
numeric data between two groups were conducted
with Student’s t test for independent groups. When
three groups were to be compared, one-way ANOVA
was used for global comparisons, and pairwise group
comparisons were then performed with the Tukey
Honestly Significance Difference test.

Medications

Among the patients in the study population, 71.2%
had not taken any gastric medication. 28.8% of subjects were taking different medications daily: 17.7%
used antacids; 11.0% used H2 blockers; and 6.9%
used PPIs (some subjects were taking more than one
type of medication). NSAID consumption was 27.7%
overall, and 9.7% of the patients took NSAIDs daily.
Antacids/alginates, acid inhibitors, and aspirin/
NSAIDs all were taken significantly more often by
participants with frequent or occasional symptoms com
pared with those with no major symptoms. There was
a difference according to the frequency of symptoms
and medications, with values of 4.3% for antacids/
alginates and 6.7% for acid inhibitors being recorded
for frequent vs occasional symptoms, respectively;
however, this difference was not significant (Table 1).

RESULTS
Demographics

The questionnaire was administered to 3214 total subjects, which included 1516 (47.2%) males. In terms
of educational status, 61% of subjects had graduated
from or left primary school, and 8.2% had graduated
from university (Figure 1). The percentages concerning
the marital status of the participants were 74.1% married, 16.8% single and 9.1% divorced. The percentages of different occupations among the participants
were 42.1% housewife, 13.4% self-employed, 13%
retired, and 9.7% blue-collar workers.

Prevalence of GERD

Lifestyle

The prevalence of symptoms is shown in Figure 2.
The prevalence of GERD (once a week or common
heartburn and/or regurgitation) was 22.8%; that of
heartburn was 12.7%; and that of regurgitation was
18.7%. A similar pattern was observed in the frequ-

WJG|www.wjgnet.com

18.7
9.3
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Frequent %

Among the subjects, 44.7% smoked, and 9.7%
consumed alcoholic beverages more than once a week,
but no difference was found according to smoking
and alcohol habits between subjects with or without
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Table 1 Consumption of medications
Major symptoms
Frequent

Occasional

31.2%
28.2%
40.0%
29.0%

26.9%
21.5%
40.9%
30.1%

Antacids/alginate
Acid inhibitors
Aspirin
NSAIDs

23.7 (66.7%)

27.3 (71.8%)

No major symptoms
9.2%
7.2%
45.1%
22.2%

20.4 (80.9%)

19.5 (68.5%)

18.3 (85.6%)

17.0 (83.8%)
17.0 (88.7%)

NSAID: Non-steroidal anti-inflammatory drug.

Figure 3 Prevalence of gastroesophageal reflux disease and Helicobacter
pylori positivity (between parenthesis) according to geographicraphical
areas.

Table 2 Body mass index and gastroesophageal reflux disease
prevalence

BMI (kg/m2)
≤ 18.5
18.6 - 24.9
25.0 - 29.9
30+
Mantel-Haenszel χ 2 test

Total

GERD

n

n (%)

107
1272
1110
492

proton pump inhibitor, or NSAID usage.
No relationship was observed between H. pylori
status and the prevalence of GERD. The only variable
relating H. pylori positivity and heartburn was the
time frame of heartburn, for which a negative linear
association was found a drop in the prevalence of
H. pylori. When the history of heartburn was shorter
than 5 years, H. pylori prevalence was 73.9%; when
the history heartburn was longer than this time frame,
H. pylori prevalence was 65.7% (P = 0.05).

16 (15.0)
254 (20.0)
257 (23.2)
140 (28.5)
P < 0.0001

BMI: Body mass index; GERD: Gastroesophageal reflux disease.

GERD. The percentages of participants who exhibited
increased symptoms of GERD based on lifestyle factors
were as follows: 41.6% with tea/coffee; 15% with
alcohol; and 53.8% with stress. Additionally, 12.7%
of subjects within the GERD group had been woken
up because of heartburn, and there was a linear
association between BMI and GERD (Table 2). Monthly
income was inversely associated with the prevalence of
the disease, with the richest group exhibiting a rate of
17%, compared with 26% for the lowest income group
(P = 0.003). Furthermore, 3.8% of the general population and 35.4% of the GERD population reported GERD
symptoms in their first-degree relatives and/or spouse.

DISCUSSION
In this country-wide study involving 3214 participants,
we showed that the prevalence of GERD was 22.8%
and that heartburn was less common (12.7%) than
regurgitation (18.7%). Although GERD was related to
increasing age, female gender, a single marital status,
BMI, and high stress levels, there was an inverse relationship between income and educational levels. No
relationship between GERD and H. pylori positivity was
found. The pivotal study results from Olmsted county
[1]
showed that the prevalence of GERD was 19.8% , but
the population exhibited a different symptom profile
consisting of a lower prevalence of regurgitation (6.3%)
and a higher prevalence of heartburn (17.8%), similar
to other studies from Western countries.
Many useful studies have been published since the
epidemiology of GERD has gained increased attention.
As a consequence, one might assume that sufficient
data accumulation has been achieved. However,
the following are reasons that additional research
is needed in this area. (1) more than ten different
questionnaires are employed in the literature (e.g.,
Mayo, GERD-Q, Montreal, Digest Q, RDQ, Romes),
and each questionnaire employs different validation
techniques, symptom interpretations and frequencies
for definition; (2) there are large language and cultural
differences in symptom perception and interpretation.
It is difficult to understand the word "reflux" in many
languages including English-speaking countries. This
situation was demonstrated in a multiethnic study in
Boston in which this term was understood by only
35% of Caucasian patients, 54% of African American
[11]
patients and 13% of Asian patients ; and (3) there

H. pylori

A similar randomization was performed within the 3214
subjects, and 854 eligible participants were evaluated
for H. pylori status with the urea breath test. This subgroup exhibited a demographic pattern that was similar
to that of the overall population (data not shown). In
this population, 23% of individuals had GERD, which
was similar to the whole group (22.8%, P > 0.05).
The prevalence of H. pylori was 75.8% overall. The
geographicraphical distribution of H. pylori prevalence
is shown in Figure 3; a significant difference between
geographicraphical areas was observed. The northern
and western areas exhibited lower prevalences com
pared with the middle, eastern and southern areas
(P < 0.001). The mean age of the H. pylori-negative
group was 45.6 ± 17.1 vs 41.9 ± 15.7 for the H. pyloripositive group (P = 0.004), and the income level was
slightly lower in the H. pylori-positive group (199.4 TL
vs 171.6 TL, P = 0.072). No differences were found in
relation to alcohol consumption, smoking, BMI, stress,
coffee or tea consumption, and antacid, H2 blocker,
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alcohol consumption (9.7%) but exhibits smoking
(44.7%) as a common habit.One very interesting
interesting difference is that the prevalence of Barrett’s
esophagus is very low (0.8% short segment and 0.2%
long segment in patients with GERD), and severe
erosive esophagitis is also less common compared with
[14-16]
studies from Western countries
. The prevalence
of GERD observed in this study was 22.8%, which is
one of the highest rates in the literature. Additionally, a
symptom pattern of a high prevalence of regurgitation
and low prevalence of heartburn was detected, which
differs from Western countries. It is also clear that this
pattern is consistent with Eastern countries starting
from Turkey and extending to Far East Asia, with the
exception of Russia and Argentina, which show an
[17-19]
equal prevalence of symptoms
. H. pylori infections
in general, and especially those involving CagA-positive
strains, have been found to be negatively associated
with erosive gastroesophageal reflux disease, Barrett’
s esophagus, and particularly distal esophageal
[20,21]
adenocarcinoma
. It is debatable whether the
difference in the symptom profile is related to the
high H. pylori prevalence in our country and in studies
from other Eastern countries. Turkey, similar to other
regurgitation-dominant countries, exhibits a very
[22]
high rate of H. pylori and CagA positivity (38.8%) .
H. pylori decreases gastric acidity if it predominantly
induces corpus gastritis as a result of CagA positivity.
Patients who regurgitate less acidic gastric contents
predominantly exhibit regurgitation with less heartburn
sensation, which in addition to CagA-positive H. pylori
infections, might be a reason for the low prevalence of
Barrett’s esophagus in Turkey.
This is one of the largest series in the literature
comparing such a high prevalence of H. pylori positivity
and its effect on GERD, as studies from Western countries show a low rate of H. pylori infection. However,
we did not find any difference between the H. pylori
-positive and H. pylori-negative groups in terms of
GERD prevalence (23% vs 22.8%, respectively) or in
major symptoms (i.e., regurgitation and heartburn).
One possible reason for this result is that we did not
evaluate the CagA status of the participants.
It was shown that all additional symptoms were
significantly more common in subjects with frequent
symptoms compared with subjects without symptoms.
Extraesophageal findings from our study (Table 3) and
other studies performed using the Mayo questionnaire
(Table 4) are summarized. An interesting finding is
that additional symptoms were also significantly more
common in subjects with occasional symptoms compared with those with no symptoms. This means that
subjects with uncommon classic GERD symptoms (less
than a week to once a year) exhibited more additional
symptoms.
We showed that obesity was a significant risk factor
for GERD in the current study. Five out of seven studies
using the same questionnaire applied in this work have
shown a significant correlation between obesity and

Table 3 Prevalence of additional symptoms according to
symptom frequency
2

(χ )
NCCP (179)
Dysphagia (230)
Belching (221)
Nausea (601)
Vomiting (417)
Hematemesis (33)
Hiccup (68)
Cough (70)
Asthma (24)
Hoarseness (48)
Chronic pharyngitis (32)

Frequent

Occasional

None

35.9%a,c
24.5%a
36.8%a
29.7%a
15.7%a
2.6%a
6.4%a
16.3%a
8.2%a
6.2%a
8.4%a

30.2%a
18.6%a
28.3%
10.6%
3.4%
1.4%
7.0%a
11.7%
3.8%
4.0%
7.2%a

13.7%
4.6%
11.9%
3.4%
0.9%
0.2%
1.2%
5.9%
3.7%
1.3%
3.3%

a

P < 0.05 vs subjects without symptoms; c P < 0.05 vs subjects with
occasional symptoms. NCCP: Noncardiac chest pain.

Table 4 Prevalence of additional symptoms in studies using
the Mayo questionnaire

NCCP
Dysphagia
Odynophagia
Globus
Dyspepsia
Belching
Nausea
Vomiting
Hiccup
Cough
Asthma
Pharyngeal
symptoms and
Hoarseness

Olmsted
(United
[1]
States)
23.1
13.5
7.0
10.6
9.3
14.3

Turkey

Moscow Argentina
[17]
(Russia)

35.9
24.5
23.8
36.8
29.7
15.7
6.4
16.3
8.2
7.3

15.5
25.5
34.4
25.5
60.2
43.0
53.8
29.1
6.8
36.7
10.4

37.6
26.8
26.3
38.7
6.7
21.8

[18]

North
West
[8]
China
34.7
6.5
10.7
15.2
29.3
8.9
4.2
9.4

NCCP: Noncardiac chest pain.

are differences related to the development rates of
countries in indices such as income, access to health
care facilities, the consumption and accessibility of
aggregating or therapeutic medications (especially
proton pump inhibitors), genetic factors, obesity,
dietary factors, alcohol consumption, smoking, the
prevalence of H. pylori in particular, and increases
in basal and stimulated gastric acid secretion
[4,12]
irrespective of H. pylori
. Major variations based
on geographicraphical areas and cultures have been
demonstrated. Estimates of GERD prevalence range
from 18.1%-27.8% in North America, 8.8%-25.9% in
Europe, 2.5%-7.8% in East Asia, 8.7%-33.1% in the
Middle East, 11.6% in Australia and 23.0% in South
[13]
America . For the reasons summarized above, the
current study addressed a number of different features
to allow comparisons with the Western literature on
the subject. The population of Turkey, a predominantly
Caucasian country characterized by both Eastern
and Western lifestyles, shows a high rate of H. pylori
infections (75.8%), relatively low income and low
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and associated symptoms where there is also a high prevalence of Helicobacter
pylori infection. The contribution is unique and interesting and casts light on
variant presentation of symptoms of reflux disease in a country with mixed
Western and Eastern influences. The work is ambition and thought provoking.

GERD. Regarding the two studies that found no such
[10]
correlation, one was performed by our group , and
[17]
the other was from Moscow and reported a numerical
difference, but without reaching statistical significance.
Our study has limitations; first of all, not all the
subjectes were tested for H. pylori. We could not perform CagA measurements. Number of subjects from
Eastern part of the study was lower than Western part
because of the population density.
In conclusion, this study involved an H. pyloriprevalent population that exhibited a low prevalence of
Barrett’s esophagus and was mostly Caucasian. The
prevalence of GERD recorded in the study is among
the highest found in studies performed using the Mayo
questionnaire irrespective from low prevalence of
Barrett’s esophagus or H. pylori.
In addition, a different symptom profile was
observed in which regurgitation was more common
than heartburn. This profile especially regurgitation
predominance can be seen in limited number of studies
from other non-western countries and because of the
lower response rate to PPIs to regurgitation, it might
be clinically meaningful. The reasons for the differences
in symptom profiles between countries should be evaluated. H. pylori did not show any effect on prevalence
but more studies performed with CagA status are
needed. We also found that subjects showing classic
GERD symptoms for less than a week to once a year
exhibit more additional symptoms compared with those
without symptoms implicate that extraesophageal
symptoms can be observed frequently without typical
symptoms.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Cangzhou Central Hospital,
Cangzhou Clinical Medical School of Hebei Medical University
Institutional review board.

AIM
To investigate the efficacy and safety of stellate
ganglion block for the treatment of patients with
chronic ulcerative colitis.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
A total of 120 randomly selected patients with chronic
ulcerative colitis treated in Cangzhou Central Hospital
from January 2014 to January 2016 were included
in this study. These patients were divided into two
groups: control group (n = 30), patients received oral
sulfasalazine treatment; experimental group (n = 90),
patients received stellate ganglion block treatment.
Clinical symptoms and disease activity in these two
groups were compared before and after treatment
using endoscopy. Blood was collected from patients on
day 0, 10, 20 and 30 after treatment. Enzyme-linked

Conflict-of-interest statement: No potential conflicts of
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Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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CONCLUSION
The application of stellate ganglion block effectively
improves treatment efficacy in chronic ulcerative colitis,
relieves clinical symptoms in patients, and reduces
the level of inflammatory factors. Furthermore, this
approach also had a positive impact on the disease to a
certain extent.

which can affect the entire colon and rectum, and
can easily induce repeated attacks. Sulfasalazine is a
commonly used conventional treatment for chronic
ulcerative colitis. However, this treatment has certain
limitations such as frequent recurrence and side
effects. Hence, there is a need for better treatment
[7-13]
options
. Although the pathogenesis of chronic
ulcerative colitis is unclear, a close relationship between
the disease and immune dysfunction has been
confirmed. Furthermore, the expression of cytokines,
particularly interleukin-8 (IL-8), significantly increases
[14-22]
during the disease course
. Stellate ganglion block
is a very common clinical block technique that has
been used since the beginning of the last century.
Studies have shown that stellate ganglion blocks can
regulate multiple system functions in the body, and
has a good effect on blood pressure, hyperthyroidism,
[23-27]
peripheral facial paralysis and other diseases
.
With the current rapid development of medicine, some
scientists have found that the stellate ganglion block
technique also plays an important role in regulating the
[28-32]
immune system
. Thus, we speculate that stellate
ganglion blocks may also have a role in the treatment
of chronic ulcerative colitis. Therefore, the main
purpose of this study was to examine the efficacy and
safety of stellate ganglion block treatment in patients
with chronic ulcerative colitis.

Key words: Stellate ganglion block; Chronic ulcerative
colitis

MATERIALS AND METHODS

immunosorbent assay was performed to determine
interleukin-8 (IL-8) level. The changes in IL-8 level
post-treatment in the two groups were compared using
repeated measures analysis of variance.
RESULTS
After treatment, clinical symptoms and disease activity
were shown to be alleviated by endoscopy in both the
control and experimental groups. However, patients
in the control group did not have obvious abdominal
pain relief. In addition, the degree of pain relief in the
experimental group was statistically better than that in
the control group (P < 0.05). Ten days after treatment,
IL-8 level was found to be significantly lower in the
experimental group than in the control group, and the
difference was statistically significant (P < 0.05). In
addition, adverse events were significantly higher in the
control group than in the experimental group, and the
2
difference was statistically significant (χ = 33.215, P =
0.000).

General information

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

A total of 120 randomly selected patients with chronic
ulcerative colitis treated in Cangzhou Central Hospital
between January 2014 and January 2016 were
included in this study. These patients were divided
into two groups: control group (n = 30) and experimental group (n = 90). The control group comprised
19 male patients (63.3%) and 11 female patients
(36.7%) aged between 39 and 56 years, with a mean
age of 47.1 ± 5.9 years. Furthermore, the disease
course ranged from two months to 10 years, with an
average of 4.1 ± 1.4 years. The experimental group
comprised 54 male patients (60.0%) and 36 female
patients (40.0%), aged between 40 and 57 years, with
a mean age of 48.2 ± 6.0 years. Furthermore, the
disease course ranged from four months to nine years,
with an average of 4.3 ± 1.5 years. Patients in the
experimental group were not allergic to lidocaine and
had no coagulation disorders. This study was approved
by the ethics committee of the institution.

Core tip: A total of 120 patients with chronic ulcerative
colitis were included in this study to examine the
efficacy and safety of stellate ganglion block in patients
with chronic ulcerative colitis. The results revealed
that stellate ganglion block effectively improves the
efficacy of chronic ulcerative colitis treatment, relieves
clinical symptoms in patients, and reduces the level of
inflammatory factors. Furthermore, this technique has
fewer adverse reactions, making it safe and reliable.
Zhao HY, Yang GT, Sun NN, Kong Y, Liu YF. Efficacy and
safety of stellate ganglion block in chronic ulcerative colitis.
World J Gastroenterol 2017; 23(3): 533-539 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i3/533.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i3.533

Methods

INTRODUCTION

In the control group, patients received four doses of
sulfasalazine twice a day orally. In the experimental
group, patients received stellate ganglion block treatment once a day for 30 d. The blocking method used
was as follows: 10 mL of 1% lidocaine was injected
into the sixth cervical vertebrae, and Horner syndrome

Chronic ulcerative colitis is a common disease and
has a high incidence. Its main clinical manifestations
include abdominal pain, tenesmus and sepsis, and it
[1-6]
can decrease the quality of life of patients . Ulcers of
the colonic mucosa occur in patients with this disease,

WJG|www.wjgnet.com

534

January 21, 2017|Volume 23|Issue 3|

Zhao HY et al . Study on new therapy for chronic UC
Table 1 Clinical symptoms in the control and experimental groups before treatment n (%)
Indices (clinical symptoms)

Control group (n = 30)

Experimental group (n = 90)

17 (56.67)
8.50 ± 1.31
10 (33.33)
13 (43.33)
25.83 ± 3.01

50 (55.56)
8.71 ± 1.40
29 (32.22)
38 (42.22)
24.97 ± 2.98

Stomach ache
Time to defecation (-x ± s)
Blood and pus
Tenesmus
Interleukin-8 (ng/L)

t/χ

2

0.025
-0.723
0.028
0.025
1.366

P value
0.874
0.471
0.867
0.874
0.175

Table 2 Clinical symptoms of patients in the two groups after treatment n (%)
Group
Control group
Before treatment
After treatment
t/χ 2
P value
Experimental group
Before treatment
After treatment
t/χ 2
P value

-

Stomach ache

Time to defecation ( x ± s )

Blood and pus

Tenesmus

17 (56.67)
13 (43.33)
3.548
0.060

8.50 ± 1.31
2.91 ± 0.97
18.784
0.000

10 (33.33)
5 (16.67)
7.401
0.007

13 (43.33)
7 (23.33)
9.000
0.003

50 (55.56)
8 (8.89)a
49.864
0.000

8.71 ± 1.40
1.12 ± 0.87a
43.684
0.000

29 (32.22)
4 (4.44)a
25.776
0.000

38 (42.22)
6 (6.67)a
34.213
0.000

a

P < 0.05 vs the control group.

was observed in these patients. The stellate ganglion
block technique was considered successful when no
abnormal situations occurred within 30 min.

and pus and tenesmus accompanied by abdominal
pain and the average time to defecation before treatment in the control and experimental groups were
not statistically significant (P > 0.05). In addition, the
difference in IL-8 expression level between these two
groups were not statistically significant (P > 0.05), as
shown in Table 1.

Outcome measures

Clinical symptoms and IL-8 level: Clinical symptoms were observed before and after treatment.
Blood was drawn from patients at the beginning of
th
treatment, on the morning of day 0, and on the 10 ,
th
th
20 and 30 day after treatment. IL-8 levels were then
determined by enzyme-linked immunosorbent assay.
Changes in clinical symptoms and related indicators
were analyzed and compared in the two groups after
treatment.

Remission of clinical symptoms in the two groups after
treatment

Clinical symptoms in patients in the control and
experimental groups were alleviated after treatment.
However, abdominal pain was not significantly relieved
in patients in the control group. Furthermore, remission in the experimental group was better than that in
the control group, and the difference was statistically
significant (P < 0.05; Table 2).

Screening colonoscopy: Colonoscopy lesions were
scored before and after treatment using the Rachmi
lewitz scoring system.

Comparison of IL-8 expression levels in patients after
treatment

Statistical analysis

SPSS 17.0 software was used for statistical analysis.
Time to defecation and cytokine expression level were
determined. The two treatment groups were compared
using the t-test. The number of cases of abdominal
pain, pus and tenesmus were used as enumeration
data. Comparisons in these two groups were evaluated
2
using Pearson’s χ test.

In this study, IL-8 expression level was significantly
lower in the experimental group than in the control
group; and the difference was statistically significant
(P < 0.05). Furthermore, the duration of treatment
and IL-8 expression were significantly reduced in
the experimental group, and the differences were
statistically significant (P < 0.05). However, these diffe
rences were not significant in the control group. The
maximum value of the measured data was reached at
day 0 in the control group, while the minimum value
was reached during the first 30 d in the experimental
group. In addition, no interactions (F = 2.981, P =
0.139) between the different time points and group-

RESULTS
Comparison of related indices in the two groups before
treatment

The differences in the number of patients with blood
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Table 3 Comparison of interleukin-8 expression levels between the control and experimental groups
Group

Different time points

Control group
Experimental group
Mean
t
P value

Day 0

Day 10

Day 20

Day 30

25.83 ± 3.01
24.97 ± 2.98
25.40 ± 2.95
1.366
0.175

25.23 ± 2.87
22.20 ± 2.90
23.72 ± 2.88
4.969
0.000

24.68 ± 2.99
15.95 ± 2.62
20.32 ± 2.71
15.249
0.000

24.34 ± 2.98
8.81 ± 2.13
16.58 ± 2.35
31.117
0.000

Mean

F

P value

25.02 ± 2.95
17.98 ± 2.54
19.26 ± 2.52
12.617
0.000

2.191
9.715
6.114
(F = 5.491, P = 0.032)1

0.060
0.000
0.008
(F = 2.981, P = 0.139)2

1

Overall comparison of F statistics and P values between the control and experimental groups; 2Interactions between F statistics and P values.

Table 4 Adverse reactions in the control and experimental groups after treatment
Group

Stomach discomfort

Liver and kidney dysfunction

Headache

Rashes

Vomiting

Neck pain

Incidence

5
0

1
0

3
0

2
0

2
0

0
7

43.33%
7.78%

Control group
Experimental group

30

Control group
Experimental group

8

IL-8 expression level

25

7

20

6
5

15

4

10

a
a,c

3
2

5
0

After treatment
Before treatment

9

1
Day 0

Day 10

Day 20

0

Day 30

Experimental group

Figure 2 Colonoscopy scores of patients in the two groups. aP < 0.05
vs the control group before treatment; cP < 0.05 vs the control group after
treatment.

Figure 1 Interactive contour map of time points and group factors. IL-8:
Interleukin-8.

ings were observed (Table 3, Figure 1).

colitis has gradually increased. This recurrent disease
[33-36]
causes serious harm to human health
. Sulfas
alazine is a commonly used drug for treating chronic
ulcerative colitis. However, due to its side effects, better
[37-40]
methods of treatment are required
. The pathoge
nesis of chronic ulcerative colitis is complex. However,
recent studies have shown that this disease and
[41,42]
immune dysfunction are correlated
, and that the
stellate ganglion block technique plays a very important
[43-46]
role in regulating immune function
. Therefore, the
main aim of this study was to investigate the efficacy
and safety of the stellate ganglion block technique in
the treatment of chronic ulcerative colitis.

Colonoscopy scores in the two groups before and after
treatment

Colonoscopy scores significantly decreased at 30 d
after treatment in both groups. However, these scores
decreased more significantly in the experimental
group, compared with the control group; and the difference was statistically significant (P < 0.05; Figure 2).

Adverse reactions

In the control group, 13 patients experienced stomach
discomfort, liver and kidney dysfunction, headache,
and other adverse reactions. In the experimental
group, only seven patients had mild pain in the neck,
which disappeared after a few days. The proportion of
adverse events was significantly higher in the control
2
group; and the difference was statistically significant (χ
= 33.215, P = 0.000; Table 4).

IL-8 content in patients in the two groups before and
after treatment

Research has shown that the occurrence of chronic
ulcerative colitis is accompanied by the formation of
immune complexes and cytokines, which is difficult
[47]
to treat . Of these cytokines, IL-8 can lead to chemotaxis of neutrophils, eosinophils, lymphocytes and
other cells, and the release of media that can damage

DISCUSSION
In recent years, the incidence of chronic ulcerative
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endothelial cells and related tissues and organs,
[48]
leading to inflammation . In this study, stellate
ganglion block was administered 30 times to patients
in the experimental group and led to a reduction in
IL-8 expression. The level of IL-8 expression did not
significantly change in patients in the control group. In
addition, abdominal pain was not significantly relieved
after treatment in the control group, while abdominal
pain was relieved in the experimental group. This suggests that neutrophil chemotactic factors are released
through the activation of macrophages in patients
with chronic ulcerative colitis, and both macrophages
and neutrophils can increase IL-8 secretion, leading
[47]
to inflammation . After stellate ganglion block treatment, the inflammatory chemokine IL-8 was reduced
in patients in the experimental group, chemotaxis was
inhibited, and peripheral blood histamine only slightly
[48]
increased; thus, reducing inflammation .

and the liver, kidney, stomach and other organs were
less affected, when compared with the control group.
These findings indicate that the stellate ganglion block
has good healing power and few side effects, demonstrating that this treatment is safe and reliable.
This study has limitations. The sample size was
small. Furthermore, IL-8 levels in patients included into
this study were not compared with healthy subjects.
Hence, further studies with a larger sample size are
needed.
In conclusion, the stellate ganglion block technique
is a new method for treating chronic ulcerative
colitis. This method can significantly improve clinical
symptoms, reduce the production of inflammatory
cytokines, has fewer adverse reactions, and is safe
and reliable, thereby improving the quality of life of
patients. This technique is worthy of further research
conducted with a larger sample size, and could be
used in clinical practice.

Changes in clinical symptoms in the two groups before
and after treatment

COMMENTS
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of immunology. Patients were divided in the control
group who were treated with conventional sulfasalazine, and the experimental group in which patients
were treated with stellate ganglion block.
Pus and tenesmus symptoms were significantly
reduced in both groups. The time to defecation was
also significantly reduced in both groups, but relief of
clinical symptoms was more obvious in the experimental group. Furthermore, colonoscopy scores were significantly decreased in the experimental group compared
with the control group. In addition, research has shown
that immune function in the human body induces
environment stability and defense, as well as other
vital functions; and counting and activity improves
humoral immunity. Finally, this treatment reduces the
production of inflammatory cytokines in vivo in patients
with chronic ulcerative colitis, and improves clinical
[49]
symptoms . Furthermore, studies have shown that
the stellate ganglion block technique improves blood
circulation by inhibiting the activity of the sympathetic
nervous system. This can provide chronic ulcerative
colitis patients with immune complexes and induces
the rapid clearance of inflammatory cytokines, thereby
[50]
improving the condition of patients .

Background

Chronic ulcerative colitis is common, and has a high incidence. Abdominal
pain, tenesmus and sepsis are the main clinical manifestations of this disease,
which can decrease the quality of life of patients. Ulcers of the colonic mucosa
occur in patients with chronic ulcerative colitis, which can affect the entire colon
and rectum, and induce repeated attacks. Sulfasalazine is a commonly used
conventional treatment for chronic ulcerative colitis. However, it has certain
limitations such as disease recurrence and side effects. Hence, there is a need
for better treatment options.

Research frontiers

Although the pathogenesis of chronic ulcerative colitis is unclear, the close
relationship between this disease and immune dysfunction has been confirmed.
Furthermore, the expression levels of cytokines, particularly interleukin-8,
significantly increases during the disease course.

Innovations and breakthroughs

Stellate ganglion block is a very common clinical block technique that has been
used since the beginning of the last century. Studies have shown that stellate
ganglion block can regulate multiple system functions in the body, and has
a good effect on blood pressure, hyperthyroidism, peripheral facial paralysis
and other diseases. With the current rapid development of medicine, some
scientists have found that the stellate ganglion block technique also plays an
important role in regulating the immune system. Thus, we speculate that stellate
ganglion blocks may also have a role in the treatment of chronic ulcerative
colitis.

Applications

The stellate ganglion block technique can effectively improve the efficacy of
chronic ulcerative colitis treatment, relieve clinical symptoms in patients, and
reduce the level of inflammatory factors. Furthermore, it has fewer adverse
reactions, thereby making it a safe and reliable treatment method.

Peer-review

Stellate ganglion block technique can effective improve the efficiency of chronic
ulcerative colitis treatment, relieve the clinical symptoms of patients, and reduce
the level of inflammatory factors. Furthermore, it has fewer adverse reactions,
thereby allowing it to be a safe and reliable treatment method. This technique is
worthy of further studies conducted with large sample sizes, and can be used in
clinical practice.

Adverse reactions

Fewer adverse symptoms were observed following
treatment with the stellate ganglion block technique,
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Abstract

Clinical trial registration statement: As the study started 8
years ago, we did not register our clinical trial in website.

AIM
to evaluate the long-term effectiveness and late
toxicities of paclitaxel (PTX) plus cisplatin (DDP) with

Informed consent statement: All study participants, or their
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concurrent radiotherapy for locally advanced esopha
geal squamous cancer.

INTRODUCTION
Concurrent chemoradiotherapy has been recognized
as a standard treatment for loco-regionally advanced
[1,2]
unresectable esophageal cancers . The combination
of 5-fluorouracil (5-FU) plus cisplatin (DDP) is most
commonly used, with a median survival time of 16 mo.
However, the standard regimen remains controversial,
as more radiosensitive chemotherapeutic drugs,
such as paclitaxel (PTX), have been investigated in
[3-6]
esophageal cancer . Moreover, with the development
of radiation techniques, the appropriate irradiation field
[7-9]
and total dosage have not been clarified .
In 2008, a phase Ⅱ clinical trial commenced to
observe the safety and effectiveness of PTX plus DDP
combined with concurrent radiotherapy for locally
advanced esophageal squamous cancer. The acute
toxicity and 3-year survival rates were reported in
[10]
2014 . Now, the aim of the present study was to
update the results to show the long-term survival and
late toxicity of the study for loco-regional esophageal
squamous cancer. To the best of our knowledge, few
long-term prospective studies have been reported to
date.

METHODS
Between 2008 and 2011, 76 patients were enrolled in
a phase Ⅱ study on the treatment of loco-regionally
advanced esophageal cancer with radiotherapy (68.4
Gy/44 fractions or 61.2 Gy/34 fractions) combined with
2
4-cycle chemotherapy consisting of DDP (25 mg/m per
2
day for 3 d) and PTX (175 mg/m for 3 h). The primary
endpoints were overall survival and progression-free
survival, and the secondary endpoints were toxicity and
the treatment failure pattern.
RESULTS
A total of 76 patients were enrolled in this study, of
whom 63.2% finished the whole regimen. The 5-year
survival rates for the per-protocol population and
intent-to-treat population were 25.4% and 26.4%,
respectively, and the median survival rates were 23.7
mo and 28.5 mo, respectively. Grade 3 or 4 late toxicity
was observed in only one patient (heart failure). In
log-rank analysis, the pretreatment stage (stage Ⅱ +
Ⅲ: 36.1 mo vs stage Ⅳ: 14.9 mo) and the completed
cycle (1-3 cycles: 16.1 mo vs 4 cycles: 35.5 mo) were
significant prognostic factors (P = 0.037 < 0.05 and P
= 0.013 < 0.05).

MATERIALS AND METHODS
The study was performed between July 2008 and
November 2011 in Fudan University Shanghai Cancer
Center. Patients were eligible for this trial if they were
histologically confirmed to have loco-regional esophageal squamous cancer with no metastasis [stage Ⅱ-Ⅳ
a and stage Ⅳb without viscera metastasis, Union for
th
International Cancer Control (UICC) 6 ], an age ≤ 75
years, a Karnofsky performance score ≥ 80, a neu9
trophil count of at least 1.5 × 10 /L, a leukocyte count
9
of at least 3 × 10 /L, a platelet count of at least 100
9
× 10 /L, a serum creatinine level ≤ 1.2 mg/dL, and a
serum urea nitrogen level ≤ 25 mg/dL. The patients
did not receive prior operation/radiotherapy/chemotherapy/targeted therapy, and they had no complete
obstruction or tracheoesophageal fistula.

CONCLUSION
Radiotherapy combined with chemotherapy consisting
of PTX and DDP is a safe and effective definitive treat
ment for loco-regionally advanced esophageal squa
mous cancer.
Key words: Chemoradiotherapy; Long-term result;
Loco-regionally advanced esophageal cancer; Phase Ⅱ
trial
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This was a prospective phase Ⅱ trial with
76 patients to evaluate the effect of paclitaxel plus
cisplatin combined with concurrent radiotherapy for
locally advanced esophageal squamous cancer. Our
results showed a good survival rate, which seemed
comparable or even better than those of other studies
of patients undergoing definitive paclitaxel-based
chemoradiotherapy.

Interventions

We designed a phase Ⅱ study of TP regimen (PTX
+ DDP) combined with concurrent radiotherapy for
patients with loco-regional esophageal squamous
cancer. The purpose of this study was to evaluate the
safety and effectiveness of a four-week regimen of TP
plus concurrent radiotherapy (Figure 1).
At the beginning of this study, late-course accele
rated radiotherapy (LCAF) was utilized because we had
completed some studies of LCAF and obtained higher
[11,12]
local control and overall survival
. The regimen of
LCAF was as follows: the first phase of radiation was
41.4 Gy/ 23 fractions over 4.6 wk (1.8 Gy/fraction, 5

Zhu HT, Ai DS, Tang HR, Badakhshi H, Fan JH, Deng JY,
Zhang JH, Chen Y, Zhang Z, Xia Y, Guo XM, Jiang GL,
Zhao KL. Long-term results of paclitaxel plus cisplatin with
concurrent radiotherapy for loco-regional esophageal squamous
cell carcinoma. World J Gastroenterol 2017; 23(3): 540-546
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i3/540.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i3.540
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Regimen LCAF + CT
1

2

3

4

5

6

7

9

Table 1 Patients’ characteristics

13 week

RT
DDP

n (%)

Characteristic
Age (yr)
Median
Gender
Male
Female
Stage1
Ⅱ

PTX
Regimen CF + CT
1

2

3

4

5

6

7

9

13 week

RT
DDP

58 (37-74)
63 (82.9)
13 (17.1)

Ⅲ

PTX

Ⅳ
Fraction regimen
LCAF
CF
Number of chemotherapy cycles
1
2
3
4
Status
Survival
Dead
Lost to follow-up

Figure 1 Schedule of the chemoradiotherapy protocol. LCAF radiotherapy
consisted of 41.4 Gy (1.8 Gy/fraction, q.d.) using large fields, and 27 Gy
(1.5 Gy/fraction, b.i.d.) using reduced fields, with a total dose of 68.4 Gy/41
fractions in 44 d. CF radiotherapy consisted of 61.2 Gy/34 fractions in 48 d (1.8
Gy/fraction, q.d.). The chemotherapy regimen included PTX at 175 mg/m2, D1
and DDP at 25 mg/m2, D1-3. RT: radiotherapy; LCAF: late-course accelerated
radiotherapy; CF: conventional radiotherapy; CT: Computed tomography; DDP:
Cisplatin; PTX: Paclitaxel.

fractions per week). The second phase of irradiation
was the accelerated hyperfractionated session of 27
Gy/18 fractions in 1.6 wk (1.5 Gy/fraction, twice daily
with a minimum interval of 6 h). The total dose of LCAF
was 68.4 Gy/41 fractions in 44 d. After 16 patients
had completed LCAF radiotherapy, fractionated radiotherapy (twice a day) was prohibited because of the
increased number of patients and the limited number
of radiation machines; in particular, it was impossible
for patients to receive radiation therapy twice per day.
Therefore, conventional radiotherapy (CF) had to be
used instead of LCAF. These patients received 61.2
Gy/34 fractions in 48 d, with 1.8 Gy/fraction 5 times
per week. The regimen for TP was the same as previously described.
For all patients, the radiotherapeutic technique was
the 3-dimensional planning technique or intensitymodulated radiation therapy. The megavoltage photon
energy of 6 MV was used. The target volume was
localized by computed tomography (CT) planning. The
gross tumor volume (GTV) included the primary tumor
and nodal metastasis. The clinical target volume (CTV)
contained a 2 to 3-cm cephalad and caudad margin
beyond the GTV. The planning target volume (PTV)
was defined as having a 1-cm margin around the CTV.
No prophylactic irradiation was given to any patient.
The study protocol was reviewed and approved by
the Ethics Committee of the Cancer Hospital Affiliated
to Fudan University (No. 081065). Written informed
consent was obtained from all participants.

16 (21.1)
60 (78.9)
8 (10.5)
13 (17.1)
7 (9.2)
48 (63.2)
17 (22.4)
53 (69.7)
6 (7.9)

1

UICC 6th. LCAF: Late-course accelerated radiotherapy; CF: Conventional
radiotherapy; UICC: Union for International Cancer Control.

ment of 4 cycles of full-dose PTX + DDP along with a
planned total dose of 68.4 Gy or 61.2 Gy radiotherapy.
Survival rates were calculated by the Kaplan-Meier
model from the first day of treatment until death, and
differences between rates were compared using the
log-rank test. Age (65 years or less vs more than 65
years), gender (male vs female), stage (Ⅱ-Ⅲ vs IV:
th
UICC 6 ), number of cycles of chemotherapy (1-3 vs
4), pattern of radiotherapy (LCAF vs CF) and number
of recurrent regions (one region vs multiple regions)
were included into the log-rank test. A P value less
than 0.05 was considered significant. All analyses were
performed using SPSS22.0.
All patients who received treatment at least once
were summarized in the intention to treat (ITT)
analysis. The per-protocol (PP) analysis consisted of
all treated patients without any protocol violation. The
overall survival (OS) and progression-free survival
(PFS) rates were analyzed based on ITT and PP populations, respectively. The primary endpoints of this
study were OS and PFS, and the secondary endpoints
were toxicity and the treatment failure pattern.

RESULTS
Seventy-six patients (median age, 58 years; age
range, 37 to 74 years) were enrolled in this phase Ⅱ
study from 2008 to 2011 (Table 1). Forty-eight (63.2%)
patients completed the whole regimen of chemotherapy without reduction. The median follow-up time
was 78.5 mo (range: 67.2-89.8 mo). In July 2016, 6
patients were lost to follow-up because they changed
their phone number; 76 (100%) patients were

Follow-up and statistics

Follow-up evaluations were performed every 3 mo during the first year, every 6 mo for the next 2 years, and
once a year thereafter. Toxicity was graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI-CTCAE 3.0).
The treatment completion was defined as the fulfill-
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21 (27.6)
27 (35.5)
28 (30.3)
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A

Survival of ITT analysis

100

Table 2 Prognostic factors for overall survival
OS
PFS

Percentsurvival

80

Factor
Cycle(s)
1-3
4
Stage

60

Ⅱ-Ⅲ

Ⅳ
Gender
Male
Female
Age
< 65 yr
≥ 65 yr
Radiation
CF
LCAF

40

20

0

B

0

12

24

36

48
Mo

60

72

96

Survival of PP analysis

100

40

20

0

12

24

36

48
Mo

60

72

84

96

Figure 2 Overall survival and progression-free survival rates in patients
with loco-regionally advanced esophageal cancer (Kaplan-Meier method).
A: ITT analysis; B: PP analysis. ITT: Intention to treat; PP: Per-protocol; OS:
Overall survival; PFS: Progression-free survival.

16.1
35.5

48
28

36.1
14.9

63
13

17.3
35.5

58
18

23.4
27.0

60
16

23.4
28.5

0.013

0.037

0.093

0.708

0.626

DISCUSSION

included in the ITT population and 70 (92.1%) in the
PP population. In the PP population, 17 patients were
alive, and 16 had no evidence of disease progression.
Among the 54 of 70 patients with treatment failure, 17
had only local recurrence, 23 had distant metastasis
only, 8 had concurrent local recurrence/distant failure,
and 6 had failure due to other reasons, including
second primary cancer (2 patients), second primary
cancer progression (3 patients), and heart failure (1
patient).
The 1-, 2-, 3-, 4-, and 5-year survival rates in the
PP population were 72.9%, 50%, 40%, 28.6%, and
25.4%, respectively, while those in the ITT population were 75%, 53.9%, 44.7%, 34.2%, and 26.4%,
respectively. The median OS and PFS times were
23.7 mo (95%CI: 13.0-34.4) and 13.3 mo (95%CI:
9.7-16.9) in the PP population, and 28.5 mo (95%CI:
15.2-41.8) and 14.7 mo (95%CI: 10.7-18.7) in the
ITT population, respectively (Figure 2).
In log-rank analysis, the difference between the
OS rate in the pretreatment stage (P = 0.037; stage
Ⅱ + Ⅲ: 36.1 mo, 95%CI: 22.9-49.2 vs stage Ⅳ: 14.9

WJG|www.wjgnet.com

26
50

Log-rank

mo, 95%CI: 11.9-17.9) and the completed cycle (P =
0.013; 1-3 cycles: 16.1 mo, 95%CI: 10.2-22.1 vs 4
cycles: 35.5 mo, 95%CI: 22.3-48.7) was statistically
significant (Table 2).
[10]
As acute toxicities had been reported previously ,
the late toxicities were updated in this article. Only
one patient died because of heart failure at 20 mo,
although it was not clear whether this was caused by
radiotherapy. Other grade 3 or 4 late toxicities were
not detected, although grade 1 or 2 focal pulmonary
fibrous changes and pericardial effusion were common. Moreover, among the alive patients, only 2 had
grade 1 hematological toxicity, which did not need
special treatment.

60

0

Median survival t/mo

CF: Conventional radiotherapy; LCAF: Late-course accelerated
radiotherapy.

OS
PFS

80
Percentsurvival

84

No.

Localized esophageal carcinoma is often treated with
preoperative chemoradiotherapy; however, when
carcinoma is unresectable (Ⅳ stage) or patients do not
want to undergo surgery, concurrent chemoradiother[13-15]
apy would be a suitable treatment
. Some trials
have revealed the effectiveness of chemoradiotherapy
[1,2,16,17]
in loco-regionally advanced esophageal cancer
,
and 5-FU plus DDP with concurrent radiotherapy
was recognized as the initial strategy. As a promising
agent, PTX was reported to be effective in concurrent
chemoradiotherapy due to its good response rate of
[18,19]
40%
and its effect as a radio-sensitizer. Various
scientists have reported the efficacy of PTX-based
chemoradiotherapy, especially TP (PTX plus DDP) and
TF (PTX plus 5-FU). However, the details of the regimen remain controversial, including the dosage and
the number of cycles.
In this study, we investigated the effectiveness
of a 4-wk schedule of PTX plus DDP combined with
concurrent radiotherapy. Our results showed good
survival rates, with 1-, 2-, 3-, 4-, and 5-year survival
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Table 3 Results of TP regimen plus radiotherapy for loco-regionally advanced esophageal cancer in past studies
Ref.

No.

Chemotherapy

Dose and fraction

Grade ≥ 3 acute
hematologic toxicity

Median observation
period (mo)

Median survival 2-yr survival rate
t/mo

Jingu et al[22]

84

50.4 Gy/28 fractions

40.00%

NA

14.9

37.00%

Tu et al[21]

36

52-70 Gy/1.8-2 fractions

13.90%

14

18

42.80%

Song et al[20]

82

PTX 135 mg/m2
DDP 75 mg/m2
3-wk based
PTX 135 mg/m2
DDP 75 mg/m2
3-wk based
PTX 135 mg/m2
DDP 30 mg/m2
4-wk based

60 Gy/30 fractions

30.50%

20.4

18.2

40.80%

DDP: Cisplatin; PTX: Paclitaxel; RT: Radiotherapy; NA: Not available.

rates of 75%, 53.9%, 44.7%, 34.2%, and 26.4%,
respectively, in the ITT model. These results seemed
comparable or even better than those with RTOG 0113
and other studies of patients undergoing definitive
PTX-based chemoradiotherapy (Table 3).
[20]
Compared with the study of Song et al , who
used a similar regimen as in our study, the 2-year
survival rate in our study was much higher (53.9%
vs 40.8%), while the acute and late toxicities were
comparable even with a higher dose of PTX. These
differences may be due to the following reasons:
(1) the median age in our study was 54, while the
previous authors enrolled much older patients; and (2)
the radiation delivery schedule was different. However,
a few trials have reported the long-term outcome of
regimens involving PTX in unresectable esophageal
[20,21]
cancer
. In our study, the 5-year survival rate
(26.4% in ITT model) was comparable to that of RTOG
8501 (26%), which used the combination of DDP
[2]
+ 5-FU . This finding supports the idea that 4-wk
PTX plus DDP regimen combined with concurrent
radiotherapy is effective in treating locally advanced
esophageal cancer, easy to perform and saves time
spent in transportation to the treatment center.
The standard radiation regimen is 50.4 Gy/28
fractions in Western countries, and whether a high
dosage of radiation can be used in concurrent therapy
remains controversial. In the INT 0123 study reported
[1]
by Minsky et al , the higher radiation dose (64.8 Gy)
did not increase the OS or local control compared
with the standard irradiation dose (50.4 Gy), although
the higher dosage did not cause greater late toxicity.
However, in Asia, 60-70 Gy radiation doses are widely
used. In Jingu’s study, the median OS was 39 mo,
[22]
which was excellent after 60 Gy irradiation . In our
study, only 1 patient died of heart failure, and whether
this outcome had any relationship with late toxicity
was unclear. The most common late toxicity was grade
1 or 2 focal pulmonary fibrous changes. Given a good
OS, this result suggests that a radiation dose of more
than 60 Gy is appropriate for loco-regionally advanced
[22,23]
esophageal cancer
. Differences in radiation
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doses between Asian and Western countries might be
because of the distinct radiation plans applied.
At our hospital, LCAF was investigated for more
than 10 years and was confirmed to be safe and show
[11,12]
a better local control or 5-year OS rate
. However,
phase Ⅲ trials are still needed to compare this
approach with CF. The primary purpose of this study
was to assess the effectiveness of TP with concurrent
LCAF, but because of the limited number of radiation
machines and the large number of patients, it was
impossible for one patient to receive radiotherapy
twice daily; thus, CF was used instead of LCAF in the
other 60 patients. With regard to the final data, there
were no significant differences between LCAF and CF,
perhaps because of the limited number of patients.
Due to economic benefit, CF is recommended for locoregionally advanced esophageal cancer.
The combination of 4-wk TP chemotherapy with
concurrent radiation (61.2 Gy/34 fractions) is a safe
and promising definitive treatment for loco-regionally
advanced esophageal squamous cancer. A phase Ⅲ
randomized clinical trial (NCT 02459457) has since
been initiated to compare the efficacy among TP, TF
(PTX plus 5-FU) and TC (PTX plus carboplatin) to
determine the best PTX-based regimen for concurrent
chemoradiotherapy.

COMMENTS
COMMENTS
Background

Concurrent chemoradiotherapy has been recognized as a standard treatment
for loco-regionally advanced unresectable esophageal cancer. The combination
of fluorouracil (5-FU) plus cisplatin (DDP) was mostly used. Paclitaxel (PTX)
was investigated to treat esophageal cancer. The current trial was designed
to evaluate the safety and effectiveness of PTX plus DDP combined with
concurrent radiotherapy for locally advanced esophageal squamous cancer.

Research frontiers

Various scientists have reported the efficacy of PTX-based chemoradiotherapy,
especially TP (PTX plus DDP) and TF (PTX plus 5-FU) for locally advanced
esophageal squamous cancer, but the details of the regimen remain
controversial, including the dosage and the number of cycles. In this study, a
4-cycle TP regimen combined with concurrent radiotherapy showed a good
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overall survival rate and low toxicity.
9

Innovations and breakthroughs

Few long-term prospective studies about locally advanced esophageal
squamous cancer have been reported to date.
10

Applications

Based on our results, a phase Ⅲ randomized clinical trial (NCT 02459457) has
since been initiated to compare the efficacy among TP, TF (PTX plus 5-FU)
and TC (PTX plus carboplatin) to determine the best PTX-based regimen for
concurrent chemoradiotherapy.

11

Terminology

Paclitaxel was isolated from the bark of the Pacific yew, Taxus brevifolia, used
to treat ovarian, breast, lung, pancreatic and other cancers. Cisplatin reacts
in the body, binds to DNA and causes the DNA strands to crosslink, which
ultimately triggers cells to die in a programmed way.

12

13
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The authors report the long-term results of a combined chemoradiation regimen
for esophageal cancer, which is interesting.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Keio University School of Medicine
Institutional Review Board.

Many papers have reported on pregnancy and delivery
after liver transplantation, but there have been no
reports on pregnancy after ABO-incompatible liver
transplantation. This paper reports the first successful
pregnancy and delivery of a newborn after ABOincompatible liver transplantation for fulminant hepatic
failure. The patient was a 39-year-old female. She had
an ABO-incompatible liver transplantation, donated
from her husband, due to subacute fulminant hepatitis
of unknown etiology. She was taking tacrolimus,
methylprednisolone, and mizoribine orally for the
maintenance of immunosuppression at the time of
discharge. She was discharged uneventfully on posto
perative day 38 without any rejection episodes. At
1 year and 6 mo after transplantation, she indicated
a wish to become pregnant. Therefore, treatment
with mycophenolate mofetil was interrupted at that
time. After two miscarriages, she finally became preg
nant and delivered transvaginally 3 years after the
transplantation. All of the pregnancies were conceived
naturally. The newborn was female with a birth weight
of 3146 g; the Apgar scores were 9 and 10. Delivery
was performed smoothly, and the newborn exhibited
no malformations. The mother and the newborn were
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to crab butter but not any medicines. Her blood type
was O, Rh(+), and her HLA-A, B, DR was A2/A11,
B35/B55, DR9/DR12. The donor’s blood type was A,
Rh(+), and his HLA-A, B, DR was A2/A24, B46/B48,
DR8/DR16. Her anti-A and anti-B antibodies before
hepatitis were uncertain due to a plasma exchange (PE).
She gave birth to her first baby by vaginal delivery
at the age of 39 years old in February 2012. After
delivery, she suffered from refractory periodontitis; she
took the antibiotic cephem (cefdinir) for 6 d starting in
April 2012 because of the periodontitis. Subsequently,
she exhibited general malaise, general itching sensations, and chills. A dermatologist prescribed levocetirizine and prednisolone unguent, but the symptoms
persisted with no improvement. She also had a problem with a second premolar tooth because she had
exodontia and took the antibiotic cephem (cefdinir) to
prevent infection. However, after taking this antibiotic,
she experienced the sudden onset of jaundice and
severe hepatic dysfunction [aspartate transaminase
(AST)/alanine aminotransferase (ALT) = 948/1090
IU/L, T-Bil 138 μmol/L, D/T = 0.71, prothrombin timeinternational normalized ratio (PT-INR) = 1.00]. She
was admitted to the hospital with fulminant hepatitis
of unknown etiology, and liver support therapy was
performed. A liver biopsy revealed acute, drug-induced
hepatitis. Her liver function continued to deteriorate
(AST/ALT = 944/1114 IU/L, T-Bil 296 μmol/L, D/T
= 0.76, PT-INR = 1.23), and she developed hepatic
encephalopathy two weeks later, when the first symptoms appeared. On the day hepatic encephalopathy
appeared, she was transferred to our hospital. We
performed PE five times and started continuous
hemodiafiltration. The first PE was fresh frozen plasma
of blood type O, and the others were blood type AB
due to the possibility of ABO-incompatible liver trans
plantation. Although she was registered on the waiting
list for deceased donor liver transplantation in Japan,
the progression of liver dysfunction did not allow for
much time to be spent waiting for a deceased liver
donation [the model for end-stage liver disease (MELD)
score increased from 28 to 36 in a week]. In addition,
pancreatitis was suspected due to the PEs because of
the elevation in serum amylase. An ABO-incompatible
liver transplantation was performed 10 d after the
first PE was performed; the liver was donated from
her 33-year-old husband. Before transplantation, her
anti-A antibodies were 64 × (IgM) and 128 × (IgG),
and her anti-B antibodies were 32 × (IgM) and 64 ×
(IgG).
The donor’s left liver lobe (graft weight; 452 g,
graft weight/recipient body weight = 0.93) was transplanted, and a splenectomy was also performed along
with the insertion of an intraportal infusion catheter
[1]
and immunosuppression, according to our protocol
for ABO-incompatible liver transplantation. Rituximab
was infused one time just after the liver transplantation. The operation time was 10 h and 18 min, and
blood loss was 538 mL.

discharged uneventfully. We suggest that pregnancy
is possible for recipients after ABO-incompatible liver
transplantation.
Key words: Pregnancy; Liver transplantation; Delivery;
Fulminant hepatic failure; ABO-incompatible; Living donor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This report is on the first successful perinatal
management of pregnancy after ABO-incompatible liver
transplantation. We suggest that pregnancy should
be allowed for those who previously received ABOincompatible liver transplantation.
Higashi H, Obara H, Miyakoshi K, Shinoda M, Kitago M,
Shimojima N, Abe Y, Hibi T, Yagi H, Matsubara K, Yamada
Y, Itano O, Hoshino K, Kuroda T, Kitagawa Y. First successful
perinatal management of pregnancy after ABO-incompatible liver
transplantation. World J Gastroenterol 2017; 23(3): 547-550
Available from: URL: http://www.wjgnet.com/1007-9327/
full/v23/i3/547.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i3.547

INTRODUCTION
Liver transplantation has been established as a
medical treatment for end-stage liver disease
patients. In Japan, living-donor liver transplantation,
including ABO-incompatible liver transplantation, is
the most available procedure due to a chronic lack
of deceased donor livers. We established a protocol
for ABO-incompatible liver transplantation that uses
immunosuppressants (e.g., cyclosporin or tacrolimus),
rituximab, steroids, mizoribine, and intraportal infusion
[1,2]
therapy . Although there are extensive operative
stresses involved and immunosuppressants are
required, many papers have reported a successful
[3,4]
pregnancy or delivery after liver transplantation .
However, only two reports described pregnancy and
delivery after ABO-incompatible kidney transplantation,
and there have been no reports on pregnancy after
[5,6]
ABO-incompatible liver transplantation . This paper
reports the first successful pregnancy and delivery of a
newborn after ABO-incompatible liver transplantation
for fulminant hepatic failure.

CASE REPORT
A 39-year-old woman, gravida 1, para 1, received an
ABO-incompatible liver transplantation, donated from
her husband. The transplantation was due to subacute
fulminant hepatitis that occurred two months after her
first delivery; although the etiology was unknown, it
was suspected to be drug-induced. She had no appreciable diseases, including hepatitis virus infections, or a
past or family history of liver disease. She was allergic
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Figure 1 Perioperative laboratory data and immunosuppressive drugs. AST: Aspartate transaminase; ALT: Alanine transaminase; T.Bil: Total bilirubin; POD:
Postoperative day.

Her encephalopathy improved promptly after the
transplantation. She was extubated on postoperative
day (POD) 3 and discharged from the intensive care
unit on POD 7. Tacrolimus, steroids, and mizoribine
were given, and intraportal infusion therapy was performed to prevent rejection (Figure 1). The jaundice
and liver function gradually improved, and she was
discharged from the hospital on POD 38 with no bacterial infections or rejection episodes (laboratory data at
the time of discharge: AST/ALT = 18/16 IU/L, T-Bil 15
μmol/L, D/T = 0.11, PT-INR = 1.08).
When she was discharged, she was taking tacrolimus (1.4 mg/d), methylprednisolone (mPSL; 15 mg/d),
and mizoribine (200 mg/d) orally for the maintenance
of immunosuppression, and her anti-A and anti-B
antibodies were not increased; anti-A antibodies: 32 ×
(IgM) and 256 × (IgG), anti-B antibodies: 32 × (IgM)
and 64 × (IgG). Although she developed steroidal
diabetes, it was well controlled with insulin (HbA1c was
within the range of 5.2%-6.1% during pregnancy).
Her serum tacrolimus concentration was maintained between 3 ng/mL and 8 ng/mL as an outpatient. Her general condition improved gradually, and 1
year and 6 mo after transplantation, she expressed a
desire to become pregnant. Thereafter, she conceived
spontaneously but miscarried twice, 2 years and 2
years plus 6 mo after the transplantation. Three years
after the transplantation, when she was 42 years old,
she conceived spontaneously, and the perinatal clinical
th
course was uneventful. At the 39 week of pregnancy,
a female baby weighing 3146 g was delivered vaginally with Apgar scores of 9 and 10 at 1 and 5 min,

WJG|www.wjgnet.com

respectively. The intra- and postpartum courses were
uneventful, and there was no postpartum hemorrhage.
The baby exhibited no malformations and was healthy
at the age of 6 mo. During the course of pregnancy,
she took 4 mg/d of tacrolimus without reduction or
suspension, and her levels of AST, ALT, and bilirubin
remained within normal ranges. In addition, her anti-A
and anti-B antibody levels were stable during the perinatal period: antenatal: anti-A antibodies: 2 × (IgM)
and 16 × (IgG); anti-B antibodies: 32 × (IgM) and 64
× (IgG); postnatal: anti-A antibodies: 2 × (IgM) and 8
× (IgG), anti-B antibodies: 16 × (IgM) and 64 × (IgG).
Although the blood type of the baby was uncertain,
anti-A and anti-B antibodies did not increase during
the pregnancy.

DISCUSSION
ABO-incompatible living- related liver transplantation
is a procedure that is performed to resolve the lack of
deceased donors. Due to the immunosuppression pro[1]
tocol for ABO-incompatibility comprising rituximab ,
it has become a relatively straightforward procedure.
Our protocol for ABO-incompatible liver transplantation
has allowed patients to undergo transplantation with a
[7]
prognosis similar to that of an ABO-compatible liver .
This procedure greatly increases the likelihood of a
successful transplantation in acute liver dysfunction
patients who could not find an ABO-compatible donor.
Indeed, in this case, the only donor available within the
limited time was ABO incompatible. In the past, the
survival rate of ABO-incompatible liver transplantation
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Related reports

was lower than that of ABO-compatible transplantation, but with improvements, there is currently no
significant difference between ABO-compatible and
ABO-incompatible transplantation in the Japanese
[8]
registry .
Many papers have reported obstetric complications
during pregnancy after liver transplantation; liver
dysfunction and preeclampsia are commonly reported
[9,10]
according to systematic reviews
. The rates of cesarean section and preterm delivery are also higher after
liver transplantation than in the general population;
accordingly, gestational age is shorter after liver transplantation than in the general population. Fortunately,
the perinatal course in our patient was uneventful. In
[9,10]
contrast to previous reports
, the patient delivered
an appropriate-for-date newborn at full term.
Immunosuppression is an important point in pregnancy. The interruption of mizoribine use prevented
teratosis, and no liver dysfunction was observed.
Because mycophenolate mofetil was used, the patient
needed a six-month interval before the pregnancy
because of its teratogenic effects.
In conclusion, we experienced and reported the
first successful management of a case of pregnancy
after ABO-incompatible liver transplantation for fulminant hepatic failure.

There have been no reports on pregnancy and delivery after ABO-incompatible
liver transplantation.

Term explanation

ABO-incompatible liver transplantation is a type of living-donor liver transplantation.

Experiences and lessons

This case suggests that the possibility of pregnancy for recipients of ABOincompatible liver transplantation is equivalent to that for recipients of ABOcompatible liver transplantation.

Peer-review

This is a brief report of a successful pregnancy after ABO incompatible liver
transplantation. The manuscript is well written and would be of interest to the
readers of this journal, the references are up to date.

REFERENCES
1

2

3

COMMENTS
COMMENTS
4

Case characteristics

The patient was a 39-year-old female. She had an ABO-incompatible liver
transplantation, donated from her husband, due to subacute fulminant hepatitis
of unknown etiology.

5

Clinical diagnosis

She was found to have jaundice, and hepatic encephalopathy was observed.
6

Differential diagnosis

Her differential diagnosis included drug-induced liver failure and viral infection.
7

Laboratory diagnosis

The laboratory evaluation showed significant hyperbilirubinemia, increased
aspartate transaminase/alanine aminotransferase, hepatic dysfunction, and
decreased prothrombin time-international normalized ratio.

8

Imaging diagnosis

Abdominal ultrasound and computed tomography revealed the atrophic change
of the liver but no evidence of biliary obstruction.

9

Pathological diagnosis

She was diagnosed with drug-induced fulminant hepatitis upon liver biopsy.
10

Treatment

The initial treatment consisted of medical management comprising plasma
exchange and continuous hemodiafiltration, followed by liver transplantation.

Tanabe M, Shimazu M, Wakabayashi G, Hoshino K, Kawachi S,
Kadomura T, Seki H, Morikawa Y, Kitajima M. Intraportal infusion
therapy as a novel approach to adult ABO-incompatible liver transplantation. Transplantation 2002; 73: 1959-1961 [PMID: 12131697]
Mishima K, Obara H, Sugita K, Shinoda M, Kitago M, Abe Y,
Hibi T, Yagi H, Matsubara K, Mori T, Takano Y, Fujiwara H,
Itano O, Hasegawa N, Iwata S, Kitagawa Y. Helicobacter cinaedi
bacteremia with cellulitis after ABO-incompatible living-donor
liver transplantation: Case report. World J Gastroenterol 2015; 21:
7911-7915 [PMID: 26167092 DOI: 10.3748/wjg.v21.i25.7911]
Nagy S, Bush MC, Berkowitz R, Fishbein TM, Gomez-Lobo V.
Pregnancy outcome in liver transplant recipients. Obstet Gynecol
2003; 102: 121-128 [PMID: 12850617 DOI: 10.1016/s0029
-7844(03)00369-7]
Kainz A, Harabacz I, Cowlrick IS, Gadgil S, Hagiwara D. Analysis
of 100 pregnancy outcomes in women treated systemically with
tacrolimus. Transpl Int 2000; 13 Suppl 1: S299-S300 [PMID:
11112018]
Takahashi K, Sonda K, Okuda H, Nakazawa H, Kawaguchi
H, Toma H, Agishi T, Ota K, Nakabayashi M, Takeda Y. The
first report of a successful delivery in a woman with an ABOincompatible kidney transplantation. Transplantation 1993; 56:
1288-1289 [PMID: 8249142]
Esposito L, Rostaing L, Kamar N. Successful pregnancy after
ABO-incompatible kidney transplantation. Transpl Int 2016; 29:
506-507 [PMID: 26615059 DOI: 10.1111/tri.12724]
Tanabe M, Kawachi S, Obara H, Shinoda M, Hibi T, Kitagawa
Y, Wakabayashi G, Shimazu M, Kitajima M. Current progress in
ABO-incompatible liver transplantation. Eur J Clin Invest 2010; 40:
943-949 [PMID: 20636381 DOI: 10.1111/j.1365-2362.2010.02339.x]
Umeshita K, Inomata Y, Furukawa H, Kasahara M, Kawasaki
S, Kobayashi E, Kokudo N, Sakisaka S, Shimada M, Tanaka E,
Uemoto S. Liver transplantation in Japan -Registry by the Japanese
Liver Transplantation Society. Hepatol Res 2016; 46: 1171-1186
[PMID: 26887781 DOI: 10.1111/hepr.12676]
Deshpande NA, James NT, Kucirka LM, Boyarsky BJ, GaronzikWang JM, Cameron AM, Singer AL, Dagher NN, Segev DL.
Pregnancy outcomes of liver transplant recipients: a systematic
review and meta-analysis. Liver Transpl 2012; 18: 621-629 [PMID:
22344967 DOI: 10.1002/lt.23416]
Dei Malatesta MF, Rossi M, Rocca B, Iappelli M, Giorno MP,
Berloco P, Cortesini R. Pregnancy after liver transplantation: report
of 8 new cases and review of the literature. Transpl Immunol 2006;
15: 297-302 [PMID: 16635752 DOI: 10.1016/j.trim.2006.01.001]
P- Reviewer: Kumar R, Quak SH, Ramsay MA
S- Editor: Yu J L- Editor: A E- Editor: Liu WX

WJG|www.wjgnet.com

550

January 21, 2017|Volume 23|Issue 3|

World J Gastroenterol 2017 January 21; 23(3): 551-559
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v23.i3.551

© 2017 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Mucosa-associated lymphoid tissue lymphoma with
18
unusual F-FDG hypermetabolism arising at the colorectal
anastomosis
Na-Sha Zhang, Fang Shi, Li Kong, Hui Zhu
Na-Sha Zhang, Fang Shi, Li Kong, Hui Zhu, Department of
Radiation Oncology, Shandong Cancer Hospital affiliated to
Shandong University, Shandong Academy of Medical Sciences,
Jinan 250117, Shandong Province, China

Received: September 17, 2016
Peer-review started: September 17, 2016
First decision: November 9, 2016
Revised: December 5, 2016
Accepted: December 16, 2016
Article in press: December 19, 2016
Published online: January 21, 2017

Author contributions: Zhang NS contributed to the acquisition
of case materials and drafting of the manuscript; Shi F collected
the pictures and drafted the manuscript; Kong L performed
critical revision of the manuscript; Zhu H performed critical
revision of the manuscript and was the guarantor for this case
report; all authors have read and approved the final manuscript.

Abstract
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affiliated to Shandong University Institutional Review Board,
Jinan, China.

Mucosa-associated lymphoid tissue (MALT) lymphoma
usually originates from the stomach and presents with
18
low F-fluorodeoxyglucose (FDG) avidity with average
maximum standard uptake value of 3.6. Colorectal
MALT lymphoma is a rare entity that contributes to
1.6% of all MALT lymphomas and < 0.2% of large
intestinal malignancies. The case reported herein firstly
revealed stage Ⅱ MALT lymphoma with unexpected
18
higher F-FDG avidity of 18.9 arising at the colorectal
anastomosis in a patient with a surgical history for
sigmoid adenocarcinoma, which was strongly suspected
as local recurrence before histopathological and immu
nohistochemical examinations. After accurate diagnosis,
the patient received four cycles of standard R-CVP
regimen (rituximab, cyclophosphamide, vincristine
and prednisone), combined target therapy and chemo
therapy, instead of radiotherapy recommended by
National Comprehensive Cancer Network guidelines.
He tolerated the treatment well and reached complete
remission.
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Core tip: This case highlighted the possibility of deve
lopment of metachronous neoplasms at the color
ectal anastomosis, especially rare mucosa-associated
lymphoid tissue (MALT) lymphoma with unusual
18
F-fluorodeoxyglucose (FDG) hypermetabolism.
Chromosomal translocation leading to the activation
of nuclear factor-κB pathway in proliferative B cells
stimulated by pathogens may explain the etiopatho
genesis for MALT lymphoma. Despite being indolent,
MALT lymphoma can be successfully imaged by
18
F-FDG-positron emission tomography (PET)/computed
18
tomography (CT), and shows great F-FDG avidity.
This indicates that PET/CT can be added to the workup
of MALT lymphoma. Considering that MALT lymphoma
originates from many organs, patient-tailored
treatment including radiotherapy, chemotherapy and
immunotherapy is necessary.

Figure 1 Colonoscopic findings. The colonoscopy revealed an elevated
lesion of approximately 5 cm × 6 cm at the colorectal anastomotic site. The
lesion with a centric ulceration was ill defined and irregular in shape.

any high-risk factors. As a consequence, the patient
was released from our hospital, eschewing adjuvant
radiochemotherapy. Two years later, the patient
was admitted for a 2-mo history of abdominal pain,
alternate episodes of diarrhea and constipation, and
tenesmus. There were no purulent or bloody stools.
The results of laboratory tests including tumor markers,
complete blood count and lactate dehydrogenase were
normal. Hepatitis B surface antibody and hepatitis B
core antibody were positive, which indicated previous
infection with hepatitis B virus. Hepatitis C virus
(HCV) infection was excluded. Colonoscopy revealed
an elevated lesion of approximately 5 cm × 6 cm
at the colorectal anastomosis (Figure 1). The lesion
with central ulceration was ill defined and irregular in
shape. Multiple random biopsies were taken. Given
18
the possibility of anastomotic recurrence, F-FDGPET/CT was performed to assess the metabolism
of the lesion and the extent of involvement. The
images presented FDG hypermetabolism at the
anastomotic site and paracolic lymph nodes, with
higher maximum standard uptake value (SUVmax) of
18.9 and 6.8, respectively (Figure 2). One week later,
histopathological examination of biopsy specimens
showed infiltration of morphologically heterogeneous
small B cells, including centrocyte‑like cells with
irregular nuclei and less cytoplasm (Figure 3A). As
the hallmark of MALT lymphoma, lymphoepithelial
lesions were observed with sheets of small to mediumsized, irregular, neoplastic lymphoid cells effacing the
glandular architecture (Figure 3B). The infiltrating
cells were immunohistochemically positive for CD20,
CD79a, CD43, BCL-2 (Figure 4) and Ki-67, but
negative for CD5, CD10 and cyclin D1 (Figure 5).
These results supported a final pathological diagnosis
of MALT lymphoma. After diagnosis, a urea breath
test was performed, which excluded Helicobacter
pylori (H. pylori) infection. Bone marrow infiltration
was not detected. According to Ann Arbor staging,
the MALT lymphoma was classified as IIE. The patient
received four cycles of immunochemotherapy with
standard R-CVP regimen (rituximab 700 mg d0,

Zhang NS, Shi F, Kong L, Zhu H. Mucosa-associated lymphoid
tissue lymphoma with unusual 18F-FDG hypermetabolism
arising at the colorectal anastomosis. World J Gastroenterol
2017; 23(3): 551-559 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i3/551.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i3.551

INTRODUCTION
In 1983, Isaacson and Wright first described extranodal
marginal zone B-cell lymphoma of mucosa-associated
lymphoid tissue (MALT), most of which occurred in
the stomach (> 50%) followed by parotid and salivary
glands, skin, conjunctiva, head and neck, lung, thyroid
[1,2]
and breast . By contrast, colorectal MALT lymphoma
[3]
only contributes to 1.6% of all MALT lymphomas , and
total colorectal lymphomas only account for 0.2% of
large intestinal malignancies, with an annual incidence
[4]
of 1.6 per million . These results indicate the low
incidence of colorectal MALT lymphoma, as wells as
MALT lymphoma arising at the colorectal anastomosis.
Here, we report a case of MALT lymphoma with
18
unexpected high F-fluorodeoxyglucose (FDG) avidity,
arising at the colorectal anastomosis in a patient
treated surgically for sigmoid adenocarcinoma. Based
on this case, we discuss the possible etiopathogenesis,
18
F-FDG-positron emission tomography (PET)/com
puted tomography (CT) imaging and treatment
strategy for colorectal MALT lymphoma.

CASE REPORT
A 75-year-old man underwent radical surgery for
sigmoid colon cancer in 2013. During that operation,
the sigmoid colon was completely removed and
the colorectal anastomosis was stitched at 16 cm
cranial to the anal verge. Pathological diagnosis
presented moderately differentiated ulcerative
sigmoid adenocarcinoma of T3N0M0 stage without
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Figure 2 Positron emission tomography/computed tomography findings before treatment. Positron emission tomography/computed tomography showed
18
F-fluorodeoxyglucose hypermetabolism at the colorectal anastomotic site and paracolic lymph nodes. The SUVmax was 18.9 at the lesion arising at the anastomosis.
The SUVmax of paracolic lymph nodes was 6.8.

A

B

Figure 3 Histopathological findings. A: Biopsy specimens showed infiltration of morphologically heterogeneous small B cells, including centrocyte like cells with
irregular nuclei and less cytoplasm. Centroblast-like cells were scattered; B: Lymphoepithelial lesions with sheets of small to medium-sized, irregular, neoplastic
lymphoid cells effacing the glandular architecture (A and B: hematoxylin and eosin, × 400).

cyclophosphamide 1.2 g d1, vincristine 2 mg d1 and
prednisone 100 mg d1-5, q3w). Treatment was well
tolerated. After four cycles of treatment, the patient
was asymptomatic and the therapeutic evaluation
reached complete remission (Figures 6 and 7).

studied in many aspects, including etiopathogenesis,
PET/CT characteristics, and antibiotic treatment of
patients with H. pylori infection. Due to the rarity of
the disease, MALT lymphoma arising at the colorectal
anastomosis has not been thoroughly investigated.
However, considering its origin, colorectal MALT
lymphoma may have its own unique characteristics,
which should be discussed in detail.

DISCUSSION
Extranodal marginal zone B-cell lymphoma of MALT is
a distinct clinical entity that can originate from a wide
variety of organs. The stomach is the most frequent
site for MALT lymphoma and has been extensively

WJG|www.wjgnet.com

Etiopathogenesis for anastomotic MALT lymphoma

To adapt to the postoperative changes and promote
the incision healing, the colonic anastomosis is
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Figure 4 Immunohistochemical findings. The lymphoid infiltrates were positive for CD20 (A), CD43 (B), CD79a (C), and BCL-2 (D) (× 400).

A

B

C

D

Figure 5 Immunohistochemical findings. The lymphoid infiltrates were positive for Ki-67 antigen (labeling index was 30%) (A), but negative for CD5 (B), CD10 (C),
and CyclinD1 (D) (× 200).

capable of proliferative instability and enhanced
immunologic reaction to antigen, which makes it as
a potentially fertile field for lymphomagenesis. While,
persistent pathogen infection, such as H. pylori,

WJG|www.wjgnet.com

B. burgdorferi, C. jejuni, C. psittaci and HCV, that
triggers a chronic antigenic stimulus harboring dense
clonal B-cell proliferation is the formal initiation of
[5]
MALT lymphomagenesis . The proliferative B cells
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Figure 7 18F-FDG-positron emission tomography/computed tomography
findings after treatment. Follow-up 18F-FDG-positron emission tomography
(PET)/computed tomography (CT) showed complete remission of the MALT
lymphoma. The elevated lesion at the anastomosis disappeared. No abnormal
FDG uptake was observed at the colorectal anastomosis as well as the
paracolic lymph nodes.

Figure 6 Colonoscopy findings after treatment. Follow-up colonoscopy
showed a smooth anastomosis without any mass.

subsequently undergo MALT lymphomagenesis through
a B-cell receptor (BCR)-dependent or BCR-indepen
dent NF-κB pathway characterized by chromosomal
translocations (Figure 8). In the BCR-dependent NF-κB
pathway, antigen-dependent aggregation of BCRs
triggers caspase activation and recruitment domain
(CARD)11 phosphorylation. The functional CARD11
associates with BCL10 and MALT1 to form an active
CBM signalosome, which activates inhibitor of NF-κB
kinase (IKK) and subsequently triggers activation of
[6]
the NF-κB pathway (Figure 9A) . In BCR-independent
NF-κB pathways, chromosomal abnormalities facilitated
by reactive oxygen species (ROS), play a significant
[7]
role in the genesis of MALT lymphoma . Occurring
in 25%-60% of gastrointestinal MALT lymphomas,
chromosomal translocation t(11;18)(q21;q21) is the
most common genetic abnormality, leading to the
linkage of BIRC3 gene on chromosome 11 and MALT1
[8]
gene on chromosome 18 . The BIR domain of BIRC3MALT1 mediates self-oligomerization and activates IKK,
which results in NF-κB activation and overexpression
[9]
of NF-κB target genes, including BCL2 (Figure
9B). Translocation t(14;18)(q32;q21) occurring at
14q32 and 18q21 breakpoints involves IgH and
[10]
MALT1 rearrangements . The overexpressed MALT1
oligomerizes through interaction with BCL10, which
promotes proliferation and anti-apoptosis of B cells
through activation of the classic NF-κB pathway (Figure
[11]
9C) . The t(1;14)(p22;q32) translocation leads to
nuclear overexpression of BCL10 protein by relocation
the entire coding sequence of the BCL10 gene on
chromosome 1 to IgH enhancer region on chromosome
14. The BCL10 containing a CARD can interact with
MALT1 to transfer important signals for NF-κB activation,
[12]
subsequently leading to lymphomagenesis (Figure
9D).
In NCCN guidelines, tests for infectious agents are
not required for non-gastric MALT lymphoma. For this
reason, we did not detect other potential pathogens
in this case, after excluding infection with H. pylori
and HCV. However, the apoptosis inhibitor BCL2 was
highly expressed, which presented a suspicion that
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the MALT lymphoma might be caused by chromoso
mal translocation t(11;18)(q21;q21) through BCRindependent NF-κB pathway.
18

F-FDG-PET/CT imaging for MALT lymphoma

Due to a partial mucosal immunity linking various
organs involved in mucosal immunity, a third of
patients present with disseminated MALT lymphoma
[13]
at diagnosis . Therefore, visual diagnostic imaging of
MALT lymphoma is important for staging, determining
the optimal therapeutic strategy and evaluating
post-treatment response. Although controversy still
exists for variable FDG avidity of MALT lymphoma,
18
F-FDG-PET/CT has gradually emerged as an
important imaging modality for management of MALT
[14]
lymphoma .
Although two early retrospective studies of
[15,16]
18
Hoffmann et al
reported absence of F-FDG
avidity in total 24 patients with MALT lymphoma,
18
increasing data indicated that imaging with F-FDGPET is useful for lesion detection. In the consensus
of the International Conference on Malignant Lymp
18
homas Imaging Working Group, the F-FDG avidity
of MALT lymphoma varied from 54% to 81% before
[17]
[18]
treatment . Beal et al
retrospectively reviewed
42 patients with MALT lymphoma and reported that
18
81% of the lesions demonstrated F-FDG avidity with
[19]
a median SUVmax of 5.5. Karam et al
compared the
sensitivity of PET and CT. PET outperformed CT in the
depiction of MALT lymphoma with sensitivity of 85%
vs 57%. Based on the theory that integrating the PET
scanner and helical CT provides more sensitive and
[20]
[21]
specific images , Carrillo-Cruz et al
analyzed PET/
CT images of 40 patients with marginal zone B-cell
lymphoma and found that PET/CT had a significant
advantage in detecting more involved lesions through
abnormal FDG avidity. The sensitivity of PET/CT
was as high as 95.5% for extranodal lesions, while
the sensitivity of CT was only 67%. Apart from the
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Figure 8 Initiation of mucosa-associated lymphoid tissue lymphomagenesis. Continuous stimulation by pathogens leads to dense proliferation of clonal B
cells, with the help of T-cell-dependent co-stimulation via CD40-CD40L and overexpression of B-cell-activating factors. The proliferative B cells undergo MALT
lymphomagenesis through BCR-dependent NF-κB pathway, or BCR-independent NF-κB pathway characterized by chromosomal translocation.
[21]

important roles in discovering lesions and staging, the
exceptionally high FDG avidity before treatment can
also present suspicion of DLBCL transformation and
[22]
help to determine the repeat biopsy site . In the
[21]
retrospective study of Carrillo-Cruz et al , there was a
case of MALT lymphoma showing DLBCL transformation
[19]
with SUVmax as 37. Karam et al
reported that the
mean SUVmax was 11.2 in large B-cell transformed
MATL lymphoma, while for non-transformed MALT
lymphoma, the mean SUVmax was 3.7.
18
F-FDG ⁄ PET is essential for initial staging of MALT
lymphoma, while studies have presented that the even
more clinically important role is its ability to evaluate
response to treatment through FDG avidity changes
and direct subsequent clinical decision-making. In
[23]
the research of Mayerhoefer et al , it showed that
18
interim F-FDG-PET can predict the end-of-treatment
outcome after three cycles of rituximab-based therapy
in patients with MALT lymphoma. Lesion-based cutoff value for separation of complete remission from
other outcomes (i.e., CR vs PR + SD) was -11.74%
for ΔSUVmax, which meant that patients with a SUVmax
reduction more than 11.74% would have a better
[23]
[18]
prognosis . In the series of Beal et al , eight
patients with MALT lymphoma accepted a PET/CT
examination after first-line treatment. Among them,
3 patients attained a complete remission with no focal
or diffuse FDG avidity above background in a location
incompatible with normal anatomy/physiology, and
2 patients reached a partial response without relapse
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after 6 and 18 mo. Carrillo-Cruz et al
evaluated
patients’ post-treatment response with PET/CT, which
revealed 10 of 15 patients had a negative PET/CT.
Remarkably, none of them relapsed, and the 3-year
OS reached 100%, reflecting a negative predictive
[24]
value of 100%. Perry et al
followed up 12 patients
with MALT lymphoma using PET⁄CT [median follow
up 21 mo (6-48 mo)]. PET/CT showed subsequent
biopsy proven relapse in three patients and disease
[24]
progression in another patient .
In our case, the PET/CT was also successfully used
in the management of MALT lymphoma, including
lesions detection and response evaluation. Although
larger-scale clinical trials are required to further
confirm these data, we can conclude that PET/CT is a
valuable imaging tool for both staging and response
assessment in patients with MALT lymphoma.

Patient-tailored treatment

NCCN guidelines (version 1.2016) recommend involvedsite radiotherapy (24-30 Gy) for patients with stage Ⅰ
/Ⅱ non-gastric MALT lymphomas. For our case, with
specific disadvantages and technical limitations in
irradiating the bowel, the radiation regimen may not
be suitable and patient-tailored treatment strategy
should be made. First of all, the peristalsis of the
colon could lead to the movement of irradiated target
volume, which results in the incompatibility between
the radiation field and the target tumor volume.
Second, the small intestine adjacent to the lesion is
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Figure 9 Activation of the NF-κB pathway. A: Antigen-dependent aggregation of the BCR induces CBM signalosome formation. The CBM complex activates IKK,
which triggers activation of the NF-κB pathway; B: t(11;18)(q21;q21) causes the linkage of BIRC3 gene on chromosome 11 and MALT1 gene on chromosome 18. The
BIR domain of BIRC3–MALT1 mediates self-oligomerization, which activates the NF-κB pathway and overexpression of NF-κB target genes; C: t(14;18)(q32;q21)
occurring at 14q32 and 18q21 breakpoints involves IgH and MALT1 rearrangements. MALT1 oligomerizes through interaction with BCL10, which promotes the
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BCL10 protein. The BCL10 containing a CARD can interact with MALT1 to transfer signals for NF-κB activation.

easily injured during radiotherapy. Radiation toxicity
of the small intestine can be induced even at doses
[25]
as low as 1-2 Gy . Acute adverse events during
or following radiotherapy include pain, bloating,
nausea, diarrhea, tenesmus, and intestinal ulcer
or perforation, which largely compromise patients’
quality of life. Chronic complications mainly manifest
[26]
as intestinal obstruction and vascular sclerosis .
In addition, patients with older age, low body mass
index, and previous abdominal or pelvic surgery are
at higher risk of small intestinal injury, due to the
[27]
decreased blood flow to the bowel wall . Taking
all these factors into consideration, this patient with
older age and previous radical surgery for sigmoid
colon cancer was not suitable for radiotherapy. As an
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alternative, surgical excision may achieve favorable
local control for stage Ⅰ/Ⅱ MALT lymphoma located
in the lung, colon and small intestine. However, it
is more traumatic for an older patient to undergo
a second operation. Furthermore, there are often
adhesions after the previous surgery and the new
lesion located at the anastomosis may be difficult to
[28]
handle . Recommended by the newest guidelines in
ESMO consensus conference, systemic chemotherapy
such as a CVP regimen or immunotherapy, or their
combination, can be effective for MALT lymphoma
in all stages and achieve a better 5-year event-free
[29,30]
survival
. In this specific case, the patient received
four cycles of immunochemotherapy with standard
R-CVP regimen and reached complete remission. This
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Experiences and lessons

indicates that treatment strategy should be tailored to
each specific site, considering that MALT lymphoma
originates from a wide variety of organs.
The present case highlights the possibility of
development of metachronous neoplasms at the color
ectal anastomosis, especially rare MALT lymphoma
18
with unusual F-FDG hypermetabolism. Chromo
somal translocation leading to the activation of the
NF-κB pathway in proliferative B cells stimulated by
pathogens may explain the etiopathogenesis of MALT
lymphoma. Despite being indolent, MALT lymphoma
18
can be successfully imaged by F-FDG-PET/CT and
18
show high F-FDG avidity, which indicates that PET/CT
imaging should be added as an essential examination
to the workup of MALT lymphoma. Furthermore,
considering that MALT lymphoma originates from a
wide variety of organs, patient-tailored treatment
strategies, including radiotherapy, chemotherapy and
immunotherapy, are necessary.

This case highlighted the possibility of development of metachronous
neoplasms at the colorectal anastomosis, especially rare MALT lymphoma with
unusual 18F-FDG hypermetabolism.

Peer-review

The authors described an interesting and rare case of colonic MALT lymphoma
arising from the anastomotic site after a sigmoidectomy for malignancy.
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LETTERS TO THE EDITOR

Endoscopic ultrasound sedation in the United Kingdom: Is
life without propofol tolerable?
Jennifer Anne Campbell, Andrew James Irvine, Andrew Derek Hopper
cost effectiveness and safety profile of non-anesthe
siologist-administered propofol for endoscopic ultra
sound (EUS). However in the United Kingdom, it is
recommended that the administration and monitoring
of propofol sedation for endoscopic procedures should
be the responsibility of a dedicated and appropriately
trained anaesthetist only. The majority of United
Kingdom EUS procedures are performed with opiate
and benzodiazepine sedation rather than anaesthetist
led propofol lists due to anaesthetist resource avail
ability. We sought to prospectively determine the
tolerability and safety of EUS with benzodiazepine
and opiate sedation in single United Kingdom centre.
Two hundred consecutive patients undergoing either
EUS or oesophago-gastroduodenoscopy (OGD) with
conscious sedation were prospectively recruited with a
1:1 enrolment ratio. Patients completed questionnaires
pre and post procedure detailing anticipated and actual
pain experienced on a 1-10 visual analogue scale.
Demographics, procedure duration, sedation doses and
willingness to repeat the procedure were also recorded.
EUS procedures lasted significantly longer than OGDs
(15 min vs 6 min, P < 0.0001), however, there was
no difference in anticipated pain scores between the
groups (EUS 3.37/10 vs OGD 3.47/10, P = 0.46). Pain
scores indicated EUS was better tolerated than OGD
(1.16/10 vs 1.88/10, P = 0.03) although higher doses
of sedation were used for EUS procedures. There were
no complications identified in either group. We feel our
study demonstrates that the tolerability of EUS with
opiate and benzodiazepine sedation is acceptable.
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Core tip: Strong evidence exists to support safety
and tolerability of non-anaesthesiologist-administered
propofol for endoscopic ultrasound (EUS) procedures.
United Kingdom guidelines, however, recommend

Abstract
There is compelling evidence to support the quality,
WJG|www.wjgnet.com
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propofol is administered only by anaesthesiologists.
Consequently, in the United Kingdom, nearly all
EUS procedures are performed with combinations of
benzodiazepine and opiate sedation for which little
tolerability data exists. This letter shares the experience
of a single EUS centre using benzodiazepine and opiate
sedation demonstrating it can be safe and the resulting
tolerability acceptable.

Table 1 Comparison of patients undergoing sedated
endoscopic ultrasound and oesophago-gastroduodenoscopy
procedures n (%)

Age, yr (range)
Female
Median duration minutes (range)
Average midazolam mg (range)
Average fentanyl mcg (range)
Procedures using fentanyl and
midazolam
Mean expected pain 1-10 (SD)
Mean actual pain 1-10 (SD)
Would you have the test again?
Complications recorded

Campbell JA, Irvine AJ, Hopper AD. Endoscopic ultrasound
sedation in the United Kingdom: Is life without propofol
tolerable? World J Gastroenterol 2017; 23(3): 560-562 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i3/560.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i3.560

OGD

EUS

n =100

n =100

P value

52.5 (17-85) 63 (22-90)
69
53
6 (2-33)
15 (6-38)
3 (1-15)
4 (1-8)
75 (50-150) 100 (25-200)
6%
67%

P < 0.0001
P = 0.001
P < 0.0001
P < 0.0001

3.47 (2.80)
1.88 (2.61)
87
0

P = 0.46
P = 0.03
P = 0.15
-

3.37 (2.70)
1.16 (1.99)
94
0

OGD: Oesophago-gastroduodenoscopy; EUS: Endoscopic ultrasound.

TO THE EDITOR
to repeat the procedure was also noted. Procedure
duration and sedation dosages were recorded for
each patient. Sedation complications were regarded
as use of intravenous reversal agents and or assisted
ventilation. Fisher’s test was used to generate P values
comparing the means of groups for age, duration,
drug doses and pain scores. Unpaired t-test was used
to calculate P values for willingness to have a repeat
procedure.
Two hundred consecutive patients undergoing
either OGD (100) or EUS (100) were recruited (Table
1). All procedures were completed and no significant
difference in expected pain scores between the OGD
and EUS groups were observed (P = 0.46). EUS procedures lasted significantly longer than OGDs (15 min
vs 6 min, P < 0.0001) and used significantly higher
doses of both midazolam (P = 0.001) and fentanyl
(P < 0.0001). Patients undergoing EUS were significantly more likely to receive fentanyl and midazolam
in combination compared to those having ODG (67%
vs 6%, P < 0.0001). Despite the increased procedure
time in the EUS group, the sedation used resulted in
significantly lower pain scores for EUS compared to
OGD (1.16/10 vs 1.88/10, P = 0.03). Assisted ventilation was not required and no intravenous sedation
reversal agents were used in either group.
In conclusion, although propofol has been shown
to be a superior sedation agent the mandatory anaesthetic support required in the United Kingdom makes
its unfeasible to be used for all EUS procedures. We
feel our study demonstrates that the tolerability of EUS
with opiate and benzodiazepine sedation is acceptable.

We read with interest the review by Cheriyan and
Byrne analysing the benefits of propofol sedation in
advanced endoscopic procedures and endoscopic
[1]
ultrasound (EUS) . Whilst we agree that there is
compelling evidence to support the quality, cost effectiveness and safety profile of non-anaesthesiologistadministered propofol (NAAP) for EUS (including
[1-3]
gastroenterologist and nurse administration) , there
are current restrictions in the United Kingdom which
make NAAP difficult to implement for all EUS procedures. Propofol can produce transient apnoea or general anaesthesia for which there is no reversal agent,
therefore the United Kingdom joint anaesthetic and
gastroenterology guidelines recommend that propofol
administration for complex endoscopic procedures
should be the responsibility of dedicated anaesthetists
[4]
only . Demand for EUS in the United Kingdom is
increasing and as a consequence, it is not feasible for
all EUS procedures to be performed with anaesthesiologist administration. The vast majority are carried
out using combination opiate and benzodiazepine
sedation. Although a number of studies have sought to
assess tolerability of gastroscopy and colonoscopy with
[5-7]
benzodiazepine and opiate sedation
this has rarely
[8,9]
included EUS . EUS procedures take longer and use
larger diameter endoscopes (13.8-14.6 mm) compared to conventional oesophago-gastroduodenoscopy
(OGD) (9.9-10.2 mm). It is important to ensure that
EUS tolerability is acceptable. We prospectively examined outcomes in a single EUS centre in the United
Kingdom to assess if the tolerability of sedated EUS
was comparable to sedated OGD.
Consecutive patients undergoing EUS or OGD with
sedation (either midazolam and or fentanyl) were prospectively identified with a 1:1 enrolment ratio. After
being counselled and consented, patients were asked
to complete pre and post procedure questionnaires.
A visual analogue scale (0-10) was used to record
patients’ expected pain pre-procedure and the actual
pain perceived post-procedure. Subsequent willingness

WJG|www.wjgnet.com
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Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
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Abstract
Chronic atrophic autoimmune gastritis (CAAG) is an
organ-specific autoimmune disease characterized by
an immune response, which is directed towards the
parietal cells and intrinsic factor of the gastric body and
fundus and leads to hypochlorhydria, hypergastrinemia
and inadequate production of the intrinsic factor. As a
result, the stomach’s secretion of essential substances,
such as hydrochloric acid and intrinsic factor, is
reduced, leading to digestive impairments. The most
common is vitamin B12 deficiency, which results
in a megaloblastic anemia and iron malabsorption,
leading to iron deficiency anemia. However, in the
last years the deficiency of several other vitamins and
micronutrients, such as vitamin C, vitamin D, folic
acid and calcium, has been increasingly described
in patients with CAAG. In addition the occurrence
of multiple vitamin deficiencies may lead to severe
hematological, neurological and skeletal manifestations
in CAAG patients and highlights the importance of an
integrated evaluation of these patients. Nevertheless,
the nutritional deficiencies in CAAG are largely
understudied. We have investigated the frequency
and associated features of nutritional deficiencies in
CAAG in order to focus on any deficit that may be
clinically significant, but relatively easy to correct.
This descriptive review updates and summarizes the
literature on different nutrient deficiencies in CAAG in
order to optimize the treatment and the follow-up of
patients affected with CAAG.
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absorption of nutrients in the gastric mucosa, possibly
[11]
due to the elevated pH and bacterial overgrowth .
This paper aims to critically review the current
knowledge on CAAG and nutritional deficiency in order
to focus on the existence of any deficit that may be
clinically significant, and to optimize the treatment and
the follow-up of patients affected with CAAG.

Core tip: Chronic atrophic autoimmune gastritis is an
autoimmune disease characterized by progressive
parietal cells destruction leading to hypochlorhydria
and intrinsic factor deficiency. These alterations may
result in vitamin B12 deficiency and iron malabsorption.
A possible role of chronic atrophic autoimmune gastritis
in the development of several nutritional deficiencies
(e.g. , calcium, vitamin D, vitamin C) has been reported.
However, the prevalence and clinical impact of these
deficiencies has not been elucidated. The present paper
aims at investigating the relevance, frequency and
clinical presentation of nutritional deficiencies in chronic
atrophic gastritis to enable clinicians to promptly
identify and correct any possible nutritional impairment.

micronutrient deficiencies
Vitamin B12

Pernicious anemia (PA) is the most common cause of
megaloblastic anemia in Western countries, resulting
from impaired cobalamin (i.e., vitamin B12) absorption
due to the lack of intrinsic factor production caused
by the destruction of parietal cells. Cobalamin cannot
be synthesized in the human body, but should be
introduced with food, where it is bound to proteins.
After hydrolysis by gastric pepsin and chlorhidric
acid, cobalamin binds to the intrinsic factor, which is
released by the gastric parietal cells and is essential
[13,14]
for its absorption in the distal ileum
. As a cofactor
for two enzymes, the adenosylcobalamin-dependent
methylmalonyl-CoA mutase in mitochondria and the
methylcobalamin-dependent methionine synthase
in the cytoplasm, cobalamin is important in several
biological processes, such as DNA synthesis and
[15]
regulation, energy production and erythropoiesis .
The spectrum of diseases associated with vitamin B12
deficiency is very wide, varying from asymptomatic
[16]
to life-threatening pancytopenia or myelopathy .
Vitamin B12 deficiency can cause macrocytic anemia,
mild hyperhomocysteinemia that however increase
the risk of atherothrombosis, neuropsychiatric
manifestations, as paraesthesia, weakness, gait
abnormalities, and cognitive or behavioral changes
(Table 1).
Recent epidemiological studies support the
evidence that CAAG and PA are found across all the
[17,18]
continents
and are probably under-diagnosed,
since most patients with microcytic or macrocytic
anemia are treated with iron, folates, and cobalamin,
without any investigation of other causes of anemia.
A study, which analyzed blood B12 levels in 729
American people aged 60 years or older, observed that
1.9% of the survey population had unrecognized and
untreated PA: the prevalence was 2.7% in women,
1.4% in men and similar in black and white women
[19]
(4.3% vs 4.0%) . In the literature the prevalence of
vitamin B12 deficiency among elderly people can range
between 5% and 40% depending on the cut-off value
of vitamin B12 used: the most frequent serum cutoff to diagnose vitamin B12 deficiency is 150 pmol/L
[20-22]
(corresponding to 203 pg/mL)
. Autoimmune gas
tritis (pernicious anemia) is the most common cause of
severe vitamin B12 deficiency due to food-cobalamin
malabsorption in the elderly, nevertheless use of
medications, as proton pump inhibitors, histamine H2
blockers, metformin or cholestyramine can interfere

Cavalcoli F, Zilli A, Conte D, Massironi S. Micronutrient
deficiencies in patients with chronic atrophic autoimmune
gastritis: A review. World J Gastroenterol 2017; 23(4): 563-572
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i4/563.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i4.563

INTRODUCTION
Chronic atrophic autoimmune gastritis (CAAG) is an
organ-specific autoimmune disease characterized
by the presence of autoantibodies against gastric
[1,2]
parietal cells and intrinsic factor . CAAG occurs in
approximately 2% of the general population, with a
[3]
higher prevalence in elderly females . Early alterations
are characterized by the chronic inflammation in the
submucosa that extends into the lamina propria of
the mucosa, with a progressive destruction of both
[4]
gastric and zymogene cells . In the advanced stages
of the disease, the gastric mucosa presents a dramatic
reduction or absence of gastric glands. In particular,
the parietal cells and zymogenic cells are absent from
the gastric mucosa and are replaced by intestinal
[4,5]
metaplasia . These histological changes result in
achlorhydria, hypergastrinemia and intrinsic factor
[6]
deficiency .
The reduction of intrinsic factor levels results in
vitamin B12 malabsorption. Indeed, intrinsic factor has
a key-role in binding vitamin B12 in the duodenum and
[7,8]
transporting it to the terminal ileum for absorption .
More recently, iron deficiency and iron deficiency
anemia have been reported in the setting of CAAG,
[9]
particularly in younger patients .
Moreover, the deficiency of several vitamins and
micronutrients, such as vitamin C, vitamin D, folic
acid and calcium, has been described in patients with
[10,11]
CAAG
or long-standing achlorhydria due to proton
[12]
pump inhibitors (PPIs) therapy or gastrectomy .
The pathogenic mechanism underlying these changes
seems to be the increased destruction or decreased
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Table 1 Clinical and laboratory findings in vitamin B12 deficiency
General
symptoms
Gastrointestinal
symptoms
Brain
Sensory organs
Bone marrow

Spinal cord

Autonomic
nervous system
Peripheral
nervous system
Genitourinary
symptoms
Reproductive
system
Abnormalities
in infants and
children

Weight loss observed in most patients
Low-grade fever occurs in one third of newly diagnosed patients and promptly disappears with treatment
Smooth tongue (50% of patients) with loss of papillae. Changes in taste and loss of appetite
Patients may report either constipation or having several semi-solid bowel movements daily
Anorexia, nausea, vomiting, heartburn, pyrosis, flatulence and a sense of fullness
Altered mental status. Cognitive defects (“megaloblastic madness”): depression, mania, irritability, paranoia, delusions, lability
Optic atrophy, anosmia, loss of taste, glossitis
Hypercellular bone marrow
Increased erythroid precursors
Open, immature nuclear chromatin
Dyssynchrony between maturation of cytoplasm and nuclei
Giant bands, metamyelocytes
Karyorrhexis, dysplasia
Abnormal results on flow cytometry and cytogenetic analysis
Myelopathy
Spongy degeneration
Paresthesias
Loss of proprioception: vibration, position, ataxic gait, limb weakness/spasticity (hyperreflexia)
Positive Romberg sign
Lhermitte’s sign
Segmental cutaneous sensory level
Postural hypotension
Incontinence
Impotence
Cutaneous sensory loss
Hyporeflexia symmetric weakness
Paresthesias
Urinary retention and impaired micturition may occur because of spinal cord damage. This can predispose patients to urinary tract
infections
Infertility
Developmental delay or regression, permanent disability
The patient does not smile
Feeding difficulties
Hypotonia, lethargy, coma
Hyperirritability, convulsions, tremors, myoclonus
Microcephaly
Choreoathetoid movements, peripheral blood
Macrocytic red cells, macro-ovalocytes
Anisocytosis, fragmented forms
Hypersegmented neutrophils
Leukopenia, possible immature white cells
Thrombocytopenia
Pancytopenia
Elevated lactate dehydrogenase level (extremes possible)
Elevated indirect bilirubin and aspartate aminotransferase levels
Decreased haptoglobin level
Elevated levels of methylmalonic acid, homocysteine, or both

with or reduce vitamin B12 absorption. Although
autoimmune gastritis is known to be a major cause
of vitamin B12 deficiency, the exact prevalence of
vitamin B12 deficiency in CAAG has not been fully
elucidated, being reported in a percentage varying
[23-27]
from 37% to 69% of the cases (Table 2)
, this
probably being due to the high heterogeneity of the
populations considered and the limited availability of
prospective studies. Moreover, chronic Helicobacter
pylori (H. pylori) infection is frequently associated
with atrophic gastritis and a study reported that H.
pylori was found in 56% of people with vitamin B12
[28]
deficiency . Pernicious anemia accounts for 15% to
[29]
25% of vitamin B12 deficiency in elderly people . In
a study on 296 Chinese patients, PA was diagnosed in

WJG|www.wjgnet.com

61% of the patients having megaloblastic anemia with
[30]
vitamin B12 or folate deficiency .
The variability of vitamin B12 levels in CAAG seems
to be influenced by a large number of genetic and
[31]
environmental factors . The genotypes HLA-DRB1*03
and DRB1*04, which are known to be associated with
other autoimmune diseases (e.g., diabetes mellitus
type 1 and autoimmune thyroid disease), were sig
[32]
nificantly associated with PA .
Recently, several studies about genome-wide
association have shown that some single nucleotide
polymorphisms (SNPs) are linked with the vitamin
B12 serum/plasma levels. A meta-analysis of three
genome-wide association scans on Caucasians has
found genome-wide associations between plasma
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Table 2 Demographic and biochemical characteristics of chronic atrophic autoimmune gastritis patients with vitamin B12 deficiency
Ref.

Marignani et al[23], 1999
Hershko et al[24], 2006
Annibale et al[25], 2005
Miceli et al[27], 2012
Lahner et al[26], 2015

Total No. of
patients

Gender (M/F)

Age (yr),
median

80
160
140
99
83

24/56
53/107
49/91
72/27
42/41

56
50
55
59
59

Gastrin (pg/mL), Prevalence Vit.
median
B12 deficiency,
n (%)
491
846
500
726
NA

44 (55.0)
111 (69.4)
65 (46.5)
37 (37.4)
43 (51.8)

Vitamin B12
(pg/mL)
1
median

Prevalence of
neurological
complications

87.5
82.0
80.0
NA
138.0

NA
17%
NA
6%
NA

1

Median vitamin B12 levels in patients with macrocytic anemia at presentation. NA: Not assessed.

vitamin B12 and SNPs on the methylmalonyl-CoA
mutase (MUT), the intrinsic factor-cobalamin rece
ptor cubilin (CUBN), the transcobalamin I (TCN1)
[33]
and the fucosyltransferase 2 (FUT2) genes . A
more recent study has showed that, among 14
SNPs associated with vitamin B12 levels, a genetic
variant of transcobalamin II (TCN2), encoding for
the transport proteintranscobalamin 2, and a genetic
variant of fucosyltransferase 6 (FUT6), encoding for
the enzymefucosyltransferase 6, were significantly
more frequent in CAAG patients with PA compared to
[26]
healthy controls . This observation was in contrast
with the association of this variant of FUT6 and higher
vitamin B12 plasma levels detected in a genomewide association study performed on the Chinese male
[34]
population . Furthermore, another study observed a
link between FUT gene variants, especially FUT2, FUT3
and FUT6, H. pylori status and intestinal-type gastric
[35,36]
cancer risk
.
Even if in healthy older adults the recommended
therapy is the oral replacement of crystalline vitamin
B12, the patients with CAAG and secondary vitamin
B12 malabsorption, will require its parenteral replace
ment with intramuscular cyanocobalamin at a dose
of 1000 μg daily for one week, then weekly for 4
to 8 wk, and then monthly for life. In case of mild
deficiency with mild atrophic gastritis high-dose
oral cyanocobalamin at 500 to 1000 μg daily can be
[16]
considered adequate . Concomitant iron and folate
replacement is needed to achieve a full hemoglobin
[16]
response .
Moreover, PA is frequently associated (up to 27%
[37]
of cases) with iron deficiency anemia (IDA) . In a
[24]
study by Hershko et al low serum vitamin B12 levels
were found in 100% macrocytic, 92% normocytic
and 46% microcytic patients with CAAG, whereas iron
deficiency was found in all the patients with microcytic
anemia, but also in 50% of the normocytic and 10%
of the macrocytic patients. Thus, a considerable
proportion of patients had combined iron and co
balamin deficiencies. The mean age was 41 ± 15
years in those CAAG patients presenting with IDA and
59 ± 16 years in those patients presenting with PA.
Whilst autoimmune atrophic gastritis impairs both
food iron and cobalamin absorption, age, sex, the copresence of H. pylori infection, duration and severity
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of disease may determine the clinical presentation of
CAAG as microcytic IDA or macrocytic megaloblastic
anemia. In fact, in female patients presenting with
IDA menstrual blood loss may have been an important
role in the development of iron deficiency, aggravated
by the inability to compensate it by improving food
iron absorption. Co-existing H. pylori gastritis, which
is more frequent in young patients, may contribute
to the development of IDA. Conversely, the depletion
of cobalamin stores may take many years longer
and manifest in elderly patients, implying a severe
impairment of the intrinsic factor secretion.
Finally, vitamin B12 is important to bone deve
lopment, in particular for the osteoblastic function, as
[20,38]
demonstrated by in-vitro studies
and population
studies showing lower bone mineral density and
greater fracture risk in patients with vitamin B12
[39,40]
deficiency
. In a two-year-long randomized
controlled trial a 80% reduction in the hip fracture risk
was observed among stroke patients after vitamin B12
[41]
repletion , probably due to hypergastrinemia, which
has been shown to stimulate parathyroid activity in
animal models and in humans, with the consequent
[42-44]
hyperparathyroidism and increased bone turnover
.
[45]
However, a study by Merriman et al
did not confirm
these data, as no reduction of risk of hip fracture
showed among patients with PA after B12 repletion,
thus suggesting that the presence of mechanisms
other than B12 deficiency mediated the fracture risk.
Therefore, PA does not only influence cobalamin
plasma levels, but also iron absorption and bone
development: therefore patients with CAAG should
undergo the evaluation of martial pool, B12 stores and
25-OH vitamin D levels.

Iron

Alimentary iron is available in two forms: heme
and non-heme iron. Heme iron, present in meat
hemoglobin and myoglobin, is in a ferrous form which
is soluble at alkaline pH and is easily absorbed in the
duodenum without any need for chelation. However,
non-heme ferric form represents about 80% of dietary
iron and is less absorbable. Ferric iron is insoluble,
precipitates at pH > 3, and is not absorbed unless
reduced to the ferrous or chelated form. Different
observations have demonstrated the importance of
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[54-56]

gastric secretion of both hydrochloric and ascorbic acid
in the solubilization and reduction of non-heme food
[24,46,47]
iron for a normal iron absorption
.
Moreover, a possible role of achlorhydria in the
development of iron malabsorption has been sug
[48]
gested in different hypo/achlorhydria models .
A possible association between CAAG and iron
[7,49]
malabsorption was initially proposed in 1930
,
and it was most commonly assumed that iron
deficiency anemia was caused by achlorhydria-induced
malabsorption of dietary iron. In 1963 Cook and
colleagues observed a significant impairment of iron
absorption in patients with PA, which was corrected
[50]
by adding gastric juice . On the other hand, later
studies did not confirm those observations and
reported that the achlorhydria-induced malabsorption
of dietary iron was unlikely to be the primary etiology
[51,52]
of iron deficiency
. In recent years, however, the
co-existence of CAAG and iron deficiency anemia
[53]
(IDA) has been increasingly reported. In 1966 Dagg
introduced the concept of IDA progressing to classic
PA in CAAG patients, demonstrating a 19% prevalence
of achlorhydria and anti-parietal cell antibodies (APCA)
positivity in patients with IDA and predicting that 32%
[23]
of such patients would develop PA. More recently ,
based on the observation of high prevalence of H.
pylori positivity in young CAAG patients, it has been
proposed that H. pylori infection may represent an
early stage of gastritis. In later stages the infectious
process is gradually replaced by an autoimmune
disease with the irreversible destruction of the gastric
body mucosa. Indeed, with the advancing age of
presentation there is a progressive increase in the
mean corpuscular volume of erythrocytes and in
the severity of hypergastrinemia and cobalamin
[23]
deficiency in CAAG patients . Histological active
chronic inflammation has been reported to be 4 times
more common in patients with IDA than in classic PA
patients presenting with macrocytosis, probably due to
[23]
their higher rate of active H. pylori infection .
[46]
In 2002 Dickey observed a significant proportion
of IDA patients having a concomitant CAAG (8/41).
None of such patients had concomitant vitamin B12
deficiency, suggesting that CAAG may present with IDA
from the onset of the condition. In addition, 20%-40%
of PA patients developed IDA after treatment with
parenteral vitamin B12, those observations suggesting
the presence of subclinical iron deficiency in patients
[46]
with clinically manifest PA .
[24]
Moreover, a prospective study by Hershko et al
showed a high (27%) proportion of CAAG among
patients with iron deficiency anemia (IDA) without any
apparent gastrointestinal diseases. Differently from
classic PA, most of these patients were women, 20
years younger and had coexistent H. pylori infection.
The authors then postulated that iron deficiency
would develop earlier than vitamin B12 deficiency in
[24]
young women with menstrual blood loss . Annibale
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et al
found atrophic body gastritis in the 27% of
patients with refractory IDA without gastrointestinal
[23]
symptoms, in accordance with previous studies .
The same authors in 1999 compared CAAG patients
presenting with IDA with others presenting with PA,
and found that in 45% of CAAG patients IDA was the
[23]
first clinical manifestation of the disease . Finally,
some recent studies have reported the occurrence of
IDA in pediatric patients affected by CAAG, highlighting
that CAAG should be considered when investigating
[9]
refractory iron deficiency anemia in children .
In conclusion, iron malabsorption and the onset of
iron deficiency anemia appear to be biologically plausible
and supported by different models of achlorhydria.
Therefore, the patients with PA should be evaluated
[57]
for concomitant iron deficiency development . On
the other hand, CAAG should be taken in consideration
when evaluating patients with unexplained IDA, after
the proper exclusion of any bleeding lesions.
Since patients with iron deficient anemia and auto
immune atrophic gastritis may be refractory to oral iron
treatment, H. pylori eradication in combination with
[23,24,54-56]
continued oral iron therapy have been suggested
.

Vitamin C

Ascorbic acid, which is important in the production
of key proteins such as collagen, norepinephrine and
serotonin, is not synthesized ex-novo by the human
body, but can only be introduced through the diet and
then absorbed in the stomach and along the entire
[58]
length of the small intestine .
[11]
Ludden et al
noted that CAAG patients had a
diminished absorption of ascorbic acid and suggested
that was due to the destruction of ascorbic acid
in the gastric mucosa because of elevated pH
and bacterial overgrowth, as suggested by more
recent studies showing destruction of ascorbic acid
caused by hypochlorhydria induced by potent acid
[12,59]
suppression
.
[60]
Alt et al
evaluated the effect of pH on ascorbic
acid stability in vitro and demonstrated the destruction
of 65% of the ascorbic acid at pH 7.95 vs only 14% at
pH 1.45.
Ascorbic acid is an important antioxidant that
inhibits the generation of N-nitroso compounds
(NOC) and scavenges nitrites in the gastric juice by
[61,62]
converting them to nitric oxide
. The ability of
ascorbic acid to scavenge nitrite depends on the ratio
of vitamin C/nitrite and gastric pH, thus increased NOC
levels are generated in case of a decreased ratio of
[63]
vitamin C/nitrite and pH > 2-4 . Finally, since some
population-based epidemiologic studies have showed
negative correlations between the vitamin C intake and
gastric cancer, ascorbic acid is thought to decrease the
oxidative damage to the gastric mucosa by scavenging
free radicals and NOCs and attenuating the H. pylori[10]
related inflammation . This antioxidant role may
also reduce the inflammation present in the gastric
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mucosa of CAAG patients, although further studies are
necessary to confirm this hypothesis.

Calcium

fractures has been reported increased in patients
[45,72]
with pernicious anemia/CAAG
. On the other
[74]
hand, Kakehasi et al
in a cross-sectional study did
not find any significant difference in bone mineral
densities between patients with autoimmune gastritis
and H. pylori gastritis and the controls. However, it
should be noted that the lack of significance in the
reduction of bone mineral density might be due to
the low number of patients with CAAG included in the
study. In addition, a paper from the Finnish group has
suggested that the administration of supplementary
calcium in patients with osteoporosis may require the
evaluation of gastric acid secretion, atrophic gastritis
[64]
and the use of PPIs .
Further evidence on a possible role of gastric
acidity in calcium absorption results from gastric
surgery and the use of anti-acid drugs: in these setting
an increased risk for low bone mass or fractures has
75
been reported. Gastrectomy increases the risk of
osteoporosis and fractures due to weight loss and
changes of body composition as well as calcium
[75,76]
[77]
malabsorption
. More recently, Krause et al
demonstrated a statistically significant increase
of osteomalacia, marrow fibrosis, and impaired
calcium distribution within the mineralized matrix in
gastrectomized patients as compared to controls.
Long-term acid-suppressive therapy can also raise the
[78-82]
risk of fractures
. A meta-analysis revealed that
proton pump inhibitors can increase the risk of hip,
spine, and any site fractures by 30%, 56% and 16%,
[83]
respectively .
In conclusion, even if biologically plausible,
the evidence regarding the role of CAAG and/or
hypochlorhydria in calcium malabsorption remains
controversial; however, the increasing evidence on
a relationship between CAAG/hypochlorhydria and
the risk of osteoporosis suggests that in this setting
an important impairment of bone mineralization
exists and can be secondary to long-term calcium
malabsorption.

2+

Calcium is absorbed as calcium ion (Ca ) in the
proximal small intestine in both active and passive
way. The absorption process begins in the stomach
with the dissolution of calcium salts (e.g., calcium
carbonate) to calcium chloride (CaCl2) which easily
2+
[64]
dissociates to Ca which are highly water-soluble .
The bio-availability of dietary calcium salts depends
on several factors, including the gastric acid secretion,
physiological function of the stomach and intestine,
levels of vitamin D in the tissues and circulation and
the chemical structure and quantity of the calcium
[65-67]
compounds ingested
.
Gastric acid plays an important role as it increases
the dissolution and ionization of poorly soluble
calcium. It has been reported that conditions causing
a decrease in gastric acid secretion, such as gastric
surgery, use of PPIs and CAAG, lead to a reduction
in the dissolution of calcium salts, which may not be
[66]
properly absorbed .
There have been a few reports since the 1960s
emphasizing the risk of malabsorption of calcium
in patients with achlorhydria and atrophic stomach
[66,68]
[66]
mucosa
. In 1985 Recker
compared the
absorption of calcium carbonate and calcium citrate,
measured by a modified double-isotope procedure, in
normal subjects and patients with achlorhydria. The
study showed that the absorption of calcium carbonate
in patients with achlorhydria was significantly lower
than in the normal subjects, supporting the role of
gastric acid in calcium homeostasis. Calcium mala
bsorption has been demonstrated in animal models
[69,70]
with gastric acid suppression
, as well as in
humans with achlorhydria under fasting conditions.
However, the degree of calcium malabsorption in
patients with CAAG remains controversial, as Eastell et
[71]
al have found normal calcium absorption with meals
in patients with pernicious anemia and achlorhydria.
Interestingly, a few studies have reported the
possible association between pernicious anemia and/
[71,72]
or CAAG, and osteopenia and osteoporosis
. The
[71]
study by Eastell et al
has reported a significant
lower bone mineral density in post-menopausal
women affected by pernicious anemia as compared
to healthy controls. In the same study the authors
showed that the decrease in bone mineral density
was linearly related to a decline in serum levels of
pepsinogen I, which is a serum biomarker of the
structure and function of the gastric oxyntic mucosa.
Its levels tend to decrease with the increase in the
[71]
grade of atrophy of the oxyntic mucosa . Another
study, instead, has recently observed the reduction in
bone mineral density and an increased frequency of
osteopenia and osteoporosis in male, but not female
[73]
patients with CAAG . Moreover, the incidence of
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Vitamin D

To date a few studies have investigated the association
[84,85]
between CAAG and vitamin D deficiency
.
[71]
In 1992 Eastell et al did not observe the presence
of vitamin D deficiency in a group of 21 patients with
CAAG as compared to healthy subjects. However, the
very low number of cases considered have possibly
[71]
[85]
limited the results of this study . In 2012 a study
observed, for the first time, significantly lower 25-OH
vitamin D levels in patients with CAAG as compared
to non-specific gastritis or the general population. In
this study, the 25-OH vitamin D mean concentration
in subjects with CAAG was 9.8 ± 5.6 ng/mL (CI:
8.4-11.2) vs 21.3 ± 12.2 ng/mL (CI: 19.7-22.9) in
healthy control subjects. Based on these observations,
the authors hypothesized that hypovitaminosis
D might be a risk factor for the development of
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Table 3 Summary of the main types of deficit described in chronic atrophic autoimmune gastritis patients
Deficit
Vitamin B12

Iron deficiency
Vitamin C
Calcium
Vitamin D

Mechanism of action

Effects

Reported prevalence

Lack of intrinsic factor reduced vitamin B12
absorption in terminal ileum

Pernicious anemia
Neurological alteration
Osteopenia/osteoporosis
Microcytic anemia

37%-69%[24,27]

Reduced and oxidative effects

Not known

Osteopenia/osteoporosis

Not known

Secondary hyperparathyroidism
Osteopenia/osteoporosis
Increased incidence of autoimmune diseases

12.1%[84]

Gastric acid increases the dissolution and ionization
of poorly soluble calcium salt
Destruction of ascorbic acid in the gastric mucosa
for elevated pH and bacterial overgrowth
Gastric acid increases the dissolution and ionization
of poorly soluble calcium salt
Not clarified

[85]

autoimmune diseases . More recently, a paper from
[84]
our group
has reported the increased prevalence of
hyperpathyroidism secondary to vitamin D deficiency
in patients affected by CAAG. This finding can suggest
that the regulation of calcium and/or vitamin D
metabolism may be impaired in patients with CAAG,
potentially because of the malabsorption of vitamin D
in the intestine.
Moreover, as stated in the earlier Vitamin B12
and Calcium sections, different studies have reported
[64,66,68]
on the risk of calcium malabsorbtion
and
an increased risk of osteoporosis and pathological
[45,72,86]
fractures in CAAG patients
. Remarkably, the
2+
active transcellular absorption of Ca in the duodenum
and proximal small intestine depends on vitamin D and
represents the most important physiological pathway
for the absorption of the calcium. Thus, it seems
possible that vitamin D deficiency in CAAG patients
can also explain calcium malabsorption and alterations
in bone mineralization.
Further prospective studies are needed to fully
elucidate the association between CAAG and vitamin D
deficiency.

particular genes) may influence the levels of vitamins
[31,26]
in patients with CAAG
, and their impact remains
to be fully elucidated. With regard to iron absorption,
the current literature reports IDA occurrence in up
to 27% of patients with PA, this suggesting that
CAAG should be taken into consideration in patients
with unexplained IDA, after the proper exclusion
of potential bleeding lesions. On the other hand, it
appears relevant to evaluate the iron status in CAAG
[57]
patients at diagnosis and during follow-up .
Finally, as some reports suggest, CAAG may lead
to an increased risk of osteoporosis and pathological
fractures secondary to the deficiency of vitamin B12
and/or calcium and vitamin D: the prompt recognition
of such deficiencies is crucial to reduce the risk of bone
fractures.
Overall, the increasing amount of evidence on the
possible occurrence of multiple vitamin deficiencies
in CAAG, leading to hematological, neurological and
skeletal manifestations, highlights the importance of
an integrated evaluation of these patients.
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The upper digestive tract is routinely scoped for
several causes of malabsorption, and the number of
duodenal biopsy specimens has increased notably in
the last 10 years. Gluten-sensitive enteropathy (GSE)
is an autoimmune disease, which shows an increasing
prevalence worldwide and requires a joint clinicopathological approach. The classical histopathology
of GSE with partial or total villous blunting is well
recognized, but the classification of GSE is not strai
ghtforward. Moreover, several mimickers of GSE with
intraepithelial lymphocytosis have been identified in
the last 20 years, with drug interactions and medical
comorbidities adding to the conundrum. In this
review, we report on the normal duodenal mucosa,
the clinical presentation and laboratory diagnosis of
GSE, the duodenal intraepithelial lymphocytes and
immunophenotype of GSE-associated lymphocytes, the
GSE mimickers, the differences “across oceans” among
guidelines in diagnosing GSE, and the use of a synoptic
report for reporting duodenal biopsies in both children
st
and adults in the 21 century.
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of normal duodenal mucosa; (2) the clinical pre
sentation and laboratory diagnosis of GSE; (3) the
immunophenotype of GSE-associated lymphocytes;
(4) the GSE mimickers; (5) the differences “across
oceans” among guidelines for diagnosing GSE; and
(6) the use of a synoptic report for reporting duodenal
biopsies in both children and adults.

Sergi C, Shen F, Bouma G. Intraepithelial lymphocytes, scores,
mimickers and challenges in diagnosing gluten-sensitive
enteropathy (celiac disease). World J Gastroenterol 2017;
23(4): 573-589 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i4/573.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.573

NORMAL DUODENAL MUCOSA

INTRODUCTION

The villous character of the small bowel is intrinsically
linked to the aim of an organism to increase its
absorptive surface area. In early embryogenesis,
development of the duodenal epithelium takes place
th
from simple endodermal tubules between the 9 and
th
10 wk of gestation, when the epithelium converts
to simple columnar epithelium. The epithelium ends
[23]
its differentiation just 4-5 d before birth . The usual
configuration of the duodenal mucosa contains slender
structures protruding from the surface, with 3-5
times the height of the crypts. The patchiness of the
lymphoid nodules or mucosa-associated lymphatic
tissue (MALT) needs to be considered in assessing the
duodenal histology and can constitute one of the first
pitfalls in interpreting a small intestinal biopsy.
According to our more than 20 years’ experience of
reading duodenal biopsies of healthy individuals across
ages, we can state that only very few lymphocytes can
be usually seen among the epithelial cells. However,
the IELs may vary during life and possibly in a circadian
cycle. The IELs usually do not go over 5-10 per 100
epithelial cells in healthy individuals. The cut-off
between pathological and normal has been decreased
in the last three decades from 40 to either 20 or
[24]
25 lymphocytes per 100 epithelial cells . Between
5-10 and the pathological threshold (20 or 25),
there is a gap that has probably been inadequately
investigated. The unveiled and/or underlying causes
of the “near normal” cases (5-20 IELs/100 epithelial
cells) may be intriguing. The presence of scattered
normal lymphocytes in the surface epithelium of
the duodenum is not well understood, although the
prominent role of the duodenum in assessing the
epitopes present in the food should be considered.
MALT of the gut is, indeed, crucial for the im
[1,18,25]
munology and preservation of the microbiome
.
Lymphocytes are recognized in the duodenal surface
epithelium, because of some characteristics that allow
them to be differentiated from the epithelial cells.
Lymphocytes are characterized by their roundness, cell
hyperchromasia, high nucleus-to-cytoplasm ratio, and
quite constant intercellular distribution. However, the
counting may be jeopardized by a number of factors,
including the intrinsic and extrinsic conditions of biopsy
grasping by the endoscopist, the laboratory processing
of the tissue biopsy, and the individual evaluation of
[26-28]
the pathologist
.

In the last decade, there have been a plethora
of publications in refining several gastrointestinal
diseases. It has emerged as a period of an unceasing
interest, particularly for diseases of the upper gas
[1-14]
trointestinal tract
. In the hands of physicians
reading histopathology reports, the number of duo
denal biopsies with normal or near normal villous
architecture and increased intraepithelial lymphocytes
(IELs) appears to be collectively growing. Increased
IELs or intraepithelial lymphocytosis in an otherwise
apparently normal villous architecture can be a puzzle
for both pathologists and treating physicians and may
[15]
raise several differential diagnoses . Moreover, the
histopathology report may not be useful as it is, if
it is not complemented with clinical and laboratory
information. The report may be unsatisfactory due
to lack of knowledge, incomplete performance of
special stains or inadequate application of technical or
professional skills. One or more of these issues may
contribute to miscommunication between pathologists
and clinical colleagues.
At first glance, gluten-sensitive enteropathy (GSE)
or celiac disease seems to be straightforward, but it is
not, neither from the clinical nor the pathologic point
of view. There are mysteries behind this disease. Both
the pathology and the pathogenesis are not yet fully
unveiled. A few years ago, the European Society of
Pediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) issued some guidelines on GSE, defining it
as an “immune-mediated systemic disorder, elicited by
gluten and related prolamins in genetically susceptible
[16]
individuals” . GSE was first described around 200 AD
and is known in some countries as “sprue”, recalling
th
the 18 century-old Samuel Gee’s work “On the
[17]
Coeliac Affection” .
To date, genetic studies have identified 43 pre
disposing loci that collectively explain some 50% of
the genetic variance in GSE, but more than 90% of
GSE-associated single nucleotide polymorphisms
[18-20]
(SNPs) localize to the non-coding genome
. There
is indeed a large epigenomic component that may
play a contributive role, and a better understanding of
the genomic-epigenomic relationship may be needed
to translate genetic knowledge into future clinical
[21,22]
practice
. In the meantime, pathology remains
key in the diagnostic procedures and this review is
composed of six parts, focusing on (1) the composition
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Processing of a duodenal biopsy may represent a
challenge for some laboratories. In fact, tangentially
cut villi of appropriate duodenal regions may look like
blunted and, thus, these areas should be avoided
when an assessment of the villous architecture is
crucial. Although criteria of adequacy are variable
[29,30]
among authors of excellent reviews
, in our
opinion, it is desirable that biopsies containing at
least 5 consecutive, intact villi that are well-oriented
in the plane of section are sent for assessment to
the pathologist. The conditions of “consecutiveness”
and “intactness” are extremely important for the
standardization of studies involving duodenal mucosal
tissue. The correct orientation of the biopsy before
paraffin embedding may be crucial and 3, but
preferably 5 consecutive, intact and well-oriented villi
are the minimum to adequately evaluate the villous
architecture. In our opinion, if at least 5 villi are not
consecutive, the diagnosis may be uncertain.
IELs are usually localized at the base of the surface
epithelium in biopsies from healthy individuals. If
the IELs are slightly increased in number, they tend
to arrange themselves generally throughout the full
thickness of the epithelium. Some ancillary studies
have been proposed to give an accurate value of the
lymphocytosis. Immunohistochemical typing of the cells
has been suggested as an ancillary technique, but the
normal upper limit has been suggested to be set higher
than normal, at 29 IELs instead of 25 (or 24 instead of
[31]
20) per 100 epithelial cells . The rationale for it is not
fully clear, but values between 26 and 29 CD3-positive
IELs may be empirically stated as borderline IEL. The
term IEL should be reserved when IELs are equal to
30 or superior to this value. Duodenal portions may be
different in the number of IELs present and this may
also vary according to the ingested food.
Duodenal bulb biopsies may show more IELs than
distal portions, and the other portions of the small
bowel are also quite different from duodenum. In fact,
villi of the distal bowel tend to be slightly taller, apart
from areas overlying lymphoid aggregates, where
they acquire broad based or flat shape. Underneath
the surface epithelium, the lamina propria of the
small bowel contains typically an infiltrate of scattered
or mildly dense lymphocytes, plasma cells and
eosinophils, which constitute the usual complement
of the small bowel wall. The number of these three
cell types in the lamina propria varies, but usually
they are low in number. All three types can be easily
recognized in normal biopsies and highlighted by
immunohistochemistry or histochemistry using
antibodies against CD3 (lymphocytes), CD138 (plasma
cells) and Luna special stain (eosinophils), respectively.
The presence of more than occasional plasma cells
and more than 30 eosinophils per high power field
(ocular × 10 and objective × 40) should be considered
[28]
anomalous .
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CLINICAL PRESENTATION AND
LABORATORY DIAGNOSIS OF GSE
GSE is a dysregulation of the genome-epigenome, with
abnormal reaction of the body to gluten-containing
[2,32-40]
food
. In Figure 1, the plant taxonomy and celiac
toxicity are depicted. Gluten is a protein that gives
dough its elasticity, allowing it to rise without collapsing
while trapping the CO2. It is important to remember
that gluten is within wheat, rye and barley, but also in
wheat derivatives: bulgar, couscous, mataza, seitan,
semolina, triticale, spelt, kamut, einkorn, emmer and
anything with “wheat” in the name (except buckwheat)
as well.
The presentation of GSE in childhood is quite
protean, including abdominal distension, diarrhoea,
anorexia, weight loss, dermatitis herpetiformis and
irritability. Conversely, the presentation of GSE in
adulthood includes usually abdominal distension,
steatorrhea, oedema and lethargy. Infrequent ways of
[18,19]
presentation have been described in the literature
.
In case of a suspicion of GSE, both children and adults
are first screened using serologic studies for autoanti
bodies including IgA anti-tissue transglutaminase
[35,41]
(aTTG)
. IgA anti-endomysial autoantibodies (EMA)
have been previously used. IgA aTTG antibodies is the
preferred test worldwide, showing a sensitivity of 94%
[42,43]
and specificity of 97%
. Both tests are useful in IgA
competent patients. The institution of a gluten-free diet
(GFD) starts the decline of the titres of aTTG.
False-negative aTTG results may be seen in pa
tients harbouring IgA deficiency, which is detected in
1/10 of the GSE patients and testing of IgG isotype
of aTTG is mandatory. To date, deamidated gliadin
peptide (DGP) seems to have better sensitivity in
detecting early-stage GSE as compared to the TTG
and EMA, and has been proposed to be the first
line of investigation in IgA deficient patients (see
below for differences among gastroenterological
[25,41,44,45]
societies)
. False-positive results may occur
in the setting of patients suffering from inflammatory
bowel disease (IBD), primary biliary cirrhosis, car
diovascular disease, autoimmune enteropathy and
[25,29,41,44,46]
other immune-mediated disorders
. Clinical
correlation is paramount.
In the absence of supportive histologic or laboratory
findings, a strong clinical suspicion should be followed
by evaluation of high-susceptibility alleles of the
human leukocyte antigens (HLA), HLA-DQ2 or DQ8, or
[47]
repeating testing before starting gluten withdrawal .
If endoscopy is performed, the gross findings remain
quite nonspecific and very subjective according to
[48,49]
the experience of the endoscopist
. It is essential
to not rely exclusively on the endoscopy, because up
to 43% of paediatric patients harbouring GSE may
[50]
show normal-appearing mucosa . Thus, endoscopy
should be almost exclusively associated with biopsy.
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Figure 1 Plant taxonomy and celiac toxicity (red).

increased numbers of lymphocytes and plasma cells
in the lamina propria, are neither specific nor sensitive
for GSE. These features are usually present in biopsies
of different aetiology with marked abnormality of the
[54]
mucosal architecture .
Eosinophils are not uncommon in the gastro
[28,55]
intestinal tract
. Eosinophilic infiltration of the
lamina propria may constitute a separate subgroup of
GSE and it has been suggested to report clearly their
presence only if sheets of eosinophils are seen. There
is an association with eosinophils in the small bowel
and oesophageal mucosa that has been increasingly
[28,56-58]
recognized
and may require individualized
[30,59,60]
assessment and treatment
.
The presence of all histologic components makes
the diagnosis of GSE certain indeed, but GSE may
show only some of these features and some classi
[61]
fications have been proposed. The Oberhuber et al
modification of the original classification proposed
by Marsh and Crowe remains a cornerstone for
both pathologists and clinicians. Marsh classification
identifies type Ⅰ as an infiltrative lesion, characterized
by IEL and a normal villous architecture of the
duodenal mucosa, type Ⅱ as an hyperplastic lesion,
characterized by IEL and crypt hyperplasia and a
normal villous architecture, type Ⅲ as a destructive
lesion, characterized by IEL, crypt hyperplasia and
villous atrophy, and type Ⅳ as a hypoplastic lesion,
characterized by a normal IEL count, normal crypt
[62,63]
length and villous atrophy
.

The histologic examination of duodenal biopsies should
be performed by a pathologist with specific skills in
reading gastrointestinal biopsies. The routine collection
of oesophageal and gastric biopsy specimens during
upper endoscopy should be considered mandatory,
particularly to clarify if gastritis or eosinophilic eso
phagitis are present.
In 2017, the gold standard for the diagnosis of GSE
remains the tissue biopsy obtained at endoscopy. The
histology of GSE relies on villous atrophy, IEL with or
without enterocyte damage, increased inflammatory
[50,51]
cells in the lamina propria and crypt hyperplasia
.
If we consider the normal upper limit of 20 IELs or 25
IELs per 100 epithelial cells in sections stained with
haematoxylin and eosin (HE), the normal ratio of IELs
[2,31,36,52,53]
to epithelial cells is 1:5 or 1:4, respectively
.
The presence of neutrophils is a common finding in the
[54]
histopathology of GSE . Neutrophilic infiltration of the
lamina propria may occur in up to 1/3 of patients with
GSE. Conversely, neutrophilic infiltration of the surface
epithelium is seen more rarely.
Neutrophilic crypt abscesses are usually not seen
in GSE, but are frequently seen in GSE mimickers,
such as patients with infection, peptic duodenitis or
autoimmune enteropathy (see below). The sensitivity
of crypt hyperplasia may harbour a higher interindividual variability and may not be obvious in some
patients. Enterocyte damage, as defined by increased
nuclear size and decreased cytoplasmic volume, and
increased inflammation of the lamina propria, including
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need to be taken. It has been suggested that at least
4 distal duodenal biopsies and at least 2 biopsies of
[61,65]
the duodenal bulb should be performed
. In con
sideration of the patchiness, mainly in the paediatric
age, many institutions advocate for 6-8 distal duodenal
biopsies and 2 biopsies of the duodenal bulb (CS,
personal communication).

Table 1 Revised Updated Marsh-Oberhuber classification of
gluten-sensitive enteropathy (5 states of submucosal injury
0-4)
Type 0
Pre-infiltrative: normal V:C ratio and crypts with < 20-25 IELs per 100
enterocytes (1:5 or 1:4)
Type 1
Infiltrative type: normal V:C ratio and crypts, but ↑ IELs (≥ 20-25
IELs/100 enterocytes)
Type 2
Infiltrative-hyperplastic type: normal V:C ratio, but crypt hyperplasia
with ↑ IELs
Type 3
Destructive (flat mucosa) type of GSE lesion according to the degree of
villous atrophy
Type 3a: mild villous atrophy with V: C < 3:1, and ↑ IELs
Type 3b: marked villous atrophy with V: C < 1:1, and ↑ IELs
Type 3c: total villous atrophy with completely flat mucosa and ↑ IELs
Type 4
Atrophic type (hypoplastic); flat mucosa with only a few crypts and
near-normal IEL count

IEL-IMMUNOPHENOTYPE
T cell receptors (TCRs) and surface co-receptors are
used to characterize the immunological phenotype of
the IELs. Normal duodenal biopsies should show in
about 90% of healthy individuals a population of IELs
which are CD3- and CD8-positive and mostly bearing
TCRαβ. Conversely, CD4-positive T lymphocytes are
few. In 1/10 of healthy individuals, a distinct popu
lation of TCRγδ-expressing lymphocytes has been
[39,66,67]
recognized
. It is indeed an integrin of the β7
family, precisely CD103, which is responsible for the
[68-70]
adhesion of the T lymphocytes to epithelial cells
. If
frozen tissue is available, immunohistochemical typing
for TCRγδ of T lymphocytes can be performed. In GSE,
[71]
TCRγδ may reach up to 30% .
IEL is constituted mainly by CD8-positive CD3positive lymphocytes representing the most sensitive
immunohistochemical features of GSE. From 40 IELs to
25 or 20 IELs per 100 epithelial cells has been a long
journey and immunohistochemistry may help, but may
[72]
also lead to over-diagnosis of GSE . This may be the
case in infiltrative-type lesions in an individual patient
with suspected GSE, where the duodenal biopsy fails
to show an abnormal architecture and the IEL count is
difficult to perceptively be assessed adequately. Such
situation, although uncommon, may be a sign of latent
GSE, despite other causes possibly being at the origin
of this finding. To the best of our knowledge, its clinical
relevance remains to be adequately assessed by longterm follow-up studies.
An increased IEL count in an otherwise normal
small bowel biopsy specimen is obviously not specific
for GSE and may be associated with numerous
conditions such as non-steroidal anti-inflammatory
drugs (NSAIDs) use, microorganisms, bacterial
overgrowth, immunological disorders, and lymphocytic
or collagenous colitis among others. In examining the
biopsies of patients with GSE, the number of CD8positive CD3-positive T-lymphocytes is in crescendo
towards the villous tips, while normal villi or non-GSE
lymphocytes show a crescendo towards the base of
the villi (crescendo vs decrescendo pattern) (Figure
[9,13,59]
2)
. Immunohistochemical investigation for TCRγδ
in IEL is as sensitive and specific as the villous tip IEL
count and may result in distinguishing other intestinal
disorders from GSE in an effective way; but, to date,
TCRγδ immunohistochemistry in early and latent GSE
[24,73]
remains still controversial
. Moreover, the initial
attempts to perform an assay using formalin-fixed and

V:C: Villous to crypt ratio (normal, V:C > 3:1); GSE: Gluten-sensitive enter
opathy; IEL: Intraepithelial lymphocytes. The upper limit of IEL may be
considered 20 or 25 according to the country, institution, and physician’s
preference, although mostly 25 seems to be the most accepted current thres
hold.

Table 2 Corazza-Villanacci classification
Grade A
Nonatrophic, with normal V:C ratio and ↑ IELs (> 25 IELs/100
enterocytes)
Grade B1
"Atrophic", V:C < 3:1, but villi still detectable and ↑ IELs (> 25
IELs/100 enterocytes)
Grade B2
Atrophic and flat, villi not detectable and ↑ IELs (> 25 IELs per 100
enterocytes)
V:C: Villous to crypt ratio (normal, V:C > 3:1); GSE: Gluten-sensitive
enteropathy; IEL: Intraepithelial lymphocytes.

[61]

Oberhuber et al modified the Marsh classification
by dividing the type Ⅲ lesions into three subtypes,
including A (alike = near normal) or mild villous
atrophy, B (broad villi) or marked villous atrophy,
[61,62]
and C (complete) or completely flat mucosa
(Table 1). Corazza and Villanacci proposed to keep
the type Ⅰ infiltrative lesion with a setting of an upper
[64]
limit of 25 IELs per 100 enterocytes
(Table 2).
The type Ⅱ hyperplastic lesion is rarely seen, while
Oberhuber types ⅢA and ⅢB are grouped into a single
category or grade B1. Corazza-Villanacci’s argument is
pointing to the extreme variability between the same
pathologist and different pathologists carrying a kappa
divergence that is not minimal. Oberhuber stage ⅢC
is maintained in the revised classification as grade B2.
Marsh-Oberhuber’s type Ⅳ hypoplastic lesion may now
be considered obsolete.
Since the histological changes of GSE may be
patchy in nature, a satisfactory number of biopsies
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Figure 2 Intraepithelial lymphocytes and Marsh classification. A: Schema of the intraepithelial distribution of the intraepithelial lymphocytes (top, side and bottom,
see text); B: Marsh 0, normal villous architecture with en-face cut (HE, × 100); C: Marsh Ⅰ (HE, × 100); D: Marsh ⅢA (HE, × 100); E: Marsh ⅢB (HE, × 100); F:
Marsh ⅢC (HE, × 100). Marsh-Oberhuber classification is often shortened as Marsh.
[24]

sion and clonality. Type Ⅱ RGSE may progress to
enteropathy-associated T cell lymphoma. In addition to
the absolute number of IELs, the distribution of CD8positive CD3-positive T lymphocytes along the villous
has been observed to vary in GSE as well as in RGSE.

paraffin-embedded tissue blocks have been in vain .
Refractory gluten-sensitive enteropathy (RGSE)
is a term used to define a pathological condition
affecting the small bowel, histologically resembling
GSE but not responding to a strict GFD of at least
[74]
6 mo . In RGSE, most IELs have an abnormal im
munophenotype, characterized by intracytoplasmic
CD3ε and CD103 and loss of expression of CD3, CD4
or CD8 as well as TCR on the cell surface in 52%-98%
of cases associated with a restricted rearrangement
[74,75]
of the TCRγ gene
. In about 3/4 of patients with
refractory sprue, clonal TCRγ gene rearrangement is
seen and the CD3 T cell lymphocytes of the lamina
propria are constituted by a mixture of both CD4 and
[67]
CD8 T lymphocytes .
Type Ⅰ RGSE is characterized by a normal T cell
+
+
phenotype (CD3 /CD8 ), while type Ⅱ RGSE shows,
by molecular investigations, loss of CD8 expres
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GSE-MIMICKERS - “COMMON, LESS
COMMON AND HIGHLY UNCOMMON”
GSE mimickers are defined as diseases that may
mimic GSE leaving the patients to a wrong clinical
management. The Latin poet Virgil (70-19 BC) wrote
st
in his book of the Georgics of the 1 century BC
a quite famous sentence, ”Felix, qui potuit rerum
cognoscere causas” (literally translated as: Privileged
who was able to know the causes of things) that may
be appropriate in this context. IELs alone may not
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be diagnostic of GSE, because there are many GSE
mimickers. In determinate situations, the location of
IELs may help. Top or apical IEL may be suggestive
of GSE and particularly of latent GSE or GSE at early
stage with preserved villous architecture.
IELs are more likely to decrease along the villous
tip in non-GSE, laterally located and patchy distributed
IEL may be seen in IBD, while low down cryptically
located IEL may suggest graft vs host disease (GvHD)
or allograft rejection in an appropriate clinical setting.
Indeed, the initial manifestation of an IBD has been
recorded in the duodenum, before changes occur
in the terminal ileum or large bowel. Focal acute
inflammation is defined by the presence of a cluster
of more than one (> 1) neutrophilic granulocyte
in the lamina propria or epithelium and more than
[76-78]
one (> 1) focus in a tissue biopsy
. Some other
authors suggest that neutrophilic granulocytes may be
normal components of the lamina propria, provided
no invasion of the crypt or surface epithelium is
[29]
detected , but we do not agree because of the
specific nature of this inflammatory cell.
Focal acute duodenitis is not a sensitive feature in
Crohn’s disease, but has high specificity (92%) and high
[78]
predictive value (93%-95%) . Precursors of aphthoid
ulcers may be considered foci of acute inflammation
detected in the surface epithelium and deep stroma of
the duodenum. The duodenum is also affected by acute
inflammation with or without stomach involvement, but
the incidence of granulomas is quite variable depending
on the age of the patients and duration of the disease.
The interobserver variability of interpreting duodenal
biopsies may show different kappa factor depending
[60,79]
from the institution
.
IEL distribution seems to be highly sensitive, but it
may require additional training in the interpretation of
the histology of the upper gastrointestinal tract. The
diagnosis of GSE may remain problematic, because
no single test shows 100% sensitivity and 100%
[12]
specificity in every patient . GSE mimickers may be
indeed behind the scene, and there is undoubtedly no
other field in gastroenterology better pictured by the
Virgilian sentence (Figures 2-6).
The three most common GSE mimickers are gastric
Helicobacter pylori (H. pylori) infection, medications,
especially NSAIDs or proton-pump inhibitors (PPIs),
[80]
and IBD . H. pylori infection is associated with chronic
active gastritis, ulcer disease, chronic active duodenitis
and bulbitis, while non-specific duodenitis or peptic
duodenitis are conditions associated with acid injury.
H. pylori infection is typically associated with duodenal
gastric metaplasia, characterized by foci of gastrictype mucus-secreting cells interspersed between
duodenal enterocytes, which may be easily recognized
by the periodic acid Schiff (PAS)-positivity of the cells
containing neutral mucin and the lack of the brush
[81,82]
border
. An increased IEL count is observed in the
[9,15,83,84]
duodenum of patients with H. pylori gastritis
.
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There is still some debate about the specificity of the
findings and more longitudinal studies may be needed,
but in any case, correlation with serology and gastric
biopsies is still recommended.
The use of NSAIDs has been associated in a few
[85,86]
cases of duodenal IEL
. Brunner gland hyperplasia,
originally thought of as a feature of peptic duodenitis,
is now considered not relevant, because it may be
[29]
encountered in the normal duodenum as well .
Other medications associated with villous architectural
changes include colchicine, mycofenolate mofetil,
ipilimumab and several chemotherapy agents or
radio-/chemotherapy protocols among others.
Both Crohn’s disease and ulcerative colitis may
[76,87-90]
have IELs in the duodenum
. Duodenal granu
lomas are a very helpful finding in confirming the
diagnosis of Crohn’s disease, but they are seen in less
than half of the patients. In patients with classical
presentation of Crohn’s disease, villous shortening
accompanied by neutrophil-rich inflammation, oedema
in the lamina propria and crypt abscesses may also
be encountered. Crucial is the correlation with biopsy
findings arising from other sites, because isolated
[91]
duodenal Crohn’s disease is extremely rare .
In up to 1/4 of patients with ulcerative colitis,
variable villous blunting, inflammatory expansion of the
lamina propria by plasma cells and active (neutrophilic)
[90,92,93]
inflammation are also seen
. Food allergy, infec
tions, small intestine bacterial overgrowth, tropical
sprue and various immunological or autoimmune
disorders have been described, but are less common.
Uncommon events with IEL and villous blunting may
include sickle cell anaemia-duodenitis with a potential
ischemic background due to pileup of abnormally
[94,95]
shaped erythrocytes
and non-H. pylori infection,
such as with Yersinia enterocolitis and Salmonella
[96,97]
spp.
.
Food allergy enteropathy (FAE) and cow’s milk
protein-sensitive enteropathy (CMSE) may be en
countered in a duodenal biopsy and both conditions
may show a wide variety of mucosal lesions in any
part of the upper and lower gut. Although villous
atrophy is not seen in food allergy, crypt hyperplasia
and an increased number of inflammatory cells,
particularly eosinophilic granulocytes, are detected
more often in the lamina propria and rarely also in
[32,33,98-103]
the surface epithelium
. In CMSE, the villous
architecture is usually normal, but cytotoxic IEL count
is increased, particularly in the descending part of the
duodenum in contrast to GSE, which conversely shows
the most severe changes in the proximal parts of the
[104-109]
duodenum
.
Infections that are commonly seen in the duo
denum include giardiasis, cryptosporidiosis, micro
sporidiosis, cyclosporiasis, isosporiasis, Whipple’s
disease, Mycobacterium avium intracellulare, visceral
leishmaniasis, cryptococcosis and cytomegalovirus.
The clinical history with the most recent travel history

579

January 28, 2017|Volume 23|Issue 4|

Sergi C et al . Diagnosing gluten-sensitive enteropathy

A

B

C

D

E

F

Figure 3 Gluten-sensitive enteropathy and GSE mimickers. A, B: Variable destructive patterns of Marsh ⅢC of GSE (A: HE, × 100; B: HE, × 200); C, D:
Eosinophilic duodenitis (HE, × 400); E, F: Peptic duodenitis (HE, × 400). GSE: Gluten-sensitive enteropathy.

of both parents and children, the geographical set
tings and the age of the patient may aim to restrict
the diagnosis that needs to be confirmed by the
laboratory and microbiologic analysis. Morphologically,
Giardia lamblia is a pear-shaped microorganism if
cut lengthwise and a binucleate, ventral disc if cut
frontally, with 4 pairs of flagella. Cryptosporidia
are basophilic merozoites (2-5 μm) of varying size.
Microsporidia are supranuclear parasitophorous
vacuoles indenting the nucleus. Cyclospora are
round and fusiform merozoites (up to 6 μm in
length) with supra-nuclear parasitephorous vacuoles.
Isosporas are subnuclear parasitophorous vacuoles
(20-30 μm) containing banana-shaped merozoites
and sexual forms. Tropheryma whipplei are PASpositive bacilli. Intracellular M. avia are acid fast and
diastase-resistant (D-)PAS-positive curved bacilli. L.
donovani are 1-2 μm basophilic amastigotes in an
identifiable parasitophorous vacuole. Cryptococci are
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microorganisms with narrow-neck budding, while
the characteristic aspect of cytomegalovirus is the
“owl’s eye”, which displays a dense nuclear inclusion
and granular cytoplasmic inclusions. In Table 3, the
differential diagnosis of these microorganisms, with
the histological changes observed in the duodenum,
are summarized.
Autoimmune enteropathy (AIE) is another GSEmimicker because it is characterized by villous atrophy
[25,110]
unresponsive to a GFD
. The histological evidence of
enteropathy, a lack of any triggering food protein, antienterocyte antibodies as well as persistent diarrhoea
after prolonged fasting and presence of organ-specific
serum antibodies are essential for the diagnosis of
this entity. The histology of AIE is characterized by
variable degrees of architectural changes, including
normal to total villous atrophy and a CD8-predominant
immunophenotype of IELs. IEL count may be normal
or increased and is mainly characterized by CD8-
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Figure 4 Gluten-sensitive enteropathy mimickers. A: Lymphocytic gastritis with involvement of the duodenum (HE, × 100); B: H. pylori gastritis (inset, Giemsa
staining) (HE and Giemsa × 630); C: Giardiasis (HE, × 400); D: Cytomegalovirus (CMV) infection (HE, × 6300) and inset showing anti-CMV antibody reacting against
viral proteins using an avidin-biotin complex immunoperoxidase immunohistochemical detection (× 100); E: Focal adenomatous change in duodenum (HE, × 50); F:
Sickle cell disease-related duodenitis (HE, × 200).

positive lymphocytes. Importantly, the number of
lymphocytes harbouring γδ immunophenotype is normal
in both surface epithelium and lamina propria help in
distinguishing AIE from GSE. AIE may produce subtotal
villous blunting and IEL simulating the appearance of
GSE, but the absence of goblet cells and Paneth cells in
AIE biopsies accompanied by a prominent crypt apop
[29]
tosis are helpful clues .
Common variable immunodeficiency (CVID) may
also manifest with gastrointestinal symptoms, being
the second most common primary immunodeficiency,
and its diagnosis relies on recurrent infections,
decreased IgG levels at least 2-standard deviations
below normal with at least decreased levels of one
other immunoglobulin subclass, exclusion of other
causes of immunodeficiency, and a failure to mount
a response to vaccination. In 2/3 patients with CVID

WJG|www.wjgnet.com

undergoing endoscopy, the duodenal biopsy shows IEL
with or without villous architectural changes and 2 CVID
characteristic clues are the paucity or absence of plasma
[29,111-113]
cells with prominent crypt apoptosis in CVID
.
GvHD and allograft bowel rejection (AGBR) may
be ruled out on clinical settings. GvHD may, however,
come to the gastroenterologist or pathologist who
are not provided with the history of bone marrow
transplantation for instance. GvHD may have, although
uncommonly, an increased IEL count in proximal small
bowel biopsies. A decrescendo from base to apical villi
and the finding of epithelial cell apoptosis in the deep
crypts, with or without some degree of architectural
disturbance, together with the clinical setting may help
[114]
to address this diagnosis .
Collagenous sprue (COS) is an GSE mimicker,
[115]
originally described by Weinstein in 1970
, and
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Figure 5 Gluten-sensitive enteropathy mimickers. A-D: Post-transplant lymphoproliferative disorder, polymorphic type (A: HE, × 50 and inset HE, × 200) showing
mononuclear epithelial and stromal infiltration with blasts and high CD20 (B, × 100) on CD3 (C, × 100) lymphocytes and high Epstein-Barr virus replication (in situ
hybridization or Epstein-Barr encoding region, × 100); E: Burkitt lymphoma of the duodenum (HE, × 100); F: Tubular adenoma of the duodenum of a patient with
familiar adenomatous polyposis (HE, × 200).

shares several aspects of GSE, including villous
architectural abnormalities, IEL and crypt hyperplasia;
but, an irregularly thickened layer of type 1 collagen
just subjacent to the surface epithelium is extremely
useful for distinguishing COS from GSE. A monotypic,
truncated immunoglobulin α heavy chain lacking
an associated light chain secreted by plasma cells
infiltrating the bowel wall characterizes a condition
called immunoproliferative small intestine disease
[116-118]
(IPSID), which is a MALT lymphoma
. The early
stages of IPSID may be quite challenging, because
the duodenal mucosa may appear normal or nearnormal, but thickening, erythema and nodularity of
the mucosal folds may be observed in the duodenum
[117]
and upper jejunum at later stages . IPSID is mostly
reported in individuals from the Middle East, North and
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South Africa and the Far East, and the epidemiological
background may be quite helpful.
Several immune-related disorders, including
Hashimoto thyroiditis, Graves’ disease, rheumatoid
arthritis, psoriasis and systemic lupus erythematosus
may cause IEL. These diseases need to be carefully
ruled out on both clinical and laboratory grounds.
Other etiologic factors that have been associated
with IEL are quite more uncommon and infrequently
associated to IEL, but they also need clinical and
laboratory correlation. These disorders involve the
nervous system mainly, the two major diseases of
[119,120]
which include autism and multiple sclerosis
.
The enteropathy-type intestinal T cell lymphoma
(EITL) may be considered a complication of long[121-123]
standing GSE
. EITL is frequently multifocal with
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Table 3 Most common duodenal infections potentially mimicking gluten-sensitive enteropathy
Agent

Villi

CH

LPI

IELs

PMNs

Sup.-D.

Target

Site

Stain

G. lamblia
C. parvum
E. bieneusi
E. intestinalis
C. coyetanensis
I. belli
T. whipplei

0-3A
1-3A
1-3A

Nil
+
+

0/+/++
+/++
+/++

< 20/↑
< 20
< 20

Rarely
Focal
Nil

Nil
Focally
Focally

+
+
Nil

+/++
+/++
++1

< 20/↑
< 20
↑

Nil
Nil
Nil

Focally
Focally
Nil

IL
IE
IEv/
IEc
IEv
IEv
LP

GS
WS
WS

1-3A
1-3A
1-3A

None
Enterocytes
Enterocytes/
macrophages
Enterocytes
Enterocytes
Macrophages

MAI

M. avium
intracellulare

1-3A

Nil

++1

< 20

Nil

Nil

Macrophages

LP

Leishmaniasis
Cryptococcosis

L. donovani
C. neoformans

1-3A
1-3A

Nil
Nil

+/++
0/+

< 20
< 20

Nil
Nil

Nil
Nil

Macrophages
None

LP
LP

Cytomegalovirus

Ulcers

2

+/++

< 20/↑

+/-

Focally

Epithelium/
endothelium

LP

Giardiasis
Cryptosporidia
Microsporidia
Cyclospora
Isospora
Whipple D

CMV

NA
NA
PAS
ZN
PAS
ZN
AR
NA
DPAS
MS
IHC

Pale macrophages; 2Crypt damage; ⅢA partial atrophy, ⅢB subtotal atrophy, ⅢC total atrophy. 0-3A: 0, no inflammation, 1, IELs, 2 mild hyperplasia/
mild inflammation. IL: Intraluminal; IE: Intraepithelial (surface and crypt epithelium); IEv: Intraepithelial at the villous tips; IEc: Intraepithelial at the
crypts; LP: Lamina propria; CH: Crypt hyperplasia; AR: Auramine-rhodamine stain; DPAS: Diastase-periodic acid Schiff stain; GS: Giemsa stain; IHC:
Immunohistochemistry with antibodies against the cytomegalovirus antigens; MS: Methenamine-silver stain; WS: Warthin-Starry stain; ZN: Ziehl-Nielsen
stain.
1

Name: ...................................

Case #:

N/Y: 0/1

Location: ........................................
Distal duodenum biopsies #:

Villous/crypt ratio #:

:1

Bulb biopsies #:
Lamina Propria inflammation #:

Lymphocytes

IELs #/100 epithelial cells (top):

Enterocyte damage:

IELs #/100 epithelial cells (side):

Brush border thickness (mm):

IELs #/100 epithelial cells (down):

Erosion:

Crypt hyperplasia

Micro-organisms:

Benign (B)/dysplasia (D)/malignancy (M)

Plasma cells

Neutrophils

...........................

.........................................

Figure 6 Synoptic report for gluten-sensitive enteropathy and gluten-sensitive enteropathy mimickers.

ulcerative lesions and a tendency to perforate either
at presentation or during chemotherapy. Histologically,
there is a pleomorphic medium-to-large cell population
constituted by the expression of CD3 and lack of
CD4 and CD8 expressions as well as a small and
monomorphic cell population characterized by the
expression of CD3, CD8 and CD56 and lack of CD4
expression. CD30 is always present in the tumour cells
and may be seen in the adjacent villi of the lymphoma
lesions, and is considered an ominous marker for
prognosis. Among the neoplastic GSE mimickers, the
tubular adenomas, post-transplant lymphoproliferative
disorders (PTLDs) and lymphomas should be listed.

WJG|www.wjgnet.com

GSE - CHALLENGES ACROSS OCEANS
[16]

In 2012 , the guidelines for GSE diagnosis were
issued by the ESPGHAN suggesting that biopsies can
be avoided in patients who have positive HLA-DQ test
results. It has been suggested that HLA-DQ test may
[41]
extend beyond these cases . The main inhibitions
in efficiently using molecular biology techniques are
represented by cost and lack of automation, but RTPCR, digital PCR and next-generation sequencing
may today open interesting possibilities in tailoring
the diagnostic algorithm for GSE in a more efficient
way. The combined use of aTTG and anti-DGP assay is
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Table 4 North American - European divergences across oceans in gluten-sensitive enteropathy
Target
ESPGHAN

1

Screening
2

Paediatric

Anti-tTG-IgA and IgA

ACG

Paediatric/adult

Anti-tTG-IgA

WGO

NS

Anti-tTG-IgA/anti-DPG IgG

PS Tests

HLA-DQ

EMA

AGA

Anti-tTG-IgG/anti-DPGIgG3
Anti-tTG-IgG/anti-DPGIgG3
NS

Yes, if
↑EMA/anti-tTG
Yes, if biopsy/serology
disagreement
Yes, if biopsy/serology
disagreement

Yes, in confirming
PS tests
NS

No

Yes, in confirming
PS tests

No

No

Postscreening tests; 2Total serum IgA; 3Anti-DPG: Anti-deamidated gliadin peptide. ESPGHA: European Society of Pediatric Gastroenterology, Hepatology
and Nutrition; ACG: American College of Gastroenterology; WGO: World Gastroenterology Organization; NS: Not specified.
1

now recommended in young children, while HLA-DQ
typing is useful in support of histology in seronegative
patients, and to exclude patients at high risk for GSE.
In patients with low risk for development of GSE,
the presence of IgA aTTG-positive blood inclines
towards endoscopy and duodenal biopsy. ESPGHAN
emphasizes that patients with selective IgA deficiency
should be tested for anti-DGP IgG and/or aTTG IgG
and, if positive, a biopsy needs to be performed.
The guidelines of the American College of Gas
troenterology and World Gastroenterology Organization
are similar, but differences have been identified
[41]
recently . These two guidelines distinguish between
patients at low and high risk of GSE and in screening
the general population, with a GSE prevalence of 1%,
the IgA aTTG and DGP assays are now recommended,
either simultaneously, or in sequence. Thus, in the
high-risk population, only one test is considered
sufficient, because in these patients it is supposed
that additional tests do not increase the reliability of
screening results. Conversely, in low-risk patients,
a positive serological test is a strong indication for
duodenal biopsy that remains the gold standard in
North America. For patients at risk of GSE, biopsy
is always recommended, irrespective of serological
results; if the results of both tests are positive, the
diagnosis of GSE is confirmed. Conversely, if the
serology is positive and histology is negative, it has
been suggested that the biopsy is repeated at least
after 1 year. If the histology is positive and serology
is negative, HLA-DQ typing is counselled and other
possible causes of duodenitis should be carefully
evaluated. GSE is ruled out only when both serology
and histology are negative. In Table 4, the main
differences between the GSE guidelines across oceans
[41]
are presented .

tes as borderline and ≥ 25 IEL/100 enterocytes
representing a pathological lymphocytic infiltration
of the surface epithelium; (2) decreased height
of the enterocytes with flattening of enterocytes,
intracytoplasmic vacuolation as well as reduction or
absence of brush-border; (3) crypt hyperplasia as
indicated by extension of the regenerative epithelial
crypts associated with changes in the presence
of more than 1 mitosis per crypt; and (4) villous
blunting identified as decrease in villous height,
alteration of normal crypt/villous ratio (3:1) until total
disappearance of villi with proper orientation of the
[124]
biopsies .
A synoptic report is commonly used for cancer
pathologies, using checklists that allow a better
[125,126]
management of patients with oncological disease
.
Free text reports often demonstrate significantly
impaired data collection when recording several
parameters, and the number of words used is also
significantly reduced using pre-formatted structured
reports as compared to free text reports. In public
healthcare, the introduction of a structured reporting
dictation template improves data collection remarkably
and reduces the subsequent administrative burden
when dealing with phone calls and/or reviewing the
number of cases reviewed at multidisciplinary team
meetings, and external quality assurance programs
[127]
provide a support for it .
In our opinion, a biopsy report should include
the number and site of the biopsy specimens, the
pathology or normality of the tissue specimens, the
villous-crypt ratio, the villous architecture (normal
or blunted, partial/total), the IEL counts at the top,
side and bottom, the morphology of the surface
enterocytes (normal, flattened or damaged) with
or without preservation or loss of the brush border,
crypt hyperplasia, gastric metaplasia (e.g., chronic
duodenitis), presence of microorganisms (e.g., Giardia
lamblia, cryptosporidia, microsporidia, Isospora belli,
cyclospora, Mycobacterium avium intracellulare,
[24]
cytomegalovirus, Cryptococcus neoformans) . A
number of additional features have been suggested to
[71,128]
be present in the histopathologic report
, including
the search results for potential benign, dysplastic
or neoplastic lesions (e.g., adenoma or carcinoma,
carcinoid, lymphoma). Figure 6 displays a synoptic

DUODENAL MUCOSA - SYNOPTIC
REPORT
An integrated assessment of the histopathology
elementary lesions and clinical and serological findings
make consistent and reliable the diagnosis of GSE.
The elementary lesions consist of (1) increased IELs or
IEL with a value between 20 and 24 IEL/100 enterocy
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report that may be considered useful for both clinics
and research.
10

CONCLUSIONS AND FUTURE
PERSPECTIVES
Partial and patchy villous blunting may be found in
CMSE, in postenteritis enteropathy and in GSE. Thus,
multiple biopsies should be taken to minimise the risk
of misdiagnosis. The bulb mucosa may be the only
duodenal area affected and total or moderate villous
atrophy may affect the duodenal bulb exclusively
with a normal distal duodenum. Therefore, careful
appreciation with regard to whether specimens are
taken from the bulb or the descending part of the
[129]
duodenum is essential . GSE is a common cause of
an increased IEL count in the duodenum accounting,
probably, for up half of the cases, but GSE mimickers
should be taken into account. New molecular biologysupported methodologies may tailor and individualize
the diagnostic algorithm in the future.
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Abstract

Institutional review board statement: There is no such
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animal study which do not pertain to this study.

AIM
To investigate the role of non-structural open reading
frame 1 “Y-domain” sequences in the hepatitis E virus
(HEV) life cycle.

Conflict-of-interest statement: To the best of my knowledge,
no conflict of interest exists.

METHODS
Sequences of human HEV Y-domain (amino acid
sequences 216-442) and closely-related viruses were
analyzed in silico . Site-directed mutagenesis of the
Y-domain (HEV SAR55) was carried out and studied
in the replicon-baculovirus-hepatoma cell model. In
vitro transcribed mRNA (pSK-GFP ) constructs were
transfected into S10-3 cells and viral RNA replicating
GFP-positive cells were scored by flow cytometry.
Mutant virions’ infectivity was assayed on naïve HepG2/
C3A cells.
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RESULTS

In silico analysis identified a potential palmitoylation-site

(C336C337) and an α-helix segment (L410Y411S412W413L414F415
E416) in the HEV Y-domain. Molecular characterization of
C336A, C337A and W413A mutants of the three universally
conserved residues showed non-viability. Further, of
the 10 consecutive saturation mutants covering the
entire Y-domain nucleotide sequences (nts 650-1339),
three constructs (nts 788-994) severely affected virus
replication. This revealed the indispensability of the
internal sequences but not of the up- or downstream
sequences at the transcriptional level. Interestingly,
the three mutated residues corresponded to the
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suggested the Y-domain as an extension (“iceberg”
region) of the MTase C-terminal (“core” region),
[5]
and identified its homolog in nodaviruses . Further,
universally conserved cysteine residues have been
identified in the core region of animal viruses, such as
Semliki Forest virus (SFV) and Sindbis virus (SINV),
and closely-related plant viruses, including bromo
mosaic virus (BMV), bamboo mosaic virus (BaMV),
alfalfa mosaic virus (AMV), tomato mosaic virus
(ToMV), tobacco mosaic virus (TMV) and cucumber
mosaic virus (CMV), critical for RNA capping and
[6-13]
replication
.
Moreover, mutational analysis of SFV-nonstructural
protein 1 (nsP1) has shown indispensability of both
the core and Y-domain residues for RNA capping
[14,15]
activity
. In SINV-nsP1, deletions of core residues
(aa 442-492) not only abolished MTase activity but also
[16]
virus infectivity . Notably, the capping was completely
[17]
retained by truncated SINV-nsP1 (aa 1-448)
and
[7]
BaMV-replicase (aa 1-442) , which ended only 30-40
residues down in the Y-domain. The MTase-domain
(N-terminal) alone, therefore, seems insufficient for
viral 5’ mRNA capping that is actually complemented
by the combined sequences of core and Y. Thus, it is
the “core-Y” region that undergoes post-translational
palmitoylation, required for membrane binding through
an amphipathic α-helix to form replication complexes
[5,18-21]
on cytoplasmic membranes
.
The hepatitis E virus (HEV), the only Hepevirus
of the alphavirus-like superfamily, is the etiological
[22,23]
agent of acute and chronic hepatitis E in humans
.
The HEV +ssRNA genome (about 7.2 kb) contains
three partially overlapping open reading frames
(ORFs): ORF1, ORF2 and ORF3, flanked by 5’ and 3’
[24,25]
short untranslated-regions
. Of these, the largest
gene, ORF1 (5109 bases), encodes the nonstructural
polyprotein (1703 residues) essential for viral RNA
[26-28]
replication in infected cells
. Homologous to the
alphavirus polyprotein structural organization, the
MTase-domain is followed by the Y-domain in HEV
ORF1 (Figure 1). While the 5’ mRNA capping activity
of the ORF1 MTase-domain (N-terminal) is well
[29,30]
characterized and implicated in RNA replication
,
the function of the Y-domain remains completely
unexplored. Therefore, the present study was pos
tulated to investigate a potential role of Y-domain
sequences in HEV life cycle, using the repliconbaculovirus-hepatoma cell model.

downstream codons that tolerated saturation mutation,
indicating their post-translational functional/structural
essentiality. In addition, RNA secondary structure
prediction revealed formation of stable hairpins (nts
788-994) where saturation mutation drastically inhibited
virion infectivity.
CONCLUSION
This is the first demonstration of the critical role of
Y-domain sequences in HEV life cycle, which may
involve gene regulation and/or membrane binding in
intracellular replication complexes.
Key words: Hepatitis E virus; Open reading frame 1;
Y-domain; Palmitoylation; α-helix
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The function of hepatitis E virus (HEV) Y-domain
remains elusive. In silico analysis of closely-related
virus sequences mapped a potential palmitoylation-site
(CC) and α-helix segment (LYSWLFE) in the Y-domain.
Mutant replicons of the universally conserved residues
C336, C337 and W413 showed non-viability. Saturation
mutations in the Y-domain (nucleotide sequences
788-994) severely affected RNA replication, revealing
their post-transcriptional indispensability. Notably, the
three residues corresponded to the non-conserved
codons, indicating their post-translational essentiality.
RNA secondary structure prediction showed hairpin
formations by the critical bases (788-994), where
mutations drastically affected virion infectivity. This is
the first demonstration of the critical role of Y-domain
sequences in HEV life cycle that warrants further
molecular/biochemical studies.
Parvez MK. Mutational analysis of hepatitis E virus ORF1
“Y-domain”: Effects on RNA replication and virion infectivity.
World J Gastroenterol 2017; 23(4): 590-602 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i4/590.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i4.590

INTRODUCTION
The eukaryotic positive single-strand (+ss) RNA
viruses share evolutionarily-conserved functional and
putative domains, and even amino acid (aa) sequences
[1]
in their nonstructural/replicase polyproteins . In
infected cells, one of the polyprotein proteolytic
products, the methyltransferase (MTase), catalyzes 5’
capping of viral mRNA and interacts with cytoplasmic
membranes, essential for establishing replication
[2]
complexes . In addition to the MTase-domain, studies
have also shown sequence and structural conservation
[1,3,4]
of the downstream Y-domain in viral polyproteins
.
Recently, sequence analysis of human, animal and
plant viruses of the alphavirus-like superfamily has

WJG|www.wjgnet.com

MATERIALS AND METHODS
In silico analysis

The Y-domain sequences of human HEV strains
(GenBank; n = 206), belonging to the four genotypes
(HEV1, HEV2, HEV3 and HEV4) as well those of closelyrelated +ssRNA viruses were analyzed using the online
bioinformatics tools Multalin (http://multalin.toulouse.
inra.fr/multalin/cgi-bin/multalin.pl) and ClustalW 1.8
(http://embnet.vital-it.ch/software/ClustalW.html).
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Figure 1 Schematic representation of hepatitis E virus nonstructural polyprotein (ORF1) domain organization, showing the undefined Y-domain. Saturation
mutations covering the entire Y-domain (nts 650-1339; 10 constructs of 68 bases each) as well as specific amino acid (C 336, C337 and W413) mutations within the
predicted membrane-binding motif are shown. MTase: Methyltransferase; Y: Undefined; PCP: Papin-like cysteine protease; P/HVR: Proline-rich/hypervariable region; X:
Macro; Hel/NTPase: Helicase/nucleotide triphosphatase; RdRp: RNA-dependent RNA polymerase.

Prediction of peptide secondary structure/amphipathic
helix was done by PSIPRED (http://bioinf.cs.ucl.
ac.uk/psipred) and PROFsec (http://bioinf.cs.ucl.ac.uk/
psipred). The program RNAstructure (http://rna.urmc.
rochester.edu/RNAstructureWeb/index.html) was used
to predict RNA secondary structures.

tructions (TaKaRa Bio Inc, Shiga, Japan). The PCR
products were gel electrophoresed to confirm full
amplification, DpnI (Invitrogen, Carlsbad, CA, United
States) digested to eliminate residual template,
and transformed into XL-blue DH5α competent cells
(Stratagene, San Diego, CA, United States) by heatshock method. Transformed colonies were selected on
ampicillin-agar plates, and isolated DNA (Plasmid Miniprep Kit; Qiagen, Hilden, Germany) were screened
by restriction-digestion. Mutant constructs were con
firmed by sequencing (Invitrogen) and stock DNAs
were prepared (Plasmid Midi-prep Kit; Qiagen) for in
vitro transcription and transfection experiments.

Construction of Y-domain mutant replicons

Mutations were introduced in HEV1-SAR55 (accession
no. AF444002) full-length genomic replicon (pSKGFP; a kind gift from Dr Suzanne Emerson, National
Institutes of Health, Bethesda, MD, United States) by
[27]
site-directed mutagenesis as described elsewhere .
Ten consecutive saturation mutants that covered the
entire Y-domain nucleotide sequences (nts 650-1339),
including pSK-GFP-Ydom1 (nts 650-718), pSK-GFPYdom2 (nts 719-787), pSK-GFP-Ydom3 (nts 788-856),
pSK-GFP-Ydom4 (nts 857-925), pSK-GFP-Ydom5 (nts
926-994), pSK-GFP-Ydom6 (nts 995-1063), pSKGFP-Ydom7 (nts 1064-1132), pSK-GFP-Ydom8 (nts
1133-1201), pSK-GFP-Ydom9 (nts 1202-1270) and
pSK-GFP-Ydom10 (nts 1271-1339), were constructed
by changing every possible nucleotide without altering
the aa sequences. In addition, three aa mutants,
including pSK-GFP-YdomC336A, pSK-GFP-YdomC337A
and pSK-GFP-YdomW413A, of universally conserved
residues within the predicted membrane binding
motif were constructed. Replicon constructs pSK-GFP[27]
WT and pSK-GFP-G816V
served as positive and
negative controls, respectively.
Briefly, polymerase chain reaction (PCR) was
carried out in a 50 μL reaction volume with appropriate
amounts of pSK-GFP plasmid, forward and reverse
primers, dNTP mix, DNA polymerase and buffer,
under thermal conditions as per the manufacturer’s ins

WJG|www.wjgnet.com

Human hepatoma cell culture

The S10-3 and HepG2/C3A cells, derivatives of human
hepatoma lines HuH7 and HepG2, respectively (kind
gifts of Dr Suzanne Emerson, NIH) were maintained
in DMEM-GlutaMax (Invitrogen) supplemented with
10% heat-inactivated bovine serum (Gibco, Thermo
Fisher Scientific, Waltham, MA, United States) and 1x
penicillin-streptomycin mix (Gibco) at 37 ℃ with 5%
[31]
CO2 supply . For experimental studies, cells were
6
seeded in 12-well (1.0 × 10 cells/well) or 24-well (0.5
6
× 10 cells/well) flat-bottom culture plates.

In vitro capped mRNA synthesis and cell transfection

The replicon constructs (cDNA) were linearized
with BglⅡ (Invitrogen) and in vitro transcribed in
the presence of anti-reverse cap analog (ARCA;
Ambion, Austin, TX, United States) essentially as
[31]
described elsewhere . The transcription mix was gel
electrophoresed to check the size, integrity and quality
of the capped-mRNA, followed by transfection into
S10-3 cells. The transfected cultures were incubated at
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34.5 ℃ for 6 d to allow for optimal production of green
fluorescent protein (GFP), indicating virus replication.
S10-3 culture transfected with pSK-GFP-WT transcript
showing green fluorescence served as positive
control, while that receiving pSK-GFP-G816V, a lethal
[27]
mutant , served as negative control. All transfec
tions were performed in duplicate and repeated for
reproducibility.

presentative alphaviruses identified a potential
palmitoylation-site homolog CC and an α-helix coun
terpart LYSWLFE in the Y-domain, predicted for
cytoplasmic membrane binding. The residues C336C337
and their positions were highly conserved across the
available sequences of all four human HEV genotypes
(Figure 2). In the predicted α-helix, while residue and
positional conservation of L410, S412 and W413 were found
among HEV and SFV, SINV and equine encephalitis virus
(EEV) (Figure 3), the segment L410Y411S412W413L414F415E416
showed a high conservation within the HEV genotypes
(Figure 4).

RNA trans-encapsidation and virion infectivity assay

The mutant RNA encapsidation into viral ORF2 (capsid)
proteins over-expressed by a recombinant baculovirus
(vBacORF2) that could produce virus particles in S10-3
cells was performed, and tested for their infectivity on
[32,33]
naïve HepG2/C3A cells
. In sum, RNA transfected
S10-3 cells (in 12-well plates) were transduced
with vBacORF2 on the following day. On day 6 posttransfection (i.e., day 5 post-transduction), lysates
were prepared by vigorous vortexing of the cells in
10 × PBS, and normalized with sterile water. Lysa
tes (inoculums) were cleared by centrifugation and
overlaid on the HepG2/C3A cells (in 24-well plates),
following 2.5 h incubation at 37 ℃. The inoculums
were aspirated and complete medium was added, and
the cells were incubated for 6 d to establish infection
and GFP production. The assay was done in duplicate
and repeated for reproducibility.

Y-domain nts 788-994 are indispensable for virus
replication

The saturation mutations introduced in the cDNA
did not affect the gross yield of in vitro synthesized
transcripts (Figure 5A, left). Of the 10 consecutive
mutant transcripts (pSK-GFP-Ydom1 to Ydom10),
mutants of nts 788-994 (Ydom3, 4 and 5) drastically
affected RNA replication by > 92% in S10-3 cells,
whereas those of nts 650-787 (Ydom1 and 2) and
nts 995-1339 (Ydom6, 7, 8, 9 and 10) had very
mild or insignificant effect on viability compared to
the wild-type (Ydom-WT) (Figure 5B). This clearly
demonstrated the indispensability of the internal
sequences but not the up- or downstream sequences
of the Y-domain at transcriptional level.

Fluorescence microscopy

Universally conserved C336, C337 and W413 are critical for
RNA replication

The replication fitness of the mutant RNA was indirectly
assessed by careful observation of GFP-positive S10-3
and HepG2/C3A cells under fluorescence microscope.
The expression of capsid protein in S10-3 cells was
[32]
confirmed on day 4 post-transduction . Briefly, vBacORF2 transduced cells (in 8-chambered glass slides)
were immune-stained with anti-ORF2 chimp sera
and Alexa Fluor 488 goat anti-human IgG (Molecular
Probes, Eugene, OR, United States). Following
mounting with Vectashield (Vector Laboratories,
Burlingame, CA, United States), slides were observed
under FITC filter-aided indirect fluorescence micro
scope (H600L; Nikon, Tokyo, Japan).

Similar to the saturation mutations, aa substitutions
in the cDNA had no effect on the gross yield of in
vitro synthesized RNA (Figure 5A, right). Introduction
of C336A, C337A and W413A substitutions within the
predicted membrane binding motif of Y-domain
completely abolished virus replication (Figure 5B).
Interestingly, the aa C336, C337 and W413 corresponded to
codons (nts 1031-1033, 1034-1036 and 1213-1215,
respectively) that were shown to be dispensable by
saturation mutations. This very clearly indicated their
post-translational functional/structural essentiality in
virus replication, probably through membrane binding
in intracellular replication complexes.

Flow cytometry

On day 6, the duplicated transfected S10-3 cultures
[32]
(24-well plates) were harvested by trypsinization .
In sum, each culture suspension (about 500 μL in
cold PBS) was cleared at 4 ℃ and cell pellets were resuspended in 300 μL of cold PBS. The samples were
immediately subjected to flow cytometry (10000 cells
counted/sample), and data was analyzed for GFPpositive cells.

Effects of RNA hairpin/stem-loop structures (nts
778-994) on virion infectivity

As revealed by transfection results, Ydom3 (nts
788-856) had the most drastic effect on RNA
replication, followed by Ydom5 (nts 926-994) and
Ydom4 (nts 857-925). In line with this, while nts
788-856 formed the most stable RNA hairpin/
stem-loop compared to nts 926-994, nts 857-925
presented the least stable structure (Figure 6A).
This strongly supported the deleterious effects of
saturation mutations that could completely unzip
and destabilize the RNA secondary structures, critical
for virus replication. Further, the three saturation

RESULTS
Mapping of potential palmitoylation-site and α -helix
segment in the Y-domain

Multiple sequence analysis of HEV strains and re
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I

Accession no.
a.a. 301
336/337
consensus
LFPSA----CSTKSTFHAVPVHIWDRLMLFGATLDDQAFCCSRLMTYLRGISYKVTVGAL
AF028091
. . . TS. . . . . . . . . . . . . . . A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
AF076239
. . . TS. . . . . . . . . . . . . . . A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
FJ457024
     . . . TS. . . . . . . . . . . . . . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
AF459438
. . . TS. . . . . . . . . . . . . . . A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.T.
JF443720
   . . . TS. . . . . . . . . . . . . . . A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.T.
D10330
. . . TS. . . . . . . . . . . . . . . A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
M73218
. . . TS. . . . . . . . . . . . . . . A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
DQ459342
   . . . TS. . . . . . . . . . . . . . . A. . . . . . L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443718
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
AF051830
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443719
   . . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
X99441
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443721
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443722
. . . TS. . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443723
. . . TS. . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443724
. . . TS. . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443725
. . . TS. . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.T.
JF443726
. . . TS. . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
AF444002
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
AF444003
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
L25547
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
L25595
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
D11092
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JQ655734
. . . TS. . . . . . . . . . S . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
L08816
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
D11093
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
JF443717
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
X98292
. . . TS. . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
AY230202
. . . TS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.
M74506
. . . T. . . . . . AV. . . . . . . . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB161718
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB161719
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220972
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB074917
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220973
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB480825
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220975
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220978
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB161717
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220976
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220977
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220979
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB291965
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB291966
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB291967
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB291968
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB074915
............................................................
AB091395
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB200239
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB099347
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB193176
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB193177
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB193178
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB097811
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB097812
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220971
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB080575
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB481227
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
GU119961
............................................................
GU188851
............................................................
JQ655735
   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
JQ740781
   . . . . . . . . . . . . . . I. . . . . L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB220974
  
. . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AB369690
............................................................
JQ993308
............................................................
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EF570133
JF915746
AB521805
AB521806
AB602439
AB602440
DQ450072
AB369688
EU366959
GU119960
AB197673
HQ634346
AB197674
EF077630
JQ655733
FJ763142
AY723745
AJ272108
JQ655736
GU206559
HM152568
GU361892
KC163335
AY594199
FJ610232
AB253420
AB291964
EU676172
JX855794
DQ279091
HM439284
AB108537
AB698654
AB573435
AB602441
AB074918
AB630970
AB074920
AB089824

............................................................
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AY575859
AF082843
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FJ426404
  
HQ389543
JQ679014
HQ389544
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AB591734
AB073912
AY115488
AB291963
AB630971
AB222182
AB189070
AB698071
AB189071
AB189072
AB189074
AB189073
AB189075
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Figure 2 Multiple sequence analysis of ORF1 Y-domain of hepatitis E virus strains (GenBank; n = 206) showing the conservation of predicted
palmitoylation-site residues (C336C337).
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Figure 3 In silico analysis of Y-domain of hepatitis E virus and closely-related viruses. A: Residue and positional conservation of L310, S312 and W313 (highlighted
in red) in the predicted membrane-binding α-helix among HEV, EEV, SFV and SINV; B: Predicted HEV α-helix LYSWLFE counterpart of SINV; C: Secondary structure
prediction of α-helix in the HEV Y-domain.

mutants (Ydom3, 4 and 5) with destabilized hairpins
were assessed for RNA trans-encapsidation and virion
infectivity. All the three RNA mutants showed high
inhibitory effects on virion infectivity, where Ydom5
(nts 788-856) had the most drastic effect compared
to Ydom4 (nts 857-925) and Ydom5 (nts 926-994)
(Figure 6B). This strongly supported the deleterious
effects of saturation mutations that could completely
unzip and destabilize the RNA secondary structures,
critical for virus replication and infectivity.

was investigated, using an HEV replicon that expressed
GFP (instead of the ORF2 protein) as a reporter of virus
RNA replication and infectivity in hepatoma cells. Of the
series of replicon constructs with saturation mutations
in the Y-domain, the nts 788-994 mutants drastically
affected RNA replication and particle infectivity, showing
the critical role of the Y-domain internal sequences in the
HEV life cycle.
A universal feature of +ssRNA viruses is the cyto
plasmic membrane binding of nonstructural proteins
that requires post-translational fatty acylation. Pal
mitoylation of cysteine residues has been widely
[35]
studied in a number of cellular and viral proteins .
[36]
[37]
In eukaryotic α-subunit of G , Ras , and neuronal
[38]
GAP-43
membrane binding proteins, a single
cysteine in the only identified motif (MGC) undergoes
palmitoylation. Similarly, in alphavirus-like superfamily
nonstructural/replicase proteins, at least one cysteine
is found in the homologous palmitoylation-sites. In
SFV, the tight membrane association of nsP1 was
shown due to increased palmitoylation of one of the
highly conserved cysteines (C418C419C420)) within the

DISCUSSION
The alphavirus-like superfamily includes pathogenic
animal viruses like HEV, SFV and SNV, and plant viruses
such as BMV, AMV, ToMV, TMV and CMV, having +ssRNA
genomes. In infected cells, viral nonstructural/replicase
proteins recruit and catalyze 5’ capping of their genomic
RNA onto cytoplasmic membranes, and synthesize
the complementary strand that is sequestered in
[34]
membrane-bound replication complexes . In the
present mutational study, the role of the ORF1 Y-domain
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Figure 4 Multiple sequence analysis of human hepatitis E virus strains (GenBank; n = 206), showing the highly conserved segment (L310Y311S312W313L314F315
E316) of predicted membrane-binding helix (α1) within the ORF1 Y-domain.
[18,19]

MTase core region, where C→A changes completely
[15,39]
abolished palmitoylation
. These mutations
were also shown to attenuate virus replication and
[8,9]
pathogenicity in infected mice . Likewise, the C420A
mutation in SNV-nsP1 also had inhibitory effect on
[8]
virus replication . In ToMV, the palmitoylation-site
counterpart contains three conserved but distantly
located cysteines (C 179/C 186/C 581), wherein C → S
substitution strongly decreased membrane binding, 5’
[10]
capping and RNA replication . Akin to this, mutating
the two conserved cysteines (C179/C186) at the same
[11]
[12]
position aborted replication of BMV
and AMV .
Interestingly, mutation of the only C461 of CMV-1a also
[13]
abrogated membrane binding and RNA replication .
In accordance with this, C→ A substitution of the
highly conserved C336C337 residues in the predicted
palmitoylation-site of HEV Y-domain also abolished
RNA replication completely.
Moreover, in addition to cysteine palmitoylation,
many of the viral polyproteins contain consensus
hydrophobic sequences for tight membrane bin
[40]
ding . In SFV-nsP1, the amphipathic segment
GSTLYTESRKLLRSWHLPSV (aa 245-264) that forms an

WJG|www.wjgnet.com

α-helix, has been implicated in membrane binding
[21]
and RNA replication . A mutational analysis of
BMV and CMV-1a, wherein virus replication was
abolished while affecting membrane binding and RNA
recruitment, suggested the structural conservation
[13]
of its amphipathic helix A . Similarly, the poliovirus[41]
[42]
2C
and hepatitis C virus (HCV)-NS5A
have been
implicated in amphipathic helix-modulated interactions
with intracellular membranes. In this report, a highly
conserved segment LYSWLFE (aa 410-416) was
mapped as the α-helix counterpart of the ORF1
Y-domain. Sequence alignment showed the universal
conservation of L410, S412 and W413 among HEV and
the alphavirus-like superfamily. In line with this and
the previously reported deleterious effect of W259A
[21]
change on SFV replication , the specifically selected
W413A completely abolished HEV RNA replication.
Notably, tryptophan is a signature hydrophobic residue
that is critical for α-helical protein folding for proteinprotein interactions. Of the several examples, W630 in
the conserved motif KTXXXW of amphipathic helix of
the G protein-coupled receptor Frizzled (C-terminal)
has been shown crucial in intracellular protein
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[43]

interactions . Such functional/structural homology
suggests the essentiality of the Y-domain (C-terminal)
predicted α-helix in HEV replication that may embody
common principles of viral nonstructural proteins in
membrane interaction.
In conclusion, the present study shows the in
dispensability of highly conserved sequences (nts
788-994) of ORF1 Y-domain in HEV RNA replication
and infectivity. Also, the universally conserved C336,
C337 and W413 residues corresponding to the dispensable
codons within the predicted membrane binding motif of
Y-domain are critical for virus viability. Taken together,
this is the first demonstration of the essentiality of
Y-domain in the HEV life cycle, probably through gene
regulation and/or membrane binding in replication
complexes. Nevertheless, further molecular and
biochemical studies are recommended to validate these
findings.
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codons, indicating their post-translational indispensability. Moreover, RNA
secondary structure prediction showed hairpin formations by the critical bases
(nts 788-994) where mutations drastically affected virion infectivity of naïve
HepG2 cells.

12

Innovations and breakthroughs

13

Applications

14

10

11

This is a novel study showing a critical role of the hitherto undefined Y-domain
in HEV genomic RNA replication and infectious virion production in cultured
liver cells.

The data warrants further biochemical and molecular studies of the Y-domain
towards understanding HEV replication.
15

Terminology

The putative palmitoylation and α-helix motifs of the HEV Y-domain may be key
to intracellular membrane-binding, essential for RNA replication and production
of infectious virions.

16

Peer-review

17

The author showed a critical role of the Y-domain in HEV genomic RNA
replication and infectious virion production.
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Abstract
AIM
To evaluate the impact of recombinant Bacteroides
fragilis enterotoxin-2 (BFT-2, or Fragilysin) on colorectal
tumorigenesis in mice induced by azoxymethane/
dextran sulfate sodium (AOM/DSS).

Conflict-of-interest statement: To the best of our knowledge,
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Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
18918168583@163.com. Participants gave informed consent for
data sharing.

METHODS
Recombinant proBFT-2 was expressed in Escherichia
coli strain Rosetta (DE3) and BFT-2 was obtained
and tested for its biological activity via colorectal
adenocarcinoma cell strains SW-480. Seventy C57BL/6J
mice were randomly divided into a blank (BC; n = 10),
model (AD; n = 20), model + low-dose toxin (ADLT; n
= 20, 10 μg), and a model + high-dose toxin (ADHT;
n = 20, 20 μg) group. Mice weight, tumor formation
and pathology were analyzed. Immunohistochemistry

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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determined Ki-67 and Caspase-3 expression in normal
and tumor tissues of colorectal mucosa.

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
[1]
malignant tumors of the digestive tract . The rela
tionship between intestinal flora and CRC is an intense
[2,3]
area of recent research . Preliminary observations
showed that the proportion of Bacteroides in patients
with CRC increased and was accompanied by reduced
[4]
diversity .
Bacteroides fragilis (B. fragilis) is an obligate
anaerobe that colonizes the lower digestive tract
of humans. Enterotoxigenic B. fragilis (ETBF) is a
subtype of B. fragilis, which can specifically secrete an
extracellular 20 kDa zinc-dependent metalloproteinase
[5,6]
referred to as B. fragilis toxin (BFT, or Fragilysin) .
BFT can damage the tight junction of the intestines,
[7]
increase intestinal permeability, and provoke diarrhea .
Recent studies have shown that BFT is the major
virulence factor of ETBF, and plays an important role in
[8-10]
the occurrence and development of CRC
.
The current study aimed to obtain BFT-2 via genetic
engineering and to evaluate the impact of BFT-2 on
the formation of colorectal tumor by utilizing an AOM/
DSS-induced mouse model of CRC.

RESULTS
Recombinant BFT-2 was successfully obtained, along
with its biological activity. The most obvious weight
loss occurred in the AD group compared with the ADLT
group (21.82 ± 0.68 vs 23.23 ± 0.91, P < 0.05) and
the ADHT group (21.82 ± 0.68 vs 23.57 ± 1.06, P <
0.05). More tumors were found in the AD group than
in the ADLT and ADHT groups (19.75 ± 3.30 vs 6.50 ±
1.73, P < 0.05; 19.75 ± 3.30 vs 6.00 ± 2.16, P < 0.05).
Pathology showed that 12 mice had adenocarcinoma
and 6 cases had adenoma in the AD group. Five mice
had adenocarcinoma and 15 had adenoma in the
ADLT group. Four mice had adenocarcinoma and 16
had adenoma in the ADHT group. The incidence of
colorectal adenocarcinoma in both the ADHT group and
the ADHT group was reduced compared to that in the
AD group (P < 0.05, P < 0.05). The positive rate of
Ki-67 in the ADLT group and the ADHT group was 50%
and 40%, respectively, both of which were lower than
that found in the AD group (94.44%, P < 0.05, P <
0.05). Caspase-3 expression in the ADLT group and the
ADHT group was 45% and 55%, both of which were
higher than that found in the BC group (16.67%, P <
0.05, P < 0.05).

MATERIALS AND METHODS
Materials

CONCLUSION
Oral administration with lower-dose biologically active
recombinant BFT-2 inhibited colorectal tumorigenesis in
mice.

Plasmid and strain: Recombinant plasmid pET[11]
32a containing the target gene , pro-B. fragilis
enterotoxin-2 without the signal peptide nucleotide
sequence (proBFT-2), and positive clones of
Escherichia coli (E. coli) strain Rosetta (DE3) were
provided by Shanghai Biotechnology Corporation
(GenBank ID: AB026626).

Key words: Colorectal neoplasms; Bacteroides fragilis
toxin; Fragilysin; Recombinant proteins; Mice
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Cell-line: The human colorectal adenocarcinoma cellline SW-480 was purchased from Shanghai Cell Bank
of the Chinese Academy of Science.

Core tip: Bacteroides fragilis enterotoxin-2 (BFT-2)
has been considered to promote the development of
colorectal cancer (CRC). In this study, we obtained
the biologically active recombinant BFT-2 in vitro and
found that lower-dose of biologically active BFT-2 could
inhibit colorectal tumor formation via the route of intragastric administration in a mice model of CRC, which
manifested to inhibit cell proliferation and promoted
apoptosis. The specific mechanism is still unknown but
the findings provide some insights into prevention and
treatment of CRC as an intestinal mucosal vaccine.

Animal experiments: Seventy SPF certified
C57BL/6J mice with a 17-g body weight, aged 5 wk
were purchased and fed in the Animal Center of the
Institute of Biomedical Laboratory of the East China
Normal University. The production license was SCXK
(Shanghai) 2011-0031, and the usage license was
SYXK (Shanghai) 2010-0094. The animal experiment
was approved by the 1990 Animal Ethics Committee
of the East China Normal University, and the controlled
environmental factors for experimentation strictly
followed the relevant regulations of the national
standard GB14925-2010 of the experimental animals
that were released and implemented by the National
Administration of Quality Supervision and Quarantine.
All animals were permitted free access to food and
water.

Lv Y, Ye T, Wang HP, Zhao JY, Chen WJ, Wang X, Shen CX,
Wu YB, Cai YK. Suppression of colorectal tumorigenesis by
recombinant Bacteroides fragilis enterotoxin-2 in vivo. World J
Gastroenterol 2017; 23(4): 603-613 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i4/603.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i4.603
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Reagents: Ni-NTA agarose gels were purchased
from GE (United States). DMEM medium was pur
chased from Invitrogen (United States). IPTG was
purchased from Sigma (United States). TEV protease
was provided by Bioengineering (Shanghai, China).
Azomethane (AOM) and dextran sulfate sodium
(DSS) that was used to induce a state of CRC in the
experimental mice were purchased from Sigma and
MP (United States), respectively. Ki-67 and Caspase-3
antibodies were purchased from Abcam (United
Kingdom).

changes were observed by optical microscopy at 20,
[12]
40, 60, 90 and 120 min, respectively .
Grouping for the animal experiment: After 1 wk of
adaptive observation, the mice were divided into four
groups: the blank control group (BC), the AOM/DSS
group (AD), the AOM/DSS + low-dose toxin group
(ADLT), and the AOM/DSS + high-dose toxin group
(ADHT). Mice in the BC group drank and ate freely,
while mice in the AD group were intraperitoneally
injected with AOM (0.2 mg/kg) on the first day of the
first week. From the second week onwards, the mice
in the AD group were given 2% DSS-free drinking
water, which lasted 1 wk. At the third week, the water
provided for mice in the AD group was switched to
normal drinking water. In addition, a 3-wk period was
considered to be one cycle and the process lasted for
three cycles in total. Based on the AD group, mice in
the ADLT group and the ADHT group received intragastric administration of 10 μg and 20 μg BFT-2 on
the first day of DSS drinking, and mice in the other
groups were given an equal volume of saline as the
[13,14]
control
.

Methods

Expression and purification of recombinant
protein proBFT-2: The nucleotide sequence coding
for proBFT-2 without the signal peptide nucleotide
sequence as the target gene was cloned to construct a
recombinant plasmid pET-32a to produce the positive
transformed clone strain DE3. Then, the positive
transformed clone strains were cultured on a small
scale, induced by IPTG, screened for the optimal
condition of IPTG induction concerning concentration,
temperature and time, and the SDS-PAGE method
was utilized to select the best protein expressioninducing conditions. Then, the positive clones of DE3
with optimized inducing conditions were induced
on a large scale. After IPTG induction of expression
and cell sonication, the culture was centrifuged and
the supernatants are applied to Ni-agarose affinity
chromatography. The eluate was collected and
tested by SDS-PAGE to detect recombinant proBFT-2
expression.

Observation of the general condition of the
animals: The general conditions of the mice were
observed during the experiment, including hair
color, mental status, activities, feeding, defecation,
nutritional status, presence or absence of anal
bleeding, and rectal prolapse. Body weight of the mice
was weighed and recoded once a week. At the end of
wk 14, the mice were sacrificed by cervical dislocation
after fasting for 12 h.

Analysis of the purified proBFT-2: ProBFT-2
was mixed with the TEV enzyme to remove the Histag, and then an enzyme-digested protein solution
was purified by nickel agarose affinity column
chromatography. Finally, SDS-PAGE was used to
detect the sample solution and elution before and after
enzyme digestion.

Status of tumor formation: The abdominal cavity
was fully exposed after the mice were sacrificed, and
the large intestine was dissociated and completely
removed. Along the longitudinal axis, the intestinal
tract was split and flattened. Then, PBS buffer was
used to wash the intestinal tract. Finally, the number,
location and the size of the tumors, and the length of
the large intestine were recorded.

ProBFT-2 digestion and hydrolytic release of
BFT-2: In this procedure, 10 μg/mL trypsin was
incubated with proBFT-2 solution at 37 ℃ for 1 h,
leading to release of BFT-2 by proBFT-2 protein
hydrolysis, following which it was purified by nickel
column affinity chromatography, and the eluted
fractions were collected. After the elution was dialyzed
and purified, SDS-PAGE was performed. Finally, the
elution was preserved at -80 ℃.

Histopathological examination: Normal tissue
of the colorectal mucosa and tumor tissues were
selected and fixed in 4% paraformaldehyde solution.
After fixing, the following steps were performed and
included dehydration, transparency, embedding with
paraffin, and HE staining. Finally, the lesion level of the
induced CRC was evaluated for each group.
Immunohistochemical examination of normal
colorectal mucosal tissues and tumor tissues:
The expressions of Ki-67 and Caspase-3 in the
specimens of normal colorectal mucosal tissues
and tumor tissues were measured by SP staining.
Ki-67 is expressed in the nucleus, and Caspase-3
is expressed in the cytoplasm. Semi-quantitative

Detection of BFT-2 biological activity: During
5
the log phase of growth, 5 × 10 SW-480 cells were
seeded into a 24-well plate with a total volume of 50
μL of DMEM per well. The cells were incubated with 5%
CO2 at 37 ℃ for 2 d. Then, the medium was replaced
with FBS-free DMEM, and 2 μg/mL BFT-2 was added
to a final volume of 1 mL. After that, morphological
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Figure 1 SDS-PAGE (10%) analysis for nickel agarose affinity chromato
graphy purification of fusion protein. A new protein band with a molecular
weight of approximately 55 kDa appeared in the 500 mmol/L imidazole elution
fractions. M: Protein marker; 1: Sample; 2: Outflow; 3: 20 mmol/L Imidazole
elution fractions; 4, 5: 50 mmol/L Imidazole elution fractions; 6, 7: 500 mmol/L
Imidazole elution fractions.

25 kDa

18.4 kDa
14.4 kDa

M

1

2

3

116 kDa

Figure 3 SDS-PAGE (10%) analysis of proBFT-2 hydrolysis using trypsin.
A new protein band with a molecular of 20 kDa appeared after the protein was
digested with trypsin. M: Protein marker; 10 μg/mL trypsin hydrolyzes proBFT-2
at 37 ℃ for 1 h.

66.2 kDa

45 kDa

perform statistical analysis for the data. Continuous
data that showed normal distribution was repre
sented as mean ± SD, and the independent sample
Student’s t-test was used to perform comparisons of
the data. For comparisons of categorical data of two
2
independent groups, the χ test was used. P < 0.05
was considered a statistically significant difference.

35 kDa

25 kDa
18.4 kDa
14.4 kDa

RESULTS
Expression and purification of recombinant protein
BFT-2

Figure 2 SDS-PAGE (10%) analysis for nickel agarose affinity chro
matography purification of fusion protein after TEV digestion. A protein
band of about 42 kDa appeared after the new protein was cut by TEV enzyme.
M: Protein marker: 1: Before TEV digestion; 2: After TEV digestion (sample); 3:
Outflow.

The result showed that a new protein band with a
molecular weight of approximately 55 kDa appeared
in the 500 mmol/L imidazole elution fractions, which
was larger than that of the target protein proBFT-2 (42
kDa) (Figure 1). After the new protein was cut by TEV
enzyme, a protein band of about 42 kDa appeared,
which was in line with the molecular weight of proBFT-2
(Figure 2). After the protein was digested with trypsin,
re-detection found a new protein band with a molecular
weight of 20 kDa, which was consistent with the
molecular weight of BFT-2 (Figure 3).

scoring was used. Based on the staining intensity, the
specimen was classified according to the following
levels: negative staining was considered as 0 points,
weakly positive staining (+, pale yellow) as 1 point,
moderately positive staining (++, brown) as 2 points
and strongly positive staining (+++, tan) as 3 points.
Furthermore, the specimen was scored based on the
proportion of the number of positive cells. According to
the range of positive staining, 5% was considered as
0 points, 5%-25% as 1 point, 26%-50% as 2 points,
and 51%-75% as 3 points; greater than 75% was
considered as 4 points. Statistics were performed for
positive immunoreactivity when the product of the
staining intensity and the proportion of the range of
positive observations was greater than or equal to 2.

Detection of BFT-2 biological activity

SW-480 is a human colorectal adenocarcinoma cell
line, which grows adherently in a fusiform shape under
a normal condition. After treatment with 2 μg/mL
BFT-2 at 37 ℃ for 1 h, the SW-480 cells were observed
by an optical microscope and found to show obvious
morphological changes, such as cell rounding and
separating from each other. This demonstrated that
[7,15]
(Figure 4).
BFT-2 had biological activity

Statistical analysis

SPSS version 20.0 statistical software was used to
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A

B

Figure 4 Before BFT-2 treatment (A) and after BFT-2 treatment (B). SW-480, which grows adherently in a fusiform shape under a normal condition, showed cell
rounding and separating from each other after treatment with BFT-2.

BC

AD

ADLT

ADHT

Intestinal obstruction

Figure 5 General status of mice in each group. BC: Normal; AD: Rectal prolapse; ADLT: Tumor prolapse; ADHT: Bloody stools, intestinal obstruction.

General status of the animals

group or the ADHT group was statistically significant.
At 14 wk, body weight of the mice in the BC group
was 29.48 ± 0.88 g, in the AD group was 21.82 ±
0.68 g, in the ADLT group was 23.23 ± 0.91 g, and in
the ADHT group was 23.57 ± 1.06 g. The differences
of the changes of average body mass of the mice
in the BC group were all statistically significant with
those among the AD group, the ADLT group and the
ADHT group (P =0.0001, P = 0.0001 and P = 0.0001,
respectively). There was a significant difference in
the alteration of the average body weight of the mice
in the AD group when compared to the ADLT group
and the ADHT group (P = 0.006 and P = 0.002,
respectively), but there was no statistical difference in
the alteration of the average body weight of the mice
between the ADLT group and the ADHT group (P =
0.632) (Figure 6).

At the initial 7 wk, the mice in each group had normal
diet and defecation, and no red and swollen anus was
found. Moreover, the mice were reactive to irritants.
At 8 wk, the mice in the AD group began to present
with messy and dull hair, lags in response, curled
and lack of exercise and reduced diet, and some
mice had loose stools accompanied by blood or black
mucous secretions, while rectal prolapse occurred in 1
mouse. At 10 wk, the mice in the ADLT group and the
ADHT group showed reduced appetite, fatigue, lack
of exercise, and loose stools. At 14 wk, all the mice
in the AD group had bloody stools accompanied by
blood mucous secretions that was loose; in addition,
rectal prolapse occurred in these mice, and 2 mice
died. However, 8 mice in the ADLT group and 5 mice
in the ADHT group showed rectal prolapse; in addition,
bloody secretion and black stool appeared, but no
death was found (Figure 5).
Body weight of the mice was not statistically
significant when they were enrolled in the experiment.
Body weight of the mice in the BC group showed a
steady growth. At 8 wk, body weight of the mice in the
AD group had decreased slowly. Moreover, it decreased
slower in the ADLT group and the ADHT group as
compared with the AD group. At 10 wk, body weight
of the mice between the AD group and either the ADLT
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Status of tumor formation

All the mice in the BC group showed no occurrence of
formation of tumors, and the length of large intestine
was 8.90 ± 0.10 cm. In the AD group, the ADLT
group and the ADHT group, multiple tumors with
different sizes were found on the mucosal surface,
and these tumors were placed into the intestine tract.
In addition, most of these tumors were located in the
distal site of the large intestine and in the anal canal,
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32

Table 1 Comparison of the average lengths of the large
intestine, the numbers of tumors and the diameters of tumors
of mice from each group
AD group

28

ADLT group ADHT group
1

Length of the large 8.90 ± 0.10 8.10 ± 0.40
intestine, cm
Number of tumors
19.75 ± 3.30
Diameter of
1.72 ± 0.40
tumors, mm

1

Weight (g)

BC group

1

8.27 ± 0.31

8.20 ± 0.10

6.50 ± 1.732
1.15 ± 0.413

6.00 ± 2.162
1.07 ± 0.403

BC group
AD group
ADLT group
ADHT group

30

26
24
22

1

Represents a statistical significance in the length of the large intestine
when compared between the BC group and the AD group or the ADLT
group or the ADHT group (P < 0.05, respectively); 2Represents that the
number of tumors in the AD group was statistically different from those in
the ADLT group and the ADHT group (P < 0.05, respectively); 3Represents
that the average diameter of tumors in the AD group was statistically
different from those in the ADLT group and the ADHT group (P < 0.05,
respectively).

20

BC
AD
ADLT
ADHT

n

Ki-67

10
18
20
20

+

-

+

8 (80.00)
1 (5.56)
10 (50.00)
12 (60.00)

2 (20.00)
17 (94.44)1
10 (50.00)1,2
8 (40.00)1,2

3 (30.00)
15 (83.33)
11 (55.00)
9 (45.00)

7 (70.00)
3 (16.67)3
9 (45.00)3,4
11 (55.00)3,4

   6

8

10

12

14

16

no difference between the ADLT group and the ADHT
group (P = 0.74; Figure 7, Table 1).

Histopathologic changes

There were 12 cases of adenocarcinoma and 6 cases of
adenoma in the AD group, 5 cases of adenocarcinoma
and 15 cases of adenoma in the ADLT group, and 4
cases of adenocarcinoma and 16 cases of adenoma
in the ADHT group. The incidence of CRC in both
the ADHT group and the ADHT group was reduced
compared to that in the AD group (P = 0.0001 and P
= 0.0001, respectively), and there was no significant
difference between the ADLT group and the ADHT
group (P > 0.05). The CRC induced in the experiment
were almost exclusively adenocarcinomas, which were
well-differentiated tubular adenocarcinomas in terms
of histology (Figure 8).

1,3

Represents that the expressions of Ki-67 and Caspase-3 in the BC group
were statistically different when compared to that in the AD group or the
ADLT group or the ADHT group (P < 0.05, respectively) and (P < 0.05,
respectively); 2,4Represents that the expressions of Ki-67 and Caspase-3 in
the AD group were statistically different with those in the ADLT group
and the ADHT group (P < 0.05, respectively) and (P < 0.05, respectively).

which were accompanied by different degrees of colon
shortening. The length of the large intestine was 8.10
± 0.4 cm, 8.27 ± 0.31 cm and 8.20 ± 0.1 cm in the
AD group, ADLT group and ADHT group, respectively.
Furthermore, the number of formed tumors was 19.75
± 3.30, 6.50 ± 1.73 and 6.00 ± 2.16 in the AD group,
ADLT group and ADHT group, respectively. In addition,
the average diameter was 1.72 ± 0.40 mm, 1.15 ±
0.41 mm and 1.07 ± 0.40 mm in the AD group, ADLT
group and ADHT group, respectively. The length of
the large intestine was shorter in the AD group, the
ADLT group and the ADHT group, compared with that
in the BC group (P = 0.027, P = 0.028 and P = 0.001,
respectively), and there was no statistical difference
among the AD group, the ADLT group and the ADHT
group (P = 0.793). The number of tumors in the AD
group was significantly higher than that in the ADLT
group and the ADHT group, and the difference was
statistically significant (P = 0.0001 and P = 0.0001,
respectively), but there was no statistical difference
between the ADLT group and the ADHT group. The
average diameter of tumors in the AD group was larger
than that in the ADLT group and the ADHT group (P
= 0.006 and P = 0.002, respectively), but there was
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4

Figure 6 Alteration of body weight of mice of each group. Body weight of
the mice in the BC group showed a steady growth. Significant decline appeared
in the AD group since 8 wk, compared with the ADLT and ADHT groups. At 14
wk, the body weight of mice in the BC group was 29.48 ± 0.88 g, in the AD
group was 21.82 ± 0.68 g, in the ADLT group was 23.23 ± 0.91 g, and in the
ADHT group was 23.57 ± 1.06 g. AD vs ADLT, P = 0.006; AD vs ADHT, P = 0.002;
ADLT vs ADHT, P = 0.632.

Caspase-3

-

2

t/wk

Table 2 Expression of Ki-67 and Caspase-3 of mice from
each group
Group

0

Expression of Ki-67 and Caspase-3 in the colon

When compared to the BC group, Ki-67 had higher
positive expression in the AD group, the ADLT group
and the ADHT group, with statistical difference (P =
0.0001, P = 0.0001 and P = 0.002, respectively).
Furthermore, there was a statistical significance
between the AD group and either the ADLT group
or the ADHT group (P = 0.0001 and P = 0.0001,
respectively), but no difference was found between
the ADLT group and the ADHT group. There was
statistically significant difference in Caspase-3 positive
expression in the BC group when compared to the
AD group, the ADLT group and the ADHT group (P
= 0.0001, P = 0.0001 and P = 0.028, respectively).
Moreover, the expression between the AD group
and either the ADLT group or the ADHT group was
statistically significant (P = 0.0001 and P = 0.0001,
respectively), but there was no difference between the
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BC

AD

ADLT

ADHT

Figure 7 Comparison of the samples in vitro of the large intestine of mice from each group. All the mice in the BC group showed no occurrence of the formation
of tumors. In the AD group, the ADLT group and the ADHT group, multiple tumors of different sizes were found on the mucosal surface and located in the distal site of
the large intestine and the anal canal, which were accompanied by different degrees of colon shortening.

BC

AD

ADLT

ADHT

Figure 8 Comparison of the tissue of the large intestine of mice from each group. HE staining, magnification × 200.

ADLT group and the ADHT group (Figures 9 and 10;
Table 2).

was 77% and 68%, respectively (P > 0.05), and
the positive ratio of BFT genes that were detected
in the isolated strains of B. fragilis was 38% and
12%, respectively (P = 0.009). Therefore, it
was preliminarily concluded that BFT was closely
associated with the occurrence and development of
[9]
CRC. Boleij et al compared the presence of BFT
genes in the colorectal mucosa between cases with
CRC and cases in the blank control group, finding
that the detection rates of the left colon were 85.7%
and 53.1% (P = 0.03), and a detection rate of
91.7% and 55.5% in the right colon (P = 0.04).
Furthermore, positive rates of BFT genes were 100%
and 72.7% in advanced and early CRC (P = 0.09),

DISCUSSION
In recent years, the relationship between the
intestinal flora and CRC has become a hot topic for
[16,17]
research
. Previous studies have demonstrated
that ETBF can promote the occurrence and deve
[8]
lopment of CRC. Toprak et al
collected stool
specimens of patients with CRC and from normal
human subjects, and culture of those tissues and
comparative analysis were performed. From those
stool specimens, the identified ratio of B. fragilis
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BC

AD

ADLT

ADHT

Figure 9 Expression of Ki-67 in the large intestine of mice from each group. SP staining, magnification × 200.

BC

AD

ADLT

ADHT

Figure 10 Expression of Caspase-3 in the large intestine of mice from each group. SP staining, magnification × 200.
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respectively, suggesting that BFT was a risk factor for
[18]
min
the formation of CRC. Wu et al
utilized APC mice
[which are multiple intestinal neoplasia (Min) mice
that are heterozygous for the adenomatous polyposis
coli (apc) gene] to perform ETBF single colonization
through intra-gastric administration. This experiment
indicated that ETBF promotes proliferation of colon
cancer through the IL-17/IL-23 pathway. However,
it remains largely unknown with respect to how BFT
plays a prominent role in human cancer.
The initial design of this study was to verify how
BFT-2 promotes the occurrence and development
of CRC and to identify the possible mechanisms.
However, the result was completely unexpected, and
derived for us a completely opposite conclusion. The
study found that both the ADLT group and the ADHT
group showed the inhibition of colon tumor formation
when BFT-2 was used to treat AOM/DSS-induced
mice. The performance of the disease burden in both
the ADLT and the ADHT group were light and delayed
as compared with those in the AD group, and body
weight significantly decreased slowly (P = 0.006 and P
= 0.002, respectively). At the end of the experiment,
the average number of formed tumors in the ADLT
and the ADHT groups was 6.50 ± 1.73 and 6.00 ±
2.16, respectively, which were reduced significantly
when compared to the AD group (19.75 ± 3.30; P
= 0.0001 and P = 0.0001 respectively). Meanwhile,
pathological results showed that the occurrence rate
of CRC was 25% in the ADLT group, while it was
20% in the ADHT group, which were reduced when
compared with that found for the AD group (66.7%; P
= 0.0001 and P = 0.0001, respectively).
In addition, Ki-67 had a high rate of positive
expression in both the ADLT and the ADHT group,
where it was 50% and 40%, respectively. The
observations were statistically significant when
compared with that found in the AD group (94.44%;
P = 0.0001 and P = 0.0001, respectively). The
expression of Caspase-3 was 45% and 55% in the
ADLT and ADHT groups, respectively, which were also
statistically significant as compared with that found in
the BC group (16.67%; P = 0.0001 and P = 0.0001,
respectively); this observation suggested that BFT-2
could inhibit the proliferation of cells and promote
apoptosis.
ETBF can produce three different toxins, including
[19]
[20]
[11]
BFT-1 , BFT-2
and BFT-3 , of which BFT-2 is
[21]
the most active . In this study, BFT-2 was shown
to inhibit the formation of colorectal tumor in mice,
and reflected a dual role of intestinal flora in the
regulation of intestinal immune function. On one hand,
some intestinal flora and their products as antigens
can stimulate intestinal inflammation, causing DNA
damage and further promoting the occurrence of
[2,22]
cancer
. By contrast, they can regulate intestinal
immunity, enhance the ability of intestinal immune
cells to resist pathogens, improve pathogen toleran
ce, and down-regulate the release of inflammatory
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cytokines that carry with them the risk of promoting
tumors; thus, the toxicants have the capacity to
[23,24]
inhibit the occurrence of tumors
. This effect also
explains why the progression of CRC has an intricate
association with inflammatory signaling pathways of
the intestinal system.
The conclusions drawn from our study were
similar to those described in the study of Doulberis
[14]
et al . In that study, cholera toxin (CT) and a wellestablished mouse model of colon cancer was used
in which tumor formation was initiated by a single
dose of the genotoxic agent AOM, which subsequently
promoted inflammation that was caused by the
colitogenic DSS. Those authors found that a single
and low non-pathogenic oral dose of CT administered
at the beginning of each DSS treatment cycle downregulated neutrophils and up-regulated regulatory T
cells and IL-10 in the colonic mucosa.
CT-induced disruption of the tumor-promoting
character of DSS-induced inflammation led to the
reduction of AOM-initiated colonic polypoidogenesis.
This result added value to the emerging notion
that certain gastrointestinal tract bacteria or their
products affect the immune system and render
the microenvironment of preneoplastic lesions less
favorable for promoting their evolution to cancer.
Therefore, it is of great importance to develop specific
bacterial antigens to regulate intestinal immunity,
thus inhibiting intestinal tumorigenesis. These specific
antigens may become safe and effective consolida
tion agents that can regulate intestinal immune
function, which has the potential to control intestinal
inflammatory in the future, and reduce the risk of
[25]
relevant tumors .
In summary, this study successfully constructed,
expressed and purified recombinant protein BFT-2
through genetic engineering techniques. BFT-2 blocked
the formation of CRC with the performance that
alleviated disease in a murine model, and reduced
the number and size of the formed tumors in mice.
This study further elaborated the mechanisms of
BFT-2 in inhibiting the formation of CRC, and it also
demonstrated that key signaling pathways can provide
some insights into the mechanistic underpinnings for
the prevention and treatment of CRC by employing an
intestinal mucosal vaccine.
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intense area of recent research. Their preliminary observations showed that the
proportion of Bacteroides in patients with CRC increased and was accompanied
by reduced diversity. Enterotoxigenic Bacteroides fragilis (ETBF), a subtype
of Bacteroides fragilis (B. fragilis) which subordinated to Bacteroides, can
specifically secrete an extracellular 20-kDa zinc-dependent metalloproteinase
referred to B. fragilis enterotoxin (BFT). As the major virulence factor of ETBF,
BFT plays an important role in the occurrence and development of CRC, but
the specific mechanism in vivo has not yet been elucidated.

5
6

Research frontiers

7

Previous experiments have already proved that the BFT genes are over
expressed in CRC patients, compared to healthy volunteers, and that intragastric administration of ETBF to APCmin mice can accelerate the formation of
CRC through the IL-17/IL-23 pathway.

8

Innovations and breakthroughs

This is the first study evaluating the impact of recombinant BFT-2 on colorectal
tumorigenesis in mice induced by azoxymethane/dextran sulfate sodium (AOM/
DSS). The results showed that BFT-2 could inhibit colorectal tumor formation in
mice, mainly reflected by alleviated disease manifestations, reduced colorectal
tumor numbers and size, and inhibited formation of colorectal adenocarcinoma.
It was also suggested that BFT-2 led to inhibited cell proliferation and promoted
apoptosis. As there is no doubt for the outcomes.

9

10

Applications

The authors speculated that oral administration with lower-dose BFT-2 could
regulate intestinal immune function, enhance the intestinal disease tolerance
and inhibit tumorigenesis similar to intestinal mucosal vaccine. The results
reflect the dual role of intestinal flora and its metabolites in the occurrence and
development of CRC, but its specific mechanism still needs further exploration.

11

12

Terminology

BFT is the major virulence factor of ETBF, which is a zinc-dependent
metalloproteinase essentially. BFT is synthesized in intracellular bacteria and
released to the extracellular environment with biological activity which can
stimulate E-cadherin cleavage and destruction of tight junctions in intestinal
epithelium. Three subtypes of BFT have been isolated, among which BFT-2
is the most active and better studied. A method for obtaining pure BFT-2 is
extraction from culture medium using complicated procedures and yielding poor
products.
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Peer-review

The authors evaluated the impact caused by BFT-2 after induced oncogenesis
of colorectal tumors with AOM/DSS in mice. Though the initial purpose of the
study was to verify if BFT-2 was able to further stimulate cancer development,
the authors found that BFT could actually inhibit tumor formation. It was also
suggested that BFT-2 led to inhibited cell proliferation and promoted apoptosis.
Though it would be interesting to see a control group treated only with BFT, its
absence should not affect the interpretation of obtained results. Overall, the
study was well-designed and the findings appear to be robust.
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AIM
To determine the frequency of bleeding source detection
in patients with obscure gastrointestinal bleeding (OGIB)
who underwent double balloon enteroscopy (DBE)
after pre-procedure imaging [multiphase computed
tomography enterography (MPCTE), video capsule
endoscopy (VCE), or both] and assess the impact of
imaging on DBE diagnostic yield.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on

METHODS
Retrospective cohort study using a prospectively
maintained database of all adult patients presenting
st
with OGIB who underwent DBE from September 1 ,
th
2002 to June 30 , 2013 at a single tertiary center.
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RESULTS
Four hundred and ninety five patients (52% females;
median age 68 years) underwent DBE for OGIB. AVCE
and/or MPCTE performed within 1 year prior to DBE
(in 441 patients) increased the diagnostic yield of DBE
(67.1% with preceding imaging vs 59.5% without).
Using DBE as the gold standard, VCE and MPCTE had
a diagnostic yield of 72.7% and 32.5% respectively.
There were no increased odds of finding a bleeding
site at DBE compared to VCE (OR = 1.3, P = 0.150).
There were increased odds of finding a bleeding site
at DBE compared to MPCTE (OR = 5.9, P < 0.001). In
inpatients with overt OGIB, diagnostic yield of DBE was
not affected by preceding imaging.

persists or recurs without an obvious etiology after
[1,2]
negative upper endoscopy and colonoscopy . OGIB
is further categorized into “obscure overt” or “obscure
occult” bleeding based on presence or absence of
evident bleeding and accounts for approximately 5%
[3]
of all GI bleeding . Though lesions may be missed in
the esophagus, stomach, and colon, the etiology of
OGIB is secondary to small bowel pathology in up to
[4-6]
75% of cases
leading some experts to recommend
that this term be replaced by the term ‘small bowel
[7]
bleeding’ . The evaluation of OGIB frequently requires
significant utilization of resources and results in patient
frustration due to lack of definitive findings and clinical
[8]
improvement in many cases .
The current American Society of Gastrointestinal
Endoscopy guidelines recommend a variety of diag
nostic options when evaluating OGIB, with slight differences between the “overt” and “occult” GI bleeding
[9]
algorithms . At many referral centers, multiphase
computed tomography enterography (MPCTE) and/or
video capsule endoscopy (VCE) are performed after
a negative routine endoscopic exam but prior to
double balloon enteroscopy (DBE) as these diagnostic
studies are less invasive and may direct DBE-guided
[10,11]
therapies
. MPCTE allows for evaluation of dynamic
changes in abnormal enhancement patterns and
compares findings across phases in 2-dimensional
[12]
and 3-dimensional images . Images are evaluated in
arterial, enteric and delayed phases allowing for evaluation of ongoing or recent bleeding. In contrast, VCE
requires ingestion of a small pill-size camera that provides endoluminal photographs of the entire GI tract
for evaluation of small bowel mucosal lesions. These
technologies are generally considered complimentary
as each can provide different but vital information in
the evaluation of OGIB. Though generally performed
before DBE, there is a paucity of data regarding how
often these tests alter subsequent diagnostic evaluation or treatment.
In this study, we aimed to determine the frequency
of bleeding source detection in patients with OGIB
who underwent DBE (antegrade/retrograde) after preprocedure imaging (i.e. MPCTE, VCE, or both) and to
assess the impact of imaging on DBE diagnostic yield.
We also aimed to assess the agreement between findings of the pre-procedure imaging and the DBE itself.

CONCLUSION
DBE is a safe and well-tolerated procedure for the
diagnosis and treatment of OGIB, with a diagnostic
yield that may be increased after obtaining a preceding
VCE or MPCTE. However, inpatients with active ongoing
bleeding may benefit from proceeding directly to
antegrade DBE.
Key words: Double balloon enteroscopy; Computed
tomography enterography; Video capsule enteroscopy;
Obscure gastrointestinal bleeding
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The yield of double balloon enteroscopy (DBE)
without preceding video capsule endoscopy (VCE)
or multiphase computed tomography enterography
(MPCTE) was 59.4%, and with preceding imaging was
67.5%. Overall diagnostic yield of antegrade DBE is
superior to CTE and equivalent to VCE in the evaluation
of obscure gastrointestinal bleeding. The diagnostic
yields of DBE for inpatients vs outpatients were similar
but the highest sensitivity of VCE using DBE as gold
standard was in inpatients (84.9%). The incremental
diagnostic yield of DBE of all patients with negative
preceding VCE and MPCTE was 66% (35/53 patients).
An appropriate strategy might be antegrade DBE in
inpatients with evidence of ongoing bleeding if DBE is
available.
Law R, Varayil JE, WongKeeSong LM, Fidler J, Fletcher JG,
Barlow J, Alexander J, Rajan E, Hansel S, Becker B, Larson JJ,
Enders FT, Bruining DH, Coelho-Prabhu N. Assessment of multimodality evaluations of obscure gastrointestinal bleeding. World
J Gastroenterol 2017; 23(4): 614-621 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i4/614.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i4.614

MATERIALS AND METHODS
A retrospective cohort study was conducted following
the approval of the Institutional Review Board of
Mayo Clinic-Rochester (IRB No. 13-002000 and No.
14-009997). Medical records were reviewed of all adult
patients presenting with OGIB who underwent a DBE
st
(antegrade/retrograde) from September 1 , 2002 to
th
June 30 , 2013 using a prospectively maintained DBE
database. Patients who underwent DBE for indications
other than OGIB (i.e. enteral feeding tube placement,

INTRODUCTION
Obscure gastrointestinal bleeding (OGIB) is defined
as bleeding from the gastrointestinal (GI) tract that
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failed colonoscopy, evaluation for hereditary polyposis
syndromes, small bowel mass, strictures, etc.) were
excluded. The electronic medical record was utilized
to obtain demographic, endoscopic, radiologic, and
clinical outcomes data. At our institution, single balloon
enteroscopy is not utilized for assessment of OGIB,
and hence this procedure was not included in our
study.
Demographic features including age at the time of
DBE procedure, gender, and gastrointestinal surgeries
prior to DBE were recorded. The total number of
blood transfusions up to 30 d prior to the date of DBE
procedure and the use of anticoagulant/antiplatelet
agents at the time of procedure were collected. Details
of VCE and MPCTE performed prior to the DBE were
also collected. Only VCE and MPCTE performed within
1 year prior to the DBE procedure were included. All
VCE were performed using Pillcam or Pillcam2 (Given
Imaging, Yoqneam, Israel). When VCE was performed
prior to DBE the date of the procedure, positive and
negative findings, and time from VCE to DBE were
noted. Positive VCE findings were categorized as (1)
arteriovenous malformation (AVM); (2) red spot;
[13]
(3) frank blood; (4) polyp; (5) ulcer; or (6) other .
Similarly, when MPCTE was performed prior to DBE,
positive or negative findings and time from MPCTE
to DBE were recorded. Positive MPCTE findings were
categorized as (1) vascular malformations; (2) blood;
[14,15]
(3) polyp/tumor; (4) ulcer; and (5) other
. Crosssectional imaging findings were abstracted from the
final radiologic report.
DBE procedural details included the approach (antegrade vs retrograde), type of obscure bleeding (overt
vs occult), and hospital admission status (inpatient vs
outpatient). The OGIB was defined as “overt” when
the clinician’s note reported it to be overt or when
there was clinically-evident bleeding including melena
or hematochezia reported in the medical records.
OGIB was defined as “occult” when the clinician’s
review reported it to be occult, or when iron deficiency
anemia or positive stool testing for blood loss were the
sole indication for DBE. We documented whether total
enteroscopy was achieved, defined as complete evaluation of the small bowel using either a single approach
or combined antegrade-retrograde approach. Findings
from DBE were classified into (1) vascular lesions
(angioectasias/AVMs, Dieulafoy’s lesion, or ectopic
varices); (2) mucosal lesions [erythema, erosions,
[16]
ulcers, inflammation]; or (3) tumor/polyp . If none
of the above findings were seen, then the DBE was
reported as negative. Therapies performed including
argon plasma coagulation (APC), biopsy, hemostatic
clip placement, bipolar cauterization, polypectomy and
stricture dilation were also recorded. Adverse events
including bleeding within 7 d of the procedure, perforation, pancreatitis and re-bleeding within 1 year of the
procedure were recorded. Any repeat DBE performed
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within 1 year of the index DBE was documented.

Statistical analysis

The statistical methods of this study were reviewed by
Joseph Larson and Felicity Enders, PhD from the Mayo
Clinic Division of Health Sciences Reserch. Continuous
measures were summarized using medians and ranges
while categorical measures were summarized using
counts and percentages. Differences among two groups
were assessed using the Kruskall-Wallis test and Chisquare or Fisher’s exact test for continuous or categorical measures, respectively.
To evaluate the predictive ability of VCE and MPCTE
to identify bleeding sites, DBE was treated as the gold
standard and the sensitivity, specificity, diagnosis yield,
and accuracy were calculated among patients with VCE
and MPCTE within one year of DBE. Ninety-five percent
confidence intervals for each of these measures were
also determined. This analysis was repeated among
the following subgroups; antegrade and retrograde
approach, inpatient and outpatient procedure, overt
and occult bleeding.
Because the same patients underwent VCE or
MPCTE and DBE, to assess the findings from the
procedures, matched logistic regression performed with
the finding treated as the outcome and the DBE test
treated as the predictor. Odds ratios and 95% confident
intervals along with P values are presented for these
tests.
All analyses used an significance level of 5% and
were performed using the SAS (v9.3, SAS Institute
Inc., Cary, NC, United States).

RESULTS
During the study period, 495 patients [51.5% females;
median age 68.2 (range: 18.1-95.4) years] underwent
DBE for OGIB. Overt OGIB was reported in 253
(51.1%) patients, and occult OGIB was reported in
242 (48.9%) patients. The procedure was performed
in an outpatient setting in 381 (77.0%) patients and
in an inpatient setting in 114 (23.0%) patients. The
type of DBE approach was antegrade in 331 (75.1%)
patients and retrograde in 110 (24.9%) patients. Total
enteroscopy was achieved in a bidirectional manner
in 19 (4.3%). Additional demographic data including
DBE cases with surgically-altered anatomy and the use
anticoagulant/antiplatelet agents is noted in Table 1.
Of the 495 patients, 458 patients had had VCE
and/or MPCTE performed prior to DBE (441 patients
within 1 year prior to DBE). Of the 441 patients, 296
had a positive DBE finding (yield of 67.1%). The
findings noted on DBE in these patients are outlined
in Table 2. The remaining 37 patients underwent a
DBE without a preceding VCE or MPCTE. Of these 37
patients, 22 had a positive finding (yield of 59.5%, P =
0.36).
Among the 441 patients with VCE and/or MPCTE

616

January 28, 2017|Volume 23|Issue 4|

Law R et al . Assessment of obscure GI bleeding
Table 1 Patient characteristics n (%)

Age at DBE, median (range)
Gender
Male
Female
Altered anatomy
None
Roux-en-Y
Billroth/Ileo-colonic/IPAA
Other
On warfarin
On clopidogrel
On ASA 325
VCE performed within 1 yr prior to DBE
MPCTE performed within 1 yr prior to DBE
VCE and MPCTE performed within 1 yr prior to DBE
DBE performed without VCE and MPCTE done
Type of OGIB
Overt
Occult
Type of approach of DBE
Anterograde
Retrograde
Total enteroscopy done
Procedure location
Inpatient
Outpatient

DBE negative

DBE positive

Total

(n = 164)

(n = 331)

(n = 495)

65.0 (18.1-95.4)

69.5 (18.3-91.8)

68.2 (18.1-95.4)

71 (43.3)
93 (56.7)

169 (51.1)
162 (48.9)

240 (48.5)
255 (51.5)

125 (76.2)
13 (7.9)
7 (4.3)
19 (11.6)
19 (11.6)
7 (4.3)
49 (29.9)
47 (29.4)
31 (19.4)
67 (41.9)
15 (9.4)

249 (75.2)
21 (6.3)
21 (6.3)
40 (12.1)
36 (10.9)
20 (6.0)
118 (35.6)
130 (40.9)
53 (16.7)
113 (35.5)
22 (6.9)

374 (75.6)
34 (6.9)
28 (5.7)
59 (11.9)
55 (11.1)
27 (5.5)
167 (33.7)
177 (36.9)
84 (17.5)
180 (37.8)
37 (7.7)

82 (50.0)
82 (50.0)

171 (51.7)
160 (48.3)

253 (51.1)
242 (48.9)

103 (62.8)
61 (37.2)
9 (5.5)

268 (81.0)
63 (19.0)
15 (4.5)

371 (74.9)
124 (25.1)
24 (4.8)

34 (20.7)
130 (79.3)

80 (24.2)
251 (75.8)

114 (23.0)
381 (77.0)

P value
0.0051
0.1042

0.7362

0.8132
0.4132
0.2012

0.7282

< 0.0012

0.6412
0.3932

1

Kruskal Wallis; 2χ 2. VCE: Video capsule endoscopy; MPCTE: Multiphase computed tomography enterography; DBE: Double balloon enteroscopy; IPAA:
Ileal pouch-anal anastomosis; OGIB: Obscure gastrointestinal bleeding.

Table 2 Double balloon enteroscopy findings, therapy and complications n (%)

DBE findings
Angioectasia/arterio venous malformation
Dieulafoy lesion
Varix
Evidence of Crohn’s disease
Erythema
Erosion
Ulcer
Polyp identified
Other findings
Therapy and complications
Any therapy done?
Epinephrine injection
Biopsy
Clipping
Argon plasma coagulation
Bipolar cauterization
Early re-bleeding (< 24 h)
Late re-bleeding (24 h-1 yr)
Pancreatitis

DBE negative

DBE positive

Total

(n = 145)

(n = 296)

(n = 441)

0 (0.0)
0
0
0
0
0
0
0
40 (27.6)

212 (71.6)
8 (2.7)
3 (1.0)
5 (1.7)
19 (6.4)
31 (10.1)
56 (18.9)
50 (16.9)
64 (21.6)

212 (48.1)
8 (1.8)
3 (0.7)
5 (1.1)
19 (4.3)
31 (6.8)
56 (12.7)
50 (11.3)
104 (23.6)

4 (2.8)
1 (0.7)
3 (2.1)
0
0
0
0
4 (2.8)
0

296 (100)
2 (0.7)
89 (30.1)
67 (22.6)
213 (72.0)
10 (3.4)
7 (2.4)
14 (4.7)
1 (0.3)

300 (68.0)
3 (0.7)
92 (20.9 )
67 (15.2)
213 (48.3)
10 (2.3)
7 (1.6)
18 (4.1)
1 (0.2)

VCE: Video capsule endoscopy; MPCTE: Multiphase computed tomography enterography; DBE: Double balloon enteroscopy.

prior to DBE, therapeutic or diagnostic applications were
performed in 300 (68.0%) patients including APC in
213 (48.3%) patients, biopsy in 92 (20.9%) patients,
hemostatic clip placement in 67 (15.2%) patients,
and bipolar cauterization in 10 (2.3%) patients. Early

WJG|www.wjgnet.com

rebleeding (< 24 h from the time of procedure) was
reported in 7 (2.4%) patients when the DBE was positive. Late rebleeding (24 h - 1 year from the time of
index DBE) was reported in 14 (4.7%) patients when
DBE findings were positive and 4 (2.8%) patients when
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Table 3 Video capsule endoscopy and multiphase computed tomography enterography findings of all patients who had a
video capsule endoscopy and multiphase computed tomography enterography performed within 1 year prior to double balloon
enteroscopy n (%)
Capsule endoscopy
DBE negative DBE positive
Capsule endoscopy positive
MPCTE positive
Days from VCE to DBE, median (range)
Days from MPCTE to DBE, median (range)
VCE and DBE within 30 d of each other
MPCTE and DBE within 30 d of each other
Arterio-venous malformation
Vascular lesion
Blood
Red spot
Polyp
Ulcer
Other

Computed tomography enterography

P value

Total

(n = 104)

(n = 233)

(n = 337)

74 (71.2)

171 (73.4)

245 (72.7)

42 (0-356)
41 (39.4)
27 (26.0)
23 (22.1)
13 (12.5)
4 (3.8)
17 (16.3)

35 (0-351)
105 (45.1)
94 (40.3)

37 (0-356)
146 (43.3)
121 (35.9)

51 (21.9)
18 (7.7)
12 (5.2)
20 (8.6)

74 (22.0)
31 (9.2)
16 (4.7)
37 (11.0)

DBE negative DBE positive

Total

(n = 157)

(n = 252)

27 (28.4)

55 (35.0)

82 (32.5)

0.3322

19 (0-338)

29 (0-351)

23.5 (0-351)

0.1621

59 (62.1)

84 (53.5)

143 (56.7)

0.1922

13 (48.1)

32 (58.2)

45 (54.9)

0.1082

2 (7.4)
2 (7.4)

1 (1.8)
0 (0.0)

3 (3.7)
2 (2.4)

0.6922
0.9241
2

0.344

2

0.014

2

0.999
0.2202
0.7842
0.0402

P value

(n = 95)

1

Kruskal Wallis; 2Fisher exact. VCE: Video capsule endoscopy; MPCTE: Multiphase computed tomography enterography; DBE: Double balloon
enteroscopy.

Table 4 Comparison of video capsule endoscopy and multiphase computed tomography enterography in all patients with capsule
endoscopy and computed tomography enterography performed within 1 year of double balloon enteroscopy
Comparison test
VCE

MPCTE

Statistic

Count summary

Total, n
Sensitivity
Specificity
DX yield
Accuracy
Total, n
Sensitivity
Specificity
DX yield
Accuracy

337
171/233
30/104
245/337
201/337
252
55/157
68/95
82/252
123/252

95%CI

%
Lower limit (%)

Upper limit (%)

73.4
28.8
72.7
59.6

67.7
20.1
67.9
54.4

79.1
37.6
77.5
64.9

35.0
71.6
32.5
48.8

27.6
62.5
26.8
42.6

42.5
80.6
38.3
55.0

VCE: Video capsule endoscopy; MPCTE: Multiphase computed tomography enterography.

DBE findings were negative (Table 2). A single patient
developed pancreatitis and there were no perforations
as complications.
Among 337 patients who had a VCE performed
within the year preceding DBE, a bleeding site was
identified at VCE in 171 (73.4%) patients when the
DBE was positive and in 74 (71.2%) patients when the
DBE was negative (P = 0.692). The median number
of days between VCE and DBE was not significantly
different when the DBE was positive (42; range: 0-356)
or negative (35; range: 0-351) (P = 0.924) (Table 3).
Using DBE as the gold standard, VCE had a sensitivity
of 73.4% (95%CI: 67.7%-79.1%), specificity of
28.8% (95%CI: 20.1%-37.6%), and diagnostic yield
of 72.7% (95%CI: 67.9%-77.5%) (Table 4). Among
the patients with negative DBE, the commonest VCE
findings were AVM (26.0%), blood (22.1%) and ulcer
(16.3%).
In 252 patients who had MPCTE in the year preceding DBE, a bleeding site was identified in 55 (35.0%)
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patients when the DBE was positive and in 27 (28.4%)
patients when the DBE was negative. The median number of days between MPCTE to DBE was not significantly
different when the DBE was positive (19.0; range:
0-338) or negative (29; range: 0-351) (P = 0.162)
(Table 3). Using DBE as the gold standard, MPCTE had a
sensitivity of 35.0% (95%CI: 27.6%-42.5%), specificity
of 71.6% (95%CI: 62.5%-80.6%), and diagnostic yield
of 32.5% (95%CI: 26.8%-38.3%) (Table 4). Among
patients with negative DBE, the most common MPCTE
findings were vascular lesions (48.1%), blood (33.3%),
and ulcer (7.4%).
Of 53 patients who had preceding negative test(s),
35 (66.0%) had a positive DBE. Of these with positive
DBE, 28 (80.0%) were antegrade DBE, 16 (45.7%)
were for overt bleeding, and only 4 (11.4%) were in
inpatients. AVMs were the commonest finding, found
in 23 (65.7%) patients and treated with APC.
Of the 37 patients who went straight to DBE
without preceding CE or MPCTE, the DBE was done
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antegrade in 26 (70.3%) patients, in 13 (35.1%)
inpatients, and for overt bleeding in 26 (70.3%)
patients. The commonest findings at DBE were AVM in
17 (45.9%) and ulcer in 8 (21.6%).
In order to compare findings on DBE to VCE and
MPCTE, matched odds ratios were examined. There
were no increased odds of finding a bleeding site at
DBE compared to VCE (OR = 1.3, 95%CI: 0.9-1.7,
P = 0.150). There were increased odds of finding a
bleeding site at DBE compared to MPCTE (OR = 5.9,
95%CI: 3.5-9.7, P < 0.001).
When comparing by DBE approach, VCE had a
diagnostic yield of 75.6% (95%CI: 70.3%-80.9%)
with an antegrade approach; and a diagnostic yield
of 63.9% (95%CI: 53.5%-74.2%) with a retrograde
approach. MPCTE had a diagnostic yield of 31.6%
(95%CI: 24.9%-38.2% with the antegrade approach
and diagnostic yield of 35.4% (95%CI: 23.8%-47.0%)
with a retrograde approach (Supplementary Table 1).
When comparing by procedure setting, VCE had a
diagnostic yield of 76.7% (95%CI: 67.0%-86.4%) in
the inpatient setting and a diagnostic yield of 71.6%
(95%CI: 66.2%-77.0%) in the outpatient setting. With
the inpatient setting, MPCTE had a diagnostic yield of
40.8% (95%CI: 27.1%-54.6%) and a diagnostic yield
of 30.5% (95%CI: 24.2%-36.9%) with the outpatient
setting (Supplementary Table 2). Thus, in the inpatient
setting, VCE had higher diagnostic yield than MPCTE.
When comparing overt to occult bleeding, VCE had
a diagnostic yield of 72.9% (95%CI: 66.3%-79.6%)
for overt bleeds and a diagnostic yield of 72.5%
(95%CI: 65.7%-79.2%) for occult bleeds. With
overt bleeds, MPCTE had a diagnostic yield of 34.4%
(95%CI: 26.0%-42.9%) and a diagnostic yield of
30.8% (95%CI: 22.8%-38.7%) with occult bleeds
(Supplementary Table 3).

negative DBE were AVMs and blood; it is possible that
these abnormalities had subsided by the time of the
DBE since the time interval between the tests in our
[11,19]
study could be up to 1 year
. This would be characteristic of AVMs which often bleed intermittently, and
could artificially increase the apparent false positive
rate.
A preceding MPCTE was done in fewer patients
compared to VCE and had a lower diagnostic yield of
32.5%. However, the specificity was higher at 71.6%,
[14,20,21]
also similar to previous studies
. The vascular
lesions seen in nearly half the patients with positive
MPCTE and negative DBE were likely deep in the bowel
wall and hence not seen endoscopically.
Antegrade DBEs overall had higher diagnostic yields
than retrograde DBEs (72.51% vs 50.91%, P < 0.001.
[22]
This has been shown in one other smaller series .
Thus, the overall diagnostic yield of antegrade DBE is
superior to CTE and roughly equivalent to VCE in the
evaluation of OGIB. This is an important finding because
it suggests that almost all patients should undergo
antegrade DBE before retrograde, unless otherwise
dictated by abnormal MPCTE suggesting ileal tumors or
polyps.
The diagnostic yields of DBE for inpatients vs
outpatients were similar in our data but the highest
sensitivity of VCE using DBE as gold standard was in
inpatients (84.9%). This group also showed the highest specificity (45.0%). Interestingly the incremental
diagnostic yield of DBE of all patients with negative
preceding VCE and MPCTE was 66% (35/53 patients).
Thus, this raises the question of whether an appropriate strategy might be to directly proceed to antegrade
DBE in inpatients with evidence of ongoing bleeding if
DBE is available. This is also reflected by the matched
odds ratios comparing VCE and MPCTE to DBE where
there were no increased odds of finding a bleeding site
at DBE compared to VCE and increased odds at DBE
compared to MPCTE. In our data, none of the tests
had a significantly higher yield in patients with overt
bleeding compared to occult bleeding, which is unlike
[23-25]
prior studies
In conclusion, our data suggest that DBE is a generally safe and well tolerated procedure for the diagnosis and treatment of OGIB, with a diagnostic yield that
may be increased after obtaining a preceding VCE or
MPCTE. However, inpatients with active ongoing bleeding may benefit from proceeding directly to antegrade
DBE, which has the benefits of improved diagnostic
yield in these patients, ability to intervene therapeutically, and avoidance of an additional diagnostic test. A
prospective evaluation and cost-effectiveness analysis
of this clinical algorithm would be warranted.

DISCUSSION
Small bowel bleeding is the commonest cause of
[17]
OGIB, seen in 75% of cases . Identifying the site of
bleeding and its therapy remain challenging due to this
anatomic location. DBE is an effective way to address
these challenges but is costly and not readily available
at all centers. Our study aimed to look at the diagnostic yield of DBE and of preceding VCE and MPCTE. This
would allow us to analyze the need for imaging prior to
DBE. In our large single center cohort of 495 patients
with OGIB, the yield of DBE without preceding VCE or
MPCTE was 59.4%, and with preceding imaging was
67.5%. Thus, although the diagnostic yield of DBE is
higher when pre-DBE imaging is positive, a source
lesion is frequently identified when pre-DBE imaging is
negative or not performed.
Using direct visualization by DBE as the gold
standard, VCE had a diagnostic yield of 72.7% but a
relatively low specificity of 28.8%. This is similar to
[18]
prior studies . The commonest findings at VCE with

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

The etiology of obscure gastrointestinal bleeding (OGIB) is secondary to small

619

January 28, 2017|Volume 23|Issue 4|

Law R et al . Assessment of obscure GI bleeding
bowel pathology in up to 75% of cases. The authors sought to determine the
frequency of bleeding source detection in patients with OGIB who underwent
double balloon enteroscopy (DBE) after pre-procedure imaging (multiphase
computed tomography enterography, video capsule endoscopy, or both) and
assess the impact of imaging on DBE diagnostic yield.
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Diagnostic yields of DBE, computed tomography enterography and video
capsule enteroscopy in obscure gastrointestinal (GI) bleeding.

Innovations and breakthroughs

This is the one of the largest cohort of patients with occult GI bleeding
undergoing DBE for occult GI bleeding. A large proportion of patients also had
preceding imaging, allowing for comparison of the various techniques.
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Applications

14

Inpatients with active ongoing bleeding may benefit from proceeding directly to
antegrade DBE without preceding testing, which has the benefits of improved
diagnostic yield in these patients, ability to intervene therapeutically, and
avoidance of an additional diagnostic test.
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Terminology

Obscure GI bleeding - GI bleeding where etiology is not in the esophagus,
stomach, or colon.
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Even though the theme has been studied for years allover the world, it is still
necessary to update and clarify the best approach to a challenging clinical entity
such as OGIB. This study is uptodate and follows the most recent guidelines
and studies.
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Abstract
AIM
To evaluate complications and management outcomes
of retained long-term plastic biliary stents.

Informed consent statement: All study participants or their
legal guardian provided informed written consent about personal
and medical data collection prior to study enrolment.

METHODS
Endoscopic plastic biliary stent placement was
performed in 802 patients at Yeungnam University
Hospital between January 2000 and December 2014.
Follow-up loss with a subsequently forgotten stent
for more than 12 mo occurred in 38 patients. We
retrospectively examined the cause of biliary stent
insertion, status of stents, complications associated
with biliary stents and management outcomes of longterm plastic biliary stents. Continuous variables were
analyzed using the t test. Observed frequencies in
subsets of the study population were compared using
2
Fisher’s exact test and χ tests. Statistical significance
was defined as P < 0.05 (two-tailed).
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RESULTS
Mean age of patients was 73.7 ± 12 years and maleto-female ratio was 2.2:1. Indications of plastic biliary
stent insertion were bile duct stones (63.2%, 24/38)
and benign bile duct stricture (52.6%, 20/38). Mean
duration of retained plastic stent was 22.6 ± 12.2 mo,
and in 10 cases (26.3%), stents were retained for more
than 24 mo. Common bile duct (CBD) stones or sludge
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[4-7]

with high surgical risks .
Biliary stents are tubular devices made of plastic
or metal, and are used primarily to establish patency
of an obstructed bile duct caused by malignan
cy, benign biliary strictures, or bile duct stones.
Early complications of biliary stents are infection,
pancreatitis, and bleeding; most late complications
are stent dysfunction, and much less frequently
[8]
cholecystitis, duodenal perforation, and bleeding . The
value of short-term biliary stenting has been proven,
but the benefit of long-term stenting is less clear.
Several studies have shown the effectiveness of longterm biliary endoprostheses in the management of
[4-7]
irretrievable CBD stones in high-risk elderly patients .
In these studies, the long-term complications, such as
occlusion, stent migration or cholangitis, increased with
time and replacement or removal of the biliary stents
[9]
was recommended after 3-6 mo . In a study with 58
patients who underwent biliary endoprostheses as a
permanent treatment, complications (most commonly
cholangitis) occurred in 40% of patients, and 16% of
[10]
patients died because of biliary-related causes . In
these studies, clinical symptoms and laboratory tests
were followed-up regularly by physicians.
Although there are several case reports, little is
known about what happens when biliary stents were
forgotten or omitted by patients and consequently
retained for a period of time greater than 12 mo. The
aim of this study was to evaluate complications of
retained long-term biliary stents and management
outcomes in patients with a plastic biliary stent left
unnoticed for longer than 12 mo.

were found in most cases (92.1%, 35/38). The most
common complication was acute cholangitis (94.7%,
36/38). Stent removal by endoscopic approach was
successfully performed in 92.1% (35/38) of the cases.
In 3 cases, an additional plastic stent was inserted
alongside the previous stent due to failure of the
stent removal. Endoscopic removal of bile duct stones
was successful in 73.7% (28/38) of the cases. When
patients were divided into two groups by duration of
stent placement (12 to 24 mo vs over 24 mo), there
were no differences in the development of cholangitis,
presence of biliary stones, and success rate of endos
copic removal of stones and biliary stents.
CONCLUSION
The most common complication of retained long-term
plastic biliary stents was acute cholangitis associated with
CBD stones. Endoscopic management was successfully
performed in most cases.
Key words: Biliary stent; Long-term complications;
Forgotten stents; Acute cholangitis; Biliary stone
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is little information on the consequence
of retained long-term biliary stents and management
of complications. In this study, follow-up loss with a
subsequently forgotten stent for more than 12 mo
occurred in 38 patients and cholangitis due to common
bile duct stones or sludge developed in most cases
(94.7%, 36/38). Stent removal by endoscopic approach
was successfully performed in 92.1% (35/38) of the
cases.

MATERIALS AND METHODS
Endoscopic plastic biliary stent placement was
performed in 802 patients at Yeungnam University
Hospital between January 2000 and December 2014.
The indications of tubal catheterization were failure
of stone removal and coexistence of benign bile
duct narrowing. Among them, follow-up loss with a
subsequently forgotten stent for more than 12 mo
happened in 38 patients.
Patient characteristics, plastic biliary stent in
dication, status and complications of retained longterm biliary stents, and management outcomes were
reviewed retrospectively. Patients were divided into
two groups by stent placement duration: a 12-mo
to 24-mo group, and an over 24-mo group. Various
factors were compared between the two groups.
All patients with retained long-term plastic biliary
stents were evaluated with ERCP followed by a
computed tomography scan. ERCP was performed
with a standard side-viewing duodenoscope (TJF-140;
Olympus, Tokyo, Japan) by experienced endoscopists.
After taking a cholangiogram, removal of biliary
endoprosthesis was attempted using a stone retrieval
basket. In cases of coexisting biliary stones, endoscopic
stone removal was performed using conventional

Sohn SH, Park JH, Kim KH, Kim TN. Complications and
management of forgotten long-term biliary stents. World J
Gastroenterol 2017; 23(4): 622-628 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i4/622.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i4.622

INTRODUCTION
Endoscopic retrograde cholangiopancreatogram
(ERCP) with endoscopic sphincterotomy (EST) and
stone extraction is widely accepted as the treatment of
choice for a patient of any age with choledocholithiasis.
This technique has been reported to be successful
[1-3]
in 80%-95% of the cases . Endoscopic removal of
biliary stones may infrequently be impossible despite
improved ERCP techniques, especially when large or
impacted stones are present, or in cases of a coexisting
narrowing of the distal common bile duct (CBD).
Surgical procedures could be options for patients
who failed endoscopic restoration of bile drainage.
Endoscopic insertion of biliary endoprosthesis has been
proposed as an alternative for elderly patients or those
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(range: 38-92 years), and the male-to-female ratio
was 2.2:1. Endoscopic retrograde biliary drainage
(ERBD) was performed in 19 patients (50.0%) with
CBD stones, 14 patients (36.8%) with bile duct
strictures, and 5 patients (13.2%) with CBD stones
combined with bile duct strictures. The mean duration
of stent-stay was 22.6 ± 12.2 mo (range: 12-58 mo),
and in 10 cases (26.3%) stents were in place for
more than 24 mo. Most patients visited the hospital
due to development of clinical symptoms (92.1%,
36/38), and 2 cases of retained biliary stents were
found incidentally. Patients presented with abdominal
pain (36/38), fever (20/38), jaundice (13/38), and
abnormal liver function tests (13/38) (Table 2).
Complications and clinical outcomes of retained
long-term biliary stents are described in Table 3. The
most common complication was acute cholangitis
(94.7%), followed by obstructive jaundice (34.2%),
internal stent migration (13.2%), and pancreatitis
(5.3%). In 36 patients with cholangitis, 35 cases
were caused by CBD stones and 1 case by stent
occlusion. Stent removal by endoscopic approach was
performed successfully in 92.1% of the cases (35/38).
All stent lumens were occluded with sludge and brown
pigment stones, or sludge was adherent to the stent.
An additional plastic stent was inserted alongside the
previous stent in 3 patients with failed stent removal.
Surgical management was considered for these
patients, but was not performed due to comorbidities
and generally poor patient conditions.
CBD stones were found in 35 patients (92.1%).
Of the 14 patients who underwent ERBD due to CBD
strictures and had no stones initially, CBD stones or
sludge developed in 11 patients (78.6%) (Figure 1).
Endoscopic CBD stone removal was successful in 73.7%
of patients (28/38). Stone removal was performed by
a stone retrieval basket and brown stones were stuck
tightly to stents in most cases (Figure 2).
Retrieved CBD stones were brown pigment stones
in all cases. In some patients, large stones formed
around the plastic biliary stent and impacted at the
CBD, which were impossible to remove endoscopically
(Figure 3). For 10 patients with failed endoscopic
stone removal or biliary strictures, biliary stents were
reinserted to prevent cholangitis.
When patients were divided into two groups based
on the duration of stent-stay, there were no significant
differences between the 12-to-24-mo group and the
over 24-mo group in development of cholangitis,
pancreatitis, internal stent migration, CBD stone
development, and overall success rates of endoscopic
stone removal and biliary stent.

Table 1 Baseline patient characteristics n (%)
Total (n = 38)
Age, mean, yr
Sex, male/female
Indication of biliary stent
CBD stone
CBD stricture
CBD stone with CBD stricture
Types of stents
Diameter, Fr: 7/10/11.5
Length, cm: 5/7/9
Underlying diseases
Chronic pancreatitis
Liver cirrhosis
STG BII
Chronic renal failure
Cerebrovascular accident

73.7 ± 12.1
26(68.4)/12(31.6)
19 (50.0)
14 (36.8)
5 (13.2)
2(5.3)/21(55.3)/15(39.5)
13(34.2)/22(57.9)/3(7.9)
4 (10.5)
1 (2.6)
4 (10.5)
2 (5.3)
5 (13.2)

CBD: Common bile duct; STB BII: Subtotal gastrectomy with Billroth II.

Table 2 Presenting symptoms and laboratory findings at
admission
Total (n = 38)

Variable
Symptoms
Abdominal pain
Fever
Jaundice
Without symptom
Laboratory findings
WBC, cells/mcL
ALT, IU/L
GGT, IU/L
Total bilirubin, mg/dL
Amylase, U/L

36 (94.7)
20 (52.6)
13 (34.2)
2 (5.3)
10270.20 ± 4835.67
122.50 ± 238.72
236 ± 209.18
2.57 ± 2.19
213.74 ± 494.75

Values are presented as mean ± SD or n (%). WBC: White blood cell; ALT:
Alanine aminotransferase; GGT: Gamma-glutamyl transferase.

methods. When stent removal failed, an additional
plastic biliary stent (Cotton-Leung biliary stents;
Wilson-Cook Medical, Winston-Salem, NC, United
States) was inserted alongside the previous stent to
treat cholangitis. When complete stone removal failed
or biliary stricture was found, a plastic biliary stent
was inserted to prevent cholangitis. Complete stone
removal was confirmed by cholangiogram at the end
of each procedure.
All statistical analyses were performed using the
Statistical Program for Social Sciences (SPSS 18.0
for Windows; SPSS Inc., Chicago, IL, United States).
Continuous variables were analyzed using the t
test. Observed frequencies in subsets of the study
population were compared using Fisher’s exact test
2
and χ tests. Statistical significance was defined as P <
0.05 (two-tailed).

DISCUSSION

RESULTS

The current standard treatment of bile duct stones is
EST and stone extraction, followed by laparoscopic
cholecystectomy if indicated. Surgical procedures such

Clinical characteristics of patients are summarized
in Table 1. Mean patient age was 73.7 ± 12.1 years
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Table 3 Complications and outcomes according to biliary stent duration n (%)
Variable
Age, yr
Sex, male/female
Duration of stent-stay, mo
Complications of stents
Jaundice
Cholangitis
Pancreatitis
Internal migration
Presence of CBD stone
Endoscopic treatment
Stone removal
Stent removal
Stent reinsertion
Additional stent insertion

P value

Total

1-2 yr

Over 2 yr

(n = 38)

(n = 28)

(n = 10)

73.7 ± 12.1
26/14(68.4/31.6)
22.6 ± 12.2

75.6 ± 10.0
19/9(67.9/32.1)
16.4 ± 3.0

68.3 ± 16.1
7/3 (70/30)
39.7 ± 11.7

0.104
1.000
0.001

13 (34.2)
36 (94.7)
2 (5.3)
5 (13.2)
35 (92.1)

11 (39.3)
26 (92.9)
1 (3.6)
3 (10.7)
25 (89.3)

2 (20.0)
10 (100.0)
1 (10.0)
2 (20.0)
10 (100.0)

0.441
1.000
0.462
0.592
0.552

28 (73.7)
35 (92.1)
19 (50.0)
3 (7.9)

21 (75.0)
26 (92.9)
16 (57.1)
2 (7.1)

7 (70.0)
9 (90.0)
3 (15.8)
1 (10.0)

1.000
1.000
0.269
1.000

OR: Odds ratio; CI: Confidence interval; CBD: Common bile duct.

A

B

Figure 1 Stone formation 29 mo after stent insertion. A: Plastic biliary stent inserted for common bile duct stricture without stone; B: Large brown stone filled the
bile duct.

A

B

Figure 2 Brown stone stuck tightly to stent was removed by stone retrieval basket (A and B).

as bile duct exploration and sphincteroplasty, and
drainage procedures such as choledochoduodenostomy
and hepaticojejunostomy, are options for patients who
[1-3]
fail endoscopic therapy .
Biliary endoprosthesis has been used for biliary
drainage as a temporary measure or alternative for
patients who are unfit for surgery. Biliary drainage is

WJG|www.wjgnet.com

of great importance in maintaining bile flow in cases
of stone impaction in the CBD. Placement of a biliary
stent is essential for the treatment or prevention of
acute cholangitis in this clinical setting, with a success
[1-3]
rate of > 95% . This procedure stabilizes the patient
so that elective surgery or subsequent endoscopic
treatment can be carried out when the patient’s status
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A

B

1

2

3

4

Figure 3 Additional stent inserted alongside previous stent (A) and large stones formed around the plastic biliary stent (B).

has improved, thus reducing procedural risks. In
elderly patients or patients with severe comorbidities
who are poor candidates for further endoscopic or
surgical treatments, endobiliary stenting may serve as
a permanent therapy; studies report that complication
rates associated with surgery in elderly patients range
[11-15]
from 12% to 28%
. In this study, poor surgical
candidates who underwent endoscopic biliary stenting
showed symptom relief and a low complication rate for
more than 1 year, although most patients ultimately
developed complications associated with the retained
biliary stent itself.
Early outcomes of biliary stenting are well es
tablished and include good drainage and a low
complication rate, but late outcomes remain uncertain.
Most reports revealed that the success rate of
endoscopic biliary stenting was nearly 100%, and
that early morbidity was low and could be controlled
[16-18]
well
. The major disadvantage of biliary stenting
is clogging of the endoprosthesis. It is widely known
that the mean patency duration of the plastic biliary
[19,20]
stent is about 6 mo to 12 mo for benign diseases
.
Replacement of plastic stents is therefore recom
[8,9]
mended every 3-6 mo to prevent cholangitis
.
Biliary passage patency is maintained longer when
stents are inserted for benign diseases such as biliary
stone or benign biliary stricture, as compared to metal
stents of malignancies. In this study, biliary stenting
was performed for benign diseases, and the mean
duration of stent placement was 22.55 ± 12.16 mo
before developing symptoms or complications. The
plastic biliary stent does not serve as the sole conduit
for bile duct flow when used for benign diseases. As
a passage between CBD and stent was retained in
benign diseases, this passage may provide a conduit
for bile flow even when the stent is completely
[10,21,22]
obstructed
. Stent occlusion is the main cause
of malignant biliary obstruction, and symptoms and
complications occur earlier.
Although biliary patency may be maintained for
a longer period after plastic biliary stent insertion,
long-standing biliary stents consequentially increase
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the risk of cholangitis due to formation of biliary
stones, because the biliary stent itself may serve as
a nidus for stone formation. Lost sphincter of Oddi
function, a mechanical barrier preventing regurgitation
of duodenal contents into the bile duct, results in
bacterial growth in the bile duct by ascending infection
and plays an important role in the formation of brown
[23-25]
pigment stones
. All stones in this study appeared
to be brown pigment stones. Brown stones were
distinguishable by their reddish brown to dark brown
color and muddy appearance in macroscopic findings
seen at endoscopy.
In this study, 92.1% of patients presented with
symptoms of cholangitis, which most often occurred
due to development of a CBD stone rather than stent
occlusion. Of the 19 patients who underwent stenting
for biliary stricture and had no stones initially, 16
patients (84.2%) developed a biliary stone or sludge.
In this study, biliary stones were found stuck to biliary
stents. Based on this information, the biliary stent may
serve as a nidus for stone formation and development,
and stent occlusion could develop because of biliary
stasis.
Several previous studies showed that biliary pa
tency restoration was successfully achieved in more
[26]
than 95% of patients with stent obstruction . The
follow-up duration for development of complications
and clinical symptoms was relatively short in most
studies.
Little is known about the complications and
management of long-term biliary stents retained
more than 1 year. A recent study of 5 cases of longstanding forgotten biliary stents with 45.5 mo (range:
23-84 mo) of stent-stay reported that 4 of them
[27]
required surgery for treatment . Another recently
published article documented that 2 of 3 patients
(75%) underwent surgery for treatment of long-stayed
[28-30]
forgotten stents
. In this study, however, 35 of 38
patients (92.1%) with retained long-term biliary stents
were successfully treated by endoscopic approach. In
3 cases of endoscopic stent removal failure in patients
who were unfit for surgery, cholangitis could be
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controlled by additional biliary stent placement without
surgery.
In conclusion, the most common complication of
retained long-term plastic biliary stents was acute
cholangitis associated with CBD stones. Endoscopic
management was successfully performed in most
cases. Biliary patency was likely to be maintained
more than 1 year. The rate of complications, such as
cholangitis or stent impaction, might be increased as
the stent was in place for a longer duration, and CBD
stone development ultimately occurred in most cases
of long-standing biliary stent. All patients should be
informed of the possibility of complications related
to retained long-term endoprosthesis placement,
and stent change or definite treatment should
be considered within 1 year of stent placement.
Endoscopic management should be the primary option
for the long-term biliary stent, especially in patients
with comorbidities or who are unfit for surgery.
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Abstract

Informed consent statement: All study participants provided
informed written consent for personal and medical data collection
prior to study enrollment and each patient agreed to management
via written consent.

AIM
To compare predictive ability of Budd-Chiari syndrome
(BCS) prognostic indices (PIs) for one-year survival and
Transjugular intrahepatic portosystemic shunt (TIPS)
patency.

Conflict-of-interest statement: None of the authors have any
conflicts of interests or financial disclosures.
Data sharing statement: The technical appendix, statistical
code, and dataset are available from the corresponding author at
saratropical@yahoo.com. The participants gave informed consent
for the data sharing.

METHODS
This retrospective study enrolled 194 Egyptian pa
tients with primary BCS who presented to the BuddChiari Study Group of Ain Shams University Hospital.
Calculation of the available PIs was performed using
Child-Pugh and model for end-stage liver disease
scores, BCS-specific PIs (Clichy, New Clichy and
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veins (HVs) to the site of entry of the inferior vena
[1]
cava (IVC) into the right atrium .
It is difficult to predict the prognosis of BCS patients
because of the large variability in clinical presentation
[2]
and disease course . Little is known about factors that
[3]
may help predict the survival of BCS patients , and
various trials were done to determine parameters that
[4]
might predict the prognosis in these patients .
Several scores were evaluated in BCS, including the
Child-Pugh score, the model for end-stage liver disease
(MELD) score and several BCS-specific prognostic
indices (PIs), including the Clichy PI, the Rotterdam
[5]
score, the New Clichy PI and the BCS-TIPS score .
These scores contain clinical and laboratory parameters
and can be used to stratify BCS patients, however, their
use for the management of an individual patient is still
[6]
controversial .
Patient characteristics, etiological factors, and
treatment outcomes have changed since these indices
were elaborated, and comparability between studies
from different centers is crucial for rapid advances
[7]
in BCS . Comparability relies on adjustments for
baseline characteristics and requires the availability of
a single, validated and widely accepted PI. However, an
accurate PI to make therapeutic decisions in individual
[8,9]
patients has not been established .
The aim of the present study was to compare the
predictive ability of the available PIs for BCS for the oneyear overall survival and the one-year shunt patency
rate of transjugular intrahepatic portosystemic shunt
(TIPS) in Egyptian patients.

Rotterdam) for all patients, and BCS-TIPS PI only for
patients who underwent TIPS. The overall one-year
survival rate and the one-year shunt patency rate for
TIPS were reported.
RESULTS
The overall one-year survival rate was 69.6%, and
the New Clichy PI revealed the best validity for its
prediction at a cut-off value of 3.75, with sensitivity
and specificity of 78% and 73.3%, respectively [area
under receiver operating characteristic curve (AUC)
= 0.806]. The one-year survival rate post-TIPS was
89.7%, and the BCS-TIPS score demonstrated validity
for its prediction at a cut-off value of 3.92 (sensitivity
and specificity were 71.4% and 64.5%, respectively)
(AUC = 0.715). Logistic regression analysis revealed
that the New Clichy PI (P = 0.030), high serum total
bilirubin (P = 0.047) and low albumin (P < 0.001) were
independent factors for predicting mortality within one
year. The one-year shunt patency rate in TIPS was
80.2%, and none of the PIs exhibited significant validity
for its prediction.
CONCLUSION
The New Clichy score could independently predict the
one-year survival in Egyptian BCS patients.
Key words: Budd-Chiari syndrome; Prognostic indices;
New Clichy score; One-year survival; Transjugular
intrahepatic portosystemic shunt
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We analyzed the predictive ability of BuddChiari syndrome (BCS) prognostic indices (PIs) for
one-year overall survival and transjugular intrahepatic
portosystemic shunt (TIPS) patency rate in 194
Egyptian patients. Calculation of the available PIs was
performed using Child-Pugh and model for end-stage
liver disease scores, BCS-specific PIs (Clichy, New
Clichy and Rotterdam) for all patients, and BCS-TIPS PI
only for patients who underwent TIPS. We found that
the New Clichy score independently predicted one-year
survival in Egyptian BCS patients.

MATERIALS AND METHODS
This retrospective cohort study enrolled 194 Egyptian
patients with primary BCS who presented to the
Budd-Chiari Study Group (BCSG), Tropical Medicine
Department of Ain Shams University Hospital (Cairo,
Egypt) between November 2005 and December 2014.
The study protocol was approved by the Research
Ethical Committee of Faculty of Medicine, Ain Shams
University according to the ethical guidelines of the
1975 Declaration of Helsinki.
Patients with any other concomitant cause of
liver disease (e.g., viral, autoimmune or metabolic),
secondary BCS or hepatocellular carcinoma were
excluded.
The following patient medical records and databases
were reviewed: (1) clinical data; (2) laboratory in
vestigations: CBC, liver profile, coagulation profile, viral
markers (HBsAg, HBcAb, HCV Ab) using the enzymelinked immunosorbent assay (ELISA) technique;
(3) thrombophilia workup to clarify the underlying
etiology of BCS as follows: Antinuclear antibodies,
anti-β2 glycoprotein-1, anticardiolipin antibodies IgM
and IgG were measured by ELISA technique and
Lupus anticoagulant was measured by coagulationbased functional assay to diagnose antiphospholipid

Sakr M, Abdelhakam SM, Elsayed SA, Allam EH, Farid AM,
Abdelmoaty W, Hassan AM, Shaker M, El-Gharib M, Eldorry
A. Validation of prognostic indices in Egyptian Budd-Chiari
syndrome patients: A single-center study. World J Gastroenterol
2017; 23(4): 629-637 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i4/629.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.629

INTRODUCTION
Budd-Chiari syndrome (BCS) is caused by hepatic
venous outflow obstruction from the small hepatic
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syndrome (APS). Protein C, S and antithrombin Ⅲ were
measured by coagulation-based functional assay to
diagnose protein C, S, or antithrombin Ⅲ deficiency.
Genotyping of factor V Leiden G1691A, prothrombin
G20210A, and methylene tetrahydrofolate reductase
(MTHFR) C677 were performed via real-time PCR
and fluorescence melting curve detection analysis to
diagnose mutations. Janus tyrosine kinase-2 (JAK Ⅱ)
V617F mutation was detected by PCR and/or a bone
marrow biopsy to diagnose myeloproliferative disorder
(MPD). Flow cytometry for CD55 and CD59 was done
[10]
to diagnose paroxysmal nocturnal hemoglobinuria ;
and (4) radiological assessment using abdominal duplex
ultrasonography (US) to assess the patency of the HVs,
the portal vein (PV), and the IVC. Abdominal multi-slice
computed tomography, magnetic resonance imaging
and/or MR venography were performed when indicated
to confirm all diagnoses and assess vascular anatomy.
Calculation of available BCS PIs was performed for
all patients; from their data at initial presentation; as
follows: (1) Modified Child-Pugh score: The sum of the
scoring points from the five parameters [ascites (none
= 1 point, moderate = 2 points, severe = 3 points),
serum bilirubin (< 2 mg/dL = 1 point, 2-3 mg/dL = 2
points, > 3 mg/dL = 3 points), albumin (> 3.5 g/dL
= 1 point, 2.8-3.5 g/dL = 2 points, < 2.8 g/dL = 3
points), hepatic encephalopathy (absent = 1 point,
grades 1 and 2 = 2 points, grades 3 and 4 = 3 points),
and prothrombin time International Normalized Ratio
“PT INR” (< 1.7 = 1 point, 1.71-2.30 = 2 points, > 2.30
= 3 points)] corresponds to one of three groups (Child
A = 5-6 points, Child B = 7-9 points, Child C = 10
[11]
or more points) ; (2) MELD score: 3.8 × (ln serum
bilirubin mg/dL) + 11.2 × (ln INR) + 9.6 × (ln serum
[12]
creatinine mg/dL) + 6.4 ; (3) Clichy PI: (ascites
score × 0.75) + (Pugh score × 0.28) + (age × 0.037)
+ (creatinine × 0.0036), where ascites was scored as
absent, controlled with sodium restriction or diuretics
or resistant to medical treatment (scored as 1, 2 or
[8]
3, respectively) ; (4) Rotterdam BCS index: 1.27 ×
encephalopathy + 1.04 × ascites + 0.72 × prothombin
time + 0.004 × bilirubin, where ascites and hepatic
encephalopathy were scored as present (1) or absent
(0) and prothrombin time as higher (1) or equal/lower
[3]
(0) than an INR of 2.3 ; (5) New Clichy PI: 0.95 ×
ascites score + 0.35 × Pugh score + 0.047 × age +
0.0045 × serum creatinine + (2.2 × form Ⅲ) - 2.6,
where ascites was scored as in Clichy PI, and clinicpathological form Ⅲ (acute on top of chronic) was
defined by the presence of at least one acute and one
chronic feature and coded as 1 for patients with form
[9]
Ⅲ and 0 for the other patients ; and (6) BCS-TIPS
PI (only for patients who underwent TIPS procedure):
[5]
age × 0.08 + bilirubin × 0.16 + INR × 0.63 .
The patterns of management were reported. All
enrolled patients received anticoagulant therapy as early
as possible after securing risky esophago-gastric varices
in an attempt to reduce the risk of clot extension and
new thrombotic episodes. Treatment of the underlying
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prothrombotic cause was also initiated concomitantly,
e.g., folic acid supplementation for MTHFR mutation
and diuretic therapy when indicated. Angioplasty and/
or stenting were used in patients with partial or short
segment occlusion of HVs and IVC to re-establish the
physiological drainage of portal and sinusoidal blood.
Patients with BCS who were non-responsive to medical
treatment or who were not candidates for angioplasty/
stenting (i.e., complete occlusion of all HVs with patent
IVC and PV) were treated using TIPS to transform
the portal system into an outflow tract. TIPS was also
performed in patients with failed trials of HV stenting.
Living donor liver transplantation (LDLT) was performed
for patients with liver decompensation (because they
would not benefit from TIPS) and for patients with failed
TIPS. A mesoatrial shunt was performed to decompress
the liver as a bridge to liver transplantation in patients
[13,14]
who were not fit for radiological intervention
.
The overall one-year survival rate was reported for
all included patients. The one-year shunt patency rate
was reported for patients who underwent the TIPS
procedure.

Statistical analysis

Data analysis was performed using SPSS (SPSS Inc.
2009. PASW Statistics for Windows, Version 18.0,
Chicago, IL, United States). Quantitative variables
are presented as the mean and standard deviation
to describe the studied patients. Qualitative variables
are presented as counts and percentages. Student’
s t-test was used to compare quantitative variables
between two independent groups. The Chi-square
test was used to compare qualitative data between
groups. The receiver operating characteristic (ROC)
curve was used to measure the prognostic ability
and determine the best cut-off value for different PIs,
and logistic regression analysis was used to measure
the independent effect of some variables on oneyear patient survival. Kaplan-Meier survival analysis
was performed to assess one-year survival and oneyear shunt patency for patients. P value < 0.05 was
considered statistically significant.
The statistical methods of this study were reviewed by
Azza M Hassan, Lecturer of Community, Environmental
and Occupational Medicine, Faculty of Medicine, Ain
Shams University, Cairo, Egypt.

RESULTS
Characteristics of the study population, clinical and
investigational data

The current study included 194 Egyptian patients with
primary BCS. Their mean age was 28.79 ± 8.94 years,
with female predominance (111/194, 57.2%).
The most common etiology of BCS in the current
study was FVLM, which was found in 57 patients
(29.4%), followed by MTHFR mutation in 48 patients
(24.7%) and MPD in 43 patients (22.2%); twenty-nine
patients of them (67.4%) were overt and 14 patients
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angioplasty with stenting, one patient had angioplasty
without stenting, one patient had LDLT, and two
patients underwent mesoatrial shunt; and (2) the noninterventional group included 63 patients (32.5%) who
were not suitable for any intervention and were treated
only medically with anticoagulation and treatment for
the underlying etiology with or without diuretics.
The overall one-year survival rate of the studied
cohort was 69.6% (Total number of deaths by the end
of first year: 59/194 patients). The estimated mean
survival time was 9.84 mo (95%CI: 9.29-10.38) (Figure
1). The interventional group had a significantly better
one-year survival rate than the non-interventional
group. The one-year survival rates for both groups were
87.8% and 31.7%, respectively (number of deaths
in the two groups was 16/131 and 43/63 patients,
respectively) (P < 0.001).
Eleven (10.3%) of the 107 patients who underwent
the TIPS procedure died by the end of the first year,
and the one-year survival rate post-TIPS was 89.7%.

Survival function

1.0

Cumulative survival

0.8
0.6
0.4
0.2

Survival function
0

0.0
0.00

2.00 4.00   6.00

8.00   10.00   12.00

Follow-up time (mo)

Figure 1 One-year survival function (time to death) of the included
patients (Kaplan-Meier).

(32.6%) were occult. Forty patients (20.6%) had
primary APS, and 19 patients (9.8%) had secondary
APS. PC deficiency was present in 25 patients (12.9%);
PS deficiency was present in 6 patients (3.1%), and
anti-thrombin Ⅲ deficiency was present in 18 patients
(9.3%). Seven patients (3.6%) were idiopathic. Multiple
etiologies were present in 73 patients (37.6%). Twentysix patients (13.4%) did not complete the etiological
panel.
The most common clinical presentations were
hepatomegaly in 181 patients (93.3%) followed by
ascites in 166 patients (85.6%), and abdominal pain
in 163 patients (84%). Jaundice was present in 85
patients (43.8%). The chronic form of presentation
was found in 135 patients (69.6%) and the acute/
subacute form was found in 59 patients (30.4%).
Single HV occlusion was diagnosed in 7 patients
(3.6%). Two HVs were occluded in 32 patients (16.5%),
and three HVs were occluded in 155 patients (79.9%).
The IVC was involved (occluded/attenuated/web) in 32
patients (16.5%), and PV thrombosis was diagnosed
in 8 patients (4.1%).
Most patients were Child B (45.9%), followed by
Child C (28.9%) and Child A (25.3%). We found that
Rotterdam class Ⅲ was the most common (72.2%),
followed by class Ⅱ and class Ⅰ (15.5% and 12.4%,
respectively). The following mean values of different
prognostic scores in the included patients were
observed: Child score: 8.34 ± 2.29, MELD: 12.25 ±
7.03, Clichy: 5.02 ± 1.14, New Clichy: 3.72 ± 1.44,
Rotterdam: 2.27 ± 1.58 and BCS-TIPS score (calculated
only for the 107 patients who underwent TIPS): 3.70 ±
0.88.

Factors affecting overall one-year survival

The overall one-year survival rate was not significantly
related to either age or gender. However, univariate
analysis revealed that many factors significantly
affected the one-year survival: the presence of genital
and oral ulcers, history of DVT, use of hormonal the
rapy in females, acute and subacute presentations,
presence of jaundice, hepatic encephalopathy, ascites
and advanced ascites score. The non-survivor group
exhibited significantly higher serum bilirubin with lower
serum albumin compared to the survivor group. Poor
prognosis and shortened survival was related to the
presence of PV thrombosis and/or IVC occlusion (Table 1).

PIs and one-year survival

All prognostic scores were significantly related to
overall one-year survival, with significantly higher
scores in patients who died (Table 2). Their area under
ROC curves (AUC) exceeded 0.5. However, only three
PIs exhibited significant validity and predictive ability
regarding the overall one-year survival; which makes
them useful for individual decisions in day-to-day
practice because their AUC exceeded 0.8; these scores
were New Clichy, Clichy and Child-Pugh scores. The
New Clichy PI was the best factor (AUC = 0.806) at a
cut-off value of 3.75, with sensitivity and specificity of
78% and 73.3%, respectively (Table 3 and Figure 2).
The BCS-TIPS score exhibited validity for the
prediction of one-year survival post-TIPS at a cut-off
value of 3.92 (sensitivity and specificity were 71.4%
and 64.5%, respectively) (AUC = 0.715) (Table 3 and
Figure 3).

Patterns of management and one-year survival

Patients were classified into two groups according to the
patterns of management of BCS in the current study. (1)
the interventional group included 131 patients (67.5%)
who underwent interventional management and
medical treatment. A total of 107 patients in this group
underwent the TIPS procedure, 20 patients had HV

WJG|www.wjgnet.com

Logistic regression analysis for factors affecting oneyear survival

Multivariate logistic regression analysis for factors
affecting the one-year survival for all studied patients
revealed that New Clichy PI (P = 0.030), high serum
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Table 1 Factors related to the one-year survival

Age in years, mean ± SD
Gender
Male
Female
Genital/oral ulcer
History of DVT
Use of OCP1
Presentation
Acute/subacute
Chronic
Jaundice
Hepatic encephalopathy
Ascites
Ascites score2
1
2
3
IVC (occluded/attenuated/web)
PV thrombosis
Total bilirubin, mean ± SD
Direct bilirubin, mean ± SD
Albumin, mean ± SD

χ 2/t

Alive (n = 135)

Dead (n = 59)

n (%)

n (%)

P value

28.6 ± 8.47

29.22 ± 10.01

0.44

0.66

53 (39.3)
82 (60.7)
2 (1.5)
13 (9.6)
15 (18.3)

30 (50.8)
29 (49.2)
6 (10.2)
17 (28.8)
11 (37.9)

2.25

0.13

7.84
11.56
5.25

0.01
0.001
0.02

31 (23)
104 (77)
45 (33.3)
14 (10.4)
110 (81.5)

28 (47.5)
31 (52.5)
40 (67.8)
24 (40.7)
56 (94.9)

11.64

0.001

19.81
23.94
6.00

< 0.001
< 0.001
0.01

26 (19.3)
89 (65.9)
20 (14.8)
16 (11.9)
1 (0.7)
2.15 ± 1.40
0.90 ± 0.80
3.46 ± 0.63

3 (5.1)
17 (28.8)
39 (66.1)
16 (27.1)
7 (11.9)
5.05 ± 4.93
2.59 ± 2.94
2.89 ± 0.65

51.38

< 0.001

6.95
12.85
4.44
4.34
5.75

0.01
< 0.001
< 0.001
< 0.001
< 0.001

1

Percentage was calculated among female patients; 2Ascites score was calculated as (1): absent, (2): controlled with sodium restriction or diuretics, or (3):
resistant to medical treatment. DVT: Deep venous thrombosis; OCP: Oral contraceptive pills; IVC: Inferior vena cava; PV: Portal vein.

Table 2 Relation between different prognostic indices and
the one-year survival rate

Child score
MELD score
Clichy PI
New clichy PI
Rotterdam index
BCS-TIPS score1

7.54 ± 1.79
10.42 ± 5.44
4.64 ± 0.94
3.24 ± 1.18
1.78 ± 0.88
3.61 ± 0.83

10.17 ± 2.28
16.42 ± 8.40
5.89 ± 1.09
4.82 ± 1.37
3.41 ± 2.15
4.33 ± 0.97

t

7.85
5.05
8.12
8.11
5.64
2.99

0.8

P value

Sensitivity

One-year survival
Alive
Dead
(n = 135)
(n = 59)
mean ± SD
mean ± SD

ROC curve

1.0

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003

0.6
Source of the curve
Child score
Clichy
New Clichy
Rotterdam
MELD
Reference line

0.4

0.2

1

Calculated only for 107 patients who underwent TIPS. MELD: Model for
end-stage liver disease; PI: Prognostic index; BCS-TIPS score: Budd-Chiari
syndrome-transjugular intrahepatic portosystemic shunt score.

0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-specificity
Diagonal segments are produced by ties.

total bilirubin (P = 0.047) and low serum albumin levels
(P < 0.001) were independent factors for predicting
mortality within one year (Table 4).

Figure 2 Receiver operating characteristic curve showing the validity
of different prognostic indices (Child score, model for end-stage liver
disease score, Clichy prognostic index, New Clichy prognostic index and
Rotterdam index) for prediction of the one-year overall survival of the
studied patients. MELD: Model for end-stage liver disease; PI: Prognostic
index; ROC: Receiver operating characteristic.

Factors affecting one-year shunt patency in TIPS

Nineteen (19.8%) of the 96 TIPS patients who
completed the one-year follow-up had occluded shunts
at the end of the first year, and the one-year shunt
patency rate of TIPS was 80.2%.
The one-year shunt patency was not related to any
of the studied factors (demographic, clinico-laboratory,
etiologic or PIs) (Table 5).

laboratory parameters have been previously re
[15,16]
ported
. However, the predictive accuracy of these
PIs remains insufficient for predicting the survival of
[5,6]
BCS patients .
The current study compared the predictive ability
of the available PIs for BCS for the overall one-year
survival and the one-year shunt patency rate of TIPS
in Egyptian patients.
The overall one-year survival rate was 69.6% in this

DISCUSSION
Several BCS-specific PIs and numerous clinical and
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Table 3 Diagnostic performance of prognostic indices for prediction of one-year survival among the studied patients
Prognostic indices

Cut-off

Sensitivity

Specificity

AUC

SE

P value

95%CI

Child score
MELD score
Clichy PI
New clichy PI
Rotterdam index
BCS-TIPS score1

≥ 8.55

72.90%
69.50%
78.00%
78.00%
71.20%
71.40%

72.60%
64.40%
70.40%
73.30%
65.20%
64.50%

0.811
0.723
0.807
0.806
0.771
0.715

0.034
0.042
0.036
0.036
0.038
0.072

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.010

0.743-0.878
0.641-0.805
0.735-0.878
0.735-0.878
0.696-0.845
0.574-0.857

≥ 11.59
≥ 4.95
≥ 3.75
≥ 1.94
≥ 3.92

1

Calculated only for 107 patients who underwent TIPS. AUC: Area under the receiver operating characteristic (ROC) curve; MELD: Model for end-stage
liver disease; PI: Prognostic index; BCS-TIPS score: Budd-Chiari syndrome-transjugular intrahepatic portosystemic shunt score; SE: Standard error.

ROC curve

Table 4 Logistic regression analysis for factors affecting the
one-year survival
B

P value

OR (95%CI)

0.8

0.291
0.731
0.194
-0.857

0.030
0.118
0.047
< 0.001

1.338 (1.029-1.741)
2.077 (0.830-5.199)
1.214 (1.003-1.470)
0.424 (0.323-0.558)

0.6

Sensitivity

New Clichy PI
Hepatic encephalopathy
Total bilirubin
Albumin

1.0

0.4

B: Regression coefficient; PI: Prognostic index.
0.2

Table 5 Relation between different prognostic indices and
the one-year shunt patency in transjugular intrahepatic
portosystemic shunt patients
One-year shunt patency

Child score
MELD score
Clichy PI
New Clichy PI
Rotterdam index
BCS-TIPS score

1

Patent
(n = 77)
mean ± SD

Occluded
(n =19)
mean ± SD

7.67 ± 1.69
10.26 ± 5.32
4.70 ± 0.92
3.32 ± 1.16
1.79 ± 0.80
3.57 ± 0.80

7.74 ± 2.00
10.56 ± 7.17
4.86 ± 1.06
3.52 ± 1.34
1.99 ± 1.05
3.73 ± 1.03

t

0.15
0.21
0.65
0.65
0.91
0.69

0.0

0.2

0.4

0.6

0.8

1.0

1-specificity
Diagonal segments are produced by ties.

P value

Figure 3 Receiver operating characteristic curve showing the validity
of Budd-Chiari syndrome - transjugular intrahepatic portosystemic
shunt score for prediction of the one-year survival among patients who
underwent transjugular intrahepatic portosystemic shunt procedure (n =
107). ROC: Receiver operating characteristic.

0.89
0.84
0.52
0.52
0.37
0.49

from different geographic regions tend to show distinct
[17]
disease etiologies . In particular, thromboses are more
common in Western, whereas venous webs are more
[18]
frequent in Eastern and Japanese BCS patients . Our
[19]
study of Egyptian BCS patients in 2011 as well as the
current study indicated that FVLM and MTHFR mutation
are the most commonly detected prothrombotic dis
orders in Egyptian BCS patients.
The survival of BCS patients demonstrated gradual
[20,21]
improvement over time and a favorable prognosis
.
The dramatic improvement in survival over years is
easily explained by the increasing recognition of BCS,
establishment of an effective treatment strategy,
improvement in interventional radiological techniques,
and advances in the management of portal hyper
[22,23]
tension-related complications
. Actually, the first
year after diagnosis of BCS is a critical period and is
[15,20]
related to longer term prognosis in those patients
.
Neither age nor gender were related to prognosis
in the univariate analysis in the current study, which
[15]
is similar to previous reports . We found that the
presence of oral and genital ulcers and use of hormonal
therapy were related to poor prognosis. This result
[24,25]
is also consistent with previous reports
. The
current study also revealed that acute and subacute

1

Total transjugular intrahepatic portosystemic shunt (TIPS) patients was
107, among them eleven patients died and 96 patients completed the oneyear follow up. MELD: Model for end-stage liver disease; PI: Prognostic
index; BCS-TIPS score: Budd-Chiari syndrome-transjugular intrahepatic
portosystemic shunt score.

study. We found a striking difference in survival at one
year, which was higher in the group of patients who
underwent intervention than patients who were unfit
for intervention and managed only medically (87.8%
vs 31.7%, respectively). This result is consistent with
a systematic review of 79 studies discussing BCS
[15]
survival by Qi et al
in 2015. The authors found that
the median one-year survival rate was 93% (range:
80%-100%) in 9 previous studies performed on
patients receiving interventional radiological treatments,
and 68.1% (range: 14%-92%) in 6 studies that
included patients receiving medical therapy alone. The
survival figures may have been affected by differences
in the selection criteria of the included BCS patients
as well as their underlying disease etiologies which led
to a strong influence on the expected natural history
and outcome of the disease. In fact, BCS patients
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presentations were linked to higher mortality rates
compared to chronic presentation because the acute
form may lead to fulminant hepatitis and acute liver cell
[26]
failure, with a subsequent poor prognosis .
Patients who presented with PVT and/or IVC
thrombosis exhibited higher mortality rates in the
[10]
current study, which is consistent with DeLeve et al .
Univariate analysis demonstrated that all studied
PIs (Child, MELD, Rotterdam, Clichy, New Clichy and
BCS-TIPS scores) were significantly related to oneyear survival in the current study and distinguished
survivors from non-survivors. The survivor group of
our patients exhibited lower values for all PIs than the
non-survivor group. This result is consistent with the
[27]
[6]
studies performed by Zhang et al and Rautou et al
for all PIs except the BCS-TIPS score, which exhibited
lower predictive ability in their studies. This discrepancy
may be attributed to the different durations of followup and the different baseline criteria of the enrolled
patients.
The Child, Clichy and New Clichy scores exhibited
significant validity and predictive ability in the current
study, which makes these scores useful for individual
decisions in day-to-day practice (their AUC exceeded
[6]
0.8). This result is consistent with Rautou et al .
The New Clichy score in our patients exhibited the
highest sensitivity (78%) and specificity (73.3%) at
a cut-off value of > 3.75 for the prediction of oneyear survival (AUC = 0.806), followed by the Clichy
score, the Child score, the Rotterdam score, and the
MELD score. In Chinese patients included in the study
[27]
of Zhang et al , New Clichy score exhibited the
highest specificity but lowest sensitivity (93.9% and
50%, respectively), and the Clichy score exhibited
the highest sensitivity but lowest specificity (87.5%
and 53.5%, respectively). These differences may be
attributed to the fact that BCS exhibits characteristics
that differ according to ethnic and geographical
[17]
[27]
considerations . In the study of Zhang et al , the
authors didn’t mention any cut-off value for their PIs.
However; through their ROC curve analysis, the New
Clichy score AUC was the largest (0.776), and its
Youden index was 0.44, indicating a high predictive
value.
Multivariate logistic regression analysis in the current
study revealed that the New Clichy PI (P = 0.030),
high serum total bilirubin (P = 0.047) and low serum
albumin levels (P < 0.001) were independent factors for
predicting mortality within one year. Therefore, these
factors were related to poor prognosis and outcome.
[28]
Pavri et al
performed a multivariate analysis and
demonstrated that increasing age, presence of cirr
hosis at diagnosis and chronic kidney disease were
significantly associated with poor prognosis, in contrast
to bilirubin or other markers of liver disease severity,
[29]
which were not related to prognosis. Fitsiori et al
found that the presence of ascites, elevated creatinine,
Child-Pugh score and MELD score were predictors of
prognosis. Different study designs, variable clinical
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presentations and laboratory parameters at diagnosis
may explain the variability in the identification of
prognostic factors for BCS.
The PIs, except the BCS-TIPS score, were developed
in the pre-TIPS era, and these factors remain useful
for the identification of patients with a poor prognosis
on anticoagulation and supportive care who should
be considered for TIPS. The introduction of TIPS
[10]
dramatically improved prognosis . The TIPS procedure
remains an extremely effective therapy for eligible
[30]
BCS patients with good survival rate . The one-year
survival rate post-TIPS in the current study was 89.7%
and the BCS-TIPS score exhibited a good validity for
its prediction. This is comparable to the study of Qi
[31]
[21]
et al
and the meta-analysis of Zhang et al
which
revealed a one-year survival rate of 83.8% and 87.3%,
respectively.
The one-year shunt patency rate following TIPS
was 80.2% in the current study. The patency rate was
not related to any of the studied factors (demographic,
clinico-laboratory, etiologic or PIs).
In conclusion, the New Clichy score could indepen
dently predict one-year survival in Egyptian BCS
patients at a cut-off value of 3.75. None of the PIs
exhibited significant validity for the prediction of oneyear shunt patency of the TIPS procedure. Because
BCS patients have different characteristics according
to ethnic and geographical distribution; all PIs could
be more or less good in stratifying patients in clinical
trials. However, further extended studies are needed
to clarify the possibility of using a single PI in the
management of an individual patient.
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Background

Budd-Chiari syndrome (BCS) is a rare potentially life-threatening hepatic
disorder caused by obstruction of hepatic venous outflow at any level from the
hepatic venules to the right atrium. Little is known about factors that may predict
the survival of BCS patients, and various trials were performed to determine
parameters that may predict prognosis in these patients.

Research frontiers

The authors analyzed the predictive ability of BCS prognostic indices (PIs) for
the overall one-year survival and transjugular intrahepatic portosystemic shunt
(TIPS) patency rate for 194 Egyptian patients. Calculation of the available
PIs was performed which included Child-Pugh and model for end-stage liver
disease scores, BCS specific PIs (Clichy, New Clichy and Rotterdam) for all
patients, and BCS-TIPS prognostic index only for patients who underwent TIPS.
They found that the New Clichy score could independently predict one-year
survival in Egyptian BCS patients. The one-year shunt patency rate in TIPS
was 80.2%, and none of the PIs exhibited significant validity for its prediction.

Innovations and breakthroughs

This is the largest Egyptian study that addresses the predictive ability of BCS
PIs for one-year overall survival and TIPS patency rate.
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Applications

This study may represent a future strategy for the use of the New Clichy score
for predicting the one-year survival and making individual decisions in BCS.

10

Terminology

11

New Clichy score = 0.95 × ascites score + 0.35 × Pugh score + 0.047 × age +
0.0045 × serum creatinine + (2.2 × form Ⅲ) - 2.6, where ascites was scored
as being absent, controlled with sodium restriction or diuretics or resistant to
medical treatment (as scores 1, 2 or 3, respectively), and clinic-pathological
form Ⅲ (acute on top of chronic) was defined by the presence of at least one
acute and one chronic feature and was coded as 1 for patients with form Ⅲ and
0 for the other patients.

12
13
14

Peer-review

15

This paper retrospectively evaluates whether various PIs are related to the one
year survival of Egyptian patients with BCS in a single centre. The findings will
be useful to clinicians treating these patients in Egypt.
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Abstract
AIM
To identify the predictors of vitamin D deficiency in
patients with and without inflammatory bowel disease
(IBD).

Institutional review board statement: This study was reviewed
and approved by the Institutional Review Board of University of
Mississippi Medical Center.

METHODS
Patients with ulcerative colitis (UC) or Crohn’s disease
(CD) related diagnostic codes who received medical
care at University of Mississippi Medical Center
between July 2012 and 2015 were identified. After
thorough chart review, we identified patients with
biopsy proven IBD who had also been tested for
serum 25-hydroxyvitamin D [25(OH)D] concentration.
We compared these patients to a previously studied
cohort of healthy controls who also had vitamin D
concentration checked. Logistic regression analysis
was performed to determine the association between
vitamin d deficiency and UC, CD, race, age, gender and
body mass index (BMI).

Informed consent statement: Informed consent was not obtained
for this retrospective chart review.
Conflict-of-interest statement: None of the authors have any
disclosures relevant to this article
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licenses/by-nc/4.0/

RESULTS
We identified 237 patients with confirmed IBD. Of
these, only 211 had a serum 25(OH)D concentrations
available in the medical record. The group of healthy
controls consisted of 98 individuals with available
serum 25(OH)D concentration. 43% of IBD patients
were African American (AA). Patients with CD were
more likely to have vitamin D concentration checked.
Bivariate analysis showed that AA (51% vs 21%, P
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2

[6]

= 0.00001), subjects with BMI > 30 kg/m (39% vs
23% P = 0.01) and CD (40% vs 26%, P = 0.04) were
more likely to be vitamin D deficient than vitamin D
sufficient. Those with Age > 65 were more likely to be
vitamin D sufficient (46% vs 15%, P = 0.04). Multiple
2
regression showed that only BMI > 30 kg/m and AA
race are associated with vitamin D deficiency.

IBD patients to a higher disease activity , suboptimal
[12]
response to treatment , and higher incidence of
[13]
surgery and hospitalization . On the other hand,
[14]
as pointed out by Tajika et al , IBD patients may
be at an increased risk for low serum 25(OH)D con
centrations due to one or more of the following: Faulty
conversion of vitamin D to active metabolic forms;
failure to conserve an adequate functional pool of
vitamin D; Insufficient dietary intake and inadequate
[15,16]
sun exposure
; malabsorption of dietary and biliary
[17,18]
vitamin D and its metabolites
; and loss of proteinbound 25hydroxy vitamin D due to a protein losing
[19]
enteropathy .
Studies aimed at delineating this complex re
lationship are confounded by factors such as age,
[20-25]
BMI, and race leading to inconsistent conclusions
.
Furthermore, African Americans (AA) are understudied
in most of the IBD literature, and data representing this
[26]
population is scarce . According to the 2011 United
[27]
States Census Bureau, 40% of Mississippians are AA
thereby presenting a unique opportunity to study this
population.
We aim to determine the vitamin D status in an
understudied cohort consisting of IBD and non-IBD
patients and Investigate the association between
serum 25(OH)D concentrations and IBD diagnosis (UC
and CD). In addition, this study aimed to investigate
risk factors for vitamin D deficiency namely race,
gender, age, and BMI; as well as to compare vitamin D
status with that of healthy controls.

CONCLUSION
2
BMI > 30 kg/m and AA race are predictive of vitamin
D deficiency. Gender, age and diagnosis of IBD are not
predictive of vitamin D deficiency.
Key words: Vitamin D deficiency; Inflammatory bowel
disease; Body mass index; Ulcerative colitis; Crohn’s
disease; African American
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The studies evaluating the relationship
between vitamin D deficiency and inflammatory bowel
disease (IBD) have shown heterogeneity perhaps due
to multiple overlapping risk factors that need to be
accounted for. We performed a retrospective study
to identify the risk factors for vitamin D deficiency
in a population with a large African American (AA)
component. Using logistic regression analysis we
studied the effect of diagnosis, race, age, gender
and body mass index (BMI) on prevalence of vitamin
D deficiency. In subjects with and without IBD, BMI
2
> 30 kg/m and AA race are predictive of vitamin D
deficiency. Gender, age and diagnosis of IBD were not
predictive of vitamin D deficiency in our population.

MATERIALS AND METHODS
This retrospective study was conducted at University of
Mississippi Medical Center (UMMC), which is a tertiary
care center and the only academic medical institution
in the state of Mississippi. Over half a million patient
encounters are reported every year. While UMMC
caters to both high and low acuity patients, being a
referral center more patients tend to be sicker. There
are no reports for who sees most of the IBD patients
in the state but we see over 500 patients annually. We
get patients through word of mouth and community
referrals. Less than 15% of the patients are uninsured
and the majority has either public or private insurance.
All patient visits are in the main campus in Jackson.
Patients were identified using various diagnosis codes
for UC, CD and IBD. Electronic medical records for all
patients with IBD associated diagnostic codes seen
between July 2012 and July 2015 were reviewed.
Demographic, biometric, and clinical information
was collected through review of electronic medical
records. A standard document was used to collect the
information however a pilot study was not conducted.
Diagnosis of IBD was based on endoscopic, clinical
and histologic data. IBD Patients with available plasma
25(OH)D concentration were included in this study.
We excluded patients with history of malignancy. The
control group consisted of patients without IBD or any

Pallav K, Riche D, May WL, Sanchez P, Gupta NK. Predictors
of vitamin D deficiency in inflammatory bowel disease and
health: A Mississippi perspective. World J Gastroenterol 2017;
23(4): 638-645 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i4/638.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.638

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic idiopathic conditions of the gastrointestinal
tract that manifest as inflammation with distinct, yet
[1]
often overlapping clinical features . The Etiology of
IBD is thought to reflect innate and adaptive immunemediated responses to luminal bacterial antigens
leading to enhanced intestinal permeability and
[1-3]
dysregulated intestinal immunity . There has been
an increasing interest in the regulatory effects of
vitamin D on the immune system in IBD and colorectal
[4,5]
cancer
. Numerous studies have demonstrated
a link between low serum 25-hydroxyvitamin D
[6-10]
[25(OH)D] concentrations and IBD in both CD
and
[10,11]
UC patients
. Vitamin D deficiency may predispose
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Table 1 Comparison between inflammatory bowel disease pati
ents with and without available vitamin D concentration n (%)
IBD patients
without available
vitamin D
concentration
(n = 26)
CD
Age (yr), median (IQR)
Female
AA
BMI (kg/m2), median
(IQR)
Patients on vitamin D
supplementation

Table 3 Distribution of vitamin D concentration across various
diagnosis, demographics (age, race, gender) and body mass index
(modifiable risk factor) n (%)

IBD patients with P value
available vitamin
D concentration
(n = 211)

10 (38.5)
32 (26)
12 (46.2)
11 (42.3)
25.6 (9.9)

129 (61.1)
41 (25)
125 (59.2)
91 (43.1)
29.3 (7.5)

0.034
0.030
0.213
0.391
0.179

2 (8.33)

36 (17.06)

0.271

Total
Diagnosis
Controls
CD
UC
Age (yr)
< 35
35-49
50-64
> 65
Race
White
AA
Other
Gender
Female
Male
BMI (kg/m2)
< 25
25-30
> 30

CD: Crohn’s disease; AA: African American; BMI: Body mass index.

Table 2 Comparison between inflammatory bowel disease and
non- inflammatory bowel disease patients n (%)
Controls
(n = 98)

IBD patients
(n = 211)

Patients with vitamin D
56 (57.1)
deficiency
Age at vitamin D testing
60.5 (14.5)
(yr), median (IQR)
Female
86 (87.8)
AA
23 (23.9)
BMI (kg/m2), median
29.3 (7.5)
(IQR)
Patients receiving vitamin Not available
D supplementation

143 (61.6)

P value
0.0694

41 (25)

< 0.0001

125 (59.2)
91 (43.1)
27 (8.9)

< 0.0001
0.0009
0.0438

37 (17.5)

Not
Applicable

309

100
(32.4)

99
(32.0)

110
(35.6)

98 (31.7)
129 (41.7)
82 (26.5)

27.6%
40.3%
25.6%

29.6%
33.3%
32.9%

42.8%
26.4%
41.5%

0.0407

72 (23.3)
73 (23.6)
99 (32.0)
65 (21.0)

38.9%
34.2%
37.4%
15.4%

34.7%
28.8%
28.3%
38.5%

26.4%
37.0%
34.3%
46.2%

0.0415

189 (61.2)
114 (36.9)
6 (1.9)

21.7%
50.9%
16.7%

34.4%
28.1%
33.3%

43.9%
21.0%
50.0%

< 0.0001

211 (68.3)
98 (31.7)

33.7%
29.6%

32.2%
31.6%

34.1%
38.8%

0.6857

97 (31.4)
102 (33.0)
110 (35.6)

29.9%
27.5%
39.1%

25.8%
31.4%
38.2%

44.3%
41.2%
22.7%

0.0110

CD: Crohn’s disease; AA: African American; BMI: Body mass index; UC:
Ulcerative colitis.

Comparisons of the distributions for demographic
2
characteristics were made with Pearson’s χ statistic.
Higher than expected Pearson’s residual (i.e., |Z|>
2.0) was considered evidence of departure from
independence. We considered P < 0.05 evidence of
statistical significance.
Data were reported as frequencies and proportions
for the marginal distributions of the categorical
variables and proportions for the joint distributions of
the cross-classification tables. The institutional review
board at UMMC approved this study.

AA: African American; BMI: Body mass index.

active systemic disease that presented to UMMC and
had plasma 25(OH)D concentrations obtained during
routine follow up.

Vitamin D status assessment

All vitamin D concentrations were assessed using
The ARCHITECT 25-OH vitamin D assay (Abbott
diagnostics, Germany). There is no absolute consensus
on Vitamin D deficiency and sufficiency. Vitamin D was
operationalized into clinically meaningful categories
for analysis. Plasma 25(OH) D concentrations < 20
ng/mL (50 nmol/L) indicate vitamin D deficiency.
Plasma 25(OH) D concentrations between 21 and 29
ng/mL (52.5 and 72.5 nmol/L) represent vitamin D
insufficiency while concentrations > 30 ng/mL (75
[22,28,29]
nmol/L) represent vitamin D sufficiency
.

RESULTS
Two hundred and thirty seven IBD patients (139 CD,
98 UC) and 98 controls were identified. Amongst the
IBD patients, 211 had 25(OH)D concentration checked
on 257 occasions. Those with CD were more likely to
have a 25(OH)D concentration measured in our facility.
Also those tested for vitamin D concentration tended
to be slightly older. Otherwise there were no major
differences between IBD patients with and without
measured 25(OH)D concentration (Table 1).
Of 309 patients included in final analysis, 98
(31.7%) were controls, 129 (41.7%) were CD patients
and 82 (26.5%) were UC patients. Compared to IBD
patients, the controls had higher mean age and female
preponderance. IBD patients were more likely to be AA
and had lower mean body mass index (BMI) (Table 2).
Demographics of the study population as a whole

Statistical analysis

A biomedical statistician performed statistical analysis.
We used a generalized logistic regression model to
estimate odds ratio (OR). The generalized logistic
regression extends the traditional model and in this
instance, our outcome of interest was ordinal and has
three levels for vitamin D: Deficient, insufficient and
sufficient.
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(P < 0.0001). The proportion of AA with deficient
vitamin D was much higher than expected and
the proportion with sufficient vitamin D was much
lower than expected. Whites and others showed the
opposite trend with lower than expected proportions
with deficient vitamin D and higher than expected
proportions with sufficient vitamin D.
Gender was not significantly associated with
vitamin D sufficiency (P = 0.6).
BMI and vitamin D were significantly associated
2
(P = 0.0110). For BMI < 25 kg/m , the proportion of
sufficient vitamin D subjects was higher than expected.
2
Subjects with BMI > 30 kg/m had a higher proportion
with deficient vitamin D than expected and a lower
proportion with sufficient vitamin D than expected.
For all demographic variables, the insufficient group
did not appear to differ significantly from the marginal
of approximately one-third. The differences were in the
sufficient and deficient vitamin D concentrations for
diagnosis, Age, race and BMI.
Of the four factors that appeared to be associated
with plasma vitamin D concentrations, BMI is the only
modifiable risk factor. Therefore, we investigated the
potential for confounding factors for the relationship
of BMI with vitamin D by statistically testing the
associations between BMI and non-modifiable risk
factors: age, race and gender (Table 4).
BMI was associated with diagnosis (P = 0.0048),
age (P = 0.0055) and gender (P = 0.0017). BMI was
not significantly associated with race (Table 4).

Table 4 Associations of body mass index with diagnosis and
demographic variables
n (%)
Total
Diagnosis
Controls
CD
UC
Age (yr)
< 35
35-49
50-64
> 65
Race
White
AA
Other
Gender
Female
Male

BMI < 25 BMI 25-30 BMI > 30 P value
2
2
2
kg/m
kg/m
kg/m

309

97
(31.4)

102
(33.0)

110
(35.6)

98 (31.7)
129 (41.7)
82 (26.5)

20.4%
42.6%
26.8%

34.7%
29.5%
36.6%

44.9%
27.9%
36.6%

0.0048

72 (23.3)
73 (23.6)
99 (32.0)
65 (21.0)

52.8%
26.0%
23.2%
26.2%

29.2%
30.1%
37.4%
33.9%

18.1%
43.8%
39.4%
40.0%

0.0007

189 (61.2)
114 (36.9)
6 (1.9)

28.6%
36.0%
33.3%

36.5%
27.2%
33.3%

34.9%
36.8%
33.3%

0.5253

211 (68.3)
98 (31.7)

27.5%
39.8%

30.3%
38.8%

42.2%
21.4%

0.0017

CD: Crohn’s disease; AA: African American; BMI: Body mass index; UC:
Ulcerative colitis.

are shown in Table 3. Overall, there was a 2:1 femaleto-male ratio. 115(61.2%) of the subjects were White
(61.2%), 91 (39.6%) were AA and 5 (1.9%) were
of other races. BMI was categorized into normal,
overweight, and obese, with similar proportion of
individuals in each category.
Vitamin D as the outcome is also presented in Table
3 and divided into clinically meaningful categories. The
marginal distribution of vitamin D given in the first
row of Table 3 indicates that the sample is approxi
mately evenly distributed with about one-third in each
category.

Distribution of vitamin D across stratified levels of BMI
and diagnosis
2

BMI < 25 kg/m : Those < 35 years old are more
likely to have vitamin D deficiency. Curiously, the
50-64 year age group is less likely to exhibit vitamin
D deficiency compared to the other groups. The CD
patients are more likely to have deficient vitamin D
than the other groups. There is a significant association
between diagnosis and vitamin D only in the BMI < 25
2
kg/m group (P = 0.0026) (Table 5).

Bivariate analysis

Table 3 gives the results of a chi-square contingency
table analysis to determine the association of vitamin
D with each of the demographic variables.
Disease status (CD vs UC vs Control) and plasma
vitamin D concentrations were significantly associated
(P = 0.04). The proportion of controls with sufficient
vitamin D was higher as compared to the other two
groups. For the CD group, there were many more
with deficient vitamin D than expected and fewer with
sufficient vitamin D than expected.
Age and vitamin D were significantly associated
(P = 0.0256). The Pearson’s residuals indicated that
the youngest age group (less than 35), had a higher
proportion with deficient vitamin D than expected
and a lower proportion of sufficient vitamin D than
expected. The opposite was true for the age greater
than 65 group where the proportion of those with
deficient vitamin D was lower than expected, while
the proportion in the sufficient group was higher than
expected.
Race and vitamin D were significantly associated
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2

BMI 25-30 kg/m : No association was found in the
2
BMI 25-30 kg/m group (P = 0.389) (Table 5).
2

2

BMI > 30 kg/m : The BMI >30 kg/m group is
the most homogeneous, and there is no statistical
evidence of an association (P = 0.88).
2
That is, the BMI > 30 kg/m group is more likely to
be vitamin D deficient, but there is no further evidence
of a relationship between diagnosis and vitamin D once
2
BMI > 30 kg/m is considered. On the other hand, the
2
BMI < 25 kg/m group is more likely to have sufficient
vitamin D, but the presence of CD may alter the effect
on vitamin D. We find this group stands out as being
vitamin D deficient compared to the others (Table 5).

Seasonal variation in vitamin D concentrations

We compared mean vitamin D concentrations in
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the final model, only.
Although there was no significant effect for
diagnosis at the P < 0.05 level, we did find a global
difference (P = 0.085) and retained it in the model.
Using a simple confidence interval for the odds ratio,
the odds of deficiency compared to sufficiency are
higher for the CD group compared to controls [odds
ratio (OR) = 2.22; 95%CI: 1.07-4.63]. There was
also a similar result for insufficiency compared to
sufficiency comparing CD to controls (OR = 2.16;
95%CI: 1.07-4.63).
Race was a significant predictor of vitamin D
concentrations based on the global test (P < 0.0001).
Whites are about one-fourth less likely than AA to
exhibit deficiency compared to sufficiency (OR = 0.23;
95%CI: 0.12-0.43). No other results are significant
and the sample size is very small for the “Other”
group, leading to loss of power.
Finally, BMI was a significant predictor of vitamin D
concentrations based on a significant global test (P =
0.003). Using the normal weight group as a reference
2
(i.e., 25-30 kg/m ), we estimated odds ratios for
underweight and overweight. Although there were
no significant effects for underweight, there was a
2
significant effect for the overweight (BMI > 30 kg/m )
group. The overweight group is much more likely to
develop vitamin D deficiency (OR = 2.61; 95%CI
1.26-5.42), as well as insufficiency compared to
sufficiency (OR = 2.27; 95%CI: 1.07-4.63).

Table 5 Distribution of vitamin D concentration across stratified
levels of body mass index and diagnosis
n (%)
BMI < 25 (kg/m2)
Total
97
Diagnosis
Controls
20 (20.6)
CD
55 (56.7)
UC
22 (22.7)
BMI = 25-30 (kg/m2)
Total
102
Diagnosis
Controls
34 (33.3)
CD
38 (37.3)
UC
30 (29.4)
BMI > 30 (kg/m2)
Total
110
Diagnosis
Controls
CD
UC

44 (40.0)
36 (32.7)
30 (27.3)

Vitamin D Vitamin D Vitamin D P value
deficient insufficient sufficient
29
(29.9)

25
(25.8)

43
(44.3)

15.0%
43.6%
9.1%

15.0%
27.3%
31.8%

70.0%
29.1%
59.1%

28
(27.5)

32
(31.4)

42
(41.2)

26.5%
34.2%
20.0%

26.5%
36.8%
30.0%

47.1%
29.0%
50.0%

43
(39.1)

42
(38.2)

25
(22.7)

34.1%
41.7%
43.3%

38.6%
38.9%
36.7%

27.3%
19.4%
20.0%

0.0026

0.3894

0.8823

CD: Crohn’s disease; AA: African American; BMI: Body mass index; UC:
Ulcerative colitis.

traditional summer vs winter months and while
the summertime vitamin D concentrations were
marginally higher (26.9 vs 23.1, P = 0.064), this
is not statistically significant. Admittedly, it was
close enough to consider adding into the regression
analysis, however this p-value is only using a partial
dataset (based on seasonal analysis many patients are
excluded) - therefore not included into the regression
analysis.

DISCUSSION
Ergocalciferol (vitamin D2), the predominant circulating
[30]
and storage form of vitamin D
and cholecalciferol
(vitamin D3) are obtained from diet or supplementation.
Vitamin D3 is also formed in the skin via ultraviolet
[31]
B (UVB) light exposure . There are accumulating
epidemiological, clinical, and basic data that support an
[20]
immune-modulatory role for vitamin D in IBD . On
the other hand, IBD patients may be at a higher risk for
vitamin D deficiency, thereby making this relationship a
bidirectional one.
Bivariate analysis identified the following risk
factors for vitamin D deficiency: (1) CD; (2) BMI
2
> 30 kg/m ; (3) Age < 35 years; and (4) AA race.
However, regression analysis showed that only AA
2
race and BMI > 30 kg/m were significantly associated
with vitamin D deficiency. While CD and vitamin D
deficiency showed correlation, the relationship was
not statistically significant likely due to insufficient
numbers (P = 0.085). Similar findings have also been
[15,32]
reported previously
.
The prevalence of Obesity is increasing in the
United States. According to the most recent obesity
prevalence survey conducted by the Centers for
Disease Control, greater than 35.1% United States
adults and 35.5% of adults in Mississippi fall in the
2
[33]
BMI > 35 kg/m category . This is a potentially

Regression model

We also investigated a cumulative logistic regression
model that included age and race as covariates and the
nine BMI categories. We did not include gender since
it was not significantly associated with outcome or
predictor. The model found race remained significant (P
< 0.0001), age was borderline significant (P = 0.0715),
and there were significant differences between the
nine BMI groups. To adjust for the multiple testing,
we considered the proportions different only if P <
0.002, a conservative Bonferroni approach. Differences
identified were the same as the stratified analysis in
Table 6.

Reduced model

We performed a manual backward elimination
procedure to reduce the model. For the procedure, we
retained variables with P < 0.10. The reduced model
includes race, BMI and diagnosis only. Table 6 gives
the results of the analyses, both full and reduced
model for comparison. The results are similar for both
models; therefore, we interpret the odds ratios from

WJG|www.wjgnet.com

642

January 28, 2017|Volume 23|Issue 4|

Pallav K et al . Predictors of vitamin D deficiency
Table 6 Results of multivariate modelling with age, race, gender, body mass index and diagnosis as predictors of deficient,
insufficient and sufficient vitamin D
Full model
OR

Diagnosis
Controls
CD

P value (full)

Reduced model
OR

Global
OR

P value
(reduced)

(95%CI),

(95%CI),

(95%CI),

(95%CI),

deficient vs
sufficient

insufficient vs
sufficient

deficient vs
sufficient

insufficient vs
sufficient

Ref.
1.71
(0.74, 3.94)
0.73
(0.30, 1.76)

Ref.
2.11
(0.95, 4.69)
1.13
(0.50, 2.53)

Ref.
2.22
(1.07, 4.63)
0.92
(0.42, 2.02)

Ref.
2.16
(1.07, 4.36)
1.2
(0.59, 2.48)

Ref.
0.9
(0.46, 1.79)

Ref.
0.95
(0.50, 1.81)

3.62
(1.18, 11.12)
1.9
(0.68, 5.30)
2.61
(1.04, 6.58)
Ref.

1.47
(0.56, 3.83)
0.68
(0.28, 1.63)
0.86
(0.40, 1.86)
Ref.

Ref.
0.251
(0.13, 0.48)
0.3
(0.03, 3.38)

Ref.
0.67
(0.34, 1.29)
0.68
(0.09, 4.89)

0.68
(0.32, 1.43)
Ref.
2.711
(1.28, 5.73)

0.57
(0.28, 1.17)
Ref.
2.361
(1.17, 4.75)

0.1482

UC
Gender
Female
Male

0.0852

0.9584

Age (yr)
< 35

0.1578

35-49
50-64
> 65
Race
AA
White
Other
BMI (kg/m2)
< 25
25-30
> 30

Global
OR

0.00061

0.00171

< 0.00011
Ref.
0.231
(0.12, 0.43)
0.18
(0.02, 1.95)

Ref.
0.64
(0.33, 1.22)
0.57
(0.08, 3.96)

0.71
(0.34, 1.48)
Ref.
2.611
(1.26, 5.42)

0.63
(0.31, 1.26)
Ref.
2.271
(1.14, 4.52)

0.00301

1

Statistically significant. CD: Crohn’s disease; AA: African American; BMI: Body mass index; UC: Ulcerative colitis.

modifiable risk factor and may affect disease severity
[34]
in IBD patients due to a pro-inflammatory effect
and through sequestration and/or volumetric
[32,35]
dilution of vitamin D by adipose tissue
. Recently,
[25]
Vimaleswaran et al
performed a bidirectional
mendelian randomization analysis providing evidence
for the role of obesity as a causal risk factor for the
development of vitamin D deficiency.
Melanin in skin absorbs UVB light slowing the
[36]
absorption and conversion of vitamin D3 . Therefore,
African Americans are considered to be at increased
[37]
risk for Vitamin D deficiency . If vitamin D deficiency
is a cause of IBD, then it could be theorized that
African Americans would be at enhanced risk for IBD
as well. Traditionally, African American risk for IBD is
considered to be lower, not higher. This may in part be
[26]
reflective of under-diagnosis within this population .
We found that race was a significant predictor of
vitamin D concentrations based on the global test (P
< 0.0001) with African American patients having a
higher proportion of deficiency, while Whites and other
races were four times less likely to have vitamin D
deficiency.
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Traditionally increasing age has been linked to
vitamin D deficiency. This is related to multiple factors
[23]
including: decreased metabolic activity of aging skin ,
reduced muscle mass that normally serves as a
[30]
reservoir of vitamin D
and decreased sun exposure
[21]
associated with residing in assisted living facilities .
Contrary to traditional belief, our initial analysis
suggested that older age is protective against vitamin
D deficiency (P = 0.0256). Future prospective studies
are needed to help delineate the role of dietary,
environmental and socio-economic factors that con
tribute to these findings.
While we feel that our study is well conducted
and methodologically sound, we do recognize
certain limitations. Our study is retrospective and
data regarding all factors that affect vitamin D
concentrations including: detailed dietary records,
unreported supplement use, and cumulative sun
exposure were not available for analysis. In many
patients we struggled to find exact dates of symptom
onset, history regarding smoking and alcohol use,
objective assessment of symptoms including mayo
clinical score or CDAI. Based on these issues we did
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IBD should take into account the effects of race and BMI.

not collect data regarding disease severity/need for
surgery/complications/exact medication use etc. We do
believe that the lack of this data does not undermine
the validity of the presented data. This study includes
patients from a single center and results may not
be applicable to a different geographic area. Some
of our findings may have achieved significance if we
had studied a larger number of individuals. Despite
these limitations, we are confident that this analysis
accurately assesses the characteristics of vitamin D
deficiency in a previously understudied population.
In summary, we hereby present data from a
unique population in which disease state and diagnosis
is significantly affected by dietary and socioeconomic
2
status. Specifically, we show that BMI > 30 kg/m and
AA race are associated with vitamin D deficiency in IBD
and non-IBD patients. Future studies aimed at better
understanding these differences may lead to improved
disease outcomes.

Terminology

IBD or inflammatory bowel disease is a group of conditions of the small
and large bowel characterized by chronic inflammation and a remitting and
relapsing course. Crohn’s disease and ulcerative colitis are the two main forms
of inflammatory bowel disease. While the mechanism of tissue destruction is
autoimmune the exact etiology of these conditions is unknown. Over the past
decade significant research has lead to better understanding and treatment
options for these conditions however these treatments are associated with
significant adverse events with average efficacy. The role of preventable risk
factors such as vitamin D deficiency and obesity is currently under investigation.

Peer-review

This is a well-written paper addressing the relevant scientific question;
predictors of vitamin D deficiency in especially African American IBD patients.
BMI > 30 and race and not diagnosis are found as predictors for vitamin D
insufficiency, which is interesting and relevant to clinic practise.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the University of Alberta Human
Research Ethics Board.

AIM
To determine the sensitivity of macroscopic appearance
for predicting histological diagnosis at sites other than
duodenum in pediatric celiac disease (CD).

Informed consent statement: Informed consent for
participation in the retrospective study was not required as
the analysis used anonymized data obtained after the pediatric
patients’ legal guardians had agreed to treatment by written
consent.

METHODS
Endoscopic and histologic findings in pediatric patients
undergoing upper endoscopy for first-time diagnosis of
CD at Stollery Children’s Hospital from 2010-2012 were
retrospectively reviewed.

Conflict-of-interest statement: The authors have no conflicts
of interest to disclose.

RESULTS
Clinical charts from 140 patients were reviewed.
Esophageal and gastric biopsies were taken in 54.3%
and 77.9% of patients, respectively. Endoscopic
appearance was normal in the esophagus and stomach
in 75% and 86.2%. Endoscopic esophageal diagnoses
were eosinophilic esophagitis (EE) (11.8%), esophagitis
(7.9%), glycogenic acanthosis (1.3%) and non-specific
abnormalities (3.9%). Endoscopic gastric diagnoses
were gastritis (8.3%), pancreatic rest (0.9%), and nonspecific abnormalities (4.6%). Histology was normal
in 76.3% of esophageal and 87.2% of gastric speci

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/
Manuscript source: Unsolicited manuscript

WJG|www.wjgnet.com

646

January 28, 2017|Volume 23|Issue 4|

Boschee ED et al . Predicting esophageal and gastric histology in pediatric CD
minimum of six duodenal biopsies; a minimum of four
biopsies from the distal duodenum and one or two
[4]
biopsies from the duodenal bulb are recommended .
Current guidelines for endoscopic and histologic
diagnostic practices for CD focus on duodenal biopsies;
there is no consensus over a standard approach to
the upper endoscopy as a whole. Therefore, in the
absence of specific guidelines practice is likely to vary
regarding additional biopsies taken during endoscopy,
which may be taken routinely from sites other than
the duodenum even in the face of normal microscopic
findings. Additional biopsies have the potential to add
considerable additional cost for the pathological assessment of this common duodenal disorder. Furthermore,
accumulating evidence suggests that a biopsy-avoiding
approach may be accurate in select pediatric patients
[5-10]
with CD
. This approach has not been endorsed for
North America, in part given concerns over the poten[11]
tial for missing alternate tissue diagnoses . Increasing
demands and resource allocation pressure on existing
endoscopy resources in Canada may mean that such
an approach, if proven low risk, could be considered.
However, there is a paucity of studies investigating the
frequency of endoscopic and histological abnormalities
in intestinal sites apart from the duodenum in pediatric
patients with CD and the utility of endoscopic diagnosis
in predicting tissue histology in the stomach and
esophagus in CD has yet to be studied.
We therefore aimed to study the sensitivity of normal esophageal and gastric macroscopic appearance
in predicting normal tissue histology at these sites in
pediatric patients with CD. Our secondary goal was to
report the prevalence of coexistent esophageal and
gastric diagnoses in pediatric CD. We hypothesized
that normal endoscopic appearance is highly predictive
of normal histology in the esophagus and stomach
in pediatric patients with CD, thereby obviating the
need to routinely biopsy these areas in the absence
of gross macroscopic abnormalities. Additionally, we
hypothesized that few pediatric patients with CD would
have coexistent gastrointestinal diagnoses of clinical
significance, suggesting that few alternate diagnoses
would be missed by a biopsy avoiding approach in
intestinal sites other than the duodenum.

mens. Abnormal esophageal histology was EE (10.5%),
esophagitis (10.5%), glycogenic acanthosis (1.3%) and
non-specific (1.3%). Gastritis was reported in 12.8%
of specimens. Sensitivity and specificity of normal
endoscopy for predicting normal esophageal histology
was 86.2% and 61.1%, and for normal gastric histology
was 87.4% and 21.4%.
CONCLUSION
In the absence of macroscopic abnormalities, routine
esophageal and gastric biopsy during endoscopy for
pediatric CD does not identify major pathologies. These
findings have cost and time saving implications for
clinical practice.
Key words: endoscopy; histology; esophagus; gastric
biopsy; Celiac disease
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We performed a retrospective chart review
of esophageal and gastric endoscopic and histologic
findings in pediatric patients diagnosed with celiac
disease (CD). Our findings suggest that, in the absence
of macroscopic abnormalities, routine esophageal and
gastric biopsy during upper endoscopy for pediatric CD
does not identify major pathologies. The implication
of limiting biopsies to the duodenum and duodenal
bulb may be both cost and time-saving. Overall, the
results of this study may have the ability to promote
standardization and optimal resource allocation for
routine diagnostic practices for pediatric CD.
Boschee Ed, Yap JYK, Turner Jm. Prediction of esophageal
and gastric histology by macroscopic diagnosis during upper
endoscopy in pediatric celiac disease. World J Gastroenterol
2017; 23(4): 646-652 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i4/646.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.646

INTRODUCTION
Celiac disease (CD) is an autoimmune glutendependent enteropathy characterized by small
intestinal inflammation and villous atrophy in genetically
[1]
susceptible individuals . Intestinal inflammation and
activation of the immune system leads to production
of autoantibodies such as anti-tissue transglutaminase
(aTTG) and endomysial antibodies (EMA), which are
now widely used as a key component of screening and
[2]
diagnosis . The preferred diagnostic approach in North
America involves both serology and confirmatory upper
endoscopy with small bowel biopsy. While the diagnosis
of CD has increased dramatically in recent decades,
with an estimated prevalence in North America of 1%,
[1,3]
CD is still felt to be significantly underdiagnosed .
Accurate diagnosis of celiac disease requires a
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MATERIALS AND METHODS
The research study was approved by the University
of Alberta Human Research Ethics Board. A single
researcher (Boschee ED) performed chart review and
data collection. Patients were identified retrospectively
from the Stollery Children’s Hospital Celiac Disease
Clinic database, 2010-2012, and included following
review of patient clinic charts. Criteria for inclusion
were: age between 0 and 18 years at the time of
biopsy; completion of an assessment by a pediatric
gastroenterologist at the Stollery Children’s Hospital
following referral to consider a diagnosis of celiac disease; completion of first-time diagnostic upper endos-
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Table 1 Characteristics of pediatric celiac disease patients
reviewed for study inclusion at the time of upper endoscopy
and biopsy (n = 140) n (%)

Table 2 Macroscopic and histologic findings in the esophagus
of pediatric patients undergoing upper endoscopy for
investigation of celiac disease n (%)

Result
Demographics
Female gender
Age at biopsy (yr) (mean ± SD)
Weight at biopsy (kg) (mean ± SD)
Height at biopsy (cm) (mean ± SD)
Presenting symptoms
Abdominal pain
Constipation
Bloating
Fatigue
Irritability
Poor weight gain
Diarrhea
Vomiting
Asymptomatic
Serology
aTTG (n = 137) (mean ± SD)
IgA (n = 75) (mean ± SD)

86/140 (61.4)
9.1 ± 4.3
34.7 ± 18.9
134.4 ± 25.1
87/140 (62.1)
41/140 (29.3)
40/140 (28.6)
37/140 (26.4)
36/140 (25.7)
35/140 (25.0)
33/140 (23.6)
13/140 (9.3)
14/140 (10.0)

Endoscopic

Histologic

Normal
Eosinophilic esophagitis
Reflux esophagitis
Glycogenic acanthosis
Non-specific abnormalities

57/76 (75.0)
9/76 (11.8)
6/76 (7.9)
1/76 (1.3)
3/76 (3.9)

58/76 (76.3)
8/76 (10.5)
8/76 (10.5)
1/76 (1.3)
1/76 (1.3)

(Table 1). The most frequent presenting symptoms
were abdominal pain, constipation, bloating, fatigue,
and irritability; 10% of patients were asymptomatic
(Table 1). The mean aTTG prior to biopsy was 393.9
with a range of 0.9 to 3550 (Table 1). In this population, esophageal biopsies were taken in 54.3% of
patients (n = 76), and gastric biopsies were taken in
77.9% (n = 109). Of the patients with esophageal
or gastric biopsies, five pediatric gastroenterologists
performed upper endoscopy (gastroenterologist #1
- 40 patients, #2 - 33 patients, #3 - 19 patients, #4
- 13 patients, #5 - 9 patients) and three pathologists interpreted the specimens (pathologist #1 - 70
patients, #2 - 43 patients, #3 - 1 patient).
A normal macroscopic appearing esophagus was
reported in 75.0% (57/76) of patients (Table 2). All
these 57 patients with normal macroscopic esophageal
appearance had normal histology, except for two with
eosinophilic esophagitis and five with reflux esophagitis. Macroscopic abnormalities visible at upper endoscopy included: eosinophilic esophagitis (9/76, 11.8%),
reflux esophagitis (6/76, 7.9%), glycogenic acanthosis
(1/76, 1.3%) and non-specific abnormalities (3/76,
3.9%) (Figure 1). These non-specific macroscopic
abnormalities were nodularity and a prominent gastroesophageal Z-line. Endoscopic signs of eosinophilic
esophagitis included exudates, trachealization and linear furrowing. Macroscopic signs of reflux esophagitis
were erythema and friability, erosions and ulceration.
Esophageal biopsies revealed normal histology in
76.3% (58/76) of patients. Histologic esophageal
abnormalities reported included: eosinophilic esophagitis (8/76, 10.5%), reflux esophagitis (8/76, 10.5%),
glycogenic acanthosis (1/76, 1.3%) and non-specific
abnormalities (1/76, 1.3%). The latter was increased
eosinophils at the gastro-esophageal junction.
In the stomach, 86.2% (94/109) of patients had
a normal macroscopic appearance (Table 3), while
macroscopic abnormalities included gastritis (9/109,
8.3%), pancreatic rest (1/109, 0.9%) and non-specific
abnormalities (5/109, 4.6%) (Figure 2). Endoscopic
signs of gastritis described included edema, hyperemia
and erosions. The non-specific gastric abnormalities
reported were non-specific erythema, edema and
hyperemia. Biopsies of the stomach were normal in
87.2% (95/109) of patients. Gastritis was found in
12.8% (14/109) of gastric specimens, with only one
child having proven H. pylori infection. Only 11/94

393.9 ± 634.1 (0.9-3550)
1.3 ± 0.7 (0.1-3.1)

aTTG: anti-tissue transglutaminase; IgA: Immunoglobulin A.

copy and duodenal biopsy; and subsequent proven
histological diagnosis of CD. All patients diagnosed with
CD had duodenal histological classification of Marsh
[12]
grade 2 or 3, as per current NASPGHAN guidelines .
Patients following a gluten free diet at the time of
endoscopy and biopsy were excluded, as were those
with a prior diagnosis of CD or with non-confirmatory
histology (Marsh grade 0 or 1).
Patient demographic information collected included
age at the time of biopsy, as well as gender, growth
parameters and presenting symptoms (if any). When
available, serological test results including serum
aTTG, IgA and EMA prior to endoscopy and biopsy
were recorded. Endoscopy and histology reports were
reviewed for the reported endoscopic and histologic
diagnoses in the esophagus and stomach.
The statistical analyses of this study were per
formed by biostatisticians, Dr. Maryna Yaskina and
Sung Hyun Kang, of the Women and Children’s Health
Research Institute. Statistical analyses were performed using SPSS 23 and R version 3.2.3 software.
Continuous variables were expressed as means, and
statistical significance was defined by alpha less than
0.05. Sensitivity, specificity, positive and negative
predictive values, and positive and negative likelihood
ratios were calculated using a 2 × 2 table in the standard manner. Agreement between macroscopic and
histologic diagnoses at each tissue site was measured
using the Cohen’s kappa coefficient, a measure of
agreement for categorical variables.

RESULTS
One-hundred forty patients were identified and
reviewed for possible inclusion in the study; 61.4%
were female and mean age at biopsy was 9.1 years
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Macroscopic

Histologic
1.3%

1.3%

1.3%

3.9%
10.5%

7.9%

10.5%

11.8%

Normal
Eosinophilic esophagitis
Reflux esophagitis
Glycogenic acanthosis
Non-specific

Normal
Eosinophilic esophagitis
Reflux esophagitis
Glycogenic acanthosis
Non-specific

75.0%

76.3%

Figure 1 Macroscopic and histologic findings in the esophagus of pediatric patients undergoing upper endoscopy for investigation of celiac disease.
Macroscopic
0.9%

Histologic

4.6%
12.8%

8.3%

Normal
Gastritis
Pancreatic rest
Non-specific

86.2%

Normal
Gastritis

87.2%

Figure 2 Macroscopic and histologic findings in the stomach of pediatric patients undergoing upper endoscopy for investigation of celiac disease.

logic diagnosis. Esophagitis was found histologically
in 6 of these patients, 1 of which was associated with
macroscopic changes. Gastritis was found histologically
in 8 patients with abdominal pain, 1 of which was
associated with macroscopic abnormalities. Sixteen of
the patients with abdominal pain had a normal appearing esophagus and stomach by endoscopy and had no
biopsy taken from either site due to gastroenterologist
practice. The other gastrointestinal presenting symptoms relevant to the esophagus and stomach reported
in the study population were bloating and vomiting. Of
the 40 patients who reported bloating, 82.5% received
a normal macroscopic diagnosis in the esophagus
and stomach; 71.9% of this group who had biopsies
taken from at least one of these sites (n = 32) also
had normal histologic results. In the 13 patients with
vomiting, 61.5% had normal esophageal and gastric
macroscopic diagnoses and 63.6% of the 11 patients
who had biopsies taken also had normal histology.
The sensitivity of normal macroscopic appearance
for predicting normal esophageal histology was 86.2%
(97.5%CI: 74.6%-93.9%). The sensitivity of normal
macroscopic appearance for predicting normal gastric

Table 3 Macroscopic and histologic findings in the stomach
of pediatric patients undergoing upper endoscopy for
investigation of celiac disease n (%)
Diagnosis
Normal
Gastritis
Pancreatic rest
Non-specific abnormalities

Endoscopic

Histologic

94/109 (86.2)
9/109 (8.3)
1/109 (0.9)
5/109 (4.6)

95/109 (87.2)
14/109 (12.8)
-

patients with a normal endoscopic gastric appearance
had a histological diagnosis of gastritis. The patient
with H. pylori infection had a macroscopic diagnosis of
gastritis.
Of the 87 patients who reported abdominal pain
as a presenting symptom, 75.9% had normal macroscopic appearance of both the esophagus and stomach.
Seventy-two of these 87 patients had biopsies taken
from at least one of the esophagus or stomach, and
70.8% of these patients had normal histologic results.
Eosinophilic esophagitis was found in 4 patients reporting abdominal pain, by both macroscopic and histo-
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histology was 87.4% (97.5%CI: 79.0%-93.3%).
The positive predictive value of normal macroscopic
diagnosis for normal histology in the esophagus and
stomach were 87.7% and 88.3%, respectively. The
Cohen’s kappa coefficient representing agreement
between esophageal macroscopic and histologic diagnoses for all of the gastroenterologists as a group was
0.464 (95%CI: 0.233-0.695, p < 0.001), and in the
stomach was 0.085 (95%CI: -0.133-0.303, p = 0.372).

kappa coefficient of 0.45 for endoscopic and histologic
concordance in the esophagus, and 0.18 for gastric
concordance, recommending routine collection of
esophageal, gastric and duodenal specimens in their
[20]
broad, mostly non-celiac population . Significant
improvements in endoscopic imaging capabilities and
detail have been made over the past few decades,
and this remains the first pediatric study to specifically
investigate the ability of normal macroscopic findings
to predict normal esophageal and gastric histology in
patients with celiac disease.
While literature focused on coexistent gastrointestinal diagnoses at endoscopy in pediatric CD is
limited, the coexistent esophageal diagnoses found
in this study, specifically eosinophilic esophagitis and
gastritis, are similar to that which has been previously
[21]
described. Stewart et al
reported concomitant
eosinophilic esophagitis in 3/245 patients diagnosed
with CD, with a standardized incidence ratio of 48.4 in
their population. In a case series of 17 children with
eosinophilic esophagitis, 6/17 were also found to have
CD though three of these patients had subsequent
[22]
histologic remission on a gluten free diet . The
authors concluded that the eosinophilic infiltration in
these patients may have been directly related to the
[20]
CD itself . A large Italian study of 230 pediatric CD
patients found esophagitis in 12.6% of their study
population, which is a very similar prevalence to the
[23]
current study . Both chronic superficial and lymphocytic gastritis have been described in pediatric CD, and
it has been suggested that mucosal involvement in
[24]
[23]
CD is not limited to the duodenum . Oderda et al
reported chronic superficial gastritis in 40% of their
patients. Another recent group described gastritis in a
group of children with CD, finding chronic superficial
gastritis in 21% of patients, lymphocytic gastritis in
7%, interstitial gastritis in 0.5% and H. pylori-related
[24]
gastritis in 2.7% . In this study, lymphocytic gastritis
was seen predominantly in the children with the most
advanced CD on duodenal biopsy (Marsh grade 3C)
and seemed to correlate with longer exposure to
[24]
gluten . The authors concluded that “gastric intraepithelial lymphocytosis may represent a concurrent
manifestation of CD rather than a separate entity in
[24]
the pediatric population ”. Chronic superficial gastritis
was more prevalent in children with gastrointestinal
symptoms as opposed to an atypical presentation of
CD and showed improvement with gluten free diet; it
was theorized to be due to CD-related delayed gastric
[24]
emptying . Interestingly, only 20.8% of the children
with chronic superficial gastritis had macroscopic
[24]
abnormalities .
Regardless, in this study we found few additional
diagnoses that would alter clinical management and
were not identified macroscopically. Two patients with
histologic eosinophilic esophagitis and five with reflux
esophagitis had normal appearing endoscopy, however
the clinical significance of these incidental microscopic
changes is unclear and may not necessitate any

DISCUSSION
The findings of this study suggest that a normal macroscopic appearance in the esophagus and stomach is
adequate to predict normal tissue histology in patients
undergoing endoscopy for the diagnosis of pediatric
celiac disease, obviating the need for routine biopsies
from these additional gastrointestinal sites. Limiting
the number of tissue biopsies may potentially reduce
endoscopy time and costs, as well as endoscopyassociated risks such as bleeding or perforation. In
Alberta, based on estimates from the Northern Alberta
Clinical Trials and Research Centre, the estimated costs
associated with processing each gastrointestinal biopsy
[13]
specimen is $48, plus $55 for pathologist reporting .
Reducing the number of total routine biopsies during
endoscopy for CD, and hence costs as well as shortened total endoscopy times, could have important
system-level implications.
There is a relative paucity of recent studies in the
literature investigating the sensitivity of macroscopic
diagnosis for predicting tissue histology in pediatrics,
particularly in patients with celiac disease. Several
adult studies done prior to 1990 reported the correlation between abnormal gastric macroscopic and
histologic findings in adults with dyspepsia to be about
[14,15]
[16]
50%
. Black et al
studied the sensitivity of
endoscopic appearance for predicting abnormal gastric
and duodenal histology in pediatric patients with a
variety of gastrointestinal complaints in 1988, finding
higher severity of reported endoscopic disease as
[17]
compared to histologic results. Dahshan and Rabah
published a similar study in 2000 evaluating the correlation between esophageal and gastric endoscopic
and histologic findings in 204 children. They reported
sensitivities of 81% in the esophagus and 86% in
the stomach, and esophageal and gastric specifici[17]
[18]
ties of 41% and 43%, respectively . Long et al
reported a sensitivity of 54% and specificity of 92%
for prediction of duodenal histology by macroscopic
findings in pediatric biopsy-proven duodenitis. A
recent article investigated duodenitis in children with
multiple gastrointestinal diagnoses, including CD, and
found a sensitivity of 34% for endoscopic diagnosis in
[19]
[20]
predicting duodenal histology . Lastly, Sheiko et al
reported the correlation of macroscopic and histologic
findings in 1000 pediatric patients with a variety of
gastrointestinal concerns, 6.6% of who had histology
consistent with celiac disease. This group reported a
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changes in patient management. In the stomach, 11
out of 94 patients with histologic gastritis had a normal
endoscopic diagnosis. The singular case of H. pylorirelated gastritis was correctly identified by endoscopy.
Clinical presenting symptoms were not reliable predictors of macroscopic or histologic abnormalities. Overall,
this study supports the conclusion that, in the absence
of macroscopic abnormalities, few clinically significant
gastric and esophageal diagnoses would be missed
without biopsies from these sites.
Advances in serological testing have shifted the
focus of celiac disease diagnosis largely to serology
results, and biopsy is being thought of increasingly as
confirmatory. Current European guidelines propose
that pediatric patients with classic symptoms of celiac
disease, at risk HLA genes and markedly elevated
aTTG antibodies (greater than ten times the upper
limit of normal) may not require intestinal biopsy
for diagnosis. Yet this approach has not been widely
adopted in North America. There are likely to be
multiple reasons for lack of acceptability of a serological diagnostic approach in North America, including
fear of inaccurately committing patients to a lifelong
gluten free diet and lack of standardization of celiac
[1]
serology tests between laboratories . The concern
has also been expressed that coexistent diagnoses
[7]
might well be missed by a biopsy avoiding approach .
This study would suggest that this a minimal concern
and should not preclude considering a serological
diagnostic approach in North America, which would
[5]
have significant resource and system implications .
Hence, this study is important as it serves as the first
pediatric study to focus specifically on esophageal and
gastric coexistent diagnoses in CD, helping to address
one barrier to the adoption of a serological approach to
CD diagnosis in Canada.
This study has a few limitations. First, as this was
a retrospective review, multiple practitioners were
involved in performing endoscopy and in interpreting
histological specimens, so variations in interpretation
and diagnosis between individuals may have occurred.
The gastroenterologists and pathologists were also not
blinded to the patients’ clinical history, which could also
have influenced their interpretation of endoscopic and
histologic findings. Additionally, there were an unequal
number of patients studied who had esophageal biopsies taken as compared to those with gastric biopsies
(76 vs 109 patients, respectively). This of itself suggests
that endoscopists may already attempt to reduce
the number of biopsies taken based on macroscopic
findings and their own perceptions of the relevance of
any biopsy findings in that setting. Unfortunately, this
also biases our comparison between groups in terms
of whether the diagnostic performance of macroscopic
appearance for histology is more accurate in one intestinal site compared to the other. Nevertheless, this study
provides evidence to support the current approach of
those endoscopists who do not take routine gastric and/
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or esophageal biopsies in the setting of CD diagnosis. It
also provides evidence to improve efficiency and reduce
cost in current endoscopic and biopsy practices for
pediatric CD by avoiding routine esophageal and gastric
biopsy approach in the absence of endoscopic findings.
In conclusion, the findings of this study suggest
that normal macroscopic diagnosis is strongly predictive of normal histology in the esophagus and stomach
in pediatric patients with CD. Therefore, routine
esophageal and gastric biopsies during endoscopy
for pediatric CD are not required, in the absence of
gross macroscopic findings. The implication of limiting
biopsies to the duodenum and duodenal bulb may be
both cost and time-saving. Additionally, we report a
prevalence of coexistent gastrointestinal findings to
CD in our patient population of 21% in the esophagus
(including eosinophilic esophagitis and reflux esophagitis) and 13% with gastritis. However, the prevalence
of clinically relevant diagnoses that may be missed by
a biopsy-avoiding approach in the absence of macroscopic abnormalities is very low. Overall, the results of
this study have the ability to promote standardization
and optimal resource allocation for routine diagnostic
practices for pediatric CD.
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In North America, diagnosis requires upper endoscopy and duodenal biopsies.
Recent guidelines support diagnosis without biopsy in select pediatric patients,
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predictive of normal histology in the esophagus and stomach in pediatric
patients with celiac disease. Therefore, routine esophageal and gastric biopsies
during endoscopy for pediatric celiac disease are not required in the absence of
gross macroscopic findings.
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The implication of limiting biopsies to the duodenum and duodenal bulb may be
both cost and time-saving. Overall, the results of this study have the ability to
promote standardization and optimal resource allocation for routine diagnostic
practices for pediatric celiac disease.
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Abstract
AIM
To compare survival and recurrence after laparoscopic
liver resection (LLR) and laparoscopic radiofrequency
ablation (LRFA) for the treatment of small hepatocellular
carcinoma (HCC).

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
Between June 1, 2005 and November 30, 2010, 46
patients (62.26 ± 8.55 years old; female/male: 12/34)
treated for small HCC were enrolled following strict
criteria. Patients with better liver function and larger
tumors were referred for LLR (n = 24), while those with
poorer liver function and multiple tumors were referred
for LRFA (n = 22), and they were then followed for
similar durations (44.74 ± 21.3 mo for LLR vs 40.27 ±
30.8 mo for LRFA).

Conflict-of-interest statement: We have no financial relationships
to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The LLR and LRFA groups were homogeneous with
regard to age, sex, etiology of liver cirrhosis, and
AFP levels. The overall survival (OS) and disease-
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date, interstitial therapies were always compared
to hepatic resection performed through an open
approach. However, the fact of comparing a minimally
invasive technique to a quite invasive one has some
limits. Currently we are witnessing an increasing use
of laparoscopy in liver surgery, extending indications
[7,8]
to patients with cirrhosis and HCC . Laparoscopic
surgery of the liver represents a viable alternative to
open surgery retaining its characteristics of a minimally
invasive approach and providing better results and a
[9,10]
similar postoperative complication rate
. Moreover,
laparoscopic liver resection (LLR) in selected cirrhotic
patients with HCC has shown advantages in terms of
survival and recurrence similar to those after open
[11,12]
surgery
.
With the aim to compare LLR and laparoscopic
radiofrequency ablation (LRFA) in terms of postoperative
survival and HCC recurrence, we evaluated two groups
of cirrhotic patients with similar clinical characteristics.

free survival (DFS) probability was 0.354 and 0.260,
respectively. A significantly higher OS was observed in
the LLR group (LLR: 0.442; LRFA: 0.261; P = 0.048),
whereas no statistical difference was found for DFS
(LLR: 0.206; LRFA: 0.286; P = 0.205). In the LRFA
group was treated a greater number of nodules (LLR:
1.41 ± 0.77; LRFA: 2.72 ± 1.54; P < 0.001). Cox
regression analysis found the number of intraoperative
HCC nodules as the unique variable statistically
significant for OS (hazard ratio: 2.225; P < 0.001). The
rank-hazard plot showed a steeper increase of relative
hazard for intraoperative nodules > 2.
CONCLUSION
Our preliminary results confirm the superiority of
hepatic resection on thermoablation in the treatment of
small HCC in selected patients, when both approaches
are made laparoscopically. LLR showed better results
compared to LRFA in terms of OS. These data need to
be confirmed by further studies on a larger number of
patients.

MATERIALS AND METHODS

Key words: Hepatocellular carcinoma; Laparoscopic
liver resection; Laparoscopic radiofrequency ablation;
Survival; Disease-free survival

Patient characteristics

All patients (n = 46) referred to our unit between
June 1, 2005 and November 30, 2010 underwent an
established protocol to define HCC staging. In case
of severe liver impairment, the possibility of liver
transplantation was considered as first option. Patient
eligibility to liver transplantation did not preclude LLR
or LRFA as a bridge treatment. To be included in the
study patients were assessed for the severity of the
[13]
liver disease following the Child-Pugh classification .
Plasma levels of alfa-fetoprotein (AFP) were measured.
In case of presence of severe coagulation disorders or
9
very low platelet levels (platelet count < 40 × 10 /L),
patients were excluded from the procedure. A spiral
computed tomography (CT) scan and/or gadoliniumenhanced magnetic resonance imaging (MRI) was
performed in all patients to document the number,
size, and segmental location of all liver lesions. Only
patients with “small” HCC were taken into account.
[14]
According to Yao et al , “small” HCC is defined by a
single HCC nodule ≤ 6.5 cm, or with ≤ 3 lesions when
the largest of which is ≤ 4.5 cm. The choice of LLR or
LRFA was based on the tumor position: if it was located
in a resectable segment, a LLR was realized; in case of
deep-sited lesions requiring major hepatic resection,
LRFA was indicated. Furthermore, LRFA permitted to
treat lesions otherwise difficult or impossible to reach
by a percutaneous approach. Each patient agreed to
treatment by written consent.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate and
compare the oncological results of hepatic resection and
thermoablation in the treatment of small hepatocellular
carcinoma in selected patients, when both approaches
are made laparoscopically. Our preliminary results
confirm the superiority of laparoscopic liver resection
compared to laparoscopic radiofrequency ablation
in terms of overall survival. These data need to be
confirmed by further studies on a larger number of
patients.
Casaccia M, Santori G, Bottino G, Diviacco P, Andorno E.
Laparoscopic resection vs laparoscopic radiofrequency ablation
for the treatment of small hepatocellular carcinomas: A singlecenter analysis. World J Gastroenterol 2017; 23(4): 653-660
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i4/653.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i4.653

INTRODUCTION
Both liver resection and ablative therapies are able to
modify the natural history of hepatocellular carcinoma
[1-3]
(HCC) . Indeed, it is demonstrated that they allow
an increase in survival in patients with small nodules,
although relapse after these two treatments remains
a questionable topic. However, studies in the literature
comparing radiofrequency ablation to liver resection
seem to confirm the superiority of the latter in terms
[4-6]
of overall survival and disease-free survival
. To

WJG|www.wjgnet.com

LLR group

Twenty-four HCC patients were selected to undergo
LLR. These patients fell into the following conditions:
(1) well compensated Child's class A/B cirrhosis; (2)
esophageal varices ≤ grade 2, platelet count ≥ 40
9
× 10 /L and/or international normalized ratio > 1.5;
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and (3) “small” lesion accessible to the laparoscopic
approach and treatable by limited resection (<
3 segments). Only one patient was operated in
emergency situation for an hemoperitoneum from a
ruptured HCC located in segment III. Most resections
were anatomic (i.e., resection of 1 or more anatomic
segments). Non-anatomic resections consisted of
resection of less than 1 segment including the tumor
and an intended 1-cm tumor-free margin. Details of
[15]
the technique adopted were described elsewhere .

exact test.
Patient overall survival (OS) and disease-free
survival (DFS) were calculated with the KaplanMeier product-limit estimator. In the OS evaluation,
the entry/final time-point corresponded to date of
treatment/date of death (uncensored observations)
or date of last follow-up for patients alive at the end
of the study (censored observations). The final timepoint for DFS was the date of the first recurrence,
by censoring survival/dead patients without any
recurrence. The log-rank test was applied to evaluate
the differences in OS and DFS after grouping for
treatments.
Cox proportional-hazard models were performed
for both patient survival and DFS. In each Cox model,
the Efron approximation was used for its accuracy and
computational efficiency. To determine whether the
fitted Cox regression models adequately described the
data, the proportional-hazards assumption was tested
[17,18]
as previously described
. Only univariate Cox
regression models that did not infringe the proportional
hazard assumption for OS were presented. A rankhazard plot for the covariates of significant Cox models
[19]
was created as previously described . Statistical
significance was assumed with a two-tailed P value <
0.05.
The statistical analysis was performed by using the
R software/environment (version 3.3.1; R Foundation
[20]
for Statistical Computing, Vienna, Austria) .

LRFA group

Twenty-two HCC patients were selected for LRFA.
These patients fulfilled at least one of the following
criteria: (1) large tumours (but with a diameter < 5
cm, or multiple lesions requiring repeated punctures);
(2) superficial lesions adjacent to visceral structures
which could be displaced by laparoscopic maneuvers;
and (3) deep-sited lesions with a very difficult or
impossible percutaneous approach. Exclusion criteria
were the same as for the LLR group. However, main
portal branches thrombosis or a severe liver disease
(Child-Pugh class C) did not contraindicated the
procedure.
The surgical technique adopted for LRFA was
[16]
described elsewhere .
The liver was investigated by intraoperative
laparoscopic ultrasonography (LUS) to confirm the
number and size of the lesions and define their
relations with the intrahepatic vascular structures.
Furthermore, a definitive histological diagnosis of
both HCC and liver cirrhosis has been obtained by an
intraoperative biopsy of all patients undergoing LRFA
or hepatic resection.

RESULTS
Between June 1, 2005 and November 30, 2010,
46 patients (62.26 ± 8.55 years old; Female/
Male: 12/34) treated for small HCC were enrolled
following strict criteria. Patients with similar baseline
characteristics underwent LLR (n = 24) or LRFA (n
= 22). Patients with better liver function and larger
tumors were referred for resection, while those with
poorer liver function and multiple tumors were referred
for ablation. Characteristics of patients grouped for
laparoscopic procedure are summarized in Table 1. The
LLR and LRFA groups were homogeneous with regard
to age, sex, etiology of liver cirrhosis, and AFP levels.
Mean size of dominant nodule was larger and almost
statistically significant in the LLR group (33 mm vs
26.2 mm; P = 0.097), whereas number of tumors was
higher in the LRFA group, since 16 (72.7%) patients
presented with multiple lesions in the LRFA group vs
4 (16.6%) patients in the LLR group (P < 0.001).
Consequently, the mean number of treated nodules
per patient was greater in the LRFA group when
compared with the LLR group (2.72 ± 1.54 vs 1.41
± 0.77, P < 0.001). Liver function impairment was
more severe in the LRFA group (P = 0.007), where
the patients classified in the Child class A were 54.5%,
whereas in the LLR group they exceeded 90%. Mean
follow-up duration for the LLR and LRFA groups was

Patient follow-up

To assess the response to LRFA or LLR, liver US and
CT scan (and/or MRI) were performed within 1 month
after treatment. When no enhancement or a thin
peripheral enhancement rim (representative of an
inflammatory response) was observed, a complete
response to LRFA was achieved. An incomplete
response to LRFA was defined as persistent nodular
enhancement. Post-treatment recurrence, evaluated
by spiral CT scans at 3 mo and every 6 mo after
treatment, was defined as the new appearance of a
contrast-enhanced lesion area within 2 cm from the
thermoablated nodule, or the surgical margin (local
HCC recurrence), or > 2 cm from the same sites
(distant HCC recurrence).

Statistical analysis

The results were expressed as mean ± standard
deviations, counts and percentages. Continuous
variables were preliminarily evaluated for normal
distribution with the Shapiro-Wilk test, and then
compared by using the Wilcoxon-Mann-Whitney test.
Categorical variables were compared with the Fisher’s
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Table 2 Cox proportional hazard regression for overall survival
and disease-free survival

Table 1 Patient characteristics, etiology of liver cirrhosis,
Child-Pugh class, and post-operative parameters grouped for
laparoscopic procedure n (%)

Variables
Variables

LLR
(n = 24)

Patient-related characteristics
Sex (F/M)
8/16
Age (yr)
63.58 ± 9.55
Etiology of liver cirrhosis
HCV-related
11 (45.8)
HBV-related
6 (25)
Alcoholic
6 (25)
Mixte
1 (4.2)
Other
0 (0)
Child-Pugh class
Child A
22 (91.7)
Child B
2 (8.3)
Child C
0 (0)
Unknown
0 (0)
Post-operative parameters
Single tumour
20 (83.3)
Multiple tumours
4 (16.6)
Treated nodules/patient
1.41 ± 0.77
Tumour diameter (mm)
33.0 ± 13.83
Follow-up (mo)
44.74 ± 21.30
Intrahepatic recurrence
16 (66.7)
Local recurrence
5 (20.9)
Recurrence IT (mo)
25.53 ± 19.11

LRFA
(n = 22)

P value

4/18
60.82 ± 7.25

NS
NS

8 (36.4)
8 (36.4)
3 (13.6)
0 (0)
2 (9.1)

NS
NS
NS
NS
NS

12 (54.5)
6 (27.3)
2 (9.1)
2 (9.1)

0.007
NS
NS
NS

6 (27.3)
16 (72.7)
2.72 ± 1.54
26.25 ± 13.13
40.27 ± 30.89
15 (68.2)
8 (36.4)
22.88 ± 30.62

Overall survival
Treatment (LRFA)
Sex (Male)
Age
Diagnosis (HCV)
Preop TACE (Yes)
No. intraop. nodules
Local recurrence (Yes)
Dist. recurrence (Yes)
Disease-free survival
Treatment (LRFA)
Sex (Male)
Age
Diagnosis (HCV)
Preop TACE (Yes)
No. intraop. nodules

< 0.001
< 0.001
< 0.001
NS
NS
NS
NS
NS

HR (95%CI)

P value

0.812
0.073
0.008
0.828
0.500
0.800
-0.014
1.543

2.252 (0.983-5.156)
1.076 (0.426-2.717)
1.008 (0.961-1.059)
2.288 (0.624-8.382)
1.649 (0.737-3.689)
2.225 (1.594-3.108)
0.985 (0.414-2.345)
4.680 (0.618-35.440)

NS
NS
NS
NS
NS
< 0.001
NS
NS

0.464
0.587
-0.019
-0.300
0.125
0.216

1.590 (0.771-3.282)
1.798 (0.732-4.422)
0.980 (0.939-1.024)
0.740 (0.275-1.993)
1.133 (0.549-2.340)
1.241 (0.946-1.628)

NS
NS
NS
NS
NS
NS

The square brackets show the target code selected for each categorical
variable. β: Regression coefficient; LRFA: Laparoscopic radiofrequency
ablation; HCV: Hepatitis C virus; TACE: Transarterial chemoembolization;
NS: Not significant.

higher OS (P = 0.048) was observed in the LLR group
(Figure 2A), whereas no difference for DFS (P = 0.205)
occurred (Figure 2B).
The main variables were entered into univariate
Cox models for OS and DFS. Only the univariate Cox
regression models that did not infringe the proportional
hazard assumption for OS were reported in Table 2.
The number of intraoperative HCC nodules was the
unique variable statistically significant for OS (HR =
2.225; P < 0.001). The corresponding rank-hazard
plot showed a steeper increase of relative hazard for
intraoperative nodules > 2 (Figure 3). Univariate Cox
analysis for DFS did not find any significant predictor
(Table 2).

LLR: Laparoscopic liver resection; LRFA: Laparoscopic radiofrequency
ablation; HCV: Hepatitis C virus; HBV: Hepatitis B virus; IT: Interval time;
NS: Not significant.

similar (44.74 ± 21.30 mo vs 40.27 ± 30.89 mo, P =
0.273).
Disease recurrence was observed in a shorter
time for the LLR group when compared to LRFA
(25.53 ± 19.11 mo vs 22.88 ± 30.62 mo), even if
the difference did not reach statistical significance (P
= 0.084). In both groups, HCC recurred mainly at
distance from the previous site of treatment; when
considering the local recurrence rate, this was more
favorable for the LLR (20.9%) than for LRFA (36.4%),
although without reaching statistical significance (P
= 0.330). Treatments for liver recurrence after LLR
included chemoembolization in 9 cases, orthotopic
liver transplantation in 3 cases, percutaneous
radiofrequency ablation in 2 cases, a repeat resection
in 2 cases (5 patients receiving 2 treatments).
Recurrences after LRFA were treated with orthotopic
liver transplantation in 6 cases, chemoembolization
in 5 cases and liver resection in 2 cases (2 patients
receiving 2 treatments).
The OS probability was 0.354 (1-year OS: 0.891;
3-year OS: 0.660; 5-year OS: 0.512) (Figure 1A). The
cumulative hazard plot for the corresponding OS curve
is shown in Figure 1B. The DFS probability was 0.260
(1-year DFS: 0.591; 3-year DFS: 0.346; 5-year DFS:
0.260) (Figure 1C). The cumulative hazard plot for the
corresponding DFS curve is shown in Figure 1D. By
stratifying for laparoscopic treatment, a significantly

WJG|www.wjgnet.com
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DISCUSSION
There is some dispute whether survival benefits of
RFA compared with liver resection exist for patients
with HCC conforming to the Milan criteria. Prospective
randomized trials comparing these two procedures
for HCC conforming to the Milan criteria showed
[4,21,22]
controversial results
. A recent meta-analysis by
[23]
Yi et al
showed that liver resection was superior to
RFA in the treatment of patients with HCC conforming
to the Milan criteria in terms of 3 and 5-year survival
rates and local recurrence rate, suggesting that liver
resection remains the better choice of treatment for
small HCC. The laparoscopic approach to RFA has
proved to be superior to the percutaneous approach in
lesions that are difficult or impossible to be treated in
such a way or in severe liver disease, thus extending
its indications. Despite good results, LRFA yelded
inferior OS and DFS rates when compared to hepatic
[2,24,25]
resection for small HCC
.

656

January 28, 2017|Volume 23|Issue 4|

A

1.0

B

1.5

Cumulative hazard

Casaccia M et al . Laparoscopic resection vs LRFA for HCC

1.0

Survival probability

0.8
0.6
0.4

0.5

0.2

Disease-free survival probability

C

46

41

0

12

34

25

16

14

7

24
36
48
60
Time after treatment (mo)

72

1.0

0.0

D

1.5

Cumulative hazard

0.0

1.0

0

10

20
30
40
50
Time after treatment (mo)

60

70

0

10

20
30
40
50
Time after treatment (mo)

60

70

0.8
0.6
0.4

0.5

0.2
0.0

46

26

0

12

14

10

7

   5

4

24
36
48
60
Time after treatment (mo)

72

0.0

Figure 1 Overall and disease-free survival curves of the laparoscopically-treated hepatocellular carcinoma patients and their corresponding cumulative
hazard curves. A: Overall survival curve of the laparoscopically-treated hepatocellular carcinoma (HCC) patients. Number of patients at risk at each time point is
shown at top of the x-axis; B: Cumulative hazard for the corresponding overall survival curve; C: Disease-free survival curve of the laparoscopically-treated HCC
patients. Number of patients at risk at each time point is shown at top of the X-axis; D: Cumulative hazard for the corresponding disease-free survival curve.
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WJG|www.wjgnet.com

657

January 28, 2017|Volume 23|Issue 4|

Casaccia M et al . Laparoscopic resection vs LRFA for HCC

A

60
50
40

Similarly, better results in 1- and 3-year DFS were
observed in the LLR group in comparison with LRFA
group, but this difference disappeared after 5 years.
In literature, factors that are reported to be
responsible for influencing the OS and DFS are tumor
size, number of tumors, Child class, AFP levels and
[21-23]
treatment modality
. Besides the underlying liver
function, the most important parameter affecting
the overall survival is the number of tumor nodules,
as testified by many studies comparing open liver
[21,22,27]
resection to thermoablation
. This statement is
also confirmed in our study. In fact, Cox regression
analysis demonstrated that the only independent
risk factor associated with OS was the intraoperative
number of HCC nodules. Moreover, the corresponding
rank-hazard plot showed a steeper increase of relative
hazard for intraoperative nodules > 2, confirming the
[27]
finding of Liu et al . Thanks to these results, many
centers are adopting a more aggressive approach
[28,29]
to resection when possible as opposed to RFA
.
Laparoscopic liver resection, if feasible, provides
many of the advantages of a less invasive procedure
with complete tumor extirpation and assessment of
resection margins, thus preserving better oncological
results over thermoablation.
Our preliminary results suggest that LLR for HCC
is feasible with good oncologic results. Laparoscopy
should be routinely considered in selected patients in
centers experienced in liver surgery and in advanced
laparoscopy. Better survival of hepatic resection on
thermoablation in the treatment of small HCC are
confirmed also when both approaches are made
laparoscopically. These data need to be confirmed by
further studies on a larger number of patients.

Intraopnod
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10
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Figure 3 Rank-hazard plot for the number of intraoperative hepatocellular
carcinoma nodules. Based on the univariate Cox model for overall survival.

In the lights of comparable oncological results
following liver resection regardless the type of surgical
[12]
approach, laparoscopic or “open” , we wanted
to verify that the superiority of liver resection on
thermoablation in terms of OS and DFS persisted
even when both approaches were laparoscopic.
In our study, different indications to LRFA and LLR
were responsible for the slightly different patients
characteristics of the two groups. In fact, patients
with normal liver function and larger tumors were
resected, whereas those with liver dysfunction,
multiple tumors, and portal hypertension were ablated.
Another limitation are the various therapies used to
treat tumor recurrences in both LRFA and LLR groups,
including repeat RFA, transarterial chemoembolization
(TACE), second resection, liver transplantation,
systemic chemotherapy, and supportive treatment.
Different therapeutic schedules for tumor recurrences
could affect these findings. High rate of intrahepatic
recurrence after ablation therapies and/or surgical
resection is the main cause of late death of patients
with HCC. In current study, local recurrence was
found to be more frequent after LRFA than LLR.
Local recurrences after LRFA may be attributable to
insufficient ablation of the primary tumor and/or the
presence of tumor venous invasion in the adjacent
liver. Surgical resection could remove the primary
tumor and venous tumor thrombi. This may explain the
better outcomes following LLR. A significantly higher
OS was observed in the LLR group in comparison with
LRFA group. Our results are comparable to literature
[21,26]
data
, reflecting the superiority of the resection
over thermoablation, thus confirming that this relation
is maintained also if a laparoscopic approach is used.

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Both liver resection and ablative therapies are able to modify the natural
history of hepatocellular carcinoma (HCC). Indeed, it is demonstrated that they
allow an increase in survival in patients with small nodules, although relapse
after these two treatments remains a questionable topic. However, studies
in the literature comparing radiofrequency ablation to liver resection seem to
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surgery, extending indications to patients with cirrhosis and HCC. Laparoscopic
surgery of the liver represents a viable alternative to open surgery retaining its
characteristics of a minimally invasive approach and providing better results and
a similar postoperative complication rate. Moreover, laparosopic liver resection
in selected cirrhotic patients with HCC, has shown advantages in terms of
survival and recurrence similar to those after open surgery. With the aim to
compare laparoscopic liver resection (LLR) and laparoscopic radiofrequency
ablation (LRFA) in terms of postoperative survival and HCC recurrence, we
evaluated two groups of cirrhotic patients with similar clinical characteristics.

Research frontiers

In the lights of comparable oncological results following liver resection
regardless the type of surgical approach, laparoscopic or “open”, the authors
wanted to verify that the superiority of liver resection on thermoablation in terms
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of overall survival (OS) and disease-free survival (DFS) persisted even when
both approaches were laparoscopic.
10

Innovations and breakthroughs

In this study, better outcomes are obtained following LLR. A significantly
higher OS was observed in the LLR group in comparison with LRFA group.
These results are comparable to literature data, reflecting the superiority of the
resection over thermoablation, thus confirming that this relation is maintained
also if a laparoscopic approach is used.

11

Applications

Current preliminary results suggest that LLR for HCC is feasible with good
oncologic results. Laparoscopy should be routinely considered in selected
patients in centers experienced in liver surgery and in advanced laparoscopy.
Better survival of hepatic resection on thermoablation in the treatment of small
HCC are confirmed also when both approaches are made laparoscopically.
These data need to be confirmed by further studies on a larger number of
patients.
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It’s a good study, with a good design and a robust results however the groups in
relation to lesions (number and localization) were different that results, maybe,
in different survival.
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Abstract

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

AIM
To assess the long-term outcomes of this procedure
after removal of self-expandable metal stent (SEMS).
The efficacy and safety of endoscopic ultrasoundguided gallbladder drainage (EUS-GBD) with SEMS
were also assessed.

Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.
Data sharing statement: No additional data are available.

METHODS
Between January 2010 and April 2015, 12 patients
with acute calculous cholecystitis, who were deemed
unsuitable for cholecystectomy, underwent EUSGBD with a SEMS. EUS-GBD was performed under
the guidance of EUS and fluoroscopy, by puncturing
the gallbladder with a needle, inserting a guidewire,
dilating the puncture hole, and placing a SEMS. The

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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treatment for acute cholecystitis caused by cho
[1,2]
lecystolithiasis . For patients at high surgical risk,
percutaneous transhepatic gallbladder aspiration
(PTGBA) or percutaneous transhepatic gallbladder
drainage (PTGBD) can be selected for treatment of
cholecystitis. However, the efficacy rate of PTGBA
is insufficient (61%-77%), and PTGBD involves an
external drainage tube, which decreases the ability of
[3,4]
the patient to carry out their normal daily activities .
Recently, endoscopic ultrasound-guided gallbladder
drainage (EUS-GBD) was developed for acute
[5-17]
[14]
cholecystitis
. Jang et al
showed that EUS-GBD
was comparable with PTGBD in terms of its technical
feasibility, efficacy, and procedural safety.
The aim of this study was to evaluate the out
comes of EUS-GBD in patients with acute calculous
cholecystitis deemed unsuitable for cholecystectomy.
The examined procedure used a self-expandable metal
stent (SEMS), and we also assessed the long-term
outcomes of the procedure following removal of the
SEMS.

SEMS was removed and/or replaced with a 7-Fr plastic
pigtail stent after cholecystitis improved. The technical
and clinical success rates, adverse event rate, and
recurrence rate were all measured.
RESULTS
The rates of technical success, clinical success,
and adverse events were 100%, 100%, and 0%,
respectively. After cholecystitis improved, the SEMS
was removed without replacement in eight patients,
whereas it was replaced with a 7-Fr pigtail stent in four
patients. Recurrence was seen in one patient (8.3%)
who did not receive a replacement pigtail stent. The
median follow-up period after EUS-GBD was 304 d
(78-1492).
CONCLUSION
EUS-GBD with a SEMS is a possible alternative
treatment for acute cholecystitis. Long-term outcomes
after removal of the SEMS were excellent. Removal
of the SEMS at 4-wk after SEMS placement and
improvement of symptoms might avoid migration of
the stent and recurrence of cholecystitis due to food
impaction.

MATERIALS AND METHODS
Patients

Key words: Endoscopic ultrasound-guided gallbladder
drainage; Cholecystitis; Endoscopic ultrasound-guided
biliary drainage

Between January 2006 and October 2014, 225
patients with acute cholecystitis due to gallstones
visited our hospital. Among these, 101, 18, 32, and 62
patients underwent PTGBA and/or PTGBD, endoscopic
naso-gallbladder drainage, emergent surgery and
conservative treatment, respectively. The remaining
12 patients with acute calculous cholecystitis, who
were deemed unsuitable for cholecystectomy because
of poor surgical performance indications and had a risk
of self-removal of drainage tube, underwent EUS-GBD.
Cases of cholecystitis due to deployment of the metal
stent and the cases that cystic duct was obstructed
due to advanced cancer were excluded from this study.
The surgical performance indications for all patients
were poor (class Ⅲ or Ⅳ on the American Society of
Anesthesiologists (ASA) Physical Status classification
system). These patients were identified by retro
spective review of the medical database of our
hospital. Acute calculous cholecystitis was diagnosed
in all patients on the basis of the characteristic clinical
features (abdominal pain and fever), laboratory data
(high level of serum C-reactive protein; CRP), and
imaging studies. The study was approved by the
institutional review board of the Kinki University Faculty
of Medicine, and informed consent was obtained from
the patients after explaining to them that we could
perform PTGBA, PTGBD, or EUS-GBD.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound-guided gallbladder
drainage (EUS-GBD) was recently used to treat acute
cholecystitis. The aim of this study was to assess
the utility of removal of self-expandable metal stent
(SEMS) at 4-wk after EUS-GBD. Twelve patients with
acute calculous cholecystitis underwent EUS-GBD
with a SEMS. The rates of technical success, clinical
success, and adverse events were 100%, 100%, and
0%, respectively. Recurrence was seen in one patient
(8.3%). The median follow-up period after EUS-GBD
was 304 d. Removal of the SEMS at 4-wk after SEMS
placement might avoid migration of the stent and
recurrence of cholecystitis due to food impaction.
Kamata K, Takenaka M, Kitano M, Omoto S, Miyata T, Minaga
K, Yamao K, Imai H, Sakurai T, Watanabe T, Nishida N,
Kudo M. Endoscopic ultrasound-guided gallbladder drainage
for acute cholecystitis: Long-term outcomes after removal of
a self-expandable metal stent. World J Gastroenterol 2017;
23(4): 661-667 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i4/661.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.661

EUS-GBD technique

An echoendoscope (GF-UCT240-AL5, Olympus,
Tokyo, Japan) was introduced into the stomach or
duodenum. The echoendoscope images were used
to ensure that gallstones were present in the swollen

INTRODUCTION
Laparoscopic cholecystectomy is the standard
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Acute cholecystitis between January
2010 and April 2015
n = 225

PTGBA or PTGBD
n = 101

ENGBD

n = 18

EUS-GBD
n = 12

Emergent surgery
n = 32

Conservative treatment
n = 62

4 wk later
(after improvement of cholecystitis)

OR
Removal of SEMS and stent-free
n =8

Replacement of SEMS with a
7-Fr pigtail plastic stent
n =4

Follow-up every 2-4 mo by several
imaging modalities

Lost to follow-up n = 0
Not lost to follow-up n = 8
Recurrence n = 1

Lost to follow-up n = 1
Not lost to follow-up n = 3
Recurrence n = 0

Figure 1 Strategy of endoscopic ultrasound-guided gallbladder drainage procedure. ENGBD: Endoscopic naso-gallbladder drainage; EUS-GBD: Endoscopic
ultrasound-guided gallbladder drainage; PTGBA: Percutaneous transhepatic gallbladder aspiration; PTGBD: Percutaneous transhepatic gallbladder drainage; SEMS:
Self-expandable metal stent.

dilation catheters (6F-7F-9F, Soehendra Biliary Dilation
Catheter, Cook, Bloomington, IN, United States) or
a balloon dilator (Max Pass 4 mm, Olympus, Tokyo,
Japan) over the guidewire. If passing dilators or
balloons proved difficult, electrocautery was planned to
be used. A SEMS (10 mm in diameter, 6 cm in length,
Wallflex partially covered stent, Boston Scientific,
Natick, MA, United States) was deployed between the
gallbladder and the stomach or duodenum. If functional
success was obtained, the SEMS was removed and/or
replaced with a 7-Fr plastic pigtail stent (4 or 6 cm in
length) 4 wk after the original EUS-GBD (Figure 1).
Where possible, the stent was replaced after removal
of the SEMS in order to keep the fistula considering
the possibility of the recurrence. This technique was
approved by the institutional review board of the Kinki
University Faculty of Medicine.

gallbladder before EUS-GBD was performed. After
visualization of the swollen gallbladder adjacent to
the antrum or duodenal bulb, the echoendoscope was
manipulated until an appropriate puncture route, free
from interposing vessels, was identified. The puncture
site was selected as the region where the distance
between the gastrointestinal tract and the gallbladder
was smallest (1 cm or less). When both the stomach
and duodenum provided equally good access, the
duodenum was selected as the puncture site because
it was easier to maintain the scope position at the
duodenum than at the stomach.
The neck or body of the gallbladder was generally
chosen as the ideal target, and was then punctured
with a 19G needle (EchoTip Ultra, Cook Medical,
Limerick, Ireland) under endosonographic guidance.
The gallbladder was then irrigated with a saline
solution through the 19G needle, using a 20 mL
syringe. Irrigation was performed at least ten times,
and was continued until the color of the bile became
weak. This was performed to prevent peritonitis due
to bile leakage immediately after the gallbladder was
punctured. Thereafter, a sufficient length of 0.035
inch guidewire (Revowave, Piolax, Kanagawa, Japan)
was inserted into the gallbladder lumen until there
were more than two coils present. The puncture
tract was then serially dilated using either biliary

WJG|www.wjgnet.com

Follow-up after EUS-GBD

Several imaging modalities including ultrasonography,
computed tomography (CT), fistulography, and/or EUS
were performed to determine if gallstones remained in
the gallbladder before removal of the SEMS. CT (looking
for air images in the gallbladder) and/or fistulography
were performed to determine if the fistula remained
open 1 wk after removal of the SEMS. After removal
of the SEMS, patients were continually followed up by
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underwent EUS-GBD. Eight patients were ASA class
Ⅲ, and the others were ASA class Ⅳ. One patient had
advanced ovarian cancer which expected long-term
survival and there was no influence of the tumor on the
cystic duct. Blood examination revealed a mean white
blood cell (WBC) count of 14525 cells per µL and a
mean CRP level of 15.7 mg/dL. All cases were moderate
cholecystitis. The diameter of gallstones was less than
10 mm in all patients. The EUS-GBD procedure was
performed via the stomach or duodenum in three
and nine cases, respectively. The distance between
the gastrointestinal tract and the gallbladder was 1
cm or less in all cases. Dilation of the puncture site
was performed by biliary dilation and/or balloon
catheters without using electrocautery. Table 2 shows
the outcomes of EUS-GBD. The technical success and
clinical success rates were both 100% (12/12), with no
adverse events recorded. At day 3 post-EUS-GBD, the
mean WBC count and mean CRP were 7075 cells per µL
and 2.37 mg/dL, respectively. The SEMS was removed
from eight patients 4 wk after the EUS-GBD. In these
eight patients, the plastic pigtail stent was not deployed
after removal of the SEMS because the guidewire
could not be sufficiently inserted due to shrinkage of
the gallbladder by the EUS-GBD treatment. In the
remaining four patients, the SEMS was replaced with
a 7-Fr plastic double pigtail stent 4 wk after EUS-GBD.
The median post-EUS-GBD follow-up period for these
12 patients was 304 d. During the follow-up period, one
of the patients (8.3%) died due to advanced cancer. At
the time the records were subjected to retrospective
evaluation (April 1, 2016), recurrence was present
in one of the patients (8.3%) who did not receive a
replacement pigtail stent (Figure 2). In four patients
received replacement of SEMS with a 7-Fr plastic double
pigtail stent, the stent was kept permanently in all of
those patients.
Before removal of the SEMS, gallstones did not
remain in the gallbladder in all cases. One week after
removal of the SEMS, air in the gallbladder was imaged
by CT in nine cases (Figure 3). The other three cases
that did not show air images in the gallbladder were
cases in which the double pigtail plastic stents were
not deployed. Fistulography was performed in eight
cases that did not undergo replacement of the stent.
Among these, fistulography images of the gallbladder
were obtained in three cases. In total, the fistula was
confirmed by CT and/or fistulography in 9 of 12 cases.
Cystic duct patency was confirmed by fistulography
and/or EUS before as well as 1 week after removal of
the SEMS in all cases.

Table 1 Patient characteristics
Characteristics
Age, mean ± SD, yr
Sex, male/female
Underlying condition
Ⅲ
Ⅳ
Advanced malignancy
White blood cell count (mean, range)
C-reactive protein (mean, range)

76.3 ± 12.1
9/3
66.7% (8/12)
33.3% (4/12)
8.3% (1/12)
14525 (9100-21300) per µL
15.7 (2.0-32.7) mg/dL

Table 2 Outcomes of endoscopic ultrasound-guided gallbladder
drainage
Technical success rate
Functional success rate
Rate of removal
Rate of replacement
Adverse events
Recurrence of cholecystitis
Follow-up period, days [median, range]
Patient status on follow-up
Alive
Dead

100% (12/12)
100% (12/12)
67% (8/12)
33% (4/12)
0% (0/12)
8.3% (1/12)
304 (78-1492)
91.7% (11/12)
8.3% (1/12)

SEMS: Self-expandable metal stent.

blood tests and imaging modalities every 2-4 mo. It
was determined whether the cystic duct was patent
before and after removal of the SEMS by performing
fistulography and/or EUS.

Assessment of outcomes

The long-term outcomes of EUS-GBD after removal
of SEMS was the primary outcomes in this study. The
outcomes assessed were technical and clinical success
rates, adverse events rate, and recurrence rate. Technical
success was defined as successful stent deployment
between the gallbladder lumen and the stomach or
duodenum. Clinical success was defined as improvement
of typical clinical symptoms within 3 d, with confirmatory
laboratory tests, with or without improved radiologic
[14]
findings . The incidence of the following adverse events
was assessed: peritonitis, bile leakage, bleeding, stent
migration, and stent occlusion. Recurrence of acute
cholecystitis after EUS-GBD was defined on the basis of
the characteristic clinical features, laboratory data, and
imaging studies.

Statistical analysis

Continuous variables are expressed as median or
mean values with standard deviation or range. All
statistical analyses were performed using SAS software
version 9.1 (SAS Institute, Cary, NC, United States).

DISCUSSION
The aim of the current study was to evaluate the
feasibility of EUS-GBD for patients with acute calculous
cholecystitis, who were deemed unsuitable for
cholecystectomy. In this study, both technical and

RESULTS
Table 1 shows the patients’ characteristics. In total, 12
patients (mean age 76 years, 9 men and 3 women)
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A

B

Figure 2 Endosonographic image. A: Endosonographic image before gallbladder drainage. Contents in the gallbladder were mainly sludge without apparent
gallstones; B: Endosonographic image at the time of recurrence of cholecystitis. Sludge volume in the gallbladder was more increased than when gallbladder drainage
was performed.

A

B

C

Figure 3 Esophagogastroduodenoscopy and computed tomography. A: Esophagogastroduodenoscopy image of deployment of the metal stent in the duodenum;
B: Esophagogastroduodenoscopy image of the fistula 1 wk after removal of the metal stent; C: Computed tomography after removal of the metal stent showing air
image in the gallbladder.

clinical success was achieved in the treatment of acute
cholecystitis in all 12 patients. One of the risks of EUSGBD is bile leakage into the peritoneal space, which
can cause bile peritonitis. The bile leakage is caused by
migration of the stent exposing the gap between the
[5,6,8]
puncture tract and the stent
. In the present study,
several techniques were used to avoid such bile
leakage. Firstly, the guidewire was inserted until at
least two full coils were in the lumen. The gallbladder
lumen has more space for coiling than the bile duct,
and yields better stability. Secondly, we irrigated the
gallbladder lumen with saline solution after puncturing
the gallbladder and before proceeding to the next step.
This irrigation procedure may reduce the chance of
peritonitis due to bile leakage during dilation. We also
used SEMSs in our study, and, compared with plastic
stents, SEMSs are better at sealing the gap between
the stent and the needle tracts in the gallbladder wall,
[8]
thus preventing bile leakage . As a result, no adverse
events occurred in this study. In a systematic review of
[18]
EUS-guided biliary drainage by Wang et al
in 2016,
the rate of adverse events was 38.46% in the group
in which cystotomes were used during dilation of the
puncture site, which was higher than that in the group
in which dilators or balloons were used. Dilation of the
puncture site was performed by biliary dilation and/
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or balloon catheters without using electrocautery
in this study. This might be another reason why there
were no adverse events in this study.
During a long-term follow-up with a median
[19]
period of 275 d, Choi et al reported that stent distal
migration was noted in two patients (3.6%), one at
170 d and the other at 303 d post-EUS-GBD. They
also reported recurrence of acute cholecystitis due
to food impaction. To avoid stent migration and food
impaction into the gallbladder, we either removed the
SEMS, or replaced it with a pigtail plastic stent, 4 wk
after EUS-GBD. In our study, there was neither stent
migration nor food impaction. Performance of these
additional procedures after EUS-GBD may prevent
such complications.
Recently, the use of lumen-apposing metal stents
(LAMS) with anchor flanges and flares for EUS-GBD
[13,15,20]
resulted in excellent outcomes
. With a LAMS,
the distance between the gastrointestinal tract and the
[19]
gallbladder needs to be 1 cm or less . In terms of
this, a conventional biliary SEMS may have allowed us
more freedom in selecting the puncture site, although
this is not certain because the distance was 1 cm or
less in all cases in this study.
In a study examining the use of LAMS for high[20]
risk surgical patients with acutecholecystitis , Walter

665

January 28, 2017|Volume 23|Issue 4|

Kamata K et al . Long-term outcomes of EUS-GBD
[20]

et al
reported that technical success was 90%, and
clinical success was 96%, and that no migration was
seen in any patients. In 15 of the 27 patients with
technical success, LAMS were removed approximately
3 mo after EUS-GBD, whereas they were left in place
in the other 12 patients. Removal of the LAMS was
not achieved due to tissue overgrowth in two patients.
Two patients also developed a LAMS obstruction.
Thus, long-term deployment of metal stents in EUSGBD could cause adverse events, including food
impaction. Therefore, early removal of the metal stent
after EUS-GBD, at a time of around 4 wk (as in the
present study), may be considered desirable. However,
we did observe a recurrence of acute cholecystitis
in one patient (8.3%), where the SEMS was not
replaced with a pigtail stent. There is a possibility that
this patient recurred cholecystitis due to uncertain
small gallstones or sludge remaining after EUS-GBD.
Therefore, replacement with a pigtail plastic stent may
be helpful for avoiding recurrence. Another reason for
the low recurrence rate in this study might be that no
gallstones remained in the gallbladder before removal
of the SEMS in all cases.
[21]
Moon et al reported that gross pathology showed
adherence of the gallbladder to the stomach wall
around the site of cholecystogastrostomy 4 wk after
LAMS removal in an animal study. We also performed a
preliminary examination of EUS-guided biliary drainage
using a conventional biliary SEMS in an animal study
using five pigs. We found that at autopsy 1 wk after
the procedure, fistulas were created between the
[22]
bile duct and duodenum in all pigs . Thus, a strong
fistula might develop between the gallbladder and the
gastrointestinal tract within 4 wk using a conventional
biliary SEMS as well as a LAMS. This study has a few
limitations. Firstly, the number of EUS-GBD cases
was low, and all cases were from a single institute.
Secondly, the indications for EUS-GBD were limited to
those patients deemed unsuitable for cholecystectomy.
A larger study comparing the efficacy and safety of
EUS-GBD with and without early SEMS removal is
warranted. However, a large number of institutions
are needed to obtain the required number of patients,
otherwise the criteria used for patient selection should
be less strict.
In a systematic review of EUS-GBD, LAMS seemed
to have a high potential in terms of efficacy and
safety; however, the technical success of LAMS (91.5%)
was lower than that of conventional biliary SEMS
[23]
(98.6%) . Further studies including long-term results
are required to investigate whether SEMS or LAMS are
better for EUS-GBD.EUS-GBD with SEMS is a possible
alternative treatment for acute cholecystitis. Longterm outcomes after removal of SEMS were promising.
Removal of the SEMS after SEMS placement and
improvement of symptoms might avoid migration of
the stent and recurrence of cholecystitis due to food
impaction.
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Background

Laparoscopic cholecystectomy is the standard treatment for acute
cholecystitis caused by cholecystolithiasis. For patients at high surgical risk,
percutaneous transhepatic gallbladder aspiration (PTGBA) or percutaneous
transhepatic gallbladder drainage (PTGBD) can be selected for treatment of
cholecystitis. However, the efficacy rate of PTGBA is insufficient (61%-77%),
and PTGBD involves an external drainage tube, which decreases the ability
of the patient to carry out their normal daily activities. Recently, endoscopic
ultrasound-guided gallbladder drainage (EUS-GBD) was developed for acute
cholecystitis.

Research frontiers

There were few reports on long term outcomes of EUS-GBD. This study, the
Long-term outcomes after removal of self-expandable metal stent (SEMS), was
first report and the results of this study contribute to clarifying the potential of
this procedure for acute cholecystitis.

Innovations and breakthroughs

In this study, EUS-GBD using SEMS was a useful for removal of gallstones in
the gallbladder. Gallstones disappeared after EUS-GBD in all cases. During
long-term follow-up period after the removal of the SEMS, the recurrence
of the cholecystitis was seen in only one patient (8.3%) and there were no
complications.

Applications

This study suggests that EUS-GBD using SEMS and removal of the SEMS
4 wk after the procedure are useful for patients with cholecystitis who were
deemed unsuitable for cholecystectomy.

Peer-review

This study described the use of EUS-GBD for the treatment of acute
cholecystitis in patients deemed unsuitable for surgical procedures. Longterm outcomes after removal of SEMS were promising. Removal of the SEMS
after SEMS placement and improvement of symptoms might avoid migration of
the stent and recurrence of cholecystitis due to food impaction. A larger study
comparing the efficacy and safety of EUS-GBD with and without early SEMS
removal is warranted.
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Abstract
AIM
To compare the effectiveness and safety of vonop
razan-based therapy with proton pump inhibitor (PPI)based therapies to treat Helicobacter pylori (H. pylori ).

Institutional review board statement: The study was reviewed
and approved by the Hattori Clinic’s Ethical Committee.
Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
We retrospectively analysed data from first-line
(vonoprazan or PPI with 200 mg clarithromycin and
750 mg amoxicillin twice daily for 7 d) (n = 1353)
and second-line (vonoprazan or PPI with 250 mg
metronidazole and 750 mg amoxicillin twice daily for
7 d) (n = 261) eradication treatments for H. pylori
- positive patients with associated gastrointestinal
diseases from April 2014 to December 2015 at Hattori
Clinic, Japan. The primary endpoint was the eradication
rate, which was assessed with a full analysis set. The
secondary endpoints were adverse events and related
factors.

Conflict-of-interest statement: Authors declare no conflict of
interest related to this manuscript.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/

RESULTS
After the first-line treatments, the eradication rates
for vonoprazan, esomeprazol, rabeprazole, and
lansoprazole were 87.9% (95%CI: 84.9%-90.5%),
71.6% (95%CI: 67.5%-75.5%), 62.9% (95%CI:
52.0%-72.9%), and 57.3% (95%CI: 50.4%-64.1%),
respectively. The vonoprazan eradication rate was
significantly higher than that of the PPIs (P < 0.01).
Interestingly, smoking did not affect the H. pylori
eradication rate in the vonoprazan group (P = 0.34),
whereas it decreased the rates in the PPI groups (P =
0.013). The incidence of adverse events in the vonop
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[5]

razan group was not different from the PPI group (P
= 0.054), although the vonoprazan group exhibited
a wider range of adverse events. Vonoprazan-based
triple therapy was highly effective as a second-line
treatment, with an eradication rate similar to that of
PPI-based therapy.

health insurance . After the approval of the first
regimen, the second-line treatment, in which CAM is
replaced by metronidazole (MNZ), was also approved
in 2007. Dating from February 2013, H. pylori eradi
cation therapy was expanded to include patients with
H. pylori infection-associated gastritis to prevent
gastric cancer.
However, the eradication rate with the first-line
treatment has reportedly decreased due to the increase
[5-7]
of CAM-resistant strains in recent years . Therefore,
a more effective strategy is required for CAM-resistant
patients.
Vonoprazan is a novel potassium-competitive acid
blocker (P-CAB) and to a new class of gastric acid-sup[8]
+
+
pressive agents . P-CABs, which block H , K ATPase
in a competitive and reversible manner, result in stron[9]
ger and more sustained acid suppression than PPIs .
Alteration of the intragastric pH, to a higher pH with a
lower percentage of time spent < pH 4, is crucial in H.
[10]
pylori eradication therapy . Therefore, P-CAB-based
triple therapy should be more efficient than PPI-based
therapy for H. pylori-infected patients, including CAMresistant patients. A phase Ⅲ randomized, doubleblind study showed that vonoprazan (P-CAB)-based
treatment was effective in both first- and second-line H.
pylori eradication therapy compared to treatment with
[11]
lansoprazol .
In this study, we evaluated the clinical effectiveness
and safety of vonoprazan-based H. pylori eradication
therapy and compared it to that of conventional PPIbased therapy in clinical practice.

CONCLUSION
Vonoprazan might be superior to PPIs in first-line H.
pylori therapy, particularly for smokers. However,
caution is required due to possible adverse events.
Key words: Helicobacter pylori ; Eradication treatment;
Vonoprazan; Proton pump inhibitors; Adverse event;
Smoking
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Because the Helicobacter pylori (H. pylori )
eradication rate of conventional proton pump inhibi
tor (PPI)-based treatment has decreased because
clarithromycin-resistant strains have appeared in
recent years, a new treatment strategy is required.
Vonoprazan is a novel potassium -competitive acid
blocker that has strong, long-lasting effects, but few
studies have investigated its efficacy against H. pylori .
We compared vonoprazan-based therapy and PPIbased therapy as first-line and second-line treatments.
Vonoprazan-based therapy was superior to PPI-based
therapy, particularly for smokers, but adverse events
(AEs) due to vonoprazan occurred more frequently.
Vonoprazan-based therapy is a potentially efficacious
treatment, but it should be used with caution due to
possible AEs.

MATERIALS AND METHODS
Patients and study design

This study was conducted in a single institution (Hattori
Clinic). We retrospectively examined data from pati
ents administered first- and/or second-line eradication
therapy.
H. pylori-positive patients diagnosed via a highresolution endoscope (GIF260, 290 series; Olympus,
Tokyo, Japan) with gastric ulcer and/or ulcer scar
(GU/GUs), duodenal ulcer and/or ulcer scar (DU/DUs),
gastroduodenal ulcer and/or ulcer scar (GDU/GDUs),
gastric MALT lymphoma, post-endoscopic submucosal
dissection (post ESD) for early gastric cancer or
atrophic gastritis from April 2014 to December 2015 at
Hattori Clinic were enrolled in this study.
The exclusion criteria were as follows: less than 20
years of age; past history of total gastrectomy; history
of drug allergy to PPIs, AMPC, CAM, or MNZ; clinically
significant disease (hepatic, renal or cardiac disease);
and pregnancy.
The presence of H. pylori at admission and after
first- and second-line eradication therapy was con13
firmed with the C-urea breath test (UBT). The cutoff value was 2.5‰. Confirmation of eradication by
UBT was performed no less than 8 wk after eradication

Sakurai K, Suda H, Ido Y, Takeichi T, Okuda A, Hasuda K,
Hattori M. Comparative study: Vonoprazan and proton pump
inhibitors in Helicobacter pylori eradication therapy. World J
Gastroenterol 2017; 23(4): 668-675 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i4/668.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i4.668

INTRODUCTION
Helicobacter pylori (H. pylori) contributes to upper gastrointestinal diseases, such as chronic gastritis, peptic
ulcers, mucosa-associated lymphoid tissue (MALT)
[1-3]
lymphoma, and gastric cancer . Proton pump inhibitor (PPI)-based H. pylori eradication therapy has been
shown to be effective for treatment of H. pylori-related
[4]
diseases .
In Japan, the first-line regimen consists of triple
therapy with a PPI (omeprazole, rabeprazole, lansoprazole, or esomeprazole), amoxicillin (AMPC), and
clarithromycin (CAM) for 7 d. As of 2000, the cost
of this therapy for patients with gastric or duodenal
ulcers has been covered under Japan’s national

WJG|www.wjgnet.com

669

January 28, 2017|Volume 23|Issue 4|

Sakurai K et al . Eradication of H. pylori with vonoprazan
Table 1 Baseline and demographic characteristics of patients in this study
First-line eradication therapy

Age, mean ± SD, yr
Sex, n (%)
Male
Female
Indication
GU(s)
DU(s)
GDU(s)
MALT lymphoma
Post ESD
Atrophic gastritis

Second-line eradication therapy

VPZ group

PPI group

EPZ group RPZ group LPZ group VPZ group

PPI group

n = 546

n = 807

n = 507

n = 89

n = 211

n = 76

n = 185

EPZ group RPZ group LPZ group

n = 104

n = 24

n = 57

57.4 ± 11.8

56.7 ± 12.8

56.9 ± 11.6

60.7 ± 11.2

56.1 ± 12.1

56.9 ± 12.8

56.0 ± 12.6

57.5 ± 12.5

58.2 ± 12.2

58.1 ± 12.3

225 (41.2)
321 (58.8)

318 (39.4)
489 (60.6)

193 (38.1)
314 (61.9)

35 (39.3)
54 (60.7)

90 (42.7)
121 (57.3)

30 (39.5)
46 (60.5)

71 (38.4)
114 (61.6)

39 (37.5)
65 (62.5)

9 (39.3)
15 (60.7)

23 (40.4)
34 (59.6)

32
37
4
0
1
472

33
68
4
2
3
697

18
36
2
0
2
449

4
8
1
0
0
76

11
24
1
2
1
172

3
5
1
0
1
66

7
13
0
1
0
164

6
5
0
0
0
93

0
2
0
0
0
22

1
6
0
1
0
49

GU/GUs: Gastric ulcer and/or ulcer scar; DU/DUs: Duodenal ulcer and/or ulcer scar; GDU/GDUs: Gastroduodenal ulcer and/or ulcer scar; MALT:
Mucosa-associated lymphoid tissue; ESD: Endoscopic submucosal dissection; VPZ: Vonoprazan; PPI: Proton pump inhibitor; EPZ: Esomeprazole; RPZ:
Rabeprazole; LPZ: Lansoprazole.

2

four regimens was assessed using the χ test. Patient
characteristics among the four groups were assessed
2
via Fisher’s exact test and the χ test. Factors associated with treatment failure were assessed by logistic
regression analysis. P values < 0.05 were considered
to be statistically significant.

treatment was completed. UBT-negative patients
whose endoscopic findings showed gastric atrophy
received an additional stool antigen test.
H. pylori-positive patients received one of the
following first-line treatments: (1) vonoprazan (VPZ)
group; 20 mg vonoprazan, 200 mg CAM, and 750
mg AMPC twice daily for 7 d; (2) esomeprazole (EPZ)
group; 20 mg esomeprazole, 200 mg CAM, and 750
mg AMPC twice daily for 7 d; (3) rabeprazole (RPZ)
group; 10 mg rabeprazole, 200 mg CAM, and 750
mg AMPC twice daily for 7 d; (4) lansoprazole (LPZ)
group; 30 mg lansoprazole, 200 mg CAM, and 750 mg
AMPC twice daily for 7 d. For the second-line treatment, 200 mg CAM was replaced with 250 mg MNZ
and a selected acid blocker medication depended on
the attending doctor’s discretion.
Adverse events (AEs) were defined as undesirable
medical symptoms or conditions after the beginning
of the treatment, which were interrogated directly by
each investigator.
The primary endpoint was eradication rate. The
secondary endpoints were AEs and related factors.
Subgroup analyses of demographic and clinical
characteristics, including presence of endoscopic gastric atrophy, age, gender, alcohol consumption, body
mass index (BMI), and smoking, were also conducted.
The Kimura-Takemoto classification was used to clas[12]
sify atrophic gastritis .
This study was conducted in accordance with the
Declaration of Helsinki, and the research protocol
was approved by the institutional review board of the
Hattori Clinic.

RESULTS
Patient characteristics

In total, 1353 patients completed the first-line
treatment protocol. The baseline characteristics and
demographics of patients in this study were presented
in Table 1. Most patients (n = 1169) were diagnosed
with H. pylori-infected gastritis without any other
lesions or diseases. Others diagnoses were GU/GUs (n
= 65), DU/DUs (n = 105), GDU/GDUs (n = 8), MALT
lymphoma (n = 2), and post ESD for early gastric
cancer (n = 4). The patients were treated with VPZ
(n = 546), EPZ (n = 507), RPZ (n = 89), or LPZ (n =
211). Demographic and other baseline characteristics
for all the patients receiving the four regimens were
not significantly different with regard to age, sex,
and upper gastrointestinal diseases. In total, 261
patients completed the second-line treatment protocol.
Demographic and other baseline characteristics in the
second-line treatment were also shown in Table 1 and
there were not significant differences in all of them.

Eradication rates

FAS analysis indicated that the first-line treatment
eradication rate was 87.9% (95%CI: 84.9%-90.5%)
in the VPZ group, 71.6% (95%CI: 67.5%-75.5%) in
the EPZ group, 62.9% (95%CI: 52.0%-72.9%) in the
RPZ group, and 57.3% (95%CI: 50.4%-64.1%) in the
LPZ group (Figure 1). The eradication rate achieved in
the VPZ group was significantly higher than that in the
other three groups ( Table 2).
The eradication rates for the second-line treatment

Statistical analysis

The eradication rate was evaluated with a full analysis
set (FAS) and calculated with 95%CI. In the FAS
analysis, patients who were lost during follow-up and
who did not comply with the protocol were excluded.
Statistical analysis of eradication rate among the
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Figure 2 Helicobacter pylori eradication rates (full analysis set) for
vonoprazan, esomeprazole, rabeprazole, and lansoprazole in secondline triple therapy. The eradication rates of the four second-line therapies
were not significantly different. VPZ 20: 20 mg VPZ, 250 mg MNZ, and 750 mg
AMPC twice a day for 1 wk; EPZ 20: 20 mg EPZ, 250 mg MNZ, and 750 mg
AMPC twice a day for 1 wk; RPZ 10: 10 mg RPZ, 250 mg MNZ, and 750 mg
AMPC twice a day for 1 wk; LPZ 30: 30 mg LPZ, 250 mg MNZ, and 750 mg
AMPC twice a day for 1 wk. VPZ: Vonoprazan; MNZ: Metronidazole; AMPC:
Amoxicillin; EPZ: Esomeprazole; RPZ: Rabeprazole; LPZ: Lansoprazole;
H. pylori: Helicobacter pylori.

Figure 1 Helicobacter pylori eradication rates (full analysis set) for
vonoprazan, esomeprazole, rabeprazole, and lansoprazole in firstline triple therapy. The eradication rate was significantly higher in the VPZ
group than that in the EPZ, RPZ, and LPZ groups (aP < 0.05); cP < 0.05 vs
lansoprazole. VPZ 20: 20 mg VPZ, 200 mg CAM, and 750 mg AMPC twice a
day for 1 wk. EPZ 20: 20 mg EPZ, 200 mg CAM, and 750 mg AMPC twice a
day for 1 wk. RPZ 10: 10 mg RPZ, 200 mg CAM, and 750 mg AMPC twice a
day for 1 wk. LPZ 30: 30 mg LPZ, 200 mg CAM, and 750 mg AMPC twice a day
for 1 wk. VPZ: Vonoprazan; EPZ: Esomeprazole; CAM: Clarithromycin; AMPC:
Amoxicillin; RPZ: Rabeprazole; LPZ: Lansoprazole; H. pylori: Helicobacter
pylori.

most frequently, similar to first-line eradication therapy
(Table 3). None of the patients showed serious and
critical AEs in during either the first or second-line
therapy and none of the patients discontinued H. pylori
eradication treatment because of AEs.

were 96.1% (95%CI: 88.9%-99.2%) in the VPZ
group, 88.5% (95%CI: 80.7%-93.9%) in the EPZ
group, 95.8% (95%CI: 78.9%-99.9%) in the RPZ
group, and 89.5% (95%CI: 78.5%-96.0%) in the LPZ
group (Figure 2), and there were no significant differences among the four groups.
We evaluated age, extent of atrophic gastritis, sex,
BMI, alcohol abuse, and smoking habits as predictive
factors for successful H. pylori eradication in the firstand second-line treatments among the four groups.
For the first-line treatment, smoking alone showed
a significant difference between the four groups by
univariate analyses. Thus, smoking habits decreased
H. pylori eradication rates in the three PPI groups,
whereas eradication was unaffected in the VPZ group
(Table 2). There were no predictive factors observed
for second-line treatment and there were no predictive
factors demonstrated in both the first-line treatment
and the second-line treatment by multivariate analyses
(data not shown).

DISCUSSION
We compared the efficacies and safety profiles of
vonoprazan and three PPIs (esomeprazole, rabeprazole, and lansoprazole) used for H. pylori eradication
and found vonoprazan to be superior to PPIs as a firstline therapy (P < 0.01).
Several factors, such as cytochrome P450 2C19
(CYP2C19) polymorphisms, antibiotic susceptibility,
smoking habits, and patient compliance, are known
[13]
to cause H. pylori eradication failure . Insufficient
gastric acid inhibition and H. pylori antibiotic resistance
are major factors underlying H. pylori eradication
[13]
failure .
H. pylori eradication is dependent on the maintenance of a near neutral gastric pH throughout the
[11]
day . Maintenance of a gastric pH > 5 is necessary
for H. pylori to replicate. Additionally, acid suppression
has been reported to enhance antibiotic stability and
[14]
bacterial sensitivity . Therefore, adequate acid suppression is essential for H. pylori eradication therapy.
Vonoprazan is a highly effective anti-acid drug
[15]
compared to PPIs. Sakurai et al
showed that
vonoprazan suppressed acid secretion more rapidly
and persistently than two PPIs, esomeprazole and
rabeprazole. The authors showed that even on the first
day of administration, the mean pH for vonoprazan
was above 5, in contrast to the pH induced by PPIs,
and the 24 h pH 4 holding-time (acid-inhibitory effect)

AEs

The AE incidence during first-line eradication therapy
was 11.2% in the VPZ group compared with 7.7% in
the EPZ group, 10.1% in the RPZ group, and 5.7%
in the LPZ group. The most frequently observed AE
was diarrhoea/soft stool. There was no significant
difference in AE incidence between the VPZ group and
the PPI groups (P = 0.054). However, the VPZ group
showed a wider range of AEs including appetite loss,
headache, fever and haematuria. The AE incidence
for second-line eradication therapy was also not significantly different, and diarrhoea/soft stool occurred
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Table 2 Univariate analysis of predictors for successful Helicobacter pylori first-line eradication
VPZ group
Eradication rate
Sex
Male
Female
Age (yr)
< 60
≥ 60
BMI (kg/m2)
< 25
≥ 25
Smoking
No
Yes
Alcohol
Non-drinker
Drinker
Atrophy
Closed type
Open type

OR

PPI group

P value

95%CI

Eradication rate

OR

95%CI

P value

90.2%
86.3%

1
0.682

0.396-1.174

0.17

67.0%
66.9%

1
0.995

0.737-1.343

0.97

86.6%
87.9%

1
1

0.598-1.673

1

74.1%
76.7%

1
1.155

0.860-1.551

0.34

88.4%
86.5%

1
0.843

0.464-1.530

0.57

69.1%
68.8%

1
0.987

0.683-1.435

0.94

87.3%
91.3%

1
1.412

0.583-3.420

0.44

68.1%
56.6%

1
0.611

0.412-0.906

0.01

88.1%
87.4%

1
0.937

0.555-1.580

0.81

67.7%
67.3%

1
0.984

0.716-1.352

0.92

87.9%
89.1%

1
1.130

0.619-2.069

0.69

65.6%
65.6%

1
0.998

0.708-1.408

0.99

VPZ: Vonoprazan; PPI: Proton pump inhibitor.

Table 3 Adverse events in first- and second-line eradication therapies n (%)
First-line eradication therapy
Adverse events
Diarrhoea/soft stool
Eruption
Constipation
Dysgeusia
Nausea and vomiting
Abdominal pain
Appetite loss
General fatigue
Heartburn
Headache
Fever
Flatulence
Haematuria
Vertigo

Second-line eradication therapy

VPZ

EPZ

RPZ

LPZ

VPZ

EPZ

RPZ

LPZ

61 (11.2)
29 (47.5)
7 (11.5)
6 (10.0)
3 (5.0)
2 (3.3)
5 (8.2)
3 (5.0)
2 (3.3)
1 (1.6)
1 (1.6)
1 (1.6)
0
1 (1.6)

39 (7.7)
25 (64.1)
3 (7.7)
3 (7.7)
3 (7.7)
2 (5.1)
2 (5.1)
0
1 (2.6)
0
0
0
0
0

9 (10.1)
5 (55.6)
2 (22.2)
0
1 (11.1)
0
0
0
0
0
0
0
1 (11.1)
0

12 (5.7)
8 (66.7)
2 (16.7)
0
0
1 (8.3)
0
0
0
1 (8.3)
0
0
0
0

6 (7.9)
4 (66.7)
0

14 (13.5)
6 (43.0)
3 (21.4)

3 (12.5)
3 (100)
0

7 (12.3)
5 (71.4)
0

0
0
1 (16.7)

1 (7.1)
1 (7.1)
2 (14.3)

0
0
0

1 (14.3)
0
0

1 (16.7)

0

0

0

0

0

0

1 (14.3)

0

1 (7.1)

0

0

VPZ: Vonoprazan group; EPZ: Esomeprazole group; RPZ: Rabeprazole group; LPZ: Lansoprazole group.

[15]

of vonoprazan greatly exceeded that of the PPIs .
Considering the significance of acid suppression for H.
pylori eradication therapy, vonoprazan could be effective for resolving H. pylori eradication failure.
The acid-inhibitory effect of PPIs is affected by
CYP2C19 polymorphisms, and for extensive CYP2C19
metabolizers, the acid-inhibitory effect of PPIs is
decreased. The population frequency of poor, intermediate, extensive metabolizers in Japan is 18.8%,
[16]
43.8% and 35.5%, respectively .
Esomeprazole is less susceptible to CYP2C19
[17,18]
polymorphisms
. Indeed, the eradication rate
of esomeprazole was significantly higher than that
of lansoprazole in our study. We suggest that the
eradication rates observed in our results correspond
to the population frequency of genetic polymorphisms

WJG|www.wjgnet.com

affecting the metabolism of the PPI. Vonoprazan is also
unaffected by CYP2C19 polymorphisms because it is
[19-21]
poorly metabolized by CYP2C19
.
We hypothesized that the significantly higher eradication rate for vonoprazan compared to the other PPIs
was caused by tolerance of CYP2C19 polymorphisms.
Drug interactions with antibiotics may also affect
eradication rate. Comparing the pharmacokinetics of
co-administration of vonoprazan, CAM plus AMPC and
single administration of the drugs, co-administered
vonoprazan and CAM resulted in a higher mean Cmax
and area under the curve (AUC) compared with those
of single administration. However, AMPC had no effect
[19-21]
on Cmax and AUC
. Both CAM and vonoprazan
are predominantly metabolized by CYP3A4 and have
also been reported to be possible CYP3A4 inhibitors
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when used in combination. Thus, vonoprazan and CAM
might mutually inhibit their metabolism, increasing the
plasma concentrations of both CAM and vonoprazan.
A phase Ⅲ, randomized, double-blind, multicentre
study on vonoprazan showed higher eradication rates
with vonoprazan (82.0%) against CAM resistance
[10]
compared to that of lansoprazole (40.0%) ; thus, we
hypothesize that these pharmacological characteristics
of vonoprazan will be advantageous for H. pylorieradication therapy.
Although vonoprazan might be effective in H. pylori
eradication therapy, AEs are still possible with this new
drug. However, in our study, there was no significant
difference in the incidence of AEs between vonoprazan
and PPIs (P = 0.054). Notably, vonoprazan caused a
wider variety of AEs compared to PPIs, although every
AE was relatively mild and completely resolved after
discontinuation of H. pylori eradication therapy. As we
mentioned above, the plasma concentrations of CAM
and vonoprazan might be increased during first-line
treatment, making it likely that unexpected and more
frequent AEs happen. Thus, vonoprazan-associated
AEs need to be carefully monitored in the future.
A phase Ⅲ study also showed an extremely high
eradication rate (98%) for second-line triple therapy
[8]
with vonoprazan, AMPC, and MNZ . Correspondingly,
our second-line eradication rate was 96.1% overall,
and there were no significant differences in the
second-line eradication rates and AEs between the
three PPIs and vonoprazan. In the second-line treatment, CAM was replaced by MNZ, which is believed to
be unaffected by CYP3A and CYP2C19 polymorphisms.
Due to the original high eradication rates of secondline therapy with PPIs, addition of MNZ did not result in
differences in the second-line eradication rates.
Tobacco smoking was also demonstrated to be a
factor in H. pylori eradication failure; this is because
[22]
smoking stimulates acid secretion , affects the
[23]
metabolism of cytochrome P450 , and decreases
[24]
gastric blood flow and mucous secretion . Hence,
smoking reduces the delivery of antibiotics to the
gastric mucosa. Most significantly, smoking stimulates
acid secretion, which results in decreased intragastric
[25]
pH. Indeed, Suzuki et al
reported that smoking
increased the risk of H. pylori eradication failure.
Interestingly, H. pylori eradication rates among
patients in the VPZ group who smoked were unaffected in our study, whereas the eradication rates in
the PPI groups decreased significantly. Thus, H. pylori
therapy with vonoprazan was effective even for smoking patients; this was most likely because of strong
acid suppression. Although smoking alone showed
a significant difference between the four groups by
univariate analyses, it was not a significant factor
by multivariate analyses. We believe that this result
might have arisen because we did not investigate drug
sensitivity, and H. pylori resistance to CAM might be
a major reason for treatment failure. It is necessary
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to investigate factors contributing to the success of H.
pylori eradication treatment, including drug sensitivity,
in the future.
This study was limited because it was retrospective
and only performed at a single centre; moreover,
we did not investigate drug sensitivity and CYP2C19
polymorphism. Triple therapy combining a PPI with
AMPC and CAM generates an unacceptably low
eradication rate in most of the world. Sequential
therapy, quadruple therapy, concomitant therapy and
high dose dual therapy are recommended in the era
[13]
of increased CAM resistance . However, although the
resistance of H. pylori to CAM is increasing in Japan,
only triple therapy with PPI, AMPC and CAM has been
recognized under Japan’s national health insurance.
Vonoprazan-based triple therapy has been available in
Japan dating from February 2015. In our results, the
vonoprazan eradication rate was high (87.9%), but it
is not a satisfactory result regarding the efficacy of H.
pylori eradication throughout the world. If vonoprazan
-based triple therapy was provided to CAM -sensitive
patients, the eradication rate might increase to over
90%. Therefore, it is necessary to investigate drug
sensitivity before treatment in Japan. If the patients
have CAM-resistant strains of H. pylori, they will
require regimens of vonoprazan and different types
and doses of antibiotics as well as different periods
instead of CAM.
H. pylori eradication therapy is an effective treatment to help prevent gastric cancer. However, indiscriminate use of H. pylori eradication therapy might
result in the expansion of antibiotic resistance instead
of promoting gastric cancer prevention. Therefore, we
need to select appropriate H. pylori eradication regimens by taking into consideration individual variations,
such as antibiotic resistance and CYP2C19 polymorphism; however, the cost of these tests is not covered
under Japan’s national health insurance scheme.
In conclusion, triple therapy with vonoprazan,
AMPC, and CAM is superior to PPI-based therapy for
first-line eradication, however possible AEs should be
monitored.
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with an eradication rate above 90% is needed. A more effective regimen is
necessary in Japan.

Innovations and breakthroughs

In this study, vonoprazan resulted in a significantly higher eradication rate
(87.9%) than that of the three PPIs in the first-line treatment. There were no
significant differences in the second-line eradication rates. Interestingly, H.
pylori eradication rate for vonoprazan in smoking patients was similar to that
of non-smoking patients, whereas the eradication rates with PPIs for smokers
were decreased.
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CAM resistance is increasing in Japan. If the patients have CAM-resistant
strains of H. pylori, treatment will require regimens of vonoprazan and different
types and doses of antibiotics. Vonoprazan-containing triple therapy, quadruple
therapy, sequential therapy and dual therapy that considers drug sensitivity will
produce an excellent eradication rate.
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Abstract

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent. Individuals can’t be
identified according to the data presented.

AIM
To investigate the association between postoperative
pain control and oncologic outcomes in resected
pancreatic ductal adenocarcinoma (PDAC).
METHODS
From January 2009 to December 2014, 221 patients
were diagnosed with PDAC and underwent resection
with curative intent. Retrospective review of the
patients was performed based on electronic medical
records system. One patient without records of nu
merical rating scale (NRS) pain intensity scores was
excluded and eight patients who underwent total
pancreatectomy were also excluded. NRS scores during
7 postoperative days following resection of PDAC were

Conflict-of-interest statement: All authors have no financial
relationships to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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reviewed along with clinicopathologic characteristics.
Patients were stratified into a good pain control
group and a poor pain control group according to
the difference in average pain intensity between the
early (POD 1, 2, 3) and late (POD 5, 7) postoperative
periods. Cox-proportional hazards multivariate analysis
was performed to determine association between
postoperative pain control and oncologic outcomes.

com/1007-9327/full/v23/i4/676.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.676

INTRODUCTION
Pancreas cancer is one of the most fatal malignancies
in the world and is currently the fourth leading cause of
[1]
cancer death in the United States . Surgical excision
remains the only curative therapy for pancreatic
cancer. However, the resection rate is less than 20% at
the time of initial diagnosis, and the rate of recurrence
is extremely high even after surgery, occurring in up
[2-4]
to 65% to 95% of patients . To overcome the high
incidence of micrometastatic disease, margin-negative
[5]
[2,3,6]
resection and the use of adjuvant treatment
have been considered as important prognostic factors
of long-term survival. Nonetheless, 5-year overall
survival remains less than 25% even after receiving
[2,3]
adjuvant chemotherapy following resection .
Recently, the importance of the perioperative
period on oncologic outcome after cancer surgery
[7-10]
has been emphasized in several review studies
.
These studies underlined that the paracrine and
neuroendocrine responses caused by surgical stress
could promote tumor metastasis through direct
action on residual malignant cells and by suppressing
natural killer (NK) cell activity, thus compromising
[8,11,12]
antimetastatic cell-mediated immunity (CMI)
.
Downregulation of immunity after surgery is known
[13]
to peak at postoperative day (POD) 3 , and the
decline in NK cell cytotoxicity has been documented
to last until POD 7 to 9, depending on the surgical
[14-16]
procedure
. A decrease in NK cell cytotoxicity
following pancreaticoduodenectomy (PD) at POD 7 was
[17]
also recently reported . These results indicate that
the early postoperative period harbors potential for the
initiation of cancer metastasis, either de novo or from
pre-existing micrometastasis.
Even when surgeons achieve R0 resection, various
factors of this disproportionally pivotal perioperative
period can facilitate growth of potential residual cancer
beyond a critical immunological threshold, leading to
cancer recurrence. Suggested perioperative risk factors
that modulate surgery-induced immunosuppression
include anesthetic technique, analgesic agents, blood
[7-10]
transfusion, hypothermia, and pain
.
Among these factors, acute pain is known to
[18]
suppress NK cell activity , and its immunosuppressive
properties have been shown to promote tumor growth
[19-22]
in animal models
. Postsurgical pain activates
the sympathetic nervous system (SNS), leading to
[23]
catecholamine secretion , which directly inhibits
NK cells. Furthermore, postoperative pain is not only
a result of surgical tissue damage and nociception,
but also reflects psychological stress, which has been
reported as a risk factor of metastatic progression in

RESULTS
A total of 212 patients were dichotomized into good
pain control group (n = 162) and poor pain control
group (n = 66). Median follow-up period was 17 mo.
A negative impact of poor postoperative pain control
on overall survival (OS) was observed in the group of
patients receiving distal pancreatectomy (DP group;
42.0 mo vs 5.0 mo, P = 0.001). Poor postoperative
pain control was also associated with poor disease-free
survival (DFS) in the DP group (18.0 mo vs 8.0 mo, P =
0.001). Patients undergoing pancreaticoduodenectomy
or pylorus-preserving pancreaticoduodenectomy
(PD group) did not show associations between
postoperative pain control and oncologic outcomes.
Poor patients’ perceived pain control was revealed as
an independent risk factor of both DFS (hR = 4.157;
95%CI: 1.938-8.915; P < 0.001) and OS (hR = 4.741;
95%CI: 2.214-10.153; P < 0.001) in resected left-sided
pancreatic cancer.
CONCLUSION
Adequate postoperative pain relief during the early
postoperative period has important clinical implications
for oncologic outcomes after resection of left-sided
pancreatic cancer.
Key words: Pancreatic cancer; Pancreatectomy; Survival;
Postoperative pain; Recurrence
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective review to evaluate
the association between postoperative pain control
and oncologic outcomes in resected pancreatic ductal
adenocarcinoma. In multivariate analysis, poor patients’
perceived pain control was an independent risk factor
for both disease-free survival (hR = 4.157; 95%CI:
1.938-8.915; P < 0.001) and overall survival (hR =
4.741; 95%CI: 2.214-10.153; P < 0.001) in resected
left-sided pancreatic cancer. Adequate postoperative
pain control to reduce patients’ perceived pain during
immediate postoperative period may be as important
as adjuvant therapy in resected left-sided pancreatic
cancer.
Min EK, Chong JU, Hwang HK, Pae SJ, Kang CM, Lee WJ.
Negative oncologic impact of poor postoperative pain control
in left-sided pancreatic cancer. World J Gastroenterol 2017;
23(4): 676-686 Available from: URL: http://www.wjgnet.
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and the importance of “perceived control”, we applied
the concept of pain control expressed as difference
in pain intensity between the two periods rather than
objective pain intensity value. We defined the “good
pain control group” as the group of patients whose
late pain intensity was lower than that of early pain
intensity and the “poor pain control group” as the
group of patients whose late pain intensity was the
same or higher than the early pain intensity.
Postoperative complications were defined using
the Clavien-Dindo classification of surgical com
[26]
plications . Major complications were defined as
complications with a Clavien-Dindo score of Ⅲ or
higher, which require additional interventional and/or
medical treatment associated with prolonged hospital
stay. TNM stages were classified according to the
th
American Joint Committee on Cancer (AJCC; 7 edition)
[27]
staging system . Multivisceral resection was defined
as resection of any organ or a part of an organ other
than the pancreas and spleen. Combined resection
was defined as any multivisceral resection or vascular
resection.

221 pancreatectomy for PDAC

1 excluded
(missing NRS record)

8 excluded
(total pancreatectomy)

212 pancreatectomy for PDAC
PD
11
PPPD
135
DP
66

Figure 1 Patient eligibility. PDAC: Pancreatic ductal adenocarcinoma;
NRS: Numerical rating scale; PD: Pancreaticoduodenectomy; PPPD: Pyloruspreserving pancreaticoduodenectomy; DP: Distal pancreatectomy with or
without spleen preservation.
[24,25]

some clinical trials
.
In spite of its potential role as an immunomodulator
promoting tumor growth and metastasis, there
has been no study to evaluate the oncologic sig
nificance of postoperative pain following resection of
pancreas cancer. In this study, we investigated the
association between postoperative pain control and
oncologic outcomes in resected pancreatic ductal
adenocarcinoma (PDAC).

Statistical analysis

Statistical analyses were performed using SPSS 20.0
for Windows (SPSS Inc., Chicago, IL, United States)
and MedCalc 16.8.4 for Windows (MedCalc Inc.,
Mariakerke, Belgium). For continuous variables, t-test
was performed and reported as mean and standard
deviation. For matched data analysis, paired t-test was
performed. Categorical variables were compared using
the Chi-Square test or Fisher’s exact test and reported
as number (n) and percentage (%). Overall survival
(OS) rates and disease-free survival (DFS) rates were
estimated using the Kaplan-Meier method. Log-rank
test was performed to compare the categorical groups
in univariate analysis. A multivariable Cox proportional
hazards regression model was used to determine
independent risk factors associated with OS and DFS.
This model included all of the categorized patient,
resection, and tumor characteristics with log-rank
P values ≤ 0.150. Exponential (b) measures were
reported with 95%CI to evaluate the risks associated
with each factor. Statistical significance was achieved
at P < 0.05.

MATERIALS AND METHODS
Patients and study design

From January 2009 to December 2014, 221 patients
with PDAC underwent pancreatectomy with curative
intent in our center. We retrospectively reviewed
clinicopathologic characteristics and numerical rating
scale (NRS) pain intensity score recorded in the
nursing records system. One patient was excluded
because of missing NRS data for an unknown reason
and eight patients who required total pancreatectomy
were also excluded (Figure 1). The study was reviewed
and approved by the Institutional Review Board of
Yonsei University College of Medicine.

Data collection and analysis

NRS score from the nursing records system was
available from 2009. Nurses administered the 11-point
NRS, with the score ranging from 0 to 10, to evaluate
pain intensity whenever the patients reported pain.
Patients were instructed to rate 0 as “no pain at all”
and 10 as “the worst possible pain”. NRS scores during
7 postoperative days following resection of PDAC were
reviewed.
We defined early pain score as the average of all
pain scores reported on POD 1, 2, and 3 and late pain
score as the average of scores reported on POD 5 and
7. In consideration of the subjective nature of pain

WJG|www.wjgnet.com

RESULTS
Patients characteristics

A total of 212 patients who underwent pancreatec
tomy for PDAC were retrospectively reviewed. The
clinicopathological characteristics are summarized in
Table 1. Median follow-up period was 17 mo. Sixtysix patients (31.3%) received neoadjuvant concurrent
chemoradiotherapy (CCRT) before pancreas resection,
and 154 patients (72.6%) received adjuvant treat
ment of chemotherapy, radiotherapy, or CCRT
according to their general condition. R0 resection
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P < 0.001

Table 1 Clinicopathologic characteristics of the patients n (%)

Age (yr)
Male gender
BMI (kg/m2)
Diabetes
ASA
1
2
3
4
Operative time (min)
Intraoperative bleeding (mL)
Intraoperative transfusion
pT stage
T0
T1
T2
T3
T4
pN stage
N0
N1
pTNM staging
Ⅰ
Ⅱ
Ⅲ
Ⅳ
R status
R0
R1
R2
Cell differentiation
Well
Moderate
Poor
Undifferentiated
Retrieved lymph nodes
Vascular resection
Mutivisceral resection
Combined resection
Lymphovascular invasion
Perineural invasion
Neoadjuvant CCRT
Adjuvant treatment
Complications
Minor
Major(≥ G3)
Length of hospital stay (d)
Recurrence

P < 0.001

Frequency, mean ± SD
62.8 ± 9.5
125 (59.0)
22.8 ± 2.9
73 (34.4)

P < 0.001
6

66 (31.1)
92 (43.4)
49 (23.1)
2 (0.9)
402.2 ± 129.3
626.0 ± 482.8
47 (22.2)
9 (4.2)
16 (7.5)
3 (1.4)
182 (85.8)
2 (0.9)

P < 0.001
P < 0.001

4
3
2
1
0
POD 1

POD 2

POD 3

POD 5

POD 7

Figure 2 Overall changes in postoperative numerical rating scale
pain intensity following pancreatectomy. POD: Postoperative day; NRS:
Numerical rating scale.

106 (50.0)
106 (50.0)
18 (8.5)
182 (85.8)
2 (0.9)
1 (0.5)

7 compared with POD 1 (P < 0.001 for each; Figure
2). There was a significant decrease in pain intensity
between each two successive days (P < 0.001), except
between POD 2 and 3 (P = 0.916).
Patients were divided into a good pain control
group (n = 162) and poor pain control group (n = 50).
The good pain control group showed a reduction of
pain intensity from 4.13 ± 0.93 to 2.87 ± 0.86 for the
PD group (n = 109, P < 0.001) and from 3.71 ± 0.77
to 2.69 ± 0.78 for the DP group (n = 53, P < 0.001,
Figure 3A). The poor pain control group showed an
increase of pain intensity from 3.35 ± 0.87 to 4.03 ±
1.02 for the PD group (n = 37, P < 0.001) and from
2.71 ± 0.99 to 3.26 ± 0.88 for the DP group (n = 13,
P = 0.003, Figure 3B).

187 (88.2)
23 (10.8)
2 (0.9)
24 (11.3)
152 (71.7)
17 (8.0)
1 (0.5)
17.3 ± 9.9
55 (25.9)
36 (17.5)
71 (33.5)
71 (33.5)
146 (68.9)
66 (31.3)
154 (72.6)

Oncologic impact of postoperative pain intensity
following pancreatectomy

112 (52.8)
20 (9.4)
21.1 ± 15.0
137 (64.6)

A negative impact of poor postoperative pain control
on OS was observed in the DP group [good pain
control vs poor pain control, median survival 42.0 mo
(95%CI: 26.2-57.8) vs 15.0 mo (95%CI: 11.5-18.5),
P = 0.001, Figure 4B]. Also, poor pain control exerted
a negative effect on DFS in the DP group (good pain
control vs poor pain control, median 18.0 mo vs
8.0 mo, P = 0.001, Figure 4D). Patients undergoing
pancreaticoduodenectomy or pylorus-preserving
pancreaticoduodenectomy (PD group) did not show
associations between postoperative pain control and
oncologic outcomes.

ASA: American Society of Anesthesiologists; CCRT: Concurrent chemo
radiotherapy.

was achieved in 187 patients (88.2%). In terms of
resection methods, 146 patients (68.9%) underwent
pancreaticoduodenectomy (PD) or pylorus-preserving
pancreatoduodenectomy (PPPD), and 66 patients
(31.1%) underwent distal pancreatectomy (DP) with
or without spleen preservation.

Comparison between the good pain control group and
the poor pain control group among patients undergoing
distal pancreatectomy

Changes in postoperative pain intensity following
pancreatectomy

For the overall patient population, postoperative pain
intensity decreased significantly at POD 2, 3, 5, and

WJG|www.wjgnet.com

P < 0.001

5
NRS pain intensity

Characteristic (n = 212)

There were no significant differences in preoperative,
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B
P < 0.001

6

P < 0.001

P = 0.003

5
NRS pain intensity

5,
7)

5,
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rly

PD

Ea

Ea
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2

3

rly

3

4

Ea

4
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t

NRS pain intensity

5

e

P < 0.001

6

La
t

A

DP

Figure 3 Change in numerical rating scale pain intensity following pancreatectomy stratified by quality of pain control. A: Good pain control group
(n = 109, PD; n = 53, DP); B: Poor pain control group (n = 37, PD; n = 13, DP). PD: Patients underwent pancreaticoduodenectomy or pylorus-preserving
pancreaticoduodenectomy; DP: Patients underwent distal pancreatectomy; POD: Postoperative day; NRS: Numerical rating scale.

A

B
P = 0.195

1.0

0.8

0.6

Poor pain control

0.4

Overall survival

0.8
Overall survival

P = 0.001

1.0

Good pain control

0.2

0.6

Good pain control

0.4
0.2

0.0

Poor pain control

0.0
0

20

40

60

0

20

t/mo

C

60

80

D
P = 0.235

0.8
0.6
Poor pain control

0.4
0.2

Good pain control

0.0

P = 0.001

1.0

Disease free survival

1.0

Disease free survival

40

t/mo

0.8
0.6

Good pain control

0.4
0.2

Poor pain control

0.0
0

20

40

60

0

20

t/mo

40

60

80

t/mo

Figure 4 Oncologic outcomes. Comparison of overall survival between the good pain control group (solid line) and poor pain control group (dotted curve) after
pancreaticoduodenectomy (PD) (A) and distal pancreatectomy (DP) (B); Comparison of disease-free survival between the good pain control group (solid line) and
poor pain control group (dotted curve) after PD (C) and DP (D).
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intraoperative, or postoperative outcomes between
the good pain control group and the poor pain
control group (P > 0.05, Table 2). Other interesting
finding was that surgical approach, such as open or
minimally invasive, did not influence categorization
of pain response (P = 0.523). Whether the patients
received neoadjuvant CCRT or not also did not affect
grouping of pain control (P = 0.719). There were
also no differences in method of postoperative pain
management techniques between the group (P =
0.445).

Table 2 Clinicopathologic differences between the good pain
control group and poor pain control group undergoing distal
pancreatectomy n (%)
Pain control group

Age (yr)
Male gender
BMI (kg/m2)
Diabetes
ASA
1
2
3
Surgical approach
Open
MIS
Spleen preservation
Operation time (min)
Intraoperative bleeding (mL)
Intraoperative transfusion
Tumor size (cm)
<3
≥3
pT stage
T0
T1
T2
T3
T4
pN stage
N0
N1
pTNM staging
Ⅰ
Ⅱ
Ⅲ
Ⅳ
R status
R0
R1
R2
Retrieved lymph nodes
Multivisceral resection
Combined resection
Lymphovascular invasion
Perineural invasion
Grade
Well
Moderate
Poor
Neoadjuvant CCRT
Preoperative CA19-9
< 300
≥ 300
Adjuvant treatment
Time to adjuvant treatment (d)
Complications
Minor
Major(≥ G3)
Use of PCA
IV PCA
Epidural PCA
None
Length of hospital stay (d)

P value

Good
(n = 53)

Poor
(n = 13)

65.6 ± 8.2
30 (56.6)
23.1 ± 2.7
17 (32.1)

63.2 ± 11.3
7 (53.8)
23.1 ± 2.4
3 (23.1)

0.378
0.858
0.993
0.739

16 (30.2)
22 (41.5)
15 (28.3)

5 (41.7)
6 (50.0)
1 (8.3)

0.342

Independent prognostic factors in resected left-sided
pancreatic cancer

35 (66.0)
7 (53.8)
0.523
18 (34.0%)
6 (46.2)
7 (13.2)
2 (15.4)
> 0.999
254.1 ± 95.3
304.6 ± 89.0
0.088
364.2 ± 296.0 470.38 ± 624.8
0.373
5 (9.4)
3 (23.1)
0.185
0.407
30 (56.6)
9 (69.2)
23 (43.4)
4 (30.8)
0.148
3 (5.7)
0 (0)
3 (5.7)
2 (15.4)
2 (3.8)
1 (7.7)
45 (84.9)
9 (69.2)
0 (0.0)
1 (7.7)
0.851
27 (50.9)
7 (53.8)
26 (49.1)
6 (46.2)
0.429
5 (9.5)
2 (15.4)
44 (83.0)
10 (77.0)
0 (0.0)
1 (7.7)
1 (1.9)
0 (0.0)
0.121
47 (88.7)
11 (84.6)
6 (11.3 )
1 (7.7)
0 (0.0 )
1 (7.7)
14.8 ± 11.0
14.2 ± 6.6
0.735
12 (22.6)
2 (15.4)
0.718
14 (26.4)
2 (15.4)
0.496
14 (27.5)
4 (33.3)
0.729
34 (66.7)
5 (41.7)
0.185
0.499
3 (6.4)
2 (16.7)
38 (80.9)
9 (75.0)
6 (12.8)
1 (8.3)
12 (22.6)
4 (30.8)
0.719
0.154
34 (69.4)
12 (92.3)
15 (30.6)
1 (7.7)
39 (73.6)
9 (69.2)
0.739
53.7 ± 36.8
63.0 ± 47.0
0.520
33 (62.3)
3 (7.3)

7 (53.8)
2 (28.6)

34 (64.2)
17 (32.1)
2 (3.8)
17.1 ± 11.0

10 (76.9)
2 (15.4)
1 (7.7)
27.2 ± 45.9

In univariate analysis, intraoperative transfusion,
positive lymph node status, greater tumor diameter
(≥ 3 cm), and poor pain control were identified as
prognostic factors for predicting DFS in resected
left-sided pancreatic cancer (P = 0.005, P = 0.011,
P = 0.028, P = 0.001, respectively; Table 3). For
OS, longer operation time (≥ 300 min), positive
lymph node status, greater tumor diameter (≥ 3
cm), multivisceral resection, not receiving adjuvant
treatment, and poor pain control were significant
prognostic factors in univariate analysis (P = 0.035,
P = 0.020, P = 0.023, P = 0.043, P = 0.017, P =
0.001, respectively; Table 3). Subsequent multivariate
analysis revealed positive lymph node status, greater
tumor diameter (≥ 3 cm), not receiving adjuvant
treatment, and poor pain control as independent risk
factors for both DFS and OS in resected left-sided
pancreatic cancer (Table 4).

DISCUSSION
Evidence showing the association of pain relief and
reduced surgery-induced tumor growth was first
[28]
documented by Yeager et al
in colon carcinoma.
Since then, the protective effect of various analgesics
on surgery-induced metastasis has been reported
[19,20,29-31]
by many studies
. However, there has been
no study to evaluate the oncologic significance of
postoperative pain control following resection of
pancreatic cancer. To the best of our knowledge, the
current retrospective study is the first to suggest that
early postoperative pain control can influence patient
survival after DP for PDAC, regardless of the biology of
the tumor, surgical approach, or treatment modality.
A possible mechanism explaining the association
of poor pain control and negative oncologic outcome
could include interaction of inflammation, pain, and
suppressed NK cell activity in the early postsurgical
period, resulting in immunosuppression, which is
known to peak on POD 3. The immunosuppressive
property of pain is attributed to the direct inhibition
of NK cell cytotoxicity by catecholamine secreted
[11,12]
upon SNS activation
. Also, postoperative pain is
associated with increased secretion of proinflammatory

0.578
0.148
0.445

0.446

ASA: American Society of Anesthesiologists; CCRT: Concurrent chemo
radiotherapy; MIS: Minimal invasive surgery; PCA: Patient-controlled
analgesia.
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Major complications (≥ G3)
No
Yes
Use of PCA
Epidural
IV
Pain control
Good
Poor

Table 3 Univariate analysis of factors affecting disease-free
survival and overall survival after distal pancreatectomy
n

DFS

OS

Median P value
survival
(mo)
Age
< 65
≥ 65
Sex
Female
Male
BMI (kg/m2)
< 25
≥ 25
Diabetes
No
Yes
ASA
1/2
3/4
Surgical approach
Open
MIS
Spleen preservation
Yes
No
Operation time (min)
< 300
≥ 300
Bleeding (mL)
< 500
≥ 500
Intraoperative transfusion
No
Yes
Resection status
R0
R1/R2
Lymph node status
N0
N1
Tumor size (cm)
<3
≥3
pT stage
≤2
≥3
Multivisceral resection
No
Yes
Combined resection
No
Yes
Lymphovascular invasion
No
Yes
Perineural invasion
No
Yes
Neoadjuvant CCRT
Yes
No
Preop CA19-9 (U/mL)
< 300
≥ 300
Adjuvant treatment
Yes
No

30
36

15
11

0.216

29
37

11
18

52
14

1

Median P value
survival
(mo)
42
23

0.150

0.136

27
33

0.829

11

0.209

30
27

0.384

46
20

13
15

0.674

27

0.654

49
16

13
15

0.569

30

0.903

42
24

14
11

0.971

30
41

0.645

9
57

15
13

0.931

27
33

0.619

39
27

17
13

0.254

41
15

0.035

42
23

11
15

0.632

30
33

0.881

58
8

15
4

0.005

33
13

0.056

58
8

13
13

0.689

30
21

0.382

34
32

0.011

41
17

0.020

9

39
27

18
8

0.028

42
15

0.023

11
55

0.293

21
33

0.949

13

52
14

15
10

0.111

33
13

0.043

50
16

15
10

0.474

33
15

0.303

45
18

11
18

0.259

23
30

0.762

24
39

11
15

0.947

21
27

0.621

16
50

15
11

0.351

33
21

0.433

46
16

15
13

0.782

27
42

0.540

48
18

15
4

0.094

41
8

0.017
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1

43
5

15
4

0.813

42
21

0.916

19
44

13
15

0.757

27
33

0.943

53
13

18
8

0.001

42
15

0.001

1

P values were obtained using a log-rank test. DFS: Disease-free survival;
OS: Overall survival; ASA: American Society of Anesthesiologists; MIS:
Minimal invasive surgery; CCRT: Concurrent chemoradiotherapy; PCA:
Patient-controlled analgesia.

cytokines such as interleukin (IL)-1β, IL-6, and tumor
[32]
necrosis factor (TNF)-α. Sommer et al
indicated
that pain and proinflammatory cytokines interact
reciprocally. Pain affects the production and secretion
of cytokines, and those cytokines reduce the activation
threshold of peripheral nociceptors, resulting in pain
[33-35]
augmentation. Several studies
have shown the
association of pain relief in the immediate postoperative
period and attenuated production of proinflammatory
cytokines. The correlation between changes in
proinflammatory cytokine levels and decreased NK
[15]
cell response was also reported by Baxevanis et al .
Considering these findings, unrelieved or elevated
pain intensity at the late postsurgical period (POD 5,
7) might reflect prolonged inflammation and a state
of immunosuppression and thus a higher chance
of tumor metastasis and recurrence, explaining the
negative oncologic outcome.
Poor pain control is basically attributed to a failure
of appropriate and adequate postoperative analgesic
care. However, it has also been suggested that poor
pain response can be a result of the patient-specific
[36]
immune state before surgery , a sign of ongoing or
[37,38]
forthcoming complications
, or a contributory effect
[39,40]
of perioperative psychological factors
. Since there
were no significant differences in any clinicopathologic
factors between the good pain control group and poor
pain control group undergoing DP (Table 2), we can
only speculate that inadequate postoperative pain
control was the major reason for poor postoperative
pain control in left-sided pancreatic cancer. Further
study should include establishment of appropriate pain
control protocol to minimize influence of inadequate
pain control and evaluate whether there are other
possible reasons for poor postoperative pain control in
left-sided pancreatic cancer.
Currently, it is routine for patients undergoing
pancreas cancer surgery to receive adjuvant treatment
irrespective of whether R0 resection is achieved.
Therefore, the postsurgical period has been viewed
as a time for managing complications and improving
the general condition of the patient in order to meet
the physiological requirements for receiving adjuvant
treatment. During this approximately two-months
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Table 4 Univariate and multivariate Cox regression analysis of factors affecting disease-free survival and overall survival after distal
pancreatectomy
Variables

Disease-free survival
Univariate analysis

Positive lymph node
status
Tumor size (≥ 3 cm)
No adjuvant treatment
Poor pain control
Age (≥ 65 yr)
Sex (Male)
Operation time (≥ 300 min)
Intraoperative transfusion
Multivisceral resection

Overall survival

Multivariate analysis

P value Exp (b)

Univariate analysis

P value Exp (b)

95%CI

Multivariate analysis

2.183

1.162-4.101

0.011

2.259

1.150-4.437

0.018

2.105

1.094-4.053

0.02

2.501

1.218-5.134

1.943
1.742
2.934
ND
0.632
ND
2.788
1.720

0.999-3.781
0.800-3.794
1.158-7.430

0.028
0.094
0.001

1.130-4.341
0.021
1.196-5.093
0.015
1.938-8.915 < 0.001

0.023
0.017
0.001
0.150

0.903-8.612
0.769-3.849

0.005
0.111

0.981-3.873
0.729-6.396
0.837-5.006

0.035
0.056
0.043

2.662
4.649
4.741
1.706
ND
1.890
1.986
1.273

1.282-5.529
0.009
2.124-10.172 < 0.001
2.214-10.153 < 0.001
0.799-3.640
0.167

0.136

2.030
2.205
2.915
1.608
ND
1.949
2.159
2.046

1.016-4.055
0.981-4.955
1.156-7.350
0.844-3.064

0.338-1.181

2.215
2.468
4.157
ND
0.614
ND
1.745
1.166

0.146

0.688-4.425
0.532-2.557

0.241
0.701

95%CI

P value

95%CI

0.318-1.186

95%CI

P value Exp (b)

Exp (b)

0.923-3.868
0.750-5.257
0.563-2.876

0.012

0.082
0.167
0.562

ND: Not determined due to lack of significance.

period, patients do not receive anticancer treatment
or intervention. However, this period - especially
the immediate early period - harbors a therapeutic
window of anticancer treatment, as surgery-induced
immunosuppression is still in its recovery phase,
and the tumor burden could start to increase again.
Although, present study is based on a small sample
size and retrospective observation, our data suggest
that pain management after DP could be more than
a matter of patient recovery to receive adjuvant
treatment at the appropriate time. Rather, adequate
and appropriate pain control during the early post
operative period might exert a direct curative effect on
left-sided pancreatic cancer.
Interestingly, the negative oncologic impact
of postoperative pain control was not observed
following PD. This may have been influenced by wider
surgical extent involved with PD and the impact of
postoperative pain control during the postoperative 7
days may be rendered ineffective. The operation time,
intraoperative blood loss, and rate of intraoperative
transfusion were all higher after PD compared to DP
[448.3 min vs 264.1 min, P < 0.001; 717.9 cc vs
385.5 cc, P < 0.001; 39 (26.9%) vs 8 (12.1%), P
= 0.017, respectively, data not shown], reflecting
greater surgical stress. Increased surgical extent
has been shown to be associated with higher rates
[41]
of tumor metastasis
and delayed recovery of NK
[15]
cell cytotoxicity . Also, intraoperative transfusion
has been repeatedly reported to modulate the
[42,43]
postoperative immune response
. These factors
may overcome the potential immune modulation and
oncologic effect of pain control during the period of
assessment.
Our study has several limitations. It is a retro
spective study, and the number of patients in the
poor pain control group after DP was small, making
it difficult to reach sound conclusions. We grouped
patients into good and poor pain control groups
according to differences in NRS pain intensity between
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early (POD 1, 2, 3) and late (POD 5, 7) periods,
because inflammation and immunosuppression peak
on around POD 3. However, this time frame might not
fit all cases and may vary according to surgical extent
or approach. Future studies are needed to test various
analytic approaches targeting the critical time point
when postoperative pain most significantly mediates
immunomodulation.
In addition, our definition of pain control groups
may not fully represent pain control state. There have
been reports of using satisfaction score along with pain
[44,45]
score in fully assessing adequate pain control
.
In determining pain control state, we were limited to
the use of NRS pain intensity. Further studies with
assessment of satisfaction score and refined definitions
for pain control groups should be undertaken.
Lastly, for pain control, patients received intra
venous patient-controlled analgesia (PCA) or epidural
PCA (both based on fentanyl) or opiates on demand.
However, disconnect timing of PCA, as well as the
type and amount of analgesics used after clamping,
were not investigated in this study. Opioids are
believed to exert an immunosuppressive effect
[22]
when they are used in the absence of pain . Also,
certain types of opioids, such as tramadol (but not
all opioids) can overcome the immunosuppressive
effects of pain, reversing the capacity of surgical
stress to suppress NK cell cytotoxicity and promote
[20,46]
tumor metastasis in animal models
. The complex
interaction of pain, opioids, non-opioid analgesics,
and their net effect on immunosuppression, which
might have impacted oncologic outcome, was not
assessed in this study. However, relationship between
pain control method and postoperative pain control
should be investigated further with a well-designed
pain control protocol.
This study suggests that a change in patients’
perceived pain intensity in the postoperative period
could influence survival outcome in resected left-sided
pancreatic cancer. Unlike other prognostic factors, such
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control was an independent risk factor for both DFS and OS in resected
left-sided pancreatic cancer, but not in patients received PD. This is very
interesting.

as tumor size, lymph node metastasis, differentiation,
lymphovascular invasion, and perineural invasion,
postoperative pain is a controllable factor. Surgeons
play a leading role in controlling pain during the
postoperative period. In spite of compelling evidence
supporting the immunologic and oncologic importance
of the perioperative period, its application to the clinical
field is still in its infancy. More research on underutilized
modulators of this period - not only postoperative
pain, but also intraoperative hypothermia, transfusion,
nutritional support, and psychological intervention
- is needed for the development of patient-oriented
perioperative therapy against pancreatic cancer.
In conclusion, adequate postoperative pain relief
during the early postoperative period has important
clinical implications for oncologic outcomes after
resection of left-sided pancreatic cancer.
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Abstract
AIM
To study the diagnostic accuracy of transient
elastography (TE) for detecting clinically significant
portal hypertension (CSPH) in Indian patients with
cirrhotic portal hypertension.
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METHODS
This retrospective study was conducted at the Institute
of Liver, Gastroenterology, and Panceatico-Biliary
Sciences, Sir Ganga Ram Hospital, New Delhi, on
consecutive patients with cirrhosis greater than 15
years of age who underwent hepatic venous pressure
gradient (HVPG) and TE from July 2011 to May 2016.
Correlation between HVPG and TE was analyzed using
the Spearman’s correlation test. Receiver operating
characteristic (ROC) curves were prepared for
determining the utility of TE in predicting various stages
of portal hypertension. The best cut-off value of TE for
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parenchymal dysfunction and the development of
portal hypertension. The measurement of portal
hypertension is important, as a progressive increase
in portal pressure is believed to predict various
[2-4]
complications of cirrhosis . Hepatic venous pres
sure gradient (HVPG) is the ideal method for the
measurement of portal hypertension and the pre
[5]
diction of complications . Porto-systemic collaterals
[6]
develop at HVPG greater than 10 mmHg , and
variceal bleeding could occur from varices when the
[7]
pressure increases to greater than 12 mmHg . An
HVPG greater than 10 mmHg is used as the cut-off for
[8]
“clinically significant portal hypertension” (CSPH) .
However, HVPG is an invasive procedure that requires
care and training.
Many non-invasive direct and indirect tests have
been reported that are able to predict the presence
of CSPH in patients with cirrhosis with considerable
accuracy. The ideal non-invasive diagnostic test for
portal hypertension should be simple, inexpensive,
widely accessible and reliable in measurement and
interpretation and provide clinically reliable and
relevant information about the degree of portal
hypertension. Transient elastography (TE) is a novel,
non-invasive, ultrasound-based technology that
allows the measurement of liver stiffness. Established
evidence indicates that TE has good sensitivity and
specificity for diagnosing liver fibrosis and cirrhosis
[9,10]
and has been popular over the past few years
.
Recently, many European studies have reported a fairly
good correlation between liver stiffness and portal
hypertension, suggesting that it could be a good non[11]
invasive tool for evaluation of portal hypertension .
However, none of the studies are from South Asia
where the etiological profile of cirrhosis is different
from other regions of the world.
In the present study, we aimed to identify a
possible correlation between TE and HVPG in Indian
cirrhosis patients and to investigate whether TE can
serve as a non-invasive diagnostic test to identify
patients who have CSPH with a reliable cut-off TE
value.

the diagnosis of CSPH was obtained using the Youden
index.
RESULTS
The study included 326 patients [median age 52 (range
16-90) years; 81% males]. The most common etiology
of cirrhosis was cryptogenic (45%) followed by alcohol
(34%). The median HVPG was 16.0 (range 1.5 to 30.5)
mmHg. Eighty-five percent of patients had CSPH. A
significant positive correlation was noted between TE
and HVPG (rho 0.361, p < 0.001). The area under ROC
curve for TE in predicting CSPH was 0.740 (95%CI:
0.662-0.818) (p < 0.01). A cut-off value of TE of 21.6
kPa best predicted CSPH with a positive predictive
value (PPV) of 93%.
CONCLUSION
TE has a fair positive correlation with HVPG; thus, TE
can be used as a non-invasive modality to assess the
degree of portal hypertension. A cut-off TE value of
21.6 kPa identifies CSPH with a PPV of 93%.
Key words: Portal hypertension; cirrhosis; clinically
significant portal hypertension; liver stiffness; transient
elastography; FibroScan
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinically significant portal hypertension
(CSPH), which is defined as hepatic venous pressure
gradient (HVPG) ≥ 10 mmHg, causes major
complications of cirrhosis. HVPG is invasive, so a noninvasive tool to diagnose CSPH is needed. This study
of 326 Indian patients tested the diagnostic accuracy
of transient elastography (TE) for detecting CSPH. We
observed a significant positive correlation between
TE and HVPG (rho 0.361, p < 0.001). The area under
the receiver operating characteristic curve for TE in
predicting CSPH was 0.740. A cut-off value of TE of
21.6 kPa best predicted CSPH with a positive predictive
value of 93%. Thus, TE can be used as a non-invasive
modality to assess the degree of portal hypertension.
Kumar A, Khan NM, Anikhindi SA, Sharma P, Bansal N,
Singla V, Arora A. Correlation of transient elastography with
hepatic venous pressure gradient in patients with cirrhotic
portal hypertension: A study of 326 patients from India. World J
Gastroenterol 2017; 23(4): 687-696 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i4/687.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i4.687

MATERIALS AND METHODS
Patients

The study was conducted at the Institute of Liver,
Gastroenterology, and Panceatico-Biliary Sciences,
Sir Ganga Ram Hospital, New Delhi, on patients who
underwent HVPG and TE from July 2011 to May 2016.
The study conformed to the Helsinki declaration of
1975 as revised in 1983. The study was retrospective
on prospectively enrolled patients during this period.

INTRODUCTION

Inclusion criteria: Consecutive patients with cir
rhosis greater than 15 years of age who underwent
HVPG and TE were included in the study. Both these
procedures should have been performed within an

The end result of ongoing injury to the liver due to
any cause is hepatic fibrosis, leading to architectural
[1]
changes and often cirrhosis . Progressive hepatic
fibrosis is the most important factor leading to
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interval of one week.

with ranges, and discrete variables are expressed
as numbers (%). Correlations between variables
were analyzed using Spearman’s correlation test.
Comparisons of continuous variables between two
groups were performed by Mann-Whitney U test, and
comparisons between multiple groups were performed
2
by Kruskal-Wallis test. Fisher’s exact test or χ test
was used to compare categorical variables. Receiver
operating characteristic (ROC) curves were prepared to
determine the utility of TE in predicting various stages
of portal hypertension. The best cut-off value of TE
for the diagnosis of CSPH was obtained by using the
Youden index. SPSS 17 (Chicago, IL, United States)
software was used for analysis.

Exclusion criteria: The following patients were
excluded from the study: (1) patients with noncirrhotic cause of portal hypertension; (2) patients
with acute-on-chronic liver failure; (3) patients with an
invalid reading of TE or whose HVPG was not possible
due to technical reasons; (4) patients who received
beta blocker therapy in the past two weeks; and (5)
concomitant extrahepatic malignancy.

Evaluation

Each included patient underwent a detailed evaluation
in terms of demographic parameters, etiology of
cirrhosis, assessment of severity of liver disease
(CTP, MELD), and assessment of severity of portal
hypertension. A standard methodology was followed
for the measurement of liver stiffness by TE and
measurement of HVPG.

RESULTS
Patients

From January 2014 to June 2016, three hundred and
seventy-nine patients were screened for enrolment
in the study. Of these, 326 patients were included in
the study, and the remaining 53 were excluded due
to following reasons: (1) patients with non-cirrhotic
cause of portal hypertension (n = 16); (2) patients
with acute-on-chronic liver failure (n = 27); (3)
patients with invalid TE reading or whose HVPG was
not possible due to technical reasons (n = 5); (4)
patients who received beta blocker therapy in the past
two weeks (n = 3); and (5) concomitant extrahepatic
malignancy (n = 2).
Table 1 presents the demographic profile of patients
studied. The median age was 52 years (range 16-90
years), and the majority (81%) were males. The most
common etiology of cirrhosis was cryptogenic (45%)
followed by alcohol (34%). Ascites was present in 51%
of patients. Sixty-four percent of patients were nonbleeders, whereas the remaining had bled from varices
in the past. The median CTP score was 7 (range 5-12),
and the median MELD score was 12 (range 6-37). The
median liver stiffness was 36 kPa with a range of 3 to
75 kPa.

Liver stiffness measurement by TE

Liver stiffness measurement was performed using
a FIBROSCAN® (Echosens, Paris, France) device in
accordance with the manufacturer’s recommendations.
Measurements were performed on the right lobe of
the liver through intercostal spaces with the patient
lying in a supine position with the right arm in
maximal abduction. The tip of the transducer probe
was covered with coupling gel and placed on the skin
between the rib bones at the level of the right lobe
of the liver. When the target area was located, the
operator pressed the probe button to commence the
measurements. The measurement depth was between
25 and 65 mm. Ten successful measurements were
performed on each patient. The results were expressed
in kilopascals (kPa). The median value was considered
as the liver stiffness. Interquartile range/median <
30% and success rate > 60% were considered as
good quality criteria for TE. Patients with significant
ascites underwent large volume paracentesis before
liver stiffness measurement. All liver stiffness mea
surements were performed by a single operator.

HVPG

The median HVPG of all patients was 16.0 (range 1.5
to 30.5) mmHg. Table 2 shows patients categorized
according to HVPG stages. Four percent patients had
normal HVPG (≤ 5 mmHg), while the remaining
96% had portal hypertension (HVPG > 5 mmHg).
Eighty-five percent of patients had clinically significant
portal hypertension (HVPG ≥ 10 mmHg). Seventysix percent patients had HVPG greater than 12
mmHg (severe portal hypertension, SPH), which is
the threshold for variceal bleeding. In addition, 18%
patients had very high HVPG (> 20 mmHg, very
severe portal hypertension, VSPH).

Hepatic venous pressure gradient

HVPG was measured by introducing a 7-French SwanGanz catheter via the transfemoral or transjugular
approach into a major hepatic vein as previously
[12]
described . The catheter was advanced until it was
wedged into the hepatic vein. The occluded position
of the catheter was assessed by the absence of reflux
after the injection of 2 ml of contrast medium and
the appearance of a sinusoidogram. A mean of three
HVPG readings was obtained. If there was a difference
of greater than 1 mm Hg between the readings, all the
recordings were discarded, and fresh readings were
obtained.

Correlation of TE with HVPG

Statistical analysis

A significant positive correlation was noted between
liver stiffness and HVPG levels (Spearman’s rho 0.361,

Continuous variables are expressed as the median
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2

Table 1 Demographic profile of the study population

y = 9.84 + 0.25x - 0.002x
Spearman rho = 0.361
Adjusted R squared quadratic = 0.135
P < 0.001

40.0

Value (n = 326)
30.0

263 (81)
63 (19)
52 (16-90)
23 (17-41)

HVPG (mmHg)

148 (45)
110 (34)
48 (15)
20 (6)

20.0

10.0

0.0

161 (49)
135 (42)
30 (9)

0

15
30
45
60
Transient elastography (kPa)

75

Figure 1 Scatterplot of transient elastography and hepatic venous pres
sure gradient values. HVPG: Hepatic venous pressure gradient.

118 (36)
208 (64)
10.3 (4.5-17.0)
90 (13-422)
1.6 (0.2-11.2)
53 (16-209)
1.3 (0.9-3.2)
3.0 (1.2-4.6)
7 (5-12)
12 (6-37)
293 (90)
280 (86)
170/280 (61)
110/280 (39)
79 (24)
52/79 (66)
27/79 (34)
16.0 (1.5-30.5)
36 (3-75)

75
60
46

45
37
30

26
19

15

15

20

>

12

to

>

20
≤

to
10
≥

>

5

to

<

12

5

10

0
≤

Gender
Males
Females
Age, yr
BMI, kg/m2
Etiology
NASH/cryptogenic
Alcohol
Viral (HBV/HCV)
Others (including mixed etiology)
Ascites
None
Mild
Moderate to tense
Bleeding status
Bleeder
Non-bleeder
Hemoglobin, g/dL
Platelets, × 103/cumm
Bilirubin, mg/dL
AST, IU/dL
INR
Serum albumin, g/dL
CTP score
MELD score
Varices present
Esophageal varices
Small varices
Large varices
Gastric varices
Small varices
Large varices
HVPG, mmHg
Transient elastography, kPa

Transient elastography (kPa)

Parameter

HVPG (mmHg)

All values are expressed as the median (range) or n (%). NASH: Nonalcoholic steatohepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
AST: Aspartate aminotransferase; INR: International normalized ratio;
CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease;
HVPG: Hepatic venous pressure gradient.

Figure 2 Median transient elastography values in patients with various
stages of portal hypertension. HVPG: Hepatic venous pressure gradient.

TE values were significantly different across the groups
(p < 0.05), there was considerable overlap in the
interquartile ranges between various groups (Figure 2).

p < 0.001). Figure 1 presents the scatterplot of TE and
HVPG values. The HVPG value could be predicted by
the following formula:
2
HVPG= 9.84 + 0.25 × TE - 0.002 × TE . The
adjusted R squared value was 0.135.

Performance of TE in predicting various stages of portal
hypertension

Figure 3 presents the ROC curves of TE for predicting
the various stages of portal hypertension. Ninety-six
percent of patients had portal hypertension (HVPG >
5 mmHg). TE proved to be an excellent non-invasive
modality in predicting portal hypertension with an area
under the ROC curve of 0.786 (95%CI: 0.645-0.926)
and a p-value < 0.01 (Figure 3A). Eighty-five percent
patients had clinically significant portal hypertension
(HVPG ≥ 10 mmHg). The area under the ROC
curve for TE in predicting CSPH was 0.740 (95%CI:
0.662-0.818) (p < 0.01) (Figure 3B). Seventy-six
percent patients had HVPG > 12 mmHg, which is the
threshold for variceal bleeding. The area under the
ROC curve for TE in predicting HVPG > 12 mmHg
was 0.721 (95%CI: 0.654-0.788) (p < 0.01) (Figure

TE values in patients with various stages of portal
hypertension

Figure 2 presents the median TE values in various
stages of portal hypertension. Cirrhotic patients with
no portal hypertension (HVPG ≤ 5 mmHg) had a
median TE value of 15.4 (range 4.1 to 75.0) kPa.
Patients with HVPG > 5 to < 10 mmHg (sub-clinical
portal hypertension, SCPH) had a median TE value of
19.4 (range 8.8 to 74.0) kPa. Patients with HVPG ≥ 10
to 12 mmHg had a median TE value of 25.8 (range 7.3
to 75.0) kPa. Patients with HVPG > 12 to ≤ 20 mmHg
had a median TE value of 37.1 (range 2.95 to 75.0)
kPa. Patients with HVPG > 20 mmHg had median TE
value of 46.4 (range 10.1 to 75.0) kPa. Although these
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Table 2 Groups according to hepatic venous pressure gradient
HVPG (mmHg)

n (%)

Portal hypertension
(> 5 mmHg)

≤5

14 (4)
34 (10)
30 (9)
188 (58)
60 (18)

No (14, 4%)

> 5 to < 10
≥ 10 to 12
> 12 to ≤ 20
> 20

CSPH (≥ 10 mmHg)

SPH (> 12 mmHg)

No (48, 15%)

Yes (312, 96%)

No (78, 24%)

Yes (278, 85%)

Yes (248, 76%)

VSPH (> 20 mmHg)

No (266, 82%)
Yes (60, 18%)

CSPH: Clinically significant portal hypertension; SPH: Severe portal hypertension; VSPH: Very severe portal hypertension.

Table 3 Predictive values of transient elastography for the prediction of clinically significant portal hypertension (HVPG ≥ 10
mmHg)
TE cut-off
value (mmHg)

CSPH (n )

No CSPH
(n )

Total (n )

Sensitivity
(95%CI)

Specificity
(95%CI)

PPV
(95%CI)

NPV
(95%CI)

Accuracy
(95%CI)

LR+
(95%CI)

LR(95%CI)

219
59
278

16
32
48

235
91
326

79%
(74%-83%)

67%
(52%-80%)

93%
(89%-96%)

35%
(25%-46%)

77%
(72%-82%)

2.4 (1.6-3.5)

0.3 (0.2-0.4)

≥ 21.6

< 21.6
Total

TE: Transient elastography; CSPH: Clinically significant portal hypertension; PPV: Positive predictive value; NPV: Negative predictive value; LR+:
Likelihood ratio positive; LR-: Likelihood ratio negative.

0.6

0.6

Sensitivity

0.8

0.4

0.0
0.0

Sensitivity

HVPG ≥ 10 mmHg
1.0

0.8

0.2

C

B

HVPG > 5 mmHg
1.0

P < 0.01

0.2

0.4
0.6
1 - specificity

0.8

0.4
0.2

AUC = 0.786 (95%CI: 0.645-0.926)

0.0
0.0

1.0

D

HVPG > 12 mmHg
1.0

0.6

0.6

0.2
0.0
0.0

P < 0.01

0.2

0.4
0.6
1 - specificity

0.8

1.0

0.2

0.4
0.6
1 - specificity

0.8

1.0

0.4
0.2

AUC = 0.721 (95%CI: 0.654-0.788)

P < 0.01

HVPG > 20 mmHg

0.8

0.4

AUC = 0.740 (95%CI: 0.662-0.818)

1.0

0.8

Sensitivity

Sensitivity

A

0.0
0.0

AUC = 0.653 (95%CI: 0.580-0.727)

P < 0.01

0.2

0.4
0.6
1 - specificity

0.8

1.0

Figure 3 Receiver operating characteristic curves of transient elastography for predicting various stages of portal hypertension. HVPG: Hepatic venous
pressure gradient.
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Table 4 Various studies of the diagnostic performance of transient elastography for clinically significant portal hypertension
Ref.

Carrión et al[33]
Vizzutti et al[14]
Lemoine et al[34]
Bureau et al[35]
Sánchez-Conde et al[36]
Reiberger et al[13]
Llop et al[20]
Berzigotti et al[37]
Hong et al[38]
Salzl et al[28]
Augustin et al[39]
Zykus et al[31]
Procopet et al[32]
Kitson et al[40]
Elkrief et al[25]
Schwabl et al[41]
Hametner et al[29]
This study
Total

Place

Year

Number of
patients

Correlation
coefficient (r)
2
or r of TE
with HVPG

AUROC (95%CI)

Best cut-off of TE for CSPH

Spain
Italy
France

2006
2007
2008

124
61
92

0.840
0.810
0.530

0.94
0.99 (0.92-0.99)
0.84 (0.80-0.88)

France
Spain
Austria
Spain
Spain
South Korea
Austria
Spain
Lithuania
Europe
(Multicentric)
Australia
France
Austria
Austria
India

2008
2011
2012
2012
2013
2013
2014
2014
2015
2015

150
38
502
97
117
59
88
40
107
202

0.858
0.460
0.794
0.552
0.496
0.765
0.750
-

0.945 (0.904-0.987)
0.80 (0.64-0.97)
0.817 (0.752-0.891)
0.840 (0.748-0.933)
0.883 (0.824-0.943)
0.851
0.87
0.949
0.94 (0.89-0.99)

13.6 (PPV 97%)
34.9 for alcohol (PPV 98%)
20.5 for HCV (PPV 88%)
21 (PPV 92%)
14 (PPV 84%)
18 (PPV 86%)
21 (PPV 81%)
21.1 (sensitivity 65%)
21.95 (PPV 87%)
16.8 (sensitivity 90%)
25
17.4 (accuracy 89%)
21.1 (accuracy 90%)

2015
2015
2015
2016
2016

95
79
226
236
326
2515

0.380
0.836 and 0.846
0.361

0.90 (0.83-0.97)
0.78 (0.58-0.98)
0.957 & 0.962
0.92 (0.86-0.96)
0.740 (0.662-0.818)

29.0 (PPV 100%)
65.3 (PPV 100%)
16.1 (accuracy 89% & 90%)
24.8 (PPV 98%)
21.6 (PPV 93%)
Weighted mean: 21.8

TE: Transient elastography; HVPG: Hepatic venous pressure gradient; AUROC: Area under receiver operating characteristic; CSPH: Clinically significant
portal hypertension; PPV: Positive predictive value.

specificity, positive predictive value, negative predictive
value, and accuracy of a TE value ≥ 21.6 to diagnose
CSPH were 79%, 67%, 93%, 35%, and 77%,
respectively (Table 3). The median HVPG in patients
with a TE values ≥ 21.6 was 17.5 mmHg (Figure 4).

HVPG (mmHg)

30.0

20.0

10.0

17.5
12.5

DISCUSSION
In the present study, we showed that in patients with
cirrhosis, TE has a fair positive correlation with HVPG,
and TE can thus be used as a non-invasive modality
to assess the degree of portal hypertension. The
TE values increase progressively as portal pressure
increases from normal through SCPH, CSPH, SPH and
VSPH. We also found that a cut-off TE value of 21.6
kPa has 93% positive predictive value in diagnosing
CSPH.
Numerous previous studies have correlated TE with
HVPG (Table 4). In these studies, the AUROC curve for
prediction of CSPH varied between 0.78 and 0.99. The
optimal cut-offs ranged between 13.6 and 65.3 kPa
with PPV typically greater than 80%. However, most
of these studies used a small number of patients, and
almost all of these studies were performed in Europe
with none from South Asia where the etiological profile
of cirrhosis is different from the West. The largest of
[13]
these studies was by Reiberger et al
from Austria,
who retrospectively correlated TE and HVPG in 502
patients. They identified a very high correlation of
TE with HVPG (r = 0.799; p < 0.0001). Compared
with their study, our correlation coefficient was lower

0.0
≥ 21.6 kPa
< 21.6 kPa
Groups according to transient elastography

Figure 4 Median hepatic venous pressure gradient values in patients with
transient elastography values less than and greater than 21.6 kPa. HVPG:
Hepatic venous pressure gradient.

3C). Eighteen percent of patients had very high portal
hypertension (HVPG > 20 mmHg). The area under the
ROC curve for TE in predicting HVPG > 20 mmHg was
0.653 (95%CI: 0.580-0.727) (p < 0.01) (Figure 3D).

Cut-off TE value for predicting CSPH

When HVPG is ≥ 10 mmHg, it is known as clinically
significant portal hypertension (CSPH). Most
complications of portal hypertension, such as varices,
ascites, encephalopathy, and bleeding, occur at or
above this value. The area under the ROC curve for TE
to diagnose CSPH was 0.740 (95%CI: 0.662-0.818). A
cut-off value of TE of 21.6 kPa was obtained by using
Youden index to best predict CSPH. The sensitivity,
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(r = 0.361). Two possible reasons could explain this
difference in the strength of correlation between their
study and ours. The first reason is the difference in the
etiological profiles of patients in the two studies. Their
study had more patients with a viral etiology (56%)
that typically exhibits a better correlation, whereas our
study had more patients with a NASH/cryptogenic and
alcohol etiology, which typically has poorer correlation.
The second possible reason for the difference in the
strength of correlation between their study and ours
was that their patients had less severe liver disease
compared with our patients. The mean HVPG of their
cohort was 12.6 (± 7.6) mmHg, whereas the median
HVPG in our patients was 16.0 mmHg. Their median
liver stiffness value was 26.4 kPa, whereas that in
our study was 36 kPa. TE and HVPG correlate better
when liver disease is less advanced. As observed from
the scatterplot of our study (Figure 1) and also from
[13]
the scatterplot of Reiberger’s study , the slope of
the trend line on the left side of the graph when the
disease is less severe is steeper, indicating a better
correlation compared with the right side when the
trend line is flatter, indicating a poorer correlation at
[14]
higher TE values. Vizzutti et al
also found that the
correlation was excellent for HVPG values less than 10
or 12 mmHg (r = 0.81 and r = 0.91, respectively);
however, the linear regression analysis was not optimal
for HVPG values ≥ 10 mmHg (r = 0.59) or ≥ 12
mmHg (r = 0.37). In advanced portal hypertension, it
is not only the liver fibrosis but also the extrahepatic
factors, such as the increase in blood flow due to
hyperdynamic circulation, that contribute to portal
[15]
hypertension .
There was an urgent need for a South Asian study
on the correlation of TE - HVPG because the results
of Western studies may not apply to the South Asian
population where the etiological and the clinical profile
of chronic liver disease differs from the West. Alcohol
consumption and the prevalence of diabetes [a major
risk factor for nonalcoholic fatty liver disease (NAFLD)]
[16]
has been steadily increasing in South Asia . The
International Diabetes Federation has revised its
estimates of the number of people with the diabetes
in South-East Asia from 50 million in 2009 to 78.3
million in 2015, with a projection of 140 million by
[17,18]
2040
. Although cirrhosis mortality has been
steadily decreasing globally and especially in the West,
it has been steadily increasing in India since 1980.
With 188,575 liver cirrhosis deaths in 2010, India
ranks number one in the world in liver cirrhosis deaths,
accounting for almost one-fifth (18%) of global liver
[19]
cirrhosis deaths . With such a huge population of
liver cirrhosis patients in India whose etiology differs
from the West, an easy and non-invasive modality for
portal hypertension estimation is urgently needed for
treating these patients. Our study attempts to address
this need for Indian and South Asian populations.
Most of the complications of cirrhosis are typically
related more to CSPH compared with any other factor.
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Although HVPG measurement is the gold standard for
diagnosing CSPH, it is not in common use because it
is invasive, not widely available, and expensive, thus
hindering its broad use in diagnostic and therapeutic
algorithms in patients with cirrhosis with CSPH. Our
study found that a TE value of 21.6 kPa is a good cutoff for predicting CSPH with a PPV of 93%. Seventeen
additional studies have calculated the cut-off TE values
for diagnosing CSPH (Table 4). These studies were
performed in patients with different disease severities
and different proportions of viral cirrhosis, and their
cut-off values ranged from 13.6 kPa to 65.3 kPa. The
weighted mean of cut-off from all these studies was
21.9 kPa, which is very similar to what we obtained
in our study. Adding our study to the pool of studies,
the weighted mean for the best cut-off TE value for
diagnosing CSPH is 21.8 kPa.
[20]
Notably, Llop et al
from Spain provided two cutoffs of TE instead of one to predict CSPH. They showed
that a cut-off of 13.6 kPa was sufficiently sensitive to
exclude CSPH, and a cut-off of 21 kPa was sufficiently
specific to include CSPH. They suggested that values
in between these limits (which were found in 35% of
their patients) were not useful. Some authors believe
that the use of a single TE cut-off, although simple,
limits the value of TE to predict CSPH. The use of
at least two cut-offs reproduces the clinical thinking
in which a diagnostic test commonly provides three
outputs: the condition is included, excluded or “further
[15]
tests are needed” . Thus, TE, using these three
outputs, might be useful to select these suspicious
patients with cirrhosis for HVPG measurement.
However, we believe that multiple cut-offs may lead
to confusion, and the single cut-off with a high PPV is
best for guiding primary physicians in the community
to make treatment decisions.
[11]
A recent meta-analysis , which included 5
studies of the diagnostic accuracy of TE for significant
portal hypertension, also indicated that TE had a
high accuracy for the detection of significant portal
hypertension. The hierarchical summary receiveroperating characteristic (HSROC) for the diagnosis
of significant portal hypertension by TE was 0.93
(95%CI: 0.90-0.95). The Fagan plot analysis
showed that TE could be used to diagnose significant
portal hypertension (when pre-test probability =
50%), with 81% probability of correctly diagnosing
significant portal hypertension following the
“positive” measurement. Furthermore, a “negative”
measurement was also informative, as significant portal
hypertension was present in only 11% of patients.
However, when the pre-test probability of significant
portal hypertension was as low as 25%, the probability
of correctly identifying significant portal hypertension
decreased markedly. This finding suggests that an
accurate selection of patients is necessary to exploit
[11]
the performance of TE at its best .
Other newer and promising noninvasive moda
lities are being developed for diagnosing portal
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measurements of liver stiffness. Established evidence indicates that TE has
good sensitivity and specificity for diagnosing liver fibrosis and cirrhosis and has
been popular over the past few years. The present study tested the diagnostic
accuracy of TE for detecting CSPH in Indian patients.

hypertension, such as two-dimensional shear wave
[21-25]
elastography (2D-SWE)
; acoustic radiation force
[26-28]
impulse (ARFI)
; VITRO Score (Von Willebrand
[29]
Factor Antigen/Thrombocyte Ratio) ; aspartate
[30]
aminotransferase/platelet ratio index (APRI) ;
[23-27,31]
spleen elsatography
; and serum tests, such as
[32]
Fibrosis-4, and Lok score . These tests have their
own advantages and disadvantages. However, to date,
very few studies have been performed on them for
correlation with HVPG, so their routine use cannot be
recommended outside of clinical trials.
There could be a few limitations in our study. First,
it is a retrospective study, so the study may suffer
from selection bias. We included only those patients
who underwent HVPG and TE during the study
period; hence, our patients may not represent the
entire population of patients with cirrhosis, as most
included patients have moderate to severe portal
hypertension. A prospective study design, which
includes all consecutive patients of cirrhosis, regardless
of degree of portal hypertension, would have been
a better study design and more representative of
the cirrhotic population of the community. A second
limitation could be the lack of follow-up. Follow-up data
on complications of portal hypertension would have
further validated our results of TE cut-off for CSPH.
In conclusions, our study demonstrated that in
patients with cirrhosis, TE has a fair positive correlation
with HVPG; thus, TE can be used as a non-invasive
modality to assess the degree of portal hypertension.
The TE values increase progressively as portal pressure
increases from normal through SCPH, CSPH, SPH
and VSPH. A cut-off TE value of 21.6 kPa has 93%
positive predictive value in diagnosing CSPH. This cutoff will be very useful in diagnosing CSPH and making
appropriate treatment decisions in places where
HVPG is not available or when patients are unwilling
to undergo HVPG due to its invasiveness. As a reliable
and non-invasive procedure, TE is a promising and
worthy tool to translate into routine clinical practice
for detecting CSPH. TE could be integrated in the
detection of CSPH in untreated patients for portal
hypertension. Further large prospective studies are
needed to prospectively validate the findings of our
study and also to determine whether TE can be used in
monitoring the hemodynamic response and the effect
of drugs reducing portal pressure.

Innovations and breakthroughs

The present study showed that in patients with cirrhosis, TE has a fair
positive correlation with HVPG; thus, TE can be used as a non-invasive
modality to assess the degree of portal hypertension. The TE values increase
progressively as portal pressure increases from normal through subclinical
portal hypertension (SCPH), CSPH, severe portal hypertension (SPH) and very
severe portal hypertension (VSPH). In addition, a cut-off TE value of 21.6 kPa
has 93% positive predictive value in diagnosing CSPH.

Applications

This study suggests that TE, which is a reliable and non-invasive procedure, is a
promising and worthy tool to translate into routine clinical practice for detecting
CSPH. A TE cut-off value of 21.6 kPa is very useful in diagnosing CSPH and
making appropriate treatment decisions in places where HVPG is not available
or when patients are unwilling to undergo HVPG due to its invasiveness. Thus,
TE could be integrated in the detection of CSPH in untreated patients of portal
hypertension.

Terminology

HVPG represents the approximate gradient between portal vein and intraabdominal vena cava pressure. Measurement of the hepatic venous pressure
gradient HVPG is currently the best available method to evaluate the presence
and severity of portal hypertension. TE, known by the brandname FibroScan,
is a non-invasive test to quantify liver stiffness. Liver stiffness increases with
increasing liver fibrosis.

Peer-review

The authors of this paper have demonstrated that in patients with cirrhosis,
TE has a fair positive correlation with HVPG; thus, TE can be used as a noninvasive modality to assess the degree of portal hypertension. Further large
prospective studies are needed to prospectively validate the findings of
this study and also to determine whether TE can be used in monitoring the
hemodynamic response and the effect of drugs reducing portal pressure.
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Abstract
AIM
To define the role of small-bowel transit time in the
detection rate of significant small-bowel lesions.

Informed consent statement: All enrolled patients gave their
written informed consent to participate.

METHODS
Small-bowel capsule endoscopy records, prospectively
collected from 30 participating centers in the Lombardy
Registry from October 2011 to December 2013, were
included in the study if the clinical indication was
obscure gastrointestinal bleeding and the capsule
reached the cecum. Based on capsule findings, we
created two groups: P2 (significant findings) and
P0-1 (normal/negligible findings). Groups were
compared for age, gender, small-bowel transit time,
type of instrument, modality of capsule performance
(outpatients vs inpatients), bowel cleanliness, and
center volume.
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RESULTS
We retrieved and scrutinized 1,433 out of 2,295 capsule
endoscopy records (62.4%) fulfilling the inclusion
criteria. Patients were 67 ± 15 years old, and 815 (57%)
were males. In comparison with patients in the P0-1
group, those in the P2 group (n = 776, 54%) were
older (P < 0.0001), had a longer small-bowel transit
time (P = 0.0015), and were more frequently examined
in low-volume centers (P < 0.001). Age and smallbowel transit time were correlated (P < 0.001), with
age as the sole independent predictor on multivariable
analysis. Findings of the P2 group were artero-venous
malformations (54.5%), inflammatory (23.6%) and
protruding (10.4%) lesions, and luminal blood (11.5%).

guideline, the European Society of Gastrointestinal
Endoscopy (ESGE) strongly recommended small-bowel
capsule endoscopy (SBCE) as a first-line investigation
[1]
in patients with OGB . In this setting, the diagnostic
yield (DY) of SBCE is highly variable, ranging from
40%-80%, depending by the clinical significance of the
endoscopic finding, the degree of bowel cleanliness,
and the completion rate (CR) of the small-bowel examination. Hospitalization, previous surgery or radiation,
diabetes mellitus and very old age have been identified
[2-5]
as risk factors for incomplete SBCE evaluation
that,
at least theoretically, may impair the DY. To improve
the CR, some clinicians administer prokinetics before
capsule ingestion. However, two recent retrospective
studies suggested that a prolonged small-bowel transit
[6,7]
time (SBTT) is associated with an improved DY .
Furthermore, newer-generation devices have longer
battery life, possibly minimizing the role of CR in the
detection rate (DR) of significant findings.
To evaluate the role of SBTT along with other
variables on the DR of significant lesions of SBCE in
patients with OGB, we undertook an analysis of the
Lombardy Registry, a database collecting the records
of nearly all SBCEs performed for clinical purpose in a
well-defined Northern Italian region.

CONCLUSION
In this selected, prospectively collected cohort of
small-bowel capsule endoscopy performed for obscure
gastrointestinal bleeding, a longer small-bowel transit
time was associated with a higher detection rate of
significant lesions, along with age and a low center
volume, with age serving as an independent predictor.
Key words: Capsule endoscopy; Small-bowel transit
time; Detection rate; Diagnostic yield; Small bowel;
Obscure gastrointestinal bleeding; Prokinetics; Suspect
small-bowel bleeding

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Lombardy registry

Lombardy is a highly populated region of Northern
Italy, harboring approximately 10 million inhabitants.
In October 2011, we implemented an SBCE database,
asking every center in Lombardy performing SBCE to
complete an electronic case report form (CRF) of all
consecutive patients submitted to SBCE for any clinical
indication. At the end of reading and video interpretation, the referring physician of the adhering center
uploaded the completed CRF onto a shared Dropbox
folder (Dropbox Inc. San Francisco, CA, United States).
Thirty of 32 centers (see Supplementary materials)
agreed to participate to data collection, which was
terminated in December 2013. Centers were mostly
primary or secondary care hospitals (21/30, 70%).
The CRF collected demographic and clinical data, such
as indication to SBCE, capsule operative system, inpatient/outpatient status, risk factors for capsule retention, previous investigations, agile patency-capsule
administration, capsule retention, any complication,
gastric transit time, SBTT, CR, bowel cleanliness,
findings and further workup/treatment of patients with
positive findings.

Core tip: There is growing evidence that a slower smallbowel transit time (SBTT) increases the diagnostic yield
of small-bowel capsule endoscopy (SBCE). The present
study-an analysis of a large database of consecutive,
prospectively collected, complete SBCE performed for
obscure gastrointestinal bleeding-confirms this finding.
However, we found a correlation between SBTT and
age, with age serving as an independent predictor on
multivariable analysis. Prokinetics, used to increase the
completion rate of SBCE, may hamper the detection
rate of significant lesions and should only be used in
selected patients.
Girelli CM, Soncini M, Rondonotti E. Implications of smallbowel transit time in the detection rate of capsule endoscopy:
A multivariable multicenter study of patients with obscure
gastrointestinal bleeding. World J Gastroenterol 2017;
23(4): 697-702 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i4/697.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.697

Inclusion and exclusion criteria

INTRODUCTION

For the aim of the present study, we included all consecutive patients submitted to SBCE for OGB of each
participating center in which the capsule reached the
cecum (complete small-bowel examination) without
the prior administration of prokinetics. Patients with a

Obscure gastrointestinal bleeding (OGB) is defined
by persistent or recurrent bleeding from the gastrointestinal tract after an unremarkable esophagogastroduodenoscopy and colonoscopy. In a recent clinical
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Table 1 Classification of the findings of small-bowel capsule
endoscopy

Lombardia registry
n = 2295 SBCE

Not OGB, excluded
n = 595

Incomplete SBCE,
excluded
n = 219

P2 Group

Normal
Lymphangectasia
Small isolated phlebectasia
Lymphatic cyst
Isolated tiny red spots

AVM
Hemangioma
Mass
Erosion(s)
Ulcer(s)
Blood

AVM: Artero-venous malformations.

SBCE device and procedural protocol

SBCE with passed
stricture, excluded
n = 33

Most SBCE procedures (86%) were performed by the
Pillcam system (Covidien plc, Dublin, Ireland). Others
(Endocapsule, Olympus Optical Co, Tokyo, Japan;
Miro-Cam, IntroMedic, Seoul, Korea; OMOM capsule,
Jinshan Science and Technology Group, Chongqing,
China) were used on a minority of patients and were
considered together in data analysis. All patients
ingested the capsule in the morning in a fasting state,
after a standard preparation with two liters of polyethylene glycol consumed 12-18 h before the capsule
ingestion. A light snack was allowed four hours after
capsule ingestion.

Repeated SBCE,
excluded
n = 15

Study population
n = 1433

Figure 1 Study design and inclusion criteria. SBCE: Small-bowel capsule
endoscopy; OGB: Obscure gastrointestinal bleeding.

SBTT

SBTT was calculated in minutes, as the time elapsed
from the first frame of the duodenal bulb to the first
frame of the cecum. Because of the aforementioned
inclusion criteria (i.e., complete SBCE), gastric transit
time (GTT) was not included in our data analysis. An
inverse relationship between GTT and SBTT is indeed
foreseeable for selection bias.

passed small-bowel stricture, or in whom the procedure was repeated, were excluded. We adopted these
selection criteria to evaluate the genuine role of SBTT
on the SBCE detection rate and to avoid duplicate
cases (Figure 1).

Findings

Findings were classified using the Capsule Endoscopy
[8]
Standard Terminology . They were categorized in
two groups, namely P0-1 and P2. P0 and P1 refer to
patients with normal or negligible findings (i.e., lesions
carrying a very low probability of bleeding), respectively, whereas P2 refers to patients with clinically
significant lesions and/or luminal blood (Table 1).

Ethical considerations

All patients provided their written informed consent
before capsule ingestion. This study was conducted in
accordance with established research ethics guidelines.
Permission to review patient records was granted by
the Local Ethics Committee. Further specific ethical
review and approval were not required because the
study was considered an evaluation of previously collected SBCE records, using anonymous data previously
obtained as part of routine clinical care.

Bowel cleanliness

Bowel cleanliness was deemed adequate by the single
operator immediately after reading of the record. We
adopted this subjective criterion, since - at the time of
study implementation - the proposed scales of smallbowel cleansing did not undergo external validation
[9]
and had poor inter- and intra-observer agreement .

Statistical analysis

Continuous variables are presented as the mean ± SD
and dichotomous variables are presented as percentages. If variable distributions were not normal (Kurtosis
outside the interval between -1 and 1), variables were
ranked in their interquartile ranges (IQR) and analyzed
by nonparametric Mann-Whitney U and Spearman’s ρ
2
tests. χ (2 × 2 and 2 × 3 contingency tables), Student’s
t-test, Pearson’s R test, and multivariate stepwise regression analysis were used when appropriate. A P value <
0.05 was considered statistically significant. The SPSS

Center volume

The center volume was established by the number
of SBCEs performed annually and was stratified into
three classes: low, middle and high (≤ 20; 20-50, ≥
50 procedures/year, respectively). These cutoff values
were selected arbitrarily, in order to obtain the most
balanced distribution of cases among classes.
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800

Table 2 Comparison between groups with significant (P2)
and normal/negligible (P0-1) findings of small bowel capsule
endoscopy in patients with obscure gastrointestinal bleeding
SBTT (min)

600

P2 group P0-1 group P value
n (%)
776 (54)
Age (yr), mean ± SD
69 ± 13
Male gender (%)
59.0
SBTT (min), mean ± SD
283 ± 105
Pillcam SB (%)
86.3
Outpatients (%)
56.6
Center’s volume (%), low/mid/high 7/33/60
Adequate cleanliness (%)
97

657 (46)
64 ± 16
54.5
269 ± 98
85.3
61
3/27/70
95

< 0.0001
0.09
0.0015
0.61
0.1
< 0.001
0.06

400
300

100
0

10

20

30

40

50
60
Age (yr)

70

80

90

Figure 2 Pearson’s correlation between age (years) and small-bowel
transit time (min). SBTT: Small-bowel transit time.

DISCUSSION

Table 3 Product-moment correlation matrix in the final
model of multiple stepwise regression

Center’s volume
Age
SBTT
P0-1/P2 lesion

500

200

SBTT: Small-bowel transit time.

Variables

R = 0.112

P < 0.001

700

Center’s volume

Age

SBTT

P0-1/P2 lesion

1.000
0.006
0.009
0.112

0.006
1.000
0.112
0.160

0.009
0.112
1.000
0.064

0.112
0.160
0.064
1.000

Several factors are known to influence the DY of SBCE
in patients with OGB and other indications, but the role
of SBTT has been only recently highlighted. In a retrospective series of 212 patients with OGB and complete
[6]
small-bowel visualization, Buscaglia et al showed
a two-fold increase in the number of DY in patients
with an SBTT longer than six hours. Westerhof and
coworkers in a retrospective series of 690 consecutive
patients found a correlation between SBTT and DY
[7]
for all indications, but suspected Crohn’s disease .
One explanation of this finding may be that a slower
passage of the capsule in the small-bowel may allow
a better DR of significant lesions. Accordingly, the
colonoscopic concept that a longer time for withdrawal
of the scope corresponds to greater adenoma detec[10]
tion rate
could be directly translated to the domain
of capsule endoscopy. This finding is not futile, having
weight in the controversy regarding the administration
of prokinetics prior to SBCE. Although prokinetics are
advocated to overcome a slow gastric emptying, they,
in turn can jeopardize the visualization of the entire
[11]
small-bowel , their indiscriminate use may actually
lower the DY. Metoclopramide improves the CR by
reducing the gastric transit time, whereas its effect
[12]
on SBTT is less clear . Nevertheless, a reduction of
SBTT by mosapride (a drug pharmacologically related
to metoclopramide for antagonism of 5-HT3 receptors)
[13]
has been reported . Interestingly, Koulaouzidis and
coworkers found that orally administered domperidone
prior to SBCE, performed for various indications with
the Pillcam system, increased the CR at expenses of
[14]
a reduced DY . Erythromycin, which increases the
CR of SBCE without reducing the SBTT in healthy
[15,16]
volunteers
, may be the prokinetic of choice, but
[17]
a controlled retrospective study was disappointing .
To achieve a complete examination, at least for
the Pillcam SB system, the real-time display of the
recorder may be helpful in selecting patients who
benefit from intravenous prokinetic, by administration
of i.v. prokinetic if the gastric folds are still visible after
45 min from capsule ingestion.

P0-1/P2 lesion is the dependent variable. SBTT: Small-bowel transit time.

package was used for statistical computations.

RESULTS
We retrieved and scrutinized 1433 out of 2295 SBCE
records (62.4%) fulfilling the inclusion criteria (Figure
1). Patients were 67 ± 15 years of age (range: 13-95)
and 815 (57%) were males. Seventy-six, 431 and
926 patients were examined in low-, mid- and highvolume centers, respectively. Small-bowel cleanliness
was deemed adequate in 1376 patients (96%), and
P2 lesions were encountered in 760 (54%) patients.
Findings of the P2 group were artero-venous malformations (AVM) (54.5%), inflammatory lesions (23.6%),
mass/tumor (10.4%), and luminal blood (11.5%). The
main features of the two groups are summarized in
Table 2. In comparison with patients of P0-1 Group (n
= 657; 46%), those of P2 Group (n = 776, 54%) were
older (69 ± 13 years vs 64 ± 16 years of age, P <
0.0001), with a longer SBTT (283 ± 105 min vs 269 ±
98 min, P = 0.0015). Furthermore, more P2 patients
were examined in low-volume centers (low-volume 7%
vs 3%; mid-volume 33% vs 27%; high-volume 60%
vs 70%, P < 0.001), and adequate bowel cleanliness
was more frequent in patients of the P2 group, with a
borderline statistical significance (97% vs 95%, P =
0.06). Among variables, we found a significant correlation between age and SBTT (Pearson’s R = 0.112, P
< 0.001; Figure 2). In the final model of multivariable
analysis-including age, SBTT, and center’s volume-age
was the independent predictor for the detection of P2
lesions (β = 0.16; P < 0.01; Table 3).
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mucosa); for this reason, many clinicians use prokinetics before or during the
procedure. However, small retrospective series suggested that a longer smallbowel transit time (SBTT) increases the diagnostic yield of SBCE.

Our study shows that a longer SBTT increases the
DR of P2 lesions in patients submitted to SBCE for OGB
with complete small-bowel visualization. However,
contrary to a study by Buscaglia, but in accordance
[18]
with others , we found a correlation between age and
SBTT, with age, in our investigation, being the stronger
predictor of P2 findings in a multivariable analysis. One
possible explanation of this discrepancy may be due to
a skewness toward an aged population of our cohort
and - as expected - a prevalence of AVMs in the P2
group.
Not surprisingly, we found that adequate smallbowel cleanliness was associated with an improved
DR, albeit with borderline statistical significance.
Conversely, the better DR of SBCE performed in
low-volume centers is far from obvious. One may
speculate that the limited resources constrain lowvolume centers to more rigorous patient selection,
or, alternatively, the reduced workload of low-volume
centers allows the referring physician a longer time to
review videos.
Two major limitations of this study restrict the
generalizability of our findings and comparability with
those of others: our inability to stratify patients into
obscure-overt and obscure-occult bleeding, and our
lack of data on blood loss severity. In fact, there is
compelling evidence that the DY of SBCE in patients
with the overt type of OGB critically depend on the
time elapsed from bleeding to SBCE evaluation and
[19,20]
by the severity of anemia
. Of course, it would be
of interest examine different weights of the included
variables between the two types of gastrointestinal
bleeding. Furthermore, the study lacks a centralized
blinded review of SBCE studies, which is a weakness
for a diagnostic tool such as SBCE, which is affected by
[21]
a sub-optimal inter-observer agreement . Finally, we
were unable to adjust our data for drugs consumption,
because many drugs, especially opioids, can slow
SBTT. However, this study has several strengths: its
large sample size, prospective design, the participation
of secondary care referral centers, and the multicenter
evaluation of consecutive patients referred to SBCE,
well representing real life.
In conclusion, this large multicenter prospective
study of patients with OGB and complete SBCE shows
that a longer SBTT increases the DR of SBCE and
correlates with age, with older age serving as an
independent predictor for P2 lesions. Our data argue
against the customary use of prokinetics for SBCE.
However, further comparative studies are needed to
determine the advantage of increasing the completion
rate by prokinetics at the expense of a faster SBTT.

Innovations and breakthroughs

The present study - an analysis of a large database of consecutive,
prospectively collected, complete SBCE performed for obscure gastrointestinal
bleeding - confirms that a longer SBTT increases the detection rate of significant
findings. However, the authors found a correlation between SBTT and age, with
age serving as an independent predictor on multivariable analysis.

Applications

Unselective use of prokinetics may hamper the diagnostic yield of SBCE.

Research frontiers

Future studies are needed to show if prokinetics are useful for patients in which
the gastric folds are still visible after 45 min after capsule ingestion.

Terminology

Obscure gastrointestinal bleeding: a gastrointestinal bleeding in which the
source is not detected by esophagogastroduodenoscopy and colonoscopy;
it is of two types, namely: (1) obscure-overt, presenting with melena; and (2)
obscure-occult, presenting with iron-deficiency anemia and positive fecal occult
blood test. Prokinetic: a drug which enhances the motility of the gastrointestinal
tract. Small-bowel transit time: the time elapsed from the first frame of the
duodenal cap to the first frame of the cecum.

Peer-review

This is a nice study, from a database that most will envy. Well done for this
work, can be accepted following some corrections.
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changed the therapeutic approach in 71.8% of the
cases. Atrophy was associated with a greater TI (92.3%
vs 45.3%, P < 0.001) and 81.9% of the patients
responded to diet. There was one case of capsule
retention (0.6%). Agreement between CE findings and
subsequent histology was 100% for diagnosing normal/
other conditions, 70% for suspected CD and 50% for
complicated CD.
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CONCLUSION
CE has a high DY in cases of suspicion of CD and it
leads to changes in the clinical course of the disease.
CE is safe procedure with a high degree of concordance
with histology and it helps in the differential diagnosis
of CD.
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Core tip: We present the experience of 14 European
centers in the indication of impact of capsule endoscopy
for suspected celiac disease. It is the study with more
patients published to date. We describe the diagnostic
and therapeutic impact of capsule in celiac disease, as
well as the safety of the technique for this indication.

Abstract
AIM
To analyze the diagnostic yield (DY), therapeutic impact
(TI) and safety of capsule endoscopy (CE).

Luján-Sanchis M, Pérez-Cuadrado-Robles E, García-Lledó J,
Juanmartiñena Fernández JF, Elli L, Jiménez-García VA, EgeaValenzuela J, Valle-Muñoz J, Carretero-Ribón C, FernándezUrién-Sainz I, López-Higueras A, Alonso-Lázaro N, SanjuanAcosta M, Sánchez-Ceballos F, Rosa B, González-Vázquez S,
Branchi F, Ruano-Díaz L, Prieto-de-Frías C, Pons-Beltrán V,
Borque-Barrera P, González-Suárez B, Xavier S, ArgüellesArias F, Herrerías-Gutiérrez JM, Pérez-Cuadrado-Martínez
E, Sempere-García-Argüelles J. Role of capsule endoscopy in
suspected celiac disease: A European multi-centre study. World J
Gastroenterol 2017; 23(4): 703-711 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i4/703.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i4.703

METHODS
This is a multi-centre, observational, analytical,
retrospective study. A total of 163 patients with
suspicion of celiac disease (CD) (mean age = 46.4 ±
17.3 years, 68.1% women) who underwent CE from
2003 to 2015 were included. Patients were divided into
four groups: seronegative CD with atrophy (GroupⅠ, n = 19), seropositive CD without atrophy (GroupⅡ, n = 39), contraindication to gastroscopy (Group-Ⅲ,
n = 6), seronegative CD without atrophy, but with a
compatible context (Group-Ⅳ, n = 99). DY, TI and the
safety of CE were analysed.
RESULTS
The overall DY was 54% and the final diagnosis was
villous atrophy (n = 65, 39.9%), complicated CD (n =
12, 7.4%) and other enteropathies (n = 11, 6.8%; 8
Crohn’s). DY for groups Ⅰ to Ⅳ was 73.7%, 69.2%,
50% and 44.4%, respectively. Atrophy was located in
duodenum in 24 cases (36.9%), diffuse in 19 (29.2%),
jejunal in 11 (16.9%), and patchy in 10 cases (15.4%).
Factors associated with a greater DY were positive
serology (68.3% vs 49.2%, P = 0.034) and older age
(P = 0.008). On the other hand, neither sex nor clinical
presentation, family background, positive histology
or HLA status were associated with DY. CE results
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INTRODUCTION
Celiac disease (CD) is the most common autoimmune
[1]
enteropathy , and it is characterized by gluteninduced chronic inflammation of the small bowel (SB).
The diagnosis of CD requires the analysis of clinical,
histopathological, and serological factors. Genetic
factors are not performed routinely, they only help in
dubious cases. These has a role primarily exclusion
of this diagnosis by its high negative predictive value.
Currently, serology anti-transglutaminase antibodies
(ATG) is the test of choice for the initial diagnosis
[2,3]
and monitoring , although gaved by false positives
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MATERIALS AND METHODS
Patients and definitions

An analytical retrospective observational study
involving 14 hospitals in Europe. This article was
coordinated by the Valencia University General
Hospital Consortium. It has been approved by the local
institutional review board and approved by its Ethics
Committee.
Inclusion criteria: An analysis of the clinical histories
of 163 patients (mean age: 46.4 ± 17.3 years, range:
11-85; 68.1% women) was conducted; the patients
underwent CE for suspected CD during the years
2003-2015. The suspicion of CD was based on a clinical
assessment indicating symptoms that were compatible
with CD, serology (ATG and to rule IgA deficit) and
histology. In selected cases HLA status DQ2/DQ8
(exclusively in doubtful cases). Family history of CD
were collected. All patients underwent gastroscopy to
determine the basal histology except when endoscopy
was contraindicated. Depending on the protocol for
each centre, there were 2-6 DB (of the bulb and/or
second duodenal portion). Intestinal damage was
[17]
calculated using the Marsh classification , with
stages Ⅲ and higher considered positive. Based on the
various findings, patients were classified into 4 suspect
groups, as follows (Figure 2): (1) Group-Ⅰ (n = 19):
Seronegative CD. Patients with negative serology,
histology compatible with CD and positive HLA; (2)
Group-Ⅱ (n = 39): Patients with positive serology, no
atrophy and Marsh stages 0 (n = 22) or Ⅰ-Ⅱ (n = 17);
(3) Group-Ⅲ (n = 6): Patients with contraindications
or refusal to undergo gastroscopy; and (4) Group-Ⅳ
(n = 99): Seronegative patients without atrophy, with
clinical digestive symptoms and/or anaemia. Studied
according to their histology, which indicated Marsh
stages 0 (n = 59) or I-Ⅱ (n = 40). Patients with Marsh
0, showed consistent clinical and positive HLA. Patients
with Marsh 0 and negative HLA (n = 3) were included
by high clinical suspicion, other family members and/
or to advise those who need for accurate diagnosis for
response to GFD and need to maintain or withdraw it
(Figure 2).

Figure 1 Image suggestive of celiac disease by capsule endoscopy.
[4]

and negatives . The presence of villous atrophy
on duodenal biopsy (DB) through upper digestive
endoscopy remains the gold standard for diagnosis
in adults, although patchy intestinal impairment can
[5]
yield to false negatives . Thus, there are a significant
proportion of patients without classic CD diagnostic
criteria who present with discordant data and pose a
diagnostic challenge. Today allowed 4 of the 5 criteria
[6]
Salerno : clinical, high titer serology, HLA feature
biopsy and/or clinical and histological response to
gluten-free diet (GFD). Seronegative cases have led
to the recent description of a spectrum of diseases
related to gluten, such as seronegative CD and non[7]
celiac gluten sensitivity (NCGS) . The prevalence of
NCGS is high, as shown in a multi-centre randomized
and controlled study, which found NCGS in 14% of 140
patients with functional gastrointestinal symptoms.
The absence of SB damage is necessary to suspect a
NCGS, thus, in presence of atrophy it is impossible to
[8]
diagnose of NCGS . These new nosological concepts
help to classify patients who do not meet the classic
[9]
criteria and could benefit from a GFD .
Capsule endoscopy (CE) is an endoscopy tech
nique, which visualizes the entire SB and has proven
useful in patients with negative serology and intestinal
[10]
atrophy or Marsh-Ⅰ/Ⅱ . The most common signs
compatible with CD are the reduction or absence of
Kerckring folds (65%), followed by scalloping (55%)
[10]
and a mosaic pattern with nodularity (32%)
(Figure 1). This technique can detect villous atrophy
with greater sensitivity than conventional endoscopy
[11]
(92% vs 55%)
and it has demonstrated high cost
[12-14]
effectiveness and diagnostic accuracy for CD
.
[15]
However, recent European guidelines
relegate the
role of CE to an alternative for patients who do not
[16]
want or cannot undergo conventional endoscopy ,
possibly due the shortage of relevant publications,
which also comprise low numbers of cases. Therefore,
our objective was to analyse the impact of CE in
a European multi-centre study of patients with
suspected CD who do not meet the classic CD criteria
or who have discordant results in common diagnostic
tests.

WJG|www.wjgnet.com

Exclusion criteria: Patients with a strong CD diag
nosis (positive histology and serology) were excluded
(n = 189), as were those who underwent CE due to
suspicion of another non-celiac pathology, or requests
for obscure gastrointestinal bleeding without other data
suspicion of CD. Those who presented with negative
serology and histology without compatible clinical/
analytical characteristics (regardless of the HLA), and
those who were HLA negative when the only suspect
data point was clinical presentation.

Procedure

Multiple CE systems were used, including Pillcam SB,
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Suspected celiac disease
n = 163

Compatible symptoms y/o anaemia
serology ATG
histology
HLA (only in doubtful cases)

Group Ⅰ (n = 19)
seronegative CD
compatible histology
(marsh stage ≥ Ⅲ)
HLA positive

Group Ⅱ
(n = 39)
positive
serology
no atrophy

Exclusion:
Strong CD diagnosis (positive
histology and serology) (n = 189)
suspicion another non-CD pathology

Group Ⅲ
(n = 6)
contraindication
or refused
gastroscopy

Group Ⅳ
(n = 99)
seronegative CD
no atrophy
HLA positive

Marsh 0 (n = 22)
Marsh Ⅰ-Ⅱ (n = 17)
Marsh 0 (n = 56)
consistent clinical and
positive HLA

Marsh Ⅰ-Ⅱ
(n = 40)

Marsh 0
negative HLA (n = 3)
high clinical suspicion
family history and/
response to GFD

Figure 2 Groups with suspected celiac disease included and excluded in the study. CE: Capsule endoscopy; CD: Celiac disease; ATG: Anti-transglutaminase
antibodies; GFD: Gluten-free diet.

complications from CD (ulcerative lesions mainly
in jejunum-Figure 3, neoformation), or diagnoses
than CD. The distinction between CD and other
enteropathies was made by each center based on
clinical, analytical, radiological, endoscopic and res
ponse criteria to specific treatments.
The therapeutic impact (TI) was considered positive
when the CE changed the therapeutic approach or the
patient’s evolutionary course, including the modifications
of a GFD or a specific treatment for CD or other
enteropathies or subsequent digestive endoscopies.
Both impacts were analysed based on the different
groups previously described. When the CE indicated
the implementation of new endoscopic procedures with
biopsy, the agreement with histology was analysed.

Figure 3 Image suggestive of celiac disease complicated by ulcerative
jejunitis.

Statistical analysis

SB2, SB3, COLON 1 and COLON 2 (Medtronic Inc,
Dublin, Ireland) and Mirocam (Intromedic, Seoul,
Korea). Prior capsule patency was indicated in 6
patients (3.7%) and was normal in all cases. The
indication of the type of CE, patency and the prior
preparation followed the protocol of each centre. The
location of the lesions and their extent in the various
SB segments were recorded.
The diagnostic yield (DY) of CE was considered
positive when CE found pathological findings
(nodular mucosa, mosaic pattern, villous atrophy,
scalloping folds) (Figure 1), either intestinal atrophy,
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2

Categorical variables were compared using a χ -test or
Fisher’s test. Normally distributed continuous variables
were presented as the mean, standard deviation and
analysed by a Student t-test. P-values < 0.05 were
considered statistically significant. SPSS version 23
was used (IBM, SPSS Inc., IL, United States).

RESULTS
Patients

The overall prevalence of positive serology by ATG
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The atrophy was exclusively duodenal (n = 24,
36.9%), jejunal (n = 11, 16.9%), or ileal (n = 1,
1.5%), was diffuse in at least 2 areas (n = 19, 29.2%)
and was patchy (n = 10, 15.4%). The diagnosis
of atrophy was associated with a greater TI than
when the CE result was normal (92.3% vs 45.3%,
P < 0.001). Three patients with UJ also presented
duodenal involvement, and 3 were exclusively ileal.
In a case when the UJ affected the entire SB, a spruelike enteropathy associated with olmesartan was
eventually confirmed. Of these patients, at least 2
initially presented with digestive symptoms and had
negative serology. Patient who had positive serology
and a biopsy indicating Marsh-Ⅰ, was diagnosed
with suspected of jejunal lymphoma by CE; however,
subsequent biopsies using BAE did not confirm this
finding and showed intestinal atrophy corresponding to
Marsh-Ⅲ. The CE results indicated diagnoses of nonCD enteropathies, mostly in Group-Ⅳ (n = 11, 6.7%)
and Group-Ⅱ (n = 1, 2.6%). The most frequent was
Crohn's disease (n = 8, 72.7%), and the location
was exclusively jejunal (n = 3), duodenojejunal (n =
1), jejunoileal (n = 2) and exclusively ileal (n = 1). A
stenosis was detected by CE in a patient with jejunal
Crohn's, but the capsule could still pass through
the stenosis. Only one patient was finally confirmed
as having Crohn's disease and associated CD; this
patient responded positively to corticosteroids and
GFD. In addition, one patient was diagnosed with
proctosigmoiditis (ulcerative colitis) through colon CE
and a SB intussusception associated with non-specific
enteritis and an enteropathy treated with nonsteroidal
anti-inflammatory drugs.

Table 1 Diagnostic performance of capsule endoscopy for
the subgroups
Subgroup (n ,
1
%yield)

Normal

Intestinal
atrophy

Complicated
CD

Other
enteropathies

Ⅰ (n = 14/19,
73.7%)
Ⅱ (n = 27/39,
69.2%)
Ⅲ (n = 3/6,
50%)
Ⅳ (n = 44/99,
44.4%)

5 (26.3)

9 (47.4)

5 (26.3)

0

12 (30.8)

25 (64.1)

1 (2.6)

1 (2.6)

3 (50.0)

3 (50.0)

0

0

55 (55.6)

28 (28.3)

6 (6.1)

10 (10.1)

1

Group-Ⅰ: Seronegative celiac disease; Group-Ⅱ: Positive serology with no
atrophy; Group-Ⅲ: Contraindications or refusal to undergo gastroscopy;
Group-Ⅳ: Seronegative patients without atrophy, with clinical digestive
symptoms and/or anaemia. CD: Celiac disease.

(n = 38) or anti-gliadin/endomysium antibodies (n
= 3) was 25.15%. The HLA was positive (n = 68,
41.7%), negative (n = 8, 4.9%) and in most it was
not performed (n = 86, 52.8%). All cases of negative
HLA (three Marsh 0, four Marsh-Ⅰ and one Marsh-Ⅱ)
corresponded to the patients in Group-Ⅳ.
The presentation forms were clinical digestive
symptoms (n = 95, 58.3%), iron-deficiency anaemia
or iron deficiency (n = 22, 13.5%), or both (n =
42, 25.8%). In addition, the associated dermatitis
herpetiformis (n = 4, 2.5%), neurological syndromes
(n = 3, 1.8%, one in the form of ataxia with suspected
Gobbi syndrome) and stunted growth (n = 2, 1.2%)
were found. The family history of CD (n = 11, 6.8%)
was also collected.

Diagnostic yield of capsule endoscopy

Therapeutic impact of capsule endoscopy

The average SB transit time was 232.1 ± 89.9 min,
with full visualization in 92.6% cases. There were 6
incomplete procedures, and 50% of them reached a
diagnosis. There was only one complication (0.6%)
due to retention of the CE secondary to ulcerative
jejunitis (UJ), and the CE was extracted by balloonassisted enteroscopy (BAE), which confirmed the
diagnosis.
Overall, the DY of the CE diagnosis was 54% (n =
88). The DY obtained by the subgroups is shown in
Table 1. The CE results were suggestive of intestinal
atrophy (n = 65, 39.9%), UJ (Figure 3) (n = 11, 6.8%),
intestinal lymphoma in the jejunum (n = 1, 0.6%) and
other enteropathies (n = 11, 6.8%). Positive serology
(68.3% vs 49.2%, P = 0.034) and age (50 ± 17 vs
43 ± 17, P = 0.008) were associated with a larger
impact on diagnosis, but positive histology at baseline
(73.7% vs 51.5%, P = 0.068), HLA (60.3% vs 55.6%,
P = 0.785, sex (P = 0.717), clinical presentation (P
= 0.993) and family background (P = 0.745) were
not. In seropositive patients (Group-Ⅱ), there were
no differences between those with DY statuses for the
Marsh-0 and Marsh-Ⅰ/Ⅱ stages (59.1% vs 82.4%, P
= 0.119).

WJG|www.wjgnet.com

The global TI was 71.8% (n = 117), with the
suggested changes including that a GFD should be
used (n = 85, 72.7%) or should be stopped (n = 4,
3.4%) and that specific drugs should be used (n = 24,
20.5%). In addition, further endoscopy was suggested
by the CE results in 36 cases (30.8%), including BAE (n
= 18), new gastroscopy (n = 15) and ileocolonoscopy
for Crohn (n = 3). One patient was diagnosed with
T-cell intestinal lymphoma of the jejunum, and BAE
with biopsy was indicated after the discovery of diffuse
intestinal atrophy by CE. There were 18 BAE following
CE results. However, half of the cases (n = 9) were
carried out in patients presenting with complicated
CD by CE or suspected Crohn disease and only 9
presented with atrophy by CE. Thus, the impact of BAE
vs conventional endoscopy in this setting can not be
concluded because of the low number of cases.
The CE results agreed with the endoscopy results
when endoscopy was suggested (Table 2); villous
atrophy suggestive of CD agreed in 70% of the cases.
The impact for the subgroups and the therapeutic
response to the indicated GFD are shown in Table
3. Overall, 81.2% of the patients responded to the
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performed in the absence of traditional diagnostic
evidence. In these cases, the CE is the first noninvasive alternative diagnostic test in SB when
[18]
suspicion is high . The global DY of CE was beneficial
for more than half of the cases. The most frequent
finding was intestinal atrophy, followed by complicated
CD and other enteropathies. Most of the patients
included presented with clinical symptoms, with
positive serologic markers and negative atrophy. In
nearly 40% of them, when the CE result was normal,
NCGS could be diagnosed. Likewise, more than
half of seropositive patients without atrophy were
diagnosed as having CD. The CE results influenced
the therapeutic approach or evolutionary course in
approximately 70% of the cases, and in most of them,
the patients responded to the GFD.
The sensitivity and specificity of CE in CD is
[13,14]
83%-89% and 95%-98%, respectively
, and CE is
a cost-effective technique for the diagnosis of intestinal
atrophy. In addition, CE allows a differential diagnosis
to be performed based on observations of the entire
SB. In patients with suspected CD, CE is indicated when
conventional endoscopy is contraindicated or refused;
this technique was initially used in cases of refractory
[15,19,20]
CD and in cases of suspected complications
.
Another potential indication includes the ambiguous
cases of CD that show disagreement between serology
and histology.
In our study, the diagnostic performance was
greater in patients with positive serology and in the
seronegative patients with positive histology. HLA, sex,
clinical presentation and family background were not
associated with CD and cannot serve as a guide for
indicating CE. In patients with seronegative CD (GroupⅠ), the absence of antibodies could be associated with
[4]
fluctuating antibodies, advanced age or a GFD . The
negative serology is inversely related to the degree of
atrophy because this entity includes initial states (latent
[21]
and potential atypical CD) , reducing the benefits
[22]
of CE . However, in our study, CE is very beneficial
in these cases because CE has a high global diagno
sis effect, providing a diagnosis of villous atrophy
in almost half of the patients and in a significant
proportion of the patients who had complicated CD.
Other authors have demonstrated that the benefits of
CE will be greater for patients corresponding to Marsh[10]
Ⅲ vs Marsh-Ⅰ-Ⅱ (28% vs 7%) . However, in our
study, the presence of villous atrophy at baseline was
not significantly associated with a higher DY, but it was
associated with more severe patterns of the disease.
On the other hand, the majority of patients with
positive serology who are not treated have the typical
[23,24]
histological changes of CD
; however, those without
villous atrophy (Group-Ⅱ) account for one-third of
[25,26]
CD cases
. In these cases, the false negative
histology can be caused by the patchy distribution,
which most often affects the distal or latent forms of
[4,27,28]
the disease
. In our study, the benefit of CE in this

Table 2 Comparison of capsule endoscopy results with a
subsequent histology evaluation of the same patient
CE diagnostic
yield

Biopsied
cases

Biopsy result

Agreement

Normal
Atrophy

n=2
n = 10

100%
70%

Complicated
CD1
Other
diagnoses

n=4

Normal (n = 2)
Normal (n = 2), atrophy (n = 7)2,
lymphoma (n = 1)
Atrophy (n = 2), UJ (n = 2)
Crohn’s disease (n = 2),
Ulcerative colitis (n = 1)

100%

n=3

50%

1

Three ulcerative jejunoileitis (UJ) and one lymphoma; 2One of the biopsies
reported Marsh Ⅲ and eosinophilic gastroenteropathy. CE: Capsule
endoscopy; CD: Celiac disease.

Table 3 Modifications and response to the gluten-free diet in
the different subgroups of patients n (%)
Subgroup

1

Ⅰ (n =19)
Ⅱ (n = 39)
Ⅲ (n = 6)
Ⅳ (n = 99)

Therapeutic
yield
16 (84.2)
31 (79.5)
6 (100)
64 (64.7)

GFD
GFD
Responded Responded
Indicated removed to GFD
to the
withdrawal
12 (63.2)
27 (69.2)
5 (83.3)
41 (41.4)

1 (5.3)
0
0
3 (3.1)

8 (66.7)
18 (66.7)
4 (80)
39 (95.1)

0
3 (100)

1

Group-Ⅰ: seronegative celiac disease; Group-Ⅱ: Positive serology with no
atrophy; Group-Ⅲ: Contraindications or refusal to undergo gastroscopy;
Group-Ⅳ: Seronegative patients without atrophy, with clinical digestive
symptoms and/or anaemia. GFD: Gluten-free diet.

GDF. In the two cases that did not show a response,
autoimmune enteropathy was diagnosed after
evidence of villous atrophy was found by the CE. Only
one patient worsened after the withdrawal of the
GFD. In the other three cases, the non-responders
(Group-Ⅳ) showed no atrophy, as observed by
CE. The response to specific drugs was 58.3%.
Complications from the CD and other enteropathies,
such as Crohn’s disease, were treated according to
the usual protocol of each centre. Of the patients with
normal CE results, 29.3% (n = 22/75) responded to
the GFD, whereas 63.1% (n = 41/65) of the patients
for whom atrophy was observed by CE responded to
the GFD; this difference was significant (P < 0.001).
Of the 41 patients in Group-Ⅳ, 95.1% responded
favourably to the GFD, without a significant difference
in the response between Marsh-Ⅰ/Ⅱ (n = 21) and
Marsh-0 (n = 20) (90.5% vs 100%, P = 0.488). NCGS
was diagnosed in symptomatic patients of Group-Ⅳ
(seronegative CD without atrophy) when they clinically
responded to the GFD (n = 15/39, 38.5%), which was
started after normal CE results without any further
confirmation of classic CD.

DISCUSSION
The present multi-centre study describes a series
of 163 patients with suspected CD in whom CE was

WJG|www.wjgnet.com
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context was very high given that CE allows observation
of injuries consistent with villous atrophy in areas that
[29]
are not accessible to the biopsy . For some authors,
the confirmation of CD in these groups of seropositive
patients with a normal DB is the clinical and serological
[20]
response to the GFD . Patients who do not want
to undergo endoscopy or for whom endoscopy is
contraindicated (Group-Ⅲ) constituted a minority. In
these patients, CE is an alternative accepted method
[30]
of diagnosis
and, in our experience indicates, is
beneficial to half of the patients.
Finally, the majority of patients in which CE was
requested in our series (Group-Ⅳ) were seronegative,
lacked duodenal atrophy and had a positive HLA
and a clinical presentation compatible with CD. The
sensitivity of CE is lower in the absence of atrophy
when endoscopic signs may remain unnoticed.
However, the diagnostic impact in these cases was
approximately 40%, and the main observation was
intestinal atrophy. All new cases of NCGS and most
other enteropathies belonged to this group. The
distribution pattern observed using CE is frequently
extensive enteropathy (duodenal continuing into
[11]
patchy jejunal) . This pattern occurred in 66.6%
of the patients who exhibited symptoms in the
[31]
proximal ID, and 11.1% had panenteric symptoms .
Similarly, in our study, the most frequent location of
the atrophy was duodenal, followed by a widespread
distribution, jejunal distribution, patchy distribution
and occasionally an isolated ileal distribution. We
found that almost 20% of the patients had atrophy
unreachable by conventional endoscopy. The relevance
of the spread of the enteropathy characteristics found
using CE correlates to the ATG results but not to the
[10]
[11]
clinical symptoms . However, as in other studies ,
the percentage of the response to the GFD was higher
in our patients who had villous atrophy.
As for the finding of ulcers in the UJ, they are
distinguished from those found in other enteropathies
or in patients without pathology because they are
[32]
more numerous (≥ 5) and larger and distal .
Likewise, the distinction with other ulcerative diseases
should be made in a context of adequate suspicion and
after response to specific treatment.
Regarding the TI, the CE findings influenced
the therapeutic approach in more than 70% of the
patients, with the majority responding to the GFD.
Similarly, a previous study reported that CE findings
were consistent with histology findings in 78%
[33]
of cases . In our experience, there was a total
agreement between the CE findings and the histology
findings when the CE indicated normal results and
70% agreement for the diagnosis of atrophy.

criteria for CD diagnosis, with successive new criteria
in histological classifications and clinical practice
guidelines, additional endoscopic instrumentation
(BAE), the lack of HLA assays for all cases, the
broad time interval of the data collection, and the
use of different investigators. Nevertheless, this
study represents one of the largest series published
to date for this type of patient, who are frequently
encountered in normal clinical practice.
In conclusion, CE has a fundamental role with a
high diagnosis impact in cases of misleading diagnosis
for CD, with the CE modifying the clinical course,
especially in cases with positive serology at baseline.
In addition, the atrophy observed by CE has a high
concordance with the results of subsequent histology
and relates to the response to the GFD. This procedure
is safe and useful, even when it indicates a normal
result. The diagnostic performance along with the
response to the GFD allowed a differentiation between
CD, NCGS and other enteropathies. Therefore, our
data suggest that in cases of misleading CD, CE can
complement serology and biopsy in the early and
differential diagnosis of this disease.
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diagnosis for CD, with the CE modifying the clinical course, especially in cases
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a high concordance with the results of subsequent histology and relates to the
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Therefore, these data suggest that in cases of misleading CD, CE can
complement serology and biopsy in the early and differential diagnosis of this
disease.
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CE is a non-invasive tool that displays the entire SB and is an alternative to
duodenal biopsy in doubtful cases of celiac disease.

This study shows the impact of CE on diagnosis and therapies for patients
suspected of celiac disease.
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AIM
To assess whether surrogate biomarkers of endotoxe
mia were correlated with the histological features of
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nonalcoholic fatty liver disease (NAFLD).

INTRODUCTION

METHODS
One hundred twenty-six NAFLD patients who had
undergone percutaneous liver biopsy were enrolled.
Serum lipopolysaccharide (LPS)-binding protein
(LBP) and anti-endotoxin core immunoglobulin G
(EndoCab IgG) antibody concentrations at the time of
liver biopsy were measured using the enzyme-linked
immunosorbent assays to examine for relationships
between biomarker levels and histological scores.

The prevalence of nonalcoholic fatty liver disease
(NAFLD) is increasing worldwide. NAFLD includes a
wide spectrum of disorders, ranging from nonalcoholic
fatty liver (NAFL) to nonalcoholic steatohepatitis
(NASH) and resultant liver cirrhosis and hepatocellular
[1-4]
carcinoma . NASH is characterized by the presence
of hepatocyte ballooning, lobular inflammation and/or
various degree of fibrosis in addition to macrovesicular
[1-3]
steatosis
. Although several pathogenic factors,
such as lipotoxicity, endoplasmic reticulum stress, iron
accumulation, and inflammatory signaling, reportedly
contribute to the progression from steatosis to
steatohepatitis/steatofibrosis, the mechanism of NASH
development has not been fully clarified.
Recent murine studies have demonstrated a key
role of endotoxin/lipopolysaccharide (LPS) in the onset
[5,6]
of NASH . For example, repeated LPS injection into
[7]
ob/ob mice led to steatohepatitis , while mice lacking
the gene encoding Toll-like receptor (TLR) 4, a central
molecule in LPS-mediated signaling, were resistant
[8]
to NASH development . It is generally accepted
that Kupffer cells are activated when the gut mucosa
becomes inflamed and fragile or when gut bacteria
overgrow and LPS subsequently flows into the portal
vein. However, it remains unclear whether the gut
barrier is disrupted and portal LPS levels are elevated
in typical obesity-, metabolic syndrome-related NAFLD
patients without accompanying active inflammatory
[9,10]
bowel disease
or a history of gastrointestinal
surgery, such as pancreaticoduodenectomy and blind
[11,12]
loop construction
.
Another issue requiring attention when considering
the contribution of endotoxin/LPS to human NASH
is the lack of appropriate systems to determine
portal LPS concentration. Since portal LPS is rapidly
eliminated in the liver, systemic LPS levels often do
not mirror those in the portal vein, and the half[13]
life of circulating LPS is as short as 2 h . These
shortcomings obscure the evaluation of endotoxin/LPS
contribution to NASH.
Circulating LPS-binding protein (LBP) and antiendotoxin core immunoglobulin G (EndoCab IgG)
antibody are commercially available surrogate
[10,14]
markers of endotoxemia
. LBP is a soluble acutephase protein that binds to bacterial endotoxin. When
the liver senses bacterial endotoxin, LBP is rapidly
synthesized by hepatocytes to neutralize the toxin and
then secreted into the circulation. The EndoCab IgG
assay measures endotoxin core antibodies to reflect
the immune response against persistent endotoxin
exposure. Since both of these biomarkers are more
stable than LPS, they represent possible indicators of
endotoxemia.
In the current study, serum levels of LBP and
EndoCab IgG were measured in biopsy-proven NAFLD
patients and their correlation with the histological

RESULTS
Serum LBP concentration was significantly increased
in nonalcoholic steatohepatitis (NASH) patients as
compared with nonalcoholic fatty liver (NAFL) subjects
and was correlated with steatosis (r = 0.38, P < 0.0001)
and ballooning scores (r = 0.23, P = 0.01), but not
with the severity of lobular inflammation or fibrosis.
Multivariate linear regression analysis revealed that
LBP was associated with steatosis score and circulating
C-reactive protein, aspartate aminotransferase, and
fibrinogen levels. Serum EndoCab IgG concentration
was comparable between NASH and NAFL patients.
No meaningful correlations were detected between
EndoCab IgG and histological findings.
CONCLUSION
LBP/EndoCab IgG were not correlated with lobular
inflammation or fibrosis. More accurate LPS biomarkers
are required to stringently assess the contribution of
endotoxemia to conventional NASH.
Key words: nonalcoholic steatohepatitis; endotoxemia;
lipopolysaccharide-binding protein; EndoCab IgG; fibrosis;
steatosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study simultaneously measuring
two surrogate endotoxemia markers, lipopolysaccharidebinding protein (LBP) and EndoCab IgG, in biopsyproven nonalcoholic fatty liver disease (NAFLD) patients
in order to assess for relationships with the histological
features of NAFLD. Serum LBP/EndoCab IgG were
not correlated with lobular inflammation or fibrosis. It
remains elusive whether portal endotoxemia promotes
hepatitis/fibrosis in human conventional NAFLD/
nonalcoholic steatohepatitis.
Kitabatake H, Tanaka N, Fujimori N, Komatsu M, Okubo A,
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severity of NAFLD was assessed to clarify associations
between endotoxemia and NASH development.

200 × ﬁeld, grade 2: 2-4 foci per 200 × ﬁeld, and
grade 3: > 4 foci per 200 × ﬁeld; ballooning grade 0:
no ballooned hepatocytes, grade 1: a few ballooned
hepatocytes, and grade 2: many/prominent ballooned
hepatocytes; and fibrosis stage (F) 0: no fibrosis, F1:
perisinusoidal, perivenular, or portal/periportal fibrosis,
F2: perisinusoidal and portal/periportal fibrosis, F3:
bridging fibrosis, and F4: cirrhosis. NASH was defined
as the presence of macrovesicular steatosis (≥ 5% of
hepatocytes affected) and hepatocyte ballooning with
or without lobular inflammation and fibrosis. NAFLD
patients having macrovesicular steatosis without
ballooning were diagnosed as having NAFL. The NAFLD
activity score (NAS) was calculated as the unweighted
sum of the scores for steatosis (1-3), lobular inflam
mation (0-3), and ballooning (0-2), ranging from 1 to 8.

MATERIALS AND METHODS
Patients

This study was approved by the Committee for
Medical Ethics of Shinshu University School of Medicine
(Approval number: 2802) and conducted in accordance
with the 1983 revision of the Helsinki declaration
of 1975. Informed written consent was obtained
from all patients. One hundred twenty-six NAFLD
patients who were admitted to Shinshu University
Hospital between February 2009 and April 2015 for
percutaneous liver biopsy were enrolled. NAFLD had
been suspected based on the following criteria: (1) the
presence of hepatorenal contrast and increased hepatic
echogenicity on abdominal ultrasonography; (2) ethanol
consumption of < 20 g/d; and (3) the absence of other
causes of liver dysfunction, such as viral hepatitis, druginduced liver injury, autoimmune liver diseases, primary
sclerosing cholangitis, Wilson’s disease, hereditary
[15-18]
hemochromatosis, and citrin deficiency
. The
diagnosis of NAFLD/NASH was confirmed based on the
histological findings of biopsied specimens.
Body weight and height were measured before
liver biopsy performed in a fasting state. The presence
of obesity was defined as a body mass index of ≥
2
25 kg/m according to criteria released by the Japan
[19]
Society for the Study of Obesity . Medical information
was also recorded, and the presence of hypertension,
hyperlipidemia, and diabetes was evaluated as
[20,21]
described previously
. Blood samples were
obtained on the day of the liver biopsy in a fasting
state and routine examinations, such as complete
blood counts, coagulation, and blood chemistry that
included serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), were carried out using
standard laboratory methods. The remaining sera
samples were immediately frozen and kept at -80 ℃
until further use.

Measurement of serum LBP and EndoCab IgG levels

Frozen serum samples obtained at the time of liver
biopsy were diluted in 1000- and 200-fold with
dilution buffer, and serum LBP and EndoCab IgG
concentrations were measured in duplicates using the
LBP ELISA kit (HK315-01, Hycult Biotech, Uden, the
Netherlands) and the ENDOCAB ELISA kit (HK504,
Hycult Biotech), respectively, according to the
manufacturer’s instructions.

Measurement of serum cytokeratin 18 fragment levels

Serum concentrations of caspase-cleaved cytokeratin
18 (CK18) fragments were measured using the M30
Apoptosense® ELISA kit (VLVbio AB, Nacka, Sweden)
[15]
as described previously .

Statistical analysis

Data are expressed as number (percentage) or median
th
th
(25 , 75 percentiles). Comparisons between the
groups were carried out using the Mann-Whitney U
2
test, χ test, or one-way ANOVA with Bonferroni’s
correction. Spearman’s test was adopted to examine for
correlations among LBP, EndoCab IgG, and biochemical/
histological data. Multivariate linear regression analysis
was conducted to search for independent predictors of
LBP. Statistical analyses were performed using StatFlex
Ver6.0 software (Artech Co., Ltd., Osaka, Japan). A
P value of < 0.05 was considered to be statistically
significant.

Histopathological analysis

Biopsy specimens were obtained from liver segment 5
or 8 using a 14-gauge needle as described previously
and immediately fixed in 10% neutral formalin.
Sections were cut at a 4-μm thickness and stained by
means of the hematoxylin and eosin and Azan-Mallory
methods. The histological activity of NAFLD was
assessed by an independent expert pathologist (KS) in
a blinded manner for the degrees of steatosis, lobular
inflammation, ballooning, and fibrosis according to
[22]
the system proposed by Kleiner et al , as steatosis
grade 1: 5%-33% of hepatocytes affected, grade 2:
33%-66% of hepatocytes affected, and grade 3: >
66% of hepatocytes affected; lobular inflammation
grade 0: no inflammatory foci, grade 1: < 2 foci per
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RESULTS
Serum LBP/EndoCab IgG levels in NAFLD patients

The clinicopathological features of the 126 NAFLD
patients are summarized in Table 1. One-hundred
patients (79%) were diagnosed as having NASH
and 29 (23%) had advanced fibrosis of stage 3 or 4.
Serum LBP concentration was significantly increased in
NASH patients as compared with NAFL patients (Figure
1A), whereas serum EndoCab IgG was comparable
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Table 1 Clinicopathological features of nonalcoholic fatty liver disease patients n (%)
All (n = 126)

Parameter
Clinical findings
Age (yr)
Male
BMI ≥ 25 kg/m2
Diabetes
Hypertension
Hyperlipidemia
BMI (kg/m2)
Ethanol (g/d)
Leukocytes (× 103/μL)
Erythrocytes (× 104/μL)
Hemoglobin (g/dL)
Hematocrit (%)
MCV (fl)
MCH (pg)
MCHC (%)
Platelets (× 104/μL)
PT-INR
APTT (s)
FIBG (mg/dL)
Total protein (g/dL)
Albumin (g/dL)
Bilirubin (mg/dL)
AST (U/L)
ALT (U/L)
LDH (U/L)
ALP (U/L)
γGT (U/L)
ChE (U/L)
Urea nitrogen (mg/dL)
Creatinine (mg/dL)
Uric acid (mg/dL)
eGFR (mL/min/1.73 m2)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Glucose (mg/dL)
Insulin (μU/mL)
HbA1c (%)
HOMA-IR
IgG (mg/dL)
IgM (mg/dL)
IgA (mg/dL)
CRP (mg/dL)
Hyaluronic acid (mg/dL)
Type 4 collagen 7S (mg/dL)
CK18 fragment (U/L)
Histological findings
Steatosis 1/2/3
Ballooning 0/1/2
Lobular inflammation 0/1/2/3
Fibrosis 0/1/2/3/4

56 (44-65)
54 (43)
76 (60)
43 (34)
49 (39)
82 (65)
25.8 (23.6-29.4)
0 (0-5)
5.57 (4.73-6.82)
490 (453-515)
14.9 (14.0-15.8)
44.2 (41.6-46.6)
91.2 (88.5-93.7)
30.7 (29.6-31.7)
33.6 (33.0-34.3)
23.8 (17.9-26.8)
1.00 (0.98-1.05)
28.6 (26.6-31.2)
287 (243-314)
7.6 (7.3-7.9)
4.5 (4.3-4.7)
0.9 (0.7-1.1)
40 (29-63)
61 (36-92)
214 (186-240)
254 (214-323)
53 (35-82)
384 (342-429)
13 (11-15)
0.70 (0.58-0.82)
5.6 (4.8-6.8)
79 (69-89)
209 (181-233)
119 (91-156)
134 (109-152)
52 (45-59)
106 (97-120)
12 (7.3-17.6)
5.8 (5.6-6.4)
3.2 (1.9-4.8)
1261 (1089-1535)
94 (65-126)
269 (180-333)
0.10 (0.04-0.17)
40 (24-74)
4.5 (3.7-5.5)
298 (155-561)
43/57/26
26/68/32
7/61/53/5
27/56/14/22/7

NAFL (n = 26)
52 (42-58)
14 (54)
12 (46)
5 (19)
8 (31)
19 (73)
24.6 (22.6-28.5)
0 (0-2.8)
5.07 (4.76-5.75)
490 (474-512)
15.1 (14.6-15.9)
45.3 (43.3-46.9)
91.5 (89.1-93.0)
31 (30.2-31.6)
33.9 (33.5-34.4)
23.3 (19.1-26.7)
1.00 (0.98-1.03)
28.6 (27.5-30.1)
284 (247-321)
7.6 (7.3-7.9)
4.6 (4.5-4.7)
0.8 (0.7-1.1)
27 (23-33)
39 (30-56)
189 (165-231)
246 (218-312)
44 (26-70)
399 (369-445)
13.2 (12-14.5)
0.79 (0.62-0.84)
6.0 (5.2-7.5)
77 (59-88)
218 (175-247)
122 (88-165)
136 (103-155)
53 (45-61)
99 (92-112)
7.5 (5.1-11.5)
5.8 (5.4-6.0)
2.0 (1.2-3.2)
1264 (1118-1524)
83 (54-113)
252 (185-293)
0.05 (0.03-0.16)
29 (23-52)
3.7 (3.6-4.5)
164 (121-293)
15/9/2
26/0/0
3/19/4/0
16/10/0/0/0

NASH (n = 100)
58 (45-65)
40 (40)
64 (64)
38 (38)
41 (41)
63 (63)
26.4 (23.9-29.5)
0 (0-5)
5.72 (4.72-6.86)
489 (452-515)
14.8 (13.9-15.8)
43.9 (41.5-46.6)
91.1 (88.4-94.1)
30.5 (29.6-31.7)
33.4 (32.9-34.2)
23.8 (17.8-26.9)
1.01 (0.97-1.05)
28.6 (26.3-31.3)
287 (242-313)
7.6 (7.3-7.8)
4.5 (4.3-4.7)
0.9 (0.7-1.1)
47 (33-70)
69 (42-104)
219 (191-249)
258 (214-323)
54 (37-87)
376 (340-427)
13 (11-15)
0.66 (0.57-0.82)
5.6 (4.8-6.6)
79 (70-89)
206 (182-230)
119 (93-156)
131 (113-147)
52 (45-57)
107 (98-122)
13.1 (8.2-17.9)
5.9 (5.6-6.6)
3.5 (2.2-4.9)
1261 (1086-1541)
97 (72-129)
272 (180-349)
0.08 (0.05-0.17)
47 (25-88)
4.5 (3.8-6.3)
351 (178-645)1
28/48/24
0/68/32
4/42/49/5
11/46/14/22/7

P value
0.17
0.20
0.10
0.07
0.34
0.34
< 0.05
0.26
0.24
0.36
0.14
0.31
0.81
0.42
0.08
0.88
0.40
0.84
0.73
0.97
0.14
0.30
< 0.00001
0.0002
0.02
0.86
0.21
0.12
0.65
0.17
0.26
0.53
0.41
0.95
0.80
0.59
0.02
0.002
0.02
0.001
0.77
0.18
0.56
0.13
0.08
0.003
0.0003
0.004
  < 0.00001
0.0003
  < 0.00001

1

n = 96. Data are expressed as number (percentage) or median (25th, 75th percentiles). Histological findings were scored according to the criteria proposed
by Kleiner et al[22] Comparisons between NAFL and NASH groups were carried out using the χ 2 test or Mann-Whitney U test. BMI: Body mass index; MCV:
Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; PT-INR: International ratio of
prothrombin time; APTT: Activated partial thromboplastin test; FIBG: Fibrinogen; AST: Aspartate aminotransferase; NAFL: Nonalcoholic fatty liver; NASH:
Nonalcoholic steatohepatitis; ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; eGFR: Estimated glomerular filtration rate; ALP: Alkaline
phosphatase; γGT: γ-glutamyltransferase; ChE: Cholinesterase; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; HbA1c: Hemoglobin A1c;
HOMA-IR: Homeostasis model assessment for insulin resistance; CRP: C-reactive protein; CK18: Cytokeratin 18.
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Figure 1 Comparisons of serum lipopolysaccharide-binding protein (A) and EndoCab IgG (B) between 26 nonalcoholic fatty liver and 100 nonalcoholic
steatohepatitis patients. The clinicopathological features of the patients are shown in Table 1. Bars represent median values. P values were calculated using the
Mann-Whitney U test. NAFL: Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis.
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Figure 2 Relationships between serum lipopolysaccharide-binding protein and histological findings in 126 biopsy-proven nonalcoholic fatty liver disease
patients. A: Steatosis (1-3); B: Ballooning (0-2); C: Lobular inflammation (0-3); and D: Fibrosis (0-4) scores. Comparisons among subgroups were conducted using
one-way ANOVA with Bonferroni’s correction. LBP: Lipopolysaccharide-binding protein.

between the groups (Figure 1B).

grade 3 group as compared with the steatosis grade 1
or 2 groups (Figure 2A) and was positively correlated
with steatosis score (Table 2). Significantly increased
serum LBP was seen in the ballooning grade 2 group
over the ballooning grade 0 group (Figure 2B), with
a positive correlation between LBP and ballooning
score (Table 2). There were no significant relationships

Relationships between LBP/EndoCab IgG levels and
histological findings

We next examined whether serum LBP levels cor
related with histological severity in NAFLD patients.
Serum LBP was significantly higher in the steatosis
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Figure 3 Relationships between serum EndoCab IgG and histological findings in 126 biopsy-proven nonalcoholic fatty liver disease patients. A: Steatosis
(1-3); B: Ballooning (0-2); C: Lobular inflammation (0-3); and D: Fibrosis (0-4) scores. Comparisons among subgroups were conducted using one-way ANOVA with
Bonferroni’s correction.
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Table 2 Correlations between lipopolysaccharide-binding
protein/EndoCab IgG and individual pathological features
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0.74
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0.13

Histological findings were scored according to the criteria proposed by
Kleiner et al[22] Correlation coefficients (r) and P values were calculated by
Spearman’s test. LBP: Lipopolysaccharide-binding protein.

100

EndoCab IgG for histological scores.

Figure 4 Correlation between serum lipopolysaccharide-binding
protein and EndoCab IgG in 126 biopsy-proven nonalcoholic fatty liver
disease patients. A correlation efficient (r) and P value were calculated using
Spearman’s test. LBP: Lipopolysaccharide-binding protein.

Correlations between LBP/EndoCab levels and NAS

There was a significant positive correlation for serum
LBP and NAS, an indicator of histological NAFLD acti
vity, but none for EndoCab IgG (Figure 5).

between serum LBP and lobular inflammation grade
(Figure 2C and Table 2) or fibrosis stage (Figure 2D
and Table 2).
Similar analyses were carried out for serum
EndoCab IgG, which yielded comparable findings
among all subgroups (Figure 3) and no correlations
with histological scores (Table 2). The lack of
agreement between LBP and EndoCab IgG (Figure 4)
may explain the discrepant results between LBP and
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EndoCab IgG

r

Correlations between LBP/EndoCab levels and
laboratory data

Serum LBP was significantly positively correlated with
AST, ALT, leukocyte count, fibrinogen (FIBG), C-reactive
protein (CRP), and CK18 fragment (Table 3), while
EndoCab IgG was correlated positively with age,
HbA1c, IgG, IgA, and hyaluronic acid and negatively
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Figure 5 Correlation of nonalcoholic fatty liver disease activity score with serum lipopolysaccharide-binding protein (A) and EndoCab IgG (B) in 126
biopsy-proven nonalcoholic fatty liver disease patients. Correlation efficients (r) and P values were calculated using Spearman’s test. LBP: Lipopolysaccharidebinding protein; NAS: Nonalcoholic fatty liver disease activity score.
[25]

with platelet count (Table 3). Factor analysis using
several laboratory data parameters distinguished a
clear separation between the LBP and EndoCab IgG
groups; the former group included inflammationrelated parameters, such as CRP, FIBG, and leukocyte
count, whereas the latter group contained HbA1c,
age, and hyaluronic acid. Multivariate linear regression
analysis revealed that steatosis score (P = 0.0033),
circulating CRP (P = 0.0032), AST (P = 0.0151), and
FIBG (P = 0.0181) were independent predictors of LBP.

EndoCab IgG in NAFLD patients. LBP was similar
between control and NAFLD subjects and increased
[26,27]
in NAFLD/NASH patients with severe fibrosis
.
[28]
EndoCab IgG was comparable
between control and
[29]
NAFLD/NASH groups and higher in NASH . However,
the number of NAFLD patients was relatively small
(less than 40) in these investigations. Moreover, there
have been no reports simultaneously measuring LBP
and EndoCab IgG in histologically-proven NAFLD
patients or examining these factors for associations
with histological findings. The absence of a correlation
between LBP and EndoCab IgG has been supported by
[14]
a large recent study of 920 participants . Although
LBP and EndoCab IgG were simultaneously measured
[14]
in the previous study , histological evaluation of the
liver was not performed.
In the present series, the severity of lobular
inflammation and fibrosis did not correlate with either
serum LBP or EndoCab IgG. EndoCab IgG tended to
associate with age, hyaluronic acid, and IgG, which
was indicative of the possibility of nonspecific IgG
elevation due to chronic liver disease and/or aging.
Thus, evidence that LPS promoted fibrosis and
hepatitis in the context of conventional human NAFLD/
NASH could not be demonstrated.
The degree of steatosis correlated with serum LBP
level. An earlier study also demonstrated a significant
correlation for serum LBP and intrahepatic triglyceride
content as determined by proton-magnetic resonance
[14]
spectroscopy (r = 0.366, P < 0.001) , but not for
EndoCab IgG. These similar findings prompted us to
consider that LBP might be induced independently of
LPS in NAFLD patients. Indeed, the fact that disruption
of the LBP-encoding gene in mice decreased basal
expression levels of fatty acid-synthesizing enzymes
[30]
and suppressed steatogenesis
implied a direct
link between increased LBP and hepatosteatosis.
LBP is also up-regulated in hypertrophied adipocytes
[31]
and acts as an adipokine . Along with CRP and

DISCUSSION
To our knowledge, this is the first study examining the
relationship between two surrogate LPS markers and
histological severity in NAFLD. Unexpectedly, serum
EndoCab IgG did not correlate with any histological
findings, nor was serum LBP associated with lobular
inflammation grade or fibrosis stage. Based on these
results, we could not conclude whether LPS played
a crucial role in hepatitis development or fibrosis
progression in NAFLD patients, which deviated from
findings obtained in murine models.
Although serum LPS is reportedly elevated in
[23]
NASH patients , the direct measurement of LPS has
several flaws. First, LPS has a very short half-life and
is rapidly eliminated in the liver, and thus serum LPS
values rarely reflect actual endotoxemia. Second, the
limulus amoebocyte lysate assay is widely used for LPS
determination but may be influenced by exogenous
LPS contamination due to its high sensitivity. The
[24]
assay is also disrupted by detergents, urea, and pH .
We therefore adopted the more stable biomarkers LBP
and EndoCab IgG as indicators of endotoxemia.
Since LBP is rapidly induced by LPS and EndoCab
IgG reflects the immune response to endotoxin
core, these biomarkers measure acute/intermittent
and chronic/persistent endotoxemia, respectively.
Previous studies have examined either serum LBP or
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findings corroborate a possible association between
serum LBP and steatosis independently of LPS/
endotoxemia.
This study uncovered a weak, but statistically
significant, correlation between serum LBP level and
the incidence of ballooned hepatocytes. In hepato
cytes with ballooning degeneration, activated c-Jun
N-terminal kinase (JNK) and ensuing lipoapoptosis
[34]
have been documented . Escherichia coli LPS induces
LBP in human oral keratinocytes through the activation
of JNK in addition to nuclear factor kappa B and p38
[35]
mitogen-activated protein kinase . Therefore, a
positive relationship between LBP expression and
ballooning score might reflect activated JNK-mediated
signaling in degenerated hepatocytes.
[36]
Yuan et al
demonstrated that circulating LPS
levels in pediatric NASH patients were distributed
dichotomously at either high or normal levels, sug
gesting that endotoxemia was present in specific NASH
patients only. Serum LPS levels exhibited no impact on
NAS or fibrosis stage and no meaningful relationship
was detected between LPS and the proportion of
intestinal Gram-negative bacteria. Therefore, they
concluded that gut microbiome composition did
not contribute to endotoxemia in NASH, nor was
endotoxemia always required in the pathogenesis
of NASH, which were partially consistent with our
results. The observation that antibiotics/probiotics
can attenuate NAFLD may not directly support a key
role of LPS in NASH development since intestinederived metabolites/toxicants other than LPS, such
as deoxycholic acid and ceramides, promote NAFLD/
[37,38]
NASH development
. The therapeutic use of
probiotics/prebiotics has not been supported by high[39]
quality clinical studies . Additionally, the notion that
increased hepatic TLR4 expression in NASH indicates
an important role of portal endotoxemia may be
inappropriate since TLRs are activated by several
[40]
molecules other than LPS, including palmitic acid .
A key limitation of this study was that it did not
directly measure LPS concentrations. Since the present
investigation used cryogenically stored samples, we
were concerned about the accuracy of LPS value
measurement due to the abovementioned flaws in
the LPS assay system. Future studies will benefit
from assessment of LPS using freshly prepared serum
samples along with improvements in LPS assay
systems. Another limitation was that we could not
examine the association between LBP and PNPLA3
polymorphisms, which might impact the degree of
hepatic steatosis. However, a recent study showed no
relationship between PNPLA3 variants and circulating
[41]
LBP levels in chronic hepatitis C patients .
It is reasonable to consider that chronic LPS chal
lenge to steatotic livers, such as NAFLD accompanied
with severe gingivitis or inflammatory bowel disease,
may be detrimental to liver condition. However, esta
blishing a key contribution of LPS to the histological

Table 3 Correlations between lipopolysaccharide-binding
protein/EndoCab IgG and routine clinical data
LBP
Age
BMI
Leukocyte
Erythrocyte
Hemoglobin
Hematocrit
MCV
MCH
MCHC
Platelet
PT-INR
APTT
FIBG
Total protein
Albumin
Bilirubin
AST
ALT
LDH
ALP
γGT
ChE
Urea nitrogen
Creatinine
Uric acid
eGFR
Total cholesterol
Triglycerides
LDL-cholesterol
HDL-cholesterol
Glucose
Insulin
HbA1c
HOMA-IR
IgG
IgM
IgA
CRP
Hyaluronic acid
Type 4 collagen 7S
CK18 fragment

EndoCab IgG

r

P value

-0.10
0.11
0.311
0.11
0.02
0.05
-0.15
-0.15
-0.15
0.22
-0.13
0.06
0.301
-0.01
-0.02
-0.23
0.381
0.351
0.24
0.16
0.21
-0.04
-0.24
-0.05
0.07
0.15
0.09
0.07
0.08
-0.06
-0.08
0.17
0.05
0.14
-0.09
0.12
-0.10
0.471
-0.08
-0.04
0.28

0.25
0.23
0.00051
0.23
0.87
0.55
0.10
0.92
0.11
0.015
0.15
0.51
0.00091
0.91
0.84
0.01
< 0.00011
< 0.00011
0.006
0.07
0.02
0.69
0.007
0.60
0.47
0.12
0.31
0.46
0.37
0.54
0.35
0.07
0.59
0.14
0.33
0.19
0.28
< 0.00011
0.42
0.65
0.002

r
0.341
-0.02
-0.07
-0.23
-0.20
-0.22
0.08
0.10
0.02
-0.29
0.12
0.08
-0.05
0.12
-0.17
-0.03
0.07
-0.09
0.13
0.08
-0.06
-0.21
-0.08
-0.26
-0.21
-0.02
0.02
0.11
0.001
-0.001
0.19
0.01
0.27
0.04
0.301
-0.02
0.25
0.05
0.361
0.17
0.002

P value
0.00011
0.86
0.44
0.01
0.024
0.013
0.37
0.25
0.81
0.001
0.18
0.37
0.59
0.18
0.06
0.73
0.44
0.31
0.16
0.39
0.53
0.02
0.35
0.004
0.02
0.85
0.86
0.22
0.99
0.99
0.04
0.96
0.002
0.65
0.00091
0.80
0.006
0.61
0.00021
0.08
0.98

1

Items with r ≥ 0.3 and P < 0.05. Correlation coefficients (r) and P values
were calculated by Spearman’s test. BMI: Body mass index; MCV: Mean
corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC:
Mean corpuscular hemoglobin concentration; PT-INR: International
ratio of prothrombin time; APTT: Activated partial thromboplastin test;
FIBG: Fibrinogen; AST: Aspartate aminotransferase; ALT: Alanine ami
notransferase; LDH: Lactate dehydrogenase; eGFR: Estimated glomerular
filtration rate; ALP: Alkaline phosphatase; γGT: γ-glutamyltransferase;
ChE: Cholinesterase; LDL: Low-density lipoprotein; HDL: High-density
lipoprotein; HbA1c: Hemoglobin A1c; HOMA-IR: Homeostasis mo
del assessment for insulin resistance; CRP: C-reactive protein; CK18:
Cytokeratin 18.

FIBG, LBP is an acute phase reactant as well. It is
noteworthy that LBP can be induced by interleukin-6
[32]
(IL-6) , a pro-inflammatory cytokine, in hepatocytes.
[33]
IL-6 is markedly up-regulated in steatotic livers ,
indicating a possible link among steatosis, IL-6, and
LBP. Although the possibility that LPS directly induced
steatosis cannot be ruled out completely, the above
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as well as its diagnosis. Especially, the close relationship between LBP and
NASH is very interesting.

severity of human primary NASH was not possible in
the current study. The lack of appropriate endotoxin
markers is a major limitation at present, as is the low
sensitivity/specificity of LBP/EndoCab IgG assays.
Further improvements in LPS detection systems
may provide novel information on the role of LPS/
endotoxemia in the pathogenesis of conventional
NASH.
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rapidly eliminated in the liver, and therefore venous LPS concentrations often
do not reflect portal ones.

5

6
7

Research frontiers

Circulating LPS-binding protein (LBP) and the anti-endotoxin core
immunoglobulin G (EndoCab IgG) antibody are commercially available
surrogate markers of endotoxemia that are more stable than LPS. The research
hotspot is to examine whether these endotoxemia markers correlate with
histological severity in nonalcoholic fatty liver disease (NAFLD).
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Innovations and breakthroughs

This is the first study simultaneously measuring two surrogate endotoxemia
markers, LBP and EndoCab IgG, in biopsy-proven NAFLD patients in order
to assess for relationships with the histological scores of NAFLD. Serum LBP
concentration was significantly increased in NASH patients and was correlated
with steatosis and ballooning scores, but not with the severity of lobular
inflammation or fibrosis. Serum EndoCab IgG concentration was comparable
between NASH and NAFL patients.
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Applications

It is reasonable to consider that chronic LPS challenge to steatotic livers, such
as NAFLD accompanied with severe gingivitis or inflammatory bowel disease,
may be detrimental to liver condition. However, the contribution of LPS to the
histological severity of human primary NASH could not be confirmed in the
current study. The lack of appropriate endotoxin markers is a major limitation
at present, as is the low sensitivity/specificity of LBP/EndoCab IgG assays.
Further improvements in LPS detection systems may provide novel information
on the role of LPS/endotoxemia in the pathogenesis of conventional NASH.
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Terminology

NAFLD is a chronic liver disease increasing worldwide that includes a wide
spectrum of disorders, ranging from NAFL to NASH and resultant liver cirrhosis
and hepatocellular carcinoma. NASH is characterized by the presence of
hepatocyte ballooning, lobular inflammation and/or various degrees of fibrosis
in addition to macrovesicular steatosis. Increased intestinal permeability and
ensuing portal endotoxemia is presumed to be one of the contributors to the
progression of NASH.
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This report, written by Kitabatake et al, is of an important retrospective study
that has been carried out to disclose pathological mechanisms of NAFLD/NASH
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Abstract
AIM
To investigate the long-term prognosis in peptic
ulcer patients continuing taking antithrombotics after
ulcer bleeding, and to determine the risk factors that
influence the prognosis.

Institutional review board statement: This study was
approved by the Shanghai Tongren Hospital Institutional Review
Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
All clinical data of peptic ulcer patients treated from
January 1, 2009 to January 1, 2014 were retro
spectively collected and analyzed. Patients were
divided into either a continuing group to continue
taking antithrombotic drugs after ulcer bleeding or
a discontinuing group to discontinue antithrombotic
drugs. The primary outcome of follow-up in peptic
ulcer bleeding patients was recurrent bleeding, and
secondary outcome was death or acute cardiovascular
disease occurrence. The final date of follow-up
was December 31, 2014. Basic demographic data,
complications, and disease classifications were
2
analyzed and compared by t - or χ -test. The number of
patients that achieved various outcomes was counted
and analyzed statistically. A survival curve was drawn
using the Kaplan-Meier method, and the difference
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was compared using the log-rank test. COX regression
multivariate analysis was applied to analyze risk factors
for the prognosis of peptic ulcer patients.

wjgnet.com/1007-9327/full/v23/i4/723.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.723

RESULTS
A total of 167 patients were enrolled into this study.
As for the baseline information, differences in age,
smoking, alcohol abuse, and acute cardiovascular
diseases were statistically significant between the
continuing and discontinuing groups (70.8 ± 11.4 vs
62.4 ± 12.0, P < 0.001; 8 (8.2%) vs 15 (21.7%), P <
0.05; 65 (66.3%) vs 13 (18.8%), P < 0.001). At the
end of the study, 18 patients had recurrent bleeding
and three patients died or had acute cardiovascular
disease in the continuing group, while four patients had
recurrent bleeding and 15 patients died or had acute
cardiovascular disease in the discontinuing group. The
differences in these results were statistically significant
(P = 0.022, P = 0.000). The Kaplan-Meier survival
curve indicated that the incidence of recurrent bleeding
was higher in patients in the continuing group, and
the risk of death and developing acute cardiovascular
disease was higher in patients in the discontinuing
group (log-rank test, P = 0.000 for both). Furthermore,
COX regression multivariate analysis revealed that the
hazard ratio (HR) for recurrent bleeding was 2.986
(95%CI: 067-8.356, P = 0.015) in the continuing
group, while HR for death or acute cardiovascular
disease was 5.216 (95%CI: 1.035-26.278, P = 0.028).

INTRODUCTION
[1]

Peptic ulcer is a highly prevalent illness , and it
tremendously threatens the health of humans due to
[2-5]
high morbidity and severe complications . Among
all complications, peptic ulcer bleeding is one of the
[6]
common clinical diseases . In recent years, despite
[7-9]
the application of proton pump inhibitors (PPIs)
[10-12]
and Helicobacter pylori eradication
, the morbidity
[13]
of peptic ulcer bleeding has not decreased
at
least partially due to the use of antiplatelet agents,
anticoagulants, and thrombin inhibitors. These
drugs have recently been used extensively for the
[14-16]
treatment of thromboembolic disease
. It has
also been estimated that the usage of these drugs
has been increasing worldwide as cardiovascular
[17,18]
morbidity increases in the aged population
.
This would induce a high incidence of peptic ulcer
[19,20]
bleeding
. Aspirin is an antithrombotic drug that
has been widely applied in view of the benefit in
[21,22]
preventing cardiovascular disease
. However,
patients with cardiovascular disease are recommended
to immediately discontinue the usage of aspirin
after successful endoscopic treatment of peptic ulcer
bleeding, in order to prevent death or acute disease
[23]
occurrence, according to the Medication Guide . In
[24]
a randomized double-blind study, Sung et al
found
that recurrent bleeding events due to the continued
usage of aspirin severely influences the prognosis of
patients. Therefore, there is a dilemma to the clinical
usage of antithrombotic drugs. Furthermore, there
are few studies on antithrombotics usage for treating
peptic ulcer bleeding patients, and there is increasing
concern on these patients. Hence, we collected the
clinical data of patients with peptic ulcer bleeding
treated at our hospital in recent five years, aiming to
investigate the effect of continued administration of
antithrombotic drugs and identify the risk factors for
prognosis.

CONCLUSION
After the occurrence of peptic ulcer bleeding, continuing
antithrombotics increases the risk of recurrent bleeding
events, while discontinuing antithrombotics would
increase the risk of death and developing cardiovascular
disease. This suggests that clinicians should compre
hensively consider the use of antithrombotics after
peptic ulcer bleeding.
Key words: Peptic ulcer bleeding; Antithrombotics;
Cardiovascular disease; Risk factor; Survival curve
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with peptic ulcer bleeding were
enrolled into our study, and clinical information
was analyzed by statistical method. We found that
continuing antithrombotic drugs for peptic ulcer
patients increased the risk of recurrent bleeding events,
and discontinuing antithrombotic drugs increased the
risk of death or cardiovascular events. Our results
indicate that clinicians should balance the usage of
antithrombotics to reduce the risk of peptic ulcer
bleeding.

MATERIALS AND METHODS
Study objects

Patients with peptic ulcer treated at Tongren Hospital
affiliated to Shanghai Jiao Tong University from
January 1, 2009 to January 1, 2014 were included in
this study. The study ended on December 31, 2014.
Upper gastrointestinal hemorrhage was defined as
hemoptysis, hematochezia, melena, fainting, or
dizziness with anemia. The following patients were
excluded: patients with non-peptic ulcer bleeding,
esophageal varices, vascular dysplasia, esophageal
or gastric cancer, and ulcer perforation; patients
with peptic ulcer bleeding who had an unsuccessful

Wang XX, Dong B, Hong B, Gong YQ, Wang W, Wang J, Zhou
ZZ, Jiang WJ. Long-term prognosis in patients continuing taking
antithrombotics after peptic ulcer bleeding. World J Gastroenterol
2017; 23(4): 723-729 Available from: URL: http://www.
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Patients was diagnosed as peptic ulcer disease
[Criterion: Intenational disease classification paper (ICD-10):250-K269]

Non-peptic ulcer bleeding was excluded
Unsuccessful endoscopic treatment was excluded
Peptic ulcer patients with successful treatment

Patients without taking drugs
were excluded
167 patients taking antithrombotic drugs
Continuing taking antithrombotic drugs or
not after bleeding
Continuing patients 98
Discontinuing patients 69

Figure 1 Flow of enrollment of patients with peptic ulcer.

Statistical analysis

endoscopic treatment; patients who did not receive
antithrombotic drugs after a successful therapy;
patients who received PIPs to prevent damage from
antithrombotic drugs. The enrollment process is shown
in Figure 1.
Finally, a total of 167 patients were enrolled in this
study. Based on whether drug administration was
continued or discontinued after peptic ulcer bleeding
healed following endoscopic treatment, the patients
were divided into either a continuing group (n = 98) or
a discontinuing group (n = 69). The continuing group
included the patients who continued taking the drugs
after the bleeding healed, while the discontinuing
group included the patients who discontinued taking
the drugs after the bleeding healed. All patients in
this study provided a signed informed consent form,
and this study was approved by the hospital ethics
committee.

All data were analyzed using SPSS 19.0 software.
Age, hemoglobin levels, and body mass index
(BMI) measurements are expressed as mean ±
SD. Categorical data are expressed as percentages.
Measurement data following a normal distribution
were compared by the t-test. Frequency data were
2
compared by the χ -test. Kaplan-Meier method was
applied to calculate the survival rate and draw the
survival curve. Differences were compared using the
log-rank test. The multivariable COX proportional
regression model was applied to analyze the risk
factors for prognosis in patients with peptic ulcer
bleeding. P < 0.05 was considered statistically
significant.

RESULTS
Baseline data of patients with peptic ulcer bleeding

Study methods

After screening, a total of 167 patients with peptic
ulcer bleeding were enrolled into this study. Among
these patients, 98 continued receiving antithrombotic
drugs, and 69 discontinued. The average age of the
patients who continued and discontinued receiving
antithrombotic drugs was 70.8 ± 11.4 years and
62.4 ± 12.0 years, respectively (P = 0.000). The
percentage of patients with a history of smoking or
alcohol abuse was significantly higher in the continuing
group than in the discontinuing group (P = 0.012).
Furthermore, the rate of cardiovascular complications
was significantly higher in the continuing group (P =
0.000; Table 1).

The clinical data of the patients, including demographic
data and complications, were analyzed statistically.
The time to end point was strictly calculated.
Primary end point was recurrent bleeding events
within 30 d, including hemoptysis, melaena, > 2
g/dL of hemoglobin within 24 h, and unstable blood
flow (systolic blood pressure ≤ 90 mmHg or heart
rate ≥ 110 times/min). Patients with one of the
aforementioned or combined characteristics were
defined to achieve the primary end point. Secondary
outcomes were death, acute cardiovascular disease,
acute myocardial infarction, and ischemia or transient
ischemia. The number of patients with different
outcomes was counted, and the difference was
compared statistically. Survival time was collected to
draw the survival rate.
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Survival rate of recurrent bleeding events

Table 1 Baseline information between the continuing and
discontinuing groups n (%)
Continuing Discontinuing T /χ
group
group

Characteristic
No. of patients
Demographic data
Gender (male/%)
Age (mean ± SD)
BMI (kg/m2, mean ± SD)
Complications
Smoking and alcohol
abuse
Diabetes
Hypertension
Chronic kidney disease
Chronic obstructive
pulmonary disease
Acute cardiovascular
disease
Non-antithrombotic drug
usage
Aspirin
Forrest classification
Ⅰ-Ⅱ
Ⅲ
Hemoglobin (g/dL)

2

1.0

P value

98

69

68 (69.39)
70.8 ± 11.4
21.4 ± 4.5

42 (60.87)
62.4 ± 12.0
22.0 ± 4.2

1.307
4.588
0.872

0.253
0.000
0.385

8 (8.2)

15 (21.7)

6.284

0.012

32 (32.7)
71 (72.4)
23 (23.4)
10 (10.2)

15 (21.7)
56 (81.2)
8 (11.6)
8 (11.6)

2.385
1.338
3.777
0.081

0.123
0.247
0.052
0.775

65 (66.3)

13 (18.8)

36.681

0.000

0.8
0.6
0.4
Continuing group
Discontinuing group

0.2
0.0

0.00 5.00 10.00 15.00 20.00 25.00 30.00
t /d
Survival rate of death acute cardiovascular events
1.0
0.8

84 (85.7)

59 (85.5)

0.001

0.970

31 (31.6)
67 (68.4)
9.0 ± 2.4

28 (40.6)
41 (59.4)
8.6 ± 2.1

1.419
1.419
1.116

0.234
0.234
0.266

0.6
0.4
Continuing group
Discontinuing group

0.2
0.0

Table 2 Comparison of various outcomes achieved between
the two groups n (%)

Recurrent ulcer
bleeding events
Death or
cardiovascular
disease

χ2

0.00

P value

Continuing
group

Discontinuing
group

18 (18.4)

4 (5.8)

5.594

0.018

3 (3.1)

15 (21.7)

14.689

0.000

40.00
t /mo

60.00    80.00

Figure 2 Kaplan-Meier survival curves for various outcomes.

disease (95%CI: 1.035-26.278, OR = 5.216, P =
0.028; Table 3).

DISCUSSION

continuing group and in four patients in the discon
tinuing group. Death or acute cardiovascular disease
occurred in three patients in the continuing group
and in 15 patients in the discontinuing group. The
differences in the rates of primary and secondary
outcomes between the two groups were statistically
significant (P = 0.018, P = 0.000; Table 2).

Peptic ulcer is one of the most common clinical
[6,25]
gastrointestinal tract diseases at present
, and
it is generally induced by damage of the gastric or
duodenal mucosa. Gastric acid and protease play
[26,27]
a crucial role in disease progression
. The aged
population accounts for most of the cases, and ulcer
bleeding, perforation, and pyloric obstruction are the
[28-31]
most common complications
. Helicobacter pylori
infection, excessive secretion of gastric acid, and
excessive antithrombotic drug intake often trigger
[32-34]
the occurrence of ulcer bleeding
. In recent years,
peptic ulcer morbidity increased slowly due to medical
[35]
technology progression ; however, the incidence of
[36,37]
ulcer bleeding has been continuously increasing
.
Cardiovascular disease is defined as ischemic or
hemorrhagic disease occurring in all tissues due to
[38]
atherosclerosis and blood viscosity . In view of its
high morbidity and mortality, more and more people,
even healthy people, tend to take antithrombotics to
[39]
prevent and reduce its risk . However, excessive drug
usage will increase the risk of bleeding in patients with
ulcer bleeding.

Survival curve in the two groups

Kaplan-Meier results indicated that bleeding occurred
more frequently in patients in the continuing group,
while survival rate was significantly higher in patients
in the discontinuing group (Log-rank test, P = 0.022, P
= 0.000; Figure 2).

Risk factors for prognosis of patients

The multivariable COX proportional regression model
indicated that continuing intake of antithrombotic
drugs increased the risk of recurrent bleeding events
(95%CI: 1.067-8.356, OR = 2.986, P = 0.015),
while discontinuing intake of antithrombotic drugs
increased the risk of death or acute cardiovascular
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Table 3 COX regression multivariate analysis of risk factors for prognosis
Recurrent ulcer bleeding events
Usage of antithrombotics

Death or cardiovascular occurrence

β

OR

95%CI

P value

β

OR

95%CI

P value

1.094

2.986

1.067-8.356

0.015

1.652

5.216

1.035-26.278

0.028

[48]

As the aged population has an increased necessity
for preventing acute cardiovascular disease, aspirin
and other antithrombotics continue to be broadly
[40-42]
used
. It has been reported that most patients
with established cardiovascular disease ignore the
risk of aspirin, and continue to take aspirin or other
[43,44]
antithrombotics for secondary prevention
. Even
more, the literature has shown that cardiovascular
disease complications occur more frequently in
patients who have discontinued antiplatelet drug
therapy, compared to patients who continue this
[45]
therapy . Nevertheless, continuing intake of aspirin
or antithrombotic drugs will increase the risk of
[46,47]
hemorrhage complications in surgery instead
.
Accordingly, clinicians could not balance the risk of
cardiovascular disease and hemorrhage complications.
In addition, there are few studies on the prognosis of
patients with peptic ulcer bleeding. Hence, the clinical
data of patients with peptic ulcer bleeding treated at
our hospital were collected and analyzed to discuss the
prognosis of patients, hoping to provide guidance for
clinical applications.

by Kim et al . Furthermore, it has been widely
accepted that recurrent bleeding time was shorter
than normal bleeding time. On the other hand, the
number of patients in these two studies is different.
[24]
Consistent with our results, Sung et al
estimated
a higher incidence of recurrent bleeding events in
patients continuing taking aspirin in a randomized
double-blind study (a likelihood ratio of nearly 2).
Through retrospective research, we also obtained
[49]
similar results (a likelihood ratio of nearly 3) , which
further supports this view. This implies that more
attention should be given when continuing taking
antithrombotics.

Limitations and prospects

This study has some limitations. First, a limited
number of patients could not sufficiently support our
conclusion. Second, we did not distinguish different
antithrombotic drugs. However, many studies have
shown that the single or combined application of drugs
would result in an obvious difference. Finally, the
definite time of bleeding was lacking. Hence, we were
not able to obtain the precise time when to discontinue
or continue drugs.
In conclusion, our results demonstrate that after
the occurrence of peptic ulcer bleeding, continuing
the intake of drugs would increase the risk of
recurrent bleeding events, while discontinuing the
intake of drugs will increase the risk of death and
acute cardiovascular occurrence. These indicate that
clinicians must extensively weigh the benefits and risks
when using antithromboticsin for treating patients with
peptic ulcer bleeding.

Age, smoking, and alcohol abuse influence the usage of
antithrombotics in patients with peptic ulcer bleeding

Our study revealed that patients were older in the
continuing group than in the discontinuing group,
indicating that aged patients need more antith
rombotics. This is consistent to the current social
situation. The number of patients with cardiovascular
complications was higher in the continuing group than
in the discontinuing group, which is in agreement with
a previous report that patients with an established
disease tend to continue taking drugs. In addition,
there was a difference in smoking and alcohol abuse
between the two groups; there were more of these
patients in the discontinuing group. It is plausible that
patients taking drugs tended to reduce smoking or
alcohol consumption.

COMMENTS
COMMENTS
Background

Peptic ulcer is one of the most common gastrointestinal diseases which is
generally induced by damage of the gastric or duodenal mucosa. Gastric acid
and protease play a crucial role in disease progression. The aged population
accounts for most of the cases, and ulcer bleeding, perforation, and pyloric
obstruction are the most common complications. Helicobacter pylori infection,
excessive secretion of gastric acid, and excessive antithrombotic drug taking
would trigger the occurrence of ulcer bleeding. In recent years, peptic ulcer
morbidity has increased slowly duo to medical technology progression, but
ulcer bleeding incidence rate has been increasing all the time. Cardiovascular
disease is defined as ischemic or hemorrhagic disease occurring in all tissues
due to atherosclerosis and blood viscosity. In view of its high morbidity
and mortality, more and more people, even healthy people, tend to take
antithrombotics to prevent and reduce its risk. However, excessive drug usage
will increase bleeding risk instead in ulcer bleeding patients.

Taking antithrombotics affects survival rate in patients
with peptic ulcer bleeding

Our study indicated that patients who continued to
take the drugs had a higher risk of recurrent bleeding
events. In contrast, patients in the discontinuing group
had a higher risk of death or acute cardiovascular
disease. This result is inconsistent with recent studies
reporting that there was no difference between the two
groups. On one hand, our follow-up time did not have
a limit. However, patients with less than two months
of follow-up were excluded in the study conducted
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cardiovascular disease, aspirin and other antithrombotics are broadly used. It
is reported that most patients with established cardiovascular disease ignore
the risk of aspirin and still insist in taking aspirin or other antithrombotics for
secondary prevention. Even more, the literature shows that patients have
cardiovascular disease complication more easily in those discontinuing
antiplatelet drug therapy compared to those continuing antiplatelet drug
therapy. Nevertheless, continuing aspirin or antithrombotic drugs will increase
hemorrhage complication risk in surgery instead. Accordingly, clinicians could
not balance risk of cardiovascular disease and hemorrhage complication.

10

11

Innovations and breakthroughs

The authors investigated the prognosis and risk factors in peptic ulcer bleeding
patients. Even more, they showed two survival curves with disparate outcomes
to demonstrate survival difference in patients continuing or discontinuing taking
antithrombotics. These results suggest that clinicians must take more attention
in the usage of antithrombotic drugs.

12

13

Applications

This study demonstrates that after occurrence of peptic ulcer bleeding,
continuing taking drugs will increase the risk of recurrent bleeding events,
and discontinuing drugs will increase risk of death and acute cardiovascular
occurrence, which indicates that clinicians must weigh the risks and benefits
when using antithrombotics to treat ulcer bleeding patients.
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Peer-review

Patients with ulcer peptic bleeding were enrolled in this study and clinical
information was analyzed by statistical method. Authors found that continuing
antithrombotic drugs in ulcer peptic patients increased the risk of recurrent
bleeding events while discontinuing drugs increased risk of death or
cardiovascular events. The results indicated that clinicians should balance the
usage of antithrombotics to reduce risk in peptic ulcer bleeding patients
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Abstract

Manuscript source: Unsolicited manuscript

We report here the case of a young man suffering from
a rare germ cell tumour. The patient was a 25-yearold man who was referred to our centre for asthenia,
stinging epigastric pain, and an iron deficiency anaemia.
Gastroscopy revealed a circumferential vegetating lesion
on the second portion of the duodenum. The lesion
was indurated at the third portion of the duodenum,
responsible for a tight stenosis. A computerized
tomography-scan of the chest, abdomen and pelvis,
and a pancreatic MRI showed a circumferential lesion
with a bi-ductal dilatation (i.e. , of the common bile duct
and Wirsung’s duct) without metastatic localisation.
The patient underwent a pancreaticoduodenectomy
with lymph node dissection including all cellular adipose
tissues of the hepatic pedicle from the hepatic common
artery and of the retroportal lamina. Histological findings
were suggestive of a duodenal embryonal carcinoma
with pancreatic infiltration. This is the second published
case highlighting the duodenal primitive localisation of an
embryonal carcinoma with pancreatic infiltration.
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Core tip: Duodenal embryonal carcinoma is a rare
germ cell localisation. This lesion may be revealed
by a chronic or acute haemorrhage. Our patient
presented with an iron deficiency anaemia associated
with asthenia and epigastric pain. Imaging studies
and endoscopy showed a tight stenosis of the third
portion of the duodenum with a circumferential lesion
responsible for a common bile duct and Wirsung’s duct
dilatation without any metastatic localisation. The
patient underwent a pancreaticoduodenectomy and
histological findings helped to identify a duodenal
embryonal carcinoma with pancreatic infiltration.

Figure 1 Gastroscopy shows a circumferential vegetating mass with a
villous appearance on the second portion of the duodenum.

The patient was afebrile and presented with a marked
skin pallor.
Biologically, the patient presented with haemoglobin
at 6.8 g/dL in relation with an iron deficiency anaemia
(serum iron: 2 µmol/L, mean corpuscular volume:
76.5 fL and ferritin: 4 µmol/L). For this reason he was
transfused 4 units of packed red blood cells as soon
as he was admitted to our department. There was
no inflammatory syndrome (leukocytes: 8.88 Giga/L
and C-reactive protein: 22.3 mg/L). Liver function
test results showed a cytolysis (glutamic pyruvic
transaminase: 218 U/L and glutamic oxaloacetic
transaminase: 76 U/L) as well as an anicteric cho
lestasis (gamma-glutamyl transferase: 644 U/L,
alkaline phosphatase: 507 U/L and total bilirubin: 2.7
µmol/L). Lipase was at 2591 U/L and quickly decreased.
Tumoural markers were measured: carcinoembryonic
antigen: < 1 µg/L; carbohydrate antigen 19-9: 17.2
kU/L; alpha foetoprotein: 2.1 µg/L; β human chorionic
gonadotropin < 3 UI/L; lactate dehydrogenase: 117 U/l.
Rectoscopy performed until 40 cm from the anal
margin did not show anything specific. Gastroscopy
has revealed a circumferential vegetating lesion with
a villous appearance on the second portion of the
duodenum (Figure 1). This lesion became indurated
and ulcerated at the third portion of the duodenum
and was responsible for a tight stenosis. Biopsy
findings were evocative of a slightly differentiated
adenocarcinoma of biliopancreatic origin (cytokeratin
7+ and cytokeratin 20-).
A computerized tomography (CT) of the chest,
abdomen and pelvis showed a circumferential lesion
thickening of up to 2 cm at the level of the second
and third portions of the duodenum with a biductal dilatation (of the common bile duct and main
pancreatic duct (Figure 2). An 8 mm adenomegaly
could be noted in a retropancreatic position. No
secondary lesion was observed. Magnetic resonance
imaging (MRI) of the pancreas and magnetic resonance
cholangiopancreatography (MRCP) confirmed this
duodenal tissue thickening spreading from the
proximal part of the second portion of the duodenum
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INTRODUCTION
In young men, aged between 15 and 35, testicular
cancer is the leading cause of neoplasia, with an
[1]
incidence rate of 2.1 for 100000 . It should be noted
that about 5% of these patients may present with
[2]
a metastatic localisation on the digestive tract .
The most frequent origin for embryonal carcinoma
is testicular (33% of cases), as confirmed by the
[1]
literature . The pineal gland, the mediastinal region,
the digestive tract, the lungs and the retroperitoneum
could well be the primitive origin of an embryonal
[3]
carcinoma .
Here, we reported the case of an embryonal
duodenal carcinoma with pancreatic infiltration.

CASE REPORT
A 25-year-old Bulgarian man was referred to our
centre by his regular medical doctor for a strong
asthenia, which lasted for the past 3 wk, and stinging
epigastric pain, which was paroxysmal with dorsal
irradiation responsible for nocturnal awakening getting
worse since 1 mo.
The patient had neither lost weight recently nor did
he present with anorexia.
Apart from a moderate active smoking, he did not
have any significant surgical and medical history.
Clinical examination showed that the patient
has a body mass index of 19. Examination of the
abdomen revealed an epigastric sensitivity without
any abdominal mass. Bowel movements were regular;
however, dark stools were noted for the last week. A
digital rectal exam revealed neither mass nor blood.
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Figure 2 Magnetic resonance imaging. A: MRI, coronal T1-weighted MR image with contrast showing the duodenal tissue thickening spreading from the second
duodenum proximal part up to the duodenojejunal flexure (white arrow); B: MRI, coronal T2-weighted MR image showing the pancreatic duct and bile duct upstream
swelling (white asterisks) without any secondary hepatic lesion. MRI: Magnetic resonance imaging.

immunohistochemical staining.
In order not to undermine a primitive cancer, a
testicular ultrasound and CT-scan of the head and
neck were performed without any repeat finding of
the tumoural lesion. The case was presented to the
oncology staff in order to put forward an adjuvant
chemotherapy after cryogenic sperm preservation.
*

DISCUSSION
Melanoma, renal, mammary, bronchopulmonary, gastric
[4]
or testicular neoplasia represent the most frequent
metastatic tumours at the level of the small bowel, and
particularly at the level of the duodenum. However, in
young men, a testicular origin is to be favoured due to
the preferential epidemiology of these cancers in this
[1]
population group . It should be noted that tumours
with testicular germ cells are dichotomized between
seminomas and non-seminomatous germ cell tumours,
[5]
such as embryonary carcinomas and teratomas .
The sites of dissemination of testicular embryonary
carcinomas which are most frequently mentioned are
the lungs, the liver and the retroperitoneal space. The
digestive tract provides a rare but known dissemination
[1]
[6]
area (5%) . Fu et al reported the case of a young
patient with a symptomatic duodenal metastasis which
induced low digestive bleeding. On the other hand, we
did not highlight any acute haemorrhagic episode but
rather an iron deficiency with chronic haemorrhagic
suffusion. The literature shows that patients presenting
with bowel metastasis of an embryonic cancer develop,
in most cases, a haemorrhagic symptom (14 out
[6]
15 patients in the study by Fu et al ) or a digestive
[6,7]
occlusion . Tumoural dissemination by contiguity
is the most frequently identified tumoural expansion
mode at the expense of haematogenic or lymphatic
[6]
pathways . This accounts for the pancreatic lesions
found in our case.
A primitive duodenal tumour is a hypothesis which
must be discussed because clinical and imaging
examinations have not led to the identification

Figure 3 Intraoperative view of the pancreaticoduodenectomy showing
lymph node dissection with excision of all cellular adipose tissues of the
hepatic pedicle from the common hepatic artery (white arrow) and of the
retroportal lamina (white asterisk).

up to the duodenojejunal flexure, which was accoun
table for pancreatic duct and bile duct upstream
swelling without any secondary hepatic lesion (Figure
2). Some very short contact adenomegalies were also
observed there.
After a multidisciplinary meeting, pancreaticoduo
denectomy was decided. Surgery was performed by
RM. Intraoperatively, examination of the abdominal
cavity did not find any peritoneal carcinomatosis or
any other tumoural lesions. Picking analysis of paraaortic lymph nodes and two frozen section examination
at the level of the upper part of the mesenteric pedicle
did not help to identify any sign of malignancy. A
pancreaticoduodenectomy was performed with a
pancreaticogastric anastomosis and a hepatico-jejunal
anastomosis. Lymph node dissection included all
cellular adipose tissues of the hepatic hilum from the
common hepatic artery and the retroportal lamina
(Figure 3). Histological findings were suggestive of
a duodenal embryonal carcinoma with pancreatic
infiltration rated T4N0 (0 out of 48 lymph node) M0 R0
(Figure 4A). Specimen cells expressed cytokeratin 7
(Figure 4B), CD30 (Figure 4C) and SALL4 (Figure 4D) in
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Figure 4 Histological findings of the operative specimen showing an embryonal carcinoma: pleomorphic cell proliferation with marked cytonuclear atypia,
granular or clear cytoplasm, arranged in nests or solid pattern, associated with a fibrous stroma and an abundant lymphocytic inflammatory infiltrate (A).
Specimen cells expressing cytokeratin 7 (B), CD30 (C) and SALL4 (D) are evidenced in immunohistochemical staining. A: HE × 400; B: Cytokeratin 7 × 200; C: CD30
× 200; D: SALL4 × 200.

of another primitive lesion. A duodenal primitive
embryonal carcinoma was already described in a
[8]
young man . The hypothesis of a retro-differentiation
of adenocarcinoma cells at the level of embryonal
ectodermal cells of a metaplasia or differentiation in
trophoblastic precursor seems to explain the histology
[9]
of this primitive embryonal duodenal tumour . As well
as metastasis with choriocarcinoma of testicular origin,
[1]
the tumoural cellular profile is not homogeneous .
This accounts for the biopsy initial result matching
with a limited sample of the tumoural lesion. This
last one was evocative of an adenocarcinoma with a
biliopancreatic profile of an embryonal carcinoma at
the final review.
Regarding tumour markers, high rates of β human
chorionic gonadotropin are frequently described
with non-seminomatous tumours, particularly chorio
carcinomas. The alpha foetoprotein seems rather
ascending in case of a non-seminomatous lesion,
particularly embryonal carcinomas with a yolk sac
[5]
differentiation . We did not notice any modification of
tumoural markers in our case as opposed to the case
[8]
described by Küçüköner et al .
In conclusion, the onset of a strong anaemia in a
young man requires endoscopic and imaging explora
tions in order to search for an embryonal tumoural lesion
on the digestive tract since they are very frequently
revealed by a chronic or acute haemorrhage.
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Case characteristics

A 25-year-old Bulgarian man was referred to our centre for a strong asthenia,
and stinging epigastric pain getting worse since 1 mo.

Clinical diagnosis

Clinical examination showed that the patient has a marked skin pallor with
epigastric sensitivity without any abdominal mass nor recent weight loss or
anorexia.

Differential diagnosis

A slightly differentiated adenocarcinoma of biliopancreatic origin or another
germ cell tumour.

Laboratory diagnosis

The patient presented with haemoglobin of 6.8 g/dL in relation with an iron defi
ciency anaemia, associated with a cytolysis as well as an anicteric cholestasis.

Imaging diagnosis

Radiological exams showed a circumferential lesion thickening of up to 2 cm
at the level of the second and third portions of the duodenum with a bi-ductal
dilatation without any secondary lesion.

Pathological diagnosis

Histological findings were suggestive of a duodenal embryonal carcinoma
with pancreatic infiltration associated with, in immunohistochemical staining, a
specimen cells’ expression of cytokeratin 7, CD30 and SALL4.

Treatment

After a multidisciplinary meeting, pancreaticoduodenectomy was decided and
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performed.

Related reports

4

Experiences and lessons

5

This is the second published case highlighting the duodenal primitive
localisation of an embryonal carcinoma with pancreatic infiltration.

A pancreatic tumour in a young man may not be of biliopancreatic origin and
requires extensive investigations to not ignore the uncommon entities as a
germ cell tumour.

6

Peer-review

This is an important case report of a most unusual embryonal tumour involving
the duodenum and adjacent pancreas and needs publication.
7
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Abstract
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Here, we report our experience with a case of
severe biliary bleeding due to a hepatic arterial
pseudoaneurysm that had developed 1 year after
endoscopic biliary plastic stent insertion. The patient,
a 78-year-old woman, presented with hematemesis
and obstructive jaundice. Ruptured hepatic arterial
pseudoaneurysm was diagnosed, which was suspected
to have been caused by long-term placement of an
endoscopic retrograde biliary drainage (ERBD) stent.
This episode of biliary bleeding was successfully treated
by transarterial embolization (TAE). Pseudoaneurysm
leading to hemobilia is a rare but potentially fatal
complication in patients with long-term placement of
ERBD. TAE is a minimally invasive procedure that offers
effective treatment for biliary bleeding.
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inserted into the CBD, which was already dilated due to
the previous biliary reconstruction. The proximal edge
of the plastic stent had been placed, coiled around, in
the CBD improperly (Figure 1). After the cholangitis
had been resolved, the patient refused removal of her
CBD stones, citing age as her reasoning.

Core tip: Biliary bleeding after endoscopic pigtail
plastic stent insertion is a rare but potentially fatal
complication. Transarterial embolization (TAE) is a
minimally invasive procedure that offers effective
treatment for pseudoaneurysm. We report here a case
of biliary bleeding caused by long-term placement of a
pigtail plastic stent, which was inserted without removal
of common bile duct stones due to the patient’s age;
the TAE treatment was successful. This case report will
help similar patients yet to be encountered but likely
to increase in number due to ageing of the world’s
population.

Family history

We found nothing of significance in the patient’s family
history.

Case presentation

The patient presented to our emergency department
with repeated episodes of hematemesis, which had
occurred for 6 h. She was not on any medications.
On examination, she had pallor of the palpebral
conjunctiva, subfebrile temperature (37.3 ℃) and
tachycardia (heart rate of 99 bpm); her blood pressure
was 14.4/5.9 kPa and her respiration rate was 20/min.
She had no abdominal pain. Laboratory findings were
as follows; hemoglobin of 9.6 g/dL (normal: 11.3-15.2
mg/dL); aspartate aminotransferase/alanine aminotransferase of 155/58 IU/L (normal: 13-33/2-27 IU/L);
alkaline phosphatase of 1208 IU/L (normal: 115-359
IU/L); total bilirubin of 1.8 mg/dL (normal: 0.3-1.2
mg/dL); C-reactive protein of 2.6 mg/dL (normal:
< 0.3 mg/dL); white blood cell count of 10180/μL
(normal: 4000-8000/μL). Non-enhanced computed
tomography (CT) revealed dilation of the CBD, as well
as high-density masses in the bile duct and in the
afferent intestinal loop. Single-balloon endoscopy of the
small intestine revealed copious fresh coagulum in the
afferent loop, but the site of bleeding was not detected.
Contrast-enhanced CT showed 13 mm × 10 mm
pseudoaneurysm of the hepatic artery, proximal to the
edge of the plastic biliary stent (Figure 2). Abdominal
angiography was performed and the pseudoaneurysm
was detected close to the stent in the anterior segment
artery of the right hepatic artery. N-butyl-2-cyanoacrlate
was applied to embolize the pseudoaneurysm (Figure
3), after which a PTBD tube was inserted in the direction from B6 (the inferior branch of right posterior bile
duct, corresponding to S6 of the Couinaud classification adopted by Bismuth) to the afferent loop. As a
result, the patient’s jaundice improved and she was
th
discharged on the 34 hospital day.
rd
On the 3 day after discharge, the patient returned
to the emergency department with hematemesis,
jaundice and shock. Enhanced CT showed extravasation of contrast medium at the site of the pseudoaneurysm, suggesting that the embolic material may
have migrated to the jejunum. Emergent abdominal
angiography was performed and the digital subtraction angiogram (DSA) revealed an aneurysm at A8
(the anterior arterial branch supplying the superior
subsegment) with an arterio-biliary fistula (Figure 4A).
Collateral arteries to the anterior segment of the right
lobe were also seen. Embolization was performed for

Yasuda M, Sato H, Koyama Y, Sakakida T, Kawakami T,
Nishimura T, Fujii H, Nakatsugawa Y, Yamada S, Tomatsuri N,
Okuyama Y, Kimura H, Ito T, Morishita H, Yoshida N. Lateonset severe biliary bleeding after endoscopic pigtail plastic stent
insertion. World J Gastroenterol 2017; 23(4): 735-739 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i4/735.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i4.735

INTRODUCTION
Biliary bleeding is an uncommon cause of upper
gastrointestinal bleeding and biliary tract obstruction.
Biliary stent-related biliary bleeding that occurs after
an endoscopic procedure has been reported less often
than biliary bleeding related to the percutaneous transhepatic procedure; however, its incidence has been
increasing due to the general increase in endoscopic
interventions. Transarterial embolization (TAE) is an
effective treatment for traumatic pseudoaneurysm of
visceral arteries. We describe, herein, a patient with
gastrointestinal bleeding and biliary tract obstruction
due to intrabiliary rupture of hepatic arterial pseudoaneurysm, which was successfully treated by TAE and
percutaneous transhepatic biliary drainage (PTBD).

CASE REPORT
Patient

A 78-year-old woman.

Chief complaint
Hematemesis.

Past related medical history

Thirty years before the current admission, the patient
had undergone left hepatectomy, cholecystectomy and
choledochectomy for intrahepatic and common bile
duct (CBD) stones, in conjunction with Roux-en-Y and
biliary reconstruction. At 1 year prior to the current
admission, the patient had developed acute obstructive
cholangitis due to CBD stones and had subsequently
undergone single-balloon endoscopy. During that procedure, a 7 Fr pigtail type plastic biliary stent had been
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Figure 1 Endoscopic retrograde cholangiopancreatography image. A:
Stones in common bile duct (black arrow); B: The plastic stent had been placed
improperly, and the edge was coiled around in the common bile duct (white
arrow). There was no sign of collapse or leakage in the biliary tract.

Figure 3 The pseudoaneurysm was detected upon celiac axis injection,
with the aneurysmal sac slightly lateral to the edge of the plastic stent
(arrow). The sac was no longer seen on a selective digital subtraction
angiography image after successful embolization. Blood flow was maintained in
the anterior segment of the right hepatic artery.

A

Figure 2 Abdominal computed tomography angiography. A 13 mm × 10
mm pseudoaneurysm was found at the proximal anterior segment of the right
hepatic artery; The hepatic side edge of the plastic stent (black arrow) was
close to the pseudoaneurysm.

B

A8, proximal to the pseudoaneurysm (Figure 4B).
Subsequently, the patient developed an S8 (Couinaud
classification) liver abscess, which was treated successfully by percutaneous transhepatic drainage.
The patient has survived for 1 year since final
discharge, without any new health issues.

DISCUSSION

Figure 4 The 2nd digital subtraction angiography image. A: Selective digital
subtraction angiography image of the common hepatic artery showing an
arterio-biliary fistula (white arrow) between A8 and the common bile duct (black
arrow). Embolic material that migrated into the afferent loop is present (black
box); B: Proximal A8 embolization obliterated the pseudoaneurysm. Leakage of
contrast medium was completely controlled after embolization.

Various reports about biliary bleeding have been
published. Although biliary hemorrhage is relatively
common after surgery, percutaneous transhepatic procedures and placement of the self-expanding metallic
[1-5]
biliary stents , it is rare after insertion of a plastic
stent. Likewise, only a few articles have reported on
[6-8]
biliary bleeding associated with plastic stents .
We managed events of both life-threatening bleeding and acute obstructive suppurative cholangitis in a
patient with a history of intestinal tract reconstruction.
Due to this patient’s previous surgery and severe
bleeding, endoscopic biliary drainage was relatively
difficult, so we chose to perform PTBD for obstructive
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jaundice. We presume that this hepatic pseudoaneurysm might have formed as a result of traumatic
stimulation related to the plastic stent placement
because it had been placed improperly, with its tip
located at the site of the aneurysm. Yet, this may not
be the only cause. The patient’s history of cholangitis
and CBD stones could have also contributed to the
formation of the pseudoaneurysm. In daily clinical
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practice, an ERBD stent is usually placed for temporary
drainage. However, we sometimes leave biliary stones
and the ERBD stent in elderly patients due to their
comorbidities, so it is not uncommon for us to see
[9]
such patients .
[10]
In the study conducted by Green et al , cases of
biliary bleeding, including those due to pseudoaneurysm, were mostly treated conservatively (43%) or by
TAE (36%), with 20% undergoing surgery. In general,
the preferred method to stop life-threatening biliary
tract bleeding is TAE because it is less invasive and
[10]
shows higher efficacy than the surgical approach ;
moreover, TAE has lower reported rates of post[11,12]
treatment mortality and morbidity than surgery
.
However, cases of post-TAE hepatic artery occlusion
and other complications, including fatal hepatic necrosis and intrahepatic abscess formation, have been
[12-16]
reported
. Selective embolization of the vessel, as
close as possible to the pseudoaneurysm, is desirable,
both to reduce the risk of recurrent biliary bleeding
[13]
and decrease the likelihood of hepatic necrosis .
For the patient described herein, we initially
performed selective embolization and maintained
peripheral flow because the pseudoaneurysm sac was
detected by the first angiogram. Upon repeat angiography, an arterio-biliary fistula was found, instead
of a sac, so we were forced to perform non-selective
embolization of the anterior segment of the right
hepatic artery. After the second TAE, the patient developed local liver necrosis and an intrahepatic abscess of
S8, but she was successfully treated by percutaneous
drainage and antibiotics. She has remained well for
more than 1 year since final discharge.
In conclusion, hepatic artery pseudoaneurysm is a
rare but potentially fatal complication in patients with
a long-term placement of ERBD. TAE is a minimally
invasive procedure that offers effective treatment for
pseudoaneurysm.

pseudoaneurysm of the hepatic artery, proximal to the edge of the plastic biliary
stent.
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TO THE EDITOR
The use of radio-opaque markers and abdominal
X-ray is the standard approach for determining
[1,2]
colonic transit time (CTT) . This technique is simple,
[1,2]
inexpensive, reliable and reproducible . The principle
of the method is based on the consumption of radioopaque markers for six consecutive days, creating an
equilibrium between incoming and outgoing markers,
followed by an abdominal X-ray on day 7. The number
of markers that can be identified on the X-ray is an
expression of CTT per the following equation:
CTT = ni × (t/N)

Abstract
The use of radio-opaque markers and abdominal X-ray
is the standard method for determining colonic transit
time (CTT). However, when there are deviations in the
intake of these markers by participants in clinical trials
it is desirable to improve observations by introducing
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Table 1 Examples of scenarios of compliance and non-compliance with radio-opaque marker consumption and their potential
correction
Days
1
2
3
4
5
6
n
t (h)
ni (X-ray)
CTT (h)

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Scenario 7

●
●
●
●1
●1
●1
24
24
70
70

●
●
● (± α h)
●1
●1
●1
24
24
52
52

●
●
○
●
●
●1
24
24
24
24

●
●
●
●1
● (± β h)1
●1
24
24
60
60

●
●
●1
●1
●1
○1
24
24
69 (+24)
93

●
●
●
○
●1
●1
24
24
48
48

●
●
●
● (+ 4 h)1
●1
●1
72
72 (-4)
65
61.4

1

The period indicated by the estimated colonic transit time (CTT)-i.e., the markers on the days that are visualized on the X-ray. Scenarios 1 to 6: n is the
total number of markers ingested each day, t is the time between marker ingestion in hours, ni is the number of markers observed on X-ray, and CTT is the
estimated colonic transit time. Scenario 7: n is the total number of markers ingested during the estimated CTT period, t is the number of days in hours on
which the markers are detected minus the number of hours by which consumption is delayed, ni is the number of markers observed on X-ray, and CTT is
the estimated colonic transit time. Missed markers are indicated as open circles, consumed markers are indicated as closed circles. α and β are hypothetical
deviation times of radio-opaque marker consumption. Values between parenthesis indicate corrections.

where ni is the number of markers that is observed
on X-ray, t is the time between the ingestion of
markers in hours and N is the total number of
markers that is ingested each day. Thus, if markers
are consumed at 24-h intervals and the number of
markers per day is 24, CTT equals the total marker
[1,2]
count on the X-ray .
This method was developed to diagnose constipation
subtypes: those with “normal” transit times and those
with “slow transit”, the latter of which can be subdivided
into “colonic inertia”, “hindgut dysfunction” and “outlet
[1,2]
obstruction” . In addition, this protocol is used for
research purposes to study the effects of certain dietary
interventions on CTT.
This procedure requires compliance with marker
consumption and abdominal X-ray. However, patients
and volunteers in nutritional studies might fail to
adhere to the protocol. Non-compliance can lead
to substantial underestimation of CTT. Bouchoucha
[3]
and colleagues determined the influence of noncompliance on the diagnosis (delayed transit and site
of the delay) and concluded that skipping the ingestion
of markers for one or two days still allows for an
acceptable clinical diagnosis.
However, it is unknown whether non-compliance is
also tolerable for dietary intervention studies. Dietary
intervention studies that involve, for example, fiber,
prebiotics and probiotics will often aim to detect modest
[4]
changes in CTT . Non-compliance with radio-opaque
marker consumption is likely to increase the variations
between baseline and treatment values and between
those of the treatments and placebo, impeding the
ability to detect subtle changes due to a nutritional
intervention. Thus, what may be acceptable for a
diagnosis might be unsuitable for dietary research. In
this report, we propose a method for correcting some of
the errors that are introduced by non-compliance with
radio-opaque marker consumption and X-ray.
Table 1 lists various scenarios for radio-opaque
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marker consumption. In these examples, it is assumed
that 24 markers are to be consumed per day. Scenario
1 represents full compliance with marker consumption;
thus, as discussed above, the number of markers that
are observed indicates the CTT. Deviations from the
marker consumption protocol can be divided in two
types: those that have occurred “outside” of versus
“within” the calculated CTT. To examine the influence
of non-compliance and determine whether a correction
can be performed to mitigate it, the day and time at
which the non-compliance occurred must be known.
Instances of non-compliance that took place “outside”
of the CTT can be assumed to have had no influence
on the transit time as calculated (Scenario 2). Had the
markers that were omitted or consumed at the wrong
time been ingested as the protocol requires, they
could reasonably be assumed to have been excreted
(Scenario 3). Thus, Scenarios 2 and 3 do not require
any correction and are assumed to have accurately
estimated the CTT, consistent with Bouchoucha and
[3]
colleagues .
When a day on which the markers were consumed
too early or too late falls “within” the calculated CTT
(Scenario 4), no correction is needed, because all
markers will be observed, regardless of whether they
are consumed at the scheduled time. If the markers
are missed (i.e., not taken) on a day “within” the
calculated CTT, we can assume that had those markers
been consumed, they would have been detected by
X-ray (Scenario 5). Thus, a correction can be made,
adding the missed markers. A similar correction can
be made if the X-ray is delayed by a day (i.e., without
providing extra radio-opaque markers), because such
a case can be treated as if the markers that were
scheduled for the last day were not consumed (Scenario
5). When a marker has been missed just outside of
the calculated CTT (Scenario 6), no correction can be
made, because it is uncertain whether the markers,
if consumed, would have been detected. When radio-
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opaque markers have been consumed too late and
when these markers are the “oldest” that are still
observed, according to the calculated CTT (Scenario
7), a correction can be applied, assuming that instead
of t = 24 (in the example), t is the number of days (in
hours) on which the markers are detected minus the
number of hours by which consumption was delayed,
and N is the number of markers that was consumed
during this period.
To correct the various scenarios accurately, the
exact day and time of non-compliance of radioopaque marker intake during the intervention must
be known. These values can be tracked with a diary
that is completed by the subject throughout the
administration of radio-opaque markers according to
the protocol, helping to identify the precise time of
non-compliance.
In conclusion, the proposed method to correct
for missed or delayed consumption of radio-opaque

markers can help to increase the accuracy of the CTT
measurements in clinical trials.
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Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon
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Abstract

Youssef Haikel, Mohamed Hassan, Institut National de la
Santé et de la Recherché Médicale, U1121, 75019 Paris, France

In addition to its contributing role in the development
of chronic liver diseases, chronic hepatitis C virus
(HCV) infection is associated with extrahepatic mani
festations, particularly, cutaneous-based disorders
including those with pruritus as a symptom. Pruritus
is frequently associated with the development of
chronic liver diseases such as cholestasis and chronic
viral infection, and the accumulation of bile acids in
patients’ sera and tissues as a consequence of liver
damage is considered the main cause of pruritus. In
addition to their role in dietary lipid absorption, bile
acids can trigger the activation of specific receptors,
such as the G protein-coupled bile acid receptor (GPBA/
TGR5). These types of receptors are known to play a
crucial role in the modulation of the systemic actions
of bile acids. TGR5 expression in primary sensory
neurons triggers the activation of the transient receptor
potential vanilloid 1 (TRPV1) leading to the induction
of pruritus by an unknown mechanism. Although the
pathologic phenomenon of pruritus is common, there is
no uniformly effective therapy available. Understanding
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to its occurrence in patients with chronic viral he
patitis infection, pruritus has also been recognized
as a common adverse effect of the treatment of
[9]
viral hepatitis . Thus, the induction of pruritus in
patients with chronic HCV infection is not only the
consequences of the infection, but also result from the
[10]
treatment . Bile salts are known as potent signaling
molecules in gastrointestinal organs including liver, bile
[11]
ducts, and intestine . The accumulation of the toxic
bile compounds is thought to trigger the activation of
signaling pathways mediating the induction of chronic
liver disease-associated symptoms including pruritus.
This review focuses on the etiopathogenesis and
treatment strategies of pruritus associated with chronic
HCV infection.

the mechanisms regulating the occurrence of pruritus
together with the conduction of large-scale clinical and
evidence-based studies, may help to create a standard
treatment protocol. This review focuses on the etio
pathogenesis and treatment strategies of pruritus
associated with chronic HCV infection.
Key words: Hepatitis C virus; Pruritus; Cholestasis;
Autotoxin; Lysophosphatidic acid; PI3 kinase
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pruritus is a frequent symptom of chronic
liver diseases. Chronic hepatitis C virus (HCV) infection
can cause pruritus through both direct and indirect
mechanisms. The direct mechanisms include induction
of pro-inflammatory cytokines and chemokines as a
consequence of the chronic HCV infection. Indirect
mechanisms are associated with HCV-induced cholestasis
leading to the accumulation of autotaxin, which is
responsible for the conversion of lysophosphatidic choline
into lysophosphatidic acid. This stimulates epidermal
nerve endings leading to pruritus.

MECHANISMS OF HCV INFECTION AND
TREATMENT- ASSOCIATED PRURITUS
Pruritus in HCV infected patients may be the results
of HCV-induced mechanisms, particularly those asso
ciated with the induction of cholestasis as well as
those associated with the alteration of chemokine and
cytokines profile in patients with chronic HCV infection.
HCV-associated cholestasis is well described in
different reports on liver transplantation. Its occurrence
is attributed to viral overload and the continuous
suppression of host immune response as a consequence
[12]
of anti- viral agents . Accordingly, the mechanisms
of HCV-associated pruritus are attributed to HCVinduced cholestasis and the induction of interferon[13]
stimulated genes (ISGs) as a result of viral overload .
The elevated production of cytokines (e.g., IL-8) and
chemokines (e.g., CCL2, CXCL1 and CXCL5) during
[14-17]
the course of cholestatic hepatitis C
, is expected
to be the main mediators for the induction of HCVassociated pruritus.
Cholestasis like features in patients with chronic
HCV infection were first described by Poulson and
[18]
Christoffersen , Who found that the occurrence of
pruritus in HCV patients is correlated with significant
damage in small or medium sized bile ducts causing
the formation of hepatic type lesions, which offer a
[19]
favorable environment for virus propagation . Bile
duct lesions are recognized as a histopathological
[20]
sign for chronic infection with viral hepatitis . The
formation of bile duct lesions is common among
patients with chronic HCV infection; however, the
pattern of their formation is progressive, and the
[19]
mechanism is bile duct damage-independent .
Although they share common features, histological
examination reveals that the bile duct damage related
to HCV infection is significantly different than damage
[21,22]
related to the primary biliary cirrhosis (PBC)
. To
that end, both the occurrence and the outcome of
HCV-associated cholestasis are expected to differ from
those associated with PBC. Unlike inflammatory bile
duct lesions, HCV-associated lesions are characterized

Alhmada Y, Selimovic D, Murad F, Hassan SL, Haikel Y,
Megahed M, Hannig M, Hassan M. Hepatitis C virus-associated
pruritus: Etiopathogenesis and therapeutic strategies. World J
Gastroenterol 2017; 23(5): 743-750 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/743.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.743

INTRODUCTION
In addition to hepatic damage, chronic hepatitis C virus
(HCV) infection is associated with the development of
extrahepatic manifestations, particularly, cutaneous[1,2]
based disorders including pruritus . The occurrence
of pruritus is associated with skin disorders (e.g.,
atopic dermatitis and psoriasis) as well as chronic liver
[3,4]
disease . Pruritus is a the common dermatologic
manifestations that is recognized as an early sign
[5,6]
of chronic HCV infection , particularly infections
[7]
associated with the development of cholestasis .
Hepatic disorders such as cholestasis can impair the
bile flow from the liver to the duodenum. Consequently,
the accumulation of bile acids and bilirubin in patients’
plasma and tissues can result in the development of
pruritus, which is recognized as a common pathological
[8]
phenomenon in patients with jaundice . Thus, pruritus
in patients with chronic liver disease, particularly those
associated with chronic HCV infection, is thought to
be a consequence of the molecular action of bile salts.
In cholestatic HCV patients, the activation of signaling
pathways mediating the occurrence of pruritus is
attributed to the toxic compound of the accumulated
bile salts both in patient sera and tissues. In addition
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by the appearance of specific-pathological features
such as swelling, vacuolization, nuclear irregularity,
[23]
and stratification of the epithelial cells .
The frequency of the bile duct lesions associated
with chronic HCV infection is more significant than
that lesions induced by chronic hepatitis B virus (HBV)
[24]
infection . Even the induction mechanisms of pruritus
in HCV-infected patients developing cholestasis differ
from those implicated in the regulation of pruritus
[25]
in non-cholestatic HCV infected patients . Of note,
the most described HCV-associated cholestasis was
reported in liver transplant recipients as a consequence
[26]
of the viral overload , however, chronic HCV infectionassociated pruritus has not yet been described in
detail. Although most reported data support an
association between HCV-induced cholestasis and the
[27-30]
occurrence of pruritus
, the mechanisms remain
unknown. The investigation of the clinicodemographic
and histological features of HCV-associated cholestasis
may help to address the mechanistic role of chronic
HCV infection in the development of pruritus.
Although the pruritogenic mediators and their
receptors have been identified, there is no con
sensus regarding the mechanisms regulating the
etiopathogenesis of pruritus. Apart from the suspected
mediators and their origin, the onset of pruritus is
closely associated with the development of intrahepatic
[31]
cholestasis . Although hepatic disorders such as
chronic infection with viral hepatitis, primary biliary
cirrhosis or primary sclerosing cholangitis are considered
[32,33]
the main cause of intrahepatic cholestasis
, the
elevation of bile salts and μ-opioids levels in patients
with intrahepatic cholestasis is largely associated with
[34]
pruritus . To date, the causative link between bile
salts levels and severity of pruritus has not yet been
investigated. However, pruritus in patients with chronic
HCV infection is thought to be a consequences of HCV[35,36]
induced cholestasis
.
The development of pruritus during the course
of liver diseases is regulated by various pruritogenic
[37,38]
mediators such as autotaxin (ATX)
. Thus, in
addition to its role in the synthesis of lysophosphatidic
acid, ATX may play a role in the regulation of vascular
and neural development, wound healing, neuropathic
[39,40]
pain, and cancer development
.
Although the ATX- lysophosphatidic acid (LPA)axis has been identified as a key mechanism in the
development of chronic liver diseases, particularly
those associated with pruritus, the source of serum
ATX has not been determined. To that end, Ikeda
[41]
et al
assumed that the elevated activity of ATX in
patients’ sera may be a consequence of HCV-induced
chronic liver diseases. However, the contribution of
ATX to the pathogenesis of hepatic fibrosis and the
subsequent induction of pruritus suggests that ATX
acts as a mediator in the modulation of HCV-induced
liver damage leading, to the development of pruritus.
The ATX protein is encoded by the ecto-nucleotide
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pyrophosphatase/phosphodiesterase 2 (ENPP2) gene,
whose expression is regulated by the transcription
factors v-Jun and signal transducer and activator of
[42,43]
transcription 3 (STAT3)
. The activation of STAT3
by HCV suggests an essential role for HCV-induced
STAT3 activation in the regulation of ATX during HCV
[44,45]
infection
. ATX also is a lysophospholipase that
mediates the formation of the bioactive lipid mediators
[46]
such as LPA to form lysophosphatidylcholine (LPC) .
Of note, LPA has been suggested to be a highly potent
signaling molecule that is involved in the regulation
of various cellular functions via mechanism mediated
[47]
by a family of G-protein-coupled receptors . Thus,
the ubiquitous and highly expressed level of LPA1
receptor on neurons is thought to play an essential
role in the modulation of pruritus during chronic liver
[48]
diseases including cholestasis and viral infection .
The role of LPA in the promotion of pruritus has been
demonstrated by the development of dose-dependent
scratch in response to the injection of mice with
[49]
LPA . LPA is a highly potent signaling molecule with
the ability to trigger the activation of the transient
receptor potential cation channel subfamily V member
[50]
1 (TrpV1), known as the capsaicin receptor . The
regulation of LPA by PI3k, protein kinase A (PKA) and
[51]
C (PKC)-dependent mechanisms has been reported .
Activation of PI3k, PKA and PKC in response to HCV
[52-54]
infection was noted both in vitro and in vivo
,
suggesting a central role for PI3 kinase, PKA and PKC
pathways in the regulation of HCV-associated pruritus.
More importantly, the role of PKC in the modulation
of phorbol ester-induced phosphorylation of LPA1
receptor suggests a contributing role for PKC in the
[55]
modulation of HCV-associated pruritus . Moreover, in
addition to its role in the regulation of TRPV receptor,
PI3k has been implicated in the regulation of ATX. Li
[56]
et al demonstrated the importance of the PI3K-AKTb-catenin pathway in the induction of ATX following
the stimulation of THP-1 cells with lipopolysaccharides
(LPS). In addition, the involvement of the mitogen
activated protein kinase (MAPK) in the regulation of
ATX has been established. The activation of c-Jun-Nterminal (JNK) and p38 MAPK has been shown to be
[56]
essential for the induction of ATX , and the activation
of mitogen activated protein kinase (MAPK) signa
ling pathways in response to infection with HCV has
been reported in several studies. These include the
activation of c-jun-N-terminal kinase (JNK), p38 and
[57,58]
extracellular regulated kinase (ERK) pathways
.
Similar to its role in modulation of cholesteric pruritus,
the LPA- ATX -axis seems to be essential for the
initiation and progression of pruritus in patients with
[59]
chronic HCV infection .
Under pathological conditions elevated bile salts
in patient’s tissues and sera such as taurourosodeo
xycholate (TUDCA), glycochenodeoxycholate are able
[34]
to signal the activation of ATX-LPA signaling , leading
to the accumulation of LPA, which in turn can initiate or
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Figure 1 Proposed model for hepatitis C virus-induced pruritus. Chronic hepatitis C virus (HCV) infection can cause pruritus symptom by both direct and
indirect mechanisms. The direct mechanisms include induction of pro-inflammatory cytokines and chemokines during the course of the chronic HCV infection. While
the indirect mechanisms are associated with HCV-induced cholestasis leading to the accumulation of autotaxin (ATX) that is responsible for the conversion of the
lysophosphatidic choline (LPC) into lysophosphatidic acid (LPA) that, in turn stimulates the epidermal nerve ending leading to the occurrence of pruritus symptom.
Also, accumulated LPA can promotes the activation of lymphocytes for the production of pro-inflammatory cytokines and chemokines that, in turn stimulates the
epidermal nerve ending leading the occurrence of pruritus symptom.

potentiate pruritus. The association between ATX-LAP
and cholestatic pruritus was first reported by Kremer
[34]
et al who demonstrated that the intradermal injection
of LPA induces itching response in mice. Thus, it is
expected that the occurrence of HCV-associated pruritus
is a consequence of HCV-induced cholestasis leading
to the activation of the ATX-LPA signaling pathway. A
proposed diagram is outlined in Figure 1 and describes
the possible mechanisms that are thought to be
involved in the modulation of HCV-associated pruritus.

calcineurin inhibitors, particularly in patients with chronic
[64]
pruritus . These substances have been approved for
their effects on cutaneous neurons, where they serve as
[67,68]
suppressors for chronic pruritus
.
Substances like opioid receptor antagonists, anti
convulsants, selective serotonin re-uptake inhibitors and
[69,70]
antidepressants have been recommended
. Although
therapeutic options of pruritus are available, the lack
of well-conducted, randomized, controlled studies is
an obstacle for the development of an effective and
uniform treatment protocol. Cholestyramine is the most
[71]
recommended first line therapy for pruritus , while
rifampicin, opiate antagonists and sertraline have been
utilized as second-, third-, and fourth-line therapies,
[72,73]
respectively
.
In addition to the poor prognosis of patients with
pruritus, topical and systemic therapies can offer
only short term relief and most are associated with
complicated adverse effects, particularly, in patients
[3]
with chronic HCV infection .
Although antiviral therapeutics have improved
in recent years, the treatment of HCV patients is
associated with a marked increase in dermatological
[74]
adverse effects, particularly pruritus . In addition,
it is difficult to distinguish between treatment- and
HCV-induced pruritus in terms of causality. Even the
consequences of the interference of anti-viral therapy
with HCV-induced extrahepatic manifestations are not
predictable. Although the treatment of HCV patients
with interferon is commonly associated with local
and generalized dermatological side effects, including
[75]
pruritus , the combination of interferon with ribavirin
[76,77]
increases the risk of pruritus occurrence
. For
example, the frequency of dermatological adverse
effects including pruritus associated with HCV protease

THERAPEUTIC STRATEGIES OF HCVASSOCIATED PRURITUS
Pruritus is a common symptom that cannot be uni
formly classified or quantified to date. As a conse
quence, its treatment, particularly, in patients with
chronic liver disease is a challenge for clinicians
and patients. Although there are similarity between
pruritus occurrence in patients with cholestatic vs
noncholestatic liver diseases, no uniformly treatment
[60]
protocol has been established . Current treatment
strategies include topical therapies for mild and localized
pruritus as well as systemic therapies for patients with
[61,62]
severe or generalized pruritus
.
Based on the fact that histamine-dependent mecha
nisms are responsible for the occurrence of pruritus
associated with urticaria, the clinical utilization of
antihistamines has been suggested as a therapeutic
[63-66]
option for prurigo nodularis or aqua genic pruritus
.
Thus, once the cause of pruritus has been identified,
the implementation of the therapeutic modalities can
be determined. The current guidelines suggest the
application of topical substances such as capsaicin and
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Figure 2 Overview of the treatment options of hepatitis C virus-associated pruritus. Once the underlying factors [elevated concentration of lysophosphatidic
acid (LPA), pro-inflammatory cytokines, chemokines] causing pruritus have been determined, the treatment strategy can be based on the reduction of the pain or
neutralization of the elevated concentration of LPA, pro-inflammatory cytokines and chemokines using local anesthetics, anti-inflammatory drug, Opioids or alpha2
agonists.

inhibitors as combinatory part of the triple therapy
regimen (telaprevir/boceprevir with peginterferon/
ribavirin), are higher than those associated with peg
[78,79]
interferon/ribavirin regimen alone
. Some possible
therapeutic strategies for pruritus are shown in Figure 2.

2

3

CONCLUSION
Both HCV infection and its treatment are associated
with significant dermatological manifestations,
particularly pruritus. In order to treat pruritus in
patients with HCV infection an effective management
strategy is needed to limit the severity of HCVassociated pruritus. The elevation of ATX in patients’
sera may be the cause for the increase of LPA levels
thought to be responsible for the simultaneous
promotion of itching signaling and inhibition of the
pain signaling. Thus, the investigation of the molecular
mechanisms, essential for modulating the crosstalk between the activation of ATX- LPA receptor axis
and the occurrence of pruritus during infection and
treatment of HCV patients will drive the development
of novel therapies for neglected symptoms of HCV
including pruritus. Larger clinical studies will help
to outline the efficacy of available anti-pruritic the
rapeutics.
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Abstract
Despite substantial efforts at early diagnosis, accurate
staging and advanced treatments, esophageal cancer
(EC) continues to be an ominous disease worldwide.
Risk factors for esophageal carcinomas include obesity,
gastroesophageal reflux disease, hard-alcohol use
and tobacco smoking. Five-year survival rates have
improved from 5% to 20% since the 1970s, the result
of advances in diagnostic staging and treatment.
As the most sensitive test for locoregional staging
of EC, endoscopic ultrasound (EUS) influences the
development of an optimal oncologic treatment plan
for a significant minority of patients with early cancers,
which appropriately balances the risks and benefits of
surgery, chemotherapy and radiation. EUS is costly,
and may not be available at all centers. Thus, the yield
of EUS needs to be thoughtfully considered for each
patient. Localized intramucosal cancers occasionally
require endoscopic resection (ER) for histologic staging
or treatment; EUS evaluation may detect suspicious
lymph nodes prior to exposing the patient to the risks
of ER. Although positron emission tomography (PET)
has been increasingly utilized in staging EC, it may be
unnecessary for clinical staging of early, localized EC
and carries the risk of false-positive metastasis (over
staging). In EC patients with evidence of advanced
disease, EUS or PET may be used to define the radio
therapy field. Multimodality staging with EUS, crosssectional imaging and histopathologic analysis of
ER, remains the standard-of-care in the evaluation
of early esophageal cancers. Herein, published data
regarding use of EUS for intramucosal, local, regional
and metastatic esophageal cancers are reviewed. An
algorithm to illustrate the current use of EUS at The

Author contributions: DaVee T, Lee JH contributed to
conception and design; DaVee T contributed to literature review
and data acquisition; DaVee T, Ajani JA and Lee JH contributed
to analysis and interpretation, DaVee T drafted the article; DaVee
T and Lee JH contributed to critical revision and editing; DaVee T,
Ajani JA and Lee JH contributed to final approved of the article.
Conflict-of-interest statement: No potential competing
interests.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Jeffrey H Lee, MD, MPH, FASGE,
FACG, AGAF, Department of Gastroenterology, Hepatology and
Nutrition, Division of Internal Medicine, The University of Texas
MD Anderson Cancer Center, 1515 Holcombe Boulevard, Unit
Number 1466, Houston, TX 77030,
United States. jefflee@mdanderson.org
Telephone: +1-713-7945073
Fax: +1-713-5634408
Received: September 20, 2016
Peer-review started: September 20, 2016
First decision: October 10, 2016
Revised: November 23, 2016

WJG|www.wjgnet.com

751

February 7, 2017|Volume 23|Issue 5|

DaVee et al . EUS in esophageal cancer
[2,4,10-13]

and Plummer-Vinson syndrome for SCC
. Less
common EC (such as sarcoma, melanoma, and lym
phoma) may occur, although data regarding use of
endoscopic ultrasound (EUS) in these cancers are
limited.
The majority of patients (about 60%) have advanced
cancer when diagnosed, as early EC are frequently
[14,15]
asymptomatic
. Five-year relative survival rates
for localized, regional, and distant stages of all types
of esophageal cancers are currently estimated at
[3]
40%, 21%, and 4%, respectively . Overall five-year
survival rates for patients with EC have improved four[3,9]
fold over the past four to five decades (Figure 1) .
This substantial improvement in life expectancy likely
represents advances in accurate staging and treatment
by dedicated professionals with research support from
cancer societies, patient groups, industry, and local
and national agencies. Per the National Institutes
of Health (NIH)/National Cancer Institute, resource
utilization and expenditures in 2010 for EC topped $1.3
billion, which is projected to increase to $1.8 billion by
[16]
2020 .
Since the mid-1980s, EUS has evolved to occupy
an important niche in EC staging, particularly in
evaluating tumor invasion and surrounding lymph
nodes. According to NIH/Surveillance, Epidemiology,
and End Results program data, local and regional
esophageal carcinomas, which are most amenable to
EUS evaluation, are found in half of the patients (Figure
[9]
2) . With radial and linear endoechoscopes, the five
major layers of the esophagus are visible (Figure 3)
and represent: (1) the innermost superficial mucosa
or squamous epithelium; (2) the deep mucosa or
lamina propria; (3) the submucosa, which contains
an innumerable number of lymphatics, blood vessels,
nerves and mucous glands, and is the most common
route of extra-esophageal cancer spread; (4) the
hypoechoic muscularis propria; and (5) the hyperechoic
adventitia. Cytology specimens may be obtained from
suspicious nodes using fine-needle aspiration (FNA).

University of Texas MD Anderson Cancer Center is
presented.
Key words: Esophageal squamous cell carcinoma;
Endosonography; Echoendoscope; Esophagus cancer;
Esophageal adenocarcinoma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound (EUS) is not necessary
or adds little in management of many cases, such as,
in patients with distant metastases or following preoperative (neoadjuvant) chemoradiotherapy. EUS is the
most sensitive test to exclude local tumor invasion and
regional nodal disease that would make endoscopic
resection (ER) unsafe or unnecessary. Thus, for early
esophageal cancer staging, EUS followed by ER and
histopathologic analysis, remains the standard-of-care.
For a minority of locally advanced cancers, EUS-fineneedle aspiration can define the radiotherapy field by
providing tissue samples of suspicious lymph nodes
that are remote from the primary tumor.
DaVee T, Ajani JA, Lee JH. Is endoscopic ultrasound examination
necessary in the management of esophageal cancer? World J
Gastroenterol 2017; 23(5): 751-762 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/751.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.751

INTRODUCTION
Dysphagia to solid food is the most common presenting
symptom of patients with advanced esophageal
cancer (EC). As the sixth most lethal cancer diagnosed
worldwide, there are more than 450000 cases of EC
[1,2]
diagnosed annually . The American Cancer Society
estimates 16910 cases of EC will be diagnosed in the
[2-4]
United States in 2016 . The incidence of esophageal
adenocarcinoma (EAC) has increased six-fold from 1975
to 2000, making it the most rapidly increasing cancer
[5,6]
incidence in America . Obesity, defined as body mass
2
index > 30 kg/m , has been strongly linked to EAC,
with an odds ratio of 16.2 (95%CI: 6.3-41.4) compared
with the leanest persons with body mass index < 22
2[7]
kg/m . Meanwhile, the incidence of squamous cell
[8]
carcinoma (SCC) in the US is declining .
Men are more commonly effected by EC; the me
dian age at diagnosis is 67 and lifetime incidence is 1
[3,9]
in 125 (a rate 3 to 4 times higher than for women) .
Fifteen percent of EC are diagnosed in people younger
than 55 years old. Additional risk factors for EC
depend upon histologic subtype and include: European
ancestry, gastroesophageal reflux disease, sleep
apnea, and intestinal metaplasia (Barrett’s esophagus)
for EAC; vs African ancestry, tobacco smoking, distilled
alcohol consumption, palmoplantar keratosis (tylosis),

WJG|www.wjgnet.com

EC JARGON
The seventh edition of the tumor-node-metastasis
(TNM) staging system, developed by the American
Joint Committee on Cancer (AJCC) and the Union for
International Cancer Control, is the most commonly
[17-19]
used staging system
.
In general, localized disease refers to esophageal
carcinoma, including intra-esophageal (T1-2) and
penetrating cancers (T3-4, also known as, locally
advanced cancers). Regional disease describes su
rrounding lymph node involvement (N-stages), such as
celiac and thoracic lymph nodes. Together locoregional
cancers fall into the AJCC anatomic stage/prognostic
group Ⅰ-Ⅲ (so called stage Ⅰ-Ⅲ cancers; Figure 4).
Distant/metastatic disease (M1) is identified by cancer
spread to adjacent organs, distant lymph nodes (i.e.,
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axial images obtained by computed tomography (CT).
Often considered easier to interpret by early users,
radial EUS images are more similar to transverse/
cross-sectional imaging displays. The linear array echo
endoscope is commonly used for tissue acquisition via
fine needle aspiration (FNA) or biopsy, as it allows for
direct needle visualization during passes into the target
[25,26]
abnormality
.
Higher frequency EUS devices yield increased
superficial anatomic resolution, but lack deeper sono
graphic tissue penetration, limiting regional assess
ment. For example, most radial and curvilinear array
echoendoscopes operate at frequencies of 7.5-12
megahertz (MHz), and penetrate 3-4 cm of surrounding
tissue with good resolution. Very high frequency,
through the scope, EUS miniature probes (mini-probes)
can readily distinguish seven layers of the esophagus
with a frequency of 20-30 MHz. However, useful
sound wave breadth and depth with EUS mini-probes
are substantially reduced and inadequate for cancer
staging.
If malignant lesions extend to the fundus or gastric
cardia, or if intra-esophageal cancers are small;
conventional radial or linear EUS may not accurately
evaluate the depth of the lesion due to the technical
difficulty in reaching or locating the lesion by the
echoendoscopes. In those cases, a high frequency
EUS mini-probe may be employed under endoscopic
guidance to most accurately stage the tumor. For
example, in distinguishing T1a vs T1b intramucosal
lesions, high frequency mini-probes have been shown to
more accurately assess depth of invasion in comparison
to radial or linear EUS. The disadvantage of using an
EUS mini-probe is the limited sonographic width and
depth, which precludes a comprehensive survey of
regional lymph nodes. Furthermore, if the lesion is large
(i.e., 5 cm), EUS mini-probes cannot expediently assess
penetration depth of the entire lesion.
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Figure 1 Five-year survival trends in esophageal cancer. Data from
Surveillance, Epidemiology, and End Results Cancer Statistics Factsheets:
Esophageal Cancer. National Cancer Institute. Bethesda, MD[9].

lungs or supraclavicular lymph nodes) or below the
diaphragm (i.e., liver or mesenteric lymph nodes);
[20]
stage Ⅳ is the anatomic stage/prognostic group .
While the TNM components for staging EAC vs SCC are
identical, the AJCC anatomic stage/prognostic groups
differ depending on histologic type because of differing
mortality rates between EAC and SCC stages.
An understanding of evolving TNM sub-stages is
necessary, such as, EUS stage (i.e., uT4), vs clinical
stage [i.e., cT4; based upon pre-surgical evaluation,
including endoscopic resection (ER)], vs postoperative
stage (i.e., pT4; based upon pathologic examination
of surgical specimen), vs neoadjuvant postoperative
[14,21]
stage (i.e., ypT4)
. Cancers involving the submucosa
(T1b) are further divided into sm1 to sm3 stages based
[22]
upon the depth of invasion .

LITERATURE SEARCH
A literature search was completed using Google,
PubMed and Cochrane Library for combinations of “EUS”
and “EC”. Study titles and abstracts were screened for
relevance. Then, full text publications in English were
selected for in-depth review and the references were
further scrutinized to identify pertinent studies.

EUS FOR EC STAGING
When assessed by EUS, malignant lymph nodes
classically originate near the intraluminal cancer, and
appear as round, hypoechoic nodes with smooth
[27]
borders that may be enlarged (> 10 mm) . Per 2016
guidelines published by the National Comprehensive
Cancer Network, once distant metastases from EC
have been excluded, EUS should be employed for
[28]
evaluation with possible FNA cytologic sampling . At
the time of diagnosis, a contrast-enhanced CT scan
of the chest and abdomen is recommended to assess
for distant metastases (i.e., to liver, lung, bone or
adrenals), thereby distinguishing M0 vs M1 stages.
Following EUS, the optimal treatment regimen changes
significantly based on the presence of tumor invasion
into the submucosa, detection of regional lymph node
malignant spread or distant malignancy. EUS is the
most sensitive test for locoregional staging of EC,

DISCUSSION
In 1980, a group of investigators from SRI International
(formerly of Stanford University) and Mayo Clinic deve
loped the “Ultrasonic Endoscope” prototype. It was felt
with planned improvements in size and design that this
device “should improve the investigation of cardiac,
[23]
gastrointestinal, and genitourinary diseases” . In 1986,
EUS was used for evaluation of lesions of the upper
gastrointestinal tract by Gordon, Rifkin and Goldberg,
who described the endosonographic anatomy of the
[24]
upper gastrointestinal tract in 25 patients . Since
then, a median of 50 manuscripts per year have been
indexed for PubMed on the topics of “EC” and “EUS”
(total 1286, range 1-83).
Radial EUS scopes provide a circumferential view
of the visceral wall and surrounding tissues, similar to
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11%
20%

Localized (20%)
Confined to primary site
Regional (31%)
Spread to regional lymph nodes
Distant (38%)
Cancer has metastasized
Unknown (11%)
Unstaged

38%
31%

Figure 2 Esophageal cancer stages at diagnosis. Surveillance, Epidemiology, and End Results Cancer Statistics Factsheets: Esophageal Cancer. National Cancer
Institute. Bethesda, MD[9].

A

B

C

Figure 3 Endosonography of distal esophageal adenocarcinoma. A: Five layers of the esophagus are visible with standard frequency (7.5 MHz) endoscopic
ultrasound. From innermost to outermost: the hyperechoic (bright) superficial mucosa, hypoechoic (dark) deep mucosa, the submucosa (arrowhead), followed by the
muscularis propria (hypoechoic, very dark), and adventitia (outer echogenic layer). The T1b adenocarcinoma (arrow) causes thickening and distortion of the mucosal
layers and submucosa, without invasion of the muscularis propria; B: White-light; and C: Narrow band images are presented for comparison, with arrows to mark the
cancer.

and maintains a critical role in developing an accurate
[27,29-35]
therapy plan
. EUS influences the treatment of
a significant, although small portion of patients with
early disease, as particular attention may be given
to the depth of esophageal invasion and celiac lymph
node axis, which is thought to act as a gateway for
[36-38]
distant metastatic spread
. Current data confirm
the number of malignancy-involved lymph nodes is
more important for prognosis than regional anatomic
[39-42]
location, which further substantiates EUS-FNA use
.
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The results of meta-analyses focused on EUS are
summarized in Tables 1 and 2.

DISTANT METASTATIC EC STAGING
Detection of distant metastases is improved with the
use of positron emission tomography (PET), when
[29,43,44]
compared to CT and EUS
. Use of PET and/or CT
may spare the need of performing EUS when distant
metastases are detected, as evaluation of the regional
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Table 1 Baseline characteristics of meta-analyses on endoscopic ultrasound in esophageal carcinoma
Ref.

Timeframe

Patients (No. studies; P/R)

EUS types (MHz)

Study criteria

Puli et al[52], 2008

1986-2005

2020 (25; 10/15)

NR

van Vliet et al[29], 2008

1985-2005

4713 (84; NA1)

NR

Puli et al[32], 2008
Thosani et al[30], 2012

1986-2005
1988-2008

2558 (49; 16/33)
1019 (19; 12/7)

NR
Radial and/or miniprobe (7.5-30)

Sun et al[76], 2015

1992-2013

724 (16; 10/6)

Qumseya et al[36], 2015

1994-2012

656 (11; 4/7)

Radial, linear and/or
mini-probe (5-20)
Radial, linear and/or
mini-probe (NR)

EUS accuracy confirmed by surgery in distal and celiac
axis lymph node metastasis
Comparison of diagnostic staging performance of EUS,
CT and PET
EUS studies on T and N staging confirmed by surgery
EUS in T1a vs T1b lesions compared to histology by EMR
or surgery/excluded studies on < 15 patients, or with
suspicious lymph nodes (> 1 cm)
EUS staging accuracy after neoadjuvant chemotherapy.
Surgery was confirmatory test in all included studies.
EUS in BE and HGD, or esophageal adenocarcinoma
(EAC)/excluded studies on advanced esophageal cancer

1

Did not report retrospective or prospective nature of studies. References[29,30,32,36,52,76]. P/R: Prospective to retrospective ratio; NR: Not reported; BE: Barrett’s
esophagus; HGD: High-grade dysplasia; EAC: Esophageal adenocarcinoma; EUS: Endoscopic ultrasonography; CT: Computed tomography; PET: Positron
emission tomography; NA: Not applicable.

Table 2 Outcomes of meta-analyses on endoscopic ultrasound in esophageal carcinoma
Ref.

Sensitivity (95%CI)
[52]

Puli et al , 2008
van Vliet et al[29], 2008

Puli et al[32], 2008

Thosani et al[30], 2012

Celiac N = 66% (62-71);
M = 67% (63-72)
N staging: EUS = 80%
(75-84); CT = 50% (41-60);
PET 57% (43-70)

T1 = 82% (78-85); T4 = 92%
(89-95); w/o FNA N = 85%
(83-86); w/ FNA N = 97%
(92-99)
T1a = 85% (82-88);
T1b = 86% (82-89)

Sun et al[76], 2015

T1 = 23% (16-32);
T2 = 29% (19-41); T3 = 81%
(72-88); T4 = 43% (31-56);
N = 69% (58-79)
≥ T1sm = 56% (47-65)
Qumseya et al[36], 2015

Specificity (95%CI)

Heterogeneity

Conclusion/interpretation

Celiac N = 98% (97-99); Insignificant: P > 0.10
EUS has low sensitivity and utility for staging
M = 98% (97-99)
for all estimates
metastases to celiac lymph nodes and distant sites.
N staging: EUS = 70%
NR
EUS, CT, and PET have distinctive roles in staging.
(65-75); CT = 83% (77-89);
For distant metastases, PET probably has higher
PET = 85% (76-95)
sensitivity than CT. No evidence of publication
bias in CT vs EUS studies; other analyses too small
to test.
T1 = 99.4% (99-100);
Insignificant: P > 0.10
EUS has excellent accuracy, with better
T4 = 97% (97-98); w/o FNA
for all estimates
performance in T4 over T1 disease
N = 85% (83-86); w/ FNA
(AUC 0.94-0.98). N staging is improved with FNA
N = 96% (91-98)
use (AUC 0.99 vs 0.89).
T1a = 87% (84-90);
Significant;
EUS has good accuracy for T1a and T1b lesions;
T1b = 86% (83-89)
P < 0.05 by χ 2
AUC ≥ 0.93. Technical factors can affect the
diagnostic accuracy of EUS.
T1 = 95% (93-97); T2 = 84%
Significant; I2 =
EUS has modest accuracy after neoadjuvant
(77-88); T3 = 42% (33-52); 0%-75% depending therapy; AUC for T staging ranges from 0.64 to 0.84,
T4 = 96% (94-97)
on stage (table
while AUC for N-staging was 0.64.
N = 52% (42-62)
presented in article)
>/-T1sm = 89% (85-92)
Significant; I2 = 82%; Advanced disease detected in 14% (95%CI: 8%-22%;
Q = 56, P < 0.0001 P < 0.0001). The NNT (performing EUS) to identify
1 case of advanced disease was 7 (95%CI: 5-13).
EUS significantly changes therapeutic approach.

NR: Not reported; EUS: Endoscopic ultrasonography; CT: Computed tomography; PET: Positron emission tomography; AUC: Area under the curve.

lymph nodes is not necessary prior to initiation of
palliative chemotherapy or chemoradiotherapy. When
indicated, EUS may be used to confirm the presence
distant metastases and exclude benign findings.
Confirmation or exclusion of nodal involvement by EUS
will help calculate the exact radiation field, especially
when the lymph node is away from the primary tumor,
thus minimizing radiation induced complications.

metastatic disease is detected on CT scan. Conversely,
in patients with superficial EC (T1 disease) use of
PET carries risk of over-staging due to false-positive
[21]
regional/distant enhancement .
For evaluation of regional lymph nodes, the com
bination of EUS and CT (EUS-CT) has been shown
to be more accurate than either modality alone, and
EUS-CT outperformed PET, 69% vs 48%, respectively.
The sensitivity of combined EUS-CT was 83% vs 22%
[45]
for PET . Some data support PET scan consideration
for: (1) patients with locally advanced (T2 or greater)
cancers following EUS (with or without ER); (2) those
with positive regional lymph nodes (N1 or greater)
detected by EUS-FNA; and (3) patients in whom

LOCOREGIONAL EC STAGING
Use of CT or PET is considered inadequate for staging
[26,29,31]
celiac and mediastinal lymphadenopathy
. PET
may not be necessary for clinical staging if distant
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Submucosa
Muscularis mucosae
Lamina propria
Basement membrane
Epithelium

0.83-0.89) were estimated. Heterogeneity was present
2
among the studies, as the χ P value for heterogeneity
was < 0.05 for all pooled estimates.

Periesophageal tissue
Muscularis propria

MULTIMODAL STAGING OF LOCAL
ESOPHAGEAL CANCERS
TIS

T1A

NO

T1B T2 T3

T4A

ER should be considered with EUS for staging superficial
EC (T1 lesions, generally < 2 cm), which provides
locoregional staging and histologic assessment of
primary tumor depth and lymphovascular invasion. Due
to lack of a singular near perfect test, combining EUS
with ER functions as a “double check” to prevent staging
[51,52]
errors by sonographic or histologic evaluation
.
Superficial tumor invasion, which may be difficult to
visualize by standard radial EUS (7.5-12 MHz) due to
lower resolution, can be more accurately assessed by
[51-53]
histology of ER specimens
. The addition of EUS
to ER confers the benefit of nodal assessment with
possible FNA sampling. Furthermore, EUS excludes
deeper invasive cancer (T2 or deeper lesions) that
[32,54]
would make ER unsafe and unnecessary
.
For confirmed T1a cancers, ER followed by ablation
of high-risk residual tissue via radiofrequency ablation
or photodynamic therapy, offers survival rates similar
[55-63]
to surgery
. EUS prior to ER is especially important
[64]
in patients with large intraluminal tumors . When
EUS is combined with cross-sectional imaging, patients
are considered to have completed clinical staging,
thereby identifying stage T2 or T3 patients who may
benefit from radical esophagectomy with extended
[58,61,65,66]
lymphadenectomy
.

T4B

N1 = 1-2
N2 = 3-6
N3 = 7 or more

Visual Art: ©2016 The University of Texas MD Anderson Cancer Center

Figure 4 Locoregional esophageal cancer staging.

complete EUS examination was not possible (i.e., due
[29,46]
to severe malignant stenoses)
.
When PET scan is performed before EUS, it can
provide a road map to potentially positive lymph nodes
and decrease or obviate the need for stricture dilation,
thus lessening the risk of esophageal perforation. One
in three malignant stenoses may initially be too narrow
[47,48]
for the EUS scope to traverse
. Incremental dilation
of severe malignant strictures often is not necessary,
[49]
as completion of EUS may not change treatment .

ENDOSONOGRAPHY FOR
ESOPHAGOGASTRIC JUNCTION
CANCERS

SUPERFICIAL EC STAGING

Data regarding the utility of EUS in cancers of the EGJ
[53]
is limited, and liberal use of ER has been suggested .
[53]
In a study by Dhupar et al
181 patients with EGJ
cancers (98% adenocarcinomas) were included that
underwent EUS staging and resection (surgical or
endoscopic) without neoadjuvant therapy from 1995
to 2014. The authors found that EUS accuracy at
the EGJ was inferior to that of other regions of the
esophagus when compared to resected specimens;
with 23% under-staged and 29% over-staged by EUS.
The negative effect was particularly pronounced with
smaller, early EGJ cancers being more frequently overstaged.

Intramucosal cancers (T1a) have a 6%-10% risk of
metastasis, while invasion into the submucosa (T1b)
[50]
increases the risk of metastasis to 19%-23% . In a
meta-analysis including 1019 patients with T1 (superficial)
[30]
esophageal cancers, Thosani et al
evaluated the
diagnostic accuracy of EUS in differentiating mucosal
(T1a) vs submucosal invasion (T1b) by EC. Nineteen
international studies (12 prospective, 7 retrospective)
conducted between 1988 and 2008 were included.
Studies using mini-probe EUS dominated (14 miniprobe, 9 radial scopes; five studies used both) in
comparing findings to the gold-standard, surgical
resections of SCC and/or EAC (with or without endo
scopic mucosal resection). The area under the curve
for pooled sensitivity and specificity was at least 0.93
for both T1a mucosal and T1b submucosal lesions.
The pooled sensitivity, specificity of EUS for T1a
staging were 0.85 (95%CI: 0.82-0.88), 0.87 (95%CI:
0.84-0.90); and for T1b staging a sensitivity 0.86
(95%CI: 0.82-0.89) and specificity of 0.86 (95%CI:
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NEOADJUVANT THERAPY PRIOR TO
SURGERY
Neoadjuvant (induction) therapy may be given preoperatively to patients with locally advanced or
locoregional disease, due to improvement in survival
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Algorithm
for staging
esophageal
cancers

AUC for N-staging was 0.64. EUS accuracy did not
improve with time following neoadjuvant chemotherapy
in a subgroup analysis. Therefore, EUS should only be
performed in specific cases after neoadjuvant therapy,
such as FNA of a suspicious lymph node that would
change management.

Esophageal
cancer
diagnosed

Contrast
enhanced CT
and/or PET
Distant metastases
(M1)

Percutaneous

vs EUS tissue
sampling if
warranted

ADJUVANT THERAPY AFTER SURGERY

No distant metastases
(M0)

Early stage
cancers
(N0)

Endoscopic
resection for
histologic staging
or definitive
therapy

Postoperative (adjuvant) therapy has been shown to
improve survival and reduce the risk of local recurrence,
in patients with positive resection margins, or with
positive lymph nodes in cancers of the esophagus
[77-81]
or EGJ
. However, an intensified adjuvant chemo
radiation regimen found no improvement in diseasefree or overall survival in patients with EGJ and gastric
[82]
adenocarcinomas . A recent review concluded there
are no validated adjuvant treatment strategies for
[82]
SCC . PET may be used to evaluate for cancer re
[83]
sponse and recurrence after multimodal therapy .
Data regarding the utility of EUS following surgery and
adjuvant chemoradiation are limited.

EUS-guided
locoregional
evaluation

Locally or regionally
advanced cancers
(>/= T3 or >/= N1)

Consider FNA of
remote lymph
nodes

RADIATION THERAPY FIELD
DELINEATION

Figure 5 Algorithm for staging esophageal cancers proposed by DaVee
and Lee. Esophagogastric junction cancers excluded. EUS: Endoscopic
ultrasound with selective fine-needle aspiration; T, N, M: Tumor, node, and
metastasis stages; CT: Computed tomography; PET: Positron emission
tomography; FNA: Fine-needle aspiration.

Precise EC tumor measurements are important for
accurate radiation targeting and treatment. PET has
been found to be accurate for evaluation of tumor
[84-86]
length in esophageal cancers
. In a retrospective
[84]
study of 53 patients by Rollins et al
PET and EUS
were compared to surgical pathology for measurement
of tumor length. Both PET and EUS correlated signi
ficantly with resection specimen tumor length; PET
(Pearson R = 0.5977, 95%CI: 0.390-0.747, P < 0.0001)
vs EUS (Pearson R = 0.5365, 95%CI: 0.311-0.705, P <
0.0001). In a subgroup analysis, after excluding tumors
with significant response to neoadjuvant chemotherapy,
both PET and EUS again correlated significantly with
tumor length; PET (R = 0.5651, P = 0.0005) vs EUS
(R = 0.4637, P = 0.0057). These data suggest EUS or
PET may reliably be used in evaluation of tumor length
for radiotherapy field definition, and the addition of EUS
to PET imaging in these cases is low-yield. However,
in patients with suspicious (but not-diagnostic)
lymphadenopathy EUS-FNA may further define the
radiation field (Figure 5).

compared to surgery alone for cancers of the esophagus
[67-73]
and EGJ
. Data suggest the accuracy of EUS after
neoadjuvant chemotherapy for locoregional cancers is
[35,74-76]
subpar
. The reasons for lower accuracy of EUS
after induction therapy are due to regional changes in
response to healing and inflammation.
[76]
A meta-analysis by Sun et al
evaluated the
staging accuracy of EUS for EC after preoperative
chemotherapy. The authors included 724 patients
(69% with adenocarcinoma) from sixteen studies (ten
prospective, six retrospective) conducted between
1992 and 2013. Most procedures were performed with
7.5 and 12 MHz echoendoscopes. Pooled estimates
of EUS test characteristics were used in either fixedeffects or a random-effects model, depending on study
heterogeneity. EUS was most sensitive in localized
staging of T3 lesions at 81% (95%CI: 72%-88%) with
42% specificity (95%CI: 33%-52%). EUS sensitivity
in stages T1, T2, and T4 was poor, with T1 lesions
estimated at 23% (95%CI: 16%-32%) and 95%
specificity (95%CI: 93%-97%); T2 lesions at 29%
(95%CI: 19%-41%) and specificity 84% (95%CI:
77%-88%), and finally T4 lesions at 43% (95%CI:
31%-56%) with specificity 96% (95%CI: 94%-97%).
When assessing for regional lymph node spread, EUS
had sensitivity 69% (95%CI: 58%-79%) and specificity
52% (95%CI: 42%-62%). Overall, EUS was found to
be moderately accurate after neoadjuvant therapy;
AUC for T staging ranged from 0.64 to 0.84, while the
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COST ANALYSIS
EUS has been shown to be economical in multiple
studies. For initial staging, EUS was found to be the
[87]
least costly strategy by Hadzijahic et al as EUS found
T4 and/or M1 disease more frequently than CT (44%
vs 13%, P < 0.0001). Furthermore, in patients without
metastatic disease, EUS was found to be the most cost
effective EC staging modality at $13811, vs CT-guided
[88]
FNA $14350 and surgery $13992 . Pretreatment EC

757

February 7, 2017|Volume 23|Issue 5|

DaVee et al . EUS in esophageal cancer
staging by EUS was found to save an average of $3443
per patient, by identification of stage Ⅰ and stage Ⅳ
tumors, which prevented unnecessary neoadjuvant
[89]
chemoradiotherapy or surgery, respectively . Further
more, selective use of FNA for suspicious lymph nodes
during EUS, resulted in reduced costs compared to
[34]
routine FNA , however the effect on patient-outcomes
remains to be determined.

several factors, such as changes in practice patterns,
radiographic or pathologic techniques, and sonography
equipment; which has considerably evolved from
1980 to the current era. Testing characteristics for
EUS vary widely depending on the type of equipment
used (frequency of ultrasound probe, FNA vs fine
needle biopsy, gauge of needles, and expertise of the
endosonographer, cytotechnician, and/or pathologist).
Squamous cell esophageal cancers are more
common in Japan, which may contribute to variation
in EUS diagnostic accuracy and practice patterns
[96]
in comparison to the United States . Japan Eso
phageal Society guidelines suggest sm1 lesions (T1b
cancers with less than 200 micrometers invasion
into submucosa) may be resected endoscopically, in
contrast to EC invading the middle or deep submucosa
[22,96]
(sm2 or sm3 lesions)
.
In interpreting meta-analyses, the biostatistical
model chosen (fixed-effects vs random effects models)
and heterogeneity (variation) among studies may con
[97]
found analysis and interpretation . Higher levels of
heterogeneity in meta-analyses decrease confidence in
[98,99]
drawing conclusions about the studied relationship
.
2
Cochran’s Q test and the χ heterogeneity statistic may
be used to assess for the presence of heterogeneity
[100]
2
within a meta-analysis , however the I quantitatively
[98,99]
describes the degree of heterogeneity
. In example,
2
an I index of 25%, 50%, or 75% express a numerical
value that may be interpreted as low, moderate, or
high levels of heterogeneity among selected studies,
[97]
respectively .

EMERGING ADJUNCTS TO
SONOMORPHOLOGIC EVALUATION
Generally, healthy tissue is softer and more elastic
than cancerous tissues. Elastography, or elasticity
imaging, may be combined with ultrasound or magnetic
resonance modalities and is a non-invasive method
to measure the flexibility of tissues. There are many
elastography techniques under investigation, such as
quasistatic/strain imaging and shear wave elasticity
imaging; however, all techniques rely on measuring
the degree of distortion within the tissue. Much like
Doppler ultrasound, which uses color to highlight flow
in vessels, EUS elastography provides the operator with
a colorized image displaying the variation of elasticity
of tissues. Typically, when using EUS elastography, firm
tissues appear blue to violet, while softer tissues appear
red, yellow or green. Elastography-enhanced EUS has
been shown in small studies to improve the diagnostic
accuracy of regional lymph node staging in EC patients
when compared to standard EUS sonomorphologic
[90-92]
evaluation
. Currently, the role and clinical efficacy
are undefined for EUS elastography in EC, although the
we speculate the technique could replace FNA cytology,
as it is noninvasive and possibly lower risk for the
patient.
When unique contrast agents are parenterally
administered, contrast-enhanced harmonic EUS (CEHEUS) may be used to further characterize the micro
vascular pattern of lesions identified by standard
[93]
imaging modalities . In 2016, the United States Food
and Drug Administration approved the use of sulfur
®
hexafluoride lipid-type A microspheres (Lumason ) for
ultrasonographic characterization of focal liver lesions.
CEH-EUS has not been rigorously studied in esophageal
carcinomas, but preliminary data suggest contrastenhanced images are of limited value due to the relative
[93,94]
avascularity of common esophageal malignancies
.
Tridimensional (3D) EUS may be used alone, or
with ultrasonographic contrast, to evaluate the invasion
depth of tumors. The 3D images are thought to more
accurately convey the relationship of cancers to nearby
organs and vessels, and may reduce the operator[95]
dependent error that is inherent to standard EUS .

CONCLUSION
Despite modern improvements in diagnosis and
treatment, EC continues to carry a high risk of mor
bidity and mortality, as most cases are diagnosed at
advanced stages. EUS, the most sensitive test for
locoregional assessment of EC, should be considered
in patients without distant metastases prior to neo
adjuvant (induction) chemoradiotherapy. EUS may
not add additional information in some cases of locally
advanced esophageal cancers, and is not routinely
recommended. When suspicious lymph nodes are
identified remote to the primary tumor, EUS-FNA
can obtain cytology specimens to more accurately
define the radiotherapy field. Aggressive efforts at
early diagnosis and innovative treatments for EC are
desperately needed.
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Abstract
Familial intrahepatic cholestasis (FIC) comprises a
group of rare cholestatic liver diseases associated with
canalicular transport defects resulting predominantly
from mutations in ATP8B1 , ABCB11 and ABCB4 . Phe
notypes range from benign recurrent intrahepatic
cholestasis (BRIC), associated with recurrent cholestatic
attacks, to progressive FIC (PFIC). Patients often
suffer from severe pruritus and eventually progressive
cholestasis results in liver failure. Currently, first-line
treatment includes ursodeoxycholic acid in patients with
ABCB4 deficiency (PFIC3) and partial biliary diversion
in patients with ATP8B1 or ABCB11 deficiency (PFIC1
and PFIC2). When treatment fails, liver transplantation
is needed which is associated with complications
like rejection, post-transplant hepatic steatosis and
recurrence of disease. Therefore, the need for more
and better therapies for this group of chronic diseases
remains. Here, we discuss new symptomatic treatment
options like total biliary diversion, pharmacological
diversion of bile acids and hepatocyte transplantation.
Furthermore, we focus on emerging mutation-targeted
therapeutic strategies, providing an outlook for future
personalized treatment for inherited cholestatic liver
diseases.
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Core tip: Familial intrahepatic cholestasis (FIC) is a
group of autosomal recessive liver diseases charac
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with ATP8B1 deficiency have normal serum gammaglutamyl transferase (GGT) activity. In line with its
broad expression, multiple organ systems besides
the liver can be affected by the loss of function of the
ATP8B1 protein. The high incidence of extrahepatic
features such as diarrhea, pancreatitis and hearing
loss, distinguishes ATP8B1 deficiency from the other
[7-9]
FIC subtypes . Like in ATP8B1, mutations in ABCB11
can also result in mild (BRIC2) as well as severe choles
tasis (PFIC2) and GGT activity is normal. Therefore,
these two subtypes are referred to as low-GGT FIC.
ABCB11 deficiency specifically is associated with the
development of cholelithiasis and a considerable risk for
[10,11]
hepatobiliary malignancies
. In contrast, mutations
in ABCB4 predispose to several hepatobiliary disorders,
such as transient neonatal cholestasis, low phospholipidassociated cholelithiasis and cholangiocarcinoma, but
[5,12]
most frequently PFIC type 3
. Serum GGT is always
elevated and no extrahepatic features or association
with malignancies is described.
Recently, the tight junction protein 2 gene (TJP2)
[13]
was found to be associated with low-GGT PFIC too .
This disease is now referred to as PFIC type 4. The
TJP2 gene encodes tight junction protein-2, which is
not a transporter but involved in the organization of
epithelial and endothelial intercellular junctions that,
in the liver, separate bile from plasma (Figure 1). Still,
some of the patients with low-GGT FIC do not have
mutations in either of these genes, indicating that
other genes might be involved.
This review will discuss the current therapeutic
regimen as well as the development of novel thera
peutic strategies for FIC, focusing on surgical and
pharmacological biliary diversion, hepatocyte trans
plantation and mutation-specific therapy.

terized by intrahepatic cholestasis. Phenotypes vary
from only episodic disease to progressive FIC. Current
therapeutic options are often insufficient to prevent
progression of the disease. This review will discuss the
current therapeutic regimen as well as the development
of novel therapeutic strategies, focusing on surgical
and pharmacological biliary diversion, hepatocyte
transplantation and mutation-specific therapy.
van der Woerd WL, Houwen RHJ, van de Graaf SFJ. Current and
future therapies for inherited cholestatic liver diseases. World J
Gastroenterol 2017; 23(5): 763-775 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/763.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.763

INTRODUCTION
Familial intrahepatic cholestasis (FIC) comprises a
group of rare cholestatic diseases with autosomal
recessive inheritance, which are classified based on
[1]
their genetic defect . Three of the responsible mutated
genes, namely ATP8B1, ABCB11 and ABCB4, were
identified in 1998 and the corresponding diseases are
now generally referred to as ATP8B1, ABCB11 and
[2-4]
ABCB4 deficiency . The gene products are specific
canalicular transport proteins (Figure 1). ATP8B1
is an aminophospholipid flippase that is probably
important for maintaining lipid asymmetry of the
plasma membrane. Disturbances in the membrane
composition might interfere with the function of other
transmembrane proteins including the bile salt export
pump (BSEP, ABCB11) that is encoded by ABCB11.
BSEP accounts for the active transport of bile salts into
the canalicular lumen thereby generating bile flow.
Dysfunction will result in accumulation of bile salts in
hepatocytes with subsequent hepatocellular damage.
Finally, ABCB4 encodes the multidrug resistance
protein 3 (MDR3, ABCB4), a phosphatidylcholine
(PC) floppase, responsible for the biliary secretion
of phospholipids. Impaired PC secretion prevents
proper micelle formation resulting in the presence
[5]
of potentially harmful free bile salts . ABCB11 and
ABCB4 are localized solely at the canalicular membrane
of hepatocytes, while ATP8B1 is abundantly expressed
in a wide variety of other tissues such as the small
intestine, bladder, ear and pancreas.
Patients with FIC usually present in infancy with
cholestasis and associated problems like pruritus and
malabsorption. Progressive cholestasis eventually
results in liver failure. Patients with ATP8B1 deficiency
can have multiple phenotypes ranging from benign
recurrent intrahepatic cholestasis (BRIC1), associated
with recurrent cholestatic attacks, to the more severe
form called progressive familial intrahepatic cho
[6]
lestasis (PFIC1) . In some patients the disease may
present as a clinical continuum starting with BRIC
[6]
and evolving into PFIC . Despite cholestasis, patients
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CURRENT THERAPEUTIC REGIMEN
Non-surgical therapies

Medical therapy: Alongside the standard supple
mentation of fat-soluble vitamins to prevent deficiencies,
two drugs can be used: ursodeoxycholic acid (UDCA)
and rifampicin. UDCA stimulates hepatobiliary secretion
of bile salts. UDCA might enhance bile flow by stimu
lating the impaired targeting of transport proteins
such as BSEP or the conjugate export pump MRP2
(multidrug resistance-associated protein 2, encoded
by ABCC2) to the canalicular membrane via activation
[14,15]
of a complex signaling network
. Antiapoptotic
effects of UDCA conjugates may also contribute to
protection of hepatocytes. Treatment with UDCA is
first-line therapy and effective in more than half of
[16]
the patients with ABCB4 deficiency . In patients
with low-GGT PFIC, the response to UDCA therapy
was less promising, but still resulted in improvement
of serum transaminase levels and pruritus in some
[16,17]
patients
. Since it is safe and without major side
effects, treatment can be attempted in these patients,
but in case of progressive liver disease, prompt surgical
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Figure 1 Overview of transporters and sensory proteins involved in hepatic bile flow (regulation). Inherited cholestatic liver diseases are a consequence of
mutations in ATP8B1, ABCB11 (encoding BSEP), ABCB4 (encoding MDR3), or TJP2. These 4 proteins are either expressed in the canalicular membrane or at the
tight junctions of the canaliculi (TJP2). NTCP mediates uptake of conjugated bile acids into hepatocytes. ASBT mediates uptake of bile acids from the lumen into the
enterocyte and OSTab the bile acid export from the enterocyte into the portal circulation. FXR is a nuclear receptor for bile acids, present in multiple tissues, including
liver and intestine. Activation of FXR leads to the enhanced secretion of the hormone FGF19 into the systemic circulation. FGF19 is detected by the heteromeric
receptor FGFR4/βKlotho on hepatocytes leading to repression of CYP7A1, and reduced bile acid synthesis. FXR: Farnesoid X receptor; NTCP: Sodium taurocholate
cotransporting polypeptide; BSEP: Bile salt export pump; ASBT: Apical sodium-dependent bile acid transporter.

Surgical therapies

intervention is needed. Rifampicin might work, at least
in part, by upregulating detoxification enzymes and
export pumps by mechanisms dependent of pregnane
[18]
X receptor . Increased excretion of bile salts in the
urine through stimulation of 6-α hydroxylation could
also contribute to the beneficial effect of rifampicin. In
low-GGT PFIC patients, rifampicin treatment does not
result in improvement of serum transaminases and
[16]
bilirubin and reduces pruritus in only a few patients .
Recently, treatment with serotonin reuptake inhibitors
was suggested for the management of refractory
[19]
cholestatic pruritus in patients with PFIC . Although
the mechanism of action is not clear, pruritus improved
upon treatment in 14 out of 20 patients with PFIC or
Alagille syndrome. Since no severe adverse events were
reported in this group, serotonin reuptake inhibitors like
sertraline could be considered for uncontrolled pruritus.
In BRIC patients, cholestatic attacks eventually
resolve spontaneously without permanent liver damage.
Yet, these episodes can be long-lasting and the pruritus
[7]
impairs quality of life significantly . In contrast to its
marginal effect in PFIC patients, rifampicin is able to
reduce pruritus and even completely abort a cholestatic
episode in BRIC patients. UDCA, on the other hand, is
[16]
rarely effective .

Partial biliary diversion: The purpose of partial biliary
diversion (PBD) is to reduce the enterohepatic circulation
of bile salts, thereby diminishing the accumulation
of these compounds and preventing hepatic injury.
Currently, PBD is therapy of choice in all non-cirrhotic
children with low-GGT PFIC when permanent cholestasis
and/or intractable pruritus is present. This intervention
was introduced in 1988, as partial external biliary
[21]
diversion (PEBD) by cholecystojejunocutaneostomy .
In up to 85% of the non-cirrhotic patients, PEBD is
successful in improving pruritus as well as biochemical
parameters of cholestasis such as serum bile acids,
liver enzymes and bilirubin. Also long-term results
indicate that PEBD might delay or even reverse hepatic
[22,23]
injury
. However, PEBD is associated with the
[24,25]
disadvantage of a permanent stoma
. Therefore,
alternative methods have been explored preventing
the presence of a stoma, including ileal exclusion and
partial internal biliary diversion (PIBD). The latter
procedure is performed by cholecystocolostomy or
using an isolated jejunal loop as a conduit from gall
[26-28]
bladder to mid ascending colon
. At present, only
a few reports are available that describe the long-term
results of these procedures. One study reported inferior
long-term outcome of ileal bypass compared to PEBD
with recurrence of symptoms in 50% of the patients.
The recurrence in this type of procedure is probably
the result of increasing re-absorption of bile acids over
[29]
time . On the contrary, the first long-term results of
PIBD were very promising with outcomes comparable
[30]
to those of PEBD . A potential complication of PIBD
however is choleretic diarrhea resulting from large

Nasobiliary drainage: Another non-surgical inter
vention is nasobiliary drainage, a temporary diversion
of bile established by endoscopically introducing a
[20]
nasobiliary drain . Due to the temporary character,
this therapy is especially useful to abort long-term
cholestatic episodes in BRIC patients. The risk of
procedure-related pancreatitis needs to be considered.
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[30]

amounts of bile salts entering the colon . This problem
occurs regularly but can be managed with the use of
oral bile salt binders (cholestyramine). Furthermore, the
possible side-effects of the direct bile flow on the colonic
mucosa, such as the development of colitis or colon
carcinoma, need to be investigated. Although long-term
results are still limited, PIBD already is frequently used
[30-32]
as a stoma-free alternative for PEBD
.

in a significant reduction or complete disappearance
of pruritus and cholestasis. No clinical signs of fat
malabsorption were encountered, although fatsoluble vitamin levels turned out to be more difficult
to manage than in PBD. If additional long-term results
confirm the safety and effectivity of PIBD, this PBD
variant can also be converted to a TBD by choledochal
duct ligation in patients that do not respond to this
procedure. It is likely that at least some residual bile
salt export capacity is necessary to respond to TBD
and therefore mutation type may be of influence
on the effectivity. The four PFIC1 patients that were
described all beared the same mutation (c.29323C>A), that was shown to predominantly result in
aberrant splicing but also in a small percentage of
[43]
normally spliced product . The exact role of genotype
on the outcome of TBD is still unknown. However, in
accordance with PBD, TBD might also be beneficial
to patients with other mutations in ATP8B1 or JAG1,
as well as to patients with mutations in ABCB11.
Currently, TBD is not recommended as primary therapy
since PBD is already effective in the vast majority of
the patients and the experience with TBD is limited to
only a few patients. Moreover, the long-term effects of
total absence of intestinal bile salts are unknown. This
is especially important as during the last 15 years it
became clear that bile salts are not only necessary for
solubilizing lipophilic nutrients in the small intestine but
can also act as regulatory molecules that are important
in glucose and lipid metabolism. Dysregulation of
these pathways might therefore interfere with various
physiologic processes, with unknown consequences
[44]
in the long run . However, given the good results in
the described patients and the alternative being a liver
transplantation, TBD can be added to the treatment
options for patients with severe low-GGT PFIC and
persisting symptoms after PBD.

Liver transplantation: Biliary diversion will not be
successful if significant fibrosis or cirrhosis is already
present. Therefore, liver transplantation is indicated
for patients with advanced liver disease or persistent
uncontrolled pruritus despite PBD. Living-donor liver
[33,34]
transplantation is also a safe and effective option
.
However, since ATP8B1 deficiency is not confined to the
liver, extrahepatic manifestations can cause significant
morbidity even after transplantation. Features such
as pancreatitis, short stature and hearing loss will
persist and with liver transplantation diarrhea can be
[8,35]
induced or exacerbate
. ATP8B1 is highly expressed
in the small intestine where it might have a role in
[36]
the regulation of reabsorption of bile salts . After
transplantation, normal amounts of bile salts are ex
creted by the hepatic graft while intestinal ATP8B1 is
still impaired. High concentrations of bile salts in the
colon may result in diarrhea which however can be
diminished by treatment with bile adsorptive resin.
Furthermore, significant hepatic steatosis often occurs
after transplantation which can progress to cirrhosis and
[37,38]
may require re-transplantation
. The pathogenesis
of this steatosis is not totally clear, but it might also be
secondary to the continued intestinal malfunction of
ATP8B1 since it coincides with diarrhea in practically all
[37]
patients . Liver transplantation usually gives complete
correction of phenotype in patients with ABCB4 and
ABCB11 deficiency. However, in some patients with
severe ABCB11 deficiency, recurrence has been observed
post liver transplantation as a result of the formation
[39]
of autoantibodies against BSEP . Up to 8% of
transplanted PFIC2 patients develop these antibodies.
Most of these patients had more severe mutations,
[40]
resulting in a total absence of BSEP . Treatment op
tions include changes of immunosuppressive therapy,
depletion of anti-BSEP antibodies by plasmapheresis or
[41]
immunoadsorption or treatment with rituximab . A
second liver transplantation may be necessary, although
almost all re-transplanted patients again developed
recurrence of cholestasis.

Liver transplantation combined with biliary
diversion in PFIC1 patients: Liver transplantation
alone is often not a permanent solution in patients with
severe ATP8B1 deficiency since the graft is frequently
affected by steatohepatitis requiring re-transplantation,
and diarrhea is persistent or even worse after trans
plantation. Diarrhea and malnutrition seem to play an
important role in the development of post-transplant
[37]
steatosis . Recently, biliary diversion has also been
used in combination with liver transplantation to
improve diarrhea and nutritional status in two patients,
which proved to be effective in terms of clinical,
[45-47]
histological and biochemical outcomes
. Again,
the long-term safety of total external drainage needs
to be established. Yet, liver transplantation combined
with variants of biliary diversion seems a promising
solution to reduce the frequent complications post
transplantation.

FUTURE THERAPEUTIC OPTIONS
Symptomatic

Total biliary diversion: In some patients, PBD is not
effective in reducing clinical symptoms and improving
biochemical parameters. For these patients, total biliary
[42]
diversion (TBD) might be useful . In four patients
with ATP8B1 deficiency, of which three did not benefit
from PEBD, total external biliary diversion resulted
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essential role in the etiology of liver damage in PFIC.
Therefore, pharmacological inhibition of bile acid
uptake transporters could be beneficial clinically as
well. The majority of bile acids are absorbed by active
transport in the terminal ileum, mediated by the apical
sodium-dependent bile acid transporter (ASBT) (Figure
1). Using a mouse model for genetic cholestasis,
two studies recently described significantly reduced
liver fibrosis and inflammation upon treatment with
[48,49]
small molecules that inhibit ASBT
. Fecal bile
acid excretion largely increased, providing a likely
explanation for the effect. Although both studies
used Abcb4 knockout mice, which is a model for
PFIC3 or inflammation of bile ducts and not for lowGGT cholestasis, it is well possible that patients with
ATP8B1 or ABCB11 deficiency could be successfuly
treated with such ASBT inhibitors. One possible dis
advantage of this strategy is the increased hepatic
synthesis of bile acids. In this respect, targeting the
ileal basolateral bile acid export, mediated by the
organic solute transporter (OST) OSTα-OSTβ (OSTab),
could be an interesting alternative approach to reduce
hepatic bile acid accumulation (Figure 1). OSTab is
a heteromeric protein, consisting of 2 subunits, both
of which are essential for bile acid transport. OSTa
knockout mice show a less cholestatic phenotype upon
ligation of the common bile duct, related to increased
[50]
loss of bile acids in urine . Notably, OSTa depletion
leads to enhanced intestinal activation of the farnesoid
X receptor (FXR), the main nuclear receptor for bile
acids. FXR activation results in increased secretion
of FGF19, which reduces bile acid synthesis in the
[50,51]
liver
. Unfortunately, no OSTab inhibitors have
been developed to date. Also pharmacological FXR
activation leads to increased production of the FGF19
hormone, which reduces hepatic bile acid synthesis
(Figure 1). Recently, a nontumorigenic FGF19-like
peptide was designed that does not affect proliferation
[52,53]
but reduces bile acid production in humans
. This
peptide effectively reversed cholestatic liver injury in
[54]
Abcb4-deficient mice
and could potentially also be
beneficial in ATP8B1 and ABCB11 deficiency. Finally,
inhibition of hepatic bile acid uptake could be effective
to reduce accumulation of toxic bile acids in the
liver. The first results of clinical trials with Myrcludex
B, a peptidic inhibitor for one of the major uptake
proteins for conjugated bile acids, sodium taurocholate
cotransporting polypeptide (NTCP), have recently
[55,56]
been published
. Myrcludex B was designed to
treat hepatitis B virus (HBV) infections, as NTCP is the
[57,58]
docking platform for HBV uptake
. NTCP inhibition
seems well tolerated, and mice and men lacking NTCP
[59,60]
are viable
. However, effects of Myrcludex B on
cholestasis are not yet reported.

are that the procedure is less invasive, can be repeated
several times and leaves the native liver in situ. The
procedure may delay or even eliminate the need
for liver transplantation. However, scarcity of donor
hepatocytes again is the limiting factor. In addition,
immunosuppression with its associated morbidity
is still necessary. Therefore, alternative cell sources
are being investigated such as induced pluripotent
stem cells (iPSCs) derived hepatocyte-like cells or
[63]
hepatocytes generated by transdifferentiation . Still,
other important issues remain: poor engraftment,
survival and function of the transplanted cells. Since
especially cirrhosis impairs engraftment and survival,
extrahepatic transplantation sites need to be inves
tigated. Furthermore, progress has been achieved
[64]
in the organogenesis from iPSCs. Takebe et al
suc
ceeded in generating vascularized and functional
human liver from iPSCs by transplantation of threedimensional liver buds created in vitro. These liver buds
could also be delivered to extrahepatic sites. However,
the hepatocyte-like cells were not fully differentiated,
as evidenced by lower albumin secretion and lower
expression of hepatocyte specific CYP450 enzymes
compared to primary human hepatocytes. Furthermore,
the absence of cholangiocytes in the organoid might
be a problem, since the bile produced by the organoid
will be released into the circulation. A promising alter
native approach is the clonal expansion of single Lgr
5+ bipotent liver progenitor cells into transplantable
[65]
liver organoids . Upon transplantation in mice, these
ductal organoids differentiate into apparently functional
hepatocytes. In contrast to iPSC derived hepatocytes
or liver buds, the organoid cells are obtained directly
from the liver without the need for genetic modification
or introduction of reprogramming factors, diminishing
[66,67]
the risk of malignancies
. Although several issues
need to be addressed, these techniques might enable
personalized autologous hepatocyte transplantation in
the future. However, for patients with ABCB11 deficiency,
hepatocyte transplantation is probably less suitable,
since premalignant cells are left in place.

Correcting the basic defect

Gene therapy: Despite treatment, the quality of life
and life expectancy of many patients with PFIC are
still limited. Furthermore, in patients with ATP8B1
deficiency, extra-hepatic features persist, even after
liver transplantation. Gene therapy corrects the de
fective gene responsible for disease development
and can be applied to different tissues. However,
multiple barriers are still present, including the vector
genome and transcriptional persistence as well as
the immune response that can limit the viability of
[68]
transduced cells . In addition, genes like ATP8B1 and
ABCB11 are large and therefore difficult to insert into
conventional viral vectors. Alternatively, autologous
transplant with ex vivo genetically corrected stem cells
or hepatocyte-like cells generated from patient derived
iPSCs, may hold promise of success. Because liver

Hepatocyte transplantation: Given the shortage
of donor organs, hepatocyte transplantation might
[61,62]
become an alternative to liver transplantation
.
Additional advantages of hepatocyte transplantation
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[2-4,71-73]

with PFIC have been reported so far
. Most of
them are rare or limited to a specific population. In
line with the classification of CFTR mutations, we can
[74,75]
subdivide these mutations in four classes
. The first
class consists of mutations that cause defects in fulllength protein synthesis resulting in a non-functional
protein. Mutations in this group include nonsense
mutations, splice site abnormalities causing a pre
mature termination codon (PTC) or frame shift, and
frame shifts due to insertions or deletions. The second
class includes mutations resulting in a reduced number
of normal transcripts such as some splicing mutants,
which allow the synthesis of some residual normal
mRNA. This class can also include promotor mutations
that reduce transcription. The third class comprises
mutations associated with impaired trafficking to the
plasma membrane or impaired stability. This can
be due to misfolding and subsequent degradation
but for ATP8B1 might also be the result of disturbed
interaction with CDC50A. The last class comprises
mutants that exhibit no or reduced functionality.
To develop targeted therapies, elucidation of the
molecular effects, caused by the wide-spectrum of
mutations that result in PFIC, is very relevant. Re
cently, the effect of an increasing number of mutations,
resulting in one of the FIC subtypes, has been chara
[43,73,76-82]
cterized
. Knowing the disease mechanism
will allow the classification of mutations according to
their functional defect and will help to choose the most
adequate therapeutic strategy aimed at correcting this
defect (Figure 2).
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Figure 2 Cellular mechanism of cholestasis-causing mutations and
therapeutics. Specific mutations can impair production of full-length ATP8B1/
BSEP/MDR3 protein by induction of premature termination codons (PTC).
Compounds such as aminoglycosides and Ataluren, could potentially induce
read-through of the PTC and allow translation of full-length transporter protein.
Mutations that impair pre-mRNA splicing, protein folding or trafficking can
lead to a reduced number or total absence of functional transporters at the
cell surface. Pre-mRNA splicing could be restored to enhance the levels of
correctly spliced transcripts using modified U1snRNA. Exon specific U1 snRNA
(ExSpe U1) provide a special class of modified U1 snRNA molecules that
could potentially rescue splicing of multiple mutations in a single exon with less
potential side-effects. Misfolded transporters are recognized by the endoplasmic
reticulum (ER) quality control system and are targeted for degradation via the
ubiquitin-proteasome system. Compounds that modulate the cellular protein
homeostasis machinery (proteostasis regulators) can partially rescue the
misprocessing, and restore trafficking to the cell surface, largely via unknown
mechanisms.

Restoration of full-length protein synthesis: PTCs
cause inappropriate termination of translation leading
to a truncated protein, unable to fulfill its functions. If
a PTC is caused by a nonsense mutation, a potential
pharmacological approach is to selectively promote
the translational read-through of the PTC by small
molecules, aiming to restore the expression of a fulllength protein. Compounds that are known to achieve
this goal are the aminoglycoside antibiotics. However,
high intravenous or intramuscular concentrations
are necessary, leading to serious toxicity. Another
compound, PTC124 (Ataluren) was reported to
selectively induce ribosomal read-through of premature
but not normal termination codons. Unfortunately,
clinical trials in patients with CF or Duchenne muscular
[83-85]
dystrophy have shown limited efficacy
. However,
in CF patients that did not take chronic inhaled
tobramycin, small but significant improvements in
[84]
pulmonary function were reported . Nevertheless,
further optimization or discovery of new compounds is
required to achieve clinical efficacy in the future.
Non-functional truncated proteins can also be
caused by mutations interfering with pre-messenger
RNA splicing. Most of the identified disease-associated
ATP8B1 mutations in exon-intron boundaries were
characterized using minigenes, as an alternative
to RNA analysis of affected tissue, comparing the

organoids can be based on the in vitro expansion of a
single progenitor cell, these might also be particular
suitable for genetic modifications. Also in vivo gene
editing using the bacterial CRISPR/Cas system might
[69]
become an option in the future .
Mutation-specific therapy: An alternative approach
is molecular rescue of mutation-specific defects. Since
these strategies target common disease-causing
mechanisms, rare diseases like inherited cholestatic
liver diseases can benefit from the experience in other
diseases sharing the same underlying mechanisms,
such as cystic fibrosis (CF). CF is a multi-organ disease
that predominantly affects the lungs, caused by a
variety of mutations in the CF transmembrane con
[70]
ductance regulator (CFTR) . CF is particularly suitable
to use as a model disease, since it is one of the most
common life-threatening monogenic diseases, clinically
approved drugs are available and new drugs are being
developed.
A considerable number of mutations associated
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[43,86,87]

3)
. The first in vivo data were recently published
showing a significant increase of the percentage
normal splicing in mice with coagulation factor Ⅶ
deficiency or spinal muscular atrophy, without obvious
[87-89]
harmful side-effects
. These promising findings
indicate that this strategy may have broad clinical
potential for the treatment of a large group of genetic
disorders associated with abnormal splicing, including
inherited cholestatic liver diseases.

Wild-type U1 snRNA

Exon

Exon

Modified U1 snRNA

Exon

Exon

Rescue of impaired protein trafficking: The cel
lular pathways involved in maintaining the integrity
of the proteome are collectively referred to as the
proteostasis network. This network coordinates protein
[90]
synthesis, folding, trafficking and degradation .
The inability to restore disturbed proteostasis due to
misfolded proteins leads to disease. In vitro studies
show that some missense mutations, associated with
PFIC type 1, 2 and 3, indeed affect protein processing
and trafficking, preventing the protein from passing
the endoplasmic reticulum (ER) quality control system
[76-80,82,91,92]
with subsequent proteasomal breakdown
.
These mutations include the ATP8B1 mutation p.I661T
and ABCB11 mutations p.E297G and p.D482G,
which are the most frequently found mutations in
[76,79]
European patients
. In addition, nine of the 35
characterized ABCB4 variants also cause retention
[92]
of ABCB4 in the ER . Cyclosporins were identified
as pharmcological chaperones targeting ABCB4
specifically and could improve protein maturation of
[80,82]
some of these mutants
. In contrast to proteinspecific compounds like cyclosporins, proteostasis
regulators are compounds that can manipulate general
proteostasis pathways thereby restoring protein
homeostasis and ameliorate disease. These com
pounds could potentially be beneficial for multiple
rare diseases associated with protein misfolding. One
of these proteostasis regulator compounds is the
histone deacetylase inhibitor 4-phenyl butyric acid
(4-PBA). For some of the ATP8B1, ABCB11 and ABCB4
mutants resulting in retention in the ER, 4-PBA has
been shown to result in a marked induction of plasma
[77,79,92]
membrane expression in vitro
. Recently, also
the first positive in vivo results of treatment with
[93-97]
4-PBA were published
. Five PFIC2 patients were
treated with 4-PBA resulting in partial restoration of
protein expression at the plasma membrane as well
as clinical improvement with disappearance of pruritus
[94-96]
and improved liver tests
. Furthermore, 4-PBA
treatment was successful in aborting a cholestatic attack
[97]
in a BRIC2 patient . Although no beneficial effect
on transaminases, GGT and bilirubin was detected,
treatment resulted in significant relief of intractable
itch in three patients with the progressive form of
ATP8B1 deficiency. However, the effect of 4-PBA on the
biochemical markers of cholestasis and liver histology
might depend on mutation type and the associated
degree of residual ATP8B1 activity.
The most common CFTR mutant F508del also

ExSpe U1 snRNA

Exon

Exon

Figure 3 Schematic of the binding of U1 snRNA to exon-intron boundaries
to initiate the splicing process. Disease-associated nucleotide changes
can affect the recruitment of the cellular splicing machinery, resulting in splice
defects. Modification of the U1 snRNA sequence to restore base-pairing
between U1 snRNA and the exon-intron boundary can restore splicing. The use
of exon-specific U1 constructs, binding at less conserved intronic regions (ExSpe
U1 snRNA), may reduce the risk of off-target effects. Simultaneously, ExSpe
U1 snRNAs are likely to be effective in a higher number of patients as they can
restore splice defects due to several distinct mutations within a certain exonintron boundary.

splicing patterns of mutant and wild-type exons. All
of them resulted to some extent in aberrant splicing
[43]
resulting in PTCs or large in frame deletions . Also
intronic ABCB11 mutations resulting in abnormal
[81]
splicing, were identified . The splicing process is
normally initiated by binding of the U1 small nuclear
RNA (snRNA) to the pre-messenger RNA splice donor
site (SDS) by specific base-pairing to the last three
nucleotides of an exon and the first six nucleotides
of an intron (Figure 3). Mutations interfering with the
SDS may reduce complementarity with the U1 snRNA
and disturb the splicing process. In vitro, modified U1
snRNA constructs, matching the mutated SDS, could
rescue splicing very efficiently for a specific group of
ATP8B1 splice-site mutations located at splice donor
[43]
as well as splice acceptor sites . This same strategy
can also be used for the splice site mutations in class
2. Two advantages of the U1 technique compared to
conventional gene replacement therapy are that i) the
endogenous regulation of transcription is preserved
and ii) the small size of the U1 snRNA construct is
better suited for insertion in viral vectors. Furthermore,
it is becoming increasingly evident that also exonic
changes are frequently responsible for missplicing.
For instance, a considerable number of missense
mutations and single nucleotide polymorphisms in
[78]
ABCB11 resulted in aberrant pre-mRNA splicing .
Treatment with modified U1 constructs might therefore
be applicable to even more patients. However, the
safety and efficacy in vivo of such treatment needs
to be investigated. The use of exon-specific U1
constructs, binding at less conserved intronic regions,
may reduce the risk of off-target effects (Figure
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impairs protein folding and various CFTR correctors
have been discovered to rescue this misfolding. Some
of these CFTR corrector compounds were shown to
overcome the trafficking block of ATP8B1 mutant
p.I661T at the ER, presumably acting as proteostasis
[98]
regulators . In addition to 4-PBA, six compounds
were able to significantly enhance the plasma mem
[98]
brane expression of p.I661T-ATP8B1 in vitro . Two
of these compounds were already approved by the
Food and Drug Administration for the management of
other diseases. This will facilitate the clinical application
of these compounds for other indications. Moreover,
these data show that p.I661T-ATP8B1, after leaving
the ER, is likely to reach its proper location at the
canalicular membrane. Evaluation of the functionality
of the corresponding p.L622T mutation in P4-ATPase
family member ATP8A2, suggested that p.I661T-ATP8B1
maintains functionality. In line with these findings,
the transport function of ABCB11 mutants p.E297G
and p.D482G, associated with impaired membrane
[76]
trafficking, remained largely unchanged .
The clinical effect of the most promising CFTR
[99]
corrector, VX-809, was disappointing in CF patients .
Despite very promising pre-clinical results of some
proteostasis regulator compounds, it needs to be
evaluated whether these will indeed be clinically
meaningful in PFIC patients. Combination therapy
with multiple proteostasis regulator compounds
acting at different steps along the folding pathway
may however provide a basis for a more effective
intervention. Combination of the two most promising
corrector compounds (suberoylanilide hydroxamic
acid, SAHA and compound C4) in vitro did result in
an additional improvement of ATP8B1 cell surface
[98]
abundance . Moreover, it is important to consider
that modulating protein misfolding by targeting the
proteostasis network is one of the few treatments that
potentially can also improve the extrahepatic features
in patients with ATP8B1 deficiency. Therefore, these
proteostasis regulator compounds hold promise for the
future treatment of well-defined patients with inherited
cholestatic liver disorders.

the characterization of the patient-specific underlying
disease-mechanism. Molecular analysis can be used
to predict disease phenotype and determine the
optimal treatment strategy, most likely to benefit the
individual patient. Since residual activity might be
one of the main predictors of a positive treatment
outcome, a complicating factor in this analysis is that
representative functional assays for ATP8B1 remain
[100,101]
challenging
. ATP8B1 mutations are often in
residues that are conserved across the P4-ATPase
subfamily. It is therefore also possible to consider
measuring the potential impact of these mutations in
another P4-ATPase with well characterized transporter
activity and specificity such as family member ATP8A2.
This ATP8B1 homologue exhibits ATPase activity that
is stimulated by phosphatidylserine and to a lesser
degree phosphatidylethanolamine and was previously
used to evaluate the possible functional consequences
[98]
of p.I661T-ATP8B1, showing preserved functionality .
In addition, a cellular assay for characterizing P4ATPase-mediated transport in living yeast cells was
[102]
developed .

Pre-clinical assay

The success of personalized medicine depends on
having accurate tests that identify patients who can
benefit from targeted therapies, avoiding costly
treatments with limited benefits and possible side
effects. Regular in vitro assays using artificial cell
lines can be used as pre-clinical assays. However, it
is essential that the results of such an assay have a
high predictive value for the actual clinical outcomes.
Therefore, it is attractive to evaluate the treatment
efficacy in a patient’s native cellular and genetic back
ground. Now, iPSCs from patient specific cell sources,
such as skin fibroblast, hair follicle cells, patient blood
samples and even urine containing small amount of
epithelial cells, can be generated. These iPSCs and
iPSC-derived hepatocytes can serve as disease model.
iPSC-derived in vitro models can be used to confirm a
genetic diagnosis, demonstrate mutation pathogenicity
and they can also serve as the basis for drug screening
or gene therapy optimization. Patient-specific liver or
intestinal organoids could be even better pre-clinical
[103]
disease models . Although a liver biopsy is necessary,
growing an organoid culture from actual patients might
show specific defects and will facilitate the determination
of specific treatment regimens. Notably, organoids from
patients with other liver diseases such as α1-antitrypsin
deficiency and Alagille syndrome mirrored the in vivo
[67]
pathology . It might also be possible to use these
organoids for indirect functional assays since they can
readily be converted into functional hepatocytes in vitro.
Functional organoid cells secrete albumin as well as bile
salts into the medium and exhibit adequate detoxifying
qualities. By evaluating these parameters, disease
severity and therapy response might be predicted.
Given the broad tissue expression of ATP8B1, patient-

TOWARDS PERSONALIZED THERAPY
Molecular characterization

The new therapeutic options described here hold
promise for the future treatment of specific subgroups
of patients with FIC, paving the way to the development
of personalized treatment based on molecular profiles.
Below, we describe our view on the challenging route to
deliver the benefits of this in vitro work to the patients.
The majority of the mutations still cannot be assigned
to a specific mutational class with certainty, due to
the absence of molecular characterization. Further
more, some mutations may be included in multiple
classes, making rescue therapy even more difficult to
achieve. Therefore, the first step, after genotyping, is

WJG|www.wjgnet.com

770

February 7, 2017|Volume 23|Issue 5|

van der Woerd WL et al . Therapies for inherited cholestatic liver disease
derived rectal organoids might be a suitable alternative
modelsystem for evaluation of drug-response in patients
with ATP8B1 deficiency, circumventing the risk of a liver
biopsy.

3

Clinical efficacy

On the basis of pre-clinical results, patients can be
selected that are suitable for a specific therapy. The
ultimate way to verify in vitro drug responses in vivo,
is a randomized controlled trial. However, given the
low number of patients per mutation, it is practically
impossible to conduct such trials. Single patient trials
[104]
can be considered . Single patient trials, also known
as n-of-1 trials, are multi-period crossover experiments
comparing two or more treatments within one patient.
These trials are only suitable for evaluating long-term
treatments for chronic conditions with stable treatment
response, quick onset of treatment effect and only
modest carryover effects. For most therapies, these
data will be unknown and also patients with rapidly
progressive disease are not eligible. Furthermore, to
evaluate the effect of mutation-specific therapy, we
need an objective in vivo read-out of response. For
patients with PFIC we can use biochemical parameters
such as serum liver enzymes and bile acids. However,
this is impossible for patients with episodic disease
since biochemical parameters normalize in between
the cholestatic attacks. In addition, the duration in
between episodes is unpredictable. Currently, treatment
effect and drug efficacy might therefore be hard to
prove, especially in BRIC patients. Still, a lot can be
learned from the experience with these therapies in
other, more frequent, diseases with a comparable basic
defect, like CF.

4

5

6

7

8

9

10

CONCLUSION
Recently, important steps were taken towards a more
personalized treatment strategy for FIC patients
focusing on mutation-targeted therapeutic strategies.
Promising mutation-specific therapies, like the use
of modified U1 snRNA and proteostasis regulators,
have much broader potential, and can also be applied
to other genetic diseases that are associated with
defective pre-mRNA splicing or impaired protein
folding. This will facilitate the movement from concept
to clinical use enormously. Further research should
focus on the establishment of a solid functional assay
for ATP8B1, representative patient-specific preclinical
assays as well as a good clinical read-out, to make
personalized therapy a reality.
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REVIEW

To screen or not to screen? Celiac antibodies in liver
diseases
Janaína Luz Narciso-Schiavon, Leonardo Lucca Schiavon
anemia, diarrhea, fatigue, weight loss, and abdominal
pain. CD has been reported in patients with primary
sclerosing cholangitis, primary biliary cholangitis, au
toimmune hepatitis, aminotransferase elevations,
nonalcoholic fatty liver disease, hepatitis B, hepatitis
C, portal hypertension and liver cirrhosis. We evaluate
recommendations for active screening for CD in patients
with liver diseases, and the effect of a gluten-free diet
in these different settings. Active screening for CD is
recommended in patients with liver diseases, particularly
in those with autoimmune disorders, steatosis in the
absence of metabolic syndrome, noncirrhotic intra
hepatic portal hypertension, cryptogenic cirrhosis, and
in the context of liver transplantation. In hepatitis C,
diagnosis of CD can be important as a relative contra
indication to interferon use. Gluten-free diet ameliorates
the symptoms associated with CD; however, the asso
ciated liver disease may improve, remain the same, or
progress.
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Core tip: Liver involvement in celiac disease (CD) has
been reported for more than four decades. However,
CD antibodies are seldom investigated by clinicians in
routine hepatology consultations. In this article, we
perform extensive literature review on liver and CD and
evaluate if one should screen for celiac antibodies in
various liver diseases and clinical settings.
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Narciso-Schiavon JL, Schiavon LL. To screen or not to screen?
Celiac antibodies in liver diseases. World J Gastroenterol
2017; 23(5): 776-791 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i5/776.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i5.776

Abstract
Celiac disease (CD) is a systemic immune-mediated
disorder triggered by dietary gluten in genetically
predisposed individuals. The typical symptoms are
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IgA, and has been recommended as a novel diagnostic
[17,18]
technique for CD
. Because no diagnostic test is
100% effective in diagnosing CD, a combined search
for celiac antibodies is recommended for optimal
[19,20]
diagnostic accuracy
. Hence, combined antibodiy
kits have been made commercialy available and have
demonstrated excellent diagnostic performance; they
may soon be added to the procedures in diagnostic
[21]
flow charts .
Small intestinal biopsy has been central to the
confirmation of diagnosis of CD since the late 1950s.
Nowadays, distal duodenal biopsies (4-8 fragments)
reveal typical histological findings: villous atrophy, crypt
[9]
hyperplasia, and lymphocytic inflammatory infiltrate .
It is important to point out that positive serology with
[22]
normal histology, formerly termed latent CD , are
[23]
now defined as potential CD . The American College
of Gastroenterology recommends human leukocyte
antigen (HLA) testing for DQ2 and DQ8 when there
is disagreement between serological and histological
[24]
results ; however, certain authors perform HLA
determination in patients with positive anti-tTG and
[25]
negative EmA to identify false-positive tTG results .
Liver involvement in CD has been widely described in
[26]
case reports and case series in the past four decades .
[27]
In London in 1973, Thatcher et al reported a case of
Turner’s syndrome with CD, thin bones, and abnormal
liver function tests. Nowadays, it is well known that
hepatic steatosis is the most frequent finding in Tur
[28]
ner’s syndrome , but architectural changes in the liver,
including cirrhosis and biliary lesions such as primary
[29]
biliary cholangitis (PBC), have also been described .
CD has been associated not only with autoimmune
liver diseases such as primary sclerosing cholangitis
(PSC), PBC, and autoimmune hepatitis (AIH) but
also with viral hepatitis B and C, and nonalcoholic
steatohepatitis, as well as with Wilson’s disease,
[30]
cirrhosis, and portal hypertension . Swedish epide
miological studies have revealed that patients with
CD have a 2-6-fold increased risk of future liver
disease and an 8-fold increased risk of mortality from
[31,32]
liver cirrhosis
. The development of autoimmune
disorders in CD has been related to the age at diag
[33]
nosis . Early diagnosis and treatment of CD is not
associated with an increased prevalence of auto
immune disorders, and autoimmune disorders develop
[33]
in individuals with unrecognized and untreated CD .
Nonetheless, AIH has been reported in patients with
[34]
treated CD .
The aim of the present study was to perform
extensive literature review to organize published data
on liver and CD and evaluate if one should screen for
celiac antibodies in various liver diseases and clinical
settings.

INTRODUCTION
Celiac disease (CD) is a systemic immune-mediated
disorder triggered by dietary gluten in genetically
predisposed individuals. Its typical symptoms are
anemia, diarrhea, fatigue, weight loss, and abdominal
[1]
pain . Therefore CD is always considered as a diffe
rential diagnosis for malabsorption syndrome and
iron-deficiency anemia, but it is often overlooked as
[2]
a differential diagnosis for liver diseases . Its clinical
presentation can comprise varied symptoms, including
musculoskeletal, neurological, endocrine, kidney,
heart, lung, and liver manifestations, concomitant with
[1,3-5]
other autoimmune diseases and malignancies
.
The serological diagnosis of CD is based on the
presence of the following antibodies: antigliadin (AGA)
immunoglobulin A (IgA) and immunoglobulin G (IgG),
antiendomisyal antibody (anti-EmA), antitissue trans
glutaminase (anti-tTG), and antideamidated gliadin
peptide (anti-DGP). AGA has become obsolete and
is no longer recommended for diagnosis in the adult
population owing to its low levels of sensitivity and
[6,7]
specificity . Anti-EmA testing is performed using
an indirect immunofluorescence assay and detects
CD with lower levels of sensitivity than other modern
serological assays, particularly in the presence of IgA
[8]
deficiency . However, EmA antibody is an extremely
specific marker of mucosal damage in untreated
patients and has been indicated as a useful diagnos
[7,9]
tic tool . Anti-tTG enzyme-linked immunosorbent
assay (ELISA) exhibits optimum sensitivity and lack
of specificity with positive predictive values that are
significantly lower than those obtained for the EmA
[10]
assay . Therefore, tTG IgA has been recommended
as the most efficient single serological test for the
detection of CD, whereas EmA IgA can be used as a
confirmatory test in case of borderline-positive (low
titers) or possibly false-positive results of tests for
anti-tTG IgA that may occur in other autoimmune
[7,9,11]
diseases
. Selective IgA deficiency affects appro
[12]
ximately 2%-5% of patients diagnosed with CD .
Majority of serological tests for CD are IgA based;
consequently, these tests do not identify individuals
who have both CD and selective IgA deficiency.
Therefore, IgA levels must be tested along with other
autoantibodies, and individuals with IgA deficiency
[13]
should go through an IgG-based antibody test .
A decade ago, anti-DGP had been introduced as a
[14]
diagnostic tool for CD . tTG mediates its effects
through an ordered and specific deamidation of certain
glutamines to glutamates, increasing the antigenicity
of peptides; this deamidation creates an epitope
that efficiently binds to DQ2 and is recognized by
[15]
gut-derived T cells . Nowadays, both DGP and tTG
antibodies are considered as serological hallmarks
[16]
of CD . There is new serological biomarker for CD
available: the tTg neo-epitope (tTg-neo), with high
[17]
sensitivity and specificity . tTg-neo IgG has demon
strated better performance when compared to the tTg-
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Table 1 Studies regarding the association of primary sclerosing cholangitis and celiac disease
Type of
article

Symptoms

Celiac
antibodies

Duodenal
biopsy

Response to
gluten-free diet

Liver
biopsy

ERCP

3

Weight loss,
steatorrhoea

No

Typical1

Yes

Yes

Yes

69

Screening

-

-

-

Case report

1

No

Typical1

Yes

Yes

Yes

Case report

2

Diarrhea,
weight loss,
growth
retardation
Anemia

AGA IgA (+)

Yes

Yes

Yes

-

Italy, 1996

Case report

1

Diarrhea

No

Yes

Yes

Yes

Sweden, 1994

1

Folic acid
deficiency

AGA (-)

Yes

Yes

Ulcerative
colitis
Ulcerative
colitis
Hashimoto’s
thyroiditis
-

Fracassetti
et al[36]
Tysk[41]

Case report

Villous
atrophy
Villous
atrophy
Typical1

France, 1994

Brazier et al[44]

Italy, 1998
United
Kingdom,
2001
Finland, 2002

Venturini
et al[49]
Gow et al[50]

Case report

Abstract

No. of
patients

55% AGA (+) 0/26 altered

EmA (+)

Comorbidities Country, year
2 Chronic
ulcerative
colitis
-

Ref.

United States,
1988

Hay et al[35]

Ireland, 1992

MacMathuna
et al[46]
Lacaille et al[37]

Chronic colitis France, 1995
Turner’s
syndrome

Case report

2

Weight loss

EmA (+)

Typical1

Yes

Yes

Yes

Case report

1

Anemia

No

Not
mentioned

Not mentioned

Yes

Yes

Rheumatoid
arthritis

Case series

1

Villous
atrophy

No adherence

Yes

Not
mentioned

Not
mentioned

Case report

2

Typical1

Yes

Yes

Yes

Ulcerative
colitis

Poland, 2002

Habior et al[43]

Prospective
cohort

61

100% (1/1)
Typical1

Yes

Yes

Yes

-

Italy/Spain
2002

Volta et al[52]

Case report

2

Villous
atrophy

Yes

No

Yes

Ulcerative
colitis

Case report

1

Typical1

Yes

Yes

Yes

-

Case report
Prospective
cohort
Case report

1
155

Typical1
-

Yes
-

Yes
-

Yes
-

-

Typical1

Yes

Yes

No, MRC

-

1

Diarrhea
tTG (+)
Protruding
EmA (-)
abdomen
Failure to
thrive
Active
EmA (+)
tTG (+)
screening for
CD
Active
1.6% EmA (+)
screening for 3.3% tTG (+)
CD
Weight loss,
EmA (+)
steatorrhoea
Routine UDE
Diarrhea
Screening
Short stature
and anemia

AGA (+)
EmA (+)
EmA (+)
3% EmA (+)
9% tTG (+)
tTG (+)

Kaukinen
et al[51]

United
Wurm et al[42]
Kingdom,
2003
United States,
Al-Osaimi
2004
et al[53]
Spain, 2005 Cadahía et al[54]
United States, Rubio-Tapia
2008
et al[48]
Saudi Arabia, Al-Hussaini
2013
et al[55]

1

Vilous atrophy, crypt hyperplasia, lymphoplasmocytic infiltrate. ERCP: Endoscopic retrograde cholangio pancreatography; MRCP: Magnetic resonance
cholangiopancreatography; AGA: Anti-gliadin antibody; EmA: Endomysial antibody; tTG: Tissue transglutaminase; CD: Celiac disease; UDE: Upper
digestive endoscopy.

disease” and “PSC”, “primary biliary cirrhosis”, “AIH”,
“alanine transaminase”, “nonalcoholic fatty liver disease”,
“hepatitis B”, “hepatitis C”, “portal hypertension”, “liver
cirrhosis”, and “liver transplantation”, in PubMed, with no
data limit. In addition, references of the selected articles
were consulted for relevant articles on the subject.

to a gluten-free diet. Thereafter, a few case reports
have been published (Table 1), some of which do not
include serological diagnosis of CD. CD was diagnosed
“in the old way”: on the basis of histological findings
and clinical response to a gluten-free diet. In several
patients, liver disorder had developed when CD
was still undiagnosed. Most cases exhibited clinical
improvement in intestinal symptoms and anemia with
dietary gluten exclusion, whereas more severe liver
[35-37]
lesions showed no response to dietary changes
.
The association between ulcerative colitis and
[38]
PSC has been well established . CD combined with
[39,40]
ulcerative colitis has also been reported
. Certain
cases described associations among ulcerative colitis,

PSC
[35]

In 1988, Hay et al described the first three cases of
a possible association between PSC and CD observed
at Mayo Clinic. Patients presented steatorrhea, and
CD was assumed based on typical histological findings
of small bowel biopsy and clinical or clinical response
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[35,37,41-43]

[44]

[72]

CD, and PSC, which is very rare
. Brazier et al
reported an association between ulcerative colitis, PSC,
CD, and Hashimoto’s thyroiditis wherein improvements
were observed in liver biochemistry and histology with
a gluten-free diet.
PSC and CD share some of these predisposing HLA
haplotypes. Although it is expected that PSC patients
with HLA DR3, DQ2 haplotype would be at risk of CD,
such patients have previously been noted to exhibit a
more rapid progression of liver disease. Therefore one
could imagine whether or not patients with CD who
develop PSC suffer from more aggressive liver disease
[45]
than those without CD . Although this has not been
specifically studied, in a previous study, patients
with high AGA titers demonstrated advanced portal
[46]
fibrosis .
Based on global reports of less than 20 cases of
PSC and CD, it is not wise to establish a true asso
ciation between both the disorders. This can only
be determined if cholangiography is performed in a
consecutive series of patients with CD and if celiac
antibodies and small bowel biopsies are recorded in
[47]
[46]
all patients with PSC . MacMathuna et al
studied
69 patients with PSC and observed that 55% of
patients presented AGA-positive results, and none of
the biopsied patients (0/26) revealed typical findings
[48]
in duodenal biopsies. Rubio-Tapia et al
evaluated
155 PSC patients with end-stage autoimmune liver
disease; those who expressed HLA-DQ2 or HLA-DQ8
molecules have a high prevalence of CD-associated
antibodies: 9% of these were tTG positive and 3%
were EmA positive.
Taking into account the aforementioned studies, a
diagnosis of CD in patients with PSC requires medical
[47]
awareness of possible coexistence of the two lesions .
In clinical settings, active screening for celiac antibodies
in PSC patients cannot be routinely recommended (Table
[35-37,41-44,46-55]
1
).

prevalence of CD and PBC in the United Kingdom .
A 12-year study of a stable population of 250000
individuals revealed a relative prevalence of PBC in 3%
of 143 patients with CD and a relative prevalence of
[72]
CD in 6% of 67 patients with PBC . Accordingly, in
[73]
Ireland, Dickey et al
reported that the prevalence
of CD in patients with PBC is at least 10 times that
[74]
in the general population. Sorensen et al
reported
a high risk of PBC in patients with CD. The risk was
similar when independently assessed in two separate
national hospital databases during two different study
periods: an incidence ratio of 27.6 in Denmark and
25.1 in Sweden. Conflicting results were published in
[75]
[76,77]
[78]
Sweden , Italy
, and Greece , where researchers
have failed to demonstrate an increased risk of CD in
[79]
patients with PBC. Dickey et al
searched for liver
abnormalities in 129 patients with CD and none of the
patients were positive for AMA.
[25]
According to Bizzaro et al , 26.7% of PBC patients
exhibited tTG positivity on performing at least one of six
different ELISA tests (human recombinant, Eurospital;
human recombinant, Pharmacia; human placenta,
Euroimmun; human red blood cells, Inova; guinea pig
liver, Eurospital; and guinea pig liver, Inova); however,
a true association between PBC and CD was present in
only 2% of patients who exhibited EmA positivity and
showed histological patterns indicative of CD. Moreover,
[80]
Floreani et al
reported a high prevalence of falsepositive results: 27.5% of PBC patients showed serum
IgA-tTG above normal limits, only two patients had
IgA-tTG > 30 IU, and EmA positivity was detected in
only 3.4% of patients. Hence both authors suggest
that, in most cases, the false positive results were
attributable to the type of substrate used in the tTG
assay, suggesting that in PBC patients positive findings
in the anti-tTG antibody assay should be confirmed
[25,80]
using the EmA test
. IgA-tTG is characterized by
wide heterogeneity in the kit’s performance, depending
on both the commercial assay variant used and the cutoffs provided by the supplier. The significant range of
[11]
test accuracies are haphazard . In fact, high-titer IgAtTG antibodies are specific for detecting CD, whereas in
the lower range of titers, there is a broad overlap with
[81]
other gastrointestinal and liver diseases . Studies on
screening CD in patients with PBC are listed in Table 3.
In regions with a low prevalence of CD, in the
absence of clinical suspicion, the cost benefit of rou
tinely screening all patients with PBC for CD remains
debatable. In addition, gluten-free diets have failed to
improve liver biochemistry in patients with coexistent
[58,61,72]
PBC
. The Neuberger report of two patients
with PBC who had been referred to their liver unit
in the United Kingdom for transplantation because
of deteriorating liver tests, lethargy, and diarrhea is
noteworthy; however, these patients were diagnosed
and treated for CD, with consequent improvements so
[82]
that transplantation was no longer needed . Abenavoli
[83]
et al reported a case of association among CD, PBC,
and H. pylori infection, wherein a short period of gluten-

PBC
Recently, the governing boards of both the European
Association for the Study of the Liver (EASL) and
American Association for the Study of Liver Diseases
have approved the change of nomenclature for PBC
[56,57]
from “primary biliary cirrhosis” to “PBC”
.
The first report of CD in patients with PBC was
[58]
published in 1978 . Four patients presented chara
cteristic symptoms of CD, typical findings on jejunal
biopsy, and clinical improvement with a gluten-free
diet. Since then, concomitancy of the two diseases has
[59-71]
been extensively reported in several cases
(some
of these are enlisted in Table 2), and other disorders
have been reported in association with both diseases,
including serum IgA deficiency, dermatitis herpetiformis,
renal tubular acidosis, Sjögren syndrome, bacterial
overgrowth, osteomalacic myopathy, Fanconi syndrome,
and Helicobacter pylori (H. pylori) infection.
In 1998, Kingham and Parker studied the relative

WJG|www.wjgnet.com

779

February 7, 2017|Volume 23|Issue 5|

Narciso-Schiavon JL et al . Celiac antibodies in liver diseases
2

Table 2 Case reports regarding the association of primary biliar cholangitis and celiac disease
Number of
patients

Symptoms

Celiac
antibodies

Duodenal
biopsy

Response to
gluten-free diet

Liver
biopsy

AMA

Comorbidities

Country, year

Ref.

Weight loss,
steatorrhea, anemia
Weight loss,
diarrhea, anorexia
Malabsorption
Diarrhea, anemia,
short stature

No

Typical1

Yes

Yes

(+)

Scotland, 1978

Logan et al[58]

No

Typical1

Yes

Yes

No

serum-IgA
deficiency
-

No

(+)
(+)

-

No

Poor adherence
Yes, but PBC
was diagnosed
afterwards
Yes

Yes
Yes

Dermatitis
herpetiformis
Anemia

Typical1
Subtotal
villous
atrophy
Typical1

Yes

(+)

AGA (-)

Typical1

Yes

Yes

(+)

Weight loss,
diarrhea
Weight loss, anemia
Diarrhea

No

Typical1

Yes

Yes

(+)

Dermatitis
herpetiformis
Renal tubular
acidosis, Sjögren
Syndrome
-

No
No

Typical1
Typical1

Yes
Yes

(+)
(+)

Diarrhea, weight
loss
Weight loss,
steatorrhea
Anemia

AGA (+)

Typical1

Yes
Yes, but PBC
was diagnosed
afterwards
No

Yes

AGA (+)
EmA (+)
EmA (+)

Typical1

Yes

Typical

1

Diarrhea, weight
loss

EmA (+)

1
1

Inability to walk,
anemia
Bone pain

1
1

Dispepsia
Diarrhea, bloating

AGA (-)
EmA (-)
AGA (+)
EmA (+)
tTG (+)
tTG (+)
EmA (+)
tTG (+)

4
1
1
1

1
1

1
1
1

1
1
1

United
Lee et al[59]
Kingdom, 1978
Canada, 1979
Iliffe et al[60]
Ireland, 1983 Shanahan et al[62]

Norway, 1985 Gabrielsen et al[64]
Ireland, 1987

Whitehead et al[68]

Ginn et al[69]

-

United States,
1992
Canada, 1994
Germany, 1994

Freeman[70]
Löhr et al[196]

(+)

-

Spain, 1994

Gálvez et al[97]

Yes

(+)

Yes

No

Typical1

Yes

Yes

(+)

United States,
1998
United States,
2002
Italy, 2004

DiBaise et al[71]

Yes

Bacterial
overgrowth
-

Fracchia et al[98]

Typical1

Yes

Yes

(+)

Turkey, 2008

Demirag et al[99]

Typical1

Yes

Yes

(+)

Paris, 2008

Terrier et al[100]

Typical1
Typical1

Yes
Yes

Yes
Yes

(+)
(+)

Italy, 2010
India, 2013

Abenavoli et al[83]
Lodh et al[101]

Renal tubular
acidosis, Sjögren
Syndrome,
Graves’ disease
Osteomalacic
Myopathy
Fanconi syndrome

Helicobacter pylori

Sedlack et al[84]

1

Vilous atrophy, crypt hyperplasia, lymphoplasmocytic infiltrate; 2Case reports for which we had access to the full text. ERCP: Endoscopic Retrograde
Cholangio Pancreatography; MRCP: Magnetic resonance cholangiopancreatography; AGA: Anti-gliadin antibody; EmA: Anti-endomysial antibody; tTG:
Tissue transglutaminase.

CD is strongly linked to HLA-DQ2; HLA associations
are less clearer and vary among report centers and
[86]
different ethnic populations . Intestinal permeability
is increased and disrupted intestinal barrier function
[87,88]
has been reported
. Such changes can lead to an
augmented absorption of toxins or antigens into portal
blood, which can lead to the hepatic injury observed
[89]
in such patients . It is suggested that immune
complexes are formed with molecular mimicry, and
this mechanism mediates tissue damage; however,
[90]
no specific antigen has been identified . It has been
proposed that chronic bacterial exposure may initiate
the development of antibodies, which then cross react
[91,92]
with human antigens in PBC patients
. Alternatively,
diminished function of suppressor T cells in patients
with both diseases might allow effector cytotoxic
lymphocytes to attack a modifying antigen such as
[90]
gluten . These effector cells might then recognize an
attack on a patient’s histocompatibility antigens, which

free diet associated with eradication therapy of H. pylori
and ursodeoxycholic acid (UDCA) administration led to
marked histological and serological improvements in
[84]
PBC. In addition, Sedlack et al demonstrated clinical
and biochemical improvements with a gluten-free diet
and UDCA. However, it is important to point out that
the patient received the recommended treatment for
CBP, which was most likely responsible for the hepatic
improvements.
Therefore, it is important to recognize that pa
tients with these two conditions may share several
common clinical features. Weight loss, malabsorption,
steatorrhea, bone disease, and elevated alkaline
phosphatase are frequently observed in both disea
[58,71,85]
ses
. Hence, they may not be readily recognized
during the early stages.
Numerous theories have been considered to
explain the concomitant presence of CD and PBC.
A genetic connection has not been determined as
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Table 3 Research on screening celiac disease in patients with primary biliar cholangitis
Study

Screening method

Number of positive patients

Typical duodenal
1,2
biopsy

Prospective

Duodenal biopsy

5/26 (19.2%)

19, 2%

Retrospective

Previous diagnose

2/18 (11.1%)

Not mentioned

EmA IFI > 1:5

6/57 (11%) EmA (+)

7%

Prospective
Prospective
cohort
Prospective

AGA IgG IgA > 1 AU
0/62 (0%) EmA (+)
IgA EmA IFI
11/62 (16%) AGA (+)
malabsorption, haematinic
4/67 (6%)
deficiency, positive
antigliadin antibody,
or CD family history
Prospective
AGA IgA > 25 AU/mL
4/11 (36, 4%) AGA IgA (+)
IgG > 28 AU/mL
1/11 (9%) AGA IgG (+)
EmA IFI > 1:5
1/11 (9%) EmA (+)
Retrospective
EmA IFI > 1:5
10/378 (2.6%) EmA (+) + tTG (+)
tTG IgA ELISA > 140
44/378 (11.6%) EmA (-) + tTG (+)
(stored sera)
AU/mL
Prospective
EmA IFI
3/87 (3.4%) EmA (+)
tTG IgA > 10 IU
24/87 (27.5%) tTG (+)
Prospective
AGA IgA > 50 U/mL
13/62 (21%) AGA (+)
AGA IgG > 50 U/mL
0/62 EmA (+)
EmA IgA IFI ≥ 1:5
6/62 (10%) tTG (+)
IgA tTG > 30 U/mL
Prospective
EmA IFI > 1:5
7/173 (4%) EmA (+)
tTG IgA > 7 AU
5/173 (2.9%) tTG (+)
cohort
AGA IFI
Prospective
IgA tTG > 7 AU
5/48 (10.4%) tTG (+)
IgG anti-Ttg > 30 AU
cohort
EmA IFI
tTG < 1:100
7/115 (6.1%) tTG (+)
EmA IFI
1/115 (0.9%) EmA (+)
AGA Elisa
8/115 (7.0%) AGA (+)
Prospective
Six different ELISA tTG
28/105 (26.7%) tTG IgA (+)
6/105 (5.7%) tTG IgG (+)
cohort

0/0
4/67 (6%)

Response to gluten-free
diet

Country, year

Ref.

No improvement in liver Sweden, 1982
Olsson
biochemestry
et al[61]
No improvement in liver Sweden, 1985
Löfgren
biochemestry or liver
et al[65]
histology
No improvement in liver Ireland, 1997
Dickey
biochemestry
et al[73]
United States/ Volta et al[76]
Italy
No improvement in liver
United
Kingham
biochemestry
Kingdom,
et al[72]
1998

18%

-

Argentina,
1998

Niveloni
et al[102]

1.30%

-

Gillett
et al[103]

0/17

-

United
Kingdom,
2000
Italy, 2002

0/10

-

7/7

No improvement in liver
biochemestry

Italy/Spain
2002.

Volta et al[52]

-

-

Italy, 2003

Bizzaro
et al[104]

1/8

Duodenal histological
improvement

Poland, 2003

Habior
et al[105]

100% EmA (+)
0% tTG (+)

-

Italy, 2006

Bizzaro
et al[25]

Floreani
et al[80]
Greece, 2002 Chatzicostas
et al[78]

1

Vilous atrophy, crypt hyperplasia, lymphoplasmocytic infiltrate; 2Only a small number of patients usually undergo intestinal biopsy. EmA: Antiendomysial antibody; IIF: Indirect immunofluorescence; tTG: Anti-tissue transglutaminase; ELISA: Enzyme-linked immunosorbent assay; CD: Celiac
disease; AGA: Anti-gliadin antibody.

are present in high concentrations in biliary as well as
[90]
intestinal epithelial cells . Moreover, tTG is present
in the liver and in other tissues besides the intestinal
basal membrane, which suggests a pathological role
of humoral immunity (anti-tTG) in the hepatic injury
[93,94]
observed in patients with CD
.
Screening for CD in patients with PBC is reco
mmended because a gluten-free diet may remit CD
symptoms and prevent the development of other
[95,96]
autoimmune diseases and intestinal malignancies
[25,52,61,65,72-73,76,78,80,102-105]
(Table 3
).

microfilaments by the presence of actin, against
intermediate filaments by the presence of vimentin,
and against microtubules by the presence of tubulin,
with a clear predominance of antiactin antibody in
[109,110]
type 1 AIH
. Type 2 AIH is characterized by
the detection of specific antiliver/kidney microsomal
antibody type 1 (anti-LKM1) or infrequently by that of
anti-LKM type 3 (anti-LKM3) and/or antibodies against
[106]
liver cytosol type 1 antigen (anti-LC1)
. The third
type was previously known to be seronegative and
posteriorly characterized by the presence of antibodies
against soluble liver antigen (anti-SLA), which were
later found to be identical with previously described
antibodies against liver pancreas and consequently
[111]
termed as anti-SLA/LP antibodies
. Thus, initial
studies regarding the seroprevalence of CD in AIH
considered the presence of such autoantibodies, typical
histological lesions, hypergammaglobulinemia, and the
absence of viral markers. Since the 1990s, a diagnostic
[112]
scoring system has been used for this .

AIH
AIH has been classified into two or three different
subtypes according to the distribution of autoantibodies
[106]
and clinical presentation
. Although not all authors
[107]
adopt this classification
, type 1 AIH (the most
frequent form) is characterized by the presence of SMA
[106,108]
and/or ANA
. SMA antibodies are directed against
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[160]

An interesting peculiarity is that antifilamentous actin
antibodies have been described in 90% of pediatric and
60% of adult CD patients and has thus been proposed
[110,113]
as a diagnostic tool
. In the presence of CD and
altered liver enzymes, antiactin positivity may reflect
[114]
villous atrophy and may not be diagnostic of AIH .
A genetic link between CD and AIH has been
suggested because both disorders express selected
combinations of genes coding for classⅡHLA molecules
[115]
on chromosome 6 . Coexistence of the two diseases
[106]
has been stated in EASL practice guidelines
. The
prevalence of AIH in adults with CD is 1.6 and in
[116,117]
children is 2%
whereas CD in patients with AIH is
ten times more seroprevalent than that in the general
[118]
population
. A similar tendency has been observed
[117,119,120]
in children
. The clinical impact of a glutenfree diet on the outcomes of liver disorders in patients
[114,119,121]
with AIH is still uncertain
. However, probable
long-term beneficial effects of a gluten-free diet were
suggested because patients with AIH and CD seem less
prone to relapse after immunosuppressive withdrawal
[122,123]
compared with patients with AIH unrelated to CD
.
[34,76,118,122,124-141]
Tables 4 and 5
exhibit different
studies on the association between the two diseases.
Active screening for CD in patients with AIH is strongly
[115,142,143]
recommended
.

cirrhosis and refractory CD has been reported
.
In addition, a pathogenetic link has been proposed
between NAFLD and CD involving gut permeability,
microbiota, and diet, but the pathogenesis of liver
[161,162]
steatosis in CD remains unclear
. Considering
the frequency of subclinical or silent presentations
of CD, patients with NAFLD should be screened for
celiac antibodies when steatohepatitis is present in
the absence of metabolic risk factors and once other
[161,162]
causes of liver disease are excluded
.

HEPATITIS C
HCV might be involved in the breaking of tolerance
to self-antigens and thus in triggering autoreactivity.
HCV has been implicated both in the triggering of
autoimmune diseases and in the development of
[163]
autoantibodies .
The association between CD and hepatitis C is
controversial and is yet to be elucidated. Although
certain authors have reported a higher prevalence of CD
[164,165]
among patients with hepatitis C
, this association
[166]
could not be confirmed in low-prevalence regions
.
Nonetheless, the primary concern is for hepatitis C
patients who will receive interferon-alpha (IFN)-based
treatment because studies have reported severe cases
of overt CD wherein receiving HCV treatment has led to
[163]
the discontinuation of IFN .
Like CD patients, individuals undergoing IFN-based
treatment may present severe diarrhea, refractory
anemia, and hypoferritinemia that may persist after
[167-169]
treatment discontinuation
. An early differential
diagnosis facilitates the appropriate management of
the underlying disease.
The heterogeneity of per capita incomes and health
insurance systems across the world has determined the
necessity to continue the use of IFN-based regimens in
certain nations; however, newer drugs have become the
[170]
first choice in most developed countries . Considering
the aforementioned exposed possibilities, patients
should be screened for CD antibodies before treatment,
and those with positive serology should be selected
for IFN-free treatment regimens. If newer drugs are
unavailable, a gluten-free diet must be preemptively
initiated, and patients should be carefully monitored
[163,164,171]
during the IFN treatment period
. It is important
to emphasize that CD behavior with newer treatments
is unknown, but it seems to be a safer alternative con
sidering its mechanism of action.

Asymptomatic persistent elevation of aminotransferases

Asymptomatic persistent elevation of aminotrans
ferases unrelated to the usual causes of liver disease,
such as nonalcoholic fatty liver disease (NAFLD),
alcohol abuse, viral infection, AIH, or rare genetic
and metabolic disorders, is relatively common among
[144]
patients undergoing outpatient hepatology . Studies
suggest that celiac is the cause of liver disease in up
[145,146]
to 10% of patients with cryptogenic hepatitis
.
On the other hand, hypertransaminasemia has been
reported to be the cause in 9%-40% of individuals
[116,147-151]
with CD
. Abnormal aminotransferases in CD
patients habitually normalize with a gluten-free diet. In
patients with normal pretreatment liver enzyme levels,
a significantly decreased serum levels with a gluten[146,148,151,152]
free diet has been observed
.

NAFLD
NAFLD is a major cause of chronic liver disease, with
an estimated global prevalence of approximately
[153]
24%
. High prevalence rates of obesity worldwide
have influenced the economic and clinical burden of
[154]
NAFLD . When metabolic syndrome is absent, NAFLD
may be related to the concomitant presence of CD.
Individuals with CD are at an increased risk of NAFLD
[155]
compared with the general population
. Among
patients with hypertransaminasemia and biopsyproven NAFLD, approximately 3%, in whom liver
enzymes normalize after 6 mo of a gluten-free diet,
[156-159]
present with CD
. The association between NASH
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HEPATITIS B
Studies that evaluated the coexistence of hepatitis B
and CD have provided no evidence of an association
between the two diseases. When serological screening
for CD is performed in patients with chronic hepatitis B,
EmA and tTG positivity vary in the ranges of 0%-8%
and 0%-10%, respectively, and only 6% exhibit
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Elevated liver enzymes
detected, hypesthesia of
the left
foot, purpura and skin
ulcers of both legs.

Jaundice and pale stools.

Ferropenia

1

1

1

1

Anorexia, severe
diarrhea, rapid loss of
weight,
amenorrhea and anemia.
Jaundice

and elevation of
aminotransferases.

Diarrhea, abdominal
enlargement and
failure to thrive.

1

AIH antibodies

EmA (+)

tTG (+)
AGA (+)
EmA (+)
tTG IgA (+) IgG (+)

SMA (+)
SMA (+)

tTG (+)

tTG IgA (+)

Ema (+)

AGA IgA (+)
AGA IgG (+)

EmA (+)

AGA (+)

?

AGA IgA (+)

AGA IgA and IgG (+)
EmA (+)
Reticulin antibodies
to 1:2000

Celiac antibodies

ANA (+)

-

All negative. Score
probable

ANA (+)

antiactine (+)

SMA (+)

ANA (+)

ASM 1:500
anti-vimentin 1:500
Weight loss,
ANA 1:1280, p-ANCA
fatigue, abdominal pain,
1:2560, SMA 1:1200,
and diarrhea
LKM1 1:50

Anemia, infection

Symptoms

2

1

1

Number of
patients

Typical1

Villous
atrophy

Villous
atrophy

Typical1

Typical1

?

Typical1

Typical1

Duodenal
biopsy
Yes2

Response to gluten-free
diet
Active chronic hepatitis

Liver biopsy

Poor adherence to diet

Developed cirrhosis despite
the diet

Elevation of
aminotranferases despite
the diet.

Liver disease progressed
despite the diet

Poor adherence to diet

gluten-free diet for the
treatment of hepatitis;
case 2: developed AIH
despite the diet

Confirmed the diagnosis of acute AIH

portal tracts, foci of lobular necrosis
and presence
acidophilus bodies
Cirrhosis

Interface lesions and fibrosis of the
portal tract,
Bile duct lesions and ductular
Proliferations.
Moderate to severe
lobular inflammatory activity,
mononuclear portal
inflammation, interface hepatitis, and
portal and periportal
fibrosis with septae; rosetting of liver
cells
and some giant cells.
severe ymphocytic inflammatory
infiltrate
with slight increase of collagen in

With portal bridging necrosis and
fibrosis and a
Peri-portal inflammatory infiltrate of
lymphocytes,
Plasma cells and neutrophils
Moderately active, chronic hepatitis
with

No, developed AIH despite
Chronic inflammation
In the portal area and proliferation of
of a gluten-free diet
the small hepatic
Ductules. Patchy degeneration of the
liver cells.
case 1: poor response to a
Acute hepatitis

Table 4 Case reports regarding the association of autoimmune hepatitis and celiac disease

Multiple sclerosis

Holmes-Adie
syndrome

.-

Cryoglobulinaemia

-

Thyrotoxicosis

Erythroblastopenia

Comorbidities

Italy, 2008

Hungary,
2006

Peru, 2006

Italy, 2004

Switzerland,
2003

Italy, 2003

Finland, 2002

France, 2001

Country, year

Ferrò et al[130]

Csak et al[129]

Tagle et al[128]

Iorio et al[127]

Biecker et al[126]

Leonardi et al[125]

Bridoux-Henno
et al[124]
Arvola et al[34]

Authors
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ANA, SMA, LKM-1,
mitochondrial, antiLC1,
anti-SLA/LP, parietal
cell

ANA+++

intermittent pyrexia and
vomiting, an urticarialvasculitic
rash and joint pains.
antibodies, all negative
Two miscarriages,
ANA +++,
iron deficiency
homogeneous; SMA
anemia, osteopenia
++, anti-dsDNA
0.1527778
and alternating
bowel habit, elevated
aminotransferases
anemia, weakness and
ANA 1:640,
high
aminotransferase levels
SMA 1:320,
pANCA 1:160
Miscontrol of diabetes
ANA 1:160
Altered liver enzymes

Malaise,

Weight loss, anorexia,
fatigue, and diarrhea.

IgA tTG (+)
EmA (-)

tTG (+)

EmA (+)

EmA 1:160

tTG (+)

EmA (+)
tTG (+)
EmA (+)

AGA IgG (+)

AGA IgA (+)

Typical1

Moderately active, chronic hepatitis
with interface lesions
And fibrosis of the portal tracts,
ductular injury and ductopenia.

Yes2

Yes2

Autoimmune
thyroiditis and type
1 diabetes

None

Active hepatitis with piecemeal
necrosis and lympho-plasmacellular
periportal infiltrate
Severe fibrosis

Moderate interface hepatitis and
chronic inflammatory infiltrate, and
foci of necrosis

Lupus

-

Autoimmune
cholangitis overlap,
Autoimmune
thyroiditis

Chronicity (fibrosis stage 1/6).
Chronic

With moderate to marked activity and
minimal

No, developed AIH despite Lymphoplasmacytic hepatitis (portal
of a gluten-free diet
interface and lobular)

Liver disease was
diagnosed on a gluten-free
diet

Flat mucosa No, developed acute liver
failure

Severe
villous
atrophy

Typical1

Typical1

Spain, 2016

Italy, 2013

Italy, 2010

United
Kingdom,
2009

Turkey, 2009

Dieli-crimi
et al[135]

Volta et al[134]

Tovoli et al[133]

Quail et al[132]

Ozaslan et al[131]

[181-184]

[185]

CD has been repetitively reported in association with idiopathic noncirrhotic intrahepatic portal hypertension (NCIHPH)
, including a case of variceal hemorrage .
It has been suggested that in CD, repetitive stimulation by antigens along the portal vein - as well as immune responses to these result in the development of idiopathic
[183]
[186]
portal hypertension . In India, 10% of NCIHPH patients present with biopsy-proven CD . Moreover, the presence of CD predicts reduced transplant-free survival
[187]
[186,188]
in such patients . Current data advises that all patients with unexplained portal hypertension should be screened for CD
, although there is no evidence that

NONCIRRHOTIC PORTAL HYPERTENSION

compatible histological changes
.
[176,177]
[178]
Several studies have reported lower efficacy of anti-HBV vaccines in individuals with CD
, which has been confirmed by a recent meta-analysis . Therefore,
novel immunization strategies have been proposed to ensure complete protection in such cases; these strategies include higher doses of vaccine and/or additional
injection and intramuscular or preferably intradermal administration of booster doses of HBV vaccine because direct administration into the skin can activate an immune
response mediated by dendritic cells through lower doses of antigen as opposed to intramuscular route of administration, which acts on cellular immune response.
Moreover, administration of an additional booster dose of vaccine every 10 years is recommended for all patients with CD, including those who had developed anti-HBs
[179,180]
with vaccine, because it has been shown that CD patients are predisposed to losing their memory antibodies
.

[172-175]

Vilous atrophy, crypt hyperplasia, lymphoplasmocytic infiltrate; 2Patient under corticosteroids and azathioprine. AGA: Anti-gliadin antibody; EmA: Anti-endomysial antibody; tTG: Anti-tissue transglutaminase antibody; ANA:
Anti-nuclear antibody; ASM: Anti-smooth muscle antibodies; anti-LP: Antibodies against liver pancreas; anti-SLA: Antibodies against soluble liver antigen.

1

1

1

1

1

1
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Table 5 Research screening celiac disease in patients with autoimmune hepatitis
Study

Screening method

Number of positive
patients

Typical duodenal
1,2
biopsy

Response to gluten-free
diet

Country, year

Authors

Prospective
cohort

AGA IgG IgA > 1
AU
IgA EmA IFI
EmA
tTG IgA IgG
EmA
tTG IgA IgG
AGA IgA, IgG
EmA IgA
tTG IgA
AGA IgA, IgG
EmA IgA
tTG IgA
?
IgA EmA IFI
tTG ELISA
EmA IgA, IgG

8/181 (4.4%) EmA (+)

5/5

-

United States/
Italy, 1998

Volta et al[76]

7/181 (3.9%) AGA (+)
3/47 (6.4%)

3/3

-

Italy, 2005

Villalta et al[136]

19/140 (14%)

?

No

Italy, 2008

Caprai et al[120]

5/40 (13%)

5/5

Italy, 2008

Diamanti et al[137]

7/15 (47%)

7/7

Mild decrease of
transaminases, but never
a complete normalization
-

Turkey, 2009

Tosun et al[138]

3/278 (1.1%)
4/26 (15%)

?
3/4

-

Germany, 2010
Egypt, 2011

15/79 (19%)

?

Italy, 2013

3/64 (4.7%) tTG (+)
6 previous diagnoses
10/460 tTG + EmA + HLA
-3.50%

3/3
-

All of the 15 patients
achieved sustained
remission when treated
with prednisone
and azathioprine or
cyclosporine
-

Teufel et al[139]
El-Shabrawi
et al[140]
Nastasio et al[122]

Retrospective
Retrospective
Retrospective

Retrospective

Retrospective
Prospective
Retrospective

tTG IgA, IgG

Prospective
Prospective

tTG IgA ELISA
IgA EmA IIF
tTG ELISA
HLA DQ2 DQ8

Iran, 2014
Netherlands,
2014

Najafi et al[141]
van Gerven et al[118]

1

Vilous atrophy, crypt hyperplasia, lymphoplasmocytic infiltrate; 2Only a small number of patients usually undergo intestinal biopsy. EmA: Antiendomysial antibody; IIF: Indirect immunofluorescence; tTG: Anti-tissue transglutaminase; ELISA: Enzyme-linked immunosorbent assay; HLA: Human
leukocyte antigen; AGA: Anti-gliadin antibody.

a gluten-free diet can change the evolution of the
disease or improve survival.

allograft rejection produced a significant decrease in
serum levels of tTG and EmA antibody titers, but the
clinical impact on CD outcomes, particularly on the risk
[48]
of malignancy, remains unclear . The reason(s) behind
the significant and sustained decrease/normalization of
CD related antibody serology after liver transplantation,
particularly in the presence of gluten challenge, is
[194]
obscure
. Regardless, pretransplant monitoring of
CD-related autoantibodies could be helpful, particularly
in HLA-DQ2- or HLA-DQ8-positive patients with endstage autoimmune liver disease; moreover, the
diagnosis of CD in this patient group, either before or
after transplant, must be based on duodenal biopsies
[194]
and response to gluten-free diet .
Diarrhea following orthotropic liver transplantation
in patients receiving mycophenolic acid therapy is
a noteworthy entity because it causes significant
morbidity and mortality. The significance of duodenal
histopathological findings and prevalence of tTG has
been evaluated in this setting. Celiac-like changes
and an increase in apoptotic counts are common in
duodenal biopsies. Increased awareness of the clinical
difference between CD and mycophenolate mofetilinduced villous atrophy is imperative because in the
latter case, patients do not require a gluten-free diet
and may instead need discontinuation of mycophenolic
[195]
acid therapy .
Active screening for CD is recommended in pa

LIVER FAILURE AND CIRRHOSIS
CD is at least twice more common in cirrhotic patients
[189]
than in the general population
. An association
between cryptogenic cirrhosis and CD has been
[190,191]
suggested
. The absence of a common histological
pattern of liver injury in patients with CD does not favor
the assumption that this disease directly damages
[192]
the liver . There have been case reports of patients
with decompensated cirrhosis that reversed after the
[55,192,193]
introduction of a gluten-free diet
. These data
suggest that all cirrhotic patients, particularly those with
[189,192]
hypoalbuminemia and ascites
, should be screened
for CD, because independent of the etiology of liver
cirrhosis, patients with advanced liver disease and CD
may benefit from a gluten-free diet.

LIVER TRANSPLANTATION
Prevalence of celiac antibodies was evaluated before
and after transplantation; it was observed that patients
with end-stage autoimmune liver disease, particularly
those who are HLA-DQ2 or -DQ8 positive, had a high
prevalence of celiac antibodies. Liver transplantation
and/or immunosuppressive drugs used to prevent
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tients with liver diseases, particularly in those with
autoimmune disorders, steatosis in the absence of
metabolic syndrome, NCIHPH, cryptogenic cirrhosis,
and in the context of liver transplantation. In HCV,
diagnosis of CD can be important as a relative contrain
dication to interferon use. Gluten-free diet ameliorates
the symptoms associated with CD and may prevent the
emergence of other autoimmune diseases and bowel
cancer; however, the associated liver disease may
improve, remain the same, or progress.
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Abstract

Institutional review board statement: The study was reviewed
and approved by institutional review board (IRB) at McGill
University. All routine liver biopsy specimens from the patients
were taken after informed consent and ethical permission was
obtained for this retrospective study.

AIM
To investigated the feasibility of using sinusoidal
endotheliitis (SE) as a histological marker for liver
allograft rejection.
METHODS
We compared the histological features of 88 liver
allograft biopsies with acute cellular rejection (ACR)
and 59 cases with no evidence of ACR. SE was scored
as: (1) focal linear lifting up of the endothelial cells
by lymphocytes with no obvious damage to adjacent
hepatocytes; (2) focal disruption of the endothelial
lining by a cluster of subendothelial lymphocytes (a
group of > 3 lymphocytes); and (3) severe confluent
endotheliitis with hemorrhage and adjacent hepatocyte
loss.
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RESULTS
The sensitivity and specificity of SE was 81% and
85%, respectively. Using SE as the only parameter,
the positive predictive value for ACR (PPV) was 0.89,
whereas the negative predictive value for ACR (NPV)
was 0.75. The correlation between RAI and SE was
moderate (R = 0.44, P < 0.001) (Figure 3A), whereas it
became strong (R = 0.65, P < 0.001) when correlating
SE with the venous endotheliitis activity index only.

abnormal liver function tests, and confirmed by the
examination of a core needle biopsy. The Banff schema
is currently the standard system for diagnosing and
[3,6]
grading the severity of ACR . In the Banff schema,
the severity of three morphological parameters, i.e.,
portal inflammation, bile duct inflammation, and venous
endotheliitis, are assigned individual scores from 0 to
3, and the sum of these scores is called the rejection
activity index (RAI). However, experienced transplant
pathologists often pay more attention to the presence
of, and the degree of, vascular endothelial damage in
portal veins and in central veins.
The sinusoidal endothelium, with its relatively low
hydrostatic pressure and large surface area, forms a
unique interface between the graft and the recipi
ent’s immune system. Sinusoidal endothelial damage
has been recognized as a histological parameter for
diagnosing graft-vs-host disease in the setting of
[7,8]
hematopoietic stem cell transplantation . Sinusoidal
inflammation was recently incorporated as part of
antibody-mediated liver allograft rejection in the
[9]
updated Banff criteria . However, the association
between sinusoidal endothelial damage and ACR has
not been examined systematically. In our assessment
of liver allograft biopsies from patients with concurrent
or subsequent ACR, we frequently observed sinusoidal
subendothelial lymphocytic infiltration, with a range of
severity that increases from lifting of the endothelium
by a linear arrangement or clustering of lympho
cytes, to disruption of the intact endothelial lining, to
hemorrhage and damage to adjacent hepatocytes. In
the present study, we investigated whether sinusoidal
endotheliitis (SE) could be a reliable and reproducible
supplemental parameter to the existing Banff schema
for diagnosing ACR in liver allograft biopsies.

CONCLUSION
Our data suggest that SE scoring could be a reliable
and reproducible supplemental parameter to the
existing Banff schema for diagnosing acute liver
allograft rejection.
Key words: Liver transplantation; Acute cellular rejection;
Sinusoidal endotheliitis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this clinico-pathological study, we have
found that scoring of the sinusoidal endotheliitis could
be a reliable and practically reproducible supplemental
parameter to the existing Banff schema for diagnosing
early acute cellular rejection in liver allograft as well as
predicting the occurrence of acute cellular rejection in
appropriate clinical setting.
Shi Y, Dong K, Zhang YG, Michel RP, Marcus V, Wang YY,
Chen Y, Gao ZH. Sinusoidal endotheliitis as a histological
parameter for diagnosing acute liver allograft rejection. World J
Gastroenterol 2017; 23(5): 792-799 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/792.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.792

MATERIALS AND METHODS
Patients

INTRODUCTION

After obtaining the approval of the institutional review
board (IRB), all biopsies from 2010 to 2015 at the
McGill University Health Center (MUHC) were studied.
Most liver transplant cases were performed for
hepatitis C-related cirrhosis, the leading indication for
[10]
liver transplantation in Canada . Cases with detailed
clinical history and a definite histopathologic diagnosis
of ACR were recruited into our study. Liver allograft
biopsies were divided into two groups: cases with or
without histological evidence of ACR according to the
Banff schema. Biopsies were performed between 6
and 180 d post-transplant either for clinical indication
or protocol biopsy. There is no skewed distribution
in terms of biopsy time or clinical indication/protocol
biopsy between the two groups. All patients received
baseline immunosuppressive therapy or antiviral
treatment if the primary liver disease was hepatitis
C. A total of 88 cases with a definitive histological
diagnosis of ACR were obtained and were designated

Liver transplantation (LT) has become a viable option
for the treatment of end stage liver diseases due to the
establishment of the concept of brain death in donors,
and the availability of effective immunsuppressive
agents, including calcineurin inhibitors for allograft
recipients. The liver allograft is unique in that Kupffer
cells are capable of sequestering cytotoxic antibodies
formed against the graft, and the venous vascular
endothelium could be gradually replaced by host
[1]
hematopoietic cells over time . Therefore, although
HLA cross matching is not routinely performed in LT,
antibody-mediated hyperacute rejection rarely occurs
[2]
in liver allografts . Acute cellular rejection (ACR) in
the liver allograft often occurs between 5 and 30 d
[3]
after LT . The overall frequency of ACR varies with
the baseline immunosuppression regimen used,
[4,5]
ranging from 30% to 70% . The diagnosis of ACR is
usually suspected based on clinical manifestations and

WJG|www.wjgnet.com

793

February 7, 2017|Volume 23|Issue 5|

Shi Y et al . Sinusoidal endotheliitis in liver allografts
as the ACR-positive group. The primary liver diseases
of this group included 82 cases of hepatitis C, two
cases of postpartum liver failure, one case of primary
sclerosing cholangitis, one case of non-alcoholic
steatohepatitis (NASH), one case of hepatitis B, and
one case of cholestasis of uncertain etiology. Cases
with recurrent hepatitis C were excluded from the
ACR-positive group if serum HCV RNA levels were high
(> 8.00 log IU/mL) or if there was histologic evidence
of hepatitis C infection. The ACR-negative group
was comprised of 59 cases, including 45 cases of
recurrent hepatitis C, seven cases of NASH, six cases
of cholestasis of uncertain etiology, and one case of
primary biliary cholangitis.

RESULTS
Histologic findings of acute cellular rejection

Among the 88 cases with ACR, 82 cases had ACR with
average RAI scores of 5. Six cases had a RAI below 3,
but with definitive evidence of endotheliitis in the portal
or central veins. The 59 cases without evidence of
ACR had no or very minimal inflammation in biopsies
or showed histologic features and clinical presentation
(e.g., elevated hepatitis C viral load, or morbid obesity,
etc.) pointing to another etiology.
When using the Banff criteria to diagnose ACR, the
participating pathologists felt that portal vein or central
vein endotheliitis was more reliable and reproducible
than portal inflammation or ductulitis. The spectrum
of portal and central venous pathology is illustrated in
Figure 1. The non-inflamed portal tract has little or no
inflammatory cells (Figure 1A). Mild portal inflammation
without venular endothelial damage was considered
negative (Figure 1B). Portal vein endotheliitis was
unequivocal when the endothelium was lifted up by
subendothelial lymphocytic infiltration (Figure 1C).
A severe case of endotheliitis is characterized by
perivenular liver cell necrosis in addition to endothelial
damage (Figure 1D).
Increase of intrasinusoidal lymphocytic infiltration
without sinusoidal damage is a universal finding
(100%) in ACR-positive cases (Figure 2A), and is also
frequently seen in ACR-negative cases (specificity
57%). These lymphocytes may appear to attach to the
sinusoid wall, or float in the lumen at different levels
of the section. Therefore, an increase in lymphocytes
in the sinusoids was not considered as reliable evi
dence of ACR due to poor reproducibility and lack of
specificity. Sometimes, diffuse lymphocytic infiltration,
Kupffer cell hypertrophy and hyperplasia can occur
with unknown significance. True SE is characterized
by lymphocytic infiltration underneath the sinusoidal
endothelium, typically lifting up and detaching the
overlying endothelium from the basement membrane
(Figure 2B and C). There were total 80 cases with SE,
including 35 cases of grade 1, 32 cases of grade 2, and
13 cases of grade 3. In grade 1, we observed focal linear
lymphocytic infiltration with the formation of a “pearl
band” along the sinusoidal subendothelial space (Figure
2B). Focal clustering (> 3 lymphocytes per cluster) of
lymphocytic infiltration between the endothelium and
the basement membrane that interrupts the integrity
of the endothelium represents grade 2 SE (Figure
2C). In the grade 1 and grade 2 SE case scenarios,
SE was associated with sinusoidal dilatation. Grade
3 endotheliitis is characterized by further damage
causing hemorrhage and adjacent hepatocyte loss
with mixed lymphohistiocytic infiltration (Figure 2D).
The findings of a collapsed reticulin framework (Figure
2E) and deposition of collagen bands (Figure 2F) are
consistent with the loss of hepatocytes. The presence
of hemorrhage and adjacent SE can help to distinguish

Biopsy preparation for light microscopy

Tissue was fixed in 10% neutral buffered formalin,
embedded in paraffin, processed and cut into 3
µm-thick sections. The slides were stained with
hematoxylin-eosin, Masson trichrome, reticulin, PAS,
PAS + diastase, and Prussian blue iron stains.

Grading of acute liver allograft rejection

The liver biopsies were evaluated by three pathologists
to reach a consensus on the diagnosis of ACR. Following
the guidelines of the 1997 Banff schema for grading
liver allograft rejection, the rejection activity index
(RAI) was determined by summing the individual
scores of the parameters (on a 0 to 3 scale), i.e., portal
inflammation, bile duct inflammation and, and venous
endotheliitis.

Definition and grading of sinusoidal endotheliitis

SE was defined as subendothelial lymphocytic infil
tration with lifting and/or damage to the sinusoidal
endothelial cells. Sinusoidal lymphocytes were counted
on HE slides in five high-power fields (HPF). Greater
than 100 lymphocytes/HPF was considered an increase.
Increase of intrasinusoidal lymphocytes and adhesion
of lymphocytes to the endothelium were not consi
dered to be SE. Grading of SE was as follows: (1) focal
linear lifting up of the endothelial cells by lymphocytes
with no obvious damage to adjacent hepatocytes;
(2) focal disruption of the endothelial lining with a
cluster of subendothelial lymphocytes (a group of > 3
lymphocytes); and (3) severe confluent endotheliitis
with hemorrhage, adjacent hepatocyte loss, with or
without fibrosis.

Statistical analysis

The linear correlation coefficient (r) was calculated
to evaluate the correlation between SE and RAI and
between SE and the score of portal venous endotheliitis
using Excel software (Pearson correlation coefficient
test). The sensitivity, specificity, positive, and negative
predictive value of SE for ACR were calculated using
the total Banff RAI scores.
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A

B

C

D

Figure 1 Spectrum of portal and central venous pathologic findings. A: Intact portal triad; B: Portal inflammation with intact venule; C: Portal vein with
subendothelial lymphocytic infiltration (endotheliitis); D: Severe endotheliitis with perivenular hepatocyte necrosis (hematoxylin-eosin staining, magnification × 400).

without challenges. For instance, the number of portal
tracts in each liver biopsy varies and portal changes
are often patchy, resulting in false negative biopsies.
Additionally, portal inflammation and bile duct injury
are features which are often shared by other liver
[11]
diseases, in particular recurrent hepatitis C
or drug
[3]
toxicity . In this study, we demonstrate that SE is a
useful supplemental parameter for diagnosing ACR in
the liver with high sensitivity, specificity, and positive
and negative predictive value. The SE score showed a
strong correlation with the portal venous endotheliitis
index score of the Banff criteria. In 6 cases, SE was
an early sign that predicted the development of sub
sequent ACR.
Sinusoids are low-pressure vascular channels
lined by a specialized endothelium with slit-like
spaces, which lie between plates of hepatocytes,
providing these cells with a large interface for the
exchange of various substances with the circulating
[12]
blood . In the normal human liver, a small number
of functional T lymphocytes can be seen in the portal
tracts and scattered throughout the liver parenchyma.
Lymphocytic infiltration of the liver could be the result
of an immune response to many insults. Lymphocyte
recruitment to the human liver is mediated by distinct
combinations of molecules depending on whether
recruitment occurs via the portal vascular endothelium
[13]
or the hepatic sinusoids . Intravital microscopy has
revealed that leucocyte recruitment to the hepatic
parenchyma can occur through the sinusoids in a
process that involves direct adhesive interactions with

Table 1 Association between sinusoidal endotheliitis and
acute cellular rejection
ACR positive

ACR negative

Total

71
17
88

9
50
59

80
67
147

SE positive
SE negative
Total

ACR: Acute cellular rejection; SE: Sinusoidal endotheliitis.

it from lobular hepatitis-related hepatocyte loss.

Evaluation of sinusoidal endotheliitis as a new
parameter for diagnosing acute cellular rejection

As shown in Table 1, in the 88 ACR-positive cases
and 59 ACR-negative cases, as diagnosed by the
Banff schema, the sensitivity of SE was 81% and the
specificity was 85%.
Using SE as the only parameter, the positive pre
dictive value for ACR (PPV) was 0.89, whereas the
negative predictive value for ACR (NPV) was 0.75.
The correlation between RAI and SE was moderate (R
= 0.44, P < 0.001) (Figure 3A), whereas it became
strong (R = 0.65, P < 0.001) when correlating SE with
the venous endotheliitis activity index only (Figure 3B).

DISCUSSION
The Banff schema is currently the gold standard for the
diagnosis of ACR and for the assessment of its severity.
However, this seemingly uncomplicated practice is not
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A

B

C

D

E

F

Figure 2 Spectrum of sinusoidal pathology. A: lymphocytes in sinusoidal spaces, with adhesion to endothelium but without lifting of endothelial cells; B: Grade
1 sinusoidal endotheliitis with subendothelial linear lymphocytic infiltration; C: Grade 2 sinusoidal endotheliitis with subendothelial lymphocyte clusters and partially
disrupted endothelium; D: Grade 3 sinusoidal endotheliitis with endothelial damage, fresh hemorrhage, lymphohistiocytic infiltration and adjacent liver cell necrosis; E:
Grade 3 sinusoidal endotheliitis with collapsed liver cell plates on reticulin staining; F: Grade 3 sinusoidal endotheliitis with collagen deposition on Masson trichrome
staining (hematoxylin-eosin staining, magnification × 400).
[16-18]

[14]

the sinusoidal endothelium . An animal model of liver
injury in rat has demonstrated that most lymphocytes
are recruited to the liver via the hepatic sinusoids with
subsequent redistribution to the hepatic parenchyma
in lobular hepatitis or to the portal tracts in portal and
[15]
interface hepatitis . Given the much larger surface
area, the low pressure and relatively slow blood flow,
sinusoidal endothelium should, theoretically, bear
more immunological damage than either portal or
central venous endothelium in patients with ACR.
Sinusoidal lymphocyte infiltration has been recognized
as a common histological finding in the liver in ex
[7,8]
perimental and clinical graft-vs-host disease
.
Previous studies have demonstrated that infiltration of
lymphocytes in the sinusoidal space, and particularly
adherence of lymphocytes to the endothelium are

WJG|www.wjgnet.com

associated with various liver diseases
. In reality,
it is often difficult to determine whether sinusoidal
lymphocytes are attached to the endothelium or simply
the result of tangential cuts. Furthermore there is no
consensus regarding the upper limit of the number of
[19]
lymphocytes in the sinusoids . In the present study,
presence of > 100 lymphocytes/HPF was considered
an increase in intrasinusoidal lymphocytes. However,
we found that the increase in sinusoidal lymphocytes
was not specific to ACR because it was observed not
only in all ACR-positive cases but also in some ACRnegative cases. Therefore, to ensure reproducibility,
the definition of SE in the current study is identical to
endotheliitis that occurs in the portal or central vein,
as characterized by linear or clustered subendothelial
lymphocytic infiltration that lifts the endothelial cells
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B

9

Endothelitis activity index

Rejection activity index

A

6
R = 0.44
3

0

0

1
2
Sinusoidal endothelitis score

3

3

2
R = 0.65
1

0

0

1
2
Sinusoidal endothelitis score

3

Figure 3 Correlation between scores of sinusoidal endotheliitis and the rejection activity index of the Banff schema. A: The sinusoidal endotheliitis score (SES)
moderately correlates with the overall rejection activity index; B: The SES strongly correlates with the portal and central vein endotheliitis activity score (hematoxylineosin staining, magnification × 400).

or disrupts the integrity of the sinusoidal endothelium
with or without peripheral hepatocyte necrosis.
Recurrent hepatitis C in post-transplant biopsy is
problematic, because portal inflammation, bile duct
damage, and lobular hepatitis can mimic ACR. The
combination of clinical presentation, the pattern of
elevated liver enzymes, the viral titer, and careful
examination of the histological pattern are often
[11]
required to distinguish it from bona fide ACR . To
complicate the matter even further, cases of mixed
ACR and recurrent HCV do exist. In this study, cases
with elevated HCV RNA levels or histologic evidence
of hepatitis C infection were excluded from the ACRpositive group so that we could focus exclusively on
the latter.
The 3-tier grading of SE is a measure of the
severity of the rejection process, but also somewhat
reflects the evolving process of the disease: starting
from subendothelial linear lymphocytes that lift up
the intact sinusoidal endothelium, to the formation
of clusters of lymphocytes that interrupt the intact
endothelial lining, to causing hemorrhage and adja
cent hepatocyte necrosis and subsequent collagen
deposition. Not surprisingly, the scores of SE were
more strongly correlated with the portal vein or central
vein endotheliitis activity index of the Banff schema
than they were with the overall RAI. Both SE and
portal or central vein endotheliitis are more specific for
ACR than other parameters, and they should be given
more weight in scoring the severity of ACR.
In the six cases that were negative for ACR by
the Banff criteria, but positive for SE, a follow up
repeat biopsy revealed the subsequent development
of ACR. This could be due to patchiness of portal vein
endotheliitis with limited available portal numbers
in a biopsy. However, it is more likely that SE was a
precursor, presenting earlier than portal or central
vein endotheliitis because of the larger surface area of
sinusoids and easier access to lymphocytes.
The limitations of our study include the study
population and the sample size. Our study population
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was composed predominantly of patients with hepatitis
C as primary disease, so that these findings may not
necessarily hold true for patients with other primary
disease leading to liver transplantation. Hepatitis C
virus (HCV)-caused cirrhosis is the most common
[10]
indication for liver transplantation (LT) in Canada.
Despite advances in antiviral therapy, reinfection of
[20,21]
HCV in liver allografts is almost universal
. The
recurrence of HCV as defined by elevation of HCV
RNA in serum, and histologic evidence of HCV can
be demonstrated in 70%-90% of recipients after 1
[22,23]
year and in 90%-95% after 5 years
. Most posttransplant liver biopsies in our institute were cases
with or without serum HCV RNA to rule out acute
cellular rejection (ACR). Since recurrent HCV shares
some histology features with ACR, cases of ACR
with high HCV RNA were excluded from ACR group
to simplify the comparison. In ACR negative group,
cases with high HCV RNA were included because there
weren’t enough cases of HCV RNA negative patients in
this group. Post-liver transplant patients with neither
ACR nor HCV RNA were rarely indicated for biopsy.
Exceptions are the cases with other etiology liver
diseases, such as non-alcoholic steatohepatitis (NASH),
or cholestatic disease. Therefore, there were more
non-HCV cases in ACR negative group than those in
ACR group. Secondly, despite our study including a
significant number of cases, confirmation in larger
numbers of biopsies and with follow up repeat biopsies
should be carried out to provide further support of SE
as an early and reliable histological marker of ACR.
In summary, we demonstrated that SE scoring could
be a reliable, practical supplemental parameter to
the existing Banff schema for diagnosing ACR of liver
allograft as well as for predicting the occurrence of
ACR in an appropriate clinical setting.
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In the last two decades, Banff schema has been the standard system for
diagnosing and grading the severity of acute cellular rejection in liver allografts.
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The Banff schema evaluates portal inflammation; bile duct damage; and venous
endotheliitis. Each component is scored on a scale of 0-3 and added together
to report a final rejection activity index (RAI). In practice, experienced transplant
pathologists often pay more attention to the presence of, and the degree of,
vascular endothelial damage in portal veins and in central veins. One of the
limitations of this system is the variation in portal tract number in each liver
biopsy and the patchiness of portal changes, causing false negative biopsies.
Additionally, portal inflammation and bile duct injury are features which are
often shared by other liver diseases.

2
3
4

Research frontiers

5

The sinusoidal endothelium, with its relatively low hydrostatic pressure and
large surface area, form a unique interface between the graft and the recipient’
s immune system. Sinusoidal endothelial damage has been recognized as a
histological parameter for diagnosing graft-vs-host disease in the setting of
hematopoietic stem cell transplantation. Sinusoidal inflammation was recently
incorporated as part of antibody-mediated liver allograft rejection in the updated
Banff criteria. However, the association between sinusoidal endothelial damage
and ACR has not been examined systematically.

6

7

Innovations and breakthroughs

In this study, the authors investigated the feasibility of using sinusoidal
endotheliitis (SE) as an early diagnostic marker for liver allograft rejection by
comparing the histological features of 82 liver transplant (LT) biopsies with
acute rejection (AR) and 65 cases with no evidence of AR. The sensitivity
and specificity of SE was 81% and 85%, respectively. Using SE as the only
parameter, the positive predictive value for ACR (PPV) was 0.89, whereas the
negative predictive value for ACR (NPV) was 0.75. The correlation between
RAI and SE was moderate (R = 0.44, P < 0.001) (Figure 3A), whereas it
became strong (R = 0.65, P < 0.001) when correlating SE with the venous
endotheliitis activity index only. This is the first study to propose the concept of
SE and its diagnostic value in ACR. It represents a significant contribution to
understanding ACR in routine pathology practice and potential improvement in
diagnosing ACR.

8

9

Applications

The authors’ data suggest that SE scoring was a sensitive and specific
parameter for diagnosing ACR. These results could be useful to pathologist in
daily practice, especially when liver biopsy with limited portal tract number or
showing the patchiness of portal changes.

Terminology

SE was defined as subendothelial lymphocytic infiltration with lifting and/or
damage to the sinusoidal endothelial cells. Sinusoidal lymphocytes were counted
on HE slides in five high-power fields (HPF). Greater than 100 lymphocytes/
HPF was considered an increase. Increase of intrasinusoidal lymphocytes and
adhesion of lymphocytes to the endothelium were not considered to be SE.
Grading of SE was as follows: (1) focal linear lifting up of the endothelial cells
by lymphocytes with no obvious damage to adjacent hepatocytes; (2) focal
disruption of the endothelial lining with a cluster of subendothelial lymphocytes
(a group of > 3 lymphocytes); and (3) severe confluent endotheliitis with
hemorrhage, adjacent hepatocyte loss, with or without fibrosis.

10
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12

Peer-review

The work of Shi and co-workers investigates the impact of sinusoidal
endotheliitis for qualification of liver graft rejection. This parameter is an
additional parameter to the qualification categories of the RAI Score currently
used in clinical routine to express the degree of rejection activity after liver
transplantation. Since quantification of sinusoidal endotheliitis reached a
sensitivity of 81% and a specificity of 85% it may reflect a more sensitive
parameter than the currently used categories (lymphocyte infiltration around
portal veins, centrilobular veins and bile ducts). Alternatively, this new category
might reflect an additional parameter, which would improve the accurateness of
the RAI score.
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Abstract
AIM
To compare the genomic variability and the multiple
colonization of Helicobacter pylori (H. pylori ) in patients
with chronic gastritis from two Colombian populations
with contrast in the risk of developing gastric cancer
(GC): Túquerres-Nariño (High risk) and Tumaco-Nariño
(Low risk).

Informed consent statement: All study participants, or their
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METHODS
Four hundred and nine patients from both genders
with dyspeptic symptoms were studied. Seventy-two
patients were included in whom H. pylori was isolated
from three anatomic regions of the gastric mucosa,
(31/206) of the high risk population of GC (Túquerres)
and (41/203) of the low risk population of GC (Tumaco).
The isolates were genotyped by PCR-RAPD. Genetic
diversity between the isolates was evaluated by
conglomerates analysis and multiple correspondence
analyses.
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The proportion of virulent genotypes of H. pylori was
99% in Túquerres and 94% in Tumaco. The coefficient
of similarity of Nei-Li showed greater genetic diversity
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prevalence of the infection by H. pylori is similar (>
[4,5]
80%) . In Tumaco (low risk of GC) and Túquerres
(high risk of GC), strains of H. pylori were identified with
different stages of genetic variability for each region.
The genetic variability of H. pylori that colonizes the
different anatomical regions from the gastric mucosa
has not been studied in Colombia and it makes the
eradication of the microorganism difficult. Therefore it is
important to study the multiple colonization of H. pylori
as a strategy to prevent the precursor lesions of GC. The
high genetic diversity between strains of H. pylori has
been evaluated by several methods of characterization,
including polymorphisms in the length of the restriction
fragments (RFLP), Restriction fragment polymorphism
amplified by PCR (AFLP-PCR), ribotyping and random
[6,7]
amplification of polymorphic DNA (RAPD) .
The technique most used to discriminate isolates of
H. pylori, in the genotyping studies, is the RAPD with
a high level of discrimination (0.99-1.0), able to reveal
a marked genetic diversity between isolated strains
of different patients and it is discriminatory in the
determination of the similarity of the isolated strains
from the same patient in the biopsies taken from
[8,9]
different anatomical sites from the gastric mucosa .
Previous investigations describe diversity of H.
pylori strains with differences in their virulence factors
[10]
such as the gene associated with cagA cytotoxicity
and the gene related with the production of vacuolizing
[11]
toxin vacA .
A standard treatment to eradicate the H. pylori
doesn’t exist, possibly because the gastric mucosa of
the same host may be colonized by multiple strains
of the microorganism with differences in the virulence
factors and differences in the genomic DNA and
eventually antimicrobial susceptible and resistant
[12]
isolates coexist . This phenomena, not studied in
Colombia, makes the eradication of H. pylori difficult
and doesn’t allow the establishment of therapeutic
efficacy as a strategy for the prevention of precursor
lesions of GC.
It is important to genotype the isolated H. pylori
from the different locations of the gastric mucosa
(antrum and body) to evaluate genetic diversity and
determine the multiple colonization, in the two Colombian
populations with contrast in the risk of developing GC.

among isolates of Túquerres (0.13) than those of
Tumaco (0.07). After adjusting by age, gender and
type of gastritis, the multiple colonization was 1.7 times
more frequent in Túquerres than in Tumaco (P = 0.05).
CONCLUSION
In Túquerres, high risk of GC there was a greater
probability of multiple colonization by H. pylori . From
the analysis of the results of the PCR-RAPD, it was
found higher genetic variability in the isolates of H.
pylori in the population of high risk for the development
of GC.
Key words: Helicobacter pylori ; Pathogenicity islet cag ;
cagA ; vacA ; Multiple colonization; PCR-RAPD
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Multiple colonization of Helicobacter pylori
(H. pylori) occurred more frequently in individuals

living in the Colombian population with higher risk of
gastric cancer (GC) (Túquerres). In the two populations
contrasted in relation to the risk of developing GC.
(Túquerres high risk and Tumaco low risk) H. pylori was
identified with specific genetic characteristics for each
region and with varying stages of genomic variability.
The diversity of H. pylori dependent of the anatomic
regions of the gastric mucosa, obstructs the eradication
of the microorganism. Identifying the multiple
colonization and evaluating the genetic diversity of H.
pylori individuals may be sifted that require particular
schemes of early treatment and prevention of the
precursor lesions of GC.
Matta AJ, Pazos AJ, Bustamante-Renjifo JA, Bravo LE.
Genomic variability of Helicobacter pylori isolates of gastric
regions from two Colombian populations. World J Gastroenterol
2017; 23(5): 800-809 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i5/800.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i5.800

INTRODUCTION
Helicobacter pylori (H. pylori) is recognized as the
principal etiologic agent of chronic gastritis; it is
related to the development of peptic ulcer, and is the
most important factor in the pathogenesis of gastric
[1]
adenocarcinoma .
The high genetic variability between strains of H.
pylori is associated to the population or geographic
[2]
origin of the individuals of the population . Variations
in the genomic DNA of H. pylori allows the identification
of individuals infected by multiple strains that colonize
different anatomic regions of the gastric mucosa,
[3]
phenomenon described as multiple colonization . In
Colombia, there are regions of high and low risk for
the development of gastric cancer (GC), although the
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MATERIALS AND METHODS
Subjects, samples and histopathology

Adult men and women with symptoms of dyspepsia
were included (n = 203) from Tumaco and (n = 206)
from Túquerres. Four biopsies from the gastric mucosa
were obtained from each patient, two from the antrum
and two from the gastric body for its histopathologic
evaluation. Histological sections cut into microtome at
6 μm, were colored with hematoxylin-eosin and were
[13]
interpreted according to the Sydney
classification
system. The presence of H. pylori was determined with
Giemsa’s staining.
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For cultivation and genotyping of H. pylori three
biopsies of gastric mucosa were used, two from the
antrum and one from the gastric body, that were
preserved in thioglycolate and glycerol at (25%). The
biopsies were immediately frizzed in liquid nitrogen
and subsequently transported on dry ice at -70 ℃ until
its analysis in the Microbiology and Histopathological
Laboratory of the Pathology Department of the
Universidad del Valle-Colombia. This research counts
with the approval of the Human Ethics Committee
(CIREH) of the Universidad del Valle. All the par
ticipants signed the informed consent.

formed by PCR amplification of the ureA gene. The
following reagents were added to a 0.2 mL tube:
®
1 × PCR buffer (Buffer green 5 ×, Promega );
®
MgCl2 1 μmol/L (Promega ); 0.25 mmol/L of dNTPs
(deoxyribonucleoside 5’-triphosphates - dATP, dCTP,
®
dGTP and dTTP Promega ); 50 pmol/L of each primer
(sense 3’-AAGACATCACTATCAACG-5’/anti-sense
5’-CCCGCTCGCAATGTCTAA-3’); 0.5 U of GoTaq DNA
®
polymerase (Promega ) and 25 ng of genomic DNA
from H. pylori in a final volume of 25 μL. Amplification
was performed at 95 ℃/2 min followed by 35 cycles
(95 ℃/1 min, 54 ℃/1 min and 72 ℃/1 min) and a final
extension at 72 ℃/15 min.

H. pylori isolation and cultivation

Fragments of gastric mucosa were homogenized in
200 μL of sterile saline solution 0.89%. The homoge
nate was seeded in columbia agar plates (Oxoid,
Basingstoke, Hampshire, England) with defibrillated
lamb blood to 7% plus selective supplement for
H. pylori (Dent) and incubated in microaerophilic
conditions (6% O2, 6% CO2, 88% N2 using CampyPak
Plus Envelop, BBL, Nashville, TN United States) at
[4]
37 ℃ during 4 to 8 d . The compatible colonies with H.
pylori were transferred to columbia agar defibrillated
lamb blood to 10%, to purify and identify them by
the tests of urease, catalase, oxidase, Gram staining.
A PCR of the ureA gene was used to confirm the
[14]
species .

Detection of cagA and vacA genes

The virulence factors were analyzed by PCR ampli
fication of cagA gene. An amplicon of 183 bp was
obtained with specific primers (CagAF and CagAR).
The negative isolates for the amplification of cagA gene
were confirmed by PCR assay empty-site with primers
[ES-F (+) - ES-R (-)]. The vacA gene alleles (s1/s2,
m1/m2) were analyzed with the specific primers (VA1F
and VA1R) to obtain the sizes of the amplicons; 176
bp and 203 bp for vacA s1 and s2, respectively. PCR
was performed for vacA gene alleles m1/m2 with
primers (HPMGF- HPMGR) to obtain the sizes of 401
bp amplicons for vacA m1 and 476 bp for vacA m2.
PCR was performed under the following conditions: 2
min of pre-incubation at 95 ℃, followed by 40 cycles
of 1 min at 95 ℃, 1 min at 52 ℃, a min at 72 ℃, and
subsequently, a final extension of 72 ℃ for 5 min. In
each experiment, H. pylori reference strain Tx30a
(ATCC 51932) was included as a negative control.
A positive control, H. pylori reference strain 700392
(ATCC 26695), along with inhibition controls for each
[16]
sample, were used to rule out false negative results .

DNA extraction from H. pylori isolates

From a pure cultivation in petri dish colonies were
transferred to 1.0 mL of PBS 1 × pH = 7.2, and it was
centrifuge at 13000 RPM × 2 min. The cell pellet was
re-suspended in 300 μL of extraction buffer [Proteinase
K 100 μg/mL, sodium dodecyl sulfate (SDS) 0.5%,
ethylenediaminetetraacetic acid (EDTA) 5 mmol/L, TrisHCl 10 mmol/L, pH = 8.0 and 276 μL of distilled water],
the cell button was homogenized and taken to the dry
®
block (Labnet ) at 56 ℃ for 18 h, subsequently the
proteinase K was inactivated at 76 ℃ for 10 min and
NaCl 5M was added. It was shaken in vortex for 15 seg,
and then it was centrifuge at 13000 RPM for 5 min. To
the supernatant only, 2 volumes of absolute ethanol
were added. It was centrifuge at 13000 RPM for 20 min
at 4 ℃. The decanted was precipitated by addition of 2
volumes of absolute ethanol at 70%, it was mixed and
centrifuge for 5 min at 13000 RPM and the supernatant
was discharged. The DNA pellet dried by tube inversion
for 10 min. The precipitate DNA was re-suspended
in 100 μL of TE buffer (Tris 10 mmol, EDTA 1 mmol)
and it was stored at -20 ℃. The yield and purity of the
DNA were determined by optical density at 260/280
®
nm in Gene Quant II spectrophotometer (Pharmacia
Biotech, Piscataway, NJ, United States) according to the
[15]
manufacturer’s instructions .

RAPD-PCR

PCR amplification was performed in separate reactions
with the primers, 1281 (5’-AACGCGCAAC-3’) and
[17]
1254 (5’-CCGCAGCCAA-3’) , under the following
amplification conditions: two cycles of denaturation at
94 ℃ for 5 min; amplification at 36 ℃ for 1.30 min and
extension at 72 ℃ for 5 min; 40 cycles of denaturation
at 94 ℃ for 1 min; amplification at 36 ℃ for 1.30
min; extension at 72 ℃ for 2 min and a final cycle of
extension at 72 ℃ for 10 min. The components of the
PCR were the buffer (10 mmol/L Tris pH = 9.0, 50
mmol/L KCl, Triton 100 × 0.1%); MgCl2 3 mmol/L 1 ×
®
(Promega ); dNTPs 0.2 mmol/L (5’-deoxyribonucleoside
®
triphosphates - dATP, dCTP, dGTP and dTTP - Promega );
25 pmol of the primer 1281 and 25 pmol of the primer
1254; 1 μL of genomic bacterial DNA; 0.2 U of enzyme
®
GoTaq DNA polymerase (Promega ) and milliQ water
until completing at 12.5 mL. A reaction without DNA
was used as a negative control. The amplification was
TM
performed in a thermocycler (Swift MiniPro , Esco).

ureA gene amplification

The molecular identification of H. pylori was per
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Electrophoresis of amplicons

All the amplicons obtained in each of the previously
described PCR reactions were run on agarose gel
(SeaKim, FMC Bioloabs) at 2%, stained with ethidium
bromide (Invitrogen, Carlsbad, CA, United States) at
0.5 μg/mL, in an electrophoresis chamber (Fotodyne
Inc., Hartland, WI, United States). This process was
performed by an EC-105 Compact Power Supply
(Thermo Fisher Scientific Inc., Asheville, NC, United
States) at 75 V for 40 min.

previously. From the 41 positive patients for isolation
of H. pylori of Tumaco in the three anatomical regions
of the gastric mucosa, (70.8%) were women, with
ages between 19 and 68 years old; (90.24%) had non
atrophic gastritis and (9.75%) atrophic gastritis. From
the 31 positive patients for isolation of H. pylori in the
three anatomical regions of the gastric mucosa of the
population of Túquerres, (54.8%) were women, with
ages between 19 and 68 years old; (93.5%) had non
atrophic gastritis and (6.5%) had atrophic gastritis.

Statistical analysis

cagA gene amplification

In the population of Tumaco it was found that the
prevalence of the virulence marker cagA (+) of H.
pylori, in the lesser curvature of the gastric antrum
was (85.4%); (100%) in the greater gastric antrum
curvature and (100%) in the greater curvature of
body, prevalence significantly higher than the marker
cagA (-) (P = 0.002) (Table 1). In the population of
Túquerres the prevalence of the virulence gene cagA
(+) of H. pylori on the lesser curvature of the gastric
antrum was 96.4%; 100% in the greater curvature
of the antrum and 100% in the greater curvature of
body, prevalence significantly higher than the marker
cagA (-) (P = 0.036) (Table 1).

The images obtained through the amplification by
RAPD-PCR were analyzed by Gel-Pro Analyzer 4.5
for Windows (Media Cybernetics Inc.). A Binary data
matrix was constructed based on the presence (1)
and absence (0) of bands observed on electrophoresis
gel. Relations between isolates were established by
cluster analysis and multiple correspondence analysis
(MCA), whereby similarities between individuals were
evaluated in terms of their molecular profiles, in
which the distance between each pair of individuals
is proportional to its molecular differences. The esti
mation of distances between each pair or group of
isolates of H. pylori was calculated with the similarity of
Neid, 1973. H. pylori isolates were classified as virulent
when cagA (+) gene amplification was detected. Low
virulence was established when there was an absence
of cag marker by the amplification of empty site cagA.
To identify multiple colonization in relation to viru
lence of H. pylori isolates, patients were sub-grouped
according to the following characteristics: gender,
age, type of gastritis and cancer risk. Univariate
2
and bivariate analyses were performed using the χ
test. Subsequently, the risk of presenting multiple
colonization was then evaluated according to the
characteristics of the populations through Odds Ratio
with a 95%CI. Statistical analysis was performed using
the SAS statistical package, version 9.0. The statistical
significance was accepted with a P value ≤ 0.05.

vacA gene amplification

In the population of Tumaco the prevalence of the
allele vacA m1 of H. pylori, in the lesser curvature of
the gastric antrum was 73.2%; 78.1% in the greater
curvature of the antrum and 70.7% in the greater
curvature of body, prevalence higher than the marker
vacA m2, without being significant (P = 0.36) (Table
1). The allele s1 from the gene vacA of H. pylori was
more frequent than the allele s2. 80.5% in the lesser
curvature of the gastric antrum, 78.5% in the greater
curvature of the antrum and 80.5% in the greater
curvature of body, without the differences being
significant (P = 0.73) (Table 1).
In the population of Túquerres the prevalence of
the allele m1 of H. pylori, in the lesser curvature of
the gastric antrum was 71%; 61.3% in the greater
curvature of the antrum and 58.1% in the greater
curvature of body, prevalence higher than the marker
vacA m2, without being significant (P = 0.257). The
allele s1 from the gene vacA was more frequent than
the allele s2, 74.2% in the lesser curvature of the
gastric antrum, 80.7% in the greater curvature of the
antrum and 64.5% in the greater curvature of body,
without being significant (P = 0.44) (Table 1).

RESULTS
General results

The prevalence of the infection by H. pylori diagnosed
by histopathology was higher in the population of low
risk of GC (Tumaco, 88.7%) than in the population
of high risk of GC (Túquerres, 86.4%). However, the
bacteria was isolated from three anatomical places
of the stomach (antrum greater curvature, antrum
lesser curvature and body greater curvature) in 41
(19.7%) of the infected patients in Tumaco. Through
histological tests it was possible to determine that
from 206 patients in the population of Túquerres,
178 (86.4%) were positive for H. pylori; of which
165 (80.1%) were positive for isolation of H. pylori
and 31 (15.04%) with positive isolation in the three
anatomical places of the gastric mucosa described
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Colonization of the gastric mucosa by multiple H. pylori
isolates according to virulence genotypes

The study included DNA of H. pylori from 72 patients,
41 from Tumaco and 31 from Túquerres. Through
bivariate analysis it was found that the infection with
multiple strains wasn’t significant with respect to the
age (P = 0.063), being more frequent in patients from
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Table 1 Prevalence of cagA and vacA alleles of Helicobacter pylori according to site of the stomach
Tumaco n = 41

Alleles

Antrum

cagA
cagA (+)
cagA (-)
vacA
m1
m2
vacA
s1
s2

P value

Antrum

Lesser
curvature

Greater
curvature

Greater
curvature

85.4%
14.6%

100%
0%

100%
0%

73.2%
26.8%

78.1%
21.9%

80.5%
19.5%

78.5%
19.5%

Type of colonization
Single
n = 34

Gender
Male
Female
Age (yr)
18-35
36-47
48-63
Cancer risk
Low (Tumaco)
High (Túquerres)
Type of gastritis
Non atrophic
MAG

Multiple
n = 38

Greater
curvature

Greater
curvature

0.002

96.4%
0%

100%
0%

100%
0%

0.36

70.7%
24.3%

0.360

71.0%
12.9%

61.3%
22.6%

58.1%
35.5%

0.26

80.5%
19.5%

0.730

74.2%
19.4%

80.7%
19.4%

64.5%
25.8%

0.44

Total

n = 72

Table 3 Risk of multiple colonization of Helicobacter pylori
in the stomach

P value

Characteristics
Gender
Female
Male
Age (yr)
18-35
36-47
48-63
Cancer risk
Low (Tumaco)
High (Túquerres)
Type of gastritis
Non atrophic
MAG

0.067
26.5%
73.5%

47.4%
52.6%

37.5%
62.5%
0.633

41.2%
26.5%
32.4%

36.8%
36.8%
26.3%

38.9%
31.9%
29.2%
0.027

70.6%
29.4%

44.7%
55.3%

56.9%
43.1%
0.203

79.4%
20.6%

89.5%
7.9%

Odds ratio

95%CI

P >z

1.000
2.477

0.858

7.154

0.094

1.000
1.401
1.160

0.412
0.330

4.769
4.076

0.589
0.816

1.000
2.721

0.973

7.609

0.056

1.000
0.325

0.066

1.594

0.166

84.7%
13.9%

respect to the type of gastritis, being lower in atrophic
gastritis (Table 3).

18 to 35 years and 36 to 47 years (36.8%), than in
patients between 48 and 68 years. It was observed
that the infection with strains of multiple genotype was
higher in women than in men (52.6% and 47.4%)
respectively, without being this difference statistically
significant (P = 0.067). Significant differences were
observed of multiple colonization according the risk
population of GC, being higher in the population of
Túquerres (55.3%) than in the Tumaco (44.7%) (P =
0.027). It was found that the infection with multiple
strains wasn’t significant with respect to the type of
gastric lesion (P = 0.203) (Table 2).
The multivariate analysis allowed to determine
there aren’t significant differences in the risk of
presenting colonization with multiple strains according
the population characteristics, OR 0.13. It was
observed that the risk of colonization by multiple
strains of H. pylori is (2477) higher in men than in
women and (1.4) times higher in patients in the age
range between 36 and 47 years, than in patients
between the two intervals studied. Depending the
place of origin the risk of multiple colonization also
increases, being (2721) times higher in the population
of Túquerres (high risk) than in Tumaco (P = 0.056),
while the risk of multiple colonization decreases with

WJG|www.wjgnet.com

P value
Body

Lesser
curvature

Table 2 Type of colonization of Helicobacter pylori according
to gender, age and cancer risk
Features

Túquerres n = 31

Body

Analysis of RAPD profiles

In the 123 isolates from Tumaco and 93 isolates
from Túquerres the amplification by PCR-RAPD gave
as result well defined DNA bands with each of the
primers, 1281, 1254. Isolates with slight variation
were found in the banding patterns, which varied
between 100 pb and 1000 pb (Figure 1).
The analysis of the dendogram executed with the
UPGMA classification method and the coefficient of
similarity of Neid, showed that there is no relation
between the groups formed and the characteristics of
the population as gender, age and type of gastritis at a
level of similarity of 0.07. In the population of Tumaco
the dendogram was formed with ten groups (Figure 2).
Group one was formed by 35 isolates, from these 33
were from patients with chronic non atrophic gastritis
and two patients with chronic atrophic gastritis. Group
two was structured with 47 isolates among which, four
were from patients with chronic atrophic gastritis and
43 from patients with chronic non atrophic gastritis;
group four was formed by 16 isolates, among which one
was from a patient with chronic atrophic gastritis and
the rest were from patients with non-atrophic gastritis,
group five was formed by seven isolates of patients
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atrophic gastritis respectively (Figure 2). Through the
MCA, it is confirmed that there is no relation between
the groups and the characteristics of the population,
but a higher variation is showed between the isolates
of Túquerres by the formation of a less homogeneous
group (Figure 2).

SV338
SV343
SV355
SV407
SV369
BX1 BX6 BX8 BX1 BX6 BX8 BX1 BX6 BX8 BX1 BX6 BX8 BX1 BX6 BX8 M

A

DISCUSSION
The prevalence of the infection of H. pylori was high
and similar in both populations: (88.7%) in Tumaco
[5]
and (86.4%) in Túquerres . However, there are
strong differences in the incidence rates of gastric
cancer among these populations, separated by
only 200 km, being up to 25 times higher in the
population of Túquerres in the Colombian Andes with
predominant ancestry Amerindian and European, than
in the population of Tumaco, with African ancestors
[18]
and coming from the pacific coast in Colombia .
It was found that the multiple colonization eva
luated with respect to genes of virulence of H. pylori,
was 52.8% of all the analyzed cases (Table 2), and
significantly higher in the population of Túquerres
(55.3%), than in Tumaco (44.7%) (P = 0.027) (Table 2).
Similar findings, of multiple colonization are described
in different geographical regions of the world, including:
Korea (60%), México (65%), Chile (32%), Portugal
[18,19]
(30%) and Brazil (15%)
.
The genetic similarity was higher between the
isolates of H. pylori from the patients of Tumaco than
those from Túquerres. Additional to this finding, the
MCA showed in the population of Túquerres higher
diversity with the formation of a less homogeneous
group (Figure 2). People living on the Nariño Pacific
Coast (Tumaco), have African ancestors and are
infected with H. pylori strains, from African origin
that, presumably they acquired when their ancestors
brought to the new world during the slave trade
and that they have coevolved with his host towards
commensalism and in the time adapted, and in
[18]
consequence are less virulent . In contrast, in
Túquerres (Colombian Andes), the phylogenetic origin
of H. pylori that colonize the people of the region is
predominantly European, and possibly by selective
Amerindian strains tend to disappear gradually over
[5]
time . The disruption of host-bacteria coevolution
may favor multiple colonization and determine less
[5]
favorable biological relations for the host .
The H. pylori strains are genetically heterogeneous,
with deep variations between patients and in the
[20]
same patient . An individual may be colonized with
one strain or with genetically predominant strains
with a same genomic DNA, or by different strains that
show high genomic diversity, evident facts in the DNA
sequences found in different anatomical places of
[21]
patients . This genomic diversity reflects a process of
persistent accumulation of mutations in the strains as
a result of horizontal transfer and DNA incorporation
by genetic transformation or spontaneous mutations.

B

Figure 1 DNA profiles of Helicobacter pylori isolates, generated with
RAPD-PCR. A: Profiles with primer 1254; B: Profiles with primer 1281. PCR
products from DNA of the Helicobacter pylori (H. pylori) isolates obtained from
three anatomical sites of the gastric mucosa by each patient (SV338, SV343,
SV355, SV407 and SV369). Line M: 100 bp DNA ladder. Note that the size of
bands for each of the three isolates are not coincident, indicating that they are
different isolates of patients with multiple strain colonization by H. pylori.

with non-atrophic gastritis; group six was formed by
three isolates of patients with atrophic gastritis, group
seven was also formed with three isolates from which
two were from patients with non-atrophic gastritis and
one from a patient with atrophic gastritis, the groups 8,
9, 10 were formed by one isolate of a patient with nonatrophic gastritis (Figure 2).
Through multiple correspondence multivariate
analysis (MCA), the three dimensional representation
of the group of the isolates of the population of
Tumaco, showed that there is no relation between the
groups and the characteristics of the population, but a
low variation is shown between the isolates of Tumaco
by the formation of a relatively homogeneous group.
In the population of Túquerres the dendogram
was formed by seven groups. In these there was no
relation between the segregation of the isolates in the
groups and the characteristics of the population at a
similarity level of 0.13.
Group one was formed by 30 isolates, from which
27 were from patients with chronic non-atrophic
gastritis and three with chronic atrophic gastritis.
Group two joined 16 isolates, among which was found
one with chronic atrophic gastritis and 15 with chronic
non atrophic gastritis; group three was formed by 13
isolates of patients with chronic non atrophic gastritis
and two of patients with chronic atrophic gastritis;
group four, with three isolates of patients with chronic
non atrophic gastritis; in group five with five isolates,
from which one was from a patient with chronic
atrophic gastritis; groups six and seven were formed
by three and two isolates of patients with chronic non-
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Figure 2 Dendrogram generated by the mixture of 1281 and 1254 DNA fingerprints in Helicobacter pylori isolates of patients from two Colombian regions
with contrast risk of gastric cancer. A: Low risk population of gastric cancer (GC) was formed by 10 groups (red) with a similarity coefficient of 0.07 less than the
similarity (0.13) between isolates of the high risk population of gastric cancer, dendrogram B; B: In the high-risk population of gastric cancer 7 groups (blue) were
formed, with greater genetic distance between population groups at risk of gastric cancer and with greater genetic variability of isolates of Helicobacter pylori (H.
pylori). Cluster analyses were designed by following UPGMA clustering method and estimate of the distances between each pair of H. pylori isolated was calculated
with the similarity of Neid. The fusions produced near to the origin of the scale (left) indicate that the cluster formed is quite homogeneous. Conversely, fusions
produced on the final zone of the scale (right) indicate the cluster formed is quite heterogeneous.

The persistent accumulation of mutations, principally
in the virulence genes, provides a set of variants to H.
pylori that can be selected to colonize particular gastric
[11]
niches . When all the individuals in a microbial po
pulation are identical, the concept of establishment
in the host is relatively simple. However, the genetic
variability of the microorganism that colonizes different
regions in the gastric mucosa of a same host carries a
[22]
more complex relationship .
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The host responses to genomic variations of the
bacteria leads immune local mechanisms for the
anatomical place of the gastric mucosa where the
microorganism colonizes. These variations in the local
response towards the microorganisms represents an
environmental pressure for the strains of H. pylori,
living in the gastric mucosa where the microorganism
colonizes. These variations in the local response to
wards the microorganisms represent an environmental
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pressure for the strains of H. pylori, living in the gastric
mucosa. Such selective pressures will affect the relative
proportions of the bacterial strains in the population or
may involve changes in the alleles of important genes
and cause the displacement of the balance point, that
favors the percentage of new genetic variants of the
bacteria. The continuous rate of mutation assures that
the dynamic equilibrium of the strains of H. pylori is
[23]
maintained present in the population .
A more complex condition occurs when two or
more strains of H. pylori colonizes one same gastric
mucosa, since there is a space to promote genetic
recombination which gives rise to new more resistant
genotypes to the environmental conditions and they
compete with their precursor strains. Each bacterial cell
may create independent signals in the host and trigger
immune specific answers. However, a strong localized
response of the host may affect all the bacterial cells
from the environment. The selective pressure results
as negative influence in the development of most
of the autochthonous bacterial cells, but the new
recombinants survive because they may selectively
adapt to hostile environments, they can form po
pulation structures more organized and optimize the
[24]
use of resources from the host .
The results from the genotype comparison by
RAPD-PCR between isolates collected from different
patients and the same patient in different anatomical
places of the gastric mucosa, is a secure method for
the study of the genomic variability of H. pylori.
In this investigation the stage of genomic diversity
between the clinical isolates obtained with the primers
1281 and 1254, based in a clear distinction of the
patterns with multiple differences in the bands, reveal
that 4 of 41 patients shelter one unique strain of H.
pylori, while 37 showed heterogeneous traces of DNA
that suggests infection by multiple strains in different
anatomical places of the gastric mucosa in the same
patient in the population of Tumaco (Figure 2). In the
population of Túquerres 30 patients shelter different
strains between the regions of the gastric mucosa of
[25]
the same patient (Figure 2). Cellini et al , reported
similar results in a population with different strains
of H. pylori that showed genotypic variation, in the
same patient. The genetic diversity of the H. pylori
may also be due to multiple genotypes worldwide. A
great number of variants H. pylori coexist as product
of natural transformation and re genetic arrange
ments or alterations during the adaptation process
[26]
and colonization in the host . Nevertheless, the
evidence of the high variety of strains of H. pylori may
be the result of a continuous evolution, which occurs
when the stomach of a person gets infected, since
nucleotide mutation may occur, excisions in the isle
cag PAI, transposition and insertion of elements cag
PAI, recombination with DNA of surrounding strains
that aren’t involved in the disease and horizontal
[26]
transmission of new genes . It is proposed that the
high diversity is due to the limited direct competition
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between most of the strains, even if they are residents
in different people in the same community. The
diversity emphasizes by the geographical breakup
of many towns of the world and in consequence
the phyllogeographic origin of H. pylori plays a
preponderant role in the high diversity and in the
[27,28]
pathogenicity of the bacteria
. The divergence
between strains of H. pylori increases even more,
by differences between the characteristics of the
[28]
people and the individual features of the strains .
Some features include types of Lewis antigens for the
adhesion of H. pylori, the specificity and intensity of
the inflammatory response and the complex regulation
of gastric acid secretion.
In conclusion, the population of Túquerres located
in the Colombian Andes (high risk of gastric cancer),
are more likely to have a multiple colonization of H.
pylori, with greater genetic diversity than the infectious
strains from the patients of Tumaco (low risk of GC),
which should be taken into account when formulating
eradication programs of the microorganisms as a
strategy for the primary prevention of gastric cancer in
these populations of Colombia.
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Background

Infection by virulent strains of Helicobacter pylori (H. pylori) is one of the most
important risk factors for the development of precursor lesions of gastric cancer.
Ideal treatment is not yet possible because the gastric mucosa of a host can
be colonized by multiple strains of H. pylori (virulent and avirulent). The strains
of H. pylori can coexist with susceptible bacterial isolates and resist antibiotics.
This phenomenon makes eradication of the H. pylori difficult as a strategy in
treatment regimens and prevention of gastric cancer precursor lesions.

Research frontiers

The eradication of H. pylori from the gastric mucosa is the cornerstone in the
treatment of diseases such as chronic gastritis, peptic ulcer, metaplasia and
dysplasia; it is necessary to have genotyping isolates of H. pylori obtained
from different gastric locations (antrum and body) to evaluate multiple strain
colonization of H. pylori by analysis of genetic diversity in patients with gastritis.

Innovations and breakthroughs

In this research, the degree of variability of genomic DNA from clinical isolates,
obtained with primers 1281 and 1254, based on a clear distinction of patterns
with multiple differences in bands, shows that 4 out of 41 patients harbor a
single strain of H. pylori, while 37 showed heterogeneous DNA traces that
indicate infection by multiple strains in different anatomical sites in the same
patient in the population of Tumaco. In the population of Túquerres, 30 patients
harbor different strains within their gastric mucosa. While the difference in risk
is associated with the virulence of the infecting strain, it is considered that the
multiple colonization of gastric mucosa and its interrelation with environmental
agents is a condition that could boost the development of precancerous lesions
and eventually lead to the development of gastric carcinoma. The eradication
of H. pylori is a valid strategy for the prevention of gastric carcinoma. However,
treatment failure is inherent to multiple colonization by multiple strains of H.
pylori (virulent and avirulent) and the coexistence of susceptible bacteria with
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bacteria that are resistant to antibiotics.

9

Applications

These in vitro findings are especially important because of their possible
implications for the treatment and evolution of gastro-duodenal diseases
caused by H. pylori, suggesting that in most of the cases, polycolonization
by virulent strains of H. pylori is one of the most important risk factors for the
development of precursor lesions of GC and gastric carcinoma. Our results
suggest differences in genetic characteristics of the circulating strains, with
different degrees of greater genetic diversity between anatomical regions in
the same patient, showing multiple colonization. Eradication of H. pylori from
the gastric mucosa is the only valid strategy for GC prevention. However,
therapeutic failure of polymicrobial treatment is inherent and can be attributed
to the colonization of the gastric mucosa by multiple strains of H. pylori (virulent
and avirulent).

10

11

12

Terminology

The phenomenon known as multiple colonization refers to the colonization of
the gastric mucosa by multiple strains of H. pylori with different characteristics
at the genetic level with varying degrees of pathogenicity (virulent and avirulent)
between anatomical regions in a single patient. In Colombia, the risk of gastric
cancer varies according to geographical areas with high and low risk regions for
developing GC. This contrast of risk between nearby towns with a prevalence
of similar infection by H. pylori is explained by the high genetic diversity of
bacteria, with varying levels of pathogenicity.

13

14

Peer-review

Personalized medicine has important role in treatment. Authors should list
comparison of the genomic variability of H. pylori isolates of gastric regions
from Columbian population.
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Abstract

Institutional animal care and use committee statement:
All procedures involving animals were reviewed and approved
by the Animal Care and Use Committee of the Dalian Medical
University (License No. SCXK (LIAO) 2008-0002; Certificate
No. 0003496).

AIM
To investigate gut microbial diversity and the inter
ventional effect of Xiaoyaosan (XYS) in a rat model of
functional dyspepsia (FD) with liver depression-spleen
deficiency syndrome.

Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

METHODS
The FD with liver depression-spleen deficiency syn
drome rat model was established through classic
chronic mild unpredictable stimulation every day. XYS
group rats received XYS 1 h before the stimulation. The
models were assessed by parameters including state of

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this

WJG|www.wjgnet.com

810

February 7, 2017|Volume 23|Issue 5|

Qiu JJ et al . Gut microbial diversity of functional dyspepsia
impacts the patient’s quality of life. The pathogenesis
of FD is uncertain because of complicated multiple
factors. Clinical observation has shown that patients
with FD suffer from obvious gastrointestinal motility
obstacles, visceral hypersensitivity, Helicobacter pylori
[2]
infection, neuropsychological factors and so on .
The occurrence and development of FD is closely
related with mood disorders, such as anxiety and
depression. Traditional Chinese Medicine (TCM) holds
that gastrointestinal function abatement is usually
due to spleen deficiency (pixu) and mood disorders
with associated liver depression (ganyu). Thus, liver
depression-spleen deficiency is regarded as one of the
main pathogenesis of FD. In all syndrome types, FD
with liver depression-spleen deficiency syndrome is
the most common FD in traditional Chinese medical
[3]
syndrome typing .
Xiaoyaosan (XYS) is a well-known Chinese herbal
formula and is prescribed to sooth liver, tonify spleen,
[4,5]
and nourish blood . The Song Dynasty (960-1127
AD) book of “Taiping Huimin Heji Jufang” recorded
that XYS comprises the following eight Chinese herbs:
Bupleurum root, Chinese angelica root, white peony
root, Perenniporia, bighead Atractylodes rhizome,
roasted ginger, prepared licorice root, menthol and
peppermint. It has long been used for the treatment of
FD associated with the syndrome of “liver depression”
and “spleen deficiency” in China.
Gastrointestinal microflora plays an important
[6,7]
role in the host’s life activities . When the host’s
balance of microflora in the gastrointestinal tract is
disrupted, the host may become ill. In recent years,
the gastrointestinal microflora has been shown to be
associated with promotion of health and occurrence
and development of different gastrointestinal/non[8,9]
gastrointestinal diseases
. Therefore, more ex
perimental research has focused on the relationship
between disease and gastrointestinal microflora.
Besides, research has shown that some traditional
Chinese drugs exert their effects on disease by
[10,11]
regulating the equilibrium of intestinal microflora
.
Many molecular biology techniques have been used to
illustrate gut microbial diversity, including denaturing/
temperature gradient gel electrophoresis, terminal
restriction fragment length polymorphism, and high[12]
throughput sequencing . High-throughput sequencing
has the advantage of providing more and detailed
information on microbial diversity with high accuracy,
and thus has been widely used in the study of gut
microbial diversity. Here, we used the Illumina se
quencing to analyze gut microbial diversity of FD. The
goal of the current study was to describe gut microbial
diversity on FD with liver depression-spleen deficiency
syndrome in a rat model and to assess the effect of
XYS on microflora.

the rat, weight, sucrose test result and open-field test
result. After 3 wk, the stools of rats were collected and
genomic DNA was extracted. PCR products of the V4
region of 16S rDNA were sequenced using a barcoded
Illumina paired-end sequencing technique. The primary
composition of the microbiome in the stool samples
was determined and analyzed by cluster analysis.
RESULTS
Rat models were successfully established, per data from
rat state, weight and open-field test. The microbiomes
contained 20 phyla from all samples. Firmicutes ,
Bacteroidetes , Proteobacteria , Cyanobacteria and
Tenericutes were the most abundant taxonomic groups.
The relative abundance of Firmicutes , Proteobacteria
and Cyanobacteria in the model group was higher
than that in the normal group. On the contrary, the
relative abundance of Bacteroidetes in the model group
was lower than that in the normal group. Upon XYS
treatment, the relative abundance of all dysregulated
phyla was restored to levels similar to those observed
in the normal group. Abundance clustering heat map of
phyla corroborated the taxonomic distribution.
CONCLUSION
The microbiome relative abundance of FD rats with liver
depression-spleen deficiency syndrome was significantly
different from the normal cohort. XYS intervention may
effectively adjust the gut dysbacteriosis in FD.
Key words: Functional dyspepsia with liver depressionspleen deficiency syndrome; Illumina sequencing; Gut
microbial diversity; Xiaoyaosan
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gut microflora has been found to associate with
promotion of health and occurrence and development
of different gastrointestinal/non-gastrointestinal
disease. Some traditional Chinese drugs exert effects
on diseases by regulating the equilibrium of intestinal
microflora. In the present study, we described gut
microbial diversity in functional dyspepsia with liver
depression-spleen deficiency syndrome in rat models
and the effect of Xiaoyaosan intervention.
Qiu JJ, Liu Z, Zhao P, Wang XJ, Li YC, Sui H, Owusu L, Guo
HS, Cai ZX. Gut microbial diversity analysis using Illumina
sequencing for functional dyspepsia with liver depression-spleen
deficiency syndrome and the interventional Xiaoyaosan in a rat
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from: URL: http://www.wjgnet.com/1007-9327/full/v23/i5/810.
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INTRODUCTION

MATERIALS AND METHODS

Functional dyspepsia (FD) is a common gastrointestinal
[1]
disorder . FD is not life-threatening but adversely

Establishment and validation of rat models
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Male Sprague-Dawley rats of clean grade were su
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pplied by the Experimental Animal Center of Dalian
Medical University, Dalian, China. Rats were kept at
a temperature of 23 ± 2 ℃ and a relative humidity of
55% ± 2% on a 12 h light-dark cycle for 7 d before
experimentations. Rats were randomly divided into
three groups: normal group (FD1), FD with liver
depression-spleen deficiency syndrome group (FD2)
and XYS-treated group (FD3). The FD with liver
depression-spleen deficiency syndrome rat model
was established by including classic chronic mild
unpredictable stimulation (bondage, swim-induced
fatigue, electrical stimulation, fasting and concussion)
[13]
every day . The normal and FD model groups were
given normal saline intragastrically before initiating
stimulation. The XYS group was given XYS intragas
trically 1 h before initiating stimulation. The dose of
XYS was 15.3 g/kg per day (gavage volume 2 mL).
The models were assessed by state of the rat,
weight, sucrose test result and open-field test result.
All the procedures of animal experiments were
approved by the local Animal Care Committee and
in accordance with the Guide for the Care and Use
of Laboratory Animals published by the Science and
Technology Commission of P.R.C. (STCC Publication
No. 2, revised 1988).

PCR products of 16S rDNA were sequenced using
HiSeq2500 sequencer PE250. Sequencing work was
performed in collaboration with Novogene Bioinformatics
Technology Co., Ltd (Beijing, China).

Animal care and use statement

The animal protocol was designed to minimize pain
or discomfort to the animals. The animals were accli
matized to laboratory conditions (23 ± 2 ℃, 12 h/12
h light/dark, 55% ± 2% humidity, ad libitum access
to food and water) for 1 wk prior to experimentation.
All animals were euthanized by ethyl ether for tissue
collection.

Statistical analysis

After amputation of the barcode and primer se
quences, Raw Tags were obtained by joining reads
of each sample using FLASH (V1.2.7, http://ccb.jhu.
[14]
edu/software/FLASH/) . Clean Tags were obtained
[15]
through the strict filtering process . Effective Tags
of all samples were clustered using Uparse software
[16]
(Uparse v7.0.1001, http://drive5.com/uparse/) .
Operational Taxonomic Units (OTUs) were defined
by clustering 97% identity sequences. Based on the
principles of the algorithm, the highest frequency
OTUs were screened as the representative OTUs. The
microbiomes species at phylum level were annotated
by analyzing the representative OTUs with RDP
Classifier (version 2.2, http://sourceforge.net/projects/
[17]
rdp-classifier/) method
and GreenGene database
[18]
(http://greengenes.lbl.gov/cgi-bin/nph-index.cgi) .
The phylogenetic relationships of representative OTUs
were identified by multiple sequence alignment using
[19]
PyNAST software (version 1.2)
and “Core Set” of
GreenGene database.

Sample collection and DNA extraction

Stool samples were collected from rats of FD1, FD2 and
FD3 groups. The stools were suspended, respectively,
in TE buffer with lysozyme. Total bacterial DNAs were
extracted using the Stool DNA Isolation Kit (FORE GENE,
China) according to the manufacturer’s instruction.
The total DNAs were determined using electrophoresis
on 1% agarose gel containing ethidium bromide. The
concentration of DNAs was measured using NanoVue
plus (GE, United States).

RESULTS

V4 region of the 16S rDNA PCR amplification

Model validation

The variable V4 region of 16S rRNA was amplified by
PCR using the following barcode primers: upstream
primer 515F (5′-GTGCCAGCMGCCGCGGTAA-3′) and
downstream primer 806R (5′-GGACTACHVGGGTWTCT
AAT-3′). The PCR reaction mixture contained 12.5 μL
®
of Phusion Master Mix (Phusion High-Fidelity PCR
Master Mix with GC Buffer; New England Biolabs,
United States), 1 μL of template DNA, 1.25 μL of 10
μmol primer 515F, 1.25 μL of 10 μmol primer 806R and
10 μL of double-distilled H2O. The amplification of PCR
was performed as follows: 98 ℃ for 30 s; 30 cycles of
98 ℃ for 10 s, 54 ℃ for 30 s, and 72 ℃ for 30 s; and
72 ℃ for 7 min. The amplified products were identified
by electrophoresis on a 2% agarose gel containing
ethidium bromide. The PCR products were purified using
the QIAquick Gel Extraction Kit (Qiagen, Germany).

Sequencing PCR amplicons of 16S rDNA

The FD with liver depression-spleen deficiency syn
drome rat model was established successfully using
chronic mild unpredictable stimulation. Compared
with the good mental state of the normal group rats,
the model group rats were restless and exhibited high
alertness. The fur of the model group rats was slightly
rough. It was difficult for the model group rats to
grasp. The weight of the model group rats significantly
decreased, compared to that of the normal group
rats (Table 1). The saccharine preference index of the
model group rats was significantly lower than that
of the normal group rats (Figure 1). At the end of
the modeling process, the numbers of crossed-grids,
standing and grooming times were calculated. There
were significant differences between the model group
and the normal group in all these parameters (Table 2).

Identification of PCR products of the V4 region of 16S
rDNA

®

Library construction was performed using the TruSeq
PCR-Free DNA Sample Preparation Kit and quantified
by Qubit and Q-PCR. After library accreditation, purified
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Amplified PCR products were examined by agarose gel
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of Bacteroidetes in the FD model group was lower than
observed in the normal group. After XYS treatment,
the relative abundance of all altered phyla readjusted
to levels comparable to those observed in the normal
rats.

Saccharine preference index

1.5

1.0
a

Species abundance clustering heat map at the phylum
level

0.5

0.0

FD1

The abundance clustering heat map of phyla was
consistent with results of phylum level taxonomic
distribution (Figure 5).

FD2
Group

Figure 1 Saccharine preference index of the normal group (FD1) and the
model group (FD2). The data are presented as mean ± SE. aP < 0.01 vs the
normal group.

DISCUSSION
In this study, we modeled FD with liver depressionspleen deficiency syndrome in rats and observed
changes in gut microbial diversity with or without XYS
intervention.
FD is a common clinical digestive disease with
epigastric discomfort, postprandial full bilge, abdominal
bloating, belching, anorexia, nausea, vomiting,
heartburn and other symptoms that occur persistently
[20]
or recurrently . FD with liver depression-spleen
deficiency syndrome is one of the most common FD
subtypes in TCM. Modern medicinal knowledge has
indicated psychiatric factors as the most important
etiologic factors. We used unpredictable stimulations to
[21]
mimic psychiatric stress to induce FD in rats . These
stimulations led to successful FD with liver depressionspleen deficiency syndrome through making rats
nervous and depressive for a long time.
Some studies have indicated the influence that gut
microbial diversity may have on different diseases,
including gastrointestinal disease, incretion disease
[22]
and mental disease . Therefore, understanding the
interaction between the microbiota and the host’s
physiology may facilitate the exploration of new the
rapeutic targets for certain diseases. FD with liver
depression-spleen deficiency syndrome belongs to a
kind of gastrointestinal disease caused by psychiatric
factors. While XYS was the TCM prescription used
for the treatment of FD with liver depression-spleen
[23]
deficiency syndrome , it has become widely accepted
in microbial diversity analysis by employing the
sequencing technique in this postmetagenomic era.
In our study, the microbiomes of the normal group,
the FD model group and the XYS-treated FD group
rats were classified at the phylum level. Firmicutes,
Bacteroidetes and Proteobacteria were the three most
abundant taxonomic groups in all group samples.
These groups of microorganisms have, in fact, been
indicated as the three predominant phyla in the gut
[24]
of animals and humans . The experimental groups
had similar microbiome distributions but with varied
phyla abundances within each microbiome. Firmicutes
was the most favored microflora and the highest in
proportion in the gut of mammals. Many bacteria of

Table 1 Rat weight (g, mean ± SE)

FD1
FD2

Model before

Model after

220.33 ± 1.20
220.50 ± 1.06

264.17 ± 1.17
236.00 ± 1.17a

Normal group: FD1; Model group: FD2. aP < 0.01 vs the normal group.

Table 2 Open-field test (mean ± SE)
Model before
Stand-up times
FD1
FD2
Number of crossings
FD1
FD2
Number of cleanings
FD1
FD2

Model after

21.83 ± 0.95
22.00 ± 0.89

18 ± 1.00
3.00 ± 0.78a

55.33 ± 1.31
54.83 ± 2.23

50.67 ± 0.80
8.33 ± 0.92a

9.83 ± 0.60
9.83 ± 0.48

8.83 ± 0.31
2.17 ± 0.40a

Normal group: FD1; Model group: FD2. aP < 0.01 vs the normal group.

electrophoresis (Figure 2). The V4 region PCR products
of 16S rDNA were obtained.

Sequencing and quality control

The number of Effective Tags and OTUs observed after
sequencing are shown in Figure 3. The Effective Tags
of all samples were enough to cluster to OTUs. The
representative OTUs were used for annotating.

Phylum level taxonomic distribution of microbiomes

The microbiomes contained 20 phyla and 156 genera
in all rat stool samples (Figure 4). The composition
microbiome of all samples was similar at the phyla
level. Firmicutes, Bacteroidetes, Proteobacteria,
Cyanobacteria and Tenericutes were the most
abundant taxonomic groups. The relative abundance
of Firmicutes, Proteobacteria and Cyanobacteria in the
FD model group was individually higher than in the
normal group. On the contrary, the relative abundance
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FD1.1

FD1.2

FD1.3

FD2.1

FD2.2

FD2.3

   FD3.1

   FD3.2

FD3.3

Figure 2 Agarose gel electrophoresis of PCR products of the V4 region of 16S rDNA. Normal group: FD (1.1-1.3); Model group: FD (2.1-2.3); Xiaoyaosan group:
FD (3.1-3.3). FD: Functional dyspepsia.
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Figure 3 Statistical graph of Tags and Operational Taxonomic Unit clustering. Normal group: FD (1.1-1.3); Model group: FD (2.1-2.3); Xiaoyaosan group: FD
(3.1-3.3). Total Tags: Effective Tags; Unique Tags: Uneffective Tags; Taxon Tags: Annotated Tags for OTUs; Unclassified Tags: Unannotated Tags. OTUs: Operational
Taxonomic Units; FD: Functional dyspepsia.

rats with XYS, the relative abundances of Firmicutes,
Proteobacteria and Bacteroidetes were adjusted
to similar levels, as identified in the microbiome of
normal rats, with enhanced decrease of Fusobacteria.
We infer that the therapeutic function of XYS on FD
may, at least partly, be due to its ability to restore
gut microbial homeostasis. Notwithstanding, further
studies are needed to define the molecular factors and
downstream mechanisms that are chiefly influenced
during the dysbiosis-microbiome restoration activities
in FD.
In summary, this study investigated the gut mi
crobial diversity of FD in a rat model and indicated
that the microbiome composition of FD with liver
depression-spleen deficiency syndrome was signifi
cantly different from the normal cohort. Intervention
with XYS restored the gut dysbiosis in FD to normalcy.
The data thus shed light on a plausible means by
which XYS may achieve its therapeutic function in FD.

the phyla Firmicutes can produce butyrate. Butyrate
is an important source of energy for colonic epithelial
[25]
cells . Bacteroidetes and Proteobacteria were the
second and third favored microflora, respectively. Many
Bacteroidetes are involved in the metabolic processing
of polysaccharides, steroids and bile acids, whereas
[26,27]
Proteobacteria are pathogenic
. The increased
relative abundance of Firmicutes and Proteobacteria
coupled with the decreased relative abundance of
Bacteroidetes in the FD microbiome as compared with
the microbiome of normal rats suggests an association
between increased Proteobacteria with decreased
Bacteroidetes and the occurrence of FD with liver
depression-spleen deficiency syndrome. Although
the relative abundance of Fusobacteria was generally
low, it indicated a plausible positive association with
Proteobacteria. Fusobacteria is a common resident
pathogen in gut mucosa and has been linked to
[28]
gastrointestinal disease . Upon treatment of FD
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Figure 4 Relative abundance of the microbiomes at the phylum level. Normal group: FD1; Model group: FD2; Xiaoyaosan group: FD3. FD: Functional dyspepsia.
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Applications

These data will facilitate the exploration of new therapeutic targets of disease
by increasing the understanding of the interaction between the microbiota
and the host’s physiology. Clarification of the XYS intervention will provide a
theoretical basis for promotion and application of Chinese traditional medicine.

Terminology

Illumina sequencing, also known as next-generation sequencing, describes
sequencing of millions of gene fragments by synthesis with reversible
terminators.

Peer-review

The manuscript is interesting and worthy of publication.
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Abstract
AIM
To investigate the enhanced cytotoxic T lymphocyte
responses against pancreatic cancer (PC) in vitro
induced by dendritic cells (DCs) engineered to secrete
anti-DcR3 monoclonal antibody (mAb).

Institutional review board statement: This study was
approved by the Ethics Committee of Shenyang General Hospital
of PLA.
Institutional animal care and use committee statement:
There was no animal experimentation in this study.

METHODS
DCs, T lymphocytes and primary PC cells were ob
tained from PC patients. DCs were transfected with a
designed humanized anti-DcR3 monoclonal antibody
heavy and light chain mRNA and/or total tumor RNA
(DC-tumor-anti-DcR3 RNA or DC-total tumor RNA) by
using electroporation technology. The identification,
concentration and function of anti-DcR3 mAb secreted
by DC-tumor-anti-DcR3 RNA were determined by
western blotting and enzyme-linked immunosorbent
assay. After co-culturing of autologous isolated PC cells
with target DCs, the effects of secreting anti-DcR3 mAb
on RNA-DCs’ viability and apoptosis were assessed by
MTT assay and flow cytometry. Analysis of enhanced
antigen-specific immune response against PC induced
by anti-DcR3 mAb secreting DCs was performed using
51
a Cr releasing test. T cell responses induced by RNAloaded DCs were analyzed by measuring cytokine
levels, including IFN-γ, IL-10, IL4, TNF-α and IL-12.
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RESULTS
The anti-DcR3 mAb secreted by DCs reacted with
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be attributed in part to lack of effective treatments .
Existing therapies for PC are limited to systemic
chemotherapy and surgical resection. However, neither
[4]
of these two strategies can cure PC completely .
Thus, more effective therapeutic methods are urgently
needed.
Cellular immunotherapy is a promising alternative
that is currently considered the fourth line of cancer
[5]
treatment . In this approach, different kinds of immune
cells, such as cytokine-induced killer cells, lymphokineactivated killer cells, natural killer (NK) cells and
dendritic cells (DCs) are adopted for immunotherapy. Of
these, DC is the most commonly used immune effector
cell because of its potent antigen-presenting function
in the initiation of antitumor immune responses and its
pivotal function in cancer immunosurveillance. Cytotoxic
T lymphocytes (CTLs) are capable of eliminating cancer
cells directly in vivo, but their activities are primarily
managed by DCs. The use of DC-based tumor vaccines
has therefore become a promising alternative treatment
[2,6]
method for cancer .
In clinical practice, antigen choice is essential in the
design of an effective vaccine. Because of lacking the
expression of MHC class II molecules and co-stimulatory
molecules, PCs, with low level of expression of tumorassociated antigens (TAA), display weak antigenicity
[7]
and high heterogeneity . Therefore, loading whole
antigens from PC cells may be an alternative me
thod that can both generate a broad T cell immune
response to TAA and reduce the possibility of PC
escape from immune recognition. We have previously
reported that DCs transfected with total tumor RNA
can effectively induce anti-PC tumor-specific CTL
[2]
responses . However, although this method has
been demonstrated to generate a vaccine-induced
rise in tumor-specific cells, the immune and tumor
reactions stay modest, suggesting the need for novel
[8]
strategies to improve antitumor immunity . Evidently,
one cause of this insufficiency is that tumor cells can
produce certain immunosuppressive molecules to
induce an immunosuppressive microenvironment and
inhibit the function of tumor-associated cells, such
[9]
as T lymphocytes and DCs . Decoy receptor (DcR)
3 is possibly one of these cells in the tumor micro
[10]
environment (TME) .
DcR3 is a decoy receptor for Fas ligand (FasL) and
is a member of the tumor necrosis factor receptor
[11]
(TNFR) superfamily . DcR3 displays inducible
expression, interacts with the herpes virus entry
mediator (HVEM) and is presented by TNF-like
[12,13]
molecule 1A (TL1A) and T lymphocytes (LIGHT)
.
DcR3 lacks a transmembrane domain and works as a
secreted protein instead of a membrane-bound one.
DcR3 can bind to LIGHT and FasL, thereby blocking
the interaction between LIGHT and LT-receptor
(LTbR) or HVEM to inhibit the apoptosis induced by
Fas-FasL interaction or LIGHT-mediated biological
effects. DcR3 is frequently overexpressed in various

recombinant human DcR3 protein and generated a
band with 35 kDa molecular weight. The secreting
mAb was transient, peaking at 24 h and becoming
undetectable after 72 h. After co-incubation with DCtumor-anti-DcR3 RNA for designated times, the DcR3
level in the supernatant of autologous PC cells was
significantly down-regulated (P < 0.05). DCs secreting
anti-DcR3 mAb could improve cell viability and slow
down the apoptosis of RNA-loaded DCs, compared with
DC-total tumor RNA (P < 0.01). The anti-DcR3 mAb
secreted by DC-tumor-anti-DcR3 RNA could enhance
the induction of cytotoxic T lymphocytes (CTLs) activity
toward RNA-transfected DCs, primary tumor cells,
and PC cell lines, compared with CTLs stimulated
by DC-total tumor RNA or control group (P < 0.05).
Meanwhile, the antigen-specific CTL responses were
MHC class I-restricted. The CD4+ T cells and CD8+ T
cells incubated with anti-DcR3 mAb secreting DCs could
produce extremely higher level IFN-γ and lower level
IL4 than those incubated with DC-total tumor RNA or
controls (P < 0.01).
CONCLUSION
DCs engineered to secrete anti-DcR3 antibody can
augment CTL responses against PC in vitro , and the
immune-enhancing effects may be partly due to
their capability of down-regulating DC apoptosis and
adjusting the Th1/Th2 cytokine network.
Key words: Dendritic cell; Antibody-encoding RNA;
DcR3; Cytotoxic T lymphocyte response; Pancreatic
cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dendritic cells co-transfection with tumorassociated antigens RNA and humanized anti-DcR3
monoclonal antibody mRNA may augment cytotoxic
T lymphocyte responses against pancreatic cancer in
vitro . This finding lays a good foundation for further
investigation of tumor dendritic cells’ vaccine targeting
DcR3 protein against pancreatic cancer.
Chen J, Guo XZ, Li HY, Zhao JJ, Xu WD. Dendritic cells
engineered to secrete anti-DcR3 antibody augment cytotoxic T
lymphocyte response against pancreatic cancer in vitro. World J
Gastroenterol 2017; 23(5): 817-829 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/817.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.817

INTRODUCTION
Pancreatic cancer (PC) is the fourth leading cause of
cancer-related deaths in the US, with 40560 deaths
[1,2]
in 2015 alone . It has an extremely poor prognosis
[3]
with a total 5-year survival rate of < 5% . The poor
prognosis and high mortality rate in PC patients may
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[14]

[23]

tumors, including lung cancers , gastrointestinal
[15]
[16]
tract tumors , virus-associated lymphomas , and
[17]
PCs . It has been reported that overexpression of
DcR3 is correlated with shortened total survival time
[18]
of cancer patients . DcR3 has been postulated to
promote tumor growth by escaping FasL- and LIGHTmediated immunosurveillance. Specifically, DcR3 is able
to suppress the activation and differentiation of DCs
[19]
and macrophages , enhance osteoclast differentiation
[20]
and angiogenesis , and sensitize T lymphocytes to
TNF-related apoptosis-inducing ligand (TRAIL)-induced
[21]
apoptosis in cancer patients . In addition, DcR3 is also
regarded as an important immunosuppressive factor in
defects associated with immune effector cell function.
Therefore, we sought to determine whether neutralizing
DcR3 expression in the TME can augment the CTL
responses against PC in vitro induced by DCs loaded
with total tumor RNA.
In the current study, we evaluated the novel appro
ach of co-transfecting DCs with total tumor RNA and
mRNA encoding humanized heavy (H) and light (L)
chains of an anti-human DcR3 mAb together to achieve
anti-DcR3 protein stimulation. Through co-culturing of
autologous isolated PC cells with DCs, we found that
DCs transfected with these RNAs secrete operational
immune modulating proteins that can reduce DcR3
expression in TME of cultured PC cells. Then we
demonstrated that CTLs induced by DCs co-transfected
with total tumor RNA and anti-DcR3 monoclonal
antibody (mAb) mRNA show more effective cytotoxic
activities against PC cells in vitro compared with DCs
loaded only with total tumor RNA alone. Furthermore,
the immune-enhancing effect of DCs engineered to
secrete anti-DcR3 mAb is partly due to their capability
of down-regulating apoptosis of DCs and adjusting the
T helper (Th)1/Th2 cytokine network. These findings
are crucial for the development of tumor DC vaccines
targeting DcR3 protein against PC.

cribed by Wang et al . Approximately 10 g of each
tumor specimen was harvested in the operating
room for primary cell culture. The tumor tissue was
mechanically disrupted to generate approximately
3
1 mm sections. The tissue was digested in 10 mL
of RPMI-1640 medium supplemented with 0.05%
collagenase (Hyclone, South Logan, UT, United States)
with gentle agitation at room temperature for 4-6
h. After culturing for 7 d, the immunohistochemistry
technique was used to detect the expression of DcR3
protein (anti-DcR3 mAb obtained from Sigma).
The human PC cell lines Capan-2 (HLA-A2+) and
AsPC-1 (HLA-A2-), as well as the leukemia cell line
K562, were obtained from the American Type Culture
Collection (Manassas, VA, United States). The cells
were cultured in RPMI-1640 supplemented with 10%
fetal bovine serum, 2 mM L-glutamine (Hyclone), 50
U/mL penicillin, and 50 mg/mL streptomycin (Hyclone).
All cells were cultured for 7 d and maintained in the
logarithmic phase growth at 37 ℃ in a humidified
atmosphere supplemented with 5% CO2.

Preparation of RNA

Total cellular RNA was extracted from autologous PC
cells and PBMCs by using TRIzol Reagent (Sigma)
according to the manufacturer’s instructions. Only RNA
exhibiting a ratio of 28S:18S > 1 was subjected to
further analysis.
Total RNA of anti-human DcR3 hybridoma clone
1B1 (a kindly gift from Dr. CF Wu of Jilin University,
[24]
China) , was isolated with the RNeasy mini kit
(Qiagen, Valencia, CA, United States). Five micrograms
of RNA were used in a reverse transcription reaction
with the RT primer 5’- ATT CTA GAG GCC GAG GCG
GCC GAC ATG (T-30) VN-3’ and PowerScript RT
(Clontech, Mountain View, CA, United States) and
the primer 5’-AAG CAG TGG TAT CAA CGC AGA GTG
GCC ATA TTG GCCr GrGrG 3AmMC7/-3’. The heavy
(H) chain was amplified from 10% of the RT reaction
by using Advantage 2 HF PCR mix (Clontech) and
the primers 5’- AAA GAA TTC GGC CTT GTT GGC CTC
ATT TAC CCA GAG ACC GGG AGA TG -3’ and 5’-GAA
AAG CTT GGC CAT TGG GGC GGT ATC AAC GCA GAG
TGG CCA TAT TG-3’. The L chain was amplified with
the primers 5’-AAG AAT TCG GCC TTG TTG GCC TAA
CAC TCA TTC CTG TTG AAG CTC TTG-3’ and 5’-GAA
AAG CTT GGC CAT TGG GGC GGT ATC AAC GCA GAG
TGG CCA TAT TG-3’. The resulting PCR fragments were
digested with HindⅢ and EcoRI and cloned into the
HindⅢ and EcoRI sites of the plasmid pSP73-Sph/A64,
which possesses a T7 promoter and 64T nucleotides
that allow for the production of in vitro transcribed RNA
with a polyA tail of 64 residues. The gene encoding the
full-length enhanced actin (as controls) was inserted
into the pSP73-Sph/A64 plasmid, as well.

MATERIALS AND METHODS
Patient eligibility and tumor cells preparation

Fifteen HLA-A2+ PC patients (9 males and 6 females;
median age of 53.5 years, ranging from 35 years to
72 years) were included in this study. According to
[22]
the TNM classification of AJCC , there were 10 stage
II patients and 5 stage Ⅲ patients. The location of
tumor was divided into head (7 cases) and body/tail
(8 cases). All patients underwent surgical resection
and were pathologically diagnosed with invasive ducal
adenocarcinoma.
Peripheral blood monocyte cells (PBMCs), isola
ted by Ficoll-Hypaque (Sigma, St Louis, MO, United
States) density gradient separation, and was used as
the nonmalignant control tissues. Pancreatic cancer
specimens were obtained at the time of surgery and
were stored in RNAlate (Ambion, Austin, TX, United
States) at 4 ℃ until processing.
Autologous tumor cells were obtained as des
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In vitro transcription of mRNA

All plasmids were digested with SpeI for use as a
template for in vitro transcription reactions using the
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mMESSAGE mMACHINE T7 kit (Ambion) according to
the manufacturer’s protocol. mRNA was purified with
the RNeasy mini kit.

The membranes were blocked in Tris-buffered saline
containing 2% non-fat dry milk (Bio-Rad) and 0.05%
Tween 20 (Sigma) for 1 h. Using 1:5000 dilution of the
supernatant from DCs co-transfected with autologous
PC cell total RNA and anti-DcR3 mAb-encoding mRNA
for 24 h, the supernatant from DCs was transfected
with actin mRNA for 24 h (negative control) and the
commercial anti-DcR3 mAb (positive control; Qiagen)
as primary antibodies, followed by incubation for 1
h in a horseradish peroxidase-conjugated secondary
antibody. Protein bands were visualized using an
enhanced chemiluminescence system (Amersham
Pharmacia Biotech, Piscataway, NJ, United States).

Generation and electroporation of DCs

DCs’ generation was performed as previously described
[25]
by Zhu et al . A concentrated leukocyte fraction
was isolated from PBMCs that processed 200 mL of
blood during each collection. Leukapheresis products
were separated by density-gradient centrifugation
over polysucrose sodium diatrizoate (Sigma), and
cells were resuspended in serum-free AIM-V medium
(Gibco, Burlington, Canada). Cells were incubated in
a humidified incubator for 2 h at 37 ℃ to allow plastic
adherence. The non-adherent fraction was removed,
and the adherent cells were cultured for 7 d in serumfree AIM-V medium supplemented with human rIL-4
(500 U/mL) and recombinant human granulocyte
macrophage colony-stimulating factor (GM-CSF) (800
U/mL) (R&D Systems, Minneapolis, MN, United States)
at 37 ℃ under 5% CO2.
The DCs were transfected with RNA using a Gene
Pulser II (Bio-Rad, Hercules, CA, United States). After
7 d, the immature DCs were transferred into a lowconductance medium (Cytofusion Medium Formula
C; CytoPulse Sciences, Columbia, MO, United States)
after centrifugation at 170 × g at 4 ℃ for three times,
each time for 7 min. Viable cells were resuspended
6
to a final concentration of (10-40) × 10 cells/mL in
the low-conductance medium. Subsequently, 0.5 mL
6
cell suspension was mixed with 3 μg per 10 DCs and
electroporated in a 0.4 cm cuvette at an optimum
[26]
condition . The cells were recovered for 5 min, and
then the same protocols were repeated with 10 μg of H
chain antibody RNA and 5 μg of L chain antibody RNA
6
per 10 DCs. Cells were recovered for 15 min, and then
the transfected DCs were matured by adding 10 ng/mL
of TNF-α (Roche Molecular Biochemicals, Mannheim,
Germany) for 24 h. The electroporation of actin mRNA
and PBMC RNA was used as controls. Inverted phase
contrast microscopy (I × 70; Olympus, Tokyo, Japan)
and electron microscopy (scanning electron microscope
JSM-7300EX; Hitachi, Tokyo, Japan) were used for the
morphological characterization of DCs transfected with
different RNA. The DcR3 protein expression in RNADCs was low to negative (mature DC ≤ 11%-14%
and immature DC ≤ 9%-11%, data not shown).

Enzyme-linked immunosorbent assay

Assay for DCs viability

[27]

As described by Chen , the 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
cell proliferation assay was used to defined the cell
viability. In brief, RNA loaded DCs were inoculated
into 96-well tissue culture plates (BD PharMingen,
San Diego, CA, United States) with a density of 3000
cells per well and co-incubation with or without 3000
autologous PC cells. The cells were handled according
to the instructions of MTT at the time points of 0-96 h.
The formazan crystals that we acquired were dissolved
in dimethylsulfoxide (BD Biosciences, Franklin Lakes,
NJ, United States). Absorbance was monitored at 490
nm and the percentage of exposed cells to controls
was used to show the cell viability. Cells that did not
receive RNA transfections were regarded as the control
cultures.

Western blot analysis

The recombinant human DcR3 protein (Sigma) was
dissolved in 0.02 mol/L phosphate-buffered saline
(PBS, pH 7.4). The concentration was determined
by the BCA Protein Assay Reagent method (Pierce
Chemical Company, Rockford, IL, United States).
Then, the proteins were resolved on sodium dodecyl
sulfate (SDS)-polyacrylamide denaturing gels, and
transferred onto nitrocellulose membranes (Schleicher
and Schuell, Dassel, Germany) overnight at 4 ℃.
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[26]

As described by our previous study , autologous
6
tumor cells (1 × 10 cells) were co-incubated with
6
DCs (1 × 10 cells) encoding anti-DcR3 mAb mRNA or
actin mRNA (negative control) in 96-well plates in an
overall volume of 200 μL at 37 ℃ for 0-72 h. A 1:5000
dilution of the commercial anti-DcR3 mAb was applied
as positive control. Triplicate supernatant samples from
these co-cultures were examined for specific DcR3
secretion using DcR3 enzyme-linked immunosorbent
assay (ELISA) kit (Genzyme, Waltham, MA, United
States). Each well was measured at 450 nm, and
the optical density values were used to calculate the
concentration of the samples.
[8]
As previously described by Pruitt , an indirect
ELISA was simultaneously used to measure the DcR3
mAb concentration in the supernatants of DCs cotransfected with total tumor RNA and anti-DcR3 mAbencoding mRNA for 0-72 h. DCs transfected with actin
mRNA were used as positive control.

Phenotypic analysis of DCs by flow cytometry
[2]

As described by our previous study , DCs were
prepared using 2% paraformaldehyde after washing
for three times with frigid PBS containing 0.5% of
bovine serum albumin. Four fluorescein isothiocyanate

820

February 7, 2017|Volume 23|Issue 5|

Chen J et al . CTL responses to PC induced by DCs
(FITC)-conjugated mAbs, including anti-HLA-DR, antiCD80, anti-CD86 and anti-CD83, were used and which
came from BD PharMingen. Flow cytometry was used
to analyze those stained cells.

for the four cytokines were used as control groups.

RNA-loaded DC-induced CD4+ and CD8+ T cell
responses

The measurement of multi-antigen specific CD4+
and CD8+ T cell responses were conducted by cyto
[2]
kine release assay as described by Chen et al and
[29]
Miyazawa et al . Through using the instrument of
TM
autoMACS (Miltenyi Biotec, Bergisch Gladbach,
Germany), CD4+ and CD8+ T cells were separated
from proliferating PBLCs and that were civilized
after three cycles of re-stimulation ex vivo. The cells
were then incubated with CD4 or CD8 microbeads
(Miltenyi Biotec) for 15 min at 4 ℃ and washed before
separation. Separation was executed adopting an
autoMACS column (Miltenyi Biotec). The pillar was
set in the magnetic field, and magnetically-labeled
cells were preserved in the pillar and then flushed
out as positively chosen cells while the magnetic field
was turned off. The sorted populations’ purity was
determined by flow cytometry. The selected CD4+
4
and CD8+ T cells (5 × 10 ) were stimulated with RNADCs (DC-actin mRNA, DC-PBMC RNA, DC-total tumor
3
RNA, and DC-tumor-anti-DcR3 mAb RNA, 5 × 10 )
in an overall volume of 200 μL of the entire medium
in 96-well plates for 24 h. The supernatants were
collected, and the IL-4 and IFN-γ levels were measured
using IL-4 and human IFN-γ ELISA kits (Endogen).
Each assay was carried out on duplicate samples.

Flow cytometric analysis of DC apoptosis
[28]

Following the manner of Lin et al , apoptotic DCs
were quantified by using annexin V-FITC and propidium
iodide (PI) double staining. Briefly, autologous tumor
cells were co-incubated with DC-total tumor RNA
and DC-tumor-anti-DcR3 mAb mRNA for the specific
6
times, and then 1 × 10 cells were resuspended in 100
μL binding buffer, after washing with frigid PBS. Two
microliters of PI and FITC-annexin V were added into
the cells that were resuspended and cultured for 15 min
protecting from light. The cells were then added into 0.5
mL binding buffer and analyzed with flow cytometry.

Induction of antigen-specific CTL and in vitro
cytotoxicity assay

Antigen-specific CTLs were produced utilizing a
[2,26,27]
protocol described by Chen et al
. The PBMCs
without adherence were cultured in serum-free
medium containing 10 ng/mL IL-7 and 20 U/mL IL-2
(R&D Systems). The cells were encouraged weekly for
a minimum of two times with RNA-DCs at a stimulatorto-effector ratio of 1:10. As determined by flow
cytometric analysis, a minimum of 45% of purified
effector cells were CD8+ T cells after 16 d of culture.
Target cells, including autologous DCs transfected
with tumor antigen-encoding RNA and tumor cells,
were resuspended in 1 mL RPMI-1640 medium at
37 ℃ in 5% CO2 for 1 h, and which contained 100 μCi
NaCrO4 solution (Isotope Products, Beijing, China).
The serial dilutions of effector CTLs at various E:T
3 51
ratios and the 5 × 10 Cr-labeled target cells were
incubated in 200 μL RPMI-1640 in 96-well plates for 6 h.
Fifty microliters of supernatant were then taken away,
51
and Cr secretion was measured by a gamma counter
(Beckmann, Heidelberg, Germany). In all the tests,
the spontaneous discharge was less than 15% of the
total release of the detergent. Specific lysis percentage
was computed as [(experimental cpm-spontaneous
cpm)/(maximum cpm-spontaneous cpm)] × 100.

Statistical analysis

Quantitative data are presented as mean ± SD. The
ANOVA and post hoc test (S-N-K method) analyses
were performed using Excel software (Microsoft,
Redmond, WA, United States). P < 0.05 was considered
for statistical significance.

RESULTS
Generation of primary tumor cells and DCs

Primary tumor cells and DCs were cultured from
HLA-A2+ PC patients. Most cultured primary tumor
cells (> 90%) were found to be positive for DcR3 in
the cytoplasm (Figure 1A). For DCs, cells cultured from
PBMCs with stimulation of GM-CSF, TNF-α and IL-4
showed a series of typical morphologies of mature DCs.
Most DCs without transfection with RNAs assembled
non-cohesive colonies. Cells that were ablated from
these colonies demonstrated typical villiform processes
as shown by inverted phase contrast microscopy
(Figure 1B). Both transfection with total tumor RNA
(Figure 1C) and simultaneously loading with the total
tumor RNA and anti-DcR3 mAb mRNA (Figure 1D)
showed typical morphological characteristics of DCs.

Analysis of cytokines released by T cells
[2]

As described by our previous study , after subjecting
3
to different treatments, 5 × 10 DCs (DC-total tumor
RNA and DC-tumor-anti-DcR3 RNA) were cultured in
96-well round bottom plates. T cells were isolated from
proliferating peripheral blood lymphocytes (PBLCs)
4
and 5 × 10 T cells were stimulated with RNA-DCs in a
whole volume of 200 μL in 96-well plates for 24 h. The
cytokines interleukin (IL)-12p70, interferon-γ (IFN-γ),
IL-10, and TNF-α released by T cells were measured
by ELISA kits (Endogen, Woburn, MA, United States).
The results were obtained from triplicate wells and the
examination of supernatant from cultured T cells alone

WJG|www.wjgnet.com

DC-tumor-anti-DcR3 RNA secrete functional anti-DcR3
mAb

To determine if we could produce specific mAb by
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A

B

C

D

Figure 1 Cells obtained represented typical morphological characteristic of primary tumor cells and mature dendritic cells. Cells were derived from five
pancreatic cancer (PC) patients and with similar shape of target cells. A: Most of the cultured primary tumor cells (over 90%) showed a DcR3-positive expression
(magnification × 200); B: After cultured for 7 d, matured dendritic cells (DCs) were transfected without RNA and assembled into non-cohesive colonies, and the
ablated cell showed a distinctive villiform process (magnification × 200). DCs transfected with total tumor RNA alone (C) or together with anti-DcR3 mAb mRNA (D)
showed similar cell morphology to DCs transfected without RNA (C: magnification × 400; D: scanning electron microscope, bar represents 10 μm).

pulsing DCs with anti-DcR3 mAb-encoding RNA, we
electroporated tumor-antigens-loaded DCs with IVT
RNA encoding H and L mAb chains (anti-DcR3 H+L
mRNA). The supernatants of DCs were obtained at the
designated time points to identify the target mAb and
measure their concentration. The supernatants of cocultured autologous PC tumor cells and DC-tumor-antiDcR3 RNA were harvested at specific time points to
determine the effects of the mAb (Figure 2).
First, we used Western blotting to identify the antiDcR3 mAb produced by DCs co-transfected with total
tumor RNA and anti-DcR3 mAb mRNA. As shown in
Figure 2A, the supernatant of DC-tumor-anti-DcR3
RNA could specifically neutralize the recombinant
human DcR3 protein and generate a band with slightly
higher molecular weight than 30 kDa, which was in
line with the theoretical molecular weight of DcR3
protein. A commercially available anti-DcR3 mAb was
used as positive control, while DC-actin was used as a
negative control.
The amounts of anti-DcR3 mAb secreted by RNApulsed DCs were analyzed using an indirect ELISA
assay. As shown in Figure 2B, mAb production by DCtumor-anti-DcR3 RNA was transient and peaked at 24
h (containing 13.15 ± 1.9 ng of anti-DcR3 mAb per
6
1 × 10 cells) and then could not be detected after
72 h. However, no anti-DcR3 mAb was found in the
supernatant of DC-actin RNA at any point.

WJG|www.wjgnet.com

The specific antigen-binding effect of anti-DcR3
mAb secreted by DCs co-transfected with total
tumor RNA and humanized anti-DcR3 mAb mRNA
was confirmed by ELISA. As shown in Figure 2C, the
soluble DcR3 protein in the supernatant of autologous
6
PC cells (1 × 10 cells) co-cultured with DC-tumor-anti6
DcR3 RNA (1 × 10 cells) was significantly lower than
that of tumor cells and the DC-actin RNA co-incubation
a
group from 12 h to 72 h ( P < 0.05).

Enhanced tumor-specific immune response induced by
anti-DcR3 mAb secreting DCs

We next sought to determine whether anti-tumor
responses could be enhanced by immunizing DCs cotransfected with total tumor RNA and anti-DcR3 mAb
mRNA. Using cells from HLA-A2+ PC patients, we
evaluated the ability of DC-tumor-anti-DcR3 RNA to
augment the induction of anti-PC CTLs in response
to DCs. As shown in the left panel of Figure 3A, DCtumor-anti-DcR3 RNA was used as not only stimulator
cells but also target cells, while DCs transfected with
total tumor RNA alone or other autologous RNADCs were used as targets. DC-tumor-anti-DcR3 RNA
demonstrated further enhancement of antigen-specific
CTL induction compared with DCs only loaded with
total tumor RNA without any increase in CTL activity
above non-specific background.
CTL activity against PC cells was also assessed.
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A

1

2

3

Both CTLs induced by DC-tumor-anti-DcR3 RNA and
DC-total tumor RNA were able to lyse their own cancer
cells effectively, while CTLs induced by DC-PBMC
RNA or DC-actin RNA were not, as shown in Figure
3A (right panel). Furthermore, DC-tumor-anti-DcR3
RNA showed greater effectiveness and superior ability
to recognize and lyse HLA-A2+ autologous PC cells
(P < 0.05). Meanwhile, with increase in the E:T ratio
(from 10:1 to 40:1), the killing intensity increased
concomitantly (P < 0.05).
No lysis of normal PBMCs or NK-sensitive K562
cells was observed. However, evident lysis against the
cultured PC cell line occurred (Figure 3B). Effector T
cells (HLA-A2+) stimulated by DCs transfected with
total tumor RNA alone or together with anti-DcR3 mAb
mRNA could lyse the Capan-2 cells, which expressed
the HLA-A2+ antigen endogenously. On the other
hand, HLA-A2- AsPC-1 cells were not identified and
lysed. DC-tumor-anti-DcR3 RNA was more potent at
inducing cytotoxicity in CTLs against Capan-2 cells
with HLA-A2 adaptation in comparison with the CTLs
induced by DC-total tumor RNA alone (P < 0.05).
The expression of HLA alleles other than A2 was not
evaluated in these experiments.

4

kDa
40
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B

DC-tumor-anti-DcR3 RNA
DC-actin mRNA

Anti-DcR3 mAb (ng/mL)

15
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C
DcR3 expression (ng/mL)
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0

6
12
24
Times after transfection (h)

48

DC-actin mRNA
DC-tumor-anti-DcR3 RNA

25
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Improvement in cell viability by anti-DcR3 mAb secreting
DCs

a

The effect of anti-DcR3 mAb secreting DCs on viability
of RNA-loaded DCs was determined by MTT assay. As
shown in Figure 4A, when RNA-DCs were co-incubated
without autologous tumor cells, cell viability did not
vary significantly at designed times, with around
85% survival throughout (P > 0.05). By contrast, the
viability of DC-total tumor RNA cultured with tumor
cells was evidently lower than that of DC-tumor-antiDcR3 RNA (P < 0.01). The results of DC-PBMC RNA
and DC-actin RNA were similar to those of DC-total
tumor RNA. Meanwhile, both the DC-tumor-antiDcR3 RNA and DC-tumor RNA demonstrated positive
expression of CD80, CD83, CD86 (co-stimulatory
molecules) and HLA-DR (MHC II molecules) after coincubation with PC cells for 24 h, but there was no
significant difference between the two methodologies
(data not shown).
Annexin V and PI double staining was performed
to demonstrate the inhibition of apoptosis of DCs cotransfected with total tumor RNA and anti-DcR3 mAb
mRNA. After incubation with autologous PC cells for
0-96 h, annexin V-positive apoptotic cells were found to
increase sharply in a time-dependent manner in DC-total
tumor RNA, whereas apoptosis of DC-tumor-anti-DcR3
RNA were mitigated by anti-DcR3 mAb (Figure 4B).

a

20
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a

a

5
0
  0
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24   
48
72
Times after DCs and tumor cells coincubation (h)

Figure 2 Identification, concentration and function of anti-DcR3 monoclonal
antibody secreted by dendritic cells co-transfected with total tumor RNA
and anti-DcR3 monoclonal antibody mRNA. A: Western blotting analysis
showed that, similar to commercial anti-DcR3 mAb (lane 2), mAb secreted by
dendritic cells (DCs) co-transfected with total tumor RNA and humanized antiDcR3 H+L mRNA (lane 4) could also react with the recombinant human DcR3
protein (molecular weight of 35 kDa) and generate a band with molecular
weight slightly greater than 30 kDa, whereas the supernatant harvested from
DC-actin RNA could not bind the DcR3 protein (lane 3); B: The amounts of antiDcR3 mAb produced by RNA transfected DCs were analyzed using indirect
ELISA assay. The mAb secreted by DC-tumor-anti-DcR3 RNA was transient,
peaked at 24 h, and then could not be detected after 72 h. However, no antiDcR3 mAb was found in the supernatant of DC-actin RNA continuously;
C: The specific antigen binding effect of anti-DcR3 mAb secreted by RNA
transfected DCs was determined by measuring the levels of DcR3 protein
in the supernatant of autologous tumor cells (1 × 106 cells) co-cultured with
defined DCs (1 × 106 cells). After co-incubation with DC-tumor-anti-DcR3 RNA
for 12-72 h, the soluble DcR3 protein level in the supernatant of autologous PC
cells was significantly lower than those of tumor cells and the DC-actin RNA cocultured group (aP < 0.05). Except for those of western blotting and histogram,
data represent the means of three experiments, and the histograms are
representative of three experiments. Error bars represent SD. mAb: Monoclonal
antibody.
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T cell cytokine production pulsed by RNA-DCs

There were no significant differences in the amount of
IL-10, TNF-α, IL-12p70 and IFN-γ cytokines released
in the culture supernatants of T cells when measured
by ELISA (data not shown). However, high levels of
cytokines could be secreted by T cells after pulsing
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Figure 3 Antigen-specific immune response against pancreatic cancer is enhanced by anti-DcR3 monoclonal antibody secreting dendritic cell. Dendritic
cells (DCs)-total tumor RNA, DC-PBMC RNA, DC-actin RNA and DC-tumor-anti-DcR3 RNA were used to stimulate autologous T cells weekly for two times followed by
a cytotoxic T lymphocyte (CTL) assay. Induction of tumor antigen-specific CTLs was measured by using RNA-transfected DCs and tumor targets (primary tumor cells,
K562, Capan-2 and AsPC-1 cell line cells). A: Left panel: DC-tumor-anti-DcR3 RNA was used as not only stimulator cells but also target cells, and CTLs stimulated
by DC-tumor-anti-DcR3 RNA could recognize and lyse tumor antigen-specific cancer targets (DC-total tumor RNA and DC-tumor-anti-DcR3 RNA). No cross-reactivity
was apparent against DCs loaded with normal tissue surrounding PC or actin (DC-PBMC RNA and DC-actin RNA). Compared with CTLs stimulated by DC-total
tumor RNA, DC-tumor-anti-DcR3 RNA further enhanced the induction of CTL activity. Right panel: Both DCs co-transfected with total tumor RNA and anti-DcR3 mAb
mRNA and DCs transfected with total tumor RNA alone showed an effective and superior ability in recognizing and lysing HLA-A2+ autologous PC cells, whereas T
cells activated by DC-PBMC RNA or DC-actin RNA could not (aP < 0.05). Moreover, CTLs induced by DC-tumor-anti-DcR3 RNA could produce a more powerful killing
activity toward the tumor cells compared with the DC-total tumor RNA with the E:T ratio increasing from 10:1 to 40:1 (bP < 0.05); B: At the E:T ratio of 40:1, the effector
T cells (HLA-A2+) stimulated by DCs transfected with total tumor RNA alone or together with anti-DcR3 mAb mRNA could lyse the Capan-2 cell line cells, which
endogenously expressed the HLA-A2 antigen effectively. By contrast, the cells of the AsPC-1 line (HLA-A2-) were not recognized and lysed. DC-tumor-anti-DcR3 RNA
showed a more powerful capability in inducing the cytotoxicity of CTLs against HLA-A2-matched tumor cell line (Capan-2) compared with that induced by DC-total
tumor RNA alone (aP < 0.05). The experiment was repeated thrice representatively, and the data are shown as mean ± SD. mAb: Monoclonal antibody; DC: Dendritic
cell; CTLs: Cytotoxic T lymphocytes.

DCs exposed to normal tissues (DC-PBMC RNA) (P
< 0.01). In addition, the CD4+ and CD8+ T cells that
were cultured with DCs co-transfected with both
total tumor RNA and anti-DcR3 mAb RNA produced
a higher level of IFN-γ than those cultured with DCtotal tumor RNA (P < 0.01). Meanwhile, CD4+ and
CD8+ T cells incubated with DCs transfected with
total tumor RNA alone or together with anti-DcR3
mAb mRNA were able to produce IL-4, but negative
or weak secretion of IL-4 was observed in control
groups (DC-actin RNA and DC-PBMC RNA) (P < 0.01).
Furthermore, decreased levels of IL-4 production were
detected in CD4+ T cells stimulated by DC-tumoranti-DcR3 RNA compared with DC-total tumor RNA
(P < 0.01). No significant difference in IL-4 secretion
was detected between CD8+ T cells stimulated by
DC-tumor RNA and those stimulated by DC-tumoranti-DcR3 RNA.

with RNA-DC (Figure 5A). The IFN-γ and IL-12p70
produced by DC-tumor-anti-DcR3 RNA pulsed T cells
were higher than those secreted by T cell pulsed by
DC-total tumor RNA (P < 0.01). At the same time,
compared with the DC-total tumor RNA group, the
TNF-α levels detected in the DC-tumor-anti-DcR3
RNA group was not changed significantly (P > 0.05).
In addition, the IL-10 level was lower when it was
detected in DCs co-transfected with both total tumor
RNA and anti-DcR3 mAb RNA (P < 0.05).

CD4+ and CD8+ T cell responses induced by anti-DcR3
mAb secreting DCs

As shown in Figure 5B, the CD4+ and CD8+ T cells
incubated with DCs transfected with total tumor
RNA alone or together with anti-DcR3 mAb mRNA
produced significantly higher level of IFN-γ than
those incubated with control DC (DC-actin RNA) or
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Figure 4 Effects of anti-DcR3 monoclonal antibody secreting dendritic cells on cell viability and apoptosis in tumor RNA-loaded dendritic cells. A: Dendritic
cells (DCs) secreting anti-DcR3 mAb improved the viability of RNA-loaded DCs. The viabilities of DC-total tumor RNA and DC-tumor-anti-DcR3 RNA, cultured with or
without autologous tumor cells, were measured using MTT assay after transfection for 0-96 h. The viability of DCs transfected with total tumor RNA alone or together
with anti-DcR3 mAb mRNA did not change significantly at the designed time points, with approximately 85% survival throughout (aP > 0.05). Within the same period,
the viability of DC-total tumor RNA cultured with tumor cells was evidently lower than that of DC-tumor-anti-DcR3 RNA and decreased in a time-dependent manner (bP
< 0.01). Three representative experiments were run, and the data are shown as mean ± SD; B: DC-total tumor RNA and DC-tumor-anti-DcR3 RNA were co-cultured
with autologous pancreatic cancer (PC) cells (1 × 106) for 0, 24, 48, 72 and 96 h. Cells stained with annexin V-FITC and propidium iodide were analyzed by flow
cytometry. The percentage of annexin V-positive apoptotic cells in DCs transfected with total tumor RNA markedly increased in a time-dependent manner, whereas the
apoptotic cells increased slowly in DCs co-transfected with total tumor RNA and anti-DcR3 mAb mRNA. mAb: Monoclonal antibody.

pseudopodia, down-regulate the activation of DCs
and macrophages, induce abnormal aggregation of T
cells after antigen stimulation, reduce the interaction
between T cells and DCs, inhibit T cell chemotaxis, and
[19,33]
induce T cell apoptosis
. Therefore, neutralizing the
DcR3 protein secreted by tumor cells is particularly
important in cancer immunotherapy.
Different methods have been developed for neu
tralizing immunosuppressive factors released by
tumor cells. The effects of systemic administration of
antibodies have been examined by numerous studies.
Their findings showed that mAbs can improve special
[34]
immune responses when administered systemically .
Human studies, however, have revealed that the
side-effects of mAbs are unavoidable when delivered
systemically, and one major concern is induction of
[35-37]
autoimmunity
. Thus, our present study shows an
alternative strategy of delivering mAb by transfecting
DCs with the RNA that encodes both PC tumorantigens and a defined immunosuppressive molecule,
namely humanized anti-DcR3 mAb. Using this strategy,
DCs were used both to produce anti-DcR3 mAb and

DISCUSSION
Tumor cells can produce several immunomodulatory
molecules to induce immunosuppressive TME and inhibit
[9,30]
the function of tumor-associated DCs
. Therefore,
new DC-based strategies for producing tumor vac
cines are necessary to abrogate immunosuppressive
molecules in tumor tissue-induced mechanisms for
suppressing the activation of CTL responses that can
[8]
treat established cancers .
DcR3 is one of the candidate target tumor-derived
[31]
factors . As we initially demonstrated, most cultured
primary tumor cells showed a DcR3-positive expression
in the cytoplasm of PC patients, which is consistent with
[17]
the findings of Zhou et al . Tumor cells engineered
to release high amounts of DcR3 are able to protect
themselves from apoptosis, consequently resulting
in a decreased immune response and suggesting
that DcR3 is involved in the immune evasion of malig
[19,32]
nant tumors
. As a powerful immunomodulatory
factor, DcR3 can suppress actin polymerization in
mitogen-stimulated T cells, prevent the formation of
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Figure 5 T cell responses induced by anti-DcR3 monoclonal antibody secreting dendritic cells. The T cells were co-cultured with RNA-dendritic cells (DCs)
for 24 h. Then, the supernatants were collected, and the cytokine levels were measured by ELISA assay. A: ELISA test showed the cytokines of IL-12p70 and IFN-γ
secreted by T cells pulsed by DC-tumor-anti-DcR3 RNA were higher than those secreted by T cells pulsed by DC-total tumor RNA without significant change of
TNF-α. Meanwhile, IL-10 level was lower in DC-tumor-anti-DcR3 RNA than in DC-total tumor RNA (aP < 0.05); B: CD4+ T cells and CD8+ T cells incubated with DCs
encoding whole tumor antigens could produce extremely higher IFN-γ levels compared with those incubated with DCs as control or DCs treated with normal tissues
(aP < 0.01). Furthermore, the CD4+ T and CD8+ T cells incubated with DCs co-transfected total tumor RNA and anti-DcR3 mAb mRNA produced higher IFN-γ levels
than those incubated with DC-total tumor RNA (bP < 0.01); C: The CD4+ T and CD8+ T cells incubated with DCs loaded with whole tumor antigens showed a positive
expression of IL-4, whereas a negative or weak expression of IL-4 was observed in DC-actin RNA and DC-PBMC RNA cells (aP < 0.01). Moreover, decreased levels
of IL-4 production were detected in CD4+ T cells stimulated by DCs co-transfected with total tumor RNA and anti-DcR3 mAb mRNA compared with DCs transfected
with total tumor RNA individually (bP < 0.01). The experiment was repeated three times representatively, and results are shown as mean ± SD. IL: Interleukin; ELISA:
Enzyme-linked immunosorbent assay; PBMC: Peripheral blood monocyte cell; mAb: Monoclonal antibody.

as vehicles for delivery to the site of T cell activation
considering their well-documented function as antigenpresenting cells.
Our results showed that the supernatant of cul
tured DCs co-transfected with total tumor RNA and
anti-DcR3 H+L mRNA could specifically bind the
recombinant human DcR3 protein and generate a band
with molecular weight that was slightly greater than 30
kDa, which was in line with the theoretical molecular
weight of DcR3 protein. In addition, the DcR3 level in
the supernatant of autologous PC cells co-cultured with
DC-tumor-anti-DcR3 RNA was significantly lower than
that of the control group. These data suggest that this
approach is feasible and can generate sufficient antiDcR3 mAb to neutralize the DcR3 secreted by PC cells
in vitro.
One advantage of the local release of anti-DcR3
mAb that is provided via DC mRNA transfection is
its secretion over a relatively short time span at the
[8]
precise site where T cell activation is needed . We
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previously showed that mRNA subunits have a brief
[2]
half-life of less than 24 h after DC transfection ,
implying that mRNA translating into protein is an
instantaneous event in DC. Here, we confirmed that
for anti-DcR3 mAb, most target proteins were freed in
12 h after mRNA transfection, but the extra secreting
of target could last for 24-48 h. Considering that
human PC cells showed unregulated production of
DcR3 within 12 h, we found that the time course of
anti-DcR3 mAb release by DCs is ideal for obstructing
[8]
the DcR3 expressed by PC cells .
In the present study, we found that DCs transfected
with total tumor RNA alone or together with anti-DcR3
mAb mRNA could induce tumor-specific cytotoxic T
cells to recognize and lyse tumor RNA-loaded DCs
and tumor cells effectively. In comparison, no damage
in K562 cells were found, which implies that the
two manners can not only be PC-specific but also
[2]
eliminated the possibility of NK cell activity . These
data also indicate that CTLs induced by DC-tumor-

826

February 7, 2017|Volume 23|Issue 5|

Chen J et al . CTL responses to PC induced by DCs
anti-DcR3 RNA were more powerful at indicting lysis
than the CTLs induced by DC-total tumor RNA. These
results demonstrate that use of DCs co-transfected
with RNA encoding humanized anti-DcR3 mAb and
whole PC tumor-antigens may be a superior strategy
for designing a DC-based tumor vaccine. In addition,
it is known that, like Fas-Fc antibody, DcR3 can block
[21]
apoptosis in Jurkat cells . The more superior cytolytic
function might be due to blockade of activationinduced cell death (AICD) in CTLs induced by DCtumor-anti-DcR3 RNA rather than better CTL response
generation due to superior priming of CTL precursors
by engineered DCs. This should be addressed in future
studies.
An HLA allele that matches the target cells and
tumor-specific CTLs is necessary. All PC patients that
were included in this study were HLA-A2+, and we are
concerned with the function of HLA-A2 among different
HLA alleles. We found that CTLs induced by DC-tumoranti-DcR3 RNA and DC-total tumor RNA could deliver
potent cytotoxicity towards Capan-2 cells. However,
owing to HLA-A2 mismatching, AsPC-1 PC cells with
HLA-A2- could not be lysed by HLAA2+ CTLs. This
result indicates that HLA-A2 may be a key allele for
presenting antigens, and PC-specific CTL immune
response may be limited to MHC class I antigens.
The induction of autoimmunity is one potential
problem that may limit the application of PC tumor and
anti-DcR3 mAb RNA-transected DC vaccines, partly
because RNAs loaded with both normal antigens and
tumor antigens share the same antigen presentation
[26,38]
pathway when they are delivered to DCs
, and
partly because RNA-encoding anti-DcR3 mAb in
DCs may improve the risk of inducing autoimmunity
just like systemic administration of neutralizing
[34]
immunosuppressive factor antibody in TME . Here,
we adopted tissue cell enrichment by primary tu
mor cell culture, and found that CTLs stimulated by
DC-total tumor RNA lysed tumor cells (autologous
primary cultured tumor cells and PC cell lines) but
not PBMCs (normal tissue cells). Meanwhile, using
mRNA-transfected DCs to locally deliver anti-DcR3
mAb, no increase in non-specific background immune
responses against control target cells or the normal
tissue PBMCs in vitro was detected. On the basis of
these results, we anticipate that local delivery of antiDcR3 mAb by utilizing DCs transfected with RNA will
bypass the adverse effects of autoimmune responses
triggered by systemic delivery of mAb. At the same
time, vaccine-induced anti-tumor immune response
increased in patients. These findings indicate that
harmful autoimmunity with pathological results may
not be an issue with this method.
The mechanism by which DCs engineered to secrete
anti-DcR3 mAb augments CTL response remains to
be fully elucidated. In our study, we found that the
cell viability of both DC-tumor-anti-DcR3 RNA and
DC-total tumor RNA did not change significantly at
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the designated time points, with approximately 85%
survival when cultured alone (without DcR3 influence).
On the contrary, when co-cultured with autologous
tumor cells (with DcR3 influence), the viability of DCtotal tumor RNA was evidently lower than that of DCtumor-anti-DcR3 RNA. Furthermore, when co-cultured
with tumor cells for 0-96 h, apoptotic cells in DC-total
tumor RNA evidently increased, whereas apoptotic cells
in DC-tumor-anti-DcR3 RNA were found to increase
[39]
slowly and mildly. Similar to the findings of You et al ,
results suggested that enhancement of CTL responses
induced by anti-DcR3 mAb DCs may partly be due
to its powerful DcR3 blocking capability, which downregulated the apoptosis of DCs induced by DcR3 and
increased DC viability at the site of T-cell activation in
the process of whole tumor-antigen delivery.
The whole total tumor and anti-DcR3 mAb RNA
electroporation likely acted as a powerful tumor vaccine
which could effectively activate antigen-specific T cells
[2]
against PCs, just like Th1 cells . This interpretation is
supported by our observations of a high percentage of
killing of tumor cells and IFN-γ secretion of T cells. High
expressions of cytokines, such as IL-12 and IFN-γ, and
low expression of cytokine, such as IL-10, might be
the reason why DC-tumor-anti-DcR3 RNA exhibited
enhanced capability of inducing CTL responses. Th1
cells and Th2 cells are two important T regulatory
(Treg) cells in the body. Transformation of Treg cells
from Th1 to Th2 is a unique phenomenon in malignant
tumors. Development of Th2 cells promotes long-term
retention of cancer cells in the host body and protects
them from immune surveillance and attack. Th1 cells
and Th2 cells can both stimulate IFN-γ production,
whereas Th2 cells preferentially induced production
[39,40]
of IL-4 compared to Th1 cells
. In this study, we
clearly demonstrated that CD4+ T cells induced by
DCs co-transfected with total tumor RNA and antiDcR3 mAb mRNA markedly decreased IL-4 secretion
and increased IFN-γ production, indicating that DCs
engineered to secrete anti-DcR3 mAb could increase
the number of Th1 cells and decrease Th2 cells.
[41]
[2]
Ojima et al
and Chen et al reported that DCs that
were loaded with TAA could induce antigen-specific
CD4+Th1 cells and such CD4+ Th1 cells played a key
role in the priming phase of CD8+ CTLs. In the present
study, we showed that both DC-tumor-anti-DcR3 RNA
and DC-total tumor RNA can activate not only tumorspecific CD4+ T cells but also CD8+ T cells assessed
by IFN-γ release. Besides, CD4+ T cells and CD8+ T
cells incubated with DC-tumor-anti-DcR3 RNA could
produce more IFN-γ compared with those incubated
with DC-total tumor RNA. These results indicate that
adjusting the Th1/Th2 cytokine network and promoting
the recovery of CD8+ anti-tumor cellular immunity
may be the other two mechanisms for engineering DCs
to secrete anti-DcR3 mAb to augment CTL response.
In summary, our results demonstrate that DCs en
gineered to secrete anti-DcR3 antibody can augment

827

February 7, 2017|Volume 23|Issue 5|

Chen J et al . CTL responses to PC induced by DCs
CTL responses against PC in vitro. The observed
immune-enhancing effects may be partly due to
their capability of down-regulating DC apoptosis and
adjusting the Th1/Th2 cytokine network. Therefore,
use of DCs engineered to secrete anti-DcR3 antibody
vaccine may be an attractive and promising therapeutic
strategy for a patient with PC.
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Background

Pancreatic cancer (PC) is considered as a highly destructive human malignant
tumor without effective treatments. Dendritic cell (DC) tumor vaccines have
emerged as an alternative treatment manner for advanced PC. But tumor cells
can produce some immunosuppressive molecules to inhibit the function of
tumor-associated cells, such as T lymphocytes and DCs.
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Research frontiers

DcR3, a soluble protein secreted by tumor cells, is overexpressed in carcinoma
originating from the gastrointestinal tract system, including PC. DcR3 is
regarded as an important immunosuppressive factor in immune effector cells’
defect and it is particularly important to neutralize DcR3 protein secreted by
tumor cells in cancer immunotherapy.
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Innovations and breakthroughs

12

A new strategy of delivering mAb by transfecting DCs with the RNA encoding
both anti-DcR3 mAb and the whole tumor-antigens was shown by this study.
Furthermore, the DCs engineered to secrete anti-DcR3 mAb could augment
cytotoxic T lymphocyte responses against PC in vitro and the immuneenhancing effects may be partly due to their capability of down-regulating
apoptosis of DCs and adjusting the Th1/Th2 cytokine network.
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Applications

This study lays a good foundation for further investigation of tumor DC vaccine
targeting DcR3 protein against PC.
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Terminology

As a tumor necrosis factor receptor superfamily’s member, DcR3 works as
decoy receptor for Fas ligand, LIGHT and TNF-like molecule 1A to neutralize
their cytotoxic and regulatory functions.
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This manuscript has shown that DCs engineered to secrete anti-DcR3 antibody
can stimulate cytotoxic T lymphocyte responses against pancreatic cancer cells
in vitro. It provided important contribution to development of immunotherapy for
pancreatic cancers. The proposed method is convincing.
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protective role of remote ischemic perconditioning
(RIPerC) in rat liver transplantation.

ischemic time, which may lead to problems. RIPerC
appears as the most promising technique to avoid
ischemia/reperfusion injury in liver transplantation and
is convenient clinically.

METHODS
Sprague-Dawley rats were subjected to sham, orthotopic
liver transplantation (OLT), ischemic postconditioning
(IPostC) or RIPerC. After 3 h reperfusion, blood samples
were taken for measurement of alanine aminotransfe
rase, aspartate aminotransferase, creatinine (Cr) and
creatinine kinase-myocardial band (CK-MB). The liver
lobes were harvested for the following measurements:
reactive oxygen species (ROS), H2O2, mitochondrial
membrane potential (ΔΨm) and total nitric oxide
(NO). These measurements were determined using an
ROS/H2O2, JC1 and Total NOx Assay Kit, respectively.
Endothelial NO synthase (eNOS) was analyzed by
reverse transcription-polymerase chain reaction (RTPCR) and western blotting, and peroxynitrite was semiquantified by western blotting of 3-nitrotyrosine.

He N, Jia JJ, Li JH, Zhou YF, Lin BY, Peng YF, Chen JJ, Chen
TC, Tong RL, Jiang L, Xie HY, Zhou L, Zheng SS. Remote
ischemic perconditioning prevents liver transplantation-induced
ischemia/reperfusion injury in rats: Role of ROS/RNS and eNOS.
World J Gastroenterol 2017; 23(5): 830-841 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i5/830.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i5.830

INTRODUCTION
Ischemia/reperfusion (I/R) injury is a frequent sequel
of liver transplantation (LT) and significantly pre
disposes patients to graft dysfunction, which is related
[1,2]
to increased risk of morbidity and mortality . It is
also a major obstacle to increasing the donor pool
using marginal grafts, which are prone to a higher
[3]
degree of I/R injury . Evidence has shown that I/
R induces vascular endothelial dysfunction, which
is defined as abolished endothelium-dependent di
[2,4]
lation . Endothelial nitric oxide synthase (eNOS)
protein expression, which is responsible for the basal
production of endothelium-derived nitric oxide (NO), is
markedly reduced along with the abolished dilation of
[5,6]
endothelium . It has been suggested that increasing
NO availability notably improves the microcirculation
and attenuates I/R injury, possibly due to the role
of NO in reducing the generation of reactive oxygen
[7]
species (ROS)/reactive nitrogen species (RNS) .
ROS/RNS play a pivotal role in signaling cascades
[8]
that are essential for I/R injury . ROS, including
the superoxide anion (O2 ), H2O2 and the hydroxyl
radical, are generated with the reintroduction of O2 to
ischemic tissues. This is associated with mitochondrial
depolarization, which is responsible for a positive
[9-15]
. RNS,
feedback loop of ROS-induced ROS release
which include NO· and peroxynitrite (ONOO ), the
latter originating from a reaction of O2 with transient
[16]
initial excessive NO on reperfusion , together with
ROS are responsible for oxidative/nitrative stress of I/R
[17,18]
injury
.
Remote ischemic conditioning (RIC), including
[19]
remote ischemic preconditioning (RIPreC) , remote
[20]
ischemic postconditioning (RIPostC) and the recently
[21]
described remote ischemic perconditioning (RIPerC) ,
[22]
was first described by Przyklenk et al , who de
monstrated that short periods of ischemic reperfusion
[23]
to a distant organ can protect the target organ . To
date, only three major studies have mentioned RIPerC
[24-26]
in liver I/R injury
. There is only limited information
about the relationship of oxidative/nitrative stress and
NO during hepatic I/R, and about RIC vs classic surgical
[27]
[28]
conditioning techniques of IPreC and IPostC , which

RESULTS
Compared with the OLT group, the grafts subjected to
RIPerC showed significantly improved liver and remote
organ functions (P < 0.05). ROS (P < 0.001) including
H 2O 2 (P < 0.05) were largely elevated in the OLT
group as compared with the sham group, and RIPerC
(P < 0.05) reversed this trend. The collapse of ΔΨm
induced by OLT ischemia/reperfusion (I/R) injury was
significantly attenuated in the RIPerC group (P < 0.001).
A marked increase of NO content and phosphoserine
eNOS, both in protein and mRNA levels, was observed
in liver graft of the RIPerC group as compared with
the OLT group (P < 0.05). I/R-induced 3-nitrotyrosine
content was significantly reduced in the RIPerC group
as compared with the OLT group (P < 0.05). There
were no significant differences between the RIPerC and
IPostC groups for all the results except Cr. The Cr level
was lower in the RIPerC group than in the IPostC group
(P < 0.01).
CONCLUSION
Liver graft protection by RIPerC is similar to or better
than that of IPostC, and involves inhibition of oxidative
stress and up-regulation of the PI3K/Akt/eNOS/NO
pathway.
Key words: Liver transplantation; Ischemia/reperfusion
injury; Remote ischemic perconditioning; Endothelial
nitric oxide synthase; Reactive oxygen species
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is believed to be the first to in
vestigate remote ischemic conditioning using a novel
model of remote ischemic perconditioning (RIPerC)
in liver transplantation and to identify the PI3K/Akt/
endothelial nitric oxide (NO) synthase/NO axis involved.
Compared to the traditional method of ischemic
postconditioning, RIPerC works similar to or better than
it and overcomes the main concern of increasing total
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Figure 1 Ischemic postconditioning and remote ischemic perconditioning models. IPostC was performed by six 10-s cycles of reperfusion and 10 s reocclusion
of the portal vein. RIPerC was performed by three 5-min cycles of reperfusion and 5 min reocclusion by tourniquet. IPostC: Ischemic postconditioning; RIPerC:
Remote ischemic perconditioning.
[29]

reduce I/R injury in liver . The effects of RIC on liver
grafts have not been reported.
We have established an LT model of RIC/RIPerC and
[30]
validated its protection against I/R injury , and here,
we further investigate the underlying mechanisms.
We postulated that the liver graft protection of RIPerC
involved inhibition of oxidative/nitrative stress and upregulation of the eNOS/NO pathway, and compared it
with IPostC, which is also effective in our established
LT I/R injury model.

heparin through the portal vein, then placed into cold
saline (0-4 ℃) for approximately 40 min before tran
splantation. After the completion of anastomosis of the
suprahepatic vena cava, followed by inserting the cuffs
into the recipient portal vein, the liver was reperfused to
end the anhepatic period, which lasted approximately
15 min, with the hepatic artery being ligated. Sub
sequently, the same cuff procedure was carried out on
the infrahepatic vena cava, and the common bile duct
with a stent was also reconstructed. The abdominal
incision of the recipient was closed. Immediately, 1.5
mL saline was injected through the penile vein. All
rats were anesthetized with 4% chloral hydrate at 3 h
after OLT for the collection of samples. The rats were
killed at 3 h after the portal vein of the recipients was
opened. During the operation, we manipulated the
rats lightly and softly to ameliorate any suffering. The
blood collected from the portal vein was immediately
centrifuged to obtain a plasma supernatant and stored
at -80 ℃ until it was assayed for organ function tests.
The left and median liver lobes were obtained and
stored at -80 ℃ for further analysis.
The IPostC model with six 10-s cycles of reper
fusion and 10 s reocclusion of the portal vein was
applied immediately at the onset of reperfusion. The
RIPreC model consisted of clamping of the femoral
vessels for 5 min followed by 5 min of reperfusion for
a total of three cycles applied immediately at the onset
of the anhepatic phase to the recipient hindlimb, using
a standard tourniquet with 1 kg weight on both sides.

MATERIALS AND METHODS
Animals and experimental design

Adult male Sprague-Dawley rats (250-300 g) were
kept at 25-30 ℃ in a humidity-controlled environment
and allowed access to a standard diet and water ad
libitum. All experimental protocols were approved
by the Institutional Animal Care and Use Committee
of the First Affiliated Hospital, Zhejiang University
School of Medicine and were conducted in accordance
with the ARRIVE (Animal Research: Reporting in
vivo Experiments) guidelines (http://www.nc3rs.
org/ARRIVE). Thirty-five rats (including 15 donors)
were randomly assigned to four groups (n = 5 for
each group) which were subjected to the following
procedures. The Sham group (Group 1) underwent
opening and closure of the abdomen under anesthesia,
lasting approximately 75 min, which is the mean total
ischemic time of orthotopic liver transplantation (OLT)
in our center. The OLT group (Group 2) was subjected
to standard OLT as above. The IPostC group (Group
3) underwent OLT with portal vein reperfusion and
reocclusion for six 10-s cycles applied immediately at
the onset of reperfusion (Figure 1). The RIPerC group
(Group 4) underwent OLT with hindlimb ischemia
and reperfusion for three 5-min cycles starting at the
beginning of the anhepatic phase (Figure 1).

Rat OLT, IPostC and RIPerC models

Biochemical assay of blood samples

Blood samples were taken for measurement of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), creatinine (Cr) and creatinine kinase-myocardial
band (CK-MB) by standard laboratory methods using
the Hitachi 7600 automatic analyzer (Tokyo, Japan).

Primary hepatocyte culture

Primary hepatocytes were cultured as described
[31]
previously , with modification. The rat livers were
dissected mechanically and disaggregated with
collagenase under sterile conditions. The fragmented
liver tissues were pipetted 10 times with 10 mL
Dulbecco’s modified Eagle’s medium (Gibco, Grand

[30]

The OLT model has been described previously . The
animals were anesthetized with 4% chloral hydrate
(Shanghai No. 1 Biochemical and Pharmaceutical
Co. Ltd, China). After isolation of the donor liver, the
graft was perfused by cold saline containing 25 U/mL
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Island, NY, United States) through a nylon mesh. The
cell suspension was centrifuged (50 × g, 5 min, 4 ℃)
and the supernatant was removed. The precipitate was
rinsed with Hank’s solution and centrifuged again (50
× g, 5 min, 4 ℃), and this process was repeated three
4
times. The cell suspension was seeded (6.25 × 10
cells/well) on a 96-well plate. All cells were maintained
in a humidified atmosphere of 50 mL/L CO2 at 37 ℃ and
cultured according to standard cell culture techniques.

contained 0.8 μL forward primer (10 μmol/L), 0.8 μL
reverse primer (10 μmol/L), 2 μL template cDNA, 0.4
μL ROX Reference Dye or Dye II (50 ×), 10 μL SYBR
Premix Ex TaqII (Tli RNaseH Plus) (2 ×) and 6 μL
distilled water to a total volume of 20 μL. The target
gene expression was quantified using an ABI 7500
Fast Real-Time PCR (Foster City, CA, United States).
Homogeneity was detected in each sample in all wells
using dissociation curve analysis and the relative
quantification was calculated using comparative cycle
threshold (CT) method. The eNOS primers used
were 5’-GTATTTGATGCTCGGGACTG-3’ (forward)
and 5-AGATTGCCTCGGTTTGTTG-3’ (reverse). The
amplification conditions for p-eNOS were: 30 s at 95 ℃
for one cycle and 5 s at 95 ℃, followed by 30 s at 60 ℃
for 40 cycles.

Mitochondrial membrane potential (ΔΨ m), ROS, H2O2
and NOx assays

ΔΨm, ROS, H2O2 and NOx activity were determined
using the JC-1 Mitochondrial Membrane Potential
Detection Kit (Biotium, Fremont, CA, United States),
ROS Assay Kit (Beyotime Institute of Biotechnology,
Shanghai, China), H2O2 Assay Kit (Beyotime Institute
of Biotechnology) and Total NOx Assay (R and D
Systems, Minneapolis, MN, United States), respectively.
Fluorescence of JC-1 (5,5,6,6’-tetrachloro-1,1’,3,3’
tetraethylbenzimidazolylcarbocyanine iodide) was
measured in the channel FL-1 and FL-2 by flow
cytometry (FCM, Cytomics FC500; Beckman Coulter,
Miami, FL, United States). In non-apoptotic cells, the
mitochondria appeared red following aggregation
of the JC-1 reagent, with an emission centered at
590 nm. In apoptotic cells, the dye remained in
its monomeric form and appeared green with an
emission centered at 530 nm. ROS were determined
by measuring the oxidative conversion of cellpermeable 2’,7’dichlorofluorescein (DCF) diacetate
to cell-impermeable fluorescent DCF. Then, DCF
fluorescence distribution was detected by confocal
microscopy (FV1000; Olympus, Tokyo, Japan) analysis
at an excitation/emission wavelength of 488/525 nm.
H2O2 activity was determined in samples of tissue
2+
homogenate. H2O2-oxidized ferrous (Fe ) ions to
3+
ferric (Fe ) ions reacted with an indicator dye, xylenol
orange, to form a purple complex that was detected
at 560 nm using a microplate spectrophotometer
(Biotek Instruments, Winooski, VT, United States). The
amount of H2O2 released was calculated according to
the standard curve originating from standard solutions
from identical experiments. Total NO in the liver tissue
was determined indirectly as the stable end products
3of nitrate and nitrite by the Griess reaction. NO was
2converted to NO with Aspergillus nitrite reductase
32and the total NO plus NO (NOx) was measured by
2measuring NO with the Griess reagent. OD540 was
determined (wavelength correction at 690 nm).

Western blot analysis for eNOS and 3-nitrotyrosine

Protein was isolated from liver tissue after incu
bation in RIPA Lysis Buffer (Beyotime Institute of
Biotechnology) supplemented with protease inhibitor
cocktail (Sigma-Aldrich, Dublin, Ireland) for 1 h on ice.
After centrifugation (14000 × g, 4 ℃, 15 min), the
supernatants were collected for protein concentration
measurement using a Bicinchoninic Acid Protein Assay
Kit (Thermo Fisher Scientific). Denatured protein
was separated by SDS-PAGE (Invitrogen, Carlsbad,
CA, United States) and transferred to nitrocellulose
membranes. After blocking with 50 mL/L non-fat milk
in Tris-buffered saline with Tween (TBST; 10 mmol/L
Tris-HCl, 0.5 mL/L Tween 20 and 0.15 mol/L NaCl,
pH 7.2) for 3 h, the membranes were incubated with
primary antibodies against β-actin (1:1000; Abcam,
Cambridge, MA, United States), total eNOS (1:1000;
Abcam), p-eNOS (1:500; Abcam), 3-nitrotyrosine
(1:1000; Abcam) for 15 h at 4 ℃. Blots were washed
in TBST and incubated with appropriate horseradishperoxidase-linked anti-mouse or anti-rabbit secondary
antibodies (goat anti-mouse IgA for total eNOS, goat
anti-rabbit IgG for p-eNOS and goat anti-mouse IgG2a
for 3-nitrotyrosine; all supplied by Abcam) for 1 h at
room temperature. Enhanced chemiluminescence
was conducted using an ECL kit (Pierce Biotechnology,
Rockford, IL, United States).

Statistical analysis

Data were expressed as mean ± SD. For comparison
of statistical differences between experimental groups,
analysis of one-way analysis of variance was used,
followed by the Dunnett’s test or Student’s t-test for the
histopathological outcomes. P < 0.05 was considered
statistically significant.

Detection of mRNA expression by reverse transcriptionpolymerase chain reaction

Total RNA was isolated from liver tissue homogenate
using TRIzol reagent (Thermo Fisher Scientific,
Waltham, MA, United States). One microgram of
total RNA was isolated and reverse-transcribed to
cDNA using a PrimeScript RT Reagent Kit with gDNA
Eraser (Takara Bio, Shiga, Japan). The PCR system
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RESULTS
Effects of RIPerC treatment on liver graft and other
remote organ functions

Compared with the Sham group, markers for acute
damage of the liver, kidney and heart in all the other
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Figure 2 Effects of remote ischemic perconditioning treatment on liver graft and other organ functions. A and B: Effects of remote ischemic perconditioning
(RIPerC) and ischemic postconditioning (IPostC) on alanine aminotransferase (ALT) and aspartate aminotransferase (AST), parameters for hepatocellular damage;
C: Effects of RIPerC and IPostC on creatinine (Cr), a marker of acute kidney injury; D: Effects of RIPerC and IPostC on creatinine kinase-myocardial band (CK-MB), a
marker for acute myocardial damage. Data represent mean ± SEM for 5 animals per group. aP < 0.05 vs sham group; bP < 0.05 vs orthotopic liver transplantation (OLT)
group; cP < 0.05 RIPerC vs IPostC.

groups were elevated (P < 0.05). ALT, AST and
parameters for hepatocellular damage were signi
ficantly lower in the RIPerC (P < 0.001) group as
compared with OLT (Figure 2A and B) group. Serum
Cr, a marker of acute kidney injury, was significantly
decreased in the RIPerC group as compared with the
OLT group (P < 0.05). CK-MB, a marker for acute
myocardial damage, was significantly decreased in the
RIPerC group as compared with the OLT group (P <
0.05) (Figure 2D).

reduced in the RIPerC group (P < 0.05) (Figure 4).

Effects of RIPerC treatment on ΔΨ m

JC-1 fluorescence shifted from red to green, indi
cating a collapse of ΔΨm. The ratio of green to red
fluorescence was significantly increased in the liver
graft after I/R injury (P < 0.001) as compared with the
Sham group. The fluorescence shift induced by OLT
I/R injury was significantly attenuated in the RIPerC
group (P < 0.001) (Figure 5).

Effects of RIPerC treatment on I/R-induced oxidative
stress

Effects of RIPerC on eNOS and NO expression

Expression of total eNOS was measured by western
blotting and RT-PCR, and no significant alteration
was found. There was a marked increase of eNOS
phosphorylation on serine-1176 in the liver graft of
the RIPerC group (P < 0.05) as compared with the
OLT group (Figure 6A-C). NO expression, which was
determined indirectly as the stable end products of
nitrate and nitrite, was significantly increased in the
RIPerC as compared with the OLT group (P < 0.05)
(Figure 6D).

Levels of ROS were significantly elevated by OLT
I/R injury (P < 0.001) as compared with the Sham
group. RIPerC decreased the ROS level (P < 0.001)
(Figure 3A). Levels of H2O2 were also significantly
elevated in the OLT group (P < 0.05) as compared
with the Sham group. RIPerC reversed this trend (P
< 0.05) (Figure 3B).

Effects of RIPerC treatment on I/R-induced nitrative
stress

Effects of RIPerC vs IPostC

Expression of 3-nitrotyrosine was measured by
western blot analysis. 3-nitrotyrosine levels were
significantly elevated in reperfused hepatocytes (P <
0.05). I/R-induced 3-nitrotyrosine was significantly

WJG|www.wjgnet.com

Compared with the OLT group, the IPostC group had
significantly lower levels of ALT, AST (P < 0.001)
(Figure 2A and B), ROS (P < 0.001), H2O2 (P < 0.05)
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tive stress, as assessed by ROS and 3-nitrotyrosine,
through the eNOS/NO pathway. We also found ad
ditional beneficial effects of RIPerC, such as reduced
levels of Cr and CK-MB, compared with the OLT group,
which indicates protection of other organs. To the best
of our knowledge, this is the first investigation of RIC
using a novel model in LT to identify the PI3K/Akt/
eNOS/NO axis involved.
The present study provides new information about
RIC after I/R injury beyond that in previous studies
showing that protection associated with RIC mainly
involves the heart. While most of the previous studies
have only investigated the effects of RIPreC and
RIPostC on organ protection, the present study focused
on the novel model of RIPerC protection against
hepatocyte I/R injury of LT. We found a significant
reduction in plasma aminotransferase levels, which
reflected liver function in the RIPerC group vs the I/R
group, and exerted a protective effect by attenuating
the congestion and hepatocyte necrosis shown in our
[31]
previous study . Several studies have also reported
these protective effects of RIC, using different models
[32]
from ours, in other organs, including the heart ,
[33]
[34,35]
brain
and kidneys
. However, those results

(Figure 3A and B) and 3-nitrotyrosine (P < 0.05),
and significantly higher expression of Δm (P < 0.001)
(Figure 5) and NO (P < 0.05) (Figure 6D). eNOS
phosphorylation of serine-1176 in the IPostC group
was increased by 1-8-fold compared with the OLT
group, although this difference was not significant
(P = 0.106) (Figure 6A-C). No significant differences
were observed between the RIPerC and IPostC groups
expect for Cr. The Cr level was lower in the RIPerC
group than in the IPostC group (P < 0.01) (Figure 2C).

DISCUSSION
We previously established a new rat model of RIC and
validated its protection against I/R injury by its antiinflammatory and antioxidative activities and effects
[30]
of activating the PI3K/Akt pathway . Currently, we
used the same model of hindlimb RIPerC (5 min × 3)
to explore further the downstream effector proteins
of the PI3K/Akt pathway, and compared it with IPostC
under the same treatment conditions. We showed
that RIPerC is similar to or better than IPostC, which
prevented liver graft dysfunction and apoptosis induced
by hepatic I/R injury by inhibiting oxidative/nitra
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[42]

contrast with the lack of improved clinical outcomes
of RIPreC in patients undergoing elective on-pump
coronary artery bypass graft, with or without valve
[36]
surgery (Figure 2A and B).
Increased oxidative stress was one of the features
observed in the liver and the isolated liver mitochondria
[37]
during the initial phase of hepatic I/R . We found
that elevated production of ROS in the OLT and RIPerC
groups could reverse this situation. In particular, H2O2,
which is not a free radical, can be formed from O2
and generate hydroxyl radicals. Because H2O2 is very
[38,39]
reactive, it is often discussed along with ROS
.
H2O2 triggers release of proinflammatory cytokines
and induces apoptosis, leading to tissue oxidative
[40]
damage . As there is non-specific suppression of ROS
in the human body, H2O2-responsive co-polyoxalate
containing vanillyl alcohol nanoparticles can serve as
[41]
I/R-targeted nanotherapeutic agents . Therefore, we
also measured the H2O2 level alone, which reflected the
same trend (Figure 3). Oxidant stress is an effective
trigger of mitochondrial permeability transition pore
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opening in hepatocytes , leading to ΔΨm collapse,
[43]
which is a hallmark of apoptosis . The deleterious
effects of ROS, such as apoptosis, are blocked using
[44]
various antioxidants during I/R . In the present
study, RIPerC attenuated the related ΔΨm decrease
induced by liver transplantation I/R injury, which was
correlated with an increase in hepatocyte apoptosis
(Figure 5). In early reperfusion, increased production
of ROS is accompanied by reduced availability of
[16]
NO . Thus, we attempted to clarify the relationship
between RIPerC protection against I/R injury and NO.
The proposed mechanism is shown in Figure 7.
Experimental evidence indicates that eNOS-derived
[45-47]
NO is hepatoprotective against liver I/R injury
,
and eNOS knockout mice exhibit significantly grea
ter liver injury following I/R compared with wild-type
[2]
counterparts . It has also been demonstrated that
genetic ablation of eNOS abolishes the cardioprotective
effect in anesthetized mice and that stimulation of
[48]
eNOS during RIPerC contributes to cardioprotection .
Phosphorylation of eNOS in the myocardium was higher
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RIPerC-induced hepatic I/R injury protection and
Akt/eNOS phosphorylation. Further studies using
specific Akt or eNOS inhibitors could help to clarify the
protection of this pathway in this setting. Nevertheless,
this work provides clear clues for future studies.
In conclusion, our findings suggest that the liver
graft protection of RIPerC involves inhibition of oxida
tive/nitrative stress and up-regulation of the PI3K/Akt/
eNOS/NO pathway. The procedure of RIPerC for 5 min
× 3 is simple to perform, particularly during LT, and is
potentially applicable in clinical practice.

in the RIPerC group compared to the control group,
[49]
parallel to infarct size reduction . In agreement with
the above findings, we found that phosphorylation
of eNOS on serine-1176, through which RIPerC me
diated protection against liver I/R injury, increased
along with eNOS-derived NO, while there was no
significant change in total eNOS (Figure 6). However,
during early reperfusion, a transient initial excessive
release of NO occurred in the presence of O2 via a
-[16]
diffusion-limited reaction to form ONOO , further
[50]
impairing the mitochondrial
and cellular functions
[51]
and increasing ROS generation . These radicals
further promote the post-translational modification
[52]
of tyrosine to 3-nitrotyrosine , a marker for RNS
[37]
and nitrative stress . Consistent with these findings,
our data showed that the liver tissue protein levels of
3-nitrotyrosine were higher after I/R injury compared
to the sham-operated rats (Figure 4). Therefore,
we propose that the tyrosine-nitrated proteins may
experience a loss of function, attenuating the protective
roles of eNOS, which contributes to I/R injury. Previous
work has also shown that tyrosine nitration inactivates
[51]
the PI3K/Akt pathway . We determined Akt pho
sphorylation and observed significant increases in the
[30]
RIPerC group , which indicated an inhibitory effect
of tyrosine nitration. Akt activates phosphorylation of
eNOS, resulting in increased production of NO in the
[53]
endothelium . We hypothesized that RIPerC exerts
protection against LT I/R injury through the eNOS/NO
pathway, as reported by previous studies that Akt is an
[54-56]
important upstream regulator of eNOS activation
.
The proposed mechanism is shown in Figure 7.
Compared to the local ischemic conditioning, RIC
overcomes the main concern of increasing total ischemic
[30]
time that may lead to sequence problems . However,
almost no work has been conducted comparing the
protective effects between them. We found that the
effect of RIPerC was similar to or better than that
of IPostC in preventing liver graft I/R injury. RIPerC
appears to be the most promising technique to avoid
I/R injury of LT and is clinically convenient.
We revealed an increase in the levels of CK-MB and
Cr 3 h after reperfusion of LT. A few studies have been
conducted under similar conditions. A large singlecenter study showed for the first time that hepatic
I/R injury plays a modifiable and critical role in the
[57]
pathogenesis of acute kidney injury . RIPerC induces
multiple beneficial effects following valve replacement
surgery, including reduced drainage and myocardial
damage, attenuated hyperbilirubinemia, and acute
[58]
lung injury . Based on these studies, we attempted
to demonstrate the hypothesis that RIPerC could
mitigate the acute injury to other organs induced by
liver I/R injury. Therefore, we measured CK-MB and
Cr for acute heart and kidney injury, respectively, and
verified our hypothesis. The underlying mechanism
deserves further investigation.
We failed to verify the direct relationship between
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Background

Remote ischemic conditioning (RIC) includes remote ischemic preconditioning
(RIPreC), remote ischemic postconditioning (RIPostC) and the recently
described remote ischemic perconditioning (RIPerC). To date, only three major
studies have mentioned RIPerC in liver ischemia/reperfusion (I/R) injury. There
is limited information available on the relationship between oxidative/nitrative
stress and NO during hepatic I/R, and between RIC and classic surgical
conditioning techniques of IPreC and ischemic postconditioning (IPostC), which
are useful in reducing I/R injury in liver. The effects of RIC on liver grafts have
also not been reported.

Research frontiers

Previous studies have demonstrated that the protection of RIC mainly revolves
around the heart. Most of these studies have only investigated the organprotective effects of RIPreC and RIPostC. The protective activity of RIPerC in
liver I/R injury and the mechanism of action need to be explored.

Innovations and breakthroughs

This is believed to be the first study to investigate RIC using a novel model in
liver transplantation and to identify PI3K/Akt/eNOS/NO axis involvement.

Applications

This study showed that the effect of RIPerC, which overcomes the main
concern of increasing total ischemic time, was similar to or better than that
of IPostC in preventing liver graft I/R injury. RIPerC appears to be the most
promising technique to avoid I/R injury of liver transplantation and is clinically
convenient.

Terminology

RIC was originally developed by Przyklenk et al in 1993, who showed that
brief ischemia in one organ conferred protection on important distant organs
without direct stress on the target organ. Compared to IPostC, RIC can
be applied before ischemia of the target organ (RIPreC), after ischemia,
and before perfusion (RIPerC) or at onset of reperfusion (remote ischemic
postconditioning), without increasing the total ischemic time.

Peer-review

The authors established a new rat model of RIC and validated its protection
against I/R injury by the PI3K/Akt/eNOS/NO axis. These results are interesting.
The strategy of RIPerC 5 min × 3 is relatively simple to perform, particularly
during liver transplantation, and may be considered as potentially applicable in
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the clinical field.
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Abstract
AIM
To identify a set of contributors, and weight and rank
them on a pathophysiological basis.
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METHODS
Patients who have undergone a lactulose or glucose
hydrogen breath test to rule out small intestinal bacte
rial overgrowth (SIBO) for various clinical symptoms,
including diarrhoea, weight loss, abdominal pain,
cramping or bloating, were seen as eligible for inclusion
in a retrospective single-centre study. Clinical data such
as co-morbidities, medication, laboratory parameters
and other possible risk factors have been identified
from the electronic data system. Cases lacking or with
substantially incomplete clinical data were excluded
from the analysis. Suspected contributors were su
mmarised under four different pathophysiological path
ways (impaired gastric acid barrier, impaired intestinal
clearance, immunosuppression and miscellaneous
factors including thyroid gland variables) and investi
2
gated using the χ test, Student’s t -test and logistic
regression models.
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RESULTS
A total of 1809 patients who had undergone hydrogen
breath testing were analysed. Impairment of the gastric
acid barrier (gastrectomy, odds ratio: OR = 3.5, PPI
therapy OR = 1.4), impairment of intestinal clearance
(any resecting gastric surgery OR = 2.6, any colonic
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[1]

dant microbial growth in the small intestine under
physiological conditions, so that the development of
SIBO is usually seen to be associated with disorders
of protective antimicrobial mechanisms, anatomical
abnormalities or motility disorders. High recurrence
rates after successful antibiotic treatment emphasise
the need to identify aetiological factors in order to
[2]
potentially remedy the situation .

resection OR = 1.9, stenosis OR = 3.4, gastroparesis
OR = 3.4, neuropathy 2.2), immunological factors (any
drug-induced immunosuppression OR = 1.8), altered
thyroid gland metabolism (hypothyroidism OR = 2.6,
levothyroxine therapy OR = 3.0) and diabetes mellitus
(OR = 1.9) were associated significantly to SIBO. Any
abdominal surgery, ileocecal resection, vagotomy
or IgA-deficiency did not have any influence, and a
history of appendectomy decreased the risk of SIBO.
Multivariate analysis revealed gastric surgery, stenoses,
medical immunosuppression and levothyroxine to be
the strongest predictors. Levothyroxine therapy was
the strongest contributor in a simplified model (OR =
3.0).

Impairment of the gastric acid barrier function

Gastric acidity constitutes an effective barrier against
the invasion of ingested microorganisms. Although the
data is weak and contradictory, reduction of the acid
[3,4]
barrier function, as suspected for atrophic gastritis ,
[5]
[6,7]
use of proton pump inhibitors and gastrectomy , is
thought to lead to higher microbial loads in the small
intestine.

CONCLUSION
The most important contributors for the development
of SIBO in ascending order are immunosuppression,
impairment of intestinal clearance and levothyroxine
use, but they do not sufficiently explain its emergence.

Impaired intestinal clearance

Although several reviews highlight anatomic patho
logies associated with small intestinal obstruction
and stagnation, for example, strictures, adhesions,
tumours of the small bowel, duodenal and jejunal
diverticula, previous abdominal surgery such as blind
loop syndrome after Billroth-II or Roux-en-Y procedure,
or bariatric bypass surgery, to be associated with
SIBO, only very few or no data at all support these
hypotheses. Overall abdominal surgery was not
[8]
associated with SIBO in a small retrospective study .
However, gastrectomy and bariatric surgery in morbid
obese patients often leads to the development of
[6,7,9]
SIBO
; the existence of blind loops might be the
common mechanism. Additionally, conditions that
predispose stool reflux, such as ileocecal resection or
low ileocecal valve pressure, are discussed as SIBO
[10]
predisposing factors .
More evidence exists concerning impaired motility,
such as small intestinal pseudo-obstruction and several
[1,11]
neurological diseases or diabetes
. It has been
demonstrated for a long time that a subset of patients
[12]
with SIBO show reduced motility
with fewer phase
III contractions of the migrating motor complexes
and a mutual influence since eradication of bacterial
[13]
overgrowth improved motility . Gastroparesis, which
[14,15]
has been shown to be associated with SIBO
, might
indicate gastrointestinal autonomous neuropathy.
Otherwise, little is known about the effect of drugs
used to deteriorate intestinal motility, even though
“narcotics” have been identified as contributing to
[16]
wards SIBO .

Key words: Bacterial overgrowth syndrome; Hydrogen
breath tests; Immunosuppression; Intestinal motility;
Hypothyroidism
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Several contributors to small intestinal over
growth have been described, but the impact of par
ticular risk factors is poorly understood. We aimed to
determine the influence of several pathomechanisms,
such as impaired gastric acid barrier function, impaired
intestinal clearance, impairment of defence mechanisms
and miscellaneous factors, as well as to weight and
rank a large set of potential contributors by means
of a retrospective cohort study of 1809 consecutive
patients who had undergone a hydrogen breath test to
rule out small intestinal bacterial overgrowth. Overall,
levothyroxine therapy, impaired intestinal clearance
and immunosuppression are the strongest contributors,
while an impaired gastric acid barrier only plays a minor
role.
Brechmann T, Sperlbaum A, Schmiegel W. Levothyroxine
therapy and impaired clearance are the strongest contributors to
small intestinal bacterial overgrowth: Results of a retrospective
cohort study. World J Gastroenterol 2017; 23(5): 842-852
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i5/842.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i5.842

Impairment of immunological mechanisms

INTRODUCTION

Data about the role of the immune system are also
scarce and contradictory. A higher bacterial load of
jejunal aspirates have been shown in ten paediatric
patients with IgA deficiency and seven with other
[17]
immune syndromes , while data concerning adult
patients are lacking. In fact, medical therapy is the

Small intestinal bacterial overgrowth (SIBO) is defined
as an increase in the number of bacteria in the upper
gastrointestinal tract. The aetiology and pathogenesis
of SIBO are incompletely understood. It is believed
that endogenous defence mechanisms prevent abun
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most common reason for immunosuppression in adults,
though SIBO was not shown to be associated with
immunosuppressive medication in patients with Crohn’s
[18,19]
disease (CD)
, while steroids predisposed to SIBO in
[20]
a more unselected cohort .

dardised protocol with either 25 g lactulose or 75 g
glucose in 300 mL water, respectively. Only one test
was performed per day. Breath samples were collected
TM
using an AlveoSampler (Campro Scientific GmbH,
Germany) every 10 min over a period of 2 h. In cases
of failed hydrogen exhalation during a lactulose breath
test, collecting periods were extended up to 180 min.

Miscellaneous factors

Various other diseases and disorders have been
described as being associated with or complicated by
[21]
[22-25]
SIBO, such as alcohol consumption , liver cirrhosis
,
[26]
[27]
non-alcoholic steatohepatitis , hypothyroidism
or
[28]
chronic pancreatitis .
In summary, several contributors to the deve
lopment of SIBO have been proposed, but only a
few have been proven in clinical studies, which often
refer to small and selected cohorts. Additionally, it is
uncertain which pathomechanisms are more and which
are less important contributors. We aimed, therefore,
to (1) evaluate a larger set of potential risk factors; (2)
arrange them in a pathogenetic model; and (3) rank
the contributors referring to their particular weight
in a largely unselected cohort of SIBO and non-SIBO
patients in an extensive retrospective cohort study.

Analysis of breath test examinations

An increase in hydrogen of at least 20 ppm was con
sidered positive; for a lactulose breath test, this increase
had to have occurred at least 15 min before a sustained
rise in hydrogen exhalation indicating colonic lactulose
metabolism.

Clinical data acquisition

Additional clinical data was collected from the electronic
database. Cases lacking or with substantially incomplete
clinical data were excluded from the analysis.

Statistical analysis

Statistical analysis was performed with SPSS 23
2
(IBM, Armonk, United states). The χ test was used
to determine statistical significance with categorial
variables, and the Student’s t-test for metric variables.
Regarding the multivariate analysis, binary logistic
regression was performed in each pathophysiological
pathway suspected separately (hypo-/achlorhydria,
impaired clearance, immunosuppression, thyroid
gland variables and miscellaneous factors) and with
statistically significant variables in a summarising
model. Finally, the highest ranked parameter of each
particular section was chosen to calculate a simplified
ranking model. The odds ratios (OR) and 95%CI were
estimated for specific clinical factors using logistic
regression models. Analysis was considered significant
with a P value ≤ 0.05.

MATERIALS AND METHODS
Study population

We conducted a retrospective single-centre study of
patients undergoing lactulose or glucose hydrogen
breath testing between 1995 and 2010, who were
referred to the Department of Gastroenterology at the
University Hospital Bergmannsheil Bochum, Germany.
Patients underwent breath tests to rule out SIBO for
various clinical symptoms, including diarrhoea, weight
loss, abdominal pain, cramping or bloating. All cases
with an original examination report available were
considered eligible for the study. Patients with both
missing or incomplete clinical data, or incomplete or
aborted examination were excluded. Patients with
multiple hydrogen breath tests within the study period
were considered only once.

Ethical considerations

The study was approved by the institutional review
board (registration number 4864-13). Informed consent
was obtained from the patients before particular
examinations.

Clinical work-up and reference standard

All patients underwent a hydrogen breath test with
lactulose, glucose or both in combination. Additionally,
patients underwent a routine diagnostic work-up
following a clinical algorithm by a symptom-based
diagnostic approach including clinical evaluation
(history, symptomatology, clinical examination, com
plaints, clinical course), laboratory including stool
testing, and endoscopy (ileocolonoscopy, esophago
gastroduodenoscopy) including histopathology and
transabdominal ultrasound. Further diagnostic tools may
have been used, for example, small bowel magnetic
resonance imaging, endoscopic ultrasound, small bowel
endoscopy, manometry or extended function testing.

RESULTS
Basic characteristics

A total of 3715 hydrogen breath test examinations was
considered eligible, 1586 of these were excluded due
to missing or insufficient clinical information, and 320
records were excluded due to repetitive examinations
of the same subject (Figure 1), therefore, our study
population in summary contained a total of 1809
patients, with a slight, but not significant excess of
women (Table 1). The age did not differ significantly
between the gender groups. The overall basic cha
racteristics of the patients were equally distributed as
displayed, but patients with SIBO took slightly more

Hydrogen breath test

Breath tests were performed according to a stan
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Screened examinations:
n = 3715 (100.0%)

Exclusion due to missing or insufficient
clinical data:
n = 1586 (42.7%)

Considered records in total:
n = 2129 (57.3%)

Exclusion due to multiple examinations of
the same subject:
n = 320 (8.6%)

Included patients in summary:
n = 1809 (48.7%)

Confirmed SIBO

No SIBO

n = 175 (9.7%)

n = 1634 (90.3%)

Figure 1 Study flow chart. A total of 3715 hydrogen breath examinations was eligible; 1586 were excluded due to missing or insufficient clinical data. From the
remaining 2129 records, 320 were excluded because of multiple breath tests in the same subject, so that a summary total of 1809 patients were included in our study.
175 (9.7%) showed SIBO in terms, while 1634 did not (90.3%). SIBO: Small intestinal bacterial overgrowth.

Table 1 Basic characteristics

n = 175

%

n = 1634

%

χ 2 or Student’s t -test
P value

48.7 ± 17.9
107
102
146
72
4
39
9
2
1
1.61
3
17
6
152
120
100
45
7
1

61.1
58.3
83.4
41.1
2.3
22.3
5.1
1.1
0.6
1.7
9.7
3.4
86.9
68.6
57.1
25.7
4.0
0.6

49.3 ± 18.0
924
212
9
648
38
313
53
38
4
1.32
22
18
18
1508
1187
1069
357
19
4

56.5
13.0
0.6
39.7
2.3
19.2
3.2
2.3
0.2
1.3
1.1
1.1
92.3
72.6
65.4
21.8
1.2
0.2

0.70
0.139
< 0.0011
< 0.0011
0.380
0.616
0.185
0.138
0.240
0.399
0.0051
0.442
0.0221
0.0231
0.0221
0.146
0.0191
0.143
0.0091
0.399

SIBO
Age (yr)
Sex (female)
Pathological LHBT
Pathological GHBT
Diarrhoea
Constipation
Weight Loss
Malabsorption
Iron Deficiency Anaemia
Vitamin B12 Anaemia
Number of drugs used
Supplementation of folic acid
Supplementation of iron
Supplementation of vitamin B12
Abdominal ultrasound
EGD
Colonoscopy
Enteroclysis
Video capsule endoscopy
Enteroscopy

Non-SIBO

1

Statistically significant with P value < 0.05 in χ 2 or Student’s t-test. As expected, the SIBO group showed a pathological hydrogen breath test. Symptoms
did not differ significantly. Patients with SIBO took more drugs and were more likely to supplement vitamin B12 or iron. During the hospital stay,
patients with SIBO underwent small bowel diagnostic procedures more often, while patients without SIBO were more likely to undergo other diagnostic
procedures. SIBO: Small intestinal bacterial overgrowth; LHBT: Lactulose Hydrogen Breath Test; GHBT: Glucose Hydrogen Breath Test; EGD: Esophagoga
stroduodenoscopy.

drugs (1.32% vs 1.61%), especially spasmolytics and
antiemetics (4.1% vs 14.9% and 8.8% vs 11.6%,
respectively). Supplementation of iron and cobalamin
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was more common in SIBO patients.
The SIBO patients were more likely to undergo
small bowel visualisation (video capsule endoscopy
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Table 2 Hypo-/achlorhydria
RR

%

n = 1634

%

χ 2 test
P value

OR

n = 175
4
2
70
5
20
20
42
58

2.3
1.1
40.0
2.9
11.4
11.4
24.0
33.1

11
5
519
47
195
179
395
370

0.7
0.3
31.8
2.9
11.9
11.0
24.2
22.6

0.0491
0.141
0.0341
0.611
0.481
0.464
0.522
0.0021

3.451
1.432
1.728

0.295
0.794
0.693

SIBO
Gastrectomy
Atrophic gastritis
PPI therapy
Ulcer indicated PPI therapy
Gastritis indicated PPI therapy
GERD indicated PPI therapy
Indicated PPI therapy
Not indicated PPI therapy

Non-SIBO

1

Statistically significant with P < 0.05 in χ 2 test. Patients with SIBO had a history of gastrectomy more often and were more likely to take PPI. In subgroup
analysis, those patients who received PPI due to peptic ulcer disease, gastritis or GERD had the same risk of developing SIBO, while those patients who did
not exhibit such indications had a 1.7-fold increased risk of showing SIBO. SIBO: Small intestinal bacterial overgrowth; PPI: Proton pump inhibitor; GERD:
Gastroesophageal reflux disease.

Table 3 Impaired clearance
SIBO
Any abdominal surgery
Obstetric surgery
Abdominal w/o obstetric surgery
Gastrectomy
BII-resection
Existence of blind loops
Any resecting gastric surgery
Resection of Ileocecum
Appendectomy
Functional appendectomy
Cholecystectomy
Resection of small intestine
Any colonic resection
Sigmoid resection
Vagotomy
Fistula
Stenosis
Impaired motility
Gastroparesis
Neuropathy
Opioid use

χ 2 test

Non-SIBO

n = 175

%

n = 1634

%

P value

51
2
49
4
5
8
12
7
7
14
8
11
19
3
2
2
10
17
5
9
10

29.1
1.1
28.0
2.3
2.9
4.6
6.9
4.0
4.0
8.0
4.6
6.3
10.9
1.7
1.1
1.1
5.7
9.7
2.9
5.1
5.7

487
45
444
11
31
41
45
41
134
175
127
80
97
13
6
16
29
9
24
39
55

29.8
2.8
27.2
0.7
1.9
2.5
2.8
2.5
8.2
10.7
7.8
4.9
5.9
0.8
0.4
1.0
1.8
0.6
1.5
2.4
3.4

0.466
0.135
0.438
0.0491
0.265
0.0942
0.0071
0.176
0.0271
0.163
0.0782
0.260
0.0131
0.196
0.177
0.532
0.0031
< 0.0011
0.0301
0.0371
0.0902

OR

RR

3.451
1.861
2.600
0.466
0.568
1.930
3.354
5.157
3.403
2.217
1.740

0.295
0.549
0.402
2.050
1.700
0.547
0.311
0.202
0.300
0.464
0.589

1

Statistical significant with P value P < 0.05; 2Statistical tendency with P value 0.05 < P < 0.1 χ 2 test each. Overall abdominal surgery was not associated with
an increased risk of developing SIBO. Resecting gastric surgery in general and gastrectomy was associated with the development of SIBO. Patients with
SIBO were less likely to have a history of appendectomy and - as a tendency - cholecystectomy. Ileocecal resection had no impact on the development of
SIBO. As a further anatomical alteration, stenoses were more frequent in SIBO patients. Impaired motility, as shown by gastroparesis, led to SIBO; patients
with neuropathy or opioid medication are patients at risk. SIBO: Small intestinal bacterial overgrowth.

4.0% vs 1.2%) while colonoscopy was performed
more often in the non-SIBO group (57.1% vs 65.4%).

history of any resecting gastric surgery had a higher
prevalence of SIBO (6.9% vs 2.8%, OR = 2.60). By
contrast, neither Bilroth-II resection nor the existence
of blind intestinal loops exhibited a higher prevalence
of SIBO, although the latter group showed a tendency
(4.6% vs 2.5%). Loss of the ileocecal valve did
not increase risk, while a history of appendectomy
occurred more often in non-SIBO patients (8.2% vs
4.6%), indicating a protective factor with an OR of 0.46.
On the other hand, functional appendectomy (including
those patients with ileocecal resection) did not show
such an effect. Obstetric surgery, sigmoid and small
intestinal resection did not affect development of
SIBO, while any colonic resection was associated with

Suspected risk factor analysis

Hypo-/achlorhydria: Patients with a history of total
gastrectomy were more likely to develop SIBO (2.3%
vs 0.7%). The OR was 3.45 (Table 2). Current PPI
therapy led to a higher SIBO rate (40.0% vs 31.8%),
although the effect was small (OR = 1.43).
Impaired bowel clearance - anatomical alte
rations and surgery: Overall abdominal surgery
was not associated with a higher risk of SIBO (Table
3). Patients after gastrectomy and patients with a
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Table 4 Immunological factors
SIBO
IgA-deficiency
IgG-deficiency
IgM-deficiency
5-Aminosalicylates
Steroid use
Immunosuppressant use
Azathioprin use
Metotrexate use
Any drug-induced immunosuppression
Steroid plus immunosuppressant

χ 2 test

Non-SIBO

n = 175

%

n = 1634

%

P value

0 of 6
3 of 5
0 of 5
24
36
8
7
3
39
7

0.0
60.0
0.0
13.7
20.6
4.6
4.0
1.7
22.3
4.0

13 of 75
15 of 52
15 of 54
183
222
31
31
0
230
23

17.3
28.8
21.7
11.2
13.6
1.9
1.9
0.0
14.1
1.4

0.337
0.175
0.311
0.191
0.0101
0.0291
0.0672
0.0011
0.0041
0.0211

OR

RR

1.647
2.477
2.155
n/a
1.751
2.918

0.660
0.415
0.474
n/a
0.632
0.352

1

Statistical significant with P value P < 0.05; 2Statistical tendency with P value 0.05 < P < 0.1 χ 2 test each. Deficiencies of immunoglobulins were
not associated with a higher prevalence of SIBO. On the other hand, pharmacologically induced immunosuppression with steroids alone, with an
immunosuppressant alone or with both in combination lead to a higher risk of developing of SIBO. SIBO: Small intestinal bacterial overgrowth.

an OR of 1.93 (10.9% vs 5.9%). Cholecystectomy
tended to be protective (4.6% vs 7.8%). Stenoses of
the intestinal tract were associated with SIBO (5.7%
vs 1.8%) with an OR of 3.36.

ables were PPI therapy and gastrectomy for hypo- or
achlorhydria. Both showed statistical significance with
an OR of 1.45 and 3.64, respectively.
All variables which potentially impair intestinal
clearance were studied in a further model. Any resec
ting gastric surgery, stenoses, gastroparesis and any
colonic resection were significantly associated with
the presence of SIBO (P < 0.05): the ORs were 6.49,
3.19, 3.25 and 1.85, respectively, while gastrectomy,
neuropathy, existence of blind loops, appendectomy
and cholecystectomy were not.
The model for immunosuppression did not show
any significant parameters. Binary logistic regression
for thyroid gland variables proved statistically significant
for levothyroxine use with an OR of 2.8, while thy
roidectomy and hypothyroidism did not. The only
significant parameter in the model of miscellaneous
variables was sigmoid diverticulosis with an OR of 0.453;
the other factors were opioid use, smoking, diabetes
and ulcerative colitis.
Finally, the variables PPI therapy, history of gas
trectomy, history of any resecting gastric surgery,
presence of stenoses, use of levothyroxine, presence
of diabetes, neuropathy or gastroparesis, medical
immunosuppression and therapy with opioids have
been included in a summarising model (Table 6). The
Omnibus test results are highly significant (P < 0.001).
The Hosmer-Lemeshow test (P = 0.500) indicates
that the independent variables form a good model to
predict SIBO (54 cases observed, 56 cases expected);
2
Nagelkerke’s R was 0.070. Variables with significant
influence were any resecting gastric surgery (P = 0.037,
OR = 2.40), stenoses (P = 0.008, OR = 2.81), any
medical immunosuppression (P = 0.036, OR = 1.53),
levothyroxine therapy (P < 0.001, OR = 2.92) and
presence of sigmoid diverticulosis (P = 0.028, OR = 2.30).
Of the variables “impairment of acid barrier” (PPI
therapy and gastrectomy), “impairment of intestinal
clearance” (history of any resecting gastric surgery,
presence of stenoses, gastroparesis), “impairment
of immune response” (any medical suppression) or

Impaired bowel clearance - functionally impaired
clearance: Impaired motility (9.7% vs 0.6%),
gastroparesis (2.9% vs 1.5%) and neuropathy (5.1%
vs 2.4%), but not vagotomy were associated with
higher risks of SIBO; referring to Table 3, the ORs were
5.16, 3.40 and 2.22, respectively. Prevalence of SIBO
tended to be higher under opioid medication, but did
not achieve statistical significance (5.7% vs 3.4%).
Immunological factors: Immunoglobulin deficiency
did not change the risk of developing SIBO (Table
4), while the use of steroids (20.6% vs 13.6%) or
classical immunosuppressants (4.6% vs 1.9%), any
immunosuppressive therapy (22.3% vs 14.1%) and
the combination of steroids and immunosuppressants
led to a higher risk of SIBO (4.0% vs 1.4%). The OR
was highest in the combination group (steroid plus
immunosuppressant: OR = 2.92).

Other factors

Thyroid gland metabolism: As referred to in Table
5, patients with hypothyroidism and patients with
levothyroxine therapy showed a higher prevalence
of SIBO (9.7% vs 4.0% and 17.1% vs 6.5%,
respectively) while a history of thyroidectomy slightly
failed to.
Miscellaneous: Diabetes mellitus was associated
with a 1.90-fold increased risk of developing SIBO
(14.3% vs 8.1%; Table 5). Sigmoid, but not colonic
diverticulosis was associated with a lower prevalence
of SIBO (4.6% vs 9.2%).
Multivariate analysis: The different pathomechanistic
pathways were tested in a binary logistic regression
analysis. The strongest particular independent vari
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Table 5 Miscellaneous variables
SIBO
Thyroid gland surgery
Hypothyroidism
Hyperthyroidism
Levothyroxine use
Adipositas
Diabetes mellitus
Steatosis hepatis
Hepatitis
Liver cirrhosis
Renal insufficiency
Colonic diverticulosis
Sigmoid diverticulosis
Crohn’s disease
Ulcerative colitis
Alcoholism
Smokers
NSAID use
Laxative use
Antidiarrhoics use
Spasmolytics use
Antiemetics use
Irritable bowel syndrome

χ 2 test

Non-SIBO

n = 175

%

n = 1634

%

P value

7
17
1
30
31
25
22
7
2
2
6
8
19
2
3
10
29
3
9
9
22
8

4.0
9.7
0.6
17.1
17.7
14.3
12.6
4.0
1.1
1.1
3.4
4.6
10.9
1.1
1.7
5.7
16.6
1.7
5.1
5.1
12.6
4.6

33
66
24
106
307
132
158
61
35
16
37
151
134
52
36
52
284
58
118
257
144
322

2.0
4.0
1.5
6.5
18.8
8.1
9.7
3.7
2.1
1.0
2.3
9.2
8.2
3.2
2.2
3.2
17.4
3.5
7.2
15.7
8.8
19.7

0.0852
0.0021
0.287
< 0.0011
0.410
0.0061
0.139
0.492
0.289
0.532
0.229
0.0201
0.146
0.0922
0.468
0.0702
0.442
0.142
0.195
< 0.0011
0.0712
< 0.0011

OR

RR

2.021
2.556
2.982
1.896
0.470
1.363
0.352
1.844
0.290
1.488
0.195

0.505
0.416
0.378
0.565
2.021
0.755
2.785
0.557
3.058
0.701
4.311

1

Statistical significant with P-value P < 0.05; 2Statistical tendency with P-value 0.05 < P < 0.1 χ 2 test each. Patients with hypothyroidism and substitution
of levothyroxine show a higher risk of SIBO. In the case of thyroidectomy, statistical significance was not achieved. The presence of diverticulosis of the
sigmoid, but not of the entire colon was associated with a decreased risk of SIBO. Patients with Crohn’s disease did not exhibit a higher prevalence of SIBO,
and ulcerative colitis tended to be protective, but did not reach statistical significance. Patents without SIBO were more likely to use spasmolytics and to
suffer from irritable bowel syndrome. SIBO: Small intestinal bacterial overgrowth; NSAID: Non-steroidal anti-inflammatory drugs.

Table 6 Multivariate analysis
Equation variables
PPI therapy
Gastrectomy
Any resecting gastric surgery
Stenoses
Gastroparesis
Any colon resection
Any medical immunosuppression
Levothyroxine therapy
Diabetes mellitus
Sigmoid diverticulosis

Regression
coefficient B

Wald

Significance

0.241
0.600
0.875
1.033
1.016
0.479
0.428
1.070
-0.453
0.832

2.015
0.676
4.369
7.011
3.244
3.012
4.380
20.980
3.223
4.835

0.156
0.411
0.037
0.008
0.072
0.083
0.036
0.000
0.073
0.028

Exp (B)
1.273
1.821
2.399
2.809
2.762
1.614
1.534
2.916
0.636
2.298

95%CI for Exp (B)
Lower limit

Upper limit

0.912
0.436
1.056
1.308
0.914
0.940
1.028
1.845
0.388
1.095

1.776
7.604
5.450
6.033
8.345
2.772
2.291
4.609
1.042
4.823

Binary logistic regression analysis for risk factors for SIBO. All parameters found to be significant in previous analyses were used for analysis with binary
logistic regression. A history of gastric surgery, stenoses, medical immunosuppression, levothyroxine therapy and sigmoid diverticulosis showed statistical
significance as contributors to SIBO. SIBO: Small intestinal bacterial overgrowth; Exp: Exponent.

hypothyroidism (levothyroxine supplementation), the
latter three were significantly associated with SIBO
with odds ratios of 2.2, 1.6 and 3.0, respectively,
in a simplified model in which every factor that was
significant in the particular logistic regression was
summarised (Table 7).

to one or very few variables in selected populations.
Furthermore, no study investigated and ranked
the underlying main pathomechanistic pathways.
In this retrospective study, we sought to identify,
categorise and, finally, rank the influence of potential
contributors to SIBO in a large and widely unselected
population. Three main pathogenetic pathways have
been hypothesised: hypo- or achlorhydria, impaired
intestinal clearance and immunosuppression. Further
factors of unknown action, such as hypothyroidism,
inflammatory bowel disease or sigmoid diverticulosis,
were also considered.

DISCUSSION
The pathogenesis of SIBO and underlying predisposing
conditions are insufficiently understood. Several risk
factors have been proposed, but most studies refer
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848

February 7, 2017|Volume 23|Issue 5|

Brechmann T et al . Main contributors of SIBO
Table 7 Binary logistic regression for categorised variables
Equation variables
Impaired acid barrier
Impaired clearance
Impaired immune response
Hypothyroidism

Regression
coefficient B

Wald

0.277
0.772
0.453
1.083

2.780
14.463
5.161
22.514

Significance
0.095
0.0001
0.0231
0.0001

Exp (B)
1.319
2.164
1.572
2.953

95%CI for Exp (B)
Lower limit

Upper limit

0.953
1.454
1.064
1.888

1.827
3.221
2.324
4.620

1

Statistically significant with P value < 0.05 in binary logistic regression. Regression analysis for categorised variables: CI: Confidence Interval. Exp (B):
Exponent B. A simplified model, which included a leading factor of each pathophysiological pathway, revealed that, in ascending order, impaired immune
response, impaired intestinal clearance and hypothyroidism are the key pathways for the development of small intestinal bacterial overgrowth.

Hypo-/achlorhydria

analysis, and the particular OR varied between 1.8 and
6.5, with the highest value for overall gastric surgery.

Both PPI therapy and, even more predominantly,
gastrectomy were significantly associated with SIBO
(Table 2). These findings coincide with results in the
literature, although glucose hydrogen breath tests
usually failed to find an association between SIBO
[5-7]
and PPI therapy . Consequently, gastrectomy was
a stronger predictor of SIBO in binary regression
analysis than PPI therapy (OR 3.6 vs 1.5). Moreover,
the altered anatomical situation with the establishment
of blind loops might play a role in the development of
SIBO after gastrectomy, although our data does not
confirm blind loops as a pathophysiological factor (Table
3). However, both variables are of minor relevance and
lost their significance in multivariate models.

Immunosuppression

Data about the role of the immune system is scarce,
biased and contradictory. Higher bacterial loads of jejunal
aspirates have been shown in ten paediatric patients
with IgA deficiency and seven with other immune
[17]
syndromes . Therapy with immunosuppressives in
[18,19]
CD did not increase the occurrence of SIBO
, while
steroids did so in a more unselected cohort by lowered
[20]
levels of IgA, as hypothesised by the authors . Since
neither IgA nor IgG deficiency were associated to SIBO
in our analysis, we conclude that IgA deficiency does
not - either directly or indirectly triggered by steroids
- contribute to SIBO in adult patients. On the other
hand, therapy with classical immunosuppressants,
such as azathioprine or methotrexate, with steroids
alone or in combination with immunosuppressants
leads to a higher risk of SIBO (Table 4), while other
anti-inflammatory drugs, such as 5-aminosalicylates,
that usually serve as reference did not change the risk,
suggesting that immunosuppression is the underlying
mechanism. The association was quite loose, with
odds ratios between 1.6 and 2.5, but was still found
to be a minor contributor to SIBO in the multivariate
analysis therapy with any immunosuppressant drug,
i.e., azathioprine, methotrexate or steroids.

Impaired intestinal clearance

Anatomic modifications which might lead to im
pairment of intestinal clearance derive mostly from
surgery, but, similar to a smaller retrospective study
[8]
by Petrone et al , overall abdominal surgery was not
associated with an increased risk of SIBO, neither were
sigmoid nor ileocecal resection nor obstetric surgery
(Table 3). Our data, therefore, does not confirm the
previously assumed protective function of the ileocecal
[10]
valve . By contrast, total gastrectomy, any resecting
gastric surgery and stenoses which lead to stasis of the
chymus contributed to the development of SIBO with
odds ratios between 1.9 and 3.6. Since blind loops of
any reason were astonishingly not associated to SIBO,
the combination of intestinal diversion and loss of acid
barrier is of greater relevance.
Since small intestinal motility is difficult to quantify
as a promoter of clearance, this effect might be
estimated by measuring gastroparesis as a surrogate
parameter. This association has already been described
[14,15]
in other studies
. Our data shows that conditions
believed to be associated with intestinal paralysis,
such as polyneuropathy, are indeed associated with
2
gastroparesis (P < 0.001, χ test). Both are linked
to SIBO, but multivariate analysis reveals that gas
troparesis is the better parameter (Tables 3 and 6),
by which it is easier to quantify than intestinal motility
itself.
Any resecting gastric surgery, stenoses and gastro
paresis were associated with SIBO in binary regression
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Thyroid gland metabolism

Hypothyroidism and levothyroxine therapy are the
most strongly associated to SIBO in our cohort. A case
[27]
control study by Lauritano et al has already revealed
a high prevalence of SIBO in patients with autoimmune
thyroiditis and hypothyroidism, but the influence
of the autoimmune process was a questionable
biasing factor. Multivariate analysis confirmed that
levothyroxine therapy is a stronger predictor of SIBO
than hypothyroidism. The underlying mechanism is
unclear. One might speculate that hypothyroidism
leads to hypomotility, but, surprisingly, levothyroxine
therapy was even more associated to SIBO and not
able to reverse the effect of hypothyroidism.

Miscellaneous variables

Although SIBO was more frequent in patients with
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[29]

cholecystectomy in one study , our data propose
that cholecystectomy is a protective factor. This finding
[21]
is supported by another retrospective study . We
assume that the prolonged contact time and the
optimised environment due to constant excretion of
the bile allow its antimicrobial effects to better develop
as a potential underlying mechanism.
Though reported as a slight risk factor for the
[20]
[2]
development
and recurrence of SIBO, in our
cohort, appendectomy was prevalent more often in
2
non-SIBO patients (8.2% vs 4.6%, P = 0.027, χ test),
indicating that it is a protective factor with an OR of
0.455. The potential underlying mechanism is unclear,
but an effect on other bowel diseases, especially
[30]
ulcerative colitis, has already been shown .
[11]
As in previous studies , diabetes was associated
with SIBO, but lost its effect in multivariate analysis
(Tables 5 and 6), proposing that diabetes does not
contribute directly, but as a consequence of com
plications such as neuropathy, which is supported by a
strong association between diabetes and gastroparesis
2
(P < 0.001, χ test).

advantages such as independence from jejunal cultures,
which is neither well standardised nor able to culture all
respective flora, but also disadvantages such as unclear
reliability. Finally, not every potential contributor who
underwent clinical work-up was carefully ruled out in
every subject. Therefore, some suspected contributors,
such as gastroparesis or polyneuropathy, might be
underreported.
To the best of our knowledge, this is the largest
study that investigated contributors to SIBO in
a widely spread population. The results confirm
that impairment of acid barrier, impaired intestinal
clearance, immunosuppression and especially levo
thyroxine therapy/hypothyroidism to be important
pathomechanistic pathways for the development of
SIBO. The strongest effects derive from levothyroxine
supplementation/hypothyroidism, although the re
levant mechanism of action remains unclear, and
intestinal stasis.

Weighting of the particular etiological pathways
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laboratory of gastroenterological function testing,
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Binary logistic regression reveals the history of
any resecting gastric surgery, stenoses, medical
immunosuppression, levothyroxine supplementation
or presence of sigmoid diverticulosis to be associated
to a higher risk of SIBO (Table 6). In this model, a
reduced gastric acid barrier lost its significance as a
pathogenetic factor. The highest odds ratios were seen
for factors that, similar to stenoses, lead to impaired
clearance, on the one hand, and supplementation of
levothyroxine, on the other hand (Table 6). In this
model, several independent factors of impaired clea
rance, but only one of immunosuppression and thyroid
gland metabolism were confirmed.
In a simplified model in which any impairment of
the acid barrier, of intestinal clearance, or of immune
response and hypothyroidism were analysed, the
impaired acid barrier again lost its significance (Table 7).
Hypothyroidism or, respectively, levothyroxine therapy
was most the important single factor with an odds
ratio of 3.0; the second most important was impaired
intestinal clearance (OR = 2.2) and the third most
important was impaired immune response (OR = 1.6).

COMMENTS
COMMENTS
Background

Small intestinal bacterial overgrowth (SIBO) is characterised by an excessive
colonisation of the small bowel. Pathogenesis is incompletely understood, but
recurrence rates after successful antibiotic treatment are high. Several risk
factors that contribute to the development have been proposed, and some
potential contributors have been shown in mostly small studies with selected
populations.

Research frontiers

SIBO is defined as an increase in the number of bacteria in the upper
gastrointestinal tract. Related symptoms are nonspecific and include bloating,
abdominal pain or diarrhea, and thus overlap widely with symptoms of irritable
bowel syndrome. Diagnosis of SIBO still is a challenging clinical problem.
Several methods are available, but up to now, a standard of choice is not yet
defined. Furthermore, the pathogenesis of SIBO is incompletely understood
and studies are needed to identify etiology and pathogenesis. Therapy of SIBO
is unsatisfactory; empiric and often broad-spectrum antibiotic treatment fails
frequently and suffers from high recurrence rates.

Limitations

Due to selective information on outpatients, our
study population consists mostly of inpatients, which
might have led to a certain bias. Furthermore, the
retrospective study design itself is associated with
certain limitations, such as primary lack or secondary
loss of information, uncertainty of adherence to pro
tocols or unequal power between groups. We, therefore,
included only a subset of possible contributors that
were available for retrospective analysis. Diagnosis of
SIBO referred to clinical work-up and is mainly based
on the hydrogen breath test. That approach covers
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Innovations and breakthroughs

The aim of the study was to identify a set of risk factors, weight and rank them
on a pathophysiological basis in a large and widely unselected population.
Potential contributors were summarised under four different pathophysiological
pathways. Impairment of the gastric acid barrier (gastrectomy, odds ratio:
OR = 3.5, PPI therapy OR = 1.4), impairment of intestinal clearance (any
resecting gastric surgery OR = 2.6, any colonic resection OR = 1.9, stenosis
OR = 3.4, gastroparesis OR = 3.4, neuropathy 2.2), immunological factors
(any drug-induced immunosuppression OR = 1.8), altered thyroid gland
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metabolism (hypothyroidism OR = 2.6, levothyroxine therapy OR = 3.0)
and diabetes mellitus (OR = 1.9) were associated significantly to SIBO.
Any abdominal surgery, ileocecal resection, vagotomy or IgA-deficiency did
not have any influence, and a history of appendectomy decreased the risk
of SIBO. Multivariate analysis revealed gastric surgery, stenoses, medical
immunosuppression and levothyroxine to be the strongest predictors.
Levothyroxine therapy was the strongest contributor in a simplified model (OR
= 3.0).

10

11

Applications

The most important contributors for the development of SIBO in ascending
order are immunosuppression, impairment of intestinal clearance and
levothyroxine use, but they do not sufficiently explain its emergence. The
knowledge of respective contributors potentially enables to intervene in the
pathogenesis and therefore minimise the risk of recurrence.

12

Terminology

13

SIBO is characterised by an increase of bacterial colonisation of the small
bowel.

Peer-review

14

It is an interesting and well performed study.

15

REFERENCES
1

2

3

4

5

6

7

8

9

Bures J, Cyrany J, Kohoutova D, Förstl M, Rejchrt S, Kvetina
J, Vorisek V, Kopacova M. Small intestinal bacterial overgrowth
syndrome. World J Gastroenterol 2010; 16: 2978-2990 [PMID:
20572300 DOI: 10.3748/wjg.v16.i24.2978]
Lauritano EC, Gabrielli M, Scarpellini E, Lupascu A, Novi
M, Sottili S, Vitale G, Cesario V, Serricchio M, Cammarota
G, Gasbarrini G, Gasbarrini A. Small intestinal bacterial
overgrowth recurrence after antibiotic therapy. Am J Gastroenterol
2008; 103: 2031-2035 [PMID: 18802998 DOI: 10.1111/
j.1572-0241.2008.02030.x]
Urita Y, Watanabe T, Maeda T, Arita T, Sasaki Y, Ishii T,
Yamamoto T, Kugahara A, Nakayama A, Nanami M, Domon
K, Ishihara S, Kato H, Hike K, Hara N, Watanabe S, Nakanishi
K, Sugimoto M, Miki K. Extensive atrophic gastritis increases
intraduodenal hydrogen gas. Gastroenterol Res Pract 2008; 2008:
584929 [PMID: 18795142 DOI: 10.1155/2008/584929]
Ardatskaia MD, Loginov VA, Minushkin ON. [Syndrome of
bacterial overgrowth in patients with the reduced stomach acid
secretion: some aspects of the diagnosis]. Eksp Klin Gastroenterol
2014; (12): 30-36 [PMID: 26058109]
Lo WK, Chan WW. Proton pump inhibitor use and the risk
of small intestinal bacterial overgrowth: a meta-analysis. Clin
Gastroenterol Hepatol 2013; 11: 483-490 [PMID: 23270866 DOI:
10.1016/j.cgh.2012.12.011]
Iivonen MK, Ahola TO, Matikainen MJ. Bacterial overgrowth,
intestinal transit, and nutrition after total gastrectomy. Comparison
of a jejunal pouch with Roux-en-Y reconstruction in a prospective
random study. Scand J Gastroenterol 1998; 33: 63-70 [PMID:
9489910]
Paik CN, Choi MG, Lim CH, Park JM, Chung WC, Lee KM,
Jun KH, Song KY, Jeon HM, Chin HM, Park CH, Chung IS. The
role of small intestinal bacterial overgrowth in postgastrectomy
patients. Neurogastroenterol Motil 2011; 23: e191-e196 [PMID:
21324050 DOI: 10.1111/j.1365-2982.2011.01686.x]
Petrone P, Sarkisyan G, Fernández M, Coloma E, Akopian G,
Ortega A, Kaufman HS. Small intestinal bacterial overgrowth in
patients with lower gastrointestinal symptoms and a history of
previous abdominal surgery. Arch Surg 2011; 146: 444-447 [PMID:
21502453 DOI: 10.1001/archsurg.2011.55]
Lakhani SV, Shah HN, Alexander K, Finelli FC, Kirkpatrick
JR, Koch TR. Small intestinal bacterial overgrowth and thiamine
deficiency after Roux-en-Y gastric bypass surgery in obese
patients. Nutr Res 2008; 28: 293-298 [PMID: 19083422 DOI:

WJG|www.wjgnet.com

16

17

18

19

20

21

22

23

24

25

851

10.1016/j.nutres.2008.03.002]
Roland BC, Ciarleglio MM, Clarke JO, Semler JR, Tomakin
E, Mullin GE, Pasricha PJ. Low ileocecal valve pressure is
significantly associated with small intestinal bacterial overgrowth
(SIBO). Dig Dis Sci 2014; 59: 1269-1277 [PMID: 24795035 DOI:
10.1007/s10620-014-3166-7]
Faria M, Pavin EJ, Parisi MC, Lorena SL, Brunetto SQ, Ramos
CD, Pavan CR, Mesquita MA. Delayed small intestinal transit in
patients with long-standing type 1 diabetes mellitus: investigation
of the relationships with clinical features, gastric emptying,
psychological distress, and nutritional parameters. Diabetes
Technol Ther 2013; 15: 32-38 [PMID: 23126582 DOI: 10.1089/
dia.2012.0158]
Vantrappen G, Janssens J, Hellemans J, Ghoos Y. The inter
digestive motor complex of normal subjects and patients with
bacterial overgrowth of the small intestine. J Clin Invest 1977; 59:
1158-1166 [PMID: 864008]
Pimentel M, Soffer EE, Chow EJ, Kong Y, Lin HC. Lower
frequency of MMC is found in IBS subjects with abnormal
lactulose breath test, suggesting bacterial overgrowth. Dig Dis
Sci 2002; 47: 2639-2643 [PMID: 12498278 DOI: 10.1023/
A:1021039032413]
George NS, Sankineni A, Parkman HP. Small intestinal bacterial
overgrowth in gastroparesis. Dig Dis Sci 2014; 59: 645-652 [PMID:
23053897 DOI: 10.1007/s10620-012-2426-7]
Reddymasu SC, McCallum RW. Small intestinal bacterial
overgrowth in gastroparesis: are there any predictors? J Clin
Gastroenterol 2010; 44: e8-13 [PMID: 20027008 DOI: 10.1097/
MCG.0b013e3181aec746]
Choung RS, Ruff KC, Malhotra A, Herrick L, Locke GR, Harmsen
WS, Zinsmeister AR, Talley NJ, Saito YA. Clinical predictors of
small intestinal bacterial overgrowth by duodenal aspirate culture.
Aliment Pharmacol Ther 2011; 33: 1059-1067 [PMID: 21395630
DOI: 10.1111/j.1365-2036.2011.04625.x]
Pignata C, Budillon G, Monaco G, Nani E, Cuomo R, Parrilli
G, Ciccimarra F. Jejunal bacterial overgrowth and intestinal
permeability in children with immunodeficiency syndromes. Gut
1990; 31: 879-882 [PMID: 2387510 DOI: 10.1136/gut.31.8.879]
Klaus J, Spaniol U, Adler G, Mason RA, Reinshagen M, von Tirpitz
C C. Small intestinal bacterial overgrowth mimicking acute flare as
a pitfall in patients with Crohn’s Disease. BMC Gastroenterol 2009;
9: 61 [PMID: 19643023 DOI: 10.1186/1471-230X-9-61]
Sánchez-Montes C, Ortiz V, Bastida G, Rodríguez E, Yago
M, Beltrán B, Aguas M, Iborra M, Garrigues V, Ponce J, Nos
P. Small intestinal bacterial overgrowth in inactive Crohn’s
disease: influence of thiopurine and biological treatment. World
J Gastroenterol 2014; 20: 13999-14003 [PMID: 25320539 DOI:
10.3748/wjg.v20.i38.13999]
Schatz RA, Zhang Q, Lodhia N, Shuster J, Toskes PP, Moshiree
B. Predisposing factors for positive D-Xylose breath test for
evaluation of small intestinal bacterial overgrowth: a retrospective
study of 932 patients. World J Gastroenterol 2015; 21: 4574-4582
[PMID: 25914466 DOI: 10.3748/wjg.v21.i15.4574]
Gabbard SL, Lacy BE, Levine GM, Crowell MD. The impact
of alcohol consumption and cholecystectomy on small intestinal
bacterial overgrowth. Dig Dis Sci 2014; 59: 638-644 [PMID:
24323179 DOI: 10.1007/s10620-013-2960-y]
Madrid AM, Cumsille F, Defilippi C. Altered small bowel motility
in patients with liver cirrhosis depends on severity of liver disease.
Dig Dis Sci 1997; 42: 738-742 [PMID: 9125642 DOI: 10.1023/A:
1018899611006]
Chang CS, Chen GH, Lien HC, Yeh HZ. Small intestine
dysmotility and bacterial overgrowth in cirrhotic patients with
spontaneous bacterial peritonitis. Hepatology 1998; 28: 1187-1190
[PMID: 9794900 DOI: 10.1002/hep.510280504]
Pande C, Kumar A, Sarin SK. Small-intestinal bacterial
overgrowth in cirrhosis is related to the severity of liver disease.
Aliment Pharmacol Ther 2009; 29: 1273-1281 [PMID: 19302262
DOI: 10.1111/j.1365-2036.2009.03994.x]
Bauer TM, Steinbrückner B, Brinkmann FE, Ditzen AK,

February 7, 2017|Volume 23|Issue 5|

Brechmann T et al . Main contributors of SIBO

26

27

Schwacha H, Aponte JJ, Pelz K, Kist M, Blum HE. Small intestinal
bacterial overgrowth in patients with cirrhosis: prevalence and
relation with spontaneous bacterial peritonitis. Am J Gastroenterol
2001; 96: 2962-2967 [PMID: 11693333 DOI: 10.1111/j.1572-0241.
2001.04668.x]
Wigg AJ, Roberts-Thomson IC, Dymock RB, McCarthy PJ,
Grose RH, Cummins AG. The role of small intestinal bacterial
overgrowth, intestinal permeability, endotoxaemia, and tumour
necrosis factor alpha in the pathogenesis of non-alcoholic
steatohepatitis. Gut 2001; 48: 206-211 [PMID: 11156641 DOI:
10.1136/gut.48.2.206]
Lauritano EC, Bilotta AL, Gabrielli M, Scarpellini E, Lupascu
A, Laginestra A, Novi M, Sottili S, Serricchio M, Cammarota G,
Gasbarrini G, Pontecorvi A, Gasbarrini A. Association between
hypothyroidism and small intestinal bacterial overgrowth. J Clin

28

29

30

Endocrinol Metab 2007; 92: 4180-4184 [PMID: 17698907]
Kumar K, Ghoshal UC, Srivastava D, Misra A, Mohindra S.
Small intestinal bacterial overgrowth is common both among
patients with alcoholic and idiopathic chronic pancreatitis.
Pancreatology 2014; 14: 280-283 [PMID: 25062877 DOI:
10.1016/j.pan.2014.05.792]
Sung HJ, Paik CN, Chung WC, Lee KM, Yang JM, Choi MG.
Small Intestinal Bacterial Overgrowth Diagnosed by Glucose
Hydrogen Breath Test in Post-cholecystectomy Patients. J
Neurogastroenterol Motil 2015; 21: 545-551 [PMID: 26351251
DOI: 10.5056/jnm15020]
Gardenbroek TJ, Eshuis EJ, Ponsioen CI, Ubbink DT, D’Haens
GR, Bemelman WA. The effect of appendectomy on the course
of ulcerative colitis: a systematic review. Colorectal Dis 2012; 14:
545-553 [PMID: 21689293 DOI: 10.1111/j.1463-1318.2011.02600.x]
P- Reviewer: Sinha RA S- Editor: Qi Y L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

852

February 7, 2017|Volume 23|Issue 5|

World J Gastroenterol 2017 February 7; 23(5): 853-858
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v23.i5.853

© 2017 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Cohort Study

Preoperative albumin level is a marker of alveolar
echinococcosis recurrence after hepatectomy
Gaëtan-Romain Joliat, Ismail Labgaa, Nicolas Demartines, Nermin Halkic
Received: July 30, 2016
Peer-review started: August 2, 2016
First decision: October 20, 2016
Revised: November 6, 2016
Accepted: December 8, 2016
Article in press: December 8, 2016
Published online: February 7, 2017

Gaëtan-Romain Joliat, Ismail Labgaa, Nicolas Demartines,
Nermin Halkic, Department of Visceral Surgery, University
Hospital CHUV, 1011 Lausanne, Switzerland
Author contributions: Joliat GR, Labgaa I, Demartines N
and Halkic N designed the study; Joliat GR acquired the data;
Joliat GR, Labgaa I, Demartines N and Halkic N analyzed and
interpreted the results; Joliat GR drafted the manuscript; Labgaa
I, Demartines N and Halkic N revised the manuscript; Joliat GR,
Labgaa I, Demartines N and Halkic N approved the final version.

Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the University
Hospital of Lausanne.

AIM
To identify a preoperative blood marker predictive of
alveolar echinococcosis (AE) recurrence after hepa
tectomy.

Informed consent statement: All patients provided informed
written consent about medical data collection and publication.

METHODS
All consecutive patients who underwent operation for
liver AE at the Lausanne University Hospital (CHUV)
between January 1992 and December 2015 were
included in this retrospective study. Preoperative
laboratory values of leukocytes, mean corpuscular
volume (MCV), red blood cell distribution width
(RDW), thrombocytes, C-reactive protein (CRP) and
albumin were collected and analyzed. Univariate and
multivariate Cox regression analyses were performed
to determine the risk factors for AE recurrence after
liver resection. A receiver operating characteristic
(ROC) curve was used to define the best discrimination
threshold of the blood marker. Moreover, recurrencefree survival curves were calculated using the KaplanMeier method.
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RESULTS
The cohort included 68 adult patients (37 females)
with median age of 61 years [interquartile range
(IQR): 46-71]. Eight of the patients (12%) presented a
recurrence over a median follow-up time of 76 mo (IQR:
34-128). Median time to recurrence was 10 mo (IQR:
6-11). Median preoperative leukocyte, MCV, RDW,

Correspondence to: Nicolas Demartines, MD, FACS, FRCS,
Professor, Chairman of the Department of Visceral Surgery,
University Hospital CHUV, Rue du Bugnon 46, 1011 Lausanne,
Switzerland. demartines@chuv.ch
Telephone: +41-21-3142400
Fax: +41-21-3142411

WJG|www.wjgnet.com

853

February 7, 2017|Volume 23|Issue 5|

Joliat GR et al . Hypoalbuminemia and recurrent alveolar echinococcosis

thrombocyte and CRP levels were similar between
recurrent and non-recurrent cases. Median preoperative
albumin level was 43 g/L (IQR: 41-45) for nonrecurrent cases and 36 g/L (IQR: 33-42) for recurrent
cases (P = 0.005). The area under the ROC curve
for preoperative albumin level to predict recurrence
was 0.840 (95%CI: 0.642-1, P = 0.002). The cutoff albumin level value was 37.5 g/L for sensitivity
of 94.5% and specificity of 75%. In multivariate
analysis, preoperative albumin and surgical resection
margins were independent predictors of AE recurrence
(HR = 0.099, P = 0.007 and HR = 0.182, P = 0.045
respectively).

inflammation, including leukocytes, thrombocytes and
C-reactive protein (CRP), represent such candidate
blood markers. Mean corpuscular volume (MCV) and
red blood cell distribution width (RDW) are included as
well, based upon findings from several recent studies
that have shown their levels to be correlated with
[7,8]
liver inflammation . Serum albumin has also been
assessed following new data from liver surgery that
have indicated a correlation with inflammation, peri[9-11]
operative stress and postoperative complications
.
The aim of the present study was to assess poten
tial preoperative biological blood markers to predict
recurrence in patients operated for liver AE.

CONCLUSION
Low preoperative albumin level was associated with AE
recurrence in the present cohort. Thus, preoperative
albumin may be a useful biomarker to guide follow-up.

MATERIALS AND METHODS
Patients and data collection

Medical records of all consecutive patients with liver
AE who were operated on in the Department of
Visceral Surgery, University Hospital CHUV, Lausanne,
Switzerland, between January 1992 and December
2015, were retrospectively reviewed for data on
demographics, peri-operative details and postopera
tive outcomes. Recurrent cases were chosen for the
analysis. The study was recorded in the Research
Registry (UIN: researchregistry1033) and approved
by the local ethics committee. Informed consent was
obtained from each participant included in the study.
The study protocol conforms to the provisions of the
Declaration of Helsinki.

Key words: Liver surgery; Alveolar echinococcosis;
Albumin; Predictive marker; Recurrence
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study assessed different blood markers
as potential preoperative predictors of recurrence of
alveolar echinococcosis (AE) after liver resection. A
preoperative serum albumin level of < 37.5 g/L was
found to be associated with AE recurrence after liver
resection. Preoperative albumin level is easy to obtain
and could represent a useful tool to guide postoperative
follow-up after hepatectomy for AE.

Diagnostic methods

All patients underwent thoraco-abdominal computed
tomography (CT) scan to assess hepatic involvement
and presence of extrahepatic lesions. In case of CTsuspected AE, serology using western blotting and
enzyme-linked immunosorbent assay, and liver
magnetic resonance imaging (MRI) were performed.
In case of preoperative jaundice, percutaneous or
endoscopic biliary drainage was placed. If the esti
mated future remnant liver was < 30% of total liver
volume, preoperative portal vein embolization was
systematically performed. AE lesions were staged
according to the PNM classification of the World
[12]
Health Organization (WHO) . All patients with liver
AE or high suspicion of AE, independent of the lesion
size, were candidates for hepatectomy. Anatomical
resections were performed. Contra-indications to
surgery were Child-Pugh C cirrhosis, comorbidities
precluding general anesthesia, or estimated future
remnant liver < 30% of total liver volume after
portal vein embolization. No surgical strategy change
occurred during the study period.

Joliat GR, Labgaa I, Demartines N, Halkic N. Preoperative
albumin level is a marker of alveolar echinococcosis recurrence
after hepatectomy. World J Gastroenterol 2017; 23(5): 853-858
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i5/853.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i5.853

INTRODUCTION
Liver alveolar echinococcosis (AE) is a rare parasitic
[1]
infection caused by Echinococcus multilocularis .
As this infection behaves like a malignant tumor,
surgical resection is the treatment of choice when total
[2]
ablation of the parasitic lesions can be achieved .
Even in cases of surgical liver resection with negative
histological margins (R0), 2%-5% of the patients will
[3]
present with recurrence during lifetime .
As the global incidence of AE is low and AE is
[4]
endemic only in certain parts of the world , no specific
risk factors for recurrence after hepatectomy have
been described yet. Furthermore, no preoperative
blood markers predictive of AE recurrence have been
reported.
Predictive blood markers should be easy to measure
[5,6]
and interpret for clinical use . Typical markers of

WJG|www.wjgnet.com

Peri-operative outcomes

Major hepatectomy was defined as liver resection of ≥
3 Couinaud’s segments, whereas minor hepatectomy
consisted of resection of 1 or 2 segments. Postoperative
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45

and SPSS 19.0 for Mac OS X. The statistical methods
of this study were reviewed by Dr. Jocelyn Bellier from
the University Hospital CHUV, Lausanne, Switzerland.

40

RESULTS

serum albumin level (g/L)

50

Patient characteristics and peri-operative outcomes

During the study period, a total of 68 patients (31
men, 37 women) were diagnosed with AE and under
went liver resection. Between 1992 and 2003, major
hepatectomies were performed in 12 patients and
minor hepatectomies in 10 patients. Between 2004
and 2015, 27 patients underwent major hepatectomies
and 19 patients minor hepatectomies. The median age
was 61 years [interquartile range (IQR) 46-71]. Eight
patients also had additional extrahepatic lesions. Minor
hepatectomy was performed in 29 patients (43%)
and major hepatectomy in 39 (57%). Postoperative
complications occurred in 23 patients (34%). Minor
(grade Ⅰ-Ⅱ) and major (grade Ⅲ-Ⅳ) complications
were observed in 16 (24%) and 7 patients (10%)
respectively. One death (grade Ⅴ) occurred during the
postoperative period and was due to septic shock. The
90-d mortality was 1/68 (1.5%). The median overall
survival (OS) was 69 mo for the entire cohort (IQR:
30-111).

35

30

No recurrences

Recurrences

Figure 1 Box-and-whisker plot of preoperative serum albumin level in
patients with and without alveolar echinococcosis recurrence (P = 0.005).

complications were graded according to the Clavien
[13]
classification . R0 resection was defined as negative
histological margins (> 1 mm) and R1 resection as
positive histological margins. During the study period,
3 senior surgeons specialized in AE performed all liver
resections.

Blood tests

Preoperative laboratory values of leukocytes, MCV, RDW,
thrombocytes, CRP and albumin were determined at
the time of hospital admission. These blood tests were
performed the day before the operation for all patients.

Recurrent cases

Follow-up and recurrence

Eight of the total 68 patients presented with recu
rrence over a median follow-up of 76 mo (IQR: 34-128).
Median time to recurrence was 10 mo (IQR: 6-11).
There were no statistically significant differences be
tween patients with and without recurrence in terms
of demographics and preoperative characteristics. For
cases with recurrence the median OS was 81 mo (IQR:
34-108), compared to 69 mo (IQR: 30-113, P = 0.932)
for cases without recurrence. Regarding the treatments
of the 8 patients with recurrence, 4 underwent a
repeat hepatectomy, 1 a palliative biliodigestive
bypass, 1 a thoracic wedge resection, and 2 pursued
long-term medical treatment with albendazole.

Benzimidazole was given for 2 years after R0 resections
and lifelong after R1 resections, according to WHO
[14]
guidelines . Patients were seen at the outpatient
clinic 1 mo postoperatively. They were also seen twice
by the surgeon in a clinical encounter at 6 mo and 1
year after the operation. Moreover, patients had regular
(monthly) appointments with the infectiologist for
follow-up of the albendazole blood levels and standard
serologies. In case of clinical recurrence suspicion
or positive serologies, complementary imaging (CT/
MRI) was performed. Recurrence was defined as the
appearance of new intrahepatic or extrahepatic disease
after R0 resection or intrahepatic disease progression
after R1 resection.

Preoperative blood tests

For recurrent and non-recurrent cases, the median
laboratory values were: leukocytes: 8.1 G/L (IQR:
4-9) vs 6 G/L (IQR: 5-8, P = 0.554); MCV: 88 fl
(IQR: 88-92) vs 89 fl (IQR: 86-92, P = 0.851); RDW:
14% (IQR: 13-15) vs 14% (IQR: 13-15, P = 0.979);
thrombocytes: 249 G/L (IQR: 192-266) vs 244 G/L
(IQR: 215-302, P = 0.627); CRP: 18 mg/L (IQR: 8-41)
vs 4 mg/L (IQR: 2-26, P = 0.118); albumin: 36 g/L
(IQR: 33-42) vs 43 g/L (IQR: 41-45, P = 0.005) (Figure
1). The area under the ROC curve for preoperative
albumin predicting recurrence (Figure 2) was 0.840
(95%CI: 0.642-1, P = 0.002). The cut-off albumin
level for a sensitivity of 94.5%, a specificity of 75%, a
positive predictive value of 60%, a negative predictive
value of 96% and a likelihood ratio of 3.7 was 37.5 g/L.

Statistical analysis

For continuous variables, a Mann-Whitney U test or
Student’s t-test was used depending on the normality
of the distribution and homogeneity of the variances.
Survival curves were calculated using the Kaplan-Meier
method, and the log-rank test was used to compare
survivals. To assess the discriminative power of the
marker, a receiver operating characteristic (ROC) curve
analysis was performed. P < 0.05 was considered
significant. Univariate and multivariate analyses were
performed using Cox regressions. Only those factors
with P < 0.1 (10%) on univariate analysis were included
in the multivariate analysis. All statistical analyses were
©
performed using GraphPad Prism 5.0 for Mac OS X
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Table 1 Univariate and multivariate analyses of potential risk factors for alveolar echinococcosis recurrence (Cox regressions)
Univariate
Leukocytes > 9 g/L
MCV > 90 fl
RDW > 14 %
Thrombocytes > 300 g/L
CRP > 20 mg/mL
Hemoglobin > 130 g/L
Bilirubin > 10 µmol/L
Albumin > 37.5 g/L
R0 resection
Lesion size > 5 cm
PV invasion1

Multivariate

HR

95%CI

P value

1.572
0.298
0.444
0.044
1.061
0.789
0.242
0.078
0.137
3.342
3.564

0.171-14.454
0.034-2.647
0.080-2.461
0.001-68’792
0.171-6.567
0.132-4.738
0.040-1.472
0.015-0.415
0.027-0.711
0.385-28.998
0.769-16.511

0.690
0.278
0.353
0.692
0.949
0.796
0.124
0.003
0.018
0.274
0.104

HR

95%CI

P value

0.099
0.182

0.018-0.530
0.034-0.962

0.007
0.045

1

Defined as presence of microscopic invasion of the PV by alveolar echinococcosis on histopathological reports. CRP: C-reactive protein; MCV: Mean
corpuscular volume; PV: Portal vein; RDW: Red blood cell distribution width.

100
Recurrence-free survival (%)

100

Sensitivity (%)

80
60
40
20
0
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20
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  80

80

40
20
0
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Alb > 37.5 g/L
Alb ≤ 37.5 g/L

60

0

50

150

   200

Patients at risk

Figure 2 Receiver operating characteristic curve for preoperative serum
albumin level to predict recurrence of alveolar echinococcosis (AUC =
0.840, 95%CI: 0.642-1, P = 0.002).

Alb > 37.5
Alb ≤ 37.5

58
9

46
7

25
  5

6
4

3
2

Figure 3 Kaplan-Meier curves of recurrence-free survival (log-rank test: P
= 0.0004). Alb: Albumin.

Recurrence-free survival was better for patients with
preoperative serum albumin level > 37.5 g/L (log-rank
test: P = 0.0004; Figure 3).

CD44 proteins in AE resected liver was associated
with the development of AE metastasis; however, in
the multivariate analysis, a low level of CD44 proteins
did not correlate with OS. The level of CD44 proteins
in a pathological specimen is not easily assessed,
and immunohistochemical staining of a resected liver
sample is necessary. On the contrary, serum albumin
can be determined easily in the preoperative period.
Moreover, as a preoperative test, serum albumin can
provide important information regarding management
and follow-up. Indeed, in the case of preoperative
hypoalbuminemia, follow-up can be adapted and
tailored (e.g., closer follow-up visits with serologies or
regular postoperative imaging examinations) since the
patient will be at higher risk for recurrence.
Recently, albumin has been shown to be linked
[9]
to peri-operative stress . Several studies of liver
surgery and other major surgeries have shown that
a drop in albumin level correlates with postoperative
[10]
complications . Moreover, preoperative serum albumin
level has been characterized as an independent
factor of recurrence and OS after resection of hepato
[16]
cellular carcinoma
and of OS in patients with hilar
[17]
cholangiocarcinoma . The tumor-like behavior of AE

Multivariate analysis

Table 1 summarizes the univariate and multivariate
Cox regressions for the preoperative values, surgical
resection margins, lesion size and portal vein invasion.
Only serum albumin level and surgical resection margins
showed significance in the univariate analysis (HR =
0.078, P = 0.003 and HR = 0.137, P = 0.018); these
two variables retained significance in the multivariate
analysis (Table 1). The disease-free survival of patients
according to the different included peri-operative items
is presented in Table 2.

DISCUSSION
The results of this study suggest that preoperative
serum albumin level has a good discriminative power
to predict recurrence in patients operated for liver AE.
No predictive markers of recurrence after hepatectomy
for AE have been reported in the literature to date.
The present study identified low preoperative serum
albumin as associated with AE recurrence. A recent
[15]
study by Wang et al
showed that a low level of

WJG|www.wjgnet.com
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currence. Although, the best distance for achieving a
safe surgical resection margin is not clearly established
and remains controversial. The WHO expert consensus
[12]
has recommended a margin of 2 cm . A previous
paper from our group showed that the margin distance
recommended for hepatocellular carcinoma (i.e., 1 mm)
[3]
reached the same long-term postoperative outcomes .
The resection surgical margin distance needs to be
further studied to confirm the safety of a margin defined
as < 2 cm.
The present study has several limitations that must
be addressed. First, its retrospective nature has inherent
biases related to chart review and missing data.
Second, the number of patients was relatively small.
However, the rarity of the disease and the low incidence
of recurrence have to be taken into consideration. The
patient cohort involved in the present study represents
one of the largest series of patients operated for AE in
the literature. Finally, the long study period can induce
a historical bias due to improvement of experience and
expertise of the team over the years.
In conclusion, low preoperative serum albumin may
be a predictive factor for AE recurrence after primary
hepatectomy. This easily obtainable blood marker
could help in guiding postoperative follow-up of AE
patients and should be a recommended preoperative
test.

Table 2 Disease-free survival of patients according to various
peri-operative criteria
Median DFS, mo (IQR)
Leukocytes > 9 g/L
Leukocytes ≤ 9 g/L
MCV > 90 fl
MCV ≤ 90 fl
RDW > 14%
RDW ≤ 14%
Thrombocytes > 300 g/L
Thrombocytes ≤ 300 g/L
CRP > 20 mg/mL
CRP ≤ 20 mg/mL
Hemoglobin > 130 g/L
Hemoglobin ≤ 130 g/L
Bilirubin > 10 µmol/L
Bilirubin ≤ 10 µmol/L
Albumin > 37.5 g/L
Albumin ≤ 37.5 g/L
R0 resection
R1 resection
Lesion size > 5 cm
Lesion size ≤ 5 cm
PV invasion1
No PV invasion

65 (6-81)
58 (23-107)
69 (29-121)
58 (15-92)
68 (28-117)
56 (8-81)
68 (30-128)
58 (18-102)
68 (13-105)
50 (9-74)
65 (25-111)
41 (13-107)
60 (12-129)
44 (25-81)
56 (26-79)
25 (13-57)
69 (27-129)
41 (12-92)
65 (8-102)
50 (25-114)
56 (7-130)
60 (25-105)

P value
0.545
0.116
0.154
0.510
0.325
0.440
0.488
0.048
0.024
0.733
0.933

1

Defined as presence of microscopic invasion of the PV by alveolar
echinococcosis on histopathological reports. CRP: C-reactive protein; DFS:
Disease-free survival; IQR: Interquartile range; MCV: Mean corpuscular
volume; PV: Portal vein; RDW: Red blood cell distribution width.

is probably more similar to a cancer such as cholan
giocarcinoma than to those cancers frequently related
to underlying liver diseases, such as hepatocellular
carcinoma which commonly presents with hepatitis
and/or cirrhosis.
The findings of the present study suggest that the
inflammatory state that accompanies AE likely plays a
role in the production of albumin in the liver. It can be
postulated that the hepatic parasitic load of Echinococcus
multilocularis disturbs the standard albumin production
by the hepatocytes. Therefore, albumin level could
predict the risk of AE recurrence as a reflection of the
inflammatory state of the liver. Moreover, intrahepatic
dissemination of the parasites could decrease albumin
synthesis, but these explanations are speculative. The
underlying pathological mechanisms still need to be
investigated. In the present study’s cohort, no patient
received intravenous albumin supplementation, even
in cases of preoperative hypoalbuminemia. If surgeons
routinely use albumin supplementation preoperatively,
it can be suggested that the albumin level that would
correlate to the recurrence risk would be the serum
albumin level before supplementation. As no data exist
on albumin supplementation and AE, further studies
need to be performed to clarify the role of albumin
supplementation preoperatively for patients with AE.
A surgical resection with positive histological margins
was also identified as an independent risk factor
for AE recurrence in the present study. This finding
confirms the importance of a complete resection of
the parasitic lesion in order to reduce the risk of re
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Research frontiers
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scan, or predictive markers of recurrence].
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scan for the follow-up of operated AE patients. No preoperative markers of AE
recurrence have yet been described in the literature.

Applications

The results of this study can be used in daily clinical practice. Indeed, dosing of
preoperative serum albumin level in patients with liver AE could help in guiding
the postoperative follow-up since patients with low albumin level are at higher
risk for AE recurrence.

Terminology

AE is a parasitic infection that can disseminate within the liver or give rise to
distant extrahepatic lesions. Echinococcus multilocularis is the parasitic agent
causing AE.
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liver resection for AE. The authors found that preoperative albumin level is a
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significant risk factor for recurrence of AE. This is an interesting result from a
highly experienced European center for AE.
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Abstract
AIM
To assess the value of magnetic resonance elastography
(MRE) in detecting advanced fibrosis/cirrhosis in auto
immune hepatitis (AIH).

Informed consent statement: Informed consent was waived
by the institution review board for this retrospective review study.
Conflict-of-interest statement: Mayo Clinic, RLE and MY
have intellectual property rights and a financial interest in MRE
technology. Mayo clinic and RLE hold equity and RLE serve
as CEO of Resoundant, Inc. None of the other authors have
conflicts of interest of any specific financial interests relevant to
the subject of this manuscript.

METHODS
In this retrospective study, 36 patients (19 treated and
17 untreated) with histologically confirmed AIH and liver
biopsy performed within 3 mo of MRE were identified at
a tertiary care referral center. Liver stiffness (LS) with
MRE was calculated by a radiologist, and inflammation
grade and fibrosis stage in liver biopsy was assessed
by a pathologist in a blinded fashion. Two radiologists

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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evaluated morphological features of cirrhosis on con
ventional magnetic resonance imaging (MRI). Accuracy
of MRE was compared to laboratory markers and MRI
for detection of advanced fibrosis/cirrhosis.

INTRODUCTION
Autoimmune hepatitis (AIH) is a chronic inflammatory
liver disease which can progress to advanced fibrosis
[1,2]
and cirrhosis . Hepatic fibrosis scores increase in
[3]
25% of patients despite corticosteroid therapy .
[4]
Cirrhosis develops in 3% of treated patients per year ,
and 1%-6% of individuals with cirrhosis develop
[5,6]
hepatocellular carcinoma (HCC) . The prevention
and reversal of hepatic fibrosis are key objectives in
AIH, and the safe and reliable assessment of hepatic
[7]
fibrosis is essential .
Histological evaluation is the gold standard for
assessing hepatic fibrosis, but is suboptimal for
monitoring disease progression due to its invasiveness,
[8-10]
sampling error, and inter-observer variation
.
Noninvasive tests of hepatic fibrosis include laboratory
and radiological tests, which have been validated in
chronic viral hepatitis, but have not been rigorously
assessed in AIH. Laboratory-based methods for
®[11]
staging liver fibrosis include the FibroTest
, the
serum aspartate aminotransferase/platelet ratio
[12]
[13]
index (APRI) , the Fibrosis 4 (FIB-4) test , and
[14]
the enhanced liver fibrosis test . These tests may
detect cirrhosis, but their ability to reflect the stages of
[15,16]
fibrosis in AIH is uncertain
.
The radiological tests of hepatic fibrosis include
transient elastography by ultrasonography (TE),
acoustic radiation force impulse (ARFI) imaging, and
magnetic resonance elastography (MRE). TE has had
high sensitivity and specificity for advanced stages
of fibrosis and cirrhosis in chronic viral hepatitis,
[17,18]
but its performance may differ in AIH
. Serum
alanine aminotransferase (ALT) levels greater than
twice the normal limit have reduced the accuracy
of TE in detecting early stages of fibrosis in chronic
hepatitis B, and AIH is characterized by chronic
[19,20]
inflammation of fluctuating intensity
. Acute liver
damage, as may occur in AIH, can also increase liver
stiffness (LS) to levels suggestive of cirrhosis, only to
[21]
resolve spontaneously with recovery . Obesity can
reduce the accuracy of TE and can be an important
[22,23]
consequence of corticosteroid-treated AIH
. The
technical specifications of TE may also limit its utility
[24]
in patients with ascites . The correlation between LS
and acute liver inflammation has expanded the clinical
applications of TE to include the diagnosis of acute
[25]
cellular rejection after liver transplantation .
Early studies with TE in AIH have reported that TE is
an accurate and reliable non-invasive tool in assessing
[26,27]
liver fibrosis in AIH
. However one study by Hartl
[26]
[28]
et al
and another case series by Romanque et al
demonstrated that inflammation impacts the accuracy
of TE in evaluation of fibrosis. The same confounding
factors that limit TE also affect the performance of
ARFI. Although ARFI can differentiate normal from
fibrosis secondary to chronic immune-mediated liver

RESULTS
Liver fibrosis stages of 0, 1, 2, 3 and 4 were present
in 4, 6, 7, 6 and 13 patients respectively. There were
no significant differences in distribution of fibrosis
stage and inflammation grade between treated and
untreated patient groups. LS with MRE demonstra
ted stronger correlation with liver fibrosis stage in
comparison to laboratory markers for chronic liver
disease (r = 0.88 vs -0.48-0.70). A trend of decreased
mean LS in treated patients compared to untreated
patients was observed (3.7 kPa vs 3.84 kPa) but was
not statistically significant. MRE had an accuracy/
sensitivity/specificity/positive predictive value/nega
tive predictive value of 0.97/90%/100%/100%/90%
and 0.98/92.3%/96%/92.3%/96% for detection of
advanced fibrosis and cirrhosis, respectively. The perfor
mance of MRE was significantly better than laboratory
tests for detection of advanced fibrosis (0.97 vs
0.53-0.80, p < 0.01), and cirrhosis (0.98 vs 0.58-0.80, p
< 0.01) and better than conventional MRI for diagnosis
of cirrhosis (0.98 vs 0.78, p = 0.002).
CONCLUSION
MRE is a promising modality for detection of advanced
fibrosis and cirrhosis in patients with AIH with superior
diagnostic accuracy compared to laboratory assessment
and MRI.
Key words: autoimmune hepatitis; advanced fibrosis;
magnetic resonance elastography; liver stiffness;
cirrhosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: magnetic resonance elastography (MRE)
provides a non-invasive imaging-based biomarker with
excellent diagnostic accuracy for detecting advanced
fibrosis and cirrhosis in patients with autoimmune
hepatitis (AIH). The diagnostic performance of MRE is
superior compared to conventional laboratory tests and
morphology assessment with conventional magnetic
resonance imaging. MRE may have utility in assessing
disease progression during therapy, anticipating com
plications of cirrhosis, and evaluation of the risk of
hepatocellular carcinoma in patients with AIH.
Wang J, Malik N, Yin M, Smyrk TC, Czaja AJ, Ehman RL,
Venkatesh SK. Magnetic resonance elastography is accurate in
detecting advanced fibrosis in autoimmune hepatitis. World J
Gastroenterol 2017; 23(5): 859-868 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/859.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.859
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Coronal T2

Axial T2

Post contrast T1

MR Elastogram

Figure 1 Magnetic resonance elastography in untreated autoimmune hepatitis. An 84-year-old female with grade 4 inflammation and cirrhosis. The liver has
normal contour with no morphological features of cirrhosis. Lab tests were: AST 473, ALT 406, APRI 6.26 and FIB-4 10.31. LS was 6.4 kPa consistent with cirrhosis.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; APRI: AST to platelet ratio index; FIB-4: Fibrosis 4 test; LS: Liver stiffness.
[29]

disease , it has been outperformed by TE in dia
gnosing early fibrosis and distinguishing normal from
[30-32]
fibrosis stage 1
. The attributes that could support
current diagnostic, prognostic, and therapeutic efforts to
improve outcomes in AIH may reside in MRE.
MRE (Figure 1) has had excellent performance
parameters for all stages of fibrosis in diverse liver
[33-37]
diseases
, and it has outperformed TE for staging
liver fibrosis in patients with diverse chronic liver
[38]
diseases . Furthermore, MRE is unaffected by body
[39,40]
habitus or hepatic steatosis
and it can distinguish
early from late stages of fibrosis and late stages
of fibrosis from cirrhosis in liver diseases outside of
AIH. It also may have prognostic implications via the
assessment of splenic stiffness and the prediction of
[41]
portal hypertension and esophageal varices .
Our goals were to determine the accuracy of MRE in
the diagnosis of advanced hepatic fibrosis or cirrhosis
in patients with AIH and to compare the findings to
those of APRI, FIB-4, and magnetic resonance imaging
(MRI).

and had a diagnosis of AIH based on histology and
[42-45]
by International AIH Group criteria
. One hundred
and thirty-eight patients met these criteria, of whom
62 were excluded as the interval between liver biopsy
and MRE exceeded 3 mo. Another 40 patients were
excluded due to overlapping features of another chronic
liver disease. The final study group comprised of 36
patients. Of these, 17 patients were treatment-naïve
and 19 patients had received immunosuppression
treatment either at our institution or elsewhere. The
treatment naïve patients had MRE performed within
3 mo of liver biopsy (mean 5 d; range 0 to 42 d). The
treated patients had diagnosis of AIH and received
treatment for variable period ranging from 1 mo to
25 years with a mean duration of 5.5 years. The time
interval between liver biopsy and MRE in this group
was 8.2 d (range 0 to 85 d).

Laboratory parameters

Laboratory tests performed within two weeks of
MRE were recorded for each patient, and included
international normalized ratio (INR), platelet count,
serum aspartate amino transferase (AST) and ALT
levels, AST/ALT ratio, AST to Platelet Ratio Index (APRI),
and FIB-4 score. The APRI was calculated using the
9
[46]
equation (AST × 100)/platelet count (10 /L) . The
FIB-4 score as calculated using the equation patient
9
age [(years) × AST (U/L)]/[platelet count (10 /L) ×
[7,47,48]
ALT (U/L)]
.

MATERIALS AND METHODS
Patient selection

This retrospective study was approved by the Institution
Review Board and informed consent was waived.
We performed a search in the hospital database for
patients who underwent MRE between 2007-2015
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Histological assessment

numbers and percentages for categorical variables.
The relationship between MRE and serum tests was
evaluated using Pearson’s correlation coefficient
test. The relationships between serum tests, MRE,
inflammation grade, and fibrosis stage were assessed
using Spearman’s correlation coefficient. Partial corre
lation analysis was used to evaluate the correlation
between fibrosis stage and MRE correcting for infla
mmation grade. Kruskal-Wallis test was performed
on serum tests and MRE to determine significant
differences between fibrosis stages.
The overall performance of MRE for the diagnosis
of advanced fibrosis and cirrhosis was determined
by analyzing the area under the receiver operating
characteristic (ROC) curve. Optimal cut-off values
with accuracies, sensitivities, specificities, positive and
negative predictive values were reported for predicting
advanced fibrosis and cirrhosis. The performance
parameters of all variables were compared by ana
lyzing ROC curves. A two-tailed P value of < 0.05 was
considered statistically significant for all analyses.

Liver biopsy specimens were reviewed and scored by
an experienced hepatopathologist who was blinded
to patient data and MRE results. Portal-periportal
and lobular inflammation activity grade and fibrosis
[49]
stage were scored according to Batts et al . Fibrosis
was staged on a 0-4 scale on Masson Trichome stain.
Interface hepatitis was defined as a portal-periportal
inflammation score of ≥ 2. Liver fibrosis stage was
scored on a 5-point ordinal scale (0, 1, 2, 3, and 4). All
patients with liver biopsy evidence of stage 3 (bridging
fibrosis) or stage 4 (cirrhosis) were classified as having
advanced fibrosis.

MRE

MRE of the liver was performed according to technique
[37]
described previously . A pneumatic passive driver
was placed overlying the liver which transmitted
acoustic vibrations generated at 60 Hz to produce
propagating shear waves in the liver which were
imaged using a standard MRE sequence as described
[50]
previously . Four slices were obtained through the
largest cross section of the liver in each patient. Total
acquisition time was approximately 2 min.
MRE data were processed by an inversion algorithm
installed on the scanner to produce stiffness maps
and wave images. Regions of interest were drawn by
a single experienced abdominal radiologist over the
liver and excluded artifacts, vessels > 3 mm in size,
liver edges and fissures. LS levels above 2.5 kPa were
[33]
interpreted as elevated .

RESULTS
Clinical features

The study population had mean age of 51.6 ± 20.6
years and mean body mass index (BMI) of 27.8 ± 6.4
2
kg/m . The mean FIB-4 score was significantly lower
in the treated group compared to the untreated group
(2.72 vs 5.99, P = 0.025). A trend of higher levels
of serum AST and ALT levels at the time of MRE and
liver biopsy was found in the untreated group but was
not statistically significant. There were no significant
differences in BMI, mean LS, APRI, platelet and INR
values between two groups (Table 1).

MRI morphologic features

Two radiologists in consensus evaluated the liver on T2weighted, T1-weighted, diffusion weighted and post
gadolinium enhanced MRI images, and the results
required consensus. The following features were
assessed: (1) liver parenchyma signal: homogeneous,
heterogeneous, patchy/segmental; (2) fatty change;
(3) parenchymal enhancement: homogeneous, hete
rogeneous; (4) surface nodularity: absent, equivocal,
present; (5) narrowed hepatic veins: yes/no; (6)
presence/absence of the following signs: expanded gall
bladder fossa sign, increased hilar periportal space (>
10 mm), hepatic notch sign, creeping mesenteric fat
sign; (7) splenomegaly; (8) collaterals; (9) caudate-toright lobe liver ratio; (10) modified caudate-to-right lobe
liver ratio; and (11) ascites. An overall impression of the
presence of cirrhosis was entered as absent, equivocal,
or present.

Histology findings

Liver biopsy was performed within 3 mo of MRE study
with a mean interval of 11.7 d (95%CI: 2-76 d).
Histological evaluation revealed fibrosis stages of 0, 1,
2, 3 and 4 in 4, 6, 7, 6 and 13 patients, respectively.
Fibrosis (≥ F1) was present in 32 patients (88.9%);
significant fibrosis (≥ F2) in 27 patients (75%);
advanced fibrosis (≥ F3) in 19 patients (52.8%) and
cirrhosis (F4) in 13 patients (36.1%). Inflammation
grade 0, 1, 2, 3, and 4 in 2, 7, 15, 9 and 3 patients
respectively. The distribution of fibrosis stage and
inflammation grade between treated and untreated
patients was similar

Correlations between histological findings and
laboratory tests

Statistical analyses

Statistical analyses were performed using MedCalc for
Windows, version 15.0 (MedCalc Software, Ostend,
Belgium). Statistical analysis was performed by one
author (Venkatesh SK) experienced in using MedCalc
statistical software. Summary statistics are presen
ted as mean ± SD for continuous variables and as

WJG|www.wjgnet.com

Spearman rank correlation analysis showed significant
correlation between fibrosis stage and all serum tests
except AST and ALT levels (Table 2). Both APRI and
INR showed significant correlations with inflammation
grade. No significant differences in ALT (P = 0.68),
AST (P = 0.25), AST/ALT ratio (P = 0.07), and APRI
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Table 1 Comparison of untreated and treated patients with autoimmune hepatitis
Untreated group (n = 17)

Characteristic

mean ± SD
Age (yr)
BMI (kg/m2)
Serum albumin
Serum ALP
Serum ALT
Serum AST
AST/ALT
APRI
FIB-4
Platelet
INR
Total bilirubin
Gamma globulin
Mean LS (kPa)

Treated group (n = 19)

95%CI

62.9 ± 18.6
27.2 ± 6.3
3.81 ± 0.8
117.6 ± 74.7
298.8 ± 459.9
238.2 ± 313.1
1.0 ± 0.4
2.9 ± 3.47
5.99 ± 4.94
178.9 ± 78.0
1.1 ± 0.2
1.5 ± 2.3
2.3 ± 0.9
4.1 ± 1.6

53.4-72.5
24.0-30.5
3.39-4.23
76.3-159.0
62.3-535.3
77.2-399.1
0.8-1.27
1.1-4.67
3.4-8.53
138.8-219
1.0-1.24
0.3-2.69
1.9-2.9
3.2-4.9

mean ± SD

95%CI

41.4 ± 16.8
28.2 ± 6.8
4.0 ± 0.43
109.4 ± 45.6
144.5 ± 217.8
110.0 ± 144.4
0.9 ± 0.41
3.2 ± 5.8
2.7 ± 3.3
193.3 ± 99.0
1.14 ± 0.3
1.5 ± 1.9
2.2 ± 0.9
4.5 ± 2.0

33.30-49.5
24.9-31.5
3.78-4.2
85.9-132.9
39.5-249.4
42.6-178.0
0.8-1.0
0.36-6.0
1.1-4.3
145.6-241.0
1.0-1.3
0.5-2.5
1.6-2.8
3.5-5.4

P value
0.001
0.65
0.4
0.19
0.22
0.12
0.38
0.85
0.025
0.63
0.96
0.96
0.61
0.51

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; APRI: AST to platelet ratio index; BMI: Body mass index;
FIB-4: Fibrosis 4 test; INR: International normalization ratio; LS: Liver stiffness.

Table 2 Spearman rank correlation analysis results between variables and histological fibrosis stage and inflammation grade
Test
AST
ALT
APRI
AST/ALT
FIB-4
Platelet
INR
Total Bil
LS

Fibrosis stage

Inflammation grade

Correlation

95%CI

P value

Correlation

95%CI

P value

0.21
0.02
0.44
0.40
0.52
-0.48
0.49
0.36
0.83

-0.13-0.50
-0.31-0.35
0.14-0.68
0.08-0.65
0.23-0.72
-0.69--0.18
0.19-0.71
0.030-0.63
0.69-0.91

0.2236
0.8916
0.0064
0.0143
0.0012
0.0032
0.0022
0.0338
< 0.0001

0.29
0.31
0.39
0.01
0.24
-0.04
0.36
0.31
0.19

-0.043-0.56
-0.02-0.58
0.07-0.64
-0.32-0.34
-0.09-0.53
-0.37-0.29
0.04-0.62
-0.03-0.58
-0.14-0.49

0.0870
0.0660
0.0184
0.9432
0.1497
0.7972
0.0294
0.0784
0.2465

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; APRI: AST to platelet ratio index; FIB-4: Fibrosis 4 test; INR: International normalization
ratio; LS: Liver stiffness.

(P = 0.09) were found between different stages of
fibrosis by the Kruskal-Wallis test. INR values for stage
4 fibrosis were significantly higher than for stage 1 and
2 fibrosis (1.2 vs 1.0, P < 0.05). Total bilirubin levels
were different between fibrosis stage 2 and 4 (P =
0.049), and platelet counts were significantly higher
in fibrosis stage 0 and 2 than in stage 4 and between
fibrosis stage 2 and 3. Fib-4 scores were significantly
higher for fibrosis stage 4 than stages 0-2.

but this was not statistically significant. This trend was
seen at each fibrosis stage (stage 0, 3.1 kPa vs 2.61
kPa; stage 1, 2.94 kPa vs 2.74 kPa; stage 2, 3.2 kPa
vs 2.63 kPa; stage 3, 4.1 kPa vs 3.99 kPa). The only
exception was cirrhotic patients where the treated
patients had a higher LS compared to the untreated
group (6.5 kPa vs 5.9 kPa).
ROC analysis showed that MRE (cut off, 4.1 kPa)
predicted advanced fibrosis (≥ stage 3) with 0.97
accuracy (95%CI: 0.85-0.99), 89.5% sensitivity
(95%CI: 67%-99%), 100% specificity (95%CI:
80.5%-100%), 100% positive predictive value (PPV,
95%CI: 80.5%-100%), and 89.5% negative predictive
value (NPV, 95%CI: 67%-99%) NPV. Similarly, a cutoff of 4.5 kPa predicted cirrhosis with 0.98 accuracy
(95%CI: 0.87-1.00), 92.31% sensitivity (95%CI:
85%-99%) and 96% specificity (95%CI: 78%-99.9%),
92.3% PPV (95%CI: 64%-99.8%) and 88% NPV
(95%CI: 68.8%-97.5%).

Correlations between histological findings and
radiological tests

MRE correlated closely with fibrosis stage (r = 0.83,
P < 0.001), and it performed better than MRI. The
correlation between LS and fibrosis stages remained
significant after correction for age and BMI (r = 0.75,
P < 0.001), inflammation grade (r = 0.76, P < 0.001),
and all laboratory tests (r = 0.68, P < 0.0001). LS was
significantly higher in fibrosis stage 4 than stage 0-3;
similarly stage 3 had significantly higher stiffness than
stages 0-2. There were no significant differences in LS
between stages 0-2 (Figure 2).
Untreated patients had a slightly higher mean LS
as compared to treated patients (3.83 kPa vs 3.7 kPa),
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Comparison between radiological tests and laboratory
tests

Comparison of ROC curves for MRE and laboratory
tests showed that MRE performed significantly better
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Coronal T2
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DWI

Pre-contrast T1

Post contrast T1

MR Elastogram

Figure 2 Magnetic resonance elastography in treated autoimmune hepatitis. A 43-year-old male with grade 2 inflammation and advanced fibrosis. MRI images
show no features to suggest advanced fibrosis. Note prominent spleen. Lab tests were AST 81, ALT 147, FIB-4 2.95 and APRI 1.98. LS was 5.1 kPa consistent with
advanced fibrosis. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; APRI: AST to platelet ratio index; FIB-4: Fibrosis 4 test; LS: Liver stiffness.
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Figure 3 Graph showing area under the receiver operating characteristic curves of magnetic resonance elastography and lab tests for prediction of
advanced fibrosis (A) and cirrhosis (B) in autoimmune hepatitis.

than ALT, AST, AST/ALT, APRI, FIB-4, INR and platelet
counts for the detection of advanced fibrosis (Table
3, Figure 3A). FIB-4 performed better than AST, ALT
and APRI for detecting advanced fibrosis, and all the
laboratory tests performed better than the serum ALT
level in making this distinction. Similarly for cirrhosis,
MRE performed significantly better than all laboratory
tests (Table 3, Figure 3B). FIB-4 only performed better
than the serum ALT level in detecting cirrhosis, and the
serum ALT level was worse than all other laboratory
tests in making this distinction. We also analyzed
diagnostic performance of MRE and laboratory tests
for two study groups. In the untreated group of 17
patients MRE performance was better than laboratory

WJG|www.wjgnet.com

tests for both advanced fibrosis (0.93 vs 0.51-0.86)
and cirrhosis (0.95 vs 0.57-0.95). In the treated group
of 19 patients, MRE performance was also better than
serum tests for advanced fibrosis (0.98 vs 0.59-0.87)
and cirrhosis (1.0 vs 0.64-0.89).

DISCUSSION
A non-invasive, accurate method of detecting advanced
fibrosis and cirrhosis in patients with AIH is required to
assess disease progression during therapy, anticipate
complications of cirrhosis, and evaluate the risk of
HCC. Our study demonstrates high accuracy of MRE in
detecting advanced fibrosis and cirrhosis in patients with
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Table 3 Area under the receiver operating characteristic curves of magnetic resonance elastography and laboratory tests for
prediction of advanced fibrosis and cirrhosis in autoimmune hepatitis
Advanced fibrosis
LS
ALT
AST
AST/ALT
APRI
FIB_4
INR
Platelet

Cirrhosis

AUC

SE

95%CI

AUC

SE

95%CI

0.966
0.526
0.618
0.681
0.728
0.786
0.770
0.802

0.0278
0.0998
0.0964
0.0904
0.0932
0.0760
0.0770
0.0780

0.845-0.998
0.354-0.695
0.441-0.774
0.505-0.826
0.554-0.862
0.618-0.905
0.596-0.891
0.636-0.916

0.980
0.582
0.691
0.736
0.776
0.803
0.800
0.763

0.0175
0.1010
0.0909
0.0860
0.0789
0.0750
0.0880
0.0904

0.867-1.000
0.406-0.744
0.515-0.834
0.563-0.868
0.606-0.898
0.636-0.916
0.635-0.915
0.592-0.888

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; APRI: AST to platelet ratio index; FIB-4: Fibrosis 4 test; INR: International normalization
ratio; LS: Liver stiffness.

AIH, and its superiority to laboratory assessment and
conventional MRI. Our findings are consistent with other
studies that demonstrate greater diagnostic accuracy of
MRE over laboratory assessment in detecting advanced
fibrosis and cirrhosis in patients with diverse chronic
[34,38,40,50,51]
liver diseases
. Furthermore, our study
indicates that the laboratory and histological indices of
liver inflammation do not compromise the accuracy of
MRE in assessing hepatic fibrosis in AIH.
Untreated patients showed mildly higher LS as
compared to treated patients which was not statis
tically significant, likely related to the presence of
inflammation in the untreated group, and the subset of
untreated AIH patients did have higher inflammation
grades. This finding suggests that hepatic inflammation
could have an impact on determinations of LS by MRE,
and it was similar to that in patients with chronic viral
hepatitis in whom the presence of chronic inflammation
[52]
has been shown to increase LS by MRE . In our study,
there was no significant difference in the distribution
of inflammation grades between the treated and
untreated groups, and fibrosis stages were detected
with similar accuracy in the treated and untreated
patients. Our study also showed that cirrhotic livers
in treated patients had higher mean stiffness as
compared to cirrhotic livers in untreated patients. The
exact reason is not known, however it is possible that
the fibrosis content in treated patients is likely to be
more as the duration of disease was longer in these
patients. This needs to be confirmed in studies with a
larger number of participants.
Recent studies performed with TE and ARFI in
AIH have shown that both techniques are useful in
assessment of significant fibrosis and cirrhosis in AIH. In
[26]
one study with nearly 100 patients, Hartl et al showed
excellent diagnostic performance of TE for diagnosis
of cirrhosis. They also showed that liver inflammation
has a major impact on LS in first few months of AIH
treatment and its diagnostic performance improves after
6 mo of immunosuppression treatment. In our study we
also showed that untreated patients had higher stiffness
compared to treated patients. In addition the diagnostic
performance of MRE in treated patients was slightly

WJG|www.wjgnet.com

better than that in untreated patients, however the
numbers of patients in our study groups are too small to
draw conclusions. In another study of only 15 patients,
[53]
Efe et al
showed that ARFI is able to accurately
differentiate significant fibrosis from non-significant
fibrosis. There are no comparison studies between MRE,
TE and ARFI and future studies combining all three
modalities may be useful for determining their utility in
different clinical scenarios.
Our study has limitations. First, the study was
retrospective. This was unavoidable as patients
frequently received treatment at outside medical
centers. This also precludes assessment of the time
interval between initial diagnosis and treatment to
liver biopsy and MRE. Second, our sample size is small
because the timing of liver tissue examinations and
the performance of MRE was variable, and overlap
syndromes were excluded. Third, the reference
standard was histological assessment, which is limited
[8-10]
by sampling error and inter-observer variability
.
This was mitigated by applying a standardized scoring
system for fibrosis and inflammation, requiring all
specimens to be stained for fibrosis, and having each
tissue sample re-reviewed by a pathologist specialized
[54]
in autoimmune liver diseases . Fourth, our study
group comprised treated and untreated patients,
which was unavoidable due to the rarity of AIH and
retrospective nature of the study. Fifth, patients were
assessed at varying intervals during the course of their
disease, and were not studied sequentially to assess
for detection of small gradations of change.
MRE is a non-invasive imaging-based biomarker with
superior diagnostic accuracy for detecting advanced
fibrosis and cirrhosis in patients with AIH compared
to conventional laboratory and MRI assessment. MRE
may become useful as a non-invasive tool for staging
fibrosis in AIH, evaluating response to treatment,
and decision-making regarding drug administration,
dose adjustment, and duration of therapy. Our study
provides a foundation for future prospective studies that
evaluate the role of MRE to detect changes in LS that
can be used safely and repeatedly in patients with AIH
of all ages, habitus, and disease severity.
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Abstract
AIM
To investigate factors, including psychosocial factors,
associated with alcoholic use relapse after liver trans
plantation (LT) for alcoholic liver disease (ALD).

Institutional review board statement: The study protocol was
approved by the Institutional Review Board of Nagoya University
Graduate School of Medicine (Approval No. 15).
Informed consent statement: Which waived the requirement
for informed consent due to the retrospective design of this study.

METHODS
The clinical records of 102 patients with ALD who were
referred to Nagoya University Hospital for LT between
May 2003 and March 2015 were retrospectively eva
luated. History of alcohol intake was obtained from
their clinical records and scored according to the HighRisk Alcoholism Relapse scale, which includes duration
of heavy drinking, types and amount of alcohol usually
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causes of advanced liver cirrhosis and has become the
second most common indication for liver transplantation
[1]
(LT), after cirrhosis caused by viral hepatitis . However,
20%-30% of patients who undergo LT for ALD will
[2]
return to heavy drinking after LT . Post-transplant
relapse of alcohol use is extremely crucial, because
alcoholic recidivism has a negative impact on posttransplant compliance and long-term outcomes of LT
[3]
recipients . Post-transplant relapse of alcohol use has
been associated with increased damage to transplanted
[4,5]
liver allografts
and may be associated with reduced
[3,6,7]
survival after LT
. Thus, in evaluating candidates for
LT, it is crucial to preoperatively predict and precisely
assess the risk of post-transplant relapse of alcohol use
[8]
in patients with ALD .
Various criteria and screening procedures have
[8]
been reported to predict relapsed alcohol use . Most
transplant centers worldwide require a minimum of 6
mo of alcohol abstinence prior to LT. Patients who can
maintain this 6-mo abstinence have been reported
to be at lower risk of alcohol use relapse than those
[9,10]
who are abstinent for less than 6 mo
. However,
a method for selecting LT candidates based on the
6-mo rule alone has been criticized, because this
method does not account for other factors that may
[5,11,12]
influence alcoholic behavior
. Unlike physical
evaluation criteria, psychosocial criteria evaluating
the suitability of LT for patients with ALD have not yet
been determined, because highly valid and reliable
psychosocial criteria are more difficult to establish.
There is therefore a real need for useful criteria to
assess the risks of post-transplant relapse of alcohol
use beforehand. This study was therefore performed
to comprehensively investigate factors, including
psychosocial factors, associated with alcoholic use
relapse after LT for ALD. Based on these findings, we
propose and present a set of psychosocial evaluation
criteria that may be useful in assessing relapse risk
in patients with ALD who are candidates for LT, and
provide a framework that can be of use clinically.

consumed, and previous inpatient treatment history for
alcoholism. All patients were assessed for eligibility for
LT according to comprehensive criteria, including ChildPugh score, Model for End-Stage Liver Disease score,
and psychosocial criteria.
RESULTS
Of the 102 patients with ALD referred for LT, seven
(6.9%) underwent LT. One (14.3%) of these seven pa
tients returned to heavy drinking, but that patient was
able to successfully quit drinking following an immediate
intervention, consisting of psychotherapeutic education
and supportive psychotherapy, by a psychiatrist. A
comparison between the transplantation/registration
(T/R) group, consisting of the seven patients who
underwent LT and 10 patients listed for deceased donor
LT, and 50 patients who did not undergo LT and were
not listed for deceased donor LT (non-T/R group),
showed statistically significant differences in duration of
abstinence period (P < 0.01), duration of heavy drinking
(P < 0.05), adherence to medical treatment (P < 0.01),
and declaration of abstinence (P < 0.05).
CONCLUSION
Patients with ALD referred for LT require comprehensive
evaluation, including evaluation of psychosocial criteria,
to prevent alcoholic recidivism.
Key words: Liver transplantation; Risk assessment;
Alcoholic liver disease; Psychosocial evaluation criteria;
Liaison psychiatry; Alcohol use relapse
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although alcoholic liver disease (ALD) is the
second most common indication for liver transplantation
(LT), post-transplant relapse of alcohol use can have
a negative impact on patient outcomes. It is therefore
important to preoperatively assess the risk of posttransplant alcohol use. To date, however, psychosocial
evaluation criteria of LT for ALD have not been esta
blished, indicating a real need for useful criteria to
assess the risks of post-transplant alcohol use. This
study describes a set of psychosocial evaluation criteria
that may be useful in assessing the risk of relapse in
patients who undergo LT for ALD.

MATERIALS AND METHODS
At Nagoya University Hospital, approximately 20 LTs are
performed annually. A transplantation medical team,
consisting of transplant surgeons, gastroenterologists,
hepatologists, psychiatrists, transplant coordinators,
and psychologists, was launched in 2004, and the team
continues to hold interdisciplinary conferences at least
[13]
once weekly . Patients were treated by psychiatrists,
if necessary. However, in our institution, the psychiatry
and self-help groups work in a coordinated manner. Our
style is a so-called “team medicine”.
Between May 2003 and March 2015, 102 patients
with ALD were referred to Nagoya University Hospital for
LT. A definitive diagnosis of ALD was based on a history
of habitual and excessive alcohol consumption. The
clinical records of these patients were retrospectively
reviewed. Pre-transplant levels of alcohol consumption
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C, Yamaguchi N, Takahashi M, Sunada S, Hirano M, Fujishiro H,
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international normalized ratio of prothrombin time,
plasma creatinine concentration, Model for End-stage
Liver Disease score and Child-Pugh score. Alcoholassociated criteria included duration of heavy drinking,
adherence to medical treatment, employment or
willingness to work, understanding and agreeing to LT,
support from family members, occurrence of psychiatric
comorbidities except for alcohol-related mental disease,
usual number of daily drinks, and HRAR score. The
mean follow-up period after LT was 5.1 years.
To present the alcohol drinking, we used the unit of
a standard drink in Japan contained 10 g of alcohol, in
this study.

Table 1 Psychosocial evaluation criteria of liver transplantation
for alcoholic liver disease
Criteria A
Abstinence period lasting at least 6 mo
An oath of the abstinence from alcoholic drinking for the future
Patients with alcoholic liver disease are needed to fulfill the criteria A.
Criteria B
No presence of psychiatric comorbidity except alcohol-related mental
disease
A dherence of medical treatment
Understanding and agreement of transplant and a support by the
family
Being at work or ready to work
The high-risk alcoholism relapse scale can be scored 0, 1, or 2
Criteria C
Re-evaluation one month later in case who is difficult to evaluate risk
of alcohol use relapse in the initial interview

Statistical analysis

Continuous variables were compared by Student’s t-tests
and categorical variables by Fisher’s exact test. A P
value < 0.05 was regarded as statistically significant.

Telephone consultation by, transplant coordinators
n = 102

Ethical approval

The study protocol was approved by the Ethics
Review Committee of Nagoya University Graduate
School of Medicine (Approved No. 15), which waived
the requirement for informed consent due to the
retrospective design of this study. This study was fully
supported by a Grant-in-Aid for Scientific Research
(C, No. 24591875) from the Japanese Ministry of
Education, Culture, Sports, Science and Technology,
and by a grant from the Japanese Society for the
Promotion of Science.

Evaluation for LT
Department of transplant surgery
Department of gastroenterological medicine
Psychosocial assessment
Department of psychiatry
n = 67

Actual LTs
n = 7 (deceased-donor, n = 3; living-donor, n = 4)
Registration for deceased-donor LT
n = 10

RESULTS

Figure 1 Flowchart of the study. LT: Liver transplantation.

The 102 ALD patients referred to our center for
possible LT were evaluated by telephone interviews
with our transplant coordinators. Of these patients,
67 (65.6%) underwent both LT evaluation and
psychosocial assessment (Table 2), and seven (6.9%)
underwent LT (Table 3 and Figure 1). In addition, 10
patients (9.8%) were registered by the Japan Organ
Transplant Network as candidates for deceased donor
LT. Of the seven patients who met our criteria and
underwent LT, six did not return to alcohol drinking
after LT, whereas one did (Patient No. 4 in Table 3).
This patient met both our medical and psychosocial
criteria. He had no psychiatric comorbidity except for
alcohol-related mental disease; he adhered to medical
treatment, understood and agreed to undergo LT,
had support from his family, was employed, and had
a score of 2 on the HRAR scale. Therefore, it was
difficult to predict his alcohol relapse preoperatively.
Interestingly, however, this patient completely quit
alcohol following an immediate intervention by psy
chiatrists, consisting of psychological education and
supportive psychotherapy.
Data from the seven patients who underwent LT and
the 10, who were listed for deceased donor LT, defined
as the transplantation/registration (T/R) group, were
compared with the data of the 50 patients who did not

were assessed using the High-Risk Alcoholism Relapse
(HRAR) scale, which was developed from a study of
relapse following inpatient treatment for alcoholism of
[14]
a cohort of male US veterans . This scale includes
three items: duration of heavy drinking, usual number
of drinks per day, and number of previous inpatient
[15,16]
admissions for treatment of alcoholism
. Each item
is scored 0, 1, or 2, resulting in total possible scores
ranging from 0 to 6; high scores, ranging from 3 to 6,
have been found to correlate positively with the risk of
relapse.
The psychosocial evaluation criteria for LT candidates
with ALD are shown in Table 1. Patients with ALD
psychosocially considered likely candidates for LT were
those at lower risk of alcohol relapse. Alcohol relapse
after LT was based on interviews with patients and/or
family members.
Sixty-seven patients with ALD were evaluated
medically for LT by members of the Departments of
Transplantation Surgery and/or Gastroenterological
Medicine, and were evaluated psychosocially by
members of the Department of Psychiatry. Medical
factors evaluated included hepatic encephalopathy,
ascites, serum concentrations of bilirubin and albumin,
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Table 2 Sociodemographic and clinical characteristics of 67 alcoholic liver disease patients

Age1 (yr)
Gender2 (male/female)
Hepatic encephalopathy2 (point)
Ascites2 (point)
Bilirubin2 (mg/dL)
Albumin2 (g/dL)
International normalized ratio of
prothrombin time2
Creatinine2 (mg/dL)
Model for end-stage liver disease
score2 (point)
Child-Pugh score2 (point)
Duration of heavy drinking2 (yr)
Usual number of daily drinks2 (L)
The HRAR scale2 (point)
Prothrombin time2 (%)
Abstinence period2 (mo)

Mean

Range or standard
deviation

50.2
48/19
1.2
2.0
6.1
2.8
1.83

28-69

0.9
1.9

0.6
7.0

10.1
21.7
2.1
2.3
34.3
12.1

2.0
10.4
0.8
1.0
16.4
15.8

0.4
0.8
6.0
0.5
0.7

Adherence of medical treatment

Being at work or ready to work

Understanding and agreement of
transplant and a support by the family
Presence of psychiatric comorbidity
except alcohol-related mental disease
Declaration of abstinence
Psychiatric hospitalizations

No./No.
responded

Percentage

Present
Absent
Unknown
Present
Absent
Unknown
Present

45/67
20/67
2/67
47/67
18/67
2/67
61/67

67
30
3
70
27
3
91

Absent
Present

6/67
2/67

9
3

Absent
Present
Absent
Present
Absent

65/67
55/67
12/67
1/67
66/67

97
82
18
1
99

1

Result was shown as mean and range; 2Results were shown as mean and SD. HRAR: High-Risk Alcoholism Relapse.

Table 3 The characteristics of 7 patients with decompensated liver cirrhosis due to alcoholic liver disease who underwent liver
transplantations
Case

Age at
the first
drinking

Age at
the first
examination

Age at
the LT

Gender

Comorbidity

Daily intake
1
of alcohol

LT

Follow-up
(yr)

Alcohol
relapse

Self-help
groups

1
2
3

24
27
15

32
38
42

36
38
44

Male
Female
Male

17.6
6.5
16.0

Deceased-donor
Deceased-donor
Deceased-donor

8.3
9.9
7.3

None
None
None

None
None
Participation
(spouse only)

4

17

44

46

Male

None
None
Non-B
Non-C
Liver cirrhosis
Liver cirrhosis (type C)

20.0

Deceased-donor

4.8

5

13

28

28

Male

None

20.0

3.3

6

17

51

51

Female

15.0

1.3

None

None

7

9

46

46

Female

Liver cirrhosis (type C)
Hepatocellular
carcinoma
None

Living-donor
(relation: father)
Living-donor
(relation: daughter)
Living-donor
(relation: younger
brother)

0.5

None

None

20.0

Relapse2 (3 yr
None
after)
None
Participation

1

The unit of a standard drink in Japan contained 10 g of alcohol; 2The patient quit alcohol with the immediate psychiatric intervention (psychoeducation
and supportive psychotherapy) by psychiatrists.

undergo LT and were not listed for deceased donor LT,
defined as the non-T/R group (Table 4). The abstinence
period was significantly longer (P < 0.01), while the
duration of heavy drinking was significantly shorter (P
< 0.05), in the T/R group than in the non-T/R group. In
addition, the adherence to medical treatment (P < 0.01),
and the declaration of abstinence (P < 0.05) were better
in the T/R group than in the non-T/R group (Table 4).

self-employed. Because of overwork, he started
drinking heavily at age 30 years. Although his family
was aware of his drinking problem, he denied his
drinking. He got divorced at age 37 years and lost his
son in a traffic accident at age 40 years, after which
he began drinking more heavily. At age 41 years, his
family doctor warned him that he would die in the near
future if he did not stop drinking. Although he stopped
drinking immediately, his liver condition worsened and
he required LT. Following psychosocial evaluation, he
was registered for deceased donor LT. After being on
the waiting list for 3 years, he underwent a deceased
donor LT. During follow-up after LT, his transplant
surgeons suspected that he might have returned
to heavy drinking. Because he admitted that he had

One thought-provoking case

Although our comprehensive LT criteria for ALD
seemed to be effective, we encountered one thoughtprovoking case. The patient was a 44-year-old man,
married at age 23 years and with two children. He
inherited a business from his father and was essentially
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23.8 (10.5)

16.4 (7.5)

2.62

1.14
58

58

59

Degree of
freedom

Results were shown as mean and range; 2Results were shown as mean and SD.

2.1 (0.8)

2.3 (0.7)

Non-T/R group t -statistic
(n = 50)
Mean
(range or SD)
51.8 (31-69)
37/13
8.8 (13.6)
2.84

P < 0.05

NS

P < 0.01

Statistical
significance

Psychiatric hospitalizations

Understanding and agreement of
transplant and a support by the
family
Presence of psychiatric
comorbidity except alcoholrelated mental disease
Declaration of abstinence

Being at work or ready to work

Adherence of medical treatment

2/17
0/17
16/17
1/17
0/17
17/17
17/17
0/17
1/67
16/67

Unknown
Present
Absent
Present
Absent
Present
Absent
Present
Absent

15/17

Absent

Present

Present
Absent
Unknown

(100)
(0)
(6)
(94)

(0)
(100)

(0)
(94)
(6)

(12)

(88)

No/no responded
(percentage)
17/17
(100)
0/17
(0)
0/17
(0)

T/R group (n = 17)

38/50
12/50
0/50
50/50

2/50
48/50

2/50
45/50
5/50

16/50

32/50

28/50
20/50
2/50

(76)
(24)
(0)
(100)

(4)
(96)

(4)
(90)
(10)

(32)

(64)

(56)
(40)
(4)

No/no responded (percentage)

Non-T/R group (n = 50)

NS

P < 0.05

NS

NS

NS

P < 0.01

Statistical
significance

[17]

[18]

The ALD is a major indication for LT, accounting for approximate 40% of all primary LTs in Europe
and about 25% in the United States . The 1-, 3-, and 5-year
survival rates after LT in ALD patients have been reported to be 84%, 78% and 73%, respectively, in Europe and 92%, 86% and 86%, respectively, in the United
[17,19]
[20]
[3,4]
States
. Although LT for ALD compares favorably with other etiologies of liver cirrhosis , recidivism after LT for ALD negatively influences survival . Early
identification and monitoring of alcohol relapse are essential determinants of long-term outcomes after LT. Although psychosocial evaluation is mandatory for all
transplant candidates, it is especially important in patients with ALD. To date, however, there has been a lack of firm consensus regarding psychosocial criteria for LT in
patients with ALD. Based on our findings, we propose a set of comprehensive psychosocial criteria to preoperatively predict the risk of relapse after LT.
Although the minimum duration of sobriety before LT has not been determined conclusively, many transplant centers have adopted a minimum alcohol abstinence
[21]
period of 6 mo as a criterion for transplantation. Abstinence for 6 mo may allow the clinical condition of ALD patients to stabilize or improve prior to LT and has been
[9,10]
[22,23]
associated with lower rates of post-transplant relapse
. However, few studies to date have assessed the accuracy of the 6-mo rule in predicting recidivism
.
A recent survey in Japan showed that a pre-transplant sobriety cutoff of 18 mo was practical in identifying high-risk patients susceptible to harmful relapse and in

DISCUSSION

actually returned to heavy drinking with his friends, he was referred to a psychiatrist. He underwent psychiatric treatment, which included psychological education and
supportive therapy, and decided on abstinence. He has been followed-up regularly by surgeons and recipient coordinators, as well as by frequent psychiatric supervision.
He has successfully continued to abstain from alcohol for 6 years.

1

Age1 (yr)
Gender (male/female)
Abstinence period2
(mo)
Amount of drinking2
(point)
Duration of heavy
drinking2 (yr)

T/R group
(n = 17)
Mean
(range or SD)
45.5 (28-62)
11/6
21.2 (17.4)

Table 4 Statistical results
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[22]

selecting patients for deceased donor LT . We regard
our selection criteria, consisting of abstinence for 6 mo
and promise to abstain throughout life, as essential pre
requisites for LT.
In addition, it is important to evaluate psychosocial
factors, with each institution establishing its own criteria.
The psychosocial criteria for LT at our institution consist
of five items: (1) absence of psychiatric comorbidity
[15,24-27]
except for alcohol-related mental disease
; (2)
[26,28-30]
adherence to medical treatment
; (3) under
standing of and agreeing to transplant and support
[15,24,26,31,32]
by the patient’s family
; (4) being employed
[15,16,27]
or willing to work
; and (5) having an HRAR
score ≤ 2 points, indicating a lower risk of return to
[15,16,27]
drinking
. In our institution, we did not employ the
measurement of blood concentrations of alcohol-related
substances, such as ethanol and carbohydrate deficient
transferrin.
Because patients with ALD may not fulfill all five
criteria, it is necessary to evaluate whether they meet
these criteria in a comprehensive way. These five
items include risk factors for post-transplant relapse,
including psychiatric comorbidities other than alcohol[27]
related mental disease and higher HRAR score .
Although a previous study reported that HRAR score
[22]
alone was not predictive of relapse , its inclusion as
one of several criteria may be useful. Non-adherence
to medical treatment has been reported to predict
[26,28,29]
relapse
. The HRAR score higher than 3 will
[15]
be associated with relapse into harmful drinking .
However, we suggest that evaluation based on HRAR
score alone is not enough, and consider that ALD
patients should be comprehensively evaluated.
The psychopathology of ALD frequently includes
denial, both by patients and their families. Conse
quently, it may be difficult to evaluate risks of alcohol
relapse following an initial interview with ALD patients.
Patients should therefore be reevaluated for risk of
alcohol relapse one month after their initial evaluation,
with further reevaluations required if the risk of alcohol
relapse remains difficult to evaluate. Unnecessary
delays in making a decision should be avoided. However,
repeated patient follow-up may reveal any alcoholrelated pathology within the family, including the
autonomous intention of the patient and whether the
family is supportive.
[33]
Psychiatric follow-up after LT is also required . In
addition to pre-transplant evaluation, pre- and posttransplant counseling may minimize the relapse of
alcoholism after LT. In our hospital, follow-up in the
psychiatry outpatient department is mandatory for
all patients, although symptoms such as insomnia
or irritation may not be recognized. During followup, one of seven patients returned to heavy drinking
after LT. However, this patient quit drinking after an
immediate intervention by psychiatrists. The rate of
alcohol relapse in this study, 14.3%, was lower than in
[2,22,29]
previous studies
.
The target in treating alcoholism is not merely
abstention from alcohol. Rather, everyday life instruction
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is necessary to prevent resumption of drinking after
LT. Patients should also be gradually introduced to a
self-help group such as Alcoholics Anonymous. Many
patients with ALD and their families deny having a
problem with alcohol, as denial is a psychological
mechanism to exclude painful thoughts. Only two of
the seven patients who underwent LT in this study
participated in a self-help group.
In conclusion, we propose a set of psychosocial
evaluation criteria that may be useful in assessing risk of
alcohol relapse in patients with ALD who are candidates
for LT. These psychosocial evaluation criteria will result
in improvements in the selection of ALD patients for
transplantation and may increase the LT success rate.
Additional well-designed studies evaluating our criteria
are required to predict risk of alcohol relapse in ALD
patients after LT and to determine the optimal timing of
LT in patients with ALD.
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Abstract
AIM
To explore factors associated with persistent hepatitis
B virus (HBV) infection in a cohort of hepatocellular
carcinoma (HCC)-affected families and then investigate
factors that correlate with individual viral load among
hepatitis B surface antigen (HBsAg)-positive relatives.

Informed consent statement: Written informed consent was
obtained from all participants before study participation. All
experiments and data comparisons were carried out in compliance
with relevant laws and guidelines and in accordance with the
ethical standards of the Declaration of Helsinki.
Conflict-of-interest statement: The authors declare that they
have no conflicts of interest.

METHODS
We evaluated non-genetic factors associated with HBV
replication in relatives of patients with HCC. Relatives
of 355 HCC cases were interviewed using a structured

Data sharing statement: No additional data are available for
this study.
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antigen (HBsAg) carriers and hepatocellular carcinoma
[1-6]
[7,8]
(HCC) are common . HBV is highly infectious , and
a substantial number of individuals who are exposed to
[4,9-11]
HBV early in life become chronic HBsAg carriers
.
Furthermore, intra-familial transmission of HBV could
underlie the high incidence of HCC among family
[3,4]
members .
[12,13]
In addition to sex-related behavioral factors
,
genome-wide association studies in Japan indicated
that the human leukocyte antigen subunits DP and DQ
[14,15]
are associated with HBsAg persistence
. However,
the genes identified as being responsible for clini
cal progression among chronic HBsAg carriers differ
among several genome-wide association studies carried
[16-20]
out in China and Taiwan
. Hence, it is possible that
non-genetic factors may play a non-negligible role in
determining HBV replication. For example, an increased
risk of liver cancer among first-degree relatives of HCC
patients was shown to be associated with a prolonged
[1,2]
HBV replication phase . Therefore, before evaluating
genetic factors associated with HBV replication, nongenetic factors that may be associated with HBV viral
[2-4,6,9-11,21]
load should be clarified
.
Given the familial clustering of chronic HBsAg
[2,5,6,9,21]
carriers in HCC families
with maternal status,
those relatives having a similar genetic background
may be instrumental in helping clinicians determine
any non-genetic factors that may be associated with
persistent HBV infection and viral replication. In this
respect, we explored factors associated with persistent
HBV infection in a cohort of HCC-affected families and
then investigated factors that correlated with individual
viral load among HBsAg-positive relatives.

questionnaire. Demographics, relationship to index
case, HBsAg status of mothers and index cases were
evaluated for association with the HBV persistent
infection or viral load by generalized estimating equation
analysis.
RESULTS
Among 729 relatives enrolled, parent generation (P
= 0.0076), index generation (P = 0.0044), mothers
positive for HBsAg (P = 0.0007), and HBsAg-positive
-8
index cases (P = 5.98 × 10 ) were associated with
persistent HBV infection. Factors associated with HBV
viral load were evaluated among 303 HBsAg-positive
relatives. Parent generation (P = 0.0359) and sex (P =
0.0007) were independent factors associated with HBV
viral load. The intra-family HBV viral load was evaluated
in families clustered with HBsAg-positive siblings. An
intra-family trend of similar HBV viral load was found
for 27 of 46 (58.7%) families. Male offspring of HBsAgpositive mothers (P = 0.024) and older siblings were
associated with high viral load.
CONCLUSION
Sex and generation play important roles on HBV
viral load. Maternal birth age and nutritional changes
could be the reasons of viral load difference between
generations.
Key words: Familial generation; Sex; Hepatitis B virus;
Perinatal infection; Viral replication
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Familial clustering of chronic hepatitis B
infection is identified in this study. Most of the hepatitis
B surface antigen (HBsAg) carriers in this cohort are
in families of an HBsAg-positive index case. A high
prevalence of HBsAg is found in the siblings’ generation
and in offspring of an HBsAg-positive mother. The
HBsAg status of index cases and HBsAg status of
the mother are important factors for determining the
persistence of hepatitis B virus (HBV) infection in he
patocellular carcinoma families. Sex and generation
are factors associated with HBV replication. Perinatal
infection has a great influence on male offspring’s HBV
replication.

MATERIALS AND METHODS
Patients

Patients with HCC who were diagnosed at Chang
Gung Memorial Hospital, Lin-Kou Medical Center were
included as index cases. From 2003 to 2007, relatives
of these patients were prospectively invited to complete
a survey concerning liver diseases. Spouses of index
cases or spouses of their relatives were excluded.
This study was approved by the Institutional Review
Board of Chang Gung Memorial Hospital, Taiwan (IRB:
91-124), and written informed consent was obtained
from all participants before the study. All experiments
and data comparisons were carried out in compliance
with relevant laws and guidelines and in accordance
with the ethical standards of the Declaration of Helsinki.

Hsieh AR, Fann CSJ, Yeh CT, Lin HC, Wan SY, Chen YC, Hsu
CL, Tai J, Lin SM, Tai DI. Effects of sex and generation on
hepatitis B viral load in families with hepatocellular carcinoma.
World J Gastroenterol 2017; 23(5): 876-884 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i5/876.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i5.876

Survey

At entry, basic information that included national citizen
identification number, sex, race, alcohol and smoking
habits, profession, location of residency at birth, level
of education, and family history were obtained through
questionnaires and structured interviews.
Each relative that was enrolled in the study under
went liver biochemistry tests for α-fetoprotein and

INTRODUCTION
In the families of hepatitis B virus (HBV)-infected
individuals, clustering of chronic hepatitis B surface
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[25,26]

viral markers, as well as a liver ultrasound. Serum
HBsAg and hepatitis C virus antibody (anti-HCV) were
measured by enzyme-linked immunosorbent assay
(Abbott Diagnostics, Chicago, IL, United States).
Maternal HBsAg was assayed at enrollment or obtained
by reviewing our hospital records.

correlation structure
in our first and second stages
of the analyses. Univariate and multivariate analyses in
the two stages were assessed using the GEE method
with the PROC GENMOD procedure in SAS 9.3 (SAS
Institute Inc., Cary, NC, United States).
The role of sex hormones in the development
and progression of HBV-associated HCC has been
[12,13]
reported
. Therefore, we added a new familial view
on HBV replication status in this cohort. We examined
intra-familial HBV replication among HBsAg-positive
siblings of the same sex in each family. A sex difference
with respect to HBV viral load in families clustered with
HBsAg-positive siblings. We used logistic regression to
explore the sex effect for families in which the mother
was positive for HBsAg as well as in all families.

HBV viral load and HBV genotyping

A quantitative HBV DNA assay was carried out
initially with the Digene Hybridization System (Digene
Diagnostics, Inc., Beltsville, MD, United States; lower
5
limit of detection, 1.4 × 10 cps/mL). Those with
HBV DNA lower than the detectable limit were further
assayed using the COBAS Amplicor HBV Monitor Test
(Roche Diagnostics, Branchburg, NJ, United States;
lower limit of detection, 200 cps/mL). Our previous
long-term follow-up study revealed that nearly 40%
of HBsAg carriers with persistent normal alanine
aminotransferase levels have a level of HBV DNA of
4
[22]
> 1.0 × 10 cps/mL . Therefore, relatives with HBV
5
DNA levels of ≥ 1.0 × 10 cps/mL were considered as
having high HBV replication, and those with levels <
5
1.0 × 10 cps/mL were considered as having low HBV
replication.
HBV genotype was initially determined with the
polymerase chain reaction-restriction fragment length
[23]
polymorphism (PCR-RFLP) method , but we later
changed to a more sensitive SMITEST HBV Genotyping
kit (Medical and Biological Laboratories Co., Ltd.,
Nagoya, Japan) for all subjects. For those subjects with
low HBV DNA level, the S region of the genome was
amplified by nested PCR followed by direct sequencing
(CEQ 8000 Genetic Analysis System; Beckman Coulter,
Brea, CA, United States).

RESULTS
Index cases

A total of 355 families participated in this study. Of the
330 index cases with data on HBV, 203 (61.5%) were
seropositive for HBsAg, 29 (8.8%) were seropositive for
both HBsAg and anti-HCV, 75 (22.7%) were seropositive
for anti-HCV, and 23 (7.0%) were seronegative for both
HBsAg and anti-HCV. The diagnosis of HCC was based
on cytology or histology for 180 (50.7%) patients. The
others were diagnosed clinically based on a serum
[27]
α-fetoprotein level and/or imaging studies .

Relatives

There were 806 relatives and 205 spouses in the
study. Twenty-five relatives were diagnosed with liver
cirrhosis by ultrasound at screening. None of the study
relatives had HCC detected on initial screening. Three
siblings and three children of the indexed HCC patients
developed HCC during the subsequent follow-up study.

Body height in relation to birth year
[24]

Thomas et al reported that body height at adulthood
may predict the nutritional status of a population
in a particular birth year. Hence, we estimated the
nutritional status of Taiwan based on body height
data according to birth year for subjects who received
a general checkup between year 2000 and 2004 at
[9]
Chang Gung Memorial Hospital and in the cohort of
HCC families.

First-stage: Persistent HBV infection analysis

Of the 806 relatives who participated in this study, 77
were born after 1984 when the nationwide vaccination
program against HBV started in Taiwan; these 77
subjects were excluded from the first-stage analysis
(Figure 1). The dataset used for the first-stage analysis
thus contained 729 individuals.
The risk factor of chronically expressing HBsAg
was examined in the first stage. The following factors
were evaluated: sex, index case sex, age, relation to
the index case, HBsAg status of the mother (maternal
HBsAg), and HBsAg status of the index case (index
HBsAg). Index HBsAg, maternal HBsAg, and index
generation were significantly associated with persistent
HBV infection (P < 0.0001; Table 1). After controlling
for sex, these associations remained statistically
significant (P < 0.0001; Table 1).
In the multivariate GEE analysis, persistent HBV
infection was lower for parents of index cases (OR
= 0.24, P = 0.0076; Table 2). The risk was higher
for subjects in the index generation (OR = 2.25, P =

Statistical analysis

The analysis of cohort data was divided into two stages.
In the first stage, we searched for factors associated
with chronic HBsAg carriers. In the second stage, we
examined factors associated with HBV viral load in
HBsAg-positive relatives only.
The relatives included in the study were individuals
from the same household. Because both individual and
familial responses from the same household should be
evaluated, we used the generalized estimating equation
(GEE) method to determine correlations between the
data and each binary response (e.g., for HBsAg status
or HBV DNA level) using the exchangeable working
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Table 1 Association between demographics and hepatitis B surface antigen status among relatives of patients with hepatocellular
carcinoma n (%)
Category

HBsAg

Total family members
Sex
Male
Female
Index sex
Male
Female
Age, mean ± SD
Relation to index
Parent
Index generation
Child
Grandchild
Maternal HBsAg
Negative
Positive
Unknown
Index HBsAg2
Negative
Positive

OR (95%CI)

Adjusted OR (95%CI)

Positive

Negative

314

415

171 (54.46)
143 (45.54)

196 (47.23)
219 (52.77)

1.25 (0.97-1.61)

229 (72.93)
85 (27.07)
40.49 ± 10.89

302 (72.77)
113 (27.23)
37.87 ± 11.69

1.07 (0.70-1.62)

1.25 (0.97-1.60)

1.01 (1.00-1.03)

1.28 (1.00-1.64)

10 (3.18)
86 (27.39)
206 (65.61)
12 (3.82)

20 (4.82)
36 (8.67)
347 (83.61)
12 (2.89)

0.78 (0.37-1.64)
3.89 (2.32-6.51)a

0.81 (0.38-1.71)
3.97 (2.38-6.63)a

1.43 (0.66-3.13)

1.39 (0.65-3.00)

86 (27.38)
129 (41.08)
99 (31.53)

244 (58.80)
53 (12.77)
118 (28.43)

5.03 (3.16-8.01)a
2.01 (1.30-3.38)a

5.00 (3.13-7.97)a
2.04 (1.33-3.13)a

48 (15.43)
263 (84.57)

203 (49.03)
211 (50.97)

5.57 (3.56-8.71)a

5.51 (3.53-8.61)a

1

1

Adjusted by sex; 2Four index cases. HBsAg status unknown. aP < 0.0001. HBsAg: Hepatitis B surface antigen.

Total relatives,

Table 2 Multivariate analyses using generalized estimating
equation to find predictive factors for hepatitis B surface
antigen status

n = 806
Excluded
Relatives born after 1984,
n = 77 [8 HBsAg (+), 69
HBsAg (-)]

First-stage analysis, n = 729
Factors associated with chronic
HBV infection
HBsAg (+), n = 314
HBsAg (-), n = 415

Factor

Item

OR (95%CI)

Sex
Index sex
Age
Relation to index

Male
Male

1.26 (0.94-1.70)
1.28 (0.78-2.10)
1.03 (1.01-1.05)
0.24 (0.09-0.69)
2.25 (1.29-3.94)
2.06 (0.78-5.45)
2.65 (1.51-4.67)
1.21 (0.72-2.03)
4.19 (2.50-7.04)

HBsAg carriers born
after 1984, n = 8
Maternal HBsAg

Total HBsAg (+), n = 322

Index HBsAg
Excluded
HCV coinfection, n = 10
No HBV DNA, n = 9

Parent
Index generation
Grandchild
Positive
Unknown
Positive

P value

0.0037
0.0076
0.0044
0.0007
5.98 × 10-8

HBsAg: Hepatitis B surface antigen.
Second-stage analysis, n = 303
Factors associated with HBV
viral load
High HBV DNA, n = 132
Low HBV DNA, n = 171

and HCV infections and 9 relatives who did not have an
HBV DNA assay (Figure 1). A total of 303 individuals
were thus included in the HBV viral load association
analysis.
The associations between HBV DNA level and sex,
index sex, age, relation to index case, maternal HBsAg,
index HBsAg, and HBV genotype were examined. A
positive association was found between high HBV DNA
level and male sex (OR = 2.12, P = 0.0013; Table
3). A significant association with HBV viral load was
noted between parents of index cases and child plus
grandchild generations (OR = 4.77, P = 0.0348; Table
3). Index HBsAg status was significantly associated
with HBV DNA level (OR = 2.32, P = 0.0221; Table 3).
A significant association with HBV viral load was also
noted between HBV genotype C and HBV genotype B
(OR = 1.71, P = 0.008; Table 3); after controlling for
sex, however, the association was of marginal statistical

Figure 1 Flow chart depicting the collection and potential exclusion of
subjects for our cohort and the stages of analysis.

0.0044; Table 2), those who had an HBsAg-positive
mother (OR = 2.65, P = 0.0007; Table 2), those
related to an HBsAg-positive index case (OR = 4.19, P
-8
= 5.98 × 10 ), and those of older age (OR = 1.03, P
= 0.0037; Table 2).

Second-stage: HBV viral load association analysis

Among the 314 HBsAg-positive relatives born before
1984 and 8 relatives born after 1984, for this secondstage analysis we excluded 10 relatives with dual HBV
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166

General checkup subjects
Families

164

Female mean age at the
first marriage ≤ 19 years

Body height (cm)

162
160

Female mean age at the
first marriage = 22 years

158
156
30
  2

154

200
4

637
7

1749
35

2744
37

3250
43

5919
   53

6523
68

7672
112

7094
99

5479
124

3788
80

2405
88
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   79

  280
   91

80
19

9
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-1

97

4
19

75

-1

97

9
70
19

-1

96

4
19

65

-1

96

9
19

60

-1

95

4
19

55

-1

95

9
50

-1

19

19

45

94

94

4

9

-1
40
19

19

35

-1

93

4
93

9
19

30

-1

92

4

-1

92

25
19

20

-1

91
19

-1
15

19

<

19

15

9

152

Birth year

Figure 2 Body height changes according to birth year for subjects of our cohort who underwent a general checkup (gray line) and hepatocellular
carcinoma families (black line). The two horizontal lines indicate the female mean age at first marriage for each birth-year period. The mean age at first marriage
before 1945 was ≤ 19 years and was 22 years in 1970.

Table 3 Association between demographics and hepatitis B virus viral load in 303 hepatitis B surface antigen-positive relatives n (%)
OR (95%CI)

P value

79 (46.20)
92 (53.80)

2.12 (1.34-3.39)

0.0013

99 (75)
33 (25)
40.51 ± 12.18

121 (70.76)
50 (29.24)
39.15 ± 10.55

1.83 (0.69-2.04)

1.17 (0.68-2.01)

1.01 (0.99-1.03)

1.02 (0.99-1.04)

83 (62.88)
7 (5.30)
42 (31.82)

128 (74.85)
2 (1.17)
41 (23.98)

4.77 (1.12-20.31)
1.51 (0.87-2.62)

33 (25)
61 (46.21)
38 (28.79)

51 (29.82)
64 (37.43)
56 (32.75)

1.55 (0.84-2.87)
1.08 (0.57-2.06)

12 (9.16)
119 (90.84)

32 (18.93)
137 (81.07)

2.32 (1.13-4.76)

2 (1.53)
97 (74.62)
31 (23.85)

21 (12.88)
120 (73.62)
22 (13.50)

Factor

HBV DNA

Total family members
Sex
Male
Female
Index sex
Male
Female
Age, mean ± SD
Relation to index
Child and grandchild
Parent
Index generation
Maternal HBsAg
Negative
Positive
Unknown
Index HBsAg
Negative
Positive
HBV genotype2
N3
B
C

≥ 100000 cps/mL

< 100000 cps/mL

132

171

84 (63.64)
48 (36.36)

0.0348

4.57 (1.15-18.14)
0.64 (0.36-1.14)

1

P value

0.0307

1.57 (0.84-2.92)
1.20 (0.62-2.33)

0.0221
0.0017

0.11 (0.03-0.44)
1.71(0.94-3.14)

Adjusted OR (95% CI)

0.008

2.47 (1.19-5.15)

0.0158

0.09 (0.02-0.39)

0.0011

1.80 (0.97-3.36)

0.0640

1

Adjusted by sex; 2There are 10 missing HBV genotypes; 3Genotyping failed due to low HBV DNA. HBV: Hepatitis B virus; HBsAg: Hepatitis B surface
antigen.

significance (P = 0.064; Table 3).
In the multivariate GEE analysis, HBV viral load
was independently associated with sex (OR = 2.65, P
= 0.0007; Table 4) and being the parent of an index
case (OR = 6.49, P = 0.0359; Table 4).

HCC families. The body height of the general checkup
subjects and of HCC families increased similarly
according to birth year.

Body height in relation to birth year

Forty-six families were found to have at least two
HBsAg-positive siblings of the same sex. Among them,
28 were male sibling families and 18 were female

Intra-family comparison of HBV viral load among
HBsAg-positive siblings

Figure 2 presents data for body height change accor
ding to birth year in general checkup subjects and
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DNA level (Tables 3 and 4). HBV viral load was higher
for subjects with HBV genotype C than genotype B
in the univariate analysis (P = 0.008; Table 3), but
this difference was not statistically significant in the
multivariate analysis (Table 4).
Sex is a well-known factor associated with chronic
[9]
HBV infection . We therefore added a new family
view on HBV replication status in this cohort, and we
identified a sex difference with respect to HBV viral
load in families that had HBsAg-positive siblings (Table
5). HBV viral load was generally higher in male than
female siblings (OR = 29.96, P = 0.007). In addition,
male siblings in families of an HBsAg-positive mother
tended to be in the high HBV DNA group, whereas
female siblings were generally in the low HBV DNA
group (OR = 21, P = 0.024). Male offspring are more
vulnerable to the influence of maternal HBsAg status,
whereas female offspring may overcome the maternal
influence of persistent HBV replication.
Relatively high HBV replication in older generations
has not been well documented in the literature. A
study of pregnant women between 1990 and 1995
revealed a progressively decreasing prevalence of
hepatitis B e antigen (HBeAg) among chronically HBV[31]
infected carriers . This finding was confirmed in a
[32]
longer study spanning 1985 to 2000 , in which the
prevalence of HBsAg remained nearly the same, but
the prevalence of HBeAg declined progressively from
40% in 1986 to 18% in 2000. This difference between
HBsAg and HBeAg prevalence remained apparent
even when the ages of the pregnant women were
[32]
considered .
In our previous study of HCC families, we found
that older siblings frequently cleared HBeAg later than
[21]
did their younger siblings , and an HBV phylogenetic
[33]
study yielded similar findings . Among 13 families
with an HBsAg-positive mother, the 11 oldest siblings
were HBeAg positive whereas only 3 of the youngest
siblings were HBeAg positive. These observations
provided a clue that maternal age at birth might
influence HBV replication in offspring.
The mean age of women entering their first
marriage in Taiwan was 18 years before 1917 and
remained at about 19 years between 1918 and 1945
[34]
(Figure 2) . In the 1970s, however, this mean age
had risen to 22 years (http://nccur.lib.nccu.edu.tw/
handle/140.119/34632) and increased rather rapidly
to 29.2 years by 2010 (http://www.moi.gov.tw/stat/
news_content.aspx?sn=5261). Thus, mothers in
younger generations of this period between 1918 and
2010 may be 3-5 years older than mothers of the older
generations.
[35]
A 2014 review article by Bertoletti et al presented
an interesting viewpoint that immune responses change
during the life of an individual, based on the observed
higher mortality of influenza infection at age 30 than
at age 20. This implies that a more vigorous immune
response produces a more fulminant disease by age
30, whereas a weaker immune response produces a

Table 4 Multivariate analyses using generalized estimating
equation to find predictive factors for hepatitis B virus viral
load
Factor

Item

OR (95%CI)

P value

Sex
Index sex
Age
Relation to index

Male
Male

2.65 (1.51-4.64)
1.47 (0.73-2.95)
1.01 (0.98-1.03)
6.49 (1.13-37.27)
1.19 (0.60-2.37)
1.50 (0.71-3.17)
1.02 (0.49-2.15)
1.51 (0.68-3.38)
0.12 (0.03-0.56)
1.22 (0.59-2.51)

0.0007

Maternal HBsAg
Index HBsAg
HBV genotype

Parent
Index generation
Positive
Unknown
Positive
N
C

0.0359

0.0066

HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

sibling families (Table 5). All siblings had a high HBV
viral load in 13 (28.26%) families, and all siblings had
a low HBV viral load in 14 (30.43%) families. These
two groups (58.69%) revealed a familial trend of HBV
replication status; among those siblings, male sibling
families generally had a high HBV viral load, whereas
female sibling families had a low HBV viral load (OR =
29.96, P = 0.007; Table 5). Maternal HBsAg positivity
had a large influence on male offspring in that most of
male offspring were in the high HBV viral load group;
on the other hand, female offspring were generally in
the low HBV viral load group (OR = 21, P = 0.024;
Table 5).
For 11 families (23.91%), older siblings had a
higher level of HBV DNA than their younger siblings;
this trend was opposite for only 5 families (10.87%).
Older siblings tended to have a higher HBV DNA level
than their younger siblings, but the difference was not
statistically significant owing to the small number of
cases. Because all siblings were generally infected at
[4,9-11]
an early stage of life
, this phenomenon contradicts
the general trend that HBV replication declines with
[28,29]
increasing age
.

DISCUSSION
This study reveals a familial clustering of chronic HBV
infection. As shown in Table 1, most of the chronically
HBV-infected carriers (84.57%) in this cohort were
families of an HBsAg-positive index case. A high
prevalence of HBsAg was apparent for the siblings’
generation (86/122 or 70.49%, P < 0.0001) and
for offspring of an HBsAg-positive mother (129/182
or 70.88%, P < 0.0001). These findings remained
significant in the multivariate analysis. Notably, the
majority of index cases were male (72.93%), indicating
that both vertical and horizontal infections were present
in HCC families.
HBV replication phase or viral load plays roles in
determining the prognosis of chronic persistent HBV
[2,30]
infection
. In our study, we found that sex and gene
ration played independent roles in determining HBV
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Table 5 Intra-family comparison of hepatitis B virus viral load among hepatitis B surface antigen-positive siblings n (%)
HBV DNA level

1

Maternal HBsAg
Positive

Total male siblings
All high level
All low level
Older > younger
Younger > older
Other
Total female siblings
All high level
All low level
Older > younger
Younger > older
Other

12
7 (58.33)2
1 (8.33)2
3 (25.00)
1 (8.33)
0 (0.00)
11
2 (18.18)2
6 (54.55)2
1 (9.09)
1 (9.09)
1 (9.09)

Total

Unknown

Negative

9
2 (22.22)
2 (22.22)
3 (33.33)
1 (11.11)
1 (11.11)
3
0 (0.00)
1 (33.33)
1 (33.33)
0 (0.00)
1 (33.33)

7
2 (28.57)
1 (14.29)
3 (42.86)
1 (14.29)
0 (0.00)
4
0 (0.00)
3 (75.00)
0 (0.00)
1 (25.00)
0 (0.00)

28
11 (39.3)3
4 (14.3)3
9 (32.1)
3 (10.7)
1 (3.6)
18
2 (11.1)3
10 (55.6)3
2 (11.1)
2 (11.1)
2 (11.1)

1

Low HBV DNA level, < 1 × 105 cps/mL; high HBV DNA level, ≥ 1 × 105 cps/mL. 2OR (95%CI) = 21 (1.50-293.25), P = 0.024; 3OR (95%CI) = 29.96 (2.54-353.17),
P = 0.007; logistic regression. HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

self-limited infection at age 20. A similar situation can
be found for chronic HBV infection in that such patients
usually enter the immune clearance phase by age 30.
We suspect that generational differences might be
associated with differences in maternal immunity at
[36]
the time of an offspring’s birth . Further study will be
needed.
Better nutrition is another potential reason for
reduced HBV replication in younger generations, and
long-term follow-up studies revealed that hepatic
steatosis is a good prognostic indicator for chronic
[28,29]
HBsAg carriers
. Hepatic steatosis correlated with
a lower risk of HCC, lower mortality rate, and higher
chance of spontaneous HBsAg clearance. A recent
PNPLA3 polymorphism study on non-alcoholic fatty
liver disease found that those SNP genotypes favoring
hepatic steatosis development were associated with
[37]
lower HBV DNA level .
During the time frame of our study, we did not
have data on the nutritional habits of individuals,
but for most participants we obtained body height
data, which may reflect long-term nutritional status
[24,38]
during the major growth period of humans
. In
our cohort, the mean body height remained < 159
cm for individuals born before 1945. From about
1955 to 1965, however, mean body height increase
rapidly to > 164 cm (Figure 2). These findings indicate
a significant change in socioeconomic status of the
Taiwanese population after the Second World War.
Hence, increased food consumption and decreased
physical activity may have contributed to the observed
[39]
increase in the prevalence of hepatic steatosis .
Therefore, lifestyle and nutritional habits are factors
that may have contributed to our observed shortened
HBV replication phase in the younger generation.
We conclude that the generation of the family
member, index HBsAg, and maternal HBsAg are im
portant factors for predicting HBV persistence in HCC
families. Sex and generation are factors associated
with HBV replication. Perinatal infection substantially
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influences the duration of HBV replication in male
offspring.
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Abstract
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AIM
To test the effects of humic acids on innate microbial
communities of the colon.

Conflict-of-interest statement: There are no conflicts of
interest to report.

METHODS
We followed the effects of oral supplementation
®
with humic acids (Activomin ) on concentrations
and composition of colonic microbiome in 14 healthy
®
volunteers for 45 d. 3 × 800 mg Activomin were
taken orally for 10 d followed by 3 × 400 mg for 35 d.
Colonic microbiota were investigated using multicolor
fluorescence in situ hybridization (FISH) of Carnoy
fixated and paraffin embedded stool cylinders. Two
stool samples were collected a week prior to therapy
and one stool sample on days 10, 31 and 45. Forty-

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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one FISH probes representing different bacterial groups
were used.

INTRODUCTION
All great ancient cultures were based on agriculture
for which soil quality and prevention of its exhaustion
were absolutely critical. Humus as an organic fecundity
substrate of the earth excited thinkers from the
ancient times and stimulated both solid research and
charlatanry. First descriptions of medical applications
can be found in Sanskrit and also ancient writings of
Rome and China. Despite nearly mystic reverence and
enormous interest, it is not before the early 1800s that
chemical characterization and description of humic
acids took place.
Humic substances are complex organic sub
stances of soil, which are formed in the process of
humification. Humification involves natural chemical
and microbial activity that transforms the dead
remains of living things into humic substances. It is
the second greatest organic process on earth after
photosynthesis and is responsible for fossil coal, oil
deposits and others. Microorganisms utilize and break
down organic substances and lead to accumulation
of recalcitrant molecules. When microorganisms die,
they are themselves broken down and added to the
recalcitrant humic mass. The concurrent chemicalphysical polymerization modifies humic substances in
an unpredictable matter. In all, the genesis of humic
substances can take hundreds or even thousands of
years and leads to high variety, unique composition
[1,2]
and extreme difficulties in characterization of these .
The growing interest of the modern society for
environmental and biological welfare refreshed the
attractiveness for implementation of humins. Gastro
enterologists are often confronted with a wish of
patients to be treated with “natural” products and
asked for opinion on humic acids. The study of the
scientific literature reveals a large number of medical
trials with dietary supplements of humic acids
conducted all over the world. The reported effects
include different, partially incoherent properties such
as anti-inflammatory and immune-stimulatory as well
as analgesic, antimicrobial, antiviral/anti-HIV activity,
[1-3]
antioxidant and even stroke protective effects
.
The striking eclecticism of the findings and the lack of
systematic studies make it difficult to build an unbiased
opinion. Furthermore humic substances are distributed
under a wide variety of trade names and descriptions
in an unregulated market.
The colon is a central bio-fermenting organ degrading
digestive leftovers. Since microbial activity is central
in genesis and processing of humic acids, the innate
human microbial communities should be the main object
on which the effects of humic acids will be apparent.
Astonishingly, we found no data to this topic in the
literature. In order to close this gap, we investigated
®
the impact of orally applied Activomin (Pharmawerk
Weinboehla, Weinboehla, Germany) on concentrations

RESULTS
The sum concentration of colonic microbiota in
creased from 20% at day 10 to 30% by day 31 and
remained stable until day 45 (32%) of humic acid
supplementation (p < 0.001). The increase in the
concentrations in each person was due to growth of
preexisting groups. The individual microbial profile
of the patients remained unchanged. Similarly, the
bacterial diversity remained stable. Concentrations of
24 of the 35 substantial groups increased from 20%
to 96%. Two bacterial groups detected with Bac303
(Bacteroides ) and Myc657 (mycolic acid-containing
Actinomycetes ) FISH probes decreased (p > 0.05).
The others remained unaffected. Bacterial groups with
9
initially marginal concentrations (< 0.1 × 10 /ml)
demonstrated no response to humic acids. The con
centrations of pioneer groups of Bifidobacteriaceae ,
Enterobacteriaceae and Clostridium difficile increased
but the observed differences were statistically not
significant.
CONCLUSION
humic acids have a profound effect on healthy colonic
microbiome and may be potentially interesting sub
stances for the development of drugs that control the
innate colonic microbiome.
Key words: fluorescence in situ hybridization; colonic
microbiota; colonic bioreactor; humic acids; healthy
volunteers; oral supplementation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Modern patients are increasingly interested
in natural medicinal products, which are often not
scientifically evaluated. Humins arise from organic
microbial degradation and are an important mediator
of microbial interactions in nature. Although used
for medical indications since ancient times, no
data exist on the impact of humins on the human
microbiome. Our investigations in healthy volunteers
show that orally applied humic acids increase the sum
concentrations of preexisting colonic microbiota from
20% to 30% without changes in the bacterial diversity
of the individual microbiome and may be a serious
amendment/alternative to fecal transplantation or
probiotics.
Swidsinski A, Dörffel Y, Loening-Baucke V, Gille C, Reißhauer
A, Göktas Ö, Krüger M, Neuhaus J, Schrödl W. Impact of humic
acids on the colonic microbiome in healthy volunteers. World J
Gastroenterol 2017; 23(5): 885-890 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/885.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.885

WJG|www.wjgnet.com

886

February 7, 2017|Volume 23|Issue 5|

Swidsinski A et al . Humic acids and colonic microbiome

Investigated bacterial groups/FISH probes

and diversity of the human colonic microbiome.
®
Activomin is the only registered and standardized
humic acids preparation in Germany.

Forty-one bacterial FISH probes were applied,
Table 1. The exact specification of the FISH probes
and hybridization conditions are available in public
[5]
resources . The names of the FISH probes are listed
according to abbreviations of the probeBase online
resource (http://www.microbial-ecology.net/probebase/
[6]
credits.asp). The Fprau probe is described in 6 .
The FISH probes were arranged in Table 1 to four
functional groups described previously: essential bacteria,
individual pioneer bacteria, individual substantial and
[7]
individual marginal or accidental bacteria .
Bacteria detected with EREC (mainly Roseburia),
Bac303 (Bacteroides), Fprau (Faecalibacterium
prausnitzii) probes are always present in healthy
human subjects and together contribute about half of
the colonic microbiome. They are obviously essential
for colonic bio-fermentation.
All other bacterial groups are individual, present only
in some of the subjects in substantial concentrations
9
(mean ≥ 0.1 × 10 /ml) or marginal concentrations
9
(mean < 0.1 × 10 /ml).
Four FISH probes including Bif153 (Bifidobac
teriaceae), Cdif198 (Clostridium difficile), Ebac1790
(Enterobacteriaceae) and Clit135 (Clostridium litu
seburense) represent individual bacterial groups
with pioneer function, which are found prevalent in
newborns, after antibiotic treatment and convalescence
patients, but are seldom found in low concentration in
healthy persons.

MATERIALS AND METHODS
Patients, subjects and samples

Fourteen healthy volunteers from the Laboratories of
Centre for Infectious Diseases, Faculty of Veterinary
Medicine, University of Leipzig and Laboratory
for Polymicrobial Infections and Biofilms, Charité
Universitäts Medizin Berlin (24-64 years of age, mean
39 years, 5 males and 9 females) have taken 3 ×
®
2 capsules (3 × 800 mg) Activomin orally for 10 d
followed by 3 × 1 capsule (3 × 400 mg) for 35 d. Two
stool samples were collected a week prior to therapy
and one stool sample on days 10, 31 and 45.
The study was approved by the ethics commission
of University of Leipzig. The collection of fecal samples
for fluorescence in situ hybridization (FISH) diagnosis
of dysbiosis was approved by the ethics commission of
the Charité University Hospital.

FISH

Colonic microbiota were investigated using FISH
analysis of Carnoy fixated and paraffin embedded
[4]
stool cylinders . Multicolor FISH simultaneously using
3 differently stained FISH probes (C3 - orange, FITCdobe - green, C5 - dark red) and counterstained
with DAPI for DNA structures was performed on 4
µm longitudinally cut sections of punched-out stool
cylinders. Sections were placed on SuperFrost plus
slides.
A Nikon e600 fluorescence microscope was used.
The images were photo-documented with a Nikon
DXM 1200F color camera and software (Nikon, Tokyo,
Japan).
Bacteria were quantified using group specific C3
probes. The FITC marked universal probe was used
in each hybridization to evaluate the number of all
bacteria, C5 marked probes with a different to C3
probes specificity were used to exclude unspecific
binding. Only signals that hybridized with a specific
FISH probe and the universal FISH probe, but did not
hybridize with specific FISH probes from unrelated
bacterial groups, were evaluated.
Bacterial concentrations of homogeneous po
pulations were enumerated visually in one of the 10
× 10 fields of the ocular raster corresponding to 10
µm × 10 µm of the section surface at magnification of
1000. This number was assigned to concentration of 1
9
× 10 bacteria/ml, which was most equivalent to the
[4]
calculation formula, which we had used previously .
In case of uneven distribution of bacteria over the
microscopic field, the positive signals were enumerated
in ten fields of the ocular raster along the gradient of
distribution and divided by ten.

WJG|www.wjgnet.com

Statistical analysis

Differences between groups were evaluated using
the twosided t-Student U test. Data are presented
as mean ± SD, p <0.05 was considered statistically
significant.

RESULTS
All participants completed the stool collection, even the
one man, who developed loose stools and bloating. No
other side effects were reported.

Humic acids induced changes of the microbiome

Table 1 summarizes changes in the mean concen
trations of single bacterial groups prior to and during
®
supplementation with Activomin . Bacteria in the Table
1 are arranged to sets of essential, individual pioneer,
individual substantial and individual marginal biofermenting groups.
The mean microbial concentration after 45 d of
supplementation of humic acids increased 14% in the
essential groups (p < 0.01), 28% (NS) in the individual
pioneer groups and 41% (p < 0.002) in the individual
substantial groups. The accidental bacterial groups
with initially marginal concentrations demonstrated no
response to humic acids.
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Table 1 Mean microbial concentrations (± SD) as detected with applied fluorescence in situ hybridization probes (10 bacteria/mL)

Mean sum concentrations of all detected bacteria
Essential all (n = 3)
Erec (Eubacterium rectale, Clostridium coccoides group)
Bac303 (Bacteroides)
Fprau (Faecalibacterium prausnitzii)
Individual pioneer
All (n = 4)
Ebac1790 Enterobacteriaceae
Cdif198 Clostridium difficile
Bif153 Genus Bifidobacterium
Clit135 Clostridium lituseburense group including C. difficile
Individual substantial mean > 0.1 × 109/mL
All (n = 28)
ACI623 Acidaminococcaceae sp. (not the Selenomonas species)
AKK406 Akkermansia
Ato291 Atopobium cluster
Bbif186 B. bifidum
Blon1004 B. longum
Bputre698 Bacteroides putredinis
Burkho Burkholderia spp.
Ceut705 C. eutactus, Coprococcus sp.
Chis150 Clostridium histolyticum
Cor653 Coriobacterium group
Cvir1414 Clostridium viride group
Ecyl387 Eubacterium cylindroides
Ehal1469 Eubacterium hallii
Eram997 Eubacterium ramulus
Lab158 Lactobacillus sp., Enterococcus sp.
Muc1437 Akkermansia muciniphila
Myc657 Mycobacterium subdivision (mycolic
acid-containing Actinomycetes)
Phasco741 Phascolarctobacterium faecium
Pnig657 Prevotella nigrescens
ProCo1264 Ruminococcus productus
Rfla729 Ruminococcus albus
SFB1 Segmented filame(14%ntous bacteria
SNA Sphaerotilus natans
Strc493 most Streptococcus spp.
SUBU1237 Burkholderia spp., Sutterella spp.
Urobe63a Ruminococcus obeum-like
Veil223 Veilonella
Ver620 Verrucomicrobium
Individual marginal or accidental mean 150 (n = 6)
Cperf191 Clostridium perfringens
Efaec Enterococcus faecalis
MIB724 mouse intestinal bacteria
Pce Burkholderia spp.
Rbro730 Clostridium sporosphaeroides, Ruminococcus
bromii, Clostridium leptum
Urobe63b Ruminococcus obeum-like

Day 10

Day 31

Day 45

Change in %
from day 0 to
day 45

85.4 ± 25.6
36.2 ± 14.7
11.7 ± 6.9
12.9 ± 5.3
11.6 ± 5.9

107.4 ± 15.6
44.0 ± 5.1
17.1 ± 2.5
12.2 ± 5.7
14.7 ± 3.8

123.7 ± 34.1
42.7 ± 7.7
19 ± 4
9.5 ± 4.4
14 ± 3.6

126.1 ± 50.1
42.8 ± 9.0
17.7 ± 4.8
9.9 ± 5.0
14.7 ± 6.9

↑ 32%
↑ 14%
↑ 30%
↓ 30%
↑ 21%

< 0.001
< 0.01
< 0.001
ns
ns

7.8 ± 5.0
0.25 ± 0.8
0.04 ± 0.09
7.1 ± 5.5
0.5 ± 0.86

11.5 ± 9.3
0.6 ± 2.1
0.01 ± 0.03
9.1 ± 8.6
0.7 ± 1.05

9.9 ± 6.8
1.2 ± 2.3
0.3 ± 0.93
7.7 ± 5.3
0.4 ± 1.08

10.9 ± 8.5
1.1 ± 2.0
0.10 ± 0.03
9.7 ± 7.2
0.4 ± 0.8

↑ 28%
↑ 72%
↑ 96%
↑ 27%
↔

ns
ns
ns
ns
ns

41.7 ± 17.3
1.4 ± 1.9
2.3 ± 3.7
3.8 ± 2.9
0.3 ± 0.9
0.7 ± 1.2
0.8 ± 1.6
0.7 ± 0.7
3.0 ± 4.4
0.6 ± 1.2
0.5 ± 0.8
1.9 ± 2.1
0.7 ± 0.5
0.6 ± 0.9
0.3 ± 1.3
0.1 ± 0.2
2.8 ± 3.9
3.1 ± 1.5

51.4 ± 14.0
0.7 ± 0.8
2.8 ± 4.6
4.9 ± 3.5
0.3 ± 0.6
0.9 ± 1.5
0.8 ± 1.3
1.4 ± 1.0
4.5 ± 5.1
1.4 ± 3.6
0.8 ± 1.0
3.4 ± 2.2
0.7 ± 0.4
0.6 ± 1.1
0.03 ± 0.04
0.8 ± 1.1
1.8 ± 3.2
2.5 ± 1.3

70.4 ± 28.8
1.6 ± 2.2
1.9 ± 2.9
6.1 ± 4.5
0.2 ± 0.5
1.0 ± 1.5
1.8 ± 2.1
1.3 ± 1.4
5.6 ± 6.7
2.5 ± 4.5
1.2 ± 2.2
4.2 ± 2.5
1.4 ± 1.1
0.7 ± 0.8
0.7 ± 1.4
1.7 ± 3.0
6.5 ± 7.4
1.6 ± 1.1

71.6 ± 36.8
1.2 ± 1.6
2.6 ± 4.1
6.4 ± 3.6
0.3 ± 0.5
0.6 ± 0.9
1.6 ± 1.8
1.3 ± 1.2
4.1 ± 5.2
1.5 ± 2.1
1.2 ± 1.5
4.0 ± 2.1
1.2 ± 0.7
0.7 ± 0.8
1.0 ± 1.5
0.5 ± 0.9
7.8 ± 8.9
1.9 ± 1.9

↑ 41%
↔
↔
↑ 41%
↔
↔
↑ 50%
↑ 46%
↑ 32%
↑ 60%
↑ 42%
↑ 53%
↑ 42%
↔
↑ 70%
↑ 80%
↑ 64%
↓ 39%

< 0.002
ns
ns
0.01
ns
ns
ns
0.01
ns
ns
ns
< 0.001
0.01
ns
ns
0.02
0.015
ns

0.6 ± 0.9
2.2 ± 3.7
0.7 ± 2.0
2.2 ± 3.2
2.3 ± 3.3
4.3 ± 3.7
1.3 ± 3.3
1.7 ± 2.6
1.6 ± 2.3
0.1 ± 0.3
1.7 ± 3.9

0.9 ± 0.8
0.7 ± 1.3
1.5 ± 2.6
5.5 ± 5.0
1.6 ± 2.7
6.1 ± 5.4
0.5 ± 1.1
3.4 ± 2.6
2.2 ± 2.3
0.1 ± 0.4
0.5 ± 1.6

0.8 ± 0.8
2.6 ± 3.1
1.4 ± 2.3
4.7 ± 5.0
2.3 ± 1.6
6.8 ± 5.9
1.9 ± 3.9
5.6 ± 4.4
2.5 ± 2.9
0.6 ± 1.4
1.1 ± 3.2

1.1 ± 1.1
1.7 ± 2.3
1.9 ± 3.7
3.9 ± 4.6
2.9 ± 1.9
5.9 ± 5.8
3.7 ± 4.9
5.6 ± 4.2
3.2 ± 2.4
0.9 ± 2.1
1.9 ± 5.3

↑ 45%
↔
↑ 63%
↑ 44%
↔
↑ 27%
↑ 65%
↑ 69%
↑ 50%
↑ 88%
↔

ns
ns
ns
0.02
ns
ns
ns
0.001
0.05
ns
ns

0.001
0.01 ± 0.02
0.01 ± 0.06
0.09 ± 0.30
0.04 ± 0.20

0
0.01 ± 0.03
0.001 ± 0.002
0.03 ± 0.10
0.08 ± 0.30

0
0.01 ± 0.02
0.01 ± 0.03
0.3 ± 0.7
0.8 ± 3.0

0.001
0.01 ± 0.03
0.07 ± 0.1
0.07 ± 0.20
0.1 ± 0.5

↔
↔
↔
↔
↑

ns
ns
ns
ns
ns

0.01 ± 0.04

0.0001

0.001

0.6 ± 1.1

↔

ns

The response to humic acids of single bacterial
groups was principally the same as in all functional
sets of substantial bacteria. The concentrations of
most bacterial groups within essential (2 of 3) pioneer
(3 of 4) and individual substantial groups (19 of 28)
increased in rates of 20% to 60%. In most cases,
the increase was observed already at day 10 and
continued to day 45. In groups with comparatively
low initial mean concentrations (Ebac1790, Cdif198,
Chis150, Eram997, Lab158, Veil223) an increase
could be higher than 70% and up to 96%, but the

WJG|www.wjgnet.com

P value

Day 0

contribution of these groups to the overall bacterial
numbers was relatively low. Only the concentrations
of bacteria detected with Bac303 (Bacteroides) and
Myc657 (mycolic acid-containing Actinomycetes) FISH
probes decreased under humic acids supplementation,
but was statistically not significant, because of the high
variance and low number of probands.
The increase in concentrations of microbiota was
caused by preexisting groups, and not due to emerging
new microorganisms. The individual microbial profile
remained constant. In none of the test persons did
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the ratio of positive/negative individual groups change
more than 5%.
Humic acid supplementation did not affect microbial
diversity. Mean percent of substantial individual
bacterial groups positive for bacteria for each person
was nearly the same over time with 72%; 74%; 76%;
72% at the control days accordingly.
The patterns in distribution of single bacterial groups
over the stool cylinder differed depending on the
species but remained the same in the mucus close
transient zone and in the center of the fecal cylinder
regardless of humic acids supplementation.

of the essential bacterial groups observed in our study
was due to suppression of Bacteroides, and probably
further resulted from the fact, that essential bacterial
groups are already normally maximal promoted by the
host and their growth cannot be endlessly boosted.
Aside of the numeric impact on the microbiome,
we do not know which clinical effects humic acids
promoted, since all test persons were healthy and all,
®
except one, tolerated Activomin without negative or
apparent positive health effects.
However, reduced diversity and concentrations of
[9]
colonic microbiota were demonstrated in IBD , IBS
and non-gastroenterological diseases such as obesity,
[10-13]
diabetes, rheumatism and multiple sclerosis
. These
changes in the microbiome are claimed responsible
for pathogenies of multiple other diseases. To repair
the disordered microbiome, fecal transplantation and
probiotics have been recommended and clinically
tested. However, such transfections are difficult to
control and do not guarantee that the transferred
microorganisms prevail, settle and proliferate in the
[14]
colon .
Humic acids exert profound effects on the colonic
microbiota and may be an interesting group of sub
stances for the development of specific drugs, which
deliberately influence colonic fermentation in an
inflamed colon, obesity, rheumatic and neurologic
disorders.

DISCUSSION
The dietary supplementation of humic acids for medical
purposes and for promotion of health is deeply rooted
in cultural traditions. The humus and its components
are regarded as something purely biological, nature
promoting and positive. However, the mechanisms
how humic acids may work are purely understood. The
sheer indefinite number of chemically active functional
groups within the extreme complex chemical structure
of humic substances makes biochemical investigations
[1]
elaborate, costly and difficult to reproduce . Even
apparent effects of humic acids on the quality of soil
and its microbiome remain vague and general as
to ancient times and are up to now not disclosed in
[8]
specific verifiable details .
Our data first demonstrate that the humic acids
are indeed global fertilizers of microbial growth as
proposed by traditional view and lead to an increase
of more than 30% in the mean concentrations of
the colonic microbiome (p < 0.001). The promotion
of microbial growth involved 24 of 35 investigated
substantial bacterial groups. The only investigated
microbial groups that were negatively affected
by humic acids were Bacteroides (Bac303) and
Mycobacterium subdivision mycolic acid-containing
Actinomycetes (Myc657). All other investigated groups
were either increased or not affected.
In newborns, during stress, convalescence or
disease, pioneer bacteria increase exponentially up
to ranges otherwise typical for essential bacterial
[7]
groups . We did not observe such a reaction in our
study. The most profound increase in concentrations
to 41% (p < 0.002) was that of the individual sub
stantial bacteria. The increase in concentrations of
the pioneer groups was lower (28%) and statistically
not significant, indicating that host stress and
convalescence of the colonic microbiome are not
present. Lack of functional stress is also supported
by the fact that the individual microbial profiles in all
subjects remained stable over the observation period
and that the patterns in distribution of bacteria over
the fecal cylinder did not change under humic acids
application.
The comparatively low increase (14%, p = 0.02)
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COMMENTS
COMMENTS
Background

Patients demonstrate increasing interest in medical treatments that are not part
of mainstream medicine. Critical argumentation is important, but difficult to do
when not evaluated with scientific methods. Humins are a product of microbial
metabolism and an important mediator of microbial interactions and activity. As
natural fertilizers humins are used for medical indications since ancient times.
It is believed that the human microbiome is the main target of humic activity.
However no data exist on the impact of humins on the human microbiome.

Research frontiers

An evergrowing number of studies demonstrate the involvement of the colonic
microbiome in obesity, digestive, endocrine, inflammatory and auto-immune
and neurologic disorders. Different approaches are proposed to consolidate
and improve the colonic microbiome. The research hotspot is to move beyond
description and to introduce substances and therapies with proven controlled
graduate effects on the microbiome.

Innovations and breakthroughs

The presented results show, that orally applied humic acids have a profound
effect on the healthy colonic microbiome. Although the effects on single
microbial groups were multidirectional, the sum concentrations of all colonic
microbiota increased 20% to 30%. The increase occurred in the preexisting
microbial groups without changes in the bacterial diversity of the microbiome.

Applications

The main message of our study is, that humic acids may be an interesting
substrate for the development of defined drugs, which deliberately control
colonic fermentation in conditions where it is suppressed (post-antibiotics,
convalescence) or altered (metabolic disorders, inflammation, obesity etc.), and
are a serious amendment/alternative to fecal transplantation or probiotics.
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Terminology

FISH - fluorescence in situ hybridization Cy3, FITC, Cy5, DAPI - different
fluorescent dyes corresponding to orange, green, dark red and blue colours.
Fluorescence in situ hybridization (FISH) combines the specific identification
of microorganisms and the morphological aspect and is as a consequence
especially helpful for these purposes. Each single bacterium possesses 103-105
ribosomes of which each ribosome owns the same copy of ribosomal RNA.
Some of the regions of the rRNA are strain-specific, others are universal
for species, families or even kingdoms. Oligonucleotides synthesized
complimentary to rRNA sequences and labelled with fluorescent dye are
called FISH probes. When added to samples containing bacteria, FISH probes
hybridize with the rRNA of the bacterial ribosomes. No additional enhancement
of fluorescence is necessary and bacteria can be visualized directly due to the
large number of ribosomes in each bacterium.

6

7

8

Peer-review

Although the scientific literature reveals a large number of medical trials with
dietary supplements of humic acids conducted all over the world. None of the
previous studies investigated effects of humic acids on the colonic microbiome.
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Abstract
AIM
To investigate the efficacy of thrombomodulin (TM)-α
for treatment of disseminated intravascular coagu
lopathy (DIC) in the field of gastrointestinal surgery.
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METHODS
Thirty-six peri-operative DIC patients in the field of
gastrointestinal surgery who were treated with TM-α
were retrospectively investigated. The relationships
between patient demographics and the efficacy of
TM-α were examined. Analysis of survival at 28 d was
also performed on some parameters by means of the
Kaplan-Meier method. Relationships between the ini
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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tiation of TM-α and patient demographics were also
evaluated.

htm DOI: http://dx.doi.org/10.3748/wjg.v23.i5.891

RESULTS
Abscess formation or bacteremia was the most fre
quent cause of DIC (33%), followed by digestive tract
perforation (31%). Twenty-six patients developed DIC
after surgery, frequently within 1 wk (81%). TM-α was
most often administered within 1 d of the DIC diagnosis
(72%) and was continued for more than 3 d (64%).
Although bleeding tendency was observed in 7 patients
(19%), a hemostatic procedure was not needed. DIC
scores, systemic inflammatory response syndrome
(SIRS) scores, quick-sequential organ failure assessment
(qSOFA) scores, platelet counts, and prothrombin time
ratios significantly improved after 1 wk (P < 0.05, for
all). The overall survival rate at 28 d was 71%. The
duration of TM-α administration (≥ 4 , ≤ 6) and
improvements in DIC-associated scores (DIC, SIRS and
qSOFA) at 1 wk were significantly better prognostic
factors for 28-d survival (P < 0.05, for all). TM-α was
administered significantly earlier to patients with severe
clinical symptoms, such as high qSOFA scores, sepsis,
shock or high lactate values (P < 0.05, for all).

INTRODUCTION
Disseminated intravascular coagulopathy (DIC) is
characterized by the systemic activation of blood
coagulation and continuous generation of intravascular
fibrin, which contribute to multiple organ dysfunction
[1,2]
syndrome or other life-threating conditions . In the
field of gastrointestinal surgery, DIC has been reported
as a consequence of emergency surgery, severe com
[3-5]
plications or some types of malignancies , and as a
frequent complicating factor for conditions leading to
sepsis or a shock status. The acute DIC scoring system
put forth by the Japanese Association for Acute Medicine
(JAAM) is in widespread use for diagnosis of acute
[6,7]
DIC . In order to effectively treat DIC, the underlying
causes need to be improved and appropriate drugs
need to be administered intensively in the earliest stage
possible. However, survival rates are never high, as has
[1,2]
been previously reported .
In DIC, the activation of coagulation and inhibition
of fibrinolysis lead to a hypercoagulable state and
the deposition of fibrin in micro-vessels. Throm
bomodulin-α (TM-α) is a recombinant human soluble
thrombomodulin, which is a thrombin receptor on
[8-10]
endothelial cell surfaces
. Thrombin binds to TM-α,
and the thrombin-TM-α complex inactivates intrava
scular coagulation by activating the protein C pathway.
The subsequent formation of thrombin and triggering
of inflammatory reactions are regulated by TM-α, after
which hypercoagulable DIC states become improved.
Therefore, TM-α was approved as a curative medicine
for the treatment of DIC in 2008, and its effects on
DIC have been investigated in multicenter randomized
[8,11]
clinical trials in Japan
. Resolution rates for DIC
and bleeding symptoms were found to be significantly
better for patients treated with TM-α than those treated
[12,13]
with heparin
.
Previous studies have determined the efficacy
of TM-α treatments for DIC associated with gastro
[4,5]
enterological surgery ; however, the data are still
insufficient to establish the optimal therapeutic stra
tegies for hematological malignancies or infections
such as sepsis. The optimal initiation time or duration
of the administration of TM-α and the predictive factors
for therapeutic efficacy remain unclear for actual
clinical practice. In the present study, the treatment
of DIC by TM-α in the field of gastrointestinal surgery
was retrospectively summarized, and outcomes were
investigated.

CONCLUSION
Early administration of TM-α and improvements in
each parameter were essential for treatment of DIC.
The diagnosis of patients with mild symptoms requires
further study.
Key words: Quick-sequential organ failure assessment;
Thrombomodulin-α; Gastrointestinal surgery; Systemic
inflammatory response syndrome; Acute disseminated
intravascular coagulopathy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study investigated the efficacy
of thrombomodulin (TM)-α for treatment of disse
minated intravascular coagulopathy (DIC) in the field
of gastrointestinal surgery. DIC frequently developed
within 1 wk of surgery. TM-α was frequently admini
stered within 1 d of the DIC diagnosis and was
continued for more than 3 d. The duration of TM-α
administration and improvements in DIC-associated
parameters at 1 wk were better prognostic factors
for 28-d survival. TM-α was administered significantly
earlier to patients with severe clinical symptoms. The
early administration of TM-α and improvements in DIC
parameters were essential for the treatment of DIC.
Konishi H, Okamoto K, Shoda K, Arita T, Kosuga T,
Morimura R, Komatsu S, Murayama Y, Shiozaki A, Kuriu Y,
Ikoma H, Nakanishi M, Ichikawa D, Fujiwara H, Otsuji E.
Early thrombomodulin-α administration outcome for acute
disseminated intravascular coagulopathy in gastrointestinal
surgery. World J Gastroenterol 2017; 23(5): 891-898 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i5/891.
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MATERIALS AND METHODS
Patients and treatment courses

Thirty-six patients were retrospectively investigated.
Each had been diagnosed with DIC in the peri-operative
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Table 1 Baseline demographics

Table 2 Patient characteristics

Subjects

n = 36

Subjects

Sex, F/M
Age, median (range)
Underlying disease
Perforation
Gastric
Small intestine
Colo/rectal
Abscess/bacteremia
Ileus
Pancreatitis
Pneumonia
Drug-induced
Peri-operative, no/yes
Cancer-associated, no/yes
Post-operative day, ≤ 7/> 7
Combination treatment for DIC
Unfractionated heparins
Anti-thrombin concentrates
γ-globulin agents
Vasopressors
Protease inhibitors
Sivelestat sodium hydrates
Steroid preparations
Dialysis
Blood transfusion

12/24
71 (48-86)

DIC scores
Before the treatment
(JAAM criteria)

1
2
8
12
3
2
5
3
10/26
23/13
21/5

n = 36

SIRS scores
Before the treatment

qSOFA scores
Before the treatment

Duration of DIC
Before the administration of TM-α (d)

4
28
29
26
4
4
7
5
4

Duration of administration

4
5
6
7
8
0/1
2
3
4
0
1
2
3
-2/-1
0
1
2
3
≥4
1
2
3
4
5
6
≥7

15
9
8
1
3
5
9
15
7
10
4
17
5
4
16
10
1
4
1
5
5
3
3
9
4
7

DIC: Disseminated intravascular coagulopathy.
DIC: Disseminated intravascular coagulopathy; JAAM: Japanese
Association for Acute Medicine; qSOFA: Quick-sequential organ failure
assessment; SIRS: Systemic inflammatory response syndrome. TM-α:
Thrombomodulin-α.

period and treated with TM-α between January 2012
and December 2015 at the Division of Digestive
Surgery in Kyoto Prefectural University of Medicine
(Japan). The JAAM DIC scoring system was applied as
[6,7]
the diagnostic criteria for DIC (DIC score ≥ 4) . The
baseline demographics and characteristics of patients
are summarized in Tables 1 and 2. Some types of
digestive cancers were the cause of DIC in 13 patients
(cancer-associated).
®
TM-α (Recomodulin injection; Asahi Kasei Pharma
Corporation, Tokyo, Japan) was administered intra
venously at a dose of 380 U/kg per day and continued
[8-10]
as necessary
. This dose was decreased to 130
U/kg in a patient with severe renal failure, according
to attending physicians’ decision and the manufac
turer’s instructions. Particularly, the patients who
needed dialysis or were considered to have increased
creatinine and decreased eGFR were given a reduced
dose of TM-α. The duration of the administration of
TM-α, and its combined usage with other treatment
drugs, were also decided by the attending physicians.
Clinicopathological and laboratory data obtained at 1
wk and 2 wk after the initiation of TM-α administration
were investigated, and the mortality rate at 28 d was
determined.
This study was conducted in accordance with the
principles of the Declaration of Helsinki, and written
informed consent for the treatment and data collection
was obtained from all patients. We did not seek
individual ethical approval by the Facility of Science
Committee at Kyoto Prefectural University of Medicine
because this was a retrospective observational study

WJG|www.wjgnet.com

without interpositions and with the medical practice
necessary for therapeutic purposes.

Diagnostic criteria for DIC

In the present study, the following criteria were
employed to diagnose DIC and compare treatment
efficacies. Systemic inflammatory response syndrome
(SIRS) scores were evaluated according to a previous
[14]
study
and a SIRS score of ≥ 3 was converted to 1
[7]
point for the JAAM DIC score . Quick sequential organ
failure assessment (qSOFA) scores were determined by
more than 1 point of altered mentation, systolic blood
pressure of ≤ 100 mmHg, and respiratory rate of ≥
[15]
22/min . With respect to updates to the definitions for
sepsis and septic shock criteria, sepsis was determined
by more than 1 point of the qSOFA score in the present
[15]
study , while traditional sepsis was defined by the
existence of infection and SIRS. Shock was defined by
a serum lactate level of > 2 mmol/L and a requirement
for vasopressors to maintain mean arterial pressure
[15]
despite adequate fluid resuscitation .

Statistical analysis

Statistical analyses were performed using the JMP 12
software program. The Wilcoxon signed-rank test was
used to analyze the relationships between various
biochemical measurements. A survival curve for overall
survival was derived using the Kaplan-Meier method
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DIC score (JAAM)

SIRS score

qSOFA score

P = 0.003

P = 0.04

P = 0.003

8

3

4

7
6

3

5
4

2

2

3

1

2

1

1
0

4

Before the
treatment

(10 /μL)

After
1 wk

0

Before the
treatment

0

After
1 wk

Before the
treatment

After
1 wk

PLT

PT ratio

FDP

P = 0.01

P = 0.006

P = 0.48

(μg/mL)

30
50

2.0

25

40

1.5

30

30

15

1.0
20

10
0.5

5
0

Before the
treatment

After
1 wk

0.0

10

Before the
treatment

0

After
1 wk

Before the
treatment

After
1 wk

Figure 1 Alterations in disseminated intravascular coagulopathy-associated parameters between before and after 1 wk of treatment with
thrombomodulin-α. Disseminated intravascular coagulopathy (DIC) scores [Japanese Association for Acute Medicine (JAAM)], systemic inflammatory response
syndrome (SIRS) scores, quick-sequential organ failure assessment (qSOFA) scores, platelet (PLT) counts, prothrombin time (PT) ratios, and fibrin degradation
products (FDP) values were compared for before and after 1 wk of thrombomodulin-α (TM-α) treatment. All parameters, except for FDP values, were significantly
improved by TM-α administration after 1 wk. The Mann-Whitney U-test was used for the analysis.

and compared by the stratified log-rank test. A P value
less than 0.05 was considered significant.

with JAAM score of 4 or 5 (24/36, 67%). At the time of
the DIC diagnosis, 5 (14%) and 14 (39%) patients did
not fulfill the criteria of SIRS (≥ 2) and qSOFA (≥ 2),
respectively. For most patients, TM-α was administered
within 1 d of the DIC diagnosis (26/36, 72%) and was
continued for more than 3 d (23/36, 64%). However,
5 patients (14%) were administered TM-α for only 1 d;
the reasons for the discontinuation of its administration
are listed in Table 3. Although bleeding tendency was
observed in 7 patients (19%), severe bleeding was not
observed and a hemostatic procedure was not required.

RESULTS
Baseline demographics and characteristics of patients

Clinical data of the 36 patients in this study are
summarized in Tables 1 and 2. DIC was caused by
a wide variety of diseases, with abscess formation
or bacteremia after surgery being the most frequent
cause (12/36, 33%), followed by perforation of the
digestive tract (11/36, 31%). Twenty-six patients
(72%) developed DIC after surgery, frequently within
1 wk of surgery (21/26, 81%). TM-α was frequently
used in conjunction with other drugs and treatments,
such as combined administration with anti-thrombin
concentrates, γ-globulin agents, and vasopressors.
Unfractionated heparins were administered to 4 patients
(11%) as an alternative to TM-α.
A number of patients were diagnosed as having DIC

WJG|www.wjgnet.com

Effects of TM-α administration on DIC parameters

Figure 1 shows alterations in each DIC-associated
parameter between before and after 1 wk of the
treatment in patients administered TM-α for more
than 1 d. DIC scores (P = 0.003), SIRS scores (P =
0.04), qSOFA scores (P = 0.003), platelet counts (P =
0.01) and prothrombin time ratios (P = 0.006) were
significantly improved after 1 wk of the treatment.

894

February 7, 2017|Volume 23|Issue 5|

Konishi H et al . DIC treatment with TM-α in gastrointestinal surgery
intensive care, including the administration of antithrombin concentrates and γ-globulin agents, has been
shown to effectively improve the prognosis of patients
[13,16]
with DIC
. The early administration of TM-α has also
been reported to improve severe DIC and prognoses in
[3-6]
the field of gastrointestinal surgery .
In the present study, peri-operative DIC patients in
the field of gastrointestinal surgery who were treated
with TM-α were retrospectively investigated. Some
DIC-associated parameters, such as DIC (JAAM), SIRS
and qSOFA scores, were significantly improved at 1 wk
after the initiation of the TM-α treatment, and these
improvements correlated with the better 28-d survival
rate. On the other hand, in spite of the diagnosis of
DIC, the administration of TM-α was significantly
delayed in patients with mild symptoms, such as low
SIRS or qSOFA scores, and the absence of sepsis or
shock.
In order to achieve an early and accurate diagnosis
of DIC, not only the counts of each parameter but
also the changes in platelet counts are important. In
the present study, the DIC scores of 4 patients were
decided by changes in platelet counts measured in a
24-h period (data not shown). DIC scores were found
to increase due to decrease in platelet counts of >
30% or 50% in a 24-h period, and further reductions
of platelet counts were observed on the next day.
Therefore, the rate of decreases in platelet counts is
also important for reaching an early decision on the
DIC score.
In the survival analysis, the overall survival rate at
[4]
28 d (71%) was similar to previous findings . On the
other hand, the survival rate of patients administered
TM-α at 2 d after the DIC diagnosis was slightly worse
(74% vs 50%). Early treatments, including TM-α, are
generally considered to be advantageous for improving
[5,6,10]
the prognosis of DIC patients
. In the present
study, the administration of TM-α was significantly
delayed (by more than 1 d after the DIC diagnosis) in
patients who were less symptomatic (i.e., not meeting
the criteria of qSOFA, sepsis or shock and having low
lactate values). Therefore, early and accurate diagnosis
of DIC and initiation of treatments will be needed for
all patients with mild symptoms who are suspected of
having DIC.
The definitions of sepsis and shock were recently
[15]
revised . Previously, traditional sepsis had been
defined as the presence of infection and SIRS, but it
is now defined by an increase in the SOFA score (≥
2). Moreover, shock is defined by a requirement for
vasopressors and enhanced serum lactate levels (> 2
mmol/L). In the present study, we used qSOFA scores
exclusively because we were unable to confirm all data
to provide an accurate SOFA score.
The indication of TM-α administration is decided
by the JAAM DIC score (≥ 4) only, and these DIC
patients frequently present with accompanying severe
[2,13-16]
complications such as shock or sepsis
. It remains
controversial whether these severe conditions can

Table 3 Reasons for discontinuation of thrombomodulin-α
Duration (d)

Total number

Cases

Reasons

1

5

2

5

3

3

4

3

2
3
3
2
1
2
3

Dialysis
Bleeding tendency
Death
Bleeding tendency
Resolved
Bleeding tendency
Resolved

Overall survival in 28 d

100

Overall survival (%)

80
71%

60
40
20
0

0

   7

   14

21

28

Days after the treatment

Figure 2 Survival analysis of the disseminated intravascular
coagulopathy patients treated with thrombomodulin-α. Overall survival
at 28 d was examined using the Kaplan-Meier method (n = 31) in order to
evaluate the efficacy of thrombomodulin-α (TM-α) administration. The patients
used in this analysis were treated with TM-α more than 1 d, and the overall
survival rate was 71%.

C-reactive protein and creatinine values were also
improved (data not shown).

Survival after TM-α administration

The overall survival at 28 d for all patients administered
TM-α for more than 1 d is shown in Figure 2, and the
overall survival rate was 71%. A survival analysis on
some parameters is shown in Table 4. The duration of
administration (≥ 4, ≤ 6; P = 0.03) and improvements
in DIC scores (P = 0.01), SIRS scores (P = 0.09) and
qSOFA scores (P = 0.001) at 1 wk were significant
prognostic factors for 28-d survival.

Relationships between the initiation of treatment and
patient demographics

In the survival analysis, patients administered TM-α
within 1 d of the DIC diagnosis had slightly better
prognoses than those administered it after 2 d (74%
vs 50%; Table 4). TM-α was administered significantly
earlier for patients with severe clinical symptoms at
the time of DIC diagnosis, such as high qSOFA scores (P
= 0.001), sepsis (P = 0.001), shock (P = 0.02) or high
lactate values (P = 0.02) (Table 5).

DISCUSSION
DIC is not prevalent in the field of gastrointestinal
[4]
surgery, but it is life-threating once it develops . Early
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Table 4 Survival analysis at 28 d after thrombomodulin-α administration
Factor
Sex
Age
Duration of administration
Initiation of administration after DIC (d)
DIC scores before the treatment
Improvement in DIC scores at 1 wk
SIRS scores before the treatment
Improvement in SIRS scores at 1 wk
qSOFA scores before the treatment
Improvement in qSOFA scores at 1 wk
Sepsis
Shock
Lactate values before the treatment

Male
Female
≤ 70
> 70
≥ 4, ≤ 6
≤ 3, ≥ 7
≤1
≥2
≤5
≥6
≤3
≥4
≤2
≥3
≤2
≥3
≤1
≥2
≤1
≥2
Present
Absent
Present
Absent
≥2
<2

n = 31

28-d survival rate

22
9
14
17
16
15
27
4
21
10
14
17
12
19
21
7
11
20
22
6
20
11
16
15
8
18

73%
67%
64%
76%
88%
53%
74%
50%
67%
80%
93%
53%
58%
79%
86%
57%
73%
70%
91%
33%
70%
73%
81%
60%
75%
83%

P value
0.83
0.54
0.03
0.43
0.52
0.01
0.2
0.09
0.8
0.001
0.8
0.24
0.69

DIC: Disseminated intravascular coagulopathy; qSOFA: Quick-sequential organ failure assessment; SIRS: Systemic inflammatory response syndrome.

Table 5 Relationships between treatment initiation and patient demographics
Factor

Treatment initiation after DIC

Duration of administration
DIC scores before the treatment
SIRS scores before the treatment
qSOFA scores before the treatment
Sepsis
Shock
Lactate values before the treatment

≥ 4, ≤ 6
≤ 3, ≥ 7
≤5
≥6
≤2
≥3
≤1
≥2
Present
Absent
Present
Absent
≤3
>3

≤0d

≥1d

9
11
12
8
6
14
3
17
17
3
13
7
6
11

7
9
12
4
8
8
11
5
5
11
4
12
10
3

P value
0.94
0.34
0.22
0.001
0.001
0.02
0.02

DIC: Disseminated intravascular coagulopathy; qSOFA: Quick-sequential organ failure assessment; SIRS: Systemic inflammatory response syndrome.

influence the therapeutic effects of DIC. In the present
study, the parameters showing severe conditions were
also investigated, but were found to not significantly
affect the efficacy of TM-α or prognosis of patients.
The present study had some limitations. The
number of patients examined was small because
DIC is not prevalent in the field of gastrointestinal
surgery. Furthermore, DIC scores were retrospectively
evaluated by only the JAAM acute DIC scoring system,
and we did not confirm that the attending physicians
gave accurate DIC scores at diagnosis. In the future,
the comparisons with other criteria, such as the Inter

WJG|www.wjgnet.com

national Society for Thrombosis and Haemostasis DIC
score, will be needed. In previous studies, DIC patients
treated with TM-α for approximately 6 d have been
[4,10]
commonly evaluated
, while patients in the present
study were treated for shorter or longer durations.
Some of our patients who were administered TM-α
for a shorter duration showed amelioration of the
DIC, whereas many patients with a shorter or longer
duration of administration had worse prognoses. A 6-d
administration is needed if patient conditions permit
it, and the advantages and disadvantages of the early
discontinuation of administration due to improvements
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recombinant thrombomodulin for DIC patients in the field of digestive surgery.
Identification of an optimized treatment with TM-α and clinical application
of predictive factors will be very useful for DIC treatment, improving the
therapeutic efficacy.

in DIC require further investigations. Another limitation
is that all patients in this study were treated with TM-α
and other drugs, and comparisons of the efficacy of
the treatments, prognosis of patients or development
of side effects between TM-α and the other drugs were
not performed.
In conclusion, although the number of patients
examined in the present study was small, we herein
demonstrated that the early diagnosis of DIC and
initiation of the TM-α administration are effective for
achieving improvements in DIC in the field of gastro
intestinal surgery. The diagnosis of patients with mild
symptoms requires further study.
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Abstract
AIM
To investigate the impact of physical frailty on risk
of hospitalisation in cirrhotic patients on the liver
transplant waitlist.
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METHODS
Cirrhotics listed for liver transplantation at a single
centre underwent frailty assessments using the Fried
Frailty Index, consisting of grip strength, gait speed,
exhaustion, weight loss, and physical activity. Clinical
and biochemical data including MELD score as collected
at the time of assessment. The primary outcome was
number of hospitalised days per year; secondary out
comes included incidence of infection. Univariable and
multivariable analysis was performed using negative
binomial regression to associate baseline parameters
including frailty with clinical outcomes and estimated
incidence rate ratios (IRR).
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RESULTS
Of 587 cirrhotics, 64% were male, median age (inter
quartile range) was 60 (53-64) years and MELD score
was 15 (12-18). Median Fried Frailty Index was 2
(1-3); 31.6% were classified as frail (fried frailty ≥ 3).
During 12 mo of follow-up, 43% required at least 1
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designed for use in geriatric populations, the Fried Frailty
Index encompasses handgrip strength, exhaustion, gait
[7]
speed, unintentional weight loss and physical activity .
Some data suggest that functional measures of muscle
strength may better predict outcomes in cirrhotics than
[8]
CT-based measures of sarcopenia . Furthermore, frailty
measures can be performed at the bedside, without
the need for ionising radiation, which makes them
preferable for repeated measures to assess changes
over time. This is important as progression of frailty is
[9]
itself associated with poorer outcome .
Physical frailty as measured the by Fried Frailty
Index has previously been identified as a risk factor
[3,4]
for mortality in cirrhosis , yet there are little data
investigating the impact of frailty on hospitalisation
in cirrhosis. An independent link between low muscle
mass and infection risk has been identified pre-liver
[5,10]
transplantation
, as well as increased hospitalisation
[11]
days , and thus similar findings may be expected for
frailty.
This study aims to evaluate the impact of frailty
on total number of hospitalisation days. The ultimate
goal is to identify an at-risk subset of the cirrhotic
population to assist in the development of preventative
strategies to improve outcomes in this vulnerable po
pulation.

hospitalisation; 38% of which involved major infection.
107/184 (58%) frail and 142/399 (36%) non-frail
patients were hospitalised at least once (p < 0.001). In
univariable analysis, Fried Frailty Index was associated
with total hospitalisation days per year (IRR = 1.51,
95%CI: 1.28-1.77; p ≤ 0.001), which remained sig
nificant on multivariable analysis after adjustment for
MELD, albumin, and gender (IRR for frailty of 1.21,
95%CI: 1.02-1.44; p = 0.03). Incidence of infection
was not influenced by frailty.
CONCLUSION
In cirrhotics on the liver transplant waitlist, physical
frailty is a significant predictor of hospitalisation and
total hospitalised days per year, independent of liver
disease severity.
Key words: Hospitalisation; Infection; Cirrhosis; Frailty;
Transplantation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrates a significant inde
pendent link between bedside measures of physical
frailty and risk for hospitalisation in cirrhotic patients on
the liver transplant waitlist. This adds to previous data
showing a link between frailty and mortality in cirrhosis,
and therefore allows us to better select at-risk cirrhotic
patients who are most in need of more intense chronic
disease management programs.

MATERIALS AND METHODS
We report a single-centre prospective observational
cohort study of 587 pre-transplant cirrhotics, performed
at the University of California, San Francisco, between
July 2012 and December 2014.

Sinclair M, Poltavskiy E, Dodge JL, Lai JC. Frailty is
independently associated with increased hospitalisation days in
patients on the liver transplant waitlist. World J Gastroenterol
2017; 23(5): 899-905 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i5/899.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i5.899

Subjects

All adult (≥ 18 years) cirrhotic subjects actively listed
for liver transplantation for cirrhosis are invited to enrol
in the ongoing prospective Functional Assessment in
Liver Transplantation (FrAILT) study. Ninety-seven
percent of invited participants enrol in this study.
Enrolment occurs in the outpatient setting as described
[3]
previously . All patients provided written informed
consent. Major exclusion criteria include inability to
consent due to severe encephalopathy (numbers
count > 120 s), prior transplantation due to the impact
of immunosuppressants on muscle function, as well
as transplant listing for reasons other than cirrhosis.
Patients with incomplete frailty testing measures
at baseline or lost-to-follow-up at 12 mo were also
excluded.

INTRODUCTION
The most commonly used tool to prioritise patients
for liver transplantation is the MELD or MELD-sodium
[1]
score , which fails to capture the decline in systemic
health suffered by many liver transplant candidates.
This is particularly relevant as liver transplant reci
[1]
pients are ageing and accumulating comorbidities .
Muscle wasting and weakness are incredibly common,
[2]
observed in up to 70% of waitlisted individuals . Both
quantitative measures of muscle mass and functional
measures of muscle strength have been associated
with waitlist mortality, infection and post-transplant
[3-5]
complications .
Frailty is a multi-system disorder that is classically
associated with ageing, disability and comorbidity, and
is known to increase the risk for falls, hospitalisation
[6]
and mortality . Quantification of frailty is most co
mmonly performed using the Fried Frailty Index. Initially
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Baseline variables

At study entry, patient demographics including age, sex,
disease aetiology, and medical comorbidities (including
hepatocellular carcinoma, diabetes, coronary artery
disease and HIV infection) were recorded. Standard
baseline biochemical parameters were retrieved from
electronic medical records including liver function
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tests to calculate MELD score, coagulation profile, full
blood count and electrolyte profile. Clinical information
regarding the presence of ascites, ascertained by the
patient’s primary hepatologists, was recorded. Hepatic
encephalopathy was assessed using the numbers
connection test, with a score > 35 s indicating the pre
[12]
sence of encephalopathy .

were included in the multivariate model. Backward
elimination (p > 0.05 for removal) was used to select
the final multivariable model.
Logistic regression was used to evaluate the
relationship between hospitalisation for infection and
frailty. Bivariable regression models estimated OR and
95%CIs for each factor while accounting for observation
time. Characteristics with a bivariable P value below
0.2 were assessed in the multivariable model to allow
for consideration of all possible contributing factors.
Backward elimination (p > 0.05 for removal) identified
the subset of variables associated with hospitalisation
for infection while adjusting for observation time. Frailty
(Fried Frailty Index ≥ 3) was included in the final
model as the predictor of interest.
A cut-off p value less than 0.05 was used to deter
mine statistical significance. Analyses were performed
in SAS 9.4 (SAS Institute, Cary NC).

Frailty assessments

Assessments of physical frailty were performed in
the outpatient setting using the Fried Frailty Index,
consisting of grip strength, gait speed, exhaustion,
weight loss, and physical activity. Frail was defined as
Fried Frailty Index ≥ 3 points out of a maximum of 5.
These assessments have been validated in geriatric
[3,7,9,13]
and cirrhotic populations
.
Short physical performance battery (SPPB) assess
ment was also undertaken as a second measure to
validate findings using the Fried Frailty Index. The
SPPB comprises gait speed, standing balance (ability
to perform a tandem stand) and chair stands (time
taken to complete 5 chair stands. Frail is defined as a
SPPB score ≤ 9. This score has also been associated
[3]
with poor outcome in cirrhosis .

RESULTS
616 consecutive cirrhotic patients were enrolled into
the FrAILT study between July 2012 and February
2015. 587 (95%) of these patients had complete
data for analysis in this study. The median (IQR) age
2
was 60 (53-64) years, BMI 28.2 (24.8-33.1) cm/m ,
and median MELD score was 15 (12-18) and 64.2%
were male. Fifty-seven percent were Caucasian, 26%
Hispanic, 7% Asian, 4% African American, and 6%
were of other ethnicity. Four patients had missing Fried
Frailty Index. Thirty-one point six percent of patients
were classified as frail, as defined by a Fried Frailty
Index of 3 or above. Frail patients had more severe
liver failure than non-frail patients as measured by
MELD score and features of decompensation, and
lower rates of hepatocellular carcinoma. Frail patients
were slightly but significantly older than non-frail
patients. Baseline demographics by frailty group are
described in Table 1.

Outcomes

The primary outcome was number of hospitalised
days per year during the 12 mo follow-up period
immediately following the frailty assessment. This
was determined from medical records at the home
institution and review of external medical records in
the case of hospital admissions elsewhere. Patients
who died or were transplanted within 12 mo were
censored at this time (n = 82).
Secondary outcomes included number of hospitali
sations over 12 mo, length of stay per hospitalisation,
and hospitalisation for major infection. Infection was
defined according to NACSELD (North American
Consortium for Studies of End-Stage Liver Disease)
[14]
criteria , to avoid inadvertent inclusions of subjects
receiving empirical antibiotic therapy for liver decom
pensation.
Alternate causes of hospitalisation were listed as
hepatic encephalopathy, acute kidney injury, ascites,
gastrointestinal bleeding or other, according to hospital
discharge records.

Outcomes

During the 12 mo study period, 43% of subjects re
quired at least 1 hospitalisation. The primary reason
for hospitalisation was infection in 39%, hepatic
encephalopathy in 19%, acute kidney injury or ascites
in 16%, GI bleeding in 8% or other miscellaneous
cause in 19%. In those patients requiring hospitalisation
(n = 243, for eight hospitalised patients the number
of hospitalisations is unknown), 54% had a single
hospitalisation, 33% had 2 or 3 hospitalisations, and
13% had 4 or more hospitalisations. The median (IQR)
length of stay per hospitalisation was 4.5 (3.0-7.5) d.

Statistical analysis

The statistical review of the study was performed by
a biomedical statistician. Descriptive statistics are
displayed as the median [interquartile range (IQR)]
2
unless stated otherwise. Wilcoxon rank-sum and χ
tests compared frail vs non-frail and hospitalised vs
non-hospitalised patients,
Univariable negative binomial regression evaluated
the association of frailty with hospitalisation days per
year and estimated incidence rate ratios (IRR) and
95%CI. Variables significant at the 0.2 level and below
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Risk factors for hospitalisation

Using a Fried Frailty Index of ≥ 3, frail patients were
significantly more likely to be hospitalised, with 58%
of frail and 36% of non-frail patients hospitalised
at least once in the subsequent 12-mo period (p <

901

February 7, 2017|Volume 23|Issue 5|

Sinclair M et al. Frailty and hospitalisation in cirrhosis
Table 1 Baseline demographics of waitlisted cohort enrolled into the FrAILT study stratified by frail (Fried Frailty Index ≥ 3) and
non-Frail (Fried Frailty Index < 3)
Characteristic

Overall (n = 587)

Frail (n = 184)

60 (53-64)
64%
28 (25-33)
15 (12-18)
3.0 (2.6-3.5)
137 (134-139)
33%
40 (30-54)
28%
2.9%
31%

60 (54-64)
60%
28 (25-33)
16 (14-20)
2.9 (2.5-3.2)
135 (132-138)
25%
46 (34-61)
40%
2.7%
32%

Age (yr)
Male
BMI (kg/m2)
MELD (points)
Albumin (g/dL)
Sodium (nmol/L)
HCC
Numbers connection test (s)
Ascites
HIV
Diabetes

Non-frail (n = 399)
59 (52-63)
66%
28 (25-33)
14 (12-17)
3.2 (2.7-3.6)
137 (135-139)
36%
38 (29-51)
22%
3.0%
30%

P value
0.03
0.12
0.74
< 0.001
< 0.001
< 0.001
0.004
< 0.001
< 0.001
0.85
0.46

BMI: Body mass index; MELD: Model for end stage liver disease; HCC: Hepatocellular carcinoma; HIV: Human immunodeficiency virus.

Table 2 Significant differences between patients hospitalised
within 12 mo and non-hospitalised individuals
Characteristic

Hospitalised,
n = 251

Age (yr)
59 (53; 63)
Male gender
57%
MELD score
16 (13; 20)
Albumin (g/dL)
2.8 (2.5; 3.2)
Sodium (mmol/L)
136 (133; 139)
Fried Frailty Index
2 (1; 3)
SPPB score
11 (9; 12)
Chair stands per second
0.4 (0.3-0.5)
Walk speed (m/s)
1.2 (0.9-1.4)
Handgrip strength (kg)
27.7 (21.7; 35.3)
Encephalopathy (numbers 41.6 (31.7; 57.3)
connection score)

Table 3 Significant predictors of hospitalisation days per 12
mo on multivariable analysis

Non-hospitalised, P value
n = 336
60 (55; 64)
69%
14 (11; 17)
3.2 (2.8; 3.7)
137 (135; 139)
2 (1; 2)
11 (10; 12)
0.5 (0.4-0.6)
1.3 (1.1-1.6)
32.7 (25.0; 40.9)
38.3 (29.4; 52.1)

Characteristic
Frail by Fried Frailty Index
MELD score
Albumin (g/L)
Female sex

0.02
0.003
< 0.001
< 0.001
0.002
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.008

P value

1.21 (1.02, 1.44)
1.10 (1.06, 1.15)
0.43 (0.31, 0.61)
1.85 (1.22, 2.81)

0.03
< 0.001
< 0.001
0.004

Frail-Fried Frailty Index ≥ 3. IRR: Incidence rate ratios; MELD: Model for
end-stage liver disease.

0.001.
On univariable analysis, the Fried Frailty Index,
as a continuous variable, was associated with total
hospitalisation days per year (IRR = 1.51, 95%CI:
1.28-1.77; p < 0.001). This remained significant on
multivariable analysis after adjustment for MELD,
albumin, and female sex (IRR = 1.21, 95%CI: 1.02-1.44;
p = 0.03). Table 3 displays the significant results of the
negative binomial regression model.

MELD: Model for end stage liver disease; SPPB: Short physical performance
battery.

0.001). Frail patients had more hospitalisation [median
1 hospitalisation (0-2) vs 0 hospitalisations (0-1), p <
0.001] and spent more days in hospital than non-frail
patients [median 3 (0-8.2) d vs 0 (0-4) d, p < 0.001].
The significant differences between patients who
were hospitalised compared with not hospitalised
within 12 mo are displayed in Table 2. Walk speed was
slower (median 1.2 vs 1.3 metres/second), handgrip
strength was lower (median 27.7 kg vs 32.7 kg) and
chair stands completed per second was also lower
in hospitalised patients (median 0.4 stands/s vs 0.5
stands/s), indicating greater frailty. Females were more
likely to be hospitalised than men (51% vs 38%, p =
0.003). Subjects who were hospitalised were marginally
younger than those who were non-hospitalised (median
age 59 vs 60 years, p = 0.02).
Among patients with at least one hospitalisation,
the median (IQR) length of stay per hospital admission
was similar by frailty status [5 (3.0-8.0) d for frail vs
4 (3.0-6.3) d for non-frail, p = 0.24]. For patients ho
spitalised for infection, the median (IQR) length of
stay was longer, at 6 (3.5-8.3) d, as compared to 3.5
(2.2-6.0) d for those hospitalised for other causes, p <
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IRR (95%CI), n = 583

Risk factors for infection

Twenty percent of frail patients compared to 15% of
non-frail patients experienced infection (p = 0.09). On
bivariable analysis (incorporating time to outcome),
the point estimates were suggestive of an increased
odds of infection for frail vs non-frail patients although
statistical significance was not achieved by SPPB or
Fried Frailty Index (Table 4). There was however a
significantly reduced odds of infection in patients
who could complete 5 chair stands within 10 s (p =
0.046). In addition, the MELD score was significantly
associated with the incidence of infection, and serum
albumin and the presence of hepatocellular carcinoma
were inversely associated with infection. There was
no significant relationship for other factors, including
the presence of ascites (OR = 1.15, p = 0.570), HIV
infection (OR = 1.53, p = 0.464) or diabetes (OR = 0.98,
p = 0.939).
On multivariable analysis, only serum albumin
(OR = 0.39, 95%CI: 0.26-0.58, p < 0.001) and the
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importantly, frailty represents a potentially modifiable
outcome through focused pre-habilitation programs
that specifically target the individual components that
[17]
contribute to the frail phenotype . Demonstrating
that frailty is associated with increased hospitalisations
provides strong justification to develop and implement
such programs early in the disease progression to
prevent hospitalisation and subsequent deterioration in
this vulnerable population.
In our cohort, frailty was not significantly associated
with infection on multivariable analysis, although there
was a trend to increased infection. This differs from
previous research demonstrating that sarcopenia, a
major contributor to the frail phenotype, has previously
been shown to increase risk of infection-related
[10]
hospitalisations . It may be that frailty represents
an early phenotype, whereas sarcopenia represents
more established systemic disturbance that may be
required for infection risk. However in the absence
of longitudinal data incorporating frailty measures
and body composition measurements, this cannot
be confirmed. It may also be that quantification of
hepatic encephalopathy in this cohort by the numbers
count test, a feature recognised to be closely related
[18]
to frailty , allowed us to better ascertain the relative
contributions of different factors to infection risk
than previous studies. The lack of an independent
association between frailty and infection was somewhat
surprising, and further studies are required to clarify
this issue.
The majority of hospital admissions in our cohort
were indeed for liver-related decompensation including
infection, but also acute kidney injury, hepatic ence
phalopathy and hepatorenal syndrome (81%), and
thus could be expected to accelerate the progression
of liver disease. This sheds important insight into the
potential mechanisms of the impact of frailty on adverse
health outcomes in cirrhotics: instead of increasing the
likelihood of any single complication, frailty decreases
a patient’s reserve to withstand any of the typical
complications of cirrhosis, increasing the severity of the
complications and the likelihood of inpatient admission.
Limitations of this study include its observational
nature, albeit prospective, therefore the impact of
reversing frailty cannot be proven. However the con
sistent associations between frailty and poor outcome
suggest that it is indeed itself a contributing factor, and
the finding that deterioration in frailty further increases
[9]
risk of mortality adds further weight to this argument .
Furthermore, data from a study of patients undergoing
TIPS insertion suggest that reversing muscle wasting
[19]
can indeed improve survival . An additional limitation
is the inability to accurately classify the cause for
non-infectious hospital admissions in this study, to
determine whether the increase in hospitalisation was
due to a specific factor, such as hepatic encephalopathy.
Most episodes of decompensation of liver disease are
multifactorial in nature, the specific triggering factor
may never be identified, and standardised diagnostic

Table 4 Predictors of infection on bivariable analysis
(accounting for observation time)
Characteristic

OR (95%CI)

P value

Albumin (g/dL)
MELD score
HCC (yes vs no)
Chair stands (completion of 5
chair stands within 10 s)
Age (yr)
Frail (SPPB score ≤ 9)
Frail (Fried frailty Index ≥ 3)
Sodium
Hepatic encephalopathy
(numbers connection > 45 s)

0.40 (0.27-0.60)
1.07 (1.02-1.11)
0.60 (0.36-0.99)
0.32 (0.11-0.98)

< 0.001
0.005
0.046
0.046

0.98 (0.96-1.0)
1.54 (0.94-2.50)
1.49 (0.94-2.36)
0.96 (0.90-1.01)
0.72 (0.46-1.14)

0.05
0.08
0.09
0.10
0.16

MELD: Model for end stage liver disease; HCC: Hepatocellular carcinoma;
SPPB: Short physical performance battery.

presence of hepatic encephalopathy (OR = 0.59,
95%CI: 0.36-0.95, p = 0.03) remained significant
predictors of infection. Frailty, as measured by the Fried
Frailty Index, was not significant in this model (OR =
1.30 Fried Frailty Index ≥ 3 vs < 3, 95%CI: 0.80-2.12,
p = 0.29).

DISCUSSION
This prospective study, including nearly 600 patients with
cirrhosis awaiting liver transplantation, demonstrates
that functional measures of frailty are associated with
increased hospitalisation days independent of the
MELD score. The increase in hospitalisation observed
in this study was due to an increased incidence of
hospitalisation, predominantly for complications of endstage liver disease. These data from the ongoing FrAILT
study add critical information to our prior report on
the significant association between frailty and waitlist
[3]
mortality by providing an intermediate outcome of
hospitalisation. The clinical implication of this finding
is that functional frailty measures performed in the
outpatient setting can identify patients who may
benefit from tailored interventions to reduce the risk of
subsequent hospitalisations and ultimately, death.
Our data have important implications for the
management of patients with cirrhosis, who impose a
high burden on the health care system with frequent
exacerbations of their chronic disease. In particular,
implementation of a chronic disease model of care
for decompensated cirrhotics has strong potential to
[15]
improve outcomes in this population . Indeed, in
one study in Italy, case management was shown to
significantly reduce both the 30 d re-hospitalisation
[16]
rate as well as overall mortality, while reducing cost .
Given the resource requirements of such a program
it is not practical or feasible to suggest that every
cirrhotic should be enrolled, therefore a simple frailty
measure such as the Fried Frailty Index is useful in its
ability to select patients who are most in need of such
an intensive management strategy. Perhaps even more
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cirrhotic populations.

criteria are lacking. Finally, this study was single-centre,
and thus validation in other cohorts is required.
Strengths of this study include a large study po
pulation that is representative of transplant waitlist
cohorts with a high study uptake of 97% of patients
assessed for transplantation, with near-complete (95%)
longitudinal data. We therefore believe that these
results are representative of a tertiary centre transplant
waitlist. Despite the study limitations, our identification
of a relationship between frailty - as measured by a
simple tool that can easily and rapidly be performed
in the clinic setting - a significantly increased risk
of hospitalisation has important implications for the
management of patients with cirrhosis. The Fried Frailty
Index can help clinicians identify those at greatest
risk of hospitalisation and thus in greatest need of
chronic liver disease management programs to provide
additional support.
In conclusion, physical frailty in subjects on the liver
transplant waitlist, as measured by the Fried Frailty
Index, is a significant predictor of 12 mo hospitalisation
days independent of liver disease severity. This findings
adds to the previously established link between frailty
and mortality. These data provide us with a strong
rationale to develop pre-habilitation and chronic di
sease management programs for frail patients on the
transplant waitlist to reduce hospitalisation, reduce
mortality and reduce healthcare costs.

Peer-review

The study is interesting because authors found that frailty is an independent
factor (independent from MELD most importantly) for hospitalisation. Future
results of this prospective may show that frailty might be a contributing factor
for listing of transplantation priority.
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scular non-tumoral shrinked thrombus at CT during
follow-up. No local recurrence was observed in 5/6
patients. One patient, was lost to follow-up because
of death from gastrointestinal hemorrage 5 wk after
treatment. ECT seems effective and safe for curative
treatment of PVTT at hepatic hilum.
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Abstract
AIM
To treated with electrochemotherapy (ECT) a pro
spective case series of patients with liver cirrhosis and
Vp3-Vp4- portal vein tumor thrombus (PVTT) from
hepatocellular carcinoma (HCC), in order to evaluate
the feasibility, safety and efficacy of this new non
thermal ablative technique in those patients.

Tarantino L, Busto G, Nasto A, Fristachi R, Cacace L, Talamo M,
Accardo C, Bortone S, Gallo P, Tarantino P, Nasto RA, Di Minno
MND, Ambrosino P. Percutaneous electrochemotherapy in the
treatment of portal vein tumor thrombosis at hepatic hilum in
patients with hepatocellular carcinoma in cirrhosis: A feasibility
study. World J Gastroenterol 2017; 23(5): 906-918 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i5/906.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i5.906

METHODS
Six patients (5 males and 1 female), aged 61-85 years
(mean age, 70 years), four in Child-Pugh A and two in
Child-Pugh B class, entered our study series. All patients
were studied with three-phase computed tomography
(CT), contrast enhanced ultrasound (CEUS) and ultra
sound-guided percutaneous biopsy of the thrombus
before ECT. All patients underwent ECT treatment
®
(Cliniporator Vitae , IGEA SpA, Carpi, Modena, Italy)
of Vp3-Vp4 PVTT in a single session. At the end of the
procedure a post-treatment biopsy of the thrombus was
performed. Scheduled follow-up in all patients entailed:
CEUS within 24 h after treatment; triphasic contrastenhanced CT and CEUS at 3 mo after treatment and
every six months thereafter.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the third most frequent oncologic
[1]
cause of death worldwide . HCC is often diagnosed
at intermediate or advanced stages, when portal vein
(PV) and its branches have already been involved
[2,3]
by the tumoral process . It has been reported that
approximately 10%-40% of HCC patients are diagnosed
[4,5]
with portal vein tumor thrombus (PVTT) . According to
[6]
the Barcelona Clinic Liver Cancer classification system ,
HCC patients with PVTT are classified as advanced
stage (or Stage C), with a rather poor prognosis and
an expected median survival span of about 2.7-3.0
[3,6]
mo . Current guidelines only recommend systemic
[6]
chemotherapy with Sorafenib in such patients .
The Liver Cancer Study Group of Japan has recently
proposed a macroscopic classification for PVTT cate
gorized into five grades, defined as follows: Vp0, no
nd
PVTT; Vp1, PVTT distal to the 2 order branches of the
nd
PV; Vp2, PVTT in the 2 order branches of the PV; Vp3,
st
PVTT in the 1 order branches of the PV; Vp4, PVTT in
the main trunk of the PV or a PV branch contralateral to
[7]
the mainly involved lobe (or both) .
[8-14]
In recently published papers
, surgical hepatic
resection (HR) and loco-regional therapies, such
as trans-arterial chemoembolization (TACE), radio
frequency ablation (RFA), microwawe (MW) ablation,
gamma-knife radiosurgery, 90Y-based transarterial
radioembolization (TARE), proved to be feasible and
moderately effective treatments to improve survival
of HCC patients with peripheral PVTT (Vp1 and Vp2).
However, all these therapies did not substantially
modify prognosis in patients with PVTT in the main PV
st
and/or its 1 order branches (Vp3 and Vp4). Some
previous isolated reports advocated a possible role
[15]
[16,17]
of percutaneous ethanol injection (PEI) , RFA
[18]
or interstitial laser therapy (ILT)
in the treatment
of Vp3-Vp4 PVTT. However, the use of PEI remains
unreliable in such clinical settings because of the easy

RESULTS
Post-treatment CEUS showed complete absence of
enhancement of the treated thrombus in all cases.
Post-treatment biopsy showed apoptosis and necrosis
of tumor cells in all cases. The follow-up ranged from
9 to 20 mo (median, 14 mo). In 2 patients, the followup CT and CEUS demonstrated complete patency of
the treated portal vein. Other 3 patients showed a
persistent avascular non-tumoral shrinked thrombus at
CEUS and CT during follow-up. No local recurrence was
observed at follow-up CT and CEUS in 5/6 patients.
One patient was lost to follow-up because of death
from gastrointestinal hemorrage 5 wk after ECT.
CONCLUSION
In patients with cirrhosis, ECT seems effective and safe
for curative treatment of Vp3-Vp4 PVTT from HCC.
Key words: Hepatocellular carcinoma; Portal vein tumor
thrombosis; Electrochemotherapy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Six patients with portal vein tumor thrombus
(PVTT) at hepatic hilum underwent electrochemo
therapy (ECT), a new non thermal ablative technique.
The follow-up ranged from 9 to 20 mo (median, 14
mo). In 2 patient, the follow-up computed tomography
(CT) demonstrated complete patency of the treated
portal vein. Three patients showed a persistent ava
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escaping of the ethanol in the blood stream and the
high probability of producing neoplastic thrombi. On
the other hand, thermal ablation with RF and ILT are
harmful techniques when applied near the hepatic
hilum because of the high risk of irreversible damage
to main bile ducts, main hepatic artery, gallbladder,
[19-23]
duodenum or gastric wall
. As a matter of fact,
with the only exception of the above cited studies, no
other group recommended the use of these techniques
in the treatment of Vp3-Vp4 PVTT.
A potential ideal ablation technique for Vp3-Vp4
PVTT should be able to kill tumor cells in the portal
vessels without heat generation and without affecting
patency of main bile ducts, arterial vessels and even
without any damage to PV walls. Electrochemotherapy
(ECT) is a non-thermal local tumor ablation modality
[24]
using electroporation . This is a physical method that
enhances cell membrane permeability, and enables
non-permeant or poorly permeant chemotherapeutic
agents to enter cells, greatly enhancing their effi
[25-28]
cacy
. Safety and efficacy of the use of ECT in
proximity of vascular and ductile structures of liver and
pancreas have been already demonstrated in several
[29-33]
studies
.
In order to evaluate the feasibility, efficacy and
safety of ECT in the treatment of Vp3-Vp4 PVTT, we
present a prospective case series of patients with
liver cirrhosis and extensive Vp3-Vp4 PVTT from HCC
treated with ECT.

arrythmias or presence of a cardiac pace-maker; (3)
severe lung or renal or hepatic insufficiency; (4) epilepsy;
(5) allergy to bleomycin; and (6) presence of prosthesis.
Seven patients in Child-Pugh A class had already
been treated with Sorafenib at other Institutions and
had stopped the treatment because of severe side
effects. These patients had been addressed to our
Institution for evatuation of eligibility to ECT. Other
9 Child-A-class patients were advised for systemic
therapy with Sorafenib at our Institution. Two out
of them stopped Sorafenib because of side effects.
Seven patients remained on Sorafenib therapy. Seven
Child-Pugh-C-class patients were excluded from ECT
treatment because of severe impairment of hepatic
function. Twenty-two patients were excluded from ECT
treatment because of the presence of one or more
of the following conditions (Figure 1): multinodular
HCC (14 patients), extensive hepatic infiltration from
HCC (5 patients), large esophageal (F3) or gastric
varices (3 patients). Therefore, 36 out of 42 patients
(85.7%) were excluded from ECT, and six patients
with liver cirrhosis and Vp3-Vp4 PVTT from HCC fulfilled
the selection criteria and were included in our series.
Baseline characteristics of the six patients are reported
in Table 1.
This study was approved by the Institutional Board
of our Institute and was conducted according to the
declaration of Helsinki. All patients provided written,
informed consent.
According to the EFSUMB (European Federation
of Societies for Ultrasound in Medicine and Biology)
[34,35]
guidelines
, HCC was diagnosed on the basis of
characteristic enhancement patterns (arterial enhance
ment and late wash-out) at three-phase contrastenhanced computed tomography (CT) and contrast
enhanced ultrasound (CEUS). In order to assess
the nature of the thrombosis, pre-treatment CEUS
and ultrasound (US) guided percutaneous biopsy of
[36-38]
the thrombus were performed in all patients
.
Intraoperative biopsy of the treated PVTT was also
scheduled in all patients at the end of the treatment.
To be included in the study, patients had to fulfil the
following inclusion criteria: (1) absence of indications
to Sorafenib therapy (Child B/C class) or intolerance
to previous Sorafenib therapy; (2) severity of liver
function impairment not exceeding Child-Pugh class
3
B-8; (3) platelet count > 50.000/mm , INR < 1.5,
total bilirubin < 1.5 mg/dL; (4) absence of ascites at
the time of treatment; (5) absence of gastric varices
and/or esophageal varices grade > F2 at endoscopy;
(6) absence of extrahepatic HCC metastases; and
(7) synchronous first HCC nodule or recurrence after
previous treatments for HCC not exceeding 5 cm in
size and not more than 3 nodules in number. The
presence of nodules abutting the gastrointestinal tract
or hepatic hilum, the diaphragm, gall-bladder, kidney
and right or left branch of the PV were not considered
exclusion criteria.

MATERIALS AND METHODS
From December 2014 to December 2015, 42 patients
(29 male, 13 female, age range 48-91 year) with Vp3Vp4 PVTT were observed at our Unit of Hepatology and
Interventional Ultrasound in a tertiary care Institution
- A. Tortora Cancer Hospital. To be included in the
present study, patients had to fulfil the following basal
inclusion criteria: (1) Malignant PV thrombosis of the
right and/or left portal branch and/or of the distal
portion (last 2 cm) of the main PV; (2) synchronous
naive HCC nodule or recurrence after previous treat
ments for HCC not exceeding 5 cm in size and not
more than 3 nodules in number. The presence of
nodules abutting the gastrointestinal tract or hepatic
hilum, the diaphragm, gall-bladder, kidney and right
or left branch of the PV were not considered exclusion
criteria; (3) Karnofky performance status > 70; (4)
severity of liver function impairment not exceeding
3
Child-Pugh class B-8, platelet count > 50.000/mm ,
INR < 1.5, total bilirubin < 1.5 mg/dL; (5) absence of
ascites at the time of treatment; (6) absence of gastric
varices and/or esophageal varices not exceeding grade
F2 at endoscopy; and (7) absence of indications to
Sorafenib therapy (Child B/C class) or intolerance to
previous Sorafenib therapy.
Causes for exclusion from the treatment were: (1)
extrahepatic HCC metastases; (2) heart impairment,
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42
Vp3-Vp4 PVTT
patients

Child-Pugh
A class

16 patients

9 patients

7 patients

Intolerance
to Sorafenib

19 patients

7 patients

Sorafenib

16 patients

on Sorafenib
4 patients

Child-Pugh
B class

2 patients

17 patients
Child-Pugh
C class

Multinodular HCC (9),
infiltrative HCC (5),
Large esophagealgastric
varices (3),

Best
supportive
care

5 patients
ECT

Multinodular
HCC (5)

Figure 1 Selection of eligible patients to electrochemotherapy among a consecutive series of 42 patients with VP3-VP4 portal vein tumor thrombosis. ECT:
Electrochemotherapy; PVTT: Portal vein tumor thrombosis; HCC: Hepatocellular carcinoma.

Table 1 Baseline characteristics of patients with portal vein tumor thrombosis in our series
Patient

Age/sex

PS:E/K

Cirrhosis
etiology

Child-Pugh
class

AFP
(ng/mL)

Albumin
(g/100 mL)

INR

Bilirubin
(mg)

PLT (n /μL)

EGDS

Comorbidities

EV, GV, RS

1
2

64 yr/M
54 yr/M

2/70
1/80

HCV
HCV

A6
B7

14
84

3.7
3.2

1.10
1.40

1.20%
1.40%

75000
62000

3
4

85 yr/M
75 yr/M

1/80
2/70

HCV
HCV

A5
A6

32
65

4.2
3.6

1.14
1.32

1.20%
1.00%

125000
88000

F1-EV, GV-, RSF2-EV, GV+,
RSF!-EV, GV-, RSF2-EV, GV-, RS-

5

61 yr/F

0/100

HCV

A5

47

4.0

1.25

0.90%

74000

EV-, GV-, RS-

6

77 yr/M

2/70

HCV

B7

16

3.5

1.55

1.30%

56000

F1-EV, GV-, RS-

Diabetes
Diabetes, MI,
COPD
None
Thyroid
carcinoma,
COPD
Diabetes,
hypertension
Diabetes

PS E/K: Performance Status ECOG/Karnoffsky; AFP: Pre-treatment alphafetoprotein; INR: International normalized ratio; PLT: Platelets; EGDS:
Esophagastroduodenoscopy; EV, GV, RS: Esophagealvarices, gastric varices, red spots.

Before ECT procedure, all patients underwent:
(1) serum blood tests for liver function and haemo
coagulation and serum alpha-fetoprotein dosage;
(2) upper gastrointestinal tract endoscopy (esopha
gogastroduodenoscopy) for evaluation of esophageal
varices; (3) electrocardiogram; (4) chest X-ray;
(5) abdominal US with a commercially available US
equipment (EPIQ 7, Philips SpA, Amsterdam, The
Netherlands) and a 3.5 and 5.0 MHz convex electro
nic probe; and (6) triphasic contrast-enhanced CT
®
[Iomeron 400 (iomeprol), Bracco SpA, Milan, Italy].

only those chemotherapeutic drugs whose transport
through the plasma membrane is impeded. Among
many drugs that have been tested so far, bleomycin
and cisplatin found their way from preclinical testing
to clinical use. We performed ECT under general
anesthesia, with intubation. In order to avoid strong
muscle contractions induced by electric pulses, the
®
myorelaxant cisatracurium besylate (Nimbex , Glaxo
SmithKline, Brentford, United Kingdoms) was used. All
patients underwent US guided percutaneous biopsy
of the PVTT with a 21 gauge Chiba needle (ecojekt,
HS Hospital service, Rome, Italy) before the start of
ECT procedure. Than, under US guidance, four to
six electrode-needles were inserted percutaneously
along the external margin of the thrombosed portal
vessel (Figure 3). The electrodes were connected to
independently controlled generator outputs of the
®
Cliniporator Vitae (IGEA SpA, Carpi, Modena, Italy).
®
The Cliniporator Vitae device is a pulse generator with

ECT procedure

ECT is a combined use of chemotherapeutic drugs
and electric pulses applied to the treated tumour
nodule. Local application of electric pulses to the
tumour increases drug delivery into cells, specifically
at the site of electric pulse application (Figure 2). Drug
uptake by delivery of electric pulses is increased for
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Table 2 Hepatocellular carcinoma patterns, treatments and results in 6 patients with portal vein tumor thrombosis treated with
electrochemotherapy
Patient

Previous treatments

Site of PVTT

HCC nodules/size

Results of ECT

Follow-up

1

Surgery, RFA

-

None

1 nodule/3.5 cm

3

None

4

RFA

5

None

RightPV, left PV,
distal main PV
Left PV

2 nodules/1.5 and
2.5 cm
1 nodule/3.5 cm

6

Surgery, RFA, TACE

Right PV

-

Complete necrosis of Vp3-Vp4 PVTT
Complete recanalization
Complete necrosis of Vp3-Vp4 PVTT
Complete recanalization
Complete necrosis of Vp3-Vp4 PVTT
Persistent shrinked bland thrombosis
Complete necrosis of Vp3-Vp4 PVTT
Persistent shrinked bland thrombosis
Complete necrosis of Vp3-Vp4 PVTT
Persistent shrinked bland thrombosis
Complete necrosis of Vp3-Vp4 PVTT
Persistent shrinked bland thrombosis

20 mo

2

Right PV, distal
main PV
Right PV, distal
main PV
Right PV

1 nodule/3 cm

Death for rupture of esophageal
varices 14 mo after ECT
Death for Liver failure
14 mo after ECT
Death 5 wk after ECT for rupture of
esophageal varices
12 mo
9 mo

ECT: Electrochemotherapy; PV: Portal vein; PVTT: Portal vein tumor thrombosis; HCC: Hepatocellular carcinoma; RFA: Radiofrequency ablation; TACE:
Trans-arterial chemoembolization; MI: Myocardial infarction; COPD: Chronic obstructive pulmonary disease.

was performed in all patients after ECT. CEUS control
of PVTT was performed within 24 h after the end of
ECT procedure.
After procedure, all patients started Enoxaparine
(4000 IU, daily). The scheduled follow-up in all patients
entailed: monthly color-Doppler US (CDUS) in the first
3 mo after treatment; triphasic contrast-enhanced CT
and CEUS 3 mo after treatment; afterwards, CT and
CEUS controls every six months.

Bleomycin bolus
i.v. injection

30

0
Minutes

RESULTS
Overall patients

Figure 2 Illustrative sketch of the mechanism with which electro
chemotherapy operates: After insertion of the electrodes in the tissue, a
bleomycin bolus is administered intravenously. Eight minutes after injection,
bleomycin diffuses in the tumor tissue. At this point the electric pulses are
started in order to alter permeability of cells’ membranes. The electroporation
process greatly increases the bleomycin intracellular entrance. Therefore by
self repair of the membranes, pores reseal and the bleomycin is entrapped in
the cells.

Six patients (5 males and 1 female), aged 54-85 years
(mean age, 69 years) entered our study series. Baseline
characteristics of the patients are reported in Table 1.
Four patients were in Child-Pugh A class and two in
Child-Pugh B class. Four patients showed 1 (3 cases)
or 2 (1 case) HCC nodules synchronous with Vp3-PVTT
(all patients) and Vp4-PVTT (one case). The size of
HCC nodules ranged from 2.5 to 4.5 cm (mean = 3.4
cm). Two patients, previously treated with surgery and
thermal ablation, showed an isolated right branch Vp3PVTT, without any residual or recurrent HCC nodule in
the liver. Treatments’ results in the single patient are
reported in Table 2.
Intraoperative pre-treatment biopsy of PVTT
was adequate and showed viable HCC in 5/6 cases
(Figure 4A). In one patient the fine-needle biopsy only
showed blood material. However, pre-treatment CEUS
demonstrated hypervascular PVTT with characteristic
enhancement patterns (arterial enhancement and
late wash-out) (Figure 5B) in all cases (6/6), thus
confirming the malignant nature of thrombosis in all
[36,39]
patients
.
Two out of six patients underwent ECT of the
isolated Vp3-PVTT. Other three patients underwent
ECT of PVTT and of the associated HCC nodule in the
same session. In these patients, after ECT of PVTT, the
electrodes were partially or completely withdrawn and

6 independently controlled and electrically isolated
outputs, each providing up to 3000 Volts (maximum
current: 50 Amperes) and delivering 8 rectangular
electrical pulses (rise time: 1 μs) of 100 μs duration
at a pulse repetition frequency of 4 Hz. Eight minutes
2
after intravenous bolus injection (15000 IU/m ) of
®
Bleomycine sulfate (Bleoprim , Sanofi Aventis, Paris,
France), electric pulses were delivered. After electric
pulses delivery, the electrodes were partially or com
pletely withdrawn and repositioned around the HCC
nodule associated with the PVTT in order to treat
the tumor with ECT. Hemostasis of liver capsule,
peritoneum, abdominal wall and skin was performed
with a thermal track ablation by connecting every
single electrode to an activated electric scalpel during
the complete withdrawal of the electrodes.
US guided percutaneous cutting needle biopsy of
the treated PVTT with an 18 gauge modified Meng
hini’s needle (Biomol, HS Hospital service, Rome, Italy)
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A

B

C

Figure 3 Insertion of six electrodes for electrochemotherapy treatment of right portal vein. A: Illustrative sketch showing schematically the position of
electrodes around the external margin of the Tumor thrombosis; B: Up to six electrode-needles are inserted percutaneously; C: The position of electrodes can be
monitored with US during the procedure.

A

B

C

D

Figure 4 All patients underwent pre- and post-treatment biopsy of the portal vein tumor thrombus. A: ultrasound scan demonstrate the correct positioning of
the needle tip (arrow) in the thrombus; B: Intraoperative pre-treatment biopsy of the thrombus was adequate and showed viable cells from hepatocellular carcinoma
in 5/6 cases; C: High magnification of biopsy specimen showed severe involutive changes of tumor cells with cellular apoptosis (arrows) and areas of necrosis
(arrowheads) in all six cases. Low magnification in the same specimen, beside the altered tumor thrombus, showed absence of damage from the procedure to portal
vein wall (arrows); D: Portal endothelium shows normal appearance with regular wall layers.

were reinserted around the tumor. In one patient with
2 HCC nodules, we only treated the PVTT and planned
a subsequent session of thermal ablation to treat the 2
HCC nodules (Figure 1).
Post-treatment biopsy of PVTT showed severe
involutive changes of tumor cells with cellular apoptosis
and areas of necrosis in all cases. In 3 cases, PV wall
and periportal tissues were present in the specimen;
in these portions of the specimens, PV wall showed
normal findings with normal endothelium; no distortion
or necrosis was detectable in the periportal structures

WJG|www.wjgnet.com

(Figure 4B and C).
Post treatment intraoperative CEUS demonstrated
complete absence of enhancement of the thrombosis
(Figuer 5C) and of the treated HCC nodule in all cases.
The procedure was well tolerated in all cases. No
intraoperative or post-operative major complication
was reported. All patients were discharged from the
hospital the day after the treatment.
The follow-up ranged from 9 to 20 mo (median,
14 mo). In two patients, CDUS showed complete re
canalization of the treated PVTT at 2 and 3-mo CDUS
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A

B

C

D

Figure 5 M.D.S. 64 years hepatitis C virus related cirrhosis. A: On september 2014 computed tomography (CT) showed complete malignant thrombosis of right
portal vein (arrows); B: Pretreatment contrast enhanced ultrasound showed diffuse enhancement of the thrombus (arrows) consistent with malignant thrombosis;
The patient underwent electrochemotherapy with insertion of 6 electrode-needles and i.v. Bleomicin bolus; C: Three months monthly color-Doppler ultrasound control
showed complete patency of the right portal vein; D: Persistent patency of right portal vein (arrows) and absence of local recurrence was confirmed at 3, 9, 15 mo
follow-up CT control.

follow-up, respectively. In these two patients, CEUS
and CT confirmed complete patency of the vessel
without any intravascular or perivascular recurrence
during follow-up. In three patients (14, 12, and 9
mo follow-up, respectively), CT and CEUS showed
permanent complete thrombosis with a persistent,
shrinked, avascular thrombus into the treated vessels.
In all three cases, no intravascular or perivascular
enhancement consistent with residual tumor or local
recurrence was detected at CT and CEUS during followup. In the remaining patient, 24 h post-treatment
CEUS showed absence of enhancement of the treated
thrombus. However, the patient was lost to follow-up
because of death from gastrointestinal hemorrage five
weeks after ECT treatment.
During follow-up, no local recurrences, at the site
of the treated PVTT, occurred. However, 3 distant
recurrences in other segments were detected in 2
patients. All 3 new lesions were treated by RFA in 2
cases and ECT in 1 case.

and PVTT of the segmental portal branch (Vp2) for
segment Ⅴ. Post treatment CT, on January 2014,
demonstrated complete necrosis of the HCC nodules
and of the Vp2-PVTT. In september 2014, CT showed
and extensive and complete right Vp3-PVTT without
any intraparenchymal recurrence of HCC. The patient
®
started Sorafenib (Nexavar , Bayer, Leverkusen,
Germany) 400 mg daily but was forced to stop therapy
because of severe side effects. In December 2014,
the patient accepted ECT, as alternative therapy.
Pretreatment biopsy proved PV infiltration from “mo
derately differentiated HCC” (Grade 2 Edmondson).
The patient underwent ECT with insertion of 6 electrodeneedles. The 2-mo CDUS showed complete patency
of the right PV (Figure 4C). The result was confirmed
at 3-mo CEUS and CT (Figure 4D). CT control at 9, 15
and 18 mo still showed a completely patent PV without
any intravascular recurrence. During follow-up, US and
CT controls showed recurrence of HCC in theⅧsegment
and in the Ⅵ segment at 6 and 12 mo respectively.
Recurrences were treated by ECT and RFA respectively.

Patients’ histories

Patient 2: Male 54-year-old with HCV-related ChildPugh B7 cirrhosis, obesity, chronic obstructive pul
monary disease (COPD), and previous myocardial
infarction. The patient had been treated ten years
before with coronary stents, and was on secondary

Patient 1: Male, 64-year-old with HCV-related ChildPugh A6 cirrhosis. Previous RFA of a HCC nodule
(diameter = 3 cm) in theⅣsegment in december 2012.
In November 2013, laparotomy and intraoperative MW
ablation for 2 HCC recurrences in Ⅰ and Ⅴ-Ⅷ segments
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ticlopidine prophylaxis. In February 2015, abdominal
US, CEUS and CT showed HCC in the V segment and
extensive malignant portal thrombosis of the right PV.
The patient underwent ECT by percutaneous insertion
of 4 electrodes. The intraoperative post treatment
CEUS showed a completely avascular PV thrombus. The
3-mo CEUS and CT showed a subtotal recanalization.
The 6-mo and 12-mo CT confirmed absence of local
recurrence and complete recanalization of the PV.
Unfortunately, the patients were lost to follow-up at 14
mo because of death after severe hemorrhage from
gastroesophageal varices.

PVTT, and also showed bland complete thrombosis of
main portal trunk and upper mesenteric vein. Then,
Enoxaparine dosage was increased to 8000 UI daily.
The patient underwent weekly controls with CDUS that
showed unchanged findings in portal vessels overtime.
Unfortunately, five weeks after treatment the patient
died because of a severe hemorrage from rupture of
esophageal varices.
Patient 5: Female, 61-year-old, with HCV-related
Child-Pugh A5 cirrhosis. In September 2011 the patient
underwent liver resection for a single HCC nodule in
theⅢsegment. In may 2015, CT and CEUS showed HCC
nodule in the Ⅳ segment and complete left Vp3-PVTT.
The patient started systemic therapy with Sorafenib
(400 mg/daily); the treatment was stopped after 3 wk
because of severe side effects (weakness, diarrhea).
Therefore he accepted ECT treatment. Six electrodes
were inserted along the wall of the PVTT. Post-treatment
intraoperative CEUS showed a large avascular area
(8 cm × 7 cm) including the treated vessel and the
perivascular liver parenchyma. Three months CEUS and
CT follow-up showed avascular, shrinked thrombosis
of the left PV. Six-months CT and nine-months CEUS
confirmed the persistence of avascular thrombosis and
absence of any recurrence.

Patient 3: Male, 85-year-old with HCV-related ChildPugh A5 cirrhosis. In december 2014, diagnosis of large
infiltrating HCC (size: 4, 5 cm) in the VII segment.
The patient started systemic therapy with Sorafenib
(400 mg/daily) at another Institution. In April 2015, he
underwent CT and MRI at our institution that detected
a large infiltrating HCC in the Ⅶ segment and extensive
and complete thrombosis of the right PV from its origin
on the main trunk up to its bifurcation. CEUS and MRI
were consistent with malignant thrombosis. The evident
progression of the disease forced to stop Sorafenib
therapy and the patients was advised for ECT treatment
as alternative. Pretreatment biopsy proved PV infil
tration from “moderately differentiated HCC” (Grade 2
Edmondson). The patient underwent ECT of both HCC
nodule and Vp3-PVTT by insertion of six electrodes. Six
months and 12-mo CT showed persistence of avascular,
shrinked right PV thrombosis. During follow-up, a new
HCC nodule was detected in the Ⅳ segment at 6 mo
follow-up. The new lesion was treated by RFA. Post
treatment CT demonstrated complete necrosis of the
recurrence.

Patient 6: Male, 77-years-old, with HCV-related ChildPugh B7 cirrhosis and recurrent HCC. The patient had
undergone multiple locoregional procedures (liver
resection, TACE, RFA) in September 2005, June 2006,
June 2008, January 2009, and July 2013 to treat
multiple HCC recurrences. In August 2015, CT showed
complete malignant thrombosis of the right PV. Six
electrodes were inserted along the wall of the Vp3PVTT. Post treatment CEUS, 3-mo and 9-mo CT and
CEUS showed persistent, complete, shrinked avascular
thrombus.

Patient 4: Male, 75-year-old, with HCV-related ChildPugh A6 cirrhosis and COPD. The patient had been
previously treated with radioiodine for thyroid papillary
carcinoma that was in complete remission at the time
of admission. Pre-treatment EGDS showed grade F2
esophageal varices and absence of gastric varices. CT
in May 2015 showed 2 HCC nodules in the VIII and VII
segment and Vp3-Vp4 PVTT, involving both right and
left PV and the distal portion of main PV. The patient
®
started Sorafenib (Nexavar , Bayer, Leverkusen,
Germany) 400 mg daily. Three weeks later the patient
was forced to stop therapy because of severe side
effects. The patient was offered a two-step treatment
schedule, entailing ECT of Vp3-Vp4 PVTT as first step
and RFA of HCC nodules as second step. In this patient
we inserted simultaneously six electrodes in two sets
of three electrodes each, in order to cover the right
and main PV with three electrodes and the left PV
with the other three. Post treatment CEUS showed
complete absence of enhancement of thrombosis in
the right, left and main PV. One month CEUS confirmed
absence of enhancement in the treated Vp3-Vp4
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DISCUSSION
The present case series is the first, to our best know
ledge, evaluating safety and efficacy of ECT for the
treatment of extensive PVTT at hepatic hilum (Vp3Vp4) in patients with HCC. We found that this miniinvasive interventional technique is feasible, safe and
effective and it could represent a suitable option for
the management of PVTT in this clinical setting.
With an annual incidence of more than 620000
new cases, HCC is the third most frequent cause of
[1]
cancer death worldwide . Its incidence is progresively
[2]
increasing and, despite surveillance programs, HCC is
[3]
often diagnosed at an intermediate or advanced stage .
It has been reported that up to 44% of HCC patients
[40]
are complicated with PVTT at the time of death . PVTT
severely affects prognosis of cirrhotic patients with HCC.
The median survival time of patients with unresectable
HCC without PVTT ranges from 10 to 24 mo while it
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is significantly reduced in cases with associated PVTT
(2-4 mo). PVTT is related with poor prognosis probably
because of the intensified risk of tumor spread, in
creased portal pressure inducing variceal bleeding and
reduced portal flow and subsequent jaundice, ascites,
[4]
hepatic encephalopathy and hepatic failure .
For HCC patients with PVTT, current guidelines
recommend systemic therapy with Sorafenib, an oral
multiple tyrosine-kinases inhibitor that suppresses
[6]
angiogenesis and tumor cell proliferation . In clinical
[41,42]
studies
. Sorafenib proved to improve of several
months survival of patients with advanced HCC. Never
theless, subgroup analyses only showed a marginal
survival benefit for Sorafenib as compared with placebo
[42,43]
in patients with PVTT
. All currently accepted HCC
treatment guidelines consider PVTT a contraindication
[44,45]
for transplantation, HR and TACE
. The hilar
position of PVTT (Vp3-Vp4), in contrast with periphe
ral PVTT (Vp1-Vp2), further worsen the prognosis,
also because represents a controindication to locoregional therapies. When feasible, surgical resection
of the tumor and associated PVTT might be the best
possible treatment, but only a small percentage of
[9]
patients can benefit of this approach . Mild-moderate
improvement in survival of patients with Vp1-Vp2
[10,11]
[12]
PVTT have been reported with TACE
and TARE .
However, both TACE and TARE demonstrated only
minimal or absent advantages in patients with Vp3[11,12]
Vp4 PVTT
. Ablation techniques such as PEI and
RFA are usually not indicated in the management of
[44,45]
intermediate and advanced HCC
. In 1990, Livraghi
[15]
et al
reported complete ablation and absence of
recurrence at 4-12 mo follow-up in 4 patients with
segmental (V1p-V2p PVTT) treated with PEI. Several
papers reported synchronous ablation of segmental
PVTT and associated HCC nodule by RFA, MW ablation
[14-18]
or ILT
. However, most authors excluded patients
with involvement of main branches or main portal
trunk (Vp3-Vp4 PVTT) because ablation of nodules
next to hepatic hilum is considered unsafe. The high
risk of damage to main bile ducts (stricture, rupture,
obstruction) and to the hepatic artery (bleeding,
pseudoaneurysm, arterio-portal fistula) after ablation
of tumors in the center of the liver has been well
described and demonstrated both in vivo experimental
[19,23]
studies and in patients series
. Several measures
have been suggested to avoid complications from
damage to hepatic hilum structures during RFA and
[46]
MW ablation , however none of these approaches
have been extensively applicated in large series. In
[16,17]
2009 and in 2014 Giorgio et al
published their
long-term results of RFA in 35 HCC patients with Vp3
and/or Vp4 PVTT. They reported absence of major
complications, complete recanalization of main
portal trunk in 26/35 (74%) patients and cumulative
survival rates at 1, 3, and 5 years of 63%, 30% and
[18]
20%, respectively. Lu et al
demonstrated similar
results in 108 patients treated with ILT for Vp3-Vp4
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PVTT, reporting a 3-year survival rate of 22.4%. Both
authors did not describe, in their procedures, any
safety measure in order to avoid damage to hepatic
hilum structures. In our knowledge, no other Author
followed this high risk strategy.
A potential ideal ablation technique for Vp3-Vp4
PVTT should be able to kill tumor cells in the portal
vessels without heat generation and without affecting
patency of main bile ducts, arterial vessels and even
without any damage to PV wall. The electroporation is a
process in which electric impulses can cause structural
[24,47,48]
changes in biological membranes
. Depending on
pulse amplitude, duration, and the number of pulses,
two possible results can be achieved. At subcritical
electric fields, electroporation leads to transient pore
formation with increase of membranes permeability
to macromolecules that hardly could penetrate the
cells in absence of electroporation. The average pore
size is stationary and very small and, subsequently,
a complete membranes’ recovery occur (reversible
[47]
electroporation) . At supercritical field strengths,
the pore radius increases reaching a critical pore size.
Therefore, the membrane disgregates without any
possibility of recovery [irreversible electroporation
[49]
(IRE)] . In the last 20 years, two electroporationbased therapeutic techniques have been introduced:
IRE and ECT. IRE uses high intensity electric pulses
to obtain death of all cells in the electric field through
[49-52]
irreversible permeabilization of cell membranes
.
ECT is a local tumor ablation modality that, through
reversible electroporation, enhances cell membrane
permeability, and enables non-permeant or poorly
permeant chemotherapeutic agents to enter cells,
[24,31]
greatly enhancing their efficacy in killing tumor cells
.
ECT and IRE can be used to treat tumours su
rrounded by vital structures such as larger blood
vessels, nerves, and viscera without subsequent
[24,47,48]
damage to these structures
. The safety and
efficacy of their use around vascular, hollow viscera
and ductile structures in liver and pancreas have been
[29-33]
already demonstrated in many published papers
.
However, few papers have evaluated the feasibility
and effectiveness of percutaneous ECT on deep
[31-33]
tumours
and to our knowledge we are the first to
evaluate the safety and effectiveness of percutaneous
ECT in the treatment of PVTT from HCC.
The analysis of pathologic findings in specimens
obtained with biopsies of PVTT performed before
and after ECT procedures is particularly interesting.
Pretreatment biopsies of thrombosis gave adequate
material for definitive diagnosis of PVTT from HCC in
5/6 patients. Post-treatment biopsies of the treated
thrombus were performed in all patients. Necrosis and
apoptotic aspects of tumor cells were detected in posttreatment biopsies in all specimens. In some patients
the post-treatment biopsy material was particularly
adequate to describe what actually happens when tumor
tissue and normal cells are exposed to ECT. Infact,
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three out of six post-treatment biopsy specimens
included PV wall and periportal tissues around the
tumor thrombus. In these cases, the damage of tumor
cells (necrosis and apoptosis) was clearly showed,
while no involutive aspect was detected in perivascular
tissue and even in the portal endothelium. This selec
tive effectiveness of ECT technique to damage only
tumor cells is based on the intrisic mechanism of the
chemotherapeutic agent used in the procedure. In
particular, bleomicyn cytotoxicity is specific for cell
[53]
cycle G2 phase . As a result, only rapidly growing
tissues, with cells in mitosis, are the target of the
drug. However, when bleomycin is administered in
a peripheral vein, only a low antitumoral efficacy is
expected because of a poor diffusion through cells
membranes and, therefore, only slight availability of
[53]
the drug in the site of action (intracellular DNA) . The
electroporation process, obtained by the electric field
through electrodes insertion in the target tissue, allows
the bleomicyn to concentrate in the cells and operate
[24]
the cell cycle block with subsequent cell death . ECT
ablation is not a physical process but a biochemical
therapy, physically induced and amplified, highly
[25]
selective for tumor cells . ECT does not destroy nor
modify the stromal architecture of the target tissue
[25]
and damages normal cells only partially or not at all .
As a result, ECT treatment can be safely indicated in
tumor next to, or even inside, the hepatic hilum, a
condition that represent a contraindication to all the
other locoregional therapies. In our opinion, Vp3-Vp4
PVTT represents the ideal condition to evaluate the ECT
safety and efficacy. On this assumption, we started this
prospective study on a series of consecutive cirrhotic
patients affected from HCC and Vp3-Vp4 PVTT.
Our results showed that ECT is highly effective and
safe for Vp3-Vp4 PVTT. In five patients, we observed
the complete necrosis of the PVTT. In cases with an
associated HCC nodule we also achieved the complete
necrosis of the tumor. In two patients we observed at
2-3 mo follow-up the complete recanalization of the
treated portal vessel. In no case, during a mediane
follow-up of 12 mo, we observed a local recurrence.
ECT of PVTT can be performed safely. No intraoperative
and early postoperative complication occurred. A late
complication occurred in one patient who underwent
ECT for a complete tumor thrombosis of terminal
part of main portal trunk and both right and left PV.
Postoperative CEUS showed complete necrosis of all
portions of PVTT. He left the hospital the day after
treatment. In two weeks, he developed moderate
ascites and Color Doppler US showed bland complete
thrombosis of the whole axis of main trunk of PV. To
treat the progression of bland thrombosis, dosage of
LMW heparin was increased (from 4.000 UI to 8000
UI daily). At weekly Color Doppler US examination,
the thrombus seemed to remain stable. However,
five weeks after ECT treatment, the patient died for a
severe hemorrage from rupture of esophageal varices.
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Another patient died for rupture of esophageal varices
at 14 mo follow-up. In this patient, all imaging studies
performed during follow-up excluded local o distant
recurrence of HCC.
Four patients are alive and no local recurrence
of the treated PVTT or the treated HCC nodule have
been detected at 9-20 mo follow-up. In two patients
distant recurrence occurred and were treated with
percutaneous ablation in all cases.
This study has some limitations, represented by
the small number of treated patients and the shortterm follow-up. However, the preliminary results of
our case series might represent the proof of concept
for a future prospective study on consecutive patients
and a long-term follow-up. Actually, our study is a
prospective series, still going on. In this initial ex
perience, we selected advanced HCC patients not
eligible to systemic therapy with Sorafenib. The efficacy
and safety profile of ECT procedure could encourage a
combination treatment of ECT plus Sorafenib even in
naive patients, in which systemic therapy is indicated.
The main concern with the results in this study is the
occurrence of a bland thrombosis of main portal trunk
and fatal late hemorrhage from esophageal varices. In
our short series (6 patients) a single fatal complication
account for 16%-17% of cases. This rate, if confirmed
on larger series, would be inacceptable, and patients
with gastric varices or with esophageal varices even
< F2 staging, should be excluded from treatment, or
alternatively, advised of the high risk of the occurrence
of this complication.
In conclusion, results of our prospective series
suggest that ECT is a feasible effective and safe therapy
for Vp3-Vp4 PVTT from HCC in cirrhotic patients not
eligible to other therapeutic approaches. A high risk of
hemorrhage from gastroesophageal varices after ECT
treatment of main, right or left PV must be considered
in the pre-treatment evaluation of the patients.
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larger blood vessels, nerves, and viscera without subsequent damage to these
structures. The safety and efficacy of their use around vascular, hollow viscera
and ductile structures in liver and pancreas have been already demonstrated
in many published papers. However, few papers have evaluated the feasibility
and effectiveness of percutaneous ECT on deep tumours and to our knowledge
we are the first to evaluate the safety and effectiveness of percutaneous ECT in
the treatment of PVTT from HCC.
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CASE REPORT

Pancreaticoduodenectomy: Secondary stenting of the celiac
trunk after inefficient median arcuate ligament release
and reoperation as an alternative to simultaneous hepatic
artery reconstruction
Théophile Guilbaud, Jacques Ewald, Olivier Turrini, Jean Robert Delpero
unrecognized hemodynamically significant celiac axis
(CA) stenosis impairs hepatic arterial flow by suppressing
the collateral pathways supplying arterial flow from
the superior mesenteric artery and leads to serious
hepatobiliary complications due to liver and biliary
ischemia, with a high rate of mortality. CA stenosis is
usually due to an extrinsic compression by a previously
asymptomatic median arcuate ligament (MAL). MAL is
diagnosed by computerized tomography in about 10%
of the candidates for PD, but only half are found to be
hemodynamically significant during the gastroduodenal
artery clamping test with Doppler assessment, which is
mandatory before any resection. MAL release is usually
efficient to restore an adequate liver blood inflow and
prevent ischemic complications. In cases of failure in
MAL release, postponed PD with secondary stenting of
the CA and reoperation for PD should be considered
as an alternative to immediate hepatic artery re
construction, which involves the risk of postoperative
thrombosis of the arterial reconstruction. We recently
used this two-stage strategy in a patient undergoing
surgery for pancreatic adenocarcinoma.
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Core tip: In patients undergoing pancreaticoduodene
ctomy (PD), hemodynamically significant celiac axis (CA)
stenosis has the potential to cause vascular insufficiency
leading to serious hepatobiliary complications with a
high rate of mortality. CA stenosis is usually due to an
extrinsic compression by a previously asymptomatic
median arcuate ligament (MAL). MAL release is usually
efficient to restore an adequate liver blood inflow and

Abstract
In patients undergoing pancreaticoduodenectomy (PD),
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prevent ischemic complications. In cases of failure in
MAL release, postponed PD with secondary stenting of
the CA and reoperation for PD should be considered
as an alternative to immediate hepatic artery re
construction, which involves the risk of postoperative
thrombosis.
Guilbaud T, Ewald J, Turrini O, Delpero JR. Pancreatico
duodenectomy: Secondary stenting of the celiac trunk after
inefficient median arcuate ligament release and reoperation as an
alternative to simultaneous hepatic artery reconstruction. World J
Gastroenterol 2017; 23(5): 919-925 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i5/919.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i5.919

INTRODUCTION
Pancreaticoduodenectomy (PD) involves a division
of the gastroduodenal artery (GDA) and resection
of the pancreaticoduodenal arcades, which depend
on both the GDA and the superior mesenteric artery
(SMA). In the case of hemodynamically significant
celiac axis (CA) stenosis, PD suppresses the collateral
pathways supplying arterial flow from the SMA into
the branches of the CA and impairs hepatic arterial
flow. Thus, in patients undergoing PD, CA stenosis has
the potential to cause vascular insufficiency leading
to serious hepatobiliary complications with a high
[1-9]
rate of mortality . With more than 95% accuracy,
multidetector computed tomography (CT) with routine
arterial reconstruction and sagittal views is currently
the standard examination to allow for preoperative
[1,9-12]
detection of CA stenosis
. Most cases of CA ste
nosis are related to an extrinsic compression by the
median arcuate ligament (MAL). MAL is diagnosed by
CT in about 10% of the candidates for PD, but only half
are found to be hemodynamically significant during
the GDA clamping test with Doppler assessment,
[1,12-15]
which is mandatory before any resection
. MAL
release is usually successful in restoring liver blood
[1,2,9]
flow and preventing ischemic complications
. In
cases of failure in MAL release, postponed PD with
secondary stenting of the CA and reoperation for PD
should be considered as an alternative to immediate
hepatic artery reconstruction, which involves the risk of
[1,16-21]
postoperative thrombosis
. We recently used this
strategy in a patient undergoing surgery for pancreatic
adenocarcinoma.

Figure 1 Computerized tomography scan without contrast showing
calcifications in the pancreaticoduodenal arcade.

CT showed no metastases. Liver magnetic resonance
imaging was normal. According to the guidelines of the
National Comprehensive Cancer Network, the tumor
[22]
was considered resectable . Abdominal CT without
contrast showed multiple calcifications in the aorta
and visceral arteries, as well as calcifications in the
pancreaticoduodenal arcade (Figure 1). In addition to
the calcifications, the arterial phase of the CT showed:
(1) a focal narrowing in the proximal celiac trunk with
a “hooked” appearance characteristic of a MAL; and (2)
arterial supply from the SMA to the common hepatic
artery via the GDA, as well as a dorsal pancreatic
artery (Figure 2A and B).
Exploratory laparotomy showed no contraindication
to resection. Para-aortic lymph node biopsy showed
no metastasis. Peroperative ultrasound showed a
large pancreaticoduodenal arcade and a large dorsal
pancreatic artery. However, the preoperative CT scan
had underestimated the local extension because
evidence of tumor abutment on the mesenteric vein
existed. We performed a MAL division using a lateral
approach allowing for a progressive division of the right
diaphragmatic crus on the right side of the abdominal
aorta, and the right side and the upper edge of the CA
was progressively freed of all dense fibrous tissue. An
additional GDA clamping test with Doppler ultrasound
monitoring showed unsatisfactory restoration of the
liver blood flow through the CA. Thus, considering the
tumor as “borderline” resectable, revascularization of
the hepatic artery and PD were both postponed. The
postoperative course was uneventful. The in-hospital
stay was 7 d.
The patient received 4 cycles of neoadjuvant
FOLFIRINOX before imaging reassessment and endo
vascular management. Endovascular revascularization

CASE REPORT
A 68-year-old male patient, presenting with insulinrequiring diabetes which evolved over 30 years, was
referred with a pancreatic cephalic ductal adenocar
cinoma after prosthetic drainage for jaundice and
biopsy by echoendoscopy. Thoracic and abdominal
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Figure 2 Features of median arcuate ligament. Arterial phase of the axial computerized tomography (CT) scan (A), along with coronal and sagittal CT-scan
reconstructions (B) showing severe stenosis of the celiac trunk from extrinsic compression by dense fibrous tissue (arrow) and poststenotic dilation of the proximal
celiac trunk (arrowhead). SMA: Superior mesenteric artery; HA: Hepatic artery; PDA: Pancreaticoduodenal arcade; IPDA: Inferior pancreaticoduodenal artery; BS:
Biliary stent.

was performed 45 d after the first surgical step, during
the interval between 2 cycles of chemotherapy. A CT
scan showed modification of the CA/aorta “angle”
after MAL release, which allowed for the possibility of
a much easier stenting. Selective arteriography of the

WJG|www.wjgnet.com

CA showed a short and significant remaining proximal
stenosis of the CA. A careful crossing of the stenosis
allowed angioplasty followed by stenting (Figure 3A and
B). Subsequently, the CA blood flow was restored and
the duodenopancreatic arterial supply disappeared.
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The postoperative course was uneventful. The
patient was discharged on day 15 after equilibration of
the diabetes. Adjuvant chemotherapy was performed
for 6 mo. After 18 mo of follow-up, the patient was
well and recurrence-free.

A

DISCUSSION
In recent years, mortality after PD has continuously
decreased and today is less than 3% in high-volume
[3,23]
centers
. However, ischemic complications are
[1]
underestimated , and preoperative unrecognized
visceral artery stenosis (e.g., CA, SMA) may severely
alter the early postoperative outcomes of PD with a
[1-9]
high mortality rate . In cases with CA stenosis, PD
results in an interruption of the alternate pathway for
blood supply to the liver. After biliary anastomosis,
hepaticojejunostomy leakage, liver abscesses with
sepsis, liver insufficiency and subsequent multiple
[3-5,24,25]
organ failure represent a major cause of death
.
CA stenosis is detected during the preoperative
staging of pancreatic cancer in 4%-11% of patients
[1,2,9,10,18]
scheduled for PD
. The majority of these detected
stenoses are asymptomatic before the diagnosis of the
tumor. Despite an increased number of aged patients
undergoing PD in recent years, atherosclerotic intrinsic
[1]
stenosis is rare; Gaujoux et al . reported a rate of
0.04% in a large series of 545 patients undergoing PD
[2/57 (3.5%) visceral artery stenosis]. Instead, MAL is
the major cause of CA stenosis. The liver blood supply
is provided mostly by the pancreaticoduodenal arcades
[10-12,26]
(95%) and the dorsal pancreatic artery (77%)
.
Most cases are asymptomatic (10, 16, 19 and 20) and
hemodynamically significant stenosis during the GDA
clamping test has been reported to be present in about
40% of the cases, which represents 5% of the patients
[1,13]
submitted to PD
.
Atherosclerotic stenosis should be treated pre
operatively by endovascular stenting. In contrast,
for cases with MAL, a ligament release is the first
mandatory procedure and a lateral approach is less
risky than a medial approach, which may result in an
arterial injury: MAL-induced CA stenosis is reported to
be successfully treated by ligament release in nearly
[1,2,9,20]
90% of cases
. In the recent series reported
[1]
by Gaujoux et al , 20 out of 23 MAL releases were
[1]
successful with no postoperative mortality . If there is
not restitution of flow in the hepatic artery after MAL
release, then a vascular reconstruction prior to division
of the GDA should be considered before proceeding
with the resection. Indeed, preoperative MAL stenting
is technically challenging and proves mostly ineffective
by the default of expanding and restenosis. In the
current report, stenting was easier after MAL release
and this strategy should be considered as an alternative
to vascular bypass, avoiding the risk of postoperative
[13,16-21]
thrombosis
. Secondary stenting should proceed
with cautious regard for the potential risk of injury

B

a

b

Figure 3 Computerized tomography scan. Computerized tomography scan
after stenting of the celiac trunk (A), drawings showing the angle between the
aorta and celiac trunk before and after median arcuate ligament release (B).

After 6 cycles of chemotherapy with a normalization
of CA19-9 and an objective response on CT, a PD
was performed without vein resection (Figure 4). The
hepatic arterial inflow was preserved after GDA and
dorsal pancreatic artery clamping and division. The
divided common bile duct was well vascularized.
The standardized pathological examination of the
specimen showed a 20 mm yp T3N1 poorly differen
tiated pancreatic adenocarcinoma with perineural
involvement (6/10 positive nodes; lymph node ratio:
0.6). The resection was R0 as the inked margins were
all negative; SMA, venous and posterior inked margins
were free of tumor with a more than 1 mm clearance.
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Figure 4 Pancreaticoduodenectomy. Operative views (A, B) after mobilization of the specimen showing a very large inferior pancreaticoduodenal artery (IPDA) and
the pancreaticoduodenal arcade. After resection (C, D), the stumps of the pancreaticoduodenal arteries (superior pancreaticoduodenal artery and IPDA) are shown.
SMA: Superior mesenteric artery; HA: Hepatic artery; GDA: Gastroduodenal artery; SMV: Superior mesenteric vein; PV: Portal vein.

during the procedure due to the fragility of the artery
after ligament release. A successful laparoscopic
approach for a MAL division has been reported in
symptomatic patients with MAL syndrome but without
pancreatic tumor. In cases of CA stenosis detected by a
multidetector CT scan before PD of a clearly resectable
pancreatic adenocarcinoma, the following strategy
should be considered as an option: (1) in cases with a
hemodynamically significant stenosis, as assessed by
GDA clamping and Doppler ultrasound, perform a firststep, including MAL release, with abdominal exploration
and a para-aortic lymph node biopsy (currently
[27,28]
recommended in order to avoid futile resection)
;
(2) in cases involving a failure of MAL release to restore
the liver blood inflow, perform secondary cautious
endovascular stenting of the CA in order to avoid the
risk of postpancreatectomy arterial reconstruction
thrombosis and postpone PD. A laparoscopic or robotic
[29]
approach should be considered for the first step .
In conclusion, CA stenosis is usually due to a pre
viously asymptomatic MAL which induces a major
risk of post-PD complications due to liver and biliary
ischemia if unrecognized before the resection. The
GDA clamping test is mandatory in order to detect
hemodynamically significant stenosis. MAL release
is usually efficient to restore an adequate liver blood
inflow. Postponed PD after inefficient MAL release,
followed by secondary stenting, should be considered
as a two-stage option that avoids hepatic artery

WJG|www.wjgnet.com

bypass and the postoperative risk of thrombosis of the
arterial reconstruction.
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Case characteristics

Failure in median arcuate ligament (MAL) release during pancreaticoduo
denectomy (PD) for pancreatic adenocarcinoma

Clinical diagnosis

Celiac axis (CA) stenosis due to MAL in a patient with pancreatic adenocarcinoma.

Imaging diagnosis

Postoperative computed tomography scan showed modification of the CA/aorta
“angle” after MAL release, which allowed for the possibility of a much easier
stenting.

Treatment

Postponed PD and secondary stenting of the CA as an alternative to hepatic
artery reconstruction

Related reports

MAL release is usually efficient (90%) to restore an adequate liver blood inflow
and prevent ischemic complications; in case of inefficient release hepatic artery
reconstruction is usually indicated.
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Preoperative MAL stenting is technically challenging and proves mostly
ineffective by the default of expanding and restenosis; in the current report,
stenting was easier after MAL release and this strategy should be considered
as an alternative to vascular bypass, avoiding the risk of postoperative
thrombosis; secondary stenting should proceed with cautious regarding the
potential risk of injury during the procedure due to the fragility of the artery after
ligament release.
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Abstract
Guillain-Barre syndrome (GBS)-associated achalasia
is a very rare disease of uncertain cause. We report
the case of a patient diagnosed with GBS-associated
type Ⅰ achalasia who was successfully treated with
peroral endoscopic myotomy (POEM). A 30-year-old
man who was diagnosed with GBS 3 mo before was
referred to our department with dysphagia and mealrelated regurgitation. The results of esophagography,
endoscopy, and high-resolution manometry (HRM)
revealed type Ⅰ achalasia. POEM that utilized a sub
mucosal tunneling technique was performed to treat
the GBS-associated type Ⅰ achalasia. After POEM,
smooth passage of a contrast agent into the stomach
was shown in follow-up esophagography, and followup HRM revealed a decrease in the mean integrated
relaxation pressure 22.9 mmHg to 9.6 mmHg. The
patient remained without dysphagia for 7 mo, even
though the patient’s neurological problems were not
fully resolved. POEM may be a safe and effective
treatment for GBS-associated type Ⅰ achalasia.
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Core tip: Guillain-Barre’ syndrome (GBS)-associated
achalasia is a rare disease of uncertain cause. Previously,
a case of GBS-associated achalasia that was treated with
pneumatic dilation was reported. However, pneumatic
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transfer of the barium paste, subglottic aspiration of
the liquid barium, and decreased esophageal peristaltic
movement. Oromotor facilitation and electrical sti
mulation therapy to the pharyngeal muscles were
performed for the swallowing difficulty. A follow-up
VFSS on day 71 showed slight improvement of the
oropharyngeal transfer of barium paste. However,
decreased esophageal peristaltic movement was still
present, and the dysphagia was aggravated. On day
93, subtle dilated distal esophageal lumen with acute
tapering at the lower esophageal sphincter (LES) and
narrowing at the esophagogastric junction was shown
through esophagography (Figure 1), and dilation of
the esophageal lumen and retention of food remnants
in the esophagus were identified during endoscopy
(Figure 2). A mean integrated relaxation pressure
(IRP) of 22.9 mmHg over test swallows with absent
peristalsis was shown in high-resolution manometry
(HRM) (Figure 3). POEM was performed in the ope
rating room under general anesthesia to treat GBSassociated type Ⅰ achalasia (Figure 4). To summarize,
it consisted of four steps: longitudinal mucosal incision,
creation of a submucosal tunnel extending towards
the gastroesophageal junction, selective myotomy of
the circular muscle fibers, and mucosal closure by clip.
After the treatment, smooth passage of a contrast
agent into the stomach was shown in follow-up eso
phagography (Figure 5), and follow-up HRM showed
that the mean IRP decreased to 9.6 mmHg (Figure
6). The endoscope could be passed without resistance
at 2 mo after the procedure. The patient’s Eckardt
symptom score decreased to 2. Although the patient’
s neurological problems were not fully recovered at
10 mo after diagnosis of GBS, he could eat a soft diet
without problems for 7 mo after POEM.

dilatation has about a 25%-50% chance that the patient
will require another procedure within five years. Here,
we present a case of a patient diagnosed with GBSassociated type Ⅰ achalasia who was successfully treated
with peroral endoscopic myotomy.
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treatment of Guillain-Barre syndrome-associated achalasia: A
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INTRODUCTION
Guillain-Barré syndrome (GBS) is an immune-mediated
polyradiculoneuropathy characterized by rapidly
progressive, symmetrical, ascending weakness and
sensory loss. It is usually triggered by an infection, such
[1]
as upper respiratory tract infection or gastroenteritis .
GBS-associated achalasia is a very rare condition of
uncertain cause. Previously, a case of GBS-associated
achalasia that was treated with pneumatic dilation
[2]
was reported . However, pneumatic dilatation has
about a 25%-50% chance that the patient will require
[3,4]
another procedure within five years . Recently, peroral
endoscopic myotomy (POEM) has emerged as a safe
and effective technique that can adequately treat
achalasia. Here, we present a case in which a patient
diagnosed with GBS-associated type Ⅰ achalasia was
successfully treated with POEM.

CASE REPORT
A 30-year-old man was referred to our department
with dysphagia and meal-related regurgitation, with
a baseline Eckardt symptom score of 11. Three
months before, he had suffered from progressive
quadriparesis, dysarthria, and facial palsy following
gastrointestinal illness that he had about 10 d prior.
With the characteristic protein-cell count differentia
tion of albuminocytologic dissociation detected via
cerebrospinal fluid analysis (protein 73.4 mg/dL, WBC
3
8 /mm ) and high titer of the serum IgM antibody
to GD1b, in addition to nerve conduction studies, a
diagnosis of GBS was made. Despite receiving five days
of intravenous immunoglobulin therapy immediately
after the diagnosis of GBS, the patient’s neurological
problems had not recovered, and swallowing difficulty
was worsening. His family history was unremark
able. Abdominal examinations showed normal bowel
sounds, no palpable masses, and no organomegaly.
Laboratory tests revealed normocytic normochromic
anemia, with a hemoglobin level of 11.1 g/dL. The
results of liver and renal function tests were within
normal limits. A videofluoroscopic swallowing study
(VFSS) on day 30 showed dysfunctional oropharyngeal
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DISCUSSION
GBS is an acute, immune-mediated polyneuropathy
[5]
that often leads to severe weakness . Required
criteria for diagnosis include progressive weakness
of more than two limbs, areflexia, and progression
for no more than four weeks. Other causes of acute
neuropathy, such as lead poisoning, vasculitis, botulism,
and porphyria, require exclusion. Supportive criteria
include relatively mild sensory signs, raised protein
levels in the cerebrospinal fluid while maintaining a
relatively normal cell count, and neurophysiological
evidence of conduction block. Weakness is frequently
proximal and distal, unlike dying-back axonopathies,
and respiratory involvement occurs in about a quarter
[6]
of cases . Cranial nerve involvement can be observed
[7]
in 45%-75% of patients with GBS . In cases of cranial
nerve involvement, facial and oropharyngeal weakness
[8]
can appear, and dysphagia can develop .
A definite mechanism of GBS has not been esta
blished, but it has been found that the antibodies
generated by the activation of immune responses after
infections makes a cross-bridge via molecular mimicry
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Figure 1 Subtle dilated distal esophageal lumen with acute tapering at
the lower esophageal sphincter and narrowing at the esophagogastric
junction was shown in esophagography.

Figure 4 Peroral endoscopic myotomy was performed to treat GuillainBarre syndrome-associated type I achalasia.

Figure 5 After peroral endoscopic myotomy, smooth passage of a
contrast agent into the stomach was shown in follow-up esophagography.

Figure 2 Dilation of the esophageal lumen and retention of food remnants
in the esophagus was identified during endoscopy.

[11,12]

200

food stasis in the esophagus
. In 1994, Firouzi
[2]
et al presented a case of GBS with achalasia. An
autoimmune response triggered by an infection such as
gastroenteritis or respiratory tract infection is discussed
as one possible cause of the loss of inhibitory ganglion
cells within the myenteric plexus in patients with GBS[13]
associated achalasia . Previously, it was reported
that GD1b antibodies preferentially stained the large
[14]
dorsal root ganglion neurones in animal models , and
degenerative changes in the ganglion cells of the dorsal
motor nucleus of the vagus have been reported in some
[15]
patients with achalasia . In our case, changes in the
ganglion cells of the dorsal motor nucleus of the vagus
by GD1b antibodies may have induced GBS-associated
achalasia.
Although intravenous immunoglobulin and plasma
exchange have proved effective, many patients with
GBS still develop severe weakness and have a long
disease course, often with incomplete recovery, pain,
[16]
and fatigue . In our case, despite receiving five days
of intravenous immunoglobulin therapy immediately,
the patient’s neurological problems had not recovered
and swallowing difficulty was worsening.
Treatment of achalasia is currently aimed at de
creasing the resting pressure in the LES. In a previous
report, GBS-associated achalasia was subsequently
diagnosed by manometry and was successfully treated

P

150
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mmHg

Figure 3 Mean integrated relaxation pressure 22.9 mmHg over test
swallows with absent peristalsis was shown in high-resolution manometry.

with antigens in the peripheral nerves, which destroys
[9,10]
them
. This hypothesis is supported by the fact that
anti-anglioside antibodies have been found in GBS
patients’ serum. In our case, high titer of the serum
IgM antibody to GD1b was found.
On the other hand, GBS-associated achalasia is
a very rare disease of uncertain cause. Achalasia is
an esophageal motor disorder characterized by the
absence of peristalsis and a defective relaxation of
the LES which results in impaired bolus transport and
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esophageal sphincter and narrowing at the esophagogastric junction was
shown through esophagography.

P

Pathological diagnosis

150

Pathologic confirmation was not performed in our case.
100

Treatment

Peroral endoscopic myotomy (POEM) was performed to treat GBS-associated
type Ⅰ achalasia.

50
-5
Gastric
mmHg

Related reports

Previously, a case of in GBS-associated achalasia that was treated with
pneumatic dilation was reported.

Figure 6 Mean integrated relaxation pressure decreased to 9.6 mmHg in
follow-up high-resolution manometry.

Term explanation

GBS is an immune-mediated polyradiculoneuropathy characterized by rapidly
progressive, symmetrical, ascending weakness and sensory loss.

[2]

with pneumatic dilation . However, the pneumatic
dilatation has about a 25%-50% chance that the
patient will require another procedure within five
[4]
years . An alternative to dilation in patients with
achalasia is endoscopic injection of the botulinum
toxin. The symptomatic response to this treatment is
often short lived, with a greater than 50% recurrence
[17]
rate within 6 mo .
Recently, POEM has been developed as an alter
native endoscopic treatment that is effective and
[18]
less invasive . A major benefit of POEM may be the
ability to avoid the risk of unexpected and uncontrolled
perforation that may occur during balloon dilation. The
clinical effects of the POEM treatment were immediate,
and the later HRM showed improvement in the LES
[19]
pressure and pressurization disappeared .
In the present case, we performed POEM for treat
ment of GBS-associated type Ⅰ achalasia. After POEM
without any complications, mean IRP decreased from
22.9 mmHg to 9.6 mmHg and Eckardt symptom score
was reduced from 11 to 2 points. Our initial experience
suggests that POEM is a safe and effective treatment
for GBS-associated type Ⅰ achalasia.

Experiences and lessons

The authors’ initial experience suggests that POEM is a safe and effective
treatment for GBS -associated type Ⅰ achalasia.

Peer-review

It is an interesting and well-written case report.
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Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
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EDITORIAL

Prophylactic stenting for esophageal stricture prevention
after endoscopic submucosal dissection
Ke-Da Shi, Feng Ji
Ke-da Shi, Feng Ji, Department of Gastroenterology, First
Affiliated Hospital, School of Medicine, Zhejiang University,
Hangzhou 310000, Zhejiang Province, China

and has a high rate of en bloc resection. However,
a high rate of esophageal stricture is observed after
ESD for large lesions, which can dramatically decr
ease the patient’s quality of life. Stricture prevention
is necessary to allow for endoscopic therapy to
expand. We, herein, review the most recent evidence
and discuss the role of the metallic self-expandable
stent and the biodegradable stent in esophageal
stricture prevention. Limited studies suggested that
prophylactic stenting could reduce the stricture rate
without increasing the number of complications. In
addition, the number of bougie dilation procedures was
significantly lower with stent placement. Esophageal
stenting is a promising option for post-ESD stricture
prevention. However, current evidence is too preli
minary to formulate practice standards. Future studies
are needed to further validate the efficacy and safety of
prophylactic stenting and determine the best strategy for
stricture prevention. Stent migration is the most common
complication. A new stent that has advantages of a low
migration rate and minimal tissue reaction will need to
be developed. Therefore, randomized controlled trials
with long-term follow-up periods are required before
prophylactic stenting could be considered a valid option
to prevent post-ESD stricture.
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Core tip: Esophageal stenting is a promising option
for esophageal stricture prevention. Current evidence
is too preliminary to formulate practice standards.
Randomized controlled trials with long-term follow-up
periods and cost-effective studies are required before
prophylactic stenting could be considered a valid option
to prevent post-endoscopic submucosal dissection
stricture.

Abstract
Endoscopic submucosal dissection (ESD) of superficial
esophageal cancer has been increasingly used as an
alternative to surgery because it is minimally invasive
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tion of this study was the absence of sham control to
further validate the advantage of stent placement. The
only randomized controlled trial (RCT) to date to investigate this question was conducted by Wen and his
[7]
colleagues . In this study, patients who had mucosal
defects that exceeded 75% of the circumference of the
esophagus after ESD treatment were randomized in a
1:1 fashion to either a group that received treatment
with a fully-covered esophageal stent or an observation group. The study showed a significantly lower rate
of stricture in the group that received stent placement
compared to the observational group (18.2% vs
72.7%, respectively, P < 0.05). Moreover, the number
of bougie dilation procedures was significantly lower
in the stent placement group compared to the observational group (mean 0.45, range 0-3 vs mean 3.9,
range 0-17, respectively, P < 0.05). In addition, complications were comparable between the two groups.
Interestingly, the two patients who developed stricture
in the stent group both had stent migration. The
stent migration rate could be affected by the design
of the stents. Different types of stents have their own
characteristics. A small portion of exposed bare metal
at both ends of the partially covered metallic stent
helps to prevent migration. However, the granulation
tissue ingrowth at the ends of the stent could lead
to stent-induced strictures. In contrast, fully-covered
stents do not have any exposed bare metal, but they
are more prone to migration. A new stent that has
advantages of both a low migration rate and minimal
tissue reaction will need to be developed. Is successful
stent placement without migration enough for stricture
prevention? The answer may be “no”. Bhat and
colleagues reported a 28% stricture rate after stent
[8]
removal or migration . The circumferential lesion left
at the ends of the stent after stent removal is prone
to forming strictures. In addition, the potential proinflammatory action of the implanted stent makes it
unlikely to be the single best choice for esophageal
stricture prevention. Although the results in previously
mentioned studies are inspiring, the studies involved a
small sample size and a short-term follow-up period;
therefore, the results need to be confirmed in future
larger trials. A recent meta-analysis conducted by
Oliveira and his colleagues demonstrated that the use
of preventive therapy after extensive ESD reduces
the risk of stricture without increasing the number of
[9]
complications . Moreover, the placement of a fullycovered stent and the use of local corticosteroid
injections have the most promising results in reducing
post-ESD stricture among different types of strategies.
It is worth mentioning that these results were based
on three small RCTs and several retrospective studies.
The high degree of heterogeneity across the included
studies raises additional concerns about the potential
bias of this analysis. Therefore, RCTs with larger
sample sizes comparing different treatment strategies
are still needed to clarify this issue. In endoscopy, the

Shi KD, Ji F. Prophylactic stenting for esophageal stricture
prevention after endoscopic submucosal dissection. World J
Gastroenterol 2017; 23(6): 931-934 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i6/931.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i6.931

INTRODUCTION
Endoscopic submucosal dissection (ESD) of superficial
esophageal cancer has been increasingly used as an
alternative to surgery because it is minimally invasive
and has a high rate of en bloc resection. Despite
these advantages, a high rate of esophageal stricture
is observed after ESD for large lesions, which can
[1-3]
dramatically decrease the patient’s quality of life .
The rate of strictures after endoscopic resection for
circumferential or near-circumferential lesions can be
[4]
as high as 88% . Although oral steroids were admini
stered in one study, 45% of patients still suffered from
[5]
stricture . Therefore, post-ESD esophageal stricture
prevention is needed to allow for endoscopic therapy to
expand. In this editorial, we discuss the use of prophy
lactic stenting in the prevention of post-ESD stricture
and include a discussion of our future vision related to
this topic. PubMed and Web of Science were searched
using the following search strategy: (ESD OR endoscopic resection) AND esophageal stricture AND stent,
until 31 August 2016. Studies investigating the role of
stent placement after esophageal ESD were included.
We searched the reference lists of the relevant studies
to identify other studies on the same topic. Currently,
no conclusive recommendation is evident in the liter
ature related to the type of stent to use in stricture
prevention. According to the current studies, the selfexpandable metallic stent and the biodegradable stent
are two potential options.

Self-expandable metallic stents
Temporary placement of a self-expandable metallic
stent is increasingly used in practice to prevent postESD stricture. Ye and colleagues reported on their
application of fully-covered stent placement after
circumferential endoscopic resection of esophageal
[6]
lesions . More information about the stent used
can be found in Table 1. A total of 23 patients were
included in this prospective study. During the followup period, 4 patients had stent migration, and 3 of
those 4 patients developed esophageal strictures. The
stricture rate in this study was 17.3% (4/23), which
was significantly lower than the stricture rate reported
in previous studies. However, only one endoscopist
from a high-volume center performed the study, which
raises concerns about potential bias. Because the postESD stricture rate could be affected by the experience
and operative skills of the endoscopist, the results of
this study may not be generalizable. Another limita-
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Table 1 Studies using esophageal stenting to prevent post-endoscopic submucosal dissection stricture
Ref.

Type of study

Population

Cohort

circumferential

Ye et al[6], 2016
Wen et al[7], 2014

RCT

Saito et al[11], 2008

Case report

Saito et al[10], 2007

Case report

Type of stent

Time of removal Stricture rate Stent migration rate

Fully-covered self-expandable metallic
12 wk
stents (CZES stent; Sigma, China)
mucosal defect > 3/4 Fully-covered self-expandable metallic
8 wk
stents (CZES stent; Sigma, China)
mucosal defect > 3/4 PLLA esophageal stent (Tanaka-Marui Self-degradable
stent; Marui Textile Machinery Co., Japan)
mucosal defect > 3/4 PLLA esophageal stent (Tanaka-Marui Self-degradable
stent; Marui Textile Machinery Co., Japan)

17.4%

17.4%

18.2%

18.2%

0

0

0

77.0%

RCT: Randomized controlled trial; PLLA: Poly-L-lactic acid.

advancement of a new concept could be affected by
the availability and cost-effectiveness of technology.
Since stents are associated with a high cost, evidence
on cost-effectiveness is required in future studies.

prevention, especially when corticosteroid treatment is
contraindicated in certain patients. Current evidence is
too preliminary to formulate practice standards. RCTs
with long-term follow-up periods are required before
prophylactic esophageal stenting could be considered
as a valid option to prevent post-ESD stricture.

Biodegradable stents
[10]

Saito et al
reported the successful application of
biodegradable stents to post-ESD esophageal stricture
prevention. Despite having a high rate of early stent
migration, the efficacy of stricture prevention reached
100%, but caution should be taken as the data are
[10]
based on short-term follow-up case reports . This
group also reported 2 cases of successful application of
biodegradable stents in the prevention of re-stricture
formation after balloon dilatation of post-ESD stric
[11]
tures . Experience in using these types of stents is
[12,13]
learned from animal model-based experiments
. Bio
degradable stents have the potential to mitigate stentrelated complications and do not require removal.
The main limitations of biodegradable stents are a
hyperplastic tissue reaction and stent migration. The
poly-L-lactic acid (PLLA) stent and the polydioxanone
stent are two types of biodegradable stents that are
currently available. The PLLA-biodegradable stent
has a high rate of early stent migration, which makes
it unlikely to be the best choice for stricture preven
[10,14]
tion
. Meanwhile, polydioxanone stents have a
migration rate of 20%, but they could induce a severe
[15,16]
hyperplastic tissue reaction
. A hyperplastic tissue
reaction delays the healing of the mucosa and poses a
challenge when removing the stent. Moreover, it might
prevent adequate surveillance for local recurrence.
Although the ideal stent has not yet been developed,
possible options to minimize tissue hyperplasia after
biodegradable stent placement should be considered in
future studies. These options include steroid injection,
consumption of a drug-eluting layer, and coverage
with biodegradable membranes or extracellular matrix
scaffolds.
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mon also in FPC. In European countries, “anticipation”
is reported in FPC families, as with other hereditary
syndromes; a trend toward younger age and worse
prognosis is recognized in the late years. The resected
pancreases of FPC kindred often show multiple pancreatic intraepithelial neoplasia (PanIN) foci, with various
K-ras mutations, similar to colorectal polyposis seen in
the FAP patients. As with HBOC patients, a patient who
is a BRCA mutation carrier with unresectable pancreatic
cancer (accounting for 0%-19% of FPC patients)
demonstrated better outcome following platinum and
Poly (ADP-ribose) polymerase inhibitor treatment.
Western countries have established FPC registries since
the 1990s and several surveillance projects for highrisk individuals are now ongoing to detect early PCs.
Improvement in lifestyle habits, including non-smoking,
is recommended for individuals at risk. In Japan, the
FPC study group was initiated in 2013 and the Japanese FPC registry was established in 2014 by the Japan
Pancreas Society.
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Core tip: The incidence of pancreatic cancer increases
with the number of family members with pancreatic
cancer (PC). Familial pancreatic cancer (FPC) is defined
as at least two first-degree relatives with PC that
does not meet the criteria of other hereditary cancer
syndromes. FPC has some epidemiological, patholo
gical, and therapeutic characteristics. Since the 1990s,
FPC registries have been established for use in studies
to follow up high-risk individuals with family history of
PC and hereditary cancer syndromes. Japan initiated a
nationwide FPC registry in 2014, and several projects
are expected at both the clinical and basic levels.
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Abstract
Familial pancreatic cancer (FPC) is broadly defined as
two first-degree-relatives with pancreatic cancer (PC)
and accounts for 4%-10% of PC. Several genetic syndromes, including Peutz-Jeghers syndrome, hereditary
pancreatitis, hereditary breast-ovarian cancer syndrome
(HBOC), Lynch syndrome, and familial adenomatous
polyposis (FAP), also have increased risks of PC, but
the narrowest definition of FPC excludes these known
syndromes. When compared with other familial tumors,
proven genetic alterations are limited to a small proportion (< 20%) and the familial aggregation is usually
modest. However, an ethnic deviation (Ashkenazi
Jewish > Caucasian) and a younger onset are com-
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INTRODUCTION
Today, in both Japan and Unites States, the number
of patients with pancreatic cancer (PC) is gradually
[1,2]
increasing . The nationwide cancer deaths due to
PC is now total over 30000, so that PC ranks fourth
among all human cancers (http://ganjoho.jp/reg_stat/
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Table 1 Relative risk of pancreatic cancer in hereditary cancer syndromes
Inherited syndrome
Peutz-Jeghers syndrome[27]
Hereditary pancreatitis[28-31]
Familial atypical multiple mole melanoma[32,33]
Hereditary breast-ovarian cancer syndrome[34-37,73]
Lynch syndrome[38,39]
Familial adenomatous polyposis[40]

Relative risk

Cumulative risk of PC

Responsible gene

132
53-87
13-22
4-13
5-9
5

11%-36%
40%-55%
17%
2%-7%
4%
-

STK11
PRSS1
CDKN2A
BRCA1, BRCA2
MLH1, MSH2, MSH6, PMS2
APC, MUTYH

PC: Pancreatic cancer.
[1]

statistics/dl/index.html#mortality) . A survey by the
Japanese Pancreas Society (2012) indicated an overall
5 year survival for PC patients of only 13.0%. However,
when treated when the tumor size is ≤ 10 mm or
within UICC-Stage 0, the 5 year survival increases to
[2]
80.4% and 85.8%, respectively . The best strategy
for curing this deadly cancer is currently thought to be
early detection by following high-risk individuals and
resection at a suitable time.
The risk factors for PC include image-detectable
pancreatic diseases and lifestyle factors. The former
[3,4]
[3]
includes pancreatic cysts , pancreatic duct dilation ,
[5]
intraductal papillary mucinous neoplasm (IPMN) ,
[6,7]
and chronic pancreatitis , while the latter includes
[8-10]
[10-12]
[13,14]
smoking
, diabetes mellitus
, obesity
, and
[15]
low vitamin intake , among others. A family history
of PC is another known risk, and one that cannot be
modified by individual effort or by medicine.
Various human cancers show family history as a
risk of the same cancer developing in related family
[16-18]
members
. Several case-control studies and cohort
studies have demonstrated an increased risk of PC
in those who have a first degree relative (FDR) who
[19]
[20]
is a PC patient [2.1 -5.3
of odds ratio (OR) and
[21]
[22]
[23]
1.5 -1.7
of relative risk (RR) ]. The incidence
of PC increases with the number of family members
with PC, so that persons with one FDR with PC have
a 4.5 fold increased risk of PC, those with two FDRs
have a 6.4 fold increased risk, and those with three or
[24]
more FDRs have up to a 32 fold risk . The presence
of two or more pancreatic cancer patients within FDRs,
and without association with known hereditary genetic
syndromes, is defined as familial pancreatic cancer
(FPC).
The incidence of FPC among total cases of PC is
4%-10%. However, highly affected families are rare
(i.e., families with three or more PC cases within FDRs
[10]
account for only 0.5% of all PC cases in Japan) ,
and their inherited risk is not as high as that of other
human malignancies (e.g., melanoma, prostate cancer,
ovarian cancer, and breast cancer) as confirmed by a
[25]
study of a large number of twins in Nordic countries .
Several environmental factors (tobacco smoke,
[10,26]
asbestos, radon)
have been reported in cases of
FPC, and we must bear in mind that “familial PC” is
not a synonym for “inherited PC”. With the mentioned
criteria, pathogenic germline mutation has been
proven in less than 20% of FPC cases, and this is far
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lower than is observed in other familial cancers asso
ciated with the pancreatic neoplasms, such as multiple
endocrine neoplasia type 1 (MEN1) and von HippelLindau disease.
Higher risks of PC are also associated with some
inherited syndromes, such as Peutz-Jeghers syndrome
[27]
[28-31]
(PJS) , hereditary pancreatitis (HP)
, familial
[32,33]
atypical multiple mole melanoma (FAMMM)
,
[34-37]
hereditary breast-ovarian cancer (HBOC)
, hereditary nonpolyposis colorectal cancer [HNPCC, Lynch
[38,39]
syndrome (LS)]
, familial adenomatous polyposis
[40]
[41]
(FAP) , and Werner syndrome
(Table 1). However,
these syndromes are excluded from the definition of
FPC in its narrowest meaning. In western countries,
high risk individuals (HRI) with a family history of PC
and hereditary cancer syndromes have been partici[42]
pating in nationwide or institutional FPC registries ,
and clinical surveillance and basic research have been
performed to detect PC in its early stage. This review
has focused on the concept and the current outcomes
of surveillance of HRI.

CHARACTERISTICS OF FPC
Epidemiology

FPC has several epidemiological features that distinguish it from ordinary PC. Similar to other familial
cancers, FPC shows a trend toward a younger onset
[43]
[44]
[FPC: age 58 -68 , compared to sporadic PC (SPC):
[43]
[44]
age 61 -74 ] and an ethnic deviation (Ashkenazi
[34]
Jewish > Caucasian) . The lifetime risk of PC also
increases with decreasing age of onset of PC in family
[44,45]
members
. Meanwhile, similar to the sporadic
[10,26]
cases, smoking (especially current smoking)
and
[10]
diabetes (recent onset of diabetes) are also risks for
FPC.
A pedigree of FPC also incurs an increased risk of
developing cancer or cancer death from diseases other
than PC, such as in melanoma (OR = 16.8, P < 0.0001),
endometrial cancer (OR = 5.26, P = 0.034), breast
cancer [weighted standardized mortality ratio (wSMR):
1.7], ovarian cancer (wSMR: 2.1), and bile duct cancer
[46]
(wSMR: 3.0) . Several studies have also demonstrated an unexplained worse prognosis in familial
[26,47]
cases than in sporadic cases
, albeit some showed
[48]
no difference . Surprisingly, two European registries
[30]
[49,50]
(EUROPAC
and FaPaCa
) that analyzed 106
FPC families (264 affected individuals) through three

937

February 14, 2017|Volume 23|Issue 6|

Matsubayashi H et al . Familial pancreatic cancer
8
12

18
16
7

6

15
4,5 3

1 13
9

14 210

20
19

11
17

21

22

23
24

Figure 1 Worldwide mapping of the (familial) pancreatic cancer registries and genetic research institutions (1-24). 1: Memorial Sloan-Kettering Cancer Center,
Familial Pancreatic Cancer Family Registry; 2: Johns Hopkins University, National Familial Pancreas Tumor Registry; 3: Indiana University, Familial Pancreatic Cancer
Registry; 4: NorthShore University, Pancreatic Cancer Family Registry; 5: Northwestern University, Pancreatic Cancer Family Registry; 6: University of Nebraska
Medical Center and Creighton University, Pancreatic Cancer Family Registry; 7: Huntsman Cancer Institute and University of Utah, Familial Pancreatic Cancer
Registry; 8: University of Washington, Familial Pancreatic Cancer Registry; 9: Columbia University, Pancreatic Cancer Registry; 10: Thomas Jefferson University,
Jefferson Pancreas Tumor Registry; 11: University of Oklahoma, National Pancreatic Cancer Registry; 12: Oregon Health & Science University, Oregon Pancreas
Tumor Registry; 13: Dana-Farber Cancer Institute, Pancreatic Cancer Genes Study; 14: University of Pittsburgh, Pancreatic Adenocarcinoma Gene-Environment
Risk Study and Registry; 15: Karmanos Cancer Center and Wayne State University, Pancreatic Cancer Genetic Study; 16: Mayo Clinic, Pancreatic Cancer Genetic
Study; 17: University of Texas and MD Anderson Cancer Center, Pancreatic Cancer Genetic Study; 18: Mount Sinai Hospital, Toronto, Familial Gastrointestinal
Cancer Registry; 19: Philipps University of Marburg, German National Case Collection Familial Pancreatic Cancer; 20: University of Liverpool, European Registry of
Hereditary Pancreatitis and Familial Pancreatic Cancer; 21: National Registry for Familial Pancreatic Cancer in Italy; 22: Ramon y Cajal University Hospital, Madrid,
Spanish Registry of Hereditary Pancreatic Cancer; 23: The Kinghorn Cancer Center, Australian Pancreatic Cancer Genome Initiative; 24: Kyoto University, Japanese
Familial Pancreatic Cancer Registry.

phy and chronic pancreatitis-like changes observable
[53]
by endoscopic ultrasonography (EUS) .
Despite the difference in the numbers of precursor
[48,53]
lesions
, a blind review of histological observation
of 519 FPCs and 561 SPCs by expert pathologists did
not show any significant difference in terms of tumor
size, location, neural invasion, angiolymphatic invasion,
[58]
lymph nodal metastasis, and pathological stage .
[59,60]
The genome-wide allelic status
, and genetic and
[61]
epigenetic alterations
are also similar between SPC
and FPC.

generations [dates of birth: 1900-1919, 1920-1939,
1940-1969] observed “anticipation” in the affected
[51]
kindred of FPC patients ; that is, a trend existed
toward younger age and worse prognosis in the latest
generation.

Pathology and molecular biology

As is found with colorectal polyposis in numerous
FAP patients, the pancreatic histology of FPC kindred
[48]
often demonstrates multiple precancerous lesions
[52,53]
or pancreatic intraepithelial neoplasias (PanINs)
.
PanINs with various mutations of KRAS codon 12 are
[54]
frequently recognized in the vicinity of ordinary PC ;
however, they are 2.75-fold more frequent in the FPC
[55]
than in the SPC pancreas . These precursor lesions
sometimes appear in the clinical image as small cystic
[52,56]
lesions
and are more often recognized in the pancreases of FPC families than in those of CDKN2A/p16
mutation carriers (By contrast, PC is 10 times more
[57]
frequent in the latter group) . These lesions in FPC
kindred are associated with lobular parenchymal atro-
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GENETICS AND CLINICAL MANAGEMENT
OF FPC
Familial pancreatic cancer registry

Figure 1 shows a global map of the institutional and
nationwide pancreatic cancer registries, including
FPC registries. The National Familial Pancreas Tumor
Registry (NFPTR) (http://pathology.jhu.edu/pancreas/nfptr/history.php) was founded in 1994 at Johns
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Hopkins University (Baltimore, United States) . This
was followed by the European Registry of Hereditary
Pancreatitis and Familial Pancreas Cancer (EUROPAC:
[30]
http://www.europac-org.eu/)
(1997) at Liverpool
University (Liverpool, United Kingdom) and the
German National Case Collection for Familial Pancreatic
[49,50]
Carcinoma (FaPaCa: http://www.fapaca.de/)
(1999) at Phillips University (Marburg, Germany). The
NFPTR had enrolled 4322 families as of 2012; of these,
1376 families had one or more cases of PC in their
FDRs. The FaPaCa had 452 registered FPC families
[49]
as of 2009 . National FPC registries have also been
[63]
[64]
established in Italy (2007)
and in Spain (2009) .
In Japan, a kickoff meeting was held at Kyoto among
[65]
international experts in October 2012 . A committee
was assembled in 2013 and the nationwide registry
of FPC (Japanese Familial Pancreatic Cancer Registry:
JFPCR: http://jfpcr.com) was officially established in
2014 by the Japan Pancreas Society.
Consortiums and symposiums have also been organized among several high volume centers and/or FPC
registries in North America [Pancreatic Cancer Genetic
Epidemiology Consortium (PACGENE) in 2002, funded
[62]
from the National Cancer Institute]
and across the
globe [International Symposium on Inherited Diseases
[66]
of the Pancreas
initiated in 1997, Pancreatic
[8,67]
Cancer Cohort Consortium (PanScan) in 2006
,
and International Cancer of the Pancreas Screening
[68]
Consortium (CAPS) in 2011 ]. The aim has been
to gather information on patients and families of PC
and to study the cause of PC, with the ultimate goal
of improving the clinical practice of counseling and
screening of the HRIs, and to devise new early detection methods for PC and better treatments. To date, a
large number of clinical studies have been conducted
under the FPC registries, mostly concerning risk
assessment and screening of family members of FPC
patients, in parallel with basic research on pancreatic
[69]
carcinogenesis .

risks: 2%-17%), but some specific mutation types
may have further increased risks. For instance, BRCA2
6174delT, which is a Jewish founder mutation, was
detected in 13% (3/23) of Jewish PC cases and the
[82]
odds for having PC was 12.8 . Similarly, the BRCA2
K3326X mutation was detected in 5.6% (5/144) of
[83]
American FPC cases . A murine model confirmed
that a germline BRCA2 mutation suffices to promote
[84]
carcinogenesis by the KRAS mutation , which is
[54]
recognized in nearly 90% of PC cases . This may also
explain the function of BRCA2 mutation in FPC. Other
genes working in conjunction with FA complementation
[85]
[86]
[86]
groups, such as FANCA , FANCC , and FANCG ,
have been reported to show very low incidences of
mutation in FPC (0%-0.5%).
Most recently, the PACGENE study group, which
included six American and Canadian institutions,
used custom genotyping arrays (iSelect Collaborative
Oncological Gene-Environment Study array: iCOGS
array) to analyze a single nucleotide polymorphism of
985 PC cases [906 cases with a family history of PC
and 79 cases with early-onset (≤ 50 years old)]. This
group discovered evidence supporting an association
of two genetic loci with PC: 7p21.1 (HDAC9) and
[87]
21q22.3 (COL6A2) .

SURVEILLANCE OF HIGH RISK
INDIVIDUALS
Surveillance conditions

Screening the high-risk population is thought to be an
effective strategy for early diagnosis of PC; however,
several issues concerning screening have been
[68]
raised . These include the nature of the pathological
lesion that represents the best target for surgical
resection, the degree of risk expected for the scree
ning, the best modality or combination of multiple
modalities, the best age for initiating screening, the
optimal screening interval, and the cost benefit and
mental burden for the subjects.

Genetics associated with familial pancreatic cancer

The establishment of FPC registries was followed
by a long period of basic research on FPC, as well
[62]
as pursuit of its causative genes . As already
mentioned, several hereditary cancer syndromes
have increased risks for the development of PC (Table
[23,70]
1)
. Genes responsible for FPC have included ATM
[71]
[72,73]
(mutation rate: 2.4%) , BRCA1 (0-1%)
, BRCA2
[35,74,75]
[76]
(8%-19%)
, CHEK2 (2.9%) , and PALB2
[77,78]
(3.1%-3.7%)
. However, the known germline
mutations account for less than 20% of FPC cases.
These genes all function in the homologous recombination of the double strand DNA repair system, or the
[79,80]
so-called Fanconi anemia (FA) pathway
, and their
germline mutations have also been reported in familial
[81]
breast cancers .
BRCA1/2 mutation carriers have a mild to moderate level of risk for PC (relative risks: 2-8, lifetime
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Targeted pathological lesions: The CAPS consortium summit held in Baltimore (2011) concluded
that the success of a screening program for HRIs is
defined as the detection and treatment of high-grade
[52]
[88]
precursors (PanIN and IPMN ) - UICC-stage ⅠA PC
(T1N0M0; limited to the pancreas and no more than
[68]
2 cm in size) . Today, the overall survival of UICCstage ⅠA cancer is unsatisfactory (5-year survival:
68.7%). The ideal for a targeted lesion is thought
as high-grade precursors - UICC-stage 0 PC (5-year
[2]
survival: 85.8%) .
Screening candidates and lifestyle guidance at
surveillance: A high predictive value can be obtained
by surveillance if the conditions of the high-risk group
enrolled in a screening protocol are well examined.
This is important from the viewpoint of the advantage-
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Table 2 Screening candidates with high risks

1

Table 3 Non-genetic risk factors of pancreatic cancer

Individuals with ≥ 3 affected relatives, with ≥ 1 affected FDR
Individuals with ≥ 2 affected FDRs with PC, with ≥ 1 affected FDR,
reaching a certain age
Individuals with ≥ 2 affected relatives with PC, with ≥ 1 affected FDR
Peutz-Jeghers syndrome patients, regardless of family history of PC
CDKN2A mutation carriers with one affected FDR
BRCA2 mutation carriers with one affected FDR
BRCA2 mutation carriers with two affected family member pf PC
PALB2 mutation carriers with one affected FDR
Mismatch repair gene mutation carrier (lynch syndrome) with one
affected FDR

Factors

OR = 1.5-2.2
RR = 1.8-1.9
RR = 1.1-1.4
SIR = 13-14
SIR = 16
HR = 6.4
HR = 6.2; OR = 10.3

SIR: Standardized incidence ratio.

1

Quoted from the reference[69]. FDR: First-degree relative; PC: Pancreatic
cancer.

using EUS, enhanced computed tomography (CT), or
magnetic resonance imaging (MRI) during the screening of 167 consecutive cases of IPMN; these authors
concluded that EUS had the best sensitivity. EUS is also
superior at detecting risk findings frequently seen in
[3]
HRIs, such as duct ectasia, cysts , and subtle paren[53,97,100-102]
chymal findings of the pancreas
. However,
agreement is poor in terms of these characteristic
[103]
findings, even among expert endosonographers
.
First, visualization by EUS largely depends on the
[104]
operator’s skill
. The choice of EUS scopes is also
[105]
contentious , as convex and radial types each have
[106]
their own different peculiarities
. Other drawbacks
of EUS include the necessity for a relatively long-time
fasting period and conscious sedation, with a limited
observation area in cases with a reconstructed upper
gastrointestinal tract. In this sense, abdominal ultrasonography is a handy tool that may substitute for EUS if
visualization of the pancreas is good without any blind
[3]
spots , for the subjects with slim abdominal trunk.
MRI or magnetic resonance cholangiopancreatography (MRCP) is good at visualization of the pancreatic
ductal systems. Dilation of the pancreatic duct and cyst
[3,4]
formation are risk factors for PC
and are actually
frequently recognized in HRIs (cyst in 38.9% and duct
[102]
ectasia in 2.3%) , making MRCP a promising tool for
assessing the risk level of HRIs. CT scans have a high
spatial resolution; however, the healthy examiners
are exposed to radiation. Long-term screening for
breast cancer with low-dose radiation may possibly
increase the incidence of cancer in BRCA mutation
[107]
carriers (BRCA1: < 2%, BRCA2: < 4%) . This risk
is especially high when radiation exposure occurs at
age 20 or younger (OR = 2.0, 95%CI: 1.3-3.1) or
is repeated five or more times (OR = 1.8, 95%CI:
[108]
1.1-3.0)
. Excessive use of CT should be avoided
in a BRCA mutant cohort. Endoscopic retrograde
cholangiopancreatography (ERCP) is too invasive for
routine screening and carries its own risk of procedureassociated pancreatitis; nevertheless, it is used for further investigation as it has the advantage of obtaining
[42,109-111]
pathological samples
. Repeated pancreatic
juice cytology with placement of endoscopic nasopancreatic duct drainage is effective for detecting early
pancreatic carcinoma or carcinoma in situ spreading
[109]
within the pancreatic duct . EUS-guided fine needle

disadvantage balance, especially concerning the eco
nomic and mental burden placed on the individuals who
undergo this surveillance.
The risk level of the candidate individual is assessed
[24]
based on the numbers of affected family members
[89,90]
and hereditary syndromes (Table 1). “PancPro”
is
free software for estimating PC risk (based mainly on
hereditary risk) that uses prospective data obtained
from 961 families enrolled in the NFPTR; this software
is actually applied to the screening programs in
[90]
Italy . The international consortiums recommended
[68,91]
[66,92-95]
that an individual who had a 5
to 10
fold
risk undergo PC screening. However, we must bear
in mind that a complete view of the genetic suscep
tibility of PC is still unavailable and huge amounts of
data from whole genome sequencing are needed for
accurate assessment. At present, the CAPS consortium
has proposed nine conditions for candidate HRIs (Table
2), within a setting of greater than a 5-fold risk or a 5%
[68]
of lifetime risk of PC .
A screening strategy should also evaluate the risk
factors of lifestyle and pancreatic diseases, such as
[8,10,26,66,96]
[13,14,66]
[14]
smoking
, obesity
, physical inactivity ,
[10-12,66]
[6,7,66]
[88]
diabetes
, chronic pancreatitis
, IPMN ,
[3,4]
[3]
pancreatic cyst , pancreatic duct ectasia , etc. (Table
3). For instance, a patient with diabetes mellitus and
a smoking history and a patient with one FDR with PC
each showed a 10-fold risk when compared with nega[10]
tive controls . The initial counseling should be used
to present modifiable risks related to the lifestyle to
HRIs and their improvement should be recommended;
i.e., smoking cessation, a healthy diet high in fruits
and vegetables, higher intakes of vitamin D (> 600
[15]
IU) , and regular exercise to control weight (body
2 [66]
mass index: < 25 kg/m ) .
Modalities of screening: Consensus could not be
reached at the international consortium regarding the
[66]
modality that is the most suitable for screening .
Many institutions currently use EUS as their standard
[70]
modality , based on its ability to detect small
[97-100]
[100]
pancreatic lesions (< 1 cm)
. Kamata et al
prospectively compared the sensitivity of detecting a PC
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Risk level

Smoking[8-10]
Diabetes[11,12]
Obesity[13,14]
Chronic pancreatitis[6,7]
Intraductal papillary mucinous neoplasm[5]
Dilated main pancreatic duct [3]
Pancreatic cyst[3,4]
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[119]

aspiration (EUS-FNA) can target small invasive carcinoma, although only limited tissues can be obtained
[112]
from carcinoma in situ, and dissemination is a risk .
In summary, EUS and MRI are considered the most
[100-102,113]
accurate image tools
with high agreement
among the consortium experts (agreement, EUS:
[68]
83.7% and MRI/MRCP: 73.5%) . EUS-FNA and
ERCP are applicable when abnormal findings or their
[42,97]
changes are observed in other images
. In addition
to image analysis, serum tumor markers, including
elevated carcinoembryonic antigen and CA19-9, should
[42,49,50,68]
be checked each time
.

4%-8% per year)
. A secondary pancreatectomy
for the remnant pancreas can be conducted without
[120]
increasing morbidity and mortality , so resection of
the target area, rather than TP, has been preferable
thus far.
For many years, TP with pancreatic transplantation
has been conducted in patients with type 1 diabe[119]
tes
and TP combined with islet autotransplantation
has been performed on chronic pancreatitis patients
[121]
with intractable pain . However, most recently, due
to the improvements in post-surgical quality of life,
these treatment procedures have been considered and
actually indicated for FPC kindred with premalignant
[119,122,123]
lesions
. Further improvements are expected in
the future.

When to start screening: Screening in many institu[64,97]
tions is started at 40 years of age
or 10 years
younger than the age of the youngest relative with
[42,49]
PC
. As PC develops in cases of PJS at a young age
[27]
[97]
(40.8 years) , screening is started at 30 years old .
However, detection of pancreatic lesions increases
[102,114]
after age 50-60
. No consensus has been reached
regarding the age to initiate screening and more than
half (51%) of the experts in CAPS consortium voted
[68]
the initial screening at age 50 .

Present outcomes of surveillance of high risk
individuals

Several surveillance results have been reported
from single or collaborated FPC registries in western
countries; their protocol conditions and outcomes
[42,50,91,92,94,95,97,101,114,124-127]
are summarized in Table 4
.
Some of the cases from the same registry may appear
in more than one report; therefore, interpretation of
cumulative data needs caution. About 5%-20% of
the screened HRIs underwent surgery for suspected
lesions. Roughly one third of the resected cases were
benign lesions that underwent unnecessary treatment,
and only less than one fifth were borderline precursors
and carcinoma in situ, or definitive targets of the
surveillance (Table 4). A small proportion of PC was
[94]
resected at an early phase (T1N0M0) , but some
PC cases were detected at the advanced unresectable
stage. These outcomes testified to the difficulty of
providing an accurate diagnosis of PCs at the curative
stage.

Screening interval: Many institutions opt for yearly
[42,50,95,97,114]
screening
if the latest EUS and/or CT is
[68]
normal (73.5% of agreement by CAPS consortium) .
Once an abnormal finding is observed, subsequent
[50,97]
[42,68]
screening is done every 3-6 mo
or 3-12 mo
.
The endorsed screening interval for a non-suspicious
cyst is 6-12 mo (agree: 83.7%), 3 mo for a newly
detected solid lesion if surgery is not imminent (agree:
85.7%), and 3 mo for an indeterminate main pan[68]
creatic duct stricture (agree: 95.9%) . The natural
history and progression of FPC still require study to
determine the appropriate duration for screening
intervals in relation to the risk level.

Psychological and economical aspects of surveillance

Surgical indications and procedures: As already
mentioned, the characteristics of pancreatic histology
[55]
in FPC kindred are multifocal PanINs or IPMNs asso[53]
ciated with duct ectasia and parenchymal atrophy .
The surgical indication for IPMN lesions can be deter[88]
mined according to established Fukuoka guidelines .
However, detection of PanIN3 (carcinoma in situ) or
minimally invasive cancer is difficult, as these cancers
are tiny and do not form a solid mass or a nodule.
The extent of resection is controversial, depending
on the therapeutic concept. The choices are to remove
[42]
all precancerous lesions
or to resect only a targeted
[97,115]
area that includes nodular or cystic lesions
. In
cases of HBOC with the BRCA mutation, risk-reducing
salpingo-oophorectomy is affordable and has an
[116]
acceptable level of complications
. However, for
the pancreas, total pancreatectomy (TP) has severe
complications, including a considerable level of
postsurgical in-hospital mortality (cf. nationwide: 23%,
[117,118]
high-volume hospital: 5%, in Germany)
and
subsequent serious glycemic control failure (mortality:
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Screening participants who are FPC kindred commonly
express grief from the experience of family death due
[128-130]
to PC
, and are distressed by the high mortality
and uncertainty related to prevention and early detec[128]
tion
. Their motivation for participating in surveillance is “possible early detection of (a precursor stage
[131]
of) PC” (95%-100%)
, and they want to control
their cancer risk by seeking information and resources
[128]
to prevent PC
. Research conducted by the Mayo
Clinic indicated that 67% (238/361) of FPC kindred felt
they had a higher lifetime risk of PC when compared
to people of the same age, race, and gender, and 95%
were likely to undergo blood test surveillance and 75%
[130]
were likely to undergo EUS surveillance . A study at
the University of Toronto revealed that the perception
of PC risk was higher in FPC kindred than in BRCA2
[129]
mutation carriers (42% vs 15%) . Most participants
had anxiety and worry at the beginning, although
[128,130]
only occasionally or sometimes
; however, this
gradually decreased as surveillance progressed (over
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United States

2009

2010

2011

Poley et al[95]

Verna et al[124]

Ludwig et al[114]

Vasen et al[125]
2011
Zubarik et al[126]
2011
Al-Sukhni et al[127] 2012

Sud et al[91]

FaPaCa

Vasen et al[94]

2016

Sweden

Del Chiaro et al[92] 2015

United States

Netherlands

FaPaCa

2000-2015

2010-2013

2008-2011

2000-2010
2006-2009
2003-2011

2002-2009

2005-2008

2005-2007

1999-2007

2001-2004

NA
1998-2001

CDKN2A-Leiden (+)
FDR of PC with sCA19-9↑
FPC kindred, PJS, HP, CDKN2A
(+), BRCA1/2 (+), STK11 (+)
FPC kindred, HP, CDKN2A (+),
BRCA1/2 (+), PJS, LS
FPC kindred, individuals with
increased genetic risk
FPC kindred, CDKN2A (+),
BRCA1/2 (+), PALB2 (+)

FPC kindred, BRCA2 (+)4,
CDKN2A (+) FAMMM family
FPC kindred, HP, PJS, FAMMM,
BRCA1/2 (+), TP53 (+)
FPC kindred, BRCA1/2 (+), LS,
FAMMM
FPC kindred, BRCA1/2(+)

FPC kindred, PJS

FPC kindred
FPC kindred, PJS

Subjects conditions

46-56
(25-81)

50 (23-76)

51 (20-75)

56 (39-72)
59 (NA)
54 (22-89)

54 (33-86)

52 (29-77)

50 (32-75)

60 (35-85)

52 (32-77)

41 (28-65)
58 (NA)

Age
(range), yr

411

40

16

79
26
262

109

51

44

76

78

14
38

n

16-53

13

NA

48
NA
50

Initial

Initial

Initial6

NA

12

15
22

Duration
(mo)

MRI → EUS,
EUS-FNA
MRI ± EUS → EUS,
CT → EUS-FNA

EUS, MRI → EUSFNA, ERCP
MRI → EUS,
EUS-FNA
MRI
EUS → EUS-FNA
MRI → MRI, EUS,
EUS-FNA, ERCP
EUS → EUS-FNA

EUS, CT → ERCP
EUS → CT, EUSFNA, ERCP
EUS, CT → EUSFNA, ERCP
EUS, MRI →
EUS-FNA
EUS → CT, MRI

Modality
(surveillance →
examination)

7.3% (30)

12.5% (5)

18.8% (3)

6.3% (5)
11.5% (3)
1.5% (4)

5.5% (6)

9.8% (5)

6.8% (3)

9.2% (7)3

9.0% (7)

50.0% (7)
18.4% (7)

Ratio of surgical
cases (n )

15

2

1

0
2
3

3

4

0

6

4

0
4

4

0

0

0
0
0

2

0

0

0

3

75
2

11

3

2

5
1
1

1

1

3

0

0

0
1

Pathology of the pancreatic lesion: n
1
2
Benign
Border/CIS
PC

1.0% (4)

0% (0)

0% (0)

2.5% (2)
0% (0)
0.8% (2)

0% (0)

2.0% (1)

0% (0)

0% (0)

1.3% (1)

0% (0)
0% (0)

Ratio of unresectable
advanced PC (n )

[132]

a 3-year period of follow-up)
. This trend was significant in younger participants . The German FaPaCa registry showed that only 39% (80/205) of HRIs participated in the recommended surveillance. The psychological status of these non-participants is still unknown.
Several studies have analyzed the cost-effectiveness of the PC surveillance of HRIs; however, they are not consistent in terms of the applied modality and the target
[133]
group. For example, Rulyak et al
evaluated a one-time screening by EUS and ERCP and reported an incremental cost-effectiveness ratio of $16885/life-year saved.
They concluded that surveillance remained cost-effective if the prevalence of dysplasia was at least 16% or if the sensitivity of EUS was at least 84%. Bruenderman
[134]
et al
estimated costs per year of life of MRI/MRCP surveillance for CDKN2A (p16)-Leiden mutation carriers at $4545, and concluded it to be affordable. By contrast,
[135]
Latchford et al
estimated a life-saved cost of over $350000 for total surveillance of PJS patients that followed the American Gastroenterology Association guidelines
[136]
and recommended its performance only on a research basis. Rubenstein et al
applied a Markov model to FPC kindred in a setting of 45-year-old-males with positive
EUS findings of chronic pancreatitis and compared four different strategies: doing nothing, prophylactic TP, annual EUS surveillance, and annual EUS-FNA surveillance.

[129,131]

Benign lesions included low-moderate grade of intraductal papillary mucinous neoplasm (IPMN), grade 1-2 of pancreatic intraepithelial neoplasm (PanIN), serous cystadenoma, and neuroendocrine tumor; 2High-grade
precursors and PanIN3; 3No lesion detected in one case of resected pancreas; 4(+): mutation carrier; 5Wide spread dysplasia; 6Evaluated only by the initial surveillance, one resectable pancreatic cancer case (T1N0M0) not resected
because of metastatic melanoma. PC: Pancreatic cancer; FPC: Familial pancreatic cancer; PJS: Peutz-Jeghers syndrome; HP: Hereditary pancreatitis; FAMMM: Familial atypical multiple mole melanoma; LS: Lynch syndrome;
FDR: First degree relative; FaPaCa: German national case collection for familial pancreatic cancer; NA: Not available, EUS: Endoscopic ultrasonography; EUS-FNA: EUS-guided fine needle aspiration; CT: Computed tomography;
ERCP: Endoscopic retrograde cholangiopancreatography; MRI: Magnetic resonance imaging.

1

Netherlands
United States
Canada

2009

Langer et al[50]

2014

United States

2006

Canto et al[97]

United States

1999
2004

United States
United States

Year Country/registry Entry period

Brentnall et al[42]
Canto et al[101]

Ref.
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The “doing nothing” strategy provided the lowest
cost, the greatest remaining years of life, and the
best quality-adjusted life years, when compared to
the smallest benefit in these aspects obtained with
prophylactic TP.

CONCLUSION
In addition to classical risk factors, hereditary factors
including family history of pancreatic cancer and some
genetic syndromes must be taken into account when
screening to detect early pancreatic cancer. Since the
1990s, basic and clinical research has accumulated
much scientific data on FPC. However, to date, scree
ning of HRIs has had unsatisfactory outcomes. In 2014,
the JFPCR was established in Japan, and projects have
just begun for early detection and better outcomes of
PC. Success in this venture will depend on improvement of all aspects, including genetic medicine, scree
ning and treatment methods, and better understanding
of what determines a HRI.

CHEMOTHERAPY FOR FAMILIAL
PANCREATIC CANCER WITH BRCA
MUTATION
For unresectable PC, on the basis of current evidence,
FOLFIRINOX (fluorouracil, folic acid, irinotecan, and
oxaliplatin) and gemcitabine-based regimens are
standard choices of chemotherapy (median survival:
[70]
11 mo and 6-9 mo, respectively) . However, in
agreement with the response observed in HBOC
[137-139]
patients
, PC patients with BRCA1/2 mutation
carriers respond well to platinum-based chemo[140]
therapy
and poly (ADP-ribose) polymerase (PARP)
[138,141]
inhibitors
, as determined in several studies. For
[140]
example, Golan et al
compared overall survival (OS)
of 43 patients with stage Ⅲ-Ⅳ PC with BRCA mutation
carriers in terms of their chemotherapy regimen-either
platinum or non-platinum. Superior OS was observed
for patients treated with platinum chemotherapy (n
= 22) than with non-platinum (n = 21) (22 mo vs
9 mo, P = 0.039). A similar effect was confirmed in
[142]
an experiment using xenografts by Lohse et al
,
who reported that PC xenografts harvested from
BRCA mutation carriers and implanted into nude mice
showed sensitivity to both gemcitabine and cisplatin.
By contrast, xenografts from BRCA wild cases showed
sensitivity only to gemcitabine. A joint study by Johns
Hopkins University and the MD Anderson Cancer
[143]
Center
analyzed effectiveness of platinum-based
chemotherapy in metastatic PC patients (n = 549) by
familial cancer history, although germline BRCA status
was not described, and demonstrated a superior OS in
patients with family history of either breast, ovarian,
or pancreatic cancer (HR = 0.49, P = 0.003). Survival
was strongly associated with the number of relatives
with BRCA-related malignancy (P = 0.009).
[138]
Kaufman et al
reported that a PARP inhibitor
(PARPi) treatment induced a 22% response ratio with
4.6 mo of progression-free survival in BRCA-mutant PC
patients who had already showed progression resistant
to the gemcitabine treatment. PARPi is effective for PC
cases with deficiency in the homologous recombination
pathway; i.e., in cases with either mutation of ATM,
BRCA1, BRCA2, or CHEK2. This outcome is explained
by a synthetic lethal theory, where apoptosis is induced
by blocking both the single- and double-strand DNA
[139]
break repair system
. Currently, data are lacking
with respect to PARPi use against FPC in causative
mutation carriers. Future outcomes are expected.
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MINIREVIEWS

Lymphocytic esophagitis: Still an enigma a decade later
Carol Rouphael, Ilyssa O Gordon, Prashanthi N Thota

Abstract

Carol Rouphael, Department of General Internal Medicine,
Cleveland Clinic Foundation, Cleveland, OH 44195, United
States

Lymphocytic esophagitis (LE) is a clinicopathologic
entity first described by Rubio et al in 2006. It is defined
as peripapillary intraepithelial lymphocytosis with
spongiosis and few or no granulocytes on esophageal
biopsy. This definition is not widely accepted and the
number of lymphocytes needed to make the diagnosis
varied in different studies. Multiple studies have
described potential clinical associations and risk factors
for LE, such as old age, female gender and smoking
history. This entity was reported in inflammatory bowel
disease in the pediatric population but not in adults.
Other associations include gastroesophageal reflux
disease and primary esophageal motility disorders. The
most common symptom is dysphagia, with a normal
appearing esophagus on endoscopy, though esophageal
rings, webs, nodularities, furrows and strictures have
been described. Multiple treatment modalities have
been used such as proton pump inhibitors and topical
steroids. Esophageal dilation seems to be therapeutic
when dysphagia is present along with esophageal
narrowing secondary to webs, rings or strictures. The
natural history of the disease remains unclear and
needs to be better delineated. Overall, lymphocytic
esophagitis seems to have a chronic and benign course,
except for two cases of esophageal perforation in the
literature, thought to be secondary to this entity.
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Core tip: Lymphocytic esophagitis has recently been
described in 2006 and subsequently, multiple groups
have attempted to describe its clinical associations
and risk factors with minimal information available on
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matory process. A normal esophageal mucosa has a
small number of dispersed lymphocytes, mostly with
irregular nuclear contours, and mainly in the peripapil[9]
lary epithelium . An acceptable count of IELs in a
[10]
normal esophagus was reported to be 10 IELs/HPF .
The lymphocytic population in the esophagus is part of
the gut-associated lymphoid tissue: Cytotoxic CD8+
T cells are normally seen in the squamous epithelium
along with Langerhans cells. Helper CD4+ T cells and
[11]
B lymphocytes reside in the lamina propria .
Given that LE is defined as an increased number of
IELs, we would expect a peripapillary predominance
of cytotoxic CD8+ T cells in the esophageal squamous
epithelium. This has been inconsistent however, and a
recent study demonstrated a CD4+ T-cell-predominant
intraepithelial lymphocytosis in patients with primary
esophageal motility disorder (PEMD) raising the possibility of a new clinicopathologic entity that they labeled
[12]
“dysmotility-associated LE” . In contrast, in cases
of LE in patients with normal esophageal motility, the
number of CD4+ and CD8+ T lymphocytes varied.
Indeed, one study found a CD8+ T-cell predominance
when LE was associated with GERD in the absence of
[13]
PEMD . A better immunophenotypic characterization
of LE is hence needed for a superior definition. Another
aspect of deficiency in the definition of LE is reflected
in the various studies performed with different cut-offs
used to demarcate an increased IEL count, ranging
[14]
[15,16]
between ≥ 10 IEL/HPF
and ≥ 50 IEL/HPF
with
[17,18]
a cut off of ≥ 20 IEL/HPF being commonly used
.
Moreover, the acceptable number of a “few granulocytes” needs to be better defined, as granulocytic
inflammation is typically seen in GERD.

treatment. We performed a PubMed search of all case
reports and retrospective studies published in English
about lymphocytic esophagitis. The objective of this
paper is to present a scientific review of all aspects of
this emerging clinical entity known to date.
Rouphael C, Gordon IO, Thota PN. Lymphocytic esophagitis:
Still an enigma a decade later. World J Gastroenterol 2017;
23(6): 949-956 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i6/949.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i6.949

INTRODUCTION
Lymphocytic esophagitis (LE) is a new clinicopathologic
[1]
entity that was first described by Rubio et al in
2006 and subsequently, more frequently diagnosed
and reported by clinicians and pathologists over the
last decade. It consists of peripapillary intraepithelial
lymphocytes (IELs) with no or rare granulocytes on
esophageal biopsies. Despite LE being an emerging
entity, esophageal IELs have been described years ago
and several studies, as early as the 1970s, suggested
a possible association between gastroesophageal reflux
[2]
disease (GERD) and an increased number of IELs .
The co-occurrence of lymphocytes and granulocytes
[2-4]
in reflux esophagitis has also been reported . IELs
with irregular nuclear contours were described on the
esophageal biopsy specimens of patients with reflux
[4]
[5]
esophagitis . In the late 1990s, Wang et al found
that IELs were not an independent marker of reflux
esophagitis as no correlation was noted between the
number of neutrophils and T lymphocytes, despite
the presence of a correlation between the number
of T lymphocytes and eosinophils. Around that time,
in a Swedish study looking for Menetrier’s disease
and varioliform lymphocytic gastritis in baboons, one
esophageal biopsy specimen was noted to be infiltrated
by lymphocytes with round irregular contours and a
[6]
lack of granulocytes . The latter study was the basis
for Rubio’s group to start looking for human biopsy
specimens with similar characteristics and describe LE
for the first time. They characterized this condition by
heavy peripapillary intraepithelial lymphocytic infiltra[1]
tion with no or rare granulocytes . Consequently,
multiple studies done on LE noted intercellular edema
[7,8]
known as spongiosis
on pathology slides, a criterion
that was later added to Rubio et al definition. The
widely accepted definition for lymphocytic esophagitis
is increased peripapillary IELs by more than 20 IELs
per high power field with little or no granulocytes,
along with spongiosis (Figure 1).

Clinical Features of LE
The incidence of LE has been on the rise in the United
States over the past few years. It is unclear whether
this is true increase in incidence or simply secondary
to the condition being better recognized by pathologists and clinicians. In one study of 81 subjects with
LE, 81.5% were diagnosed between 2006 and 2009
as compared to 6.2% diagnosed between 1998
[18]
and 2001 . It has been published that LE is being
detected at a rate of 1 in a 1000 on endoscopies and
[7]
biopsies performed in the outpatient setting . It is
also unclear whether LE is more commonly seen in
the western world or developing countries. Despite the
fact that a Swedish group first characterized it, most
published case reports and studies looking for clinical
associations and potential risk factors took place in the
United States. To the best of our knowledge, only three
case reports in the English literature described cases
[19]
of LE outside the United States, including Japan ,
[20]
[21]
Portugal
and Australia . In contrast to the findings
[1]
of Rubio et al , it is becoming evident that LE seems
to affect older women to a larger extent, in their sixth
[12,14,17,18]
decade
, in contrast to eosinophilic esophagitis
(EoE) seen in younger men. Smoking was also found

Histopathology
The presence of neutrophils, eosinophils or increased
lymphocytes on esophageal biopsy indicates an inflam-
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Figure 1 Histopathologic findings in lymphocytic esophagitis: increased
peripapillary intraepithelial lymphocytes with spongiosis (hematoxylin
and eosin stain; × 20 magnification).

Figure 2 Endoscopy showing narrowed esophagus with subtle strictures.

was found to have multiple concentric rings in her mid
and lower esophagus with biopsies consistent with LE.
Those endoscopic findings are similar to EoE given the
lesions and the location. It is hence important to realize that a feline esophagus is not specific for EoE. In
addition, the most common presentation of LE seems
to be dysphagia with a normal esophageal mucosa on
endoscopy, hence the need for a biopsy, not only to
rule out EoE, but also to look for LE. The esophageal
abnormalities associated with LE have been reported
in multiple locations of the esophagus. In a patient
with systemic lupus erythematosus and Behçet’s
disease, multiple rings were noted in the upper third
of the esophagus exclusively, with small outpouchings
developing in the cervical esophagus years later and
[20]
requiring dilation . In another patient with lymphoma
and esophagitis, presenting with dysphagia and food
impaction, endoscopy revealed mid-esophageal rings
[24]
as well as a distal esophageal stricture . Lesions
seem to develop in all 3 parts of the esophagus with
the mid esophagus being mostly co-involved with
the proximal or distal parts. As a matter of fact, in
[12]
their study, Xue et al
specified that most biopsies
were obtained from the mid-esophagus and had a
higher IEL count compared to other locations in the
esophagus.

to be associated with LE in multiple retrospective
[14,17]
studies
. Patients tend to present with dysphagia
as the most common symptom, though reflux/heartburn, chest pain, nausea and abdominal pain have
[8,12,14,18]
been reported as well
.

Endoscopic Findings
Endoscopic findings vary from normal mucosa in
[12,18]
up to one-third of the cases (19.8%-35%)
to
esophageal rings, strictures, furrows and webs (Figure
[18]
2). For instance, Cohen et al
demonstrated that
the esophagus looked normal in approximately 30%
of their subjects, with the most common lesions in
others being esophageal rings (19.6%), esophagitis
(13%) and strictures (8.6%). Erythema, nodularities, furrows and webs were observed to a lesser
[8]
extent. Purdy et al noted a significant difference in
endoscopic findings between LE subjects and controls.
[18]
Similar to Cohen et al
findings, a normal appearance of the esophagus was the most common finding
in both groups. It is noteworthy however that when
[22]
Putra et al
compared patients with PEMD to their
controls (GERD patients with no dysmotility disorder),
patients with LE were more likely to have a normal
upper endoscopy than patients with “dysmotility
negative-GERD” (p = 0.004). No significant difference
was noted however between both groups when looking
at rings, furrows, esophagitis, possible Barrett’s esophagus, ulcer or stricture, findings that were much less
encountered in both groups than a normal esophageal
mucosa. The majority of the retrospective studies conducted to look for clinical associations and risk factors
for LE, found that LE most commonly presented with
a normal esophagus. This observation was in contrast
[14]
to Pasricha et al
findings, who noted that 82%
(23/27) of their sample had abnormal endoscopic
findings in the esophagus. In addition, all of the case
reports published to date, report abnormal esophageal
[23]
findings. For instance, Zhang et al reported the case
of a 66-year-old female with history of dysphagia, who
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Clinical Associations and Risk
Factors for LE
[1]

Since Rubio et al first described LE, multiple groups
throughout the United States attempted to better
characterize this entity through retrospective studies
trying to identify this emerging entity’s clinical features.
Numerous potential clinical associations were looked
[15,16,25]
at, including inflammatory bowel disease (IBD)
,
[22]
esophageal dysmotility disorders , hypersensitivity
[8,14,17]
and mucosal insults
, celiac sprue, common vari[26]
able immunodeficiency disorder
and GERD, as presented below (Table 1). Other groups tried to establish
LE as an independent and distinct clinical entity, many
[8,12,14]
of them failing to find any potential correlates
. To
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45
(21 LE-NG)
(24 LE-FG)
10/22 with nutcracker esophagus
7/33 with ineffective motility
5/14 with diffuse esophageal spasm

Xue et al[12], 2015

4/47 patients with IBD

31

Crohn’s and LymphocyticEsophagitis:
17 out of 60 patients with Crohn’s
119

Basseri et al[25], 2013

Sutton et al[16], 2014

Ebach et al[15], 2011

Haque et al[7], 2012

81

27

Pasricha et al[14], 2016

Cohen et al[18], 2012

33

Kissiedu et al[17], 2016

Crohn’s disease patients:
Female: 17; Male: 43
Female: 72; Male: 47

Female: 15; Male: 16

Female: 23; Male: 24

Female: 44; Male: 37

Female: 17; Male: 10

Nutcracker esophagus:
Female: 11; Male: 11
Ineffective motility:
Female: 20; Male: 13
Ineffective motility:
Female: 8; Male: 6
Female: 6; Male: 27

LE-NG: Female: 15; Male: 7
LE-FG: Female: 15; Male: 9

Not Available

Female: 10; Male: 10

Gender Distribution n (%)

Crohn’s disease patients: 13.3
Range: (4.7-20.7)
63
(Median)

8.9

51
Range: (19-84)
39.3 ± 14.6

56 ± 16

67 ± 10

Nutcracker Esophagus: 54 ± 11
Ineffective motility: 56 ± 14
Diffuse spasm: 62 ± 11

31.3
Range: (2-28)
44
Range: (2-81)
LE-NG: 59 ± 12
LE-FG: 65 ± 13

1

Mean age of patients with LE (yr)

Helicobacter pylori gastritis, celiac disease, duodenal
lymphocytosis, Crohn’s disease

IBD

GERD, achalasia, allergies, asthma, eczema, IBD,
hypothyroidism, alcohol use, tobacco use
GERD, asthma, IBD, diabetes mellitus, celiac disease,
smoking, alcohol use
Crohn’s disease, GERD, Infectious/inflammatory
disorders, Polyps/neoplasms, Immune disorders,
mechanical disorders, functional abdominal pain

Smoking, hyperlipidemia, cryotherapy, radio- frequency
ablation, endoscopic mucosal resection
IBD, GERD, Barrett’s esophagus, achalasia, drug allergy,
asthma, eczema, IBS, cancer, tobacco, alcohol, drug use

Nutcracker esophagus, ineffective motility, diffuse
esophageal spasm

Crohn’s disease, asthma, liver cirrhosis, Sclerosing
cholangitis
Allergies (drug and non-drug), Helicobacter pylori gastritis,
Crohn’s disease
Motility abnormalities

Associated conditions

Not available

Not available

Not available

Proton pump inhibitors
Anti-tumor necrosis factor agent
Not available

Proton pump inhibitors
Fluticasone
GI cocktail (maalox, donnatal,
lidocaine)
Prednisone taper

Not available

Diltiazem
Proton pump inhibitors
Botulinum toxin
Peppermint
Nitroglycerin sublingual

Not available

Not available

Not available

Treatment

Esophageal Crohn’s disease (CD) is well recognized and is known to occur in approximately 6.5% of the affected juvenile patients as compared to 0.3%-2% in adults with
[27]
[28]
CD . In severe forms, it is characterized by sharply demarcated ulcers or erosions, and the mucosa surrounding those lesions is typically normal . Of 20 esophageal
[1]
biopsy cases with histologic LE, 8 cases of CD (including 7 pediatric cases) were identified by Rubio et al , suggesting a potential correlation with CD in the juvenile popu-

IBD

date, LE remains a “disease” with no established definition or clinical associations.

Age expressed as mean ± SD, unless otherwise stated. LE-NG: Lymphocytic esophagitis-no granulocytes; LE-FG: Lymphocytic esophagitis-few granulocytes; IBS: Inflammatory bowel syndrome; IBD: Inflammatory bowel disease;
GERD: Gastroesophageal reflux disease.

1

42

Purdy et al[8], 2008

Putra et al[22], 2016

20

Number of Patients with Lymphocytic
Esophagitis

Rubio et al[1], 2006

Ref.

Table 1 Summary of retrospective studies on lymphocytic esophagitis
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[8]

[13]

lation. Subsequently, Purdy et al confirmed a potential association between CD and LE in the pediatric
population. In their study comprising 42 patients with
LE from a mixed adult and pediatric database, 38% of
the pediatric subset with LE had CD (3 of 8 children).
[15]
Similarly, Ebach et al studied an exclusively pediatric
cohort and found that LE was present in 28% of 60
patients with CD as compared to 4.4% of 68 children
without CD. A comparable association was found in
[16]
the study by Sutton et al , where LE was present
in 12.2% of 49 patients with CD as compared to 5%
of 496 patients without CD. These results were not
reproducible in the adult population however, as shown
[25]
by the work of Basseri et al , where only one out
of 47 patients with LE had CD. Similarly, results were
[7]
consistent in the studies conducted by Haque et al
[12]
and Xue et al , where none of the 119 and 45 adult
patients with LE respectively, had CD. LE might hence
be a manifestation of CD or, possibly, an indicator of
IBD activity in the pediatric population, but remains
nonspecific and most likely not associated with IBD in
adults.

by Olson et al
in the form of an abstract, concluded
that LE could be associated with GERD with CD8+
T-cell predominant IELs. Another study by Kissiedu
[17]
et al
looked at post-ablation surveillance biopsies
in patients with Barrett’s esophagus. A significantly
higher prevalence of LE was noted on surveillance
biopsies as compared to pre-ablation specimens, suggesting mucosal injury to be a potential trigger to the
development of this condition. Yet, it is noteworthy
that all those patients had GERD. A similar mechanism
of mucosal injury could hypothetically explain the
association noted between LE and smoking.

Other potential associations investigated

In addition to the above-mentioned clinical associations, authors have investigated other hypothetical
[14]
correlations. Pasricha et al
excluded patients
with lichen planus from their study: according to
the authors, lichen planus and LE are two different
entities histologically as lichen planus is characterized
by lichenoid lymphocytic infiltration, which is absent
in LE. The potential link between LE and connective
tissue disorders where analyzed in a case report from
[20]
Portugal
where dysphagia secondary to LE was not
associated with systemic lupus erythematosus and
Behçet’s disease flare-ups, as dysphagia and flare-ups
would occur at different points in time. LE was also
reported in a patient with common variable immune
deficiency receiving intravenous immunoglobulin (IVIG)
[26]
infusions . No other reports in the literature described
LE in patients with immune deficiency disorders or in
patients receiving IVIG. It is hence unclear whether
LE is linked to common variable immune deficiency,
IVIG or is simply an independent entity in this specific
patient. Some studies also looked at a potential
co-occurrence of lymphocytosis in the esophagus and
other parts of the gut. One would wonder whether LE
would co-occur with lymphocytic colitis for instance. In
[8]
their study, Purdy et al looked at biopsies from other
gastrointestinal sites obtained at the time of esophageal biopsies: Out of the 30 patients with LE, 23 had
stomach biopsies which showed normal mucosa (4/23),
Helicobacter pylori gastritis (4/23), focally enhanced
gastritis (3/23), inactive chronic gastritis (6/23) or
other random findings. Small bowel biopsies where
obtained in 15 patients and revealed normal mucosa in
8 specimens, CD in one, autoimmune enteropathy in
one, and epithelial lymphocytosis in two patients. The
other 2 specimens showed nonspecific changes. Six
patients had concurrent colon biopsies performed. One
was normal, 2 had CD, 2 showed hyperplastic polyps
and one had autoimmune enteropathy. The authors
comment however that no pattern was noted and that
interestingly, these GI tract findings corresponded to
known chronic conditions of the patients. In a case
report with multiple gastric biopsies taken concurrently with the esophageal biopsies that revealed LE,
gastric biopsies were negative for lymphocytosis or

Esophageal motility disorders

An interesting association of LE with PEMD was noted
[12]
by Xue et al . In their initial work, they compared
the clinical and histological characteristics of 3 groups:
LE-No Granulocytes (LE-NG), LE-few granulocytes
(LE-FG) and their control group which consisted of
patients with “reflux esophagitis with increased IELs”
(REIL). Out of the 21 subjects in the LE-NG group,
11 were tested for motility abnormality, which was
confirmed in 10 subjects. PEMD were also found in
6/10 patients tested in the LE-FG group (24 patients)
and in 6 of 11 tested in the REIL group (28 patients).
Interestingly, the prevalence of PEMD was significantly
higher in patients with CD4+ T-cell predominant IELs
as compared to CD8+ T-cell predominant esophagitis,
a finding that suggests a potential association between
PEMD and CD4+ T-cell predominant esophagitis.
It might hence be necessary to characterize the Tcell subpopulation in patients with LE for diagnostic
purposes in some cases.

Esophageal mucosal injuries

Reechoing the definition of LE as peripapillary intraepithelial lymphocytosis with spongiosis, one would think
of LE as an entity with histopathologic similarities to
acute spongiotic dermatitis raising the hypothesis of
a possible irritant to the esophageal mucosa resulting
[8]
in lymphocytosis and epithelial edema. Purdy et al
refuted this hypothesis in their work and demonstrated
no associations between LE and allergic disorders,
asthma or celiac disease. They also looked at GERD
as a potential cause of mucosal irritation and injury
and found no correlation between reflux and LE, which
brings us to a controversy in the present literature: Is
GERD associated with LE? A recent study, published
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Table 2 Summary of case reports on lymphocytic esophagitis
Ref.

Age (yr)

Gender

Associated conditions

Treatment

Figueiredo et al[20], 2014

30

Male

Mandaliya et al[24], 2012

74

Male

Zhang et al[23], 2016
Maejima et al[19], 2015
Niewiarowski et al[31], 2016
Vangimalla et al[26], 2016

66
68
82
67

Female
Male
Female
Male

Behçet’s disease
Systemic lupus erythematosus
Lymphoma
Esophagitis
Opioid overdose
Food impaction
Acute food impaction
Common variable immune deficiency

Hendy et al[21], 2013

35

Female

Not available

Endoscopic dilation
Swallowed fluticasone
Endoscopic dilation
Botox injections
Omeprazole 40 mg twice daily
Endoscopic dilation
Not available
Acid suppression
Endoscopic dilation
Topical steroids (fluticasone)

[23]

[7]

eosinophilic gastritis . Haque et al also looked at
the co-occurrence of celiac disease and duodenal lymphocytosis with LE and EoE. There was no significant
difference in duodenal lymphocytosis co-occurrence
between the LE and the EoE groups. On the other
hand, celiac disease was more commonly noted in
patients with LE as compared to EoE, although this
was not statistically significant given the small number
of patients (Table 2).

days. As already mentioned, topical steroids have also
been suggested with symptom resolution, assuming
[30]
LE and EoE belong to the same family. Kasirye et al
opted to treat their patient with 220 µg/puff, two puffs
three times daily, as their patient was already treated
with PPIs and Histamine 2-receptor antagonists with
incomplete resolution of their symptoms. Additionally,
therapeutic esophageal dilations have been performed
in patients presenting with dysphagia (with or without
food impaction). Based on the few case reports pub[26,31]
lished, dilation can be repeated as needed
.

Treatment
Multiple treatments have been tried including proton
pump inhibitors (PPIs), topical steroids, oral prednisone,
botox injections and esophageal dilations. Few retrospective studies actually addressed treatment. Cohen
[18]
et al
conducted a study in two stages: they initially
performed a retrospective chart review of patients with
LE and investigated potential clinical associations with
this condition. The second part of the study aimed
at exploring the natural history of LE by sending out
surveys to their 81 patients with LE with a 3.3-year
median follow-up. Out of the 29 patients who completed the survey, approximately 60% reported improvement in their GI symptoms that they thought was as
a result of therapy, either with PPIs or after starting
an anti-tumor necrosis factor agent for patients with
IBD. Esophageal dilation contributed to symptomatic
[14]
improvement as well. Pasricha et al
also collected
information on treatment changes after establishing a
diagnosis of LE. Out of their 27 patients, one-third had
a change in treatment that consisted of either a PPI
(6), inhaled fluticasone (1), gastrointestinal cocktail
(1) or prednisone taper (1) with improvement noted
in patients treated with PPIs or inhaled fluticasone. It
is unclear how PPIs result in symptom improvement.
Despite the fact that PPIs have actually been associ[29]
ated with lymphocytic and collagenous colitis , they
actually seem to be therapeutic in LE, most likely
secondary to their anti-inflammatory effect. Clinicians
have been prescribing PPIs for LE, as LE is thought to
be potentially associated with GERD, and given that
improvement is being reported. For instance, Zhang
[23]
et al
treated their patient with omeprazole 40 mg
twice daily with symptomatic improvement within
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Natural History, Prognosis and
Future Directions
Extensive study of the natural history of LE is lacking.
We identified one study looking at the clinical course
of LE via a survey sent out to patients, which found
that 70 of 81 patients with LE (87%) were alive after
[18]
a 3.3-year median follow up . Of the 29 subjects
who completed the survey, 96.5% continued to have
GI symptoms, but reported improvement in their
symptoms with medical management, which included
PPIs or anti-tumor necrosis factor agents (for patients
with IBD); 66% were satisfied with their current
gastrointestinal health, 22 had repeat endoscopies of
which only 2 patients had normal biopsy, 9 had persistent LE and the rest had other forms of esophagitis or
[18]
CD . Given that 9 out of 22 patients had persistent
LE on repeat biopsy, one would hypothesize that LE
might be a form of chronic esophagitis independent of
[24]
other diseases. As a matter of fact, Mandaliya et al
described the case of a patient who presented with a
3-year history of dysphagia leading to the diagnosis
of LE. Five endoscopies performed four years later,
showed persistent LE endoscopically and histologi[24]
cally, requiring serial dilations , which supports the
possible chronic nature of this entity. It is noteworthy
that there are two cases of esophageal perforation
[21,24]
in the setting of LE published in the literature
. In
one case, perforation occurred following endoscopic
removal of acutely impacted meat. Repeat endoscopy,
after the acute episode resolved, showed tight rings
and a stricture of the esophagus with pathology con-
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[24]

sistent with LE . The other case was of a previously
healthy 35 year-old female who presented with fever,
chest pain and shock, with CT chest showing diffuse
thickening of the esophagus and bilateral pleural
effusions, exudative in nature with > 60% neutrophils.
She was hence resuscitated and started on antibiotics
for microperforation. A week later, an upper endoscopy
was performed and biopsies from the mid and distal
esophagus showed LE, thought to be the cause behind
[21]
her initial presentation .
Overall, LE appears to be a benign entity except
for two cases of esophageal perforation. Furthermore,
[20,24]
it seems to have a chronic course
, either because
appropriate treatment is still not found or because
more research is needed to further characterize
its mysterious nature. According to the literature
published to date, it remains unclear whether LE is
associated with any of the clinical entities discussed.
Although multiple studies are exploring this entity and
trying to attribute it to a disease or investigating its
clinical associations, LE might end up being a diagnosis
of exclusion. It might also end up being a phenotypic
expression of different pathologic processes rather
than an actual disease. Prospective studies are needed
to depict appropriate treatments of this condition
and its possible subsets: CD4+ vs CD8+ T- cellpredominant LE, as well as to follow the clinical course
of patients with LE to be able to better characterize the
behavior of this new entity with time.

4

5
6
7
8

9

10

11
12

CONCLUSION
[7]

As Haque et al perfectly described it, LE remains an
entity “in search of a disease”. Increasing in prevalence
since it was defined in 2006, it seems to occur more
commonly in older females and is associated with
smoking. Multiple groups attempted to better characterize this entity and study potential associations with
clinical diseases such as IBD, motility disorders, GERD,
mucosal injuries and hypersensitivity reactions with
inconclusive results and sometimes, conflicting conclusions. PPIs, topical steroids and esophageal dilations
are used as effective treatment modalities with good
short-term results but unclear long-term outcomes.
Prospective studies are needed to define the disease,
delineate the disease course, treatment options and
long-term outcomes.

13

14

15

16
17
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Acute pancreatitis (AP) is a serious inflammatory
disease with rising incidence both in the adult and
pediatric populations. It has been shown that mitoc
hondrial injury and energy depletion are the earliest
intracellular events in the early phase of AP. Moreover,
it has been revealed that restoration of intracellular
ATP level restores cellular functions and defends
the cells from death. We have recently shown in a
systematic review and meta-analysis that early enteral
feeding is beneficial in adults; however, no reviews are
available concerning the effect of early enteral feeding
in pediatric AP. In this minireview, our aim was to
systematically analyse the literature on the treatment
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treat the disease and that the general supportive treat
ments at the early phase of the disease are usually
[3-6]
volume resuscitation and a nil per os (NPO) diet .
However, while there is clear evidence in the literature
that volume therapy is beneficial, the latter treatment
is questionable.
One of the main reasons for the debate is that
the pathogenesis of the disease clearly suggests the
opposite. Irrespective of the etiological factors, mitochondrial damage and energy depletion are the
leading intracellular responses in the early phase of the
[7-10]
[11-14]
disease in the exocrine pancreas
. Bile acids
,
ethanol, fatty acids and their non-oxidative metab[8,9,15-18]
olites, fatty acid ethyl esthers
were shown to
2+
elevate the intracellular Ca concentration, causing mitochondrial damage and a resultant decrease
of intracellular ATP concentration. This will lead to
inhibited fluid and bicarbonate secretion and CFTR Cl
channel dysfunction in the ductal cells and secretory
block and intracellular trypsinogen activation in the
[9,16,19,20]
acinar cells (Figure 1)
. Very importantly, restoration of ATP levels both in acinar and ductal cells
prevents (at least in part) the toxic effects of the etio[7,21,22]
logical factors
noted above. These data strongly
suggest that an energy supply, for example, via enteral
nutrition, should be beneficial for patients as compared
to nil energy.
Notably, early enteral nutrition (EEN) either via
oral, nasogastric- or nasojejunal tube feeding is beneficial as regards systemic infections, complications,
multi-organ failure, need for surgical interventions
[6,23-30]
and mortality
. Enteral nutrition has already been
proven to be beneficial in other inflammatory gastrointestinal diseases. The first-line recommendation to
induce remission in pediatric Crohn’s disease is exclu[31]
sive enteral nutrition . Enteral nutrition could also
be effective in the maintenance of pediatric inflam[32]
matory bowel disease remission . With regard to
acute pancreatitis, three of the recent and most up-todate guidelines for acute pancreatitis in adults clearly
show the positive effect of enteral nutrition in moder[6,23,24]
ate and severe AP
. Besides the energy supply,
enteral nutrition in patients can also have other advantages as a first-line treatment for patients. It is well
documented that the gut plays an important role as
an immune barrier in the immune system and that
EEN facilitates this barrier function. EEN significantly
decreases pathogenic bacteria in the stool, alteration of intestinal flora and levels of serum endotoxins.
EEN has a favourable effect on immune dysregulation
caused by severe acute pancreatitis, which can reduce
APACHE II scores, pancreatic sepsis, initial incidences
of systemic inflammatory response syndrome (SIRS)
[33,34]
and multiple organ dysfunction syndrome
.
Recent meta-analyses of adult data showed that
EEN is beneficial in all severity groups in AP; however,
no systematic review is available concerning the role of
[35]
EEN in pediatrics . Therefore, the aim was to review

of acute pediatric pancreatitis. The preferred reporting
items for systematic review (PRISMA-P) were followed,
and the question was drafted based on participants,
intervention, comparison and outcomes: P: patients
under the age of twenty-one suffering from acute
pancreatitis; I: early enteral nutrition (per os and
nasogastric- or nasojejunal tube started within 48 h);
C: nil per os therapy; O: length of hospitalization, need
for treatment at an intensive care unit, development
of severe AP, lung injury (including lung oedema and
pleural effusion), white blood cell count and pain score
on admission. Altogether, 632 articles (PubMed: 131;
EMBASE: 501) were found. After detailed screening
of eligible papers, five of them met inclusion criteria.
Only retrospective clinical trials were available. Due to
insufficient information from the authors, it was only
possible to address length of hospitalization as an
outcome of the study. Our mini-meta-analysis showed
that early enteral nutrition significantly (SD = 0.806, p
= 0.034) decreases length of hospitalization compared
with nil per os diet in acute pediatric pancreatitis. In
this minireview, we clearly show that early enteral
nutrition, started within 24-48 h, is beneficial in acute
pediatric pancreatitis. Prospective studies and better
presentation of research are crucially needed to achieve
a higher level of evidence.
Key words: pediatric pancreatitis; enteral nutrition; nil
per os diet; ATP restoration; length of hospitalization
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute pancreatitis is a serious inflammatory
disease with rising incidence both in adult and pediatric
medicine. Despite the existing research activities in
this field, no specific therapy is available to treat this
disease. Results in basic science strongly suggest
that early energy restoration could be the first-line
treatment for acute pancreatitis. Our minireview
suggests that early enteral nutrition should have
priority in the treatment of acute pediatric pancreatitis.
Mosztbacher D, Farkas N, Solymár M, Pár G, Bajor J, Szűcs
Á, Czimmer J, Márta K, Mikó A, Rumbus Z, Varjú P, Hegyi
P, Párniczky A. Restoration of energy level in the early phase
of acute pediatric pancreatitis. World J Gastroenterol 2017;
23(6): 957-963 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i6/957.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i6.957

INTRODUCTION
Acute pancreatitis (AP) is a serious inflammatory disease with rising incidence both in adult and pediatric
[1,2]
populations . Common characteristics in both age
groups are that no specific therapy is available to
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Table 1 Studies included in the quantitative synthesis

Mitochondrial injury
Acinar cells
Energy depletion

2+

Ca

overload

2+

Ca

Ref.

Data

Groups

NO. of patients

Abu-El-Haija et al[37], 2016

Yes

Flores-Calderón et al[41], 2009
Goh et al[40], 2003
Raizner et al[39], 2013
Szabo et al[38], 2015

Yes

EEN
NPO
only NPO
only NPO
only NPO
EEN + IVF lo
NPO + IVF lo
EEN + IVF hi
NPO + IVF hi

24
14
18
12
7
55
20
96
30

2+

Ca

Yes

Ductal cells

EEN: early enteral nutrition; NPO: nil per os.

Figure 1 Early events in acute pancreatitis. Bile acids, ethanol, fatty
acids or their non-oxidative metabolites, fatty acid ethyl esthers, induce
calcium overload, causing mitochondrial damage and a resultant decrease in
intracellular ATP concentration both in acinar and ductal cells. This will lead to
general energy depletion in the pancreas.

criterion. The two articles contained three separate
data pairs, where EEN was compared to NPO (Figure
3). The following parameters were collected: length of
hospitalization (LOH), need for treatment at an ICU,
development of severe AP, lung injury (including lung
oedema and pleural effusion), white blood cell count
and pain score on admission. Only one of the five
investigated parameters (LOH) contained a minimum
of three items, which were analysed statistically.
The meta-analytic calculation was made with
Comprehensive MetaAnalysis (V3) software using
the random effects model (the DerSimonian-Laird
method). We calculated a weighted standard difference
in means and 95%CI. In the case of one study (Abu[37]
El-Haija et al , 2016), we converted the median and
range values to means and standard deviation using
[42]
the modified Hozo’s formula by Wan et al . For a
visual inspection, we used a forest plot.
Figure 3 shows the parameters collected from the
articles. It was only possible to perform forest plot
analyses on LOH. EEN significantly decreased LOH (SD
= 0.806, p = 0.034) compared to the standard NPO
diet (Figure 3).

the literature to analyse the effect of EEN vs NPO
therapy on the outcome of acute pediatric pancreatitis
(APP) and aggregate the information in APP leading
to a higher statistical power and more robust point
estimate than is possible from the individual studies.
The preferred reporting items for systematic
review and meta-analysis protocol (PRISMA-P) were
[36]
followed . Our structured literature search was
based on the participants, intervention, comparison
and outcomes format: P: patients under the age of
twenty-one suffering from acute pancreatitis; I: early
enteral nutrition (per os and nasogastric- or nasojejunal tube started within 48 h); C: NPO therapy [per
os/nasogastric- or enteral tube after 48 h and total
parenteral nutrition (TPN) within or after 48 h]; O:
length of hospitalization, need for intensive care unit
(ICU), complications, necessity of antibiotics, surgical/non-surgical interventions and mortality.
In February 2016, a literature search was performed on the PubMed (http://www.ncbi.nlm.nih.
gov/pubmed) and EMBASE (https://www.embase.
com) databases using the following Medical Subject
Headings and search terms: “pediatric” OR “paediatric”
AND “pancreatitis”. The search was limited to human
studies, full-text publications with abstracts in English
with no time period, resulting in 632 articles altogether
(PubMed: 131; EMBASE: 501).
The articles were checked separately. Meta-analyses,
reviews, case reports and articles on chronic pancreatitis were excluded and duplicates were removed (Figure
2). Potentially eligible papers were selected, and,
finally, five of them with relevant data on EEN or/with
NPO therapy in acute pediatric pancreatitis in patients
under twenty-one years old were included (Table
[37-41]
1)
. To reduce the risk of bias, the literature search
was independently performed by three researchers
following the inclusion criteria noted above.
The details in the collected articles were checked,
and only articles where both EEN and NPO were
presented separately were used. Two articles met this

WJG|www.wjgnet.com

DISCUSSION
Several therapeutic recommendations are available
in the literature on nutrition in acute pancreatitis. The
IAP/APA guideline suggests enteral tube feeding as
the first-line therapy in patients requiring nutritional
support with predicted severe and severe acute pan[6]
creatitis . According to the Japanese guideline, enteral
nutrition in the early phase of severe acute pancreatitis
can decrease the incidence of complications and ele[24]
vate the survival rate . Recent meta-analyses of adult
studies revealed that EEN decreases mortality, rate of
interventions and the incidence of multi-organ failure
in severe acute pancreatitis. Moreover, group analyses
of 17 parameters including laboratory parameters
(such as CRP and white blood cells) and symptoms
(such as pain or presence of SIRS) suggested that EEN
also has merits in mild acute pancreatitis. Since the
incidence of APP has risen in the past twenty years (with
3.6 and 13.2/100000 children affected annually), we
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Screening

Records excluded n = 571
(meta-analyses, case reports, reviews,
chronic pancreatitis)

Full-text articles assessed for
eligibility
n = 61

Records excluded n = 56
(duplicates, adult data, no relevant data
on enteral nutrition or nil per os diet)

Included

Records screened based on titles and
abstracts
n = 632

Eligibility

Records identified through database search
Pubmed n = 131
Embase n = 501

Studies included in quantitative synthesis
n =5

Figure 2 Flow chart on the methods used in the literature search.
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d (1.01
d (0.24
d (0.58
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Ref.
Abu-El-Haija

NPO (< 24 h)
et al [37], 2016
[38]
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  1.8% (1.80 SE)
13.0% (6.21 SE)
  1.0% (1.04 SE)

35.0% (10.7 SE)
  9.1% (3.88 SE)
17.0% (6.80 SE)
  4.2% (2.04 SE)

11
21
14
  4

13.60 (6.44 SD)
  9.89 (3.89 SD)
13.30 (4.76 SD)
11.30 (5.25 SD)

0.089
1.554
0.739
0.806

0.336
0.290
0.214
0.380
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0.319
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Pain score

4.95
4.62
6.08
5.47

(3.75
(3.50
(3.19
(3.57

SD)
SD)
SD)
SD)

Std diff in means and 95%CI

Statistics for each study
Std diff Standard Lower
in means
error
limit

Abu-El-Haija et al , 2016
[38]
Szabo et al , 2015 A
[38]
Szabo et al , 2015 B

7.1
2.8
5.0
3.2

Need for ICU

Upper
limit

Z value

P value

0.749
2.122
1.159
1.551

0.266
5.352
3.447
2.124

0.790
0.000
0.001
0.034
-2.50            1.25            0.00            1.25           2.50
PO                               NPO

Figure 3 Two articles contained three separate data pairs where early enteral nutrition was compared to nil per os. LOH: Length of hospitalization; EEN: early
enteral nutrition; NPO: nil per os. ICU: Intensive care unit; AP: Acute pancreatitis; WBC: White blood cell count.

systematically reviewed the literature to understand
whether there is any beneficial effect of EEN vs NPO in
[43,44]
children
.
We faced several difficulties during our review: (1)
APP is still underdiagnosed, thus decreasing the pos[45]
sibility of performing clinical trials ; (2) the number
of studies on the management of these patients is
very low, and there is still only a small number of
studies focused on understanding the characteristics
[46]
of the disease ; (3) the studies have not focused
on the early management of the patients; the groups
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were therefore not separated; and (4) finally, but very
importantly, the methods sections and the quality
of data presentation in these articles are very low.
Consequently, in many cases, it was impossible to
obtain quality analysable data from the manuscripts
[37-39]
for a proper broad-spectrum meta-analysis
.
By the end of the search, we identified five articles
containing relevant data on nutritional management
[39]
during the early phase of APP. Raizner et al published
a retrospective analysis involving seven children with
necrotizing pancreatitis. All the children received a
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strict NPO diet, five patients received TPN and just one
patient was treated with nasojejunal feeding for seven
days. All the children required a prolonged hospital stay
(with a mean of 20 d) for acute complications, with
[39]
three of them suffering from late complications . Goh
[40]
et al
included twelve patients in their retrospective
study. One patient needed a distal pancreatectomy,
and eleven patients recovered with conservative
management, with none of them receiving EEN. Two
patients had acute complications, and two patients
[40]
[41]
had recurrent AP . Flores-Calderon et al
studied
eighteen patients with acute pancreatitis caused by
L-asparaginase due to acute lymphoblastic leukemia. All
the patients were treated with bowel resting for a mean
of 22 d, fourteen of the patients received TPN and four
had an elementary diet. Two of the patients required
intensive care unit admission, with local complications
developing in twelve patients. None of the patients died
from complications related to AP. Although these studies point out several disadvantages of that NPO diet,
none of them could be enrolled in our meta-analysis.
Finally, it was possible to collect three sets of
analysable data pairs where both NPO and EEN were
[37]
present. Abu-El-Haija et al
conducted a prospective
study of 38 children suffering from mild AP and retrospectively investigated the relationship of nutrition with
pain and LOS. EEN feeding meant per os feeding and
NPO was identified as oral feeding not being allowed
for 24 h. Importantly, EEN, even with high fat intake,
did not cause an elevation in pain in children, suggesting that EEN is a well tolerable nutritional possibility in
children. The fact that LOS was much shorter in group
EEN vs NPO points to EEN as a better way of treating
[37]
APP . The most advanced study was performed by
[38]
Szabo et al , where several parameters were collected to understand the effect of EEN on the course of
APP. Two hundred and one children suffering from mild
AP were enrolled retrospectively. They compared EEN
vs NPO both with and without aggressive fluid resuscitation. Fluid therapy was administered during the first
24 h, and the type of nutrition was determined during
the first 48 h. Besides the beneficial effects of EEN on
LOS, they also showed that EEN reduces the severity
of the disease. Although our aim was to perform a
meta-analysis on several parameters to understand
the differences between EEN and NPO, we were only
able to perform the statistical analyses on LOS, which
clearly showed that EEN is not only a safe method of
nutrition but also substantially decreases LOS, resulting in a better and less expensive treatment of mild
[38]
APP .

a higher level of evidence.
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Abstract
AIM
To investigate a suitable long-term culture system
and optimal cryopreservation of intestinal organoid to
improve organoid-based therapy by acquiring large
numbers of cells.
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METHODS
Crypts were isolated from jejunum of C57BL/6 mouse.
Two hundred crypts were cultured in organoid medium
with either epidermal growth factor/Noggin/R-spondin1
(ENR) or ENR/CHIR99021/VPA (ENR-CV). F or
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subculture, organoids cultured on day 7 were passaged
using enzyme-free cell dissociation buffer (STEMCELL
Technologies). The passage was performed once per
week until indicated passage. For cryopreservation,
undissociated and dissociated organoids were resu
spended in freezing medium with or without Rho kinase
inhibitor subjected to different treatment times. The
characteristics of intestinal organoids upon extended
passage and freeze-thaw were analyzed using EdU
staining, methyl thiazolyl tetrazolium assay, qPCR and
time-lapse live cell imaging.

of treatment with the Rho kinase inhibitor Y-27632.
Thus, the suitable long-term culture system and
optimal cryopreservation of small intestinal organoid
may contribute to the establishment of standardized
cryopreservation protocols for intestinal organoids and
subsequent clinical applications of these cell sources.
Han SH, Shim S, Kim MJ, Shin HY, Jang WS, Lee SJ, Jin YW,
Lee SS, Lee SB, Park S. Long-term culture-induced phenotypic
difference and efficient cryopreservation of small intestinal
organoids by treatment timing of Rho kinase inhibitor. World J
Gastroenterol 2017; 23(6): 964-975 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i6/964.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i6.964

RESULTS
We established a three-dimensional culture system
for murine small intestinal organoids using ENR and
ENR-CV media. Both conditions yielded organoids
+
with a crypt-villus architecture exhibiting Lgr5
cells and differentiated intestinal epithelial cells as
shown by morphological and biochemical analysis.
However, during extended passage (more than 3
mo), a comparative analysis revealed that continuous
passaging under ENR-CV conditions, but not ENR
conditions induced phenotypic changes as observed
by morphological transition, reduced numbers of
+
Lgr5 cells and inconsistent expression of markers
for differentiated intestinal epithelial cell types. We
also found that recovery of long-term cryopreserved
organoids was significantly affected by the organoid
state, i.e. , whether dissociation was applied, and the
timing of treatment with the Rho-kinase inhibitor
Y-27632. Furthermore, the retention of typical
morphological characteristics of intestinal organoids
such as the crypt-villus structure from freeze-thawed
cells was observed by live cell imaging.

INTRODUCTION
The gastrointestinal (GI) tract is lined by a monolayer
of epithelial cells that separates the intestinal lumen
and underlying tissues. The epithelial cells of the small
intestine are organized into villi and crypt structures.
Intestinal stem cells (ISCs), which express leucinerich repeat containing G protein-coupled receptor 5
(Lgr5), and their progenitors are located in crypts.
ISCs generate daughter cells called transit-amplifying
(TA) cells, which either return to stemness or differentiate into a secretory epithelial cells lineage, such
as Paneth cells, goblet cells, enteroendocrine cells, or
[1,2]
enterocytes . The GI tract is highly vulnerable to the
external environment, such as radiation. Exposure to
high levels of ionizing radiation induces the clonogenic
loss of crypt cells and villus depopulation and leads
to malabsorption of nutrients and impaired physical
barrier function. The resulting breach in the GI barrier,
accompanied by immune suppression, results in a high
[3-5]
risk of life-threatening infection . Many studies have
been focused on understanding the mechanisms of
radiation-induced gastrointestinal syndrome (RIGS).
However, in vitro analysis of RIGS has been hampered
by the lack of a suitable culture system.
Long-term maintenance of crypts in traditional
two-dimensional (2D) cultures of primary intestinal
crypts is difficult due to the poor survival of crypts
[6,7]
in vitro . Based on three-dimensional (3D) culture
systems, long-term cultures in which crypts are
able to differentiate and recapitulate normal cryptvillus architecture have been established using crypts
isolated from the mouse and human intestine using
[8,9]
two different media . Initial defined factors present
in epidermal growth factor (EGF)/Noggin/R-spondin1
(ENR) medium, which are associated with growth
requirements of intestinal epithelium, include EGF to
enhance intestinal proliferation, bone morphogenic
protein antagonists to induce expansion of crypt
numbers, and Wnt agonists to increase crypt prolifera[8,10]
tion
. Additionally, small molecule screening showed

CONCLUSION
The maintenance of the characteristics of intestinal
organoids upon extended passage is mediated by
ENR condition, but not ENR-CV condition. Identified
long-term cryopreservation may contribute to the
establishment of standardized cryopreservation
protocols for intestinal organoids for use in clinical
applications.
Key words: intestinal organoid; Rho kinase inhibitor;
three-dimensional culture; cryopreservation; longterm culture
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The phenotypes of intestinal organoids under
epidermal growth factor/Noggin/R-spondin1 (ENR)
medium were maintained over a long duration, whereas
organoid under ENR/CHIR99021/VPA medium exhibited
+
morphological change, reduced numbers of Lgr5 cells
and inconsistent expression of markers for differen
tiated intestinal epithelial cell types upon extended
passages. We also demonstrated an efficacious longterm cryopreservation method for intestinal organoids
through optimization of the organoid state and timing
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[8]

that ENR/CHIR99021/valproic acid (VPA) (ENR-CV)
medium, which was associated with enrichment of
+
intestinal stem cells (Lgr5 ) and growth of the intestinal epithelium, included a combination of ENR
components and small molecules, such as CHIR99021
(a glycogen synthase kinase 3 inhibitor) and VPA [a
[9]
histone deacetylase (HDAC) inhibitor] . Although both
media can support the formation of organoid containing crypt-villus structures that recapitulate the native
intestinal epithelium, there is little comparative study
of the characteristics of the resulting cells, particularly
after long-term continual passage.
In vitro expanded organoids have recently been
applied to treat gastrointestinal diseases in preclinical
models, supporting the establishment of potential
organoid-based therapies for repairing damaged
[11,12]
intestine
. Because clinical applications require
large numbers of cells, it may be indispensable to in
vitro expansion of organoids in long-term culture with
retaining their initial characteristics. In addition, the
cells should be capable of being preserved for prolonged periods, while maintaining cell functionality for
off-the-shelf use. Cryopreservation may be an attractive technique for maintaining the functional properties
and genetic characteristics of cells through long-term
storage in order to facilitate the experimental and clini[13-15]
cal applications of cell-based therapies
. However,
although various methods have been developed for
cryopreservation of different types of stem cells, such
as mesenchymal, hematopoietic, and pluripotent stem
[16-18]
cells
, protocols for cryopreservation of intestinal
organoids have not been described. Therefore, it is
necessary to develop an efficient method for optimal
cryopreservation of cultured organoids.
In the present study, we performed quantitative
assessments to compare the characteristics (e.g., cell
morphological phenotype, proliferation, and composition of differentiated intestinal epithelial cell types)
of small intestinal organoids subjected to long-term
culture under two different media. We also sought to
optimize the cryopreservation method by elucidation of
the survival of cryopreserved small intestinal organoids
through a combination of dissociation and treatment
with a Rho kinase (ROCK) inhibitor during freezing.
Our findings provided important insights into our
understanding of 3D culture systems with similarities
to the intestine and contribute to the establishment of
standardized cryopreservation protocols for intestinal
organoid for use in clinical applications.

previously with some modifications . Briefly, the
jejunum (10 cm from the stomach) of C57BL/6 male
mice (8-10 wk age, n = 4) was opened longitudinally,
cut into 5-mm pieces, washed three times with cold
phosphate-buffered saline (PBS), and incubated with 2
mmol/L ethylenediaminetetraacetic acid (EDTA) in PBS
for 15 min at 37 ℃. After removal of EDTA solution,
the supernatant containing villi was replaced with cold
PBS. Crypts were isolated from the basal membrane
by vigorous hand shaking for 1 min. This procedure
was repeated until enriched crypts could be observed
in the supernatant using microscopy. After collection of
isolated crypts from tubes by centrifugation, the crypts
were resuspended in 2% D-sorbitol (Sigma, St. Louis,
MO, United States) in PBS, passed through a 70-µm
cell strainer (BD Biosciences, Heidelberg, Germany),
and centrifuged at 100 × g for 3 min at 4 ℃. The pellet
was resuspended in 10 mL basic medium [advanced
Dulbecco’s modified Eagle’s medium/F12, 2 mmol/L
L-glutamine, 10 mmol/L HEPES, 100 mg/mL streptomycin, 100 U/mL penicillin, 1 mmol/L N-acetylcysteine,
1% B27, and N2 supplement], and crypt numbers
were counted using microscopy.

3D culture of crypts and organoid passage

The isolated crypts were cultured in organoid medium
[8,9]
with either ENR or ENR-CV, as previously reported .
Two hundred crypts in 50 µL matrigel (BD Biosciences)
were seeded in each well of a pre-warmed 24-well flatbottomed plate. Crypts were then incubated for 30 min
at 37 ℃, and 500 µL of complete crypt culture medium
was added. The ENR medium contained basic medium
plus 50 ng/mL murine EGF (Invitrogen, Carlsbad, CA,
United States), 100 ng/mL murine Noggin (Peprotech,
Hamburg, Germany), and 500 ng/mL human
R-spondin-1 (R&D Systems, Minneapolis, MN, United
States), whereas the ENR-CV medium contained ENR
medium plus 1 mmol/L valproic acid (Invitrogen) and
10 µmol/L CHIR99021 (Invitrogen). The crypts were
cultured at 37 ℃ in an atmosphere containing 5% CO2
for the indicated number of days. The medium was
changed every 2-3 d. For subculture, the organoids
cultured on day 7 were passaged using enzyme-free
cell dissociation buffer (STEMCELL Technologies Inc.,
Vancouver, BC, Canada). Briefly, cultured organoids
were washed with cold PBS, and 500 µL cell dissociation buffer was added to the wells and incubated for
5 min at 37 ℃. After washing with 0.1% BSA in PBS,
dissociated organoids were passaged (a 1:5 ratio).
Freshly prepared medium and Matrigel were then
added for organoid culture. The passage of organoids
cultured under ENR or ENR-CV medium was performed
once per week until the indicated passage.

MATERIALS AND METHODS
Isolation of small intestinal crypts from mice

All animal experiments were approved by the Animal
Investigation Committee of the Korea Institute of
Radiological and Medical Sciences in South Korea and
were performed according to institutional guidelines
and national animal protection laws. Isolation of small
intestinal crypts from mice was conducted as described
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Cell proliferation and crypt viability

For analysis of cell proliferation in organoids by
5-ethynyl-2′-deoxyuridine (EdU) staining, the cultured
organoids on the indicated day were incubated with
fresh medium containing 10 μmol/L EdU (Molecular
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Table 1 Primer sequences used in quantitative polymerase chain reaction analysis
Gene
mLgr5
mLyz1
mMuc2
mChgA
mALP
mGAPDH

Primer sequences (5’-3’)
F
R
F
R
F
R
F
R
F
R
F
R

Annealing temperatures (℃)

ACATTCCCAAGGGAGCGTTC
ATGTGGTTGGCATCTAGGCG
GCCAAGGTCTACAATCGTTGTGAGTTG
CAGTCAGCCAGCTTGACACCACG
ATGCCCACCTCCTCAAAGAC
GTAGTTTCCGTTGGAACAGTGAA
CCCACTGCAGCATCCAGTT
AGTCCGACTGACCATCATCTTTC
AACTCACCTCATGGGCCTCTT
GGGTTTCGGTTGGCATCATA
TCATCAACGGGAAGCCCATCAC
AGACTCCACGACATACTCAGCACCG

60
60
60
60
60

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

Probes, Eugene, OR, United States) for 30 min and
then fixed in 4% paraformaldehyde in PBS overnight
at 4 ℃. The fixed organoids were permeabilized with
0.5% Triton X-100 for 1 h, and following steps were
performed using a Click-iT EdU Imaging kit (Molecular
Probes) according to the manufacturer’s protocol.
Hoechst (1:2000) was used for nuclear staining to
facilitate cell counting. Images were acquired using an
immunofluorescence microscope (Olympus, Shinjuku,
Tokyo, Japan). For quantitative analysis of growing
organoids, cultured crypts were examined at the
indicated time point under bright-field of microscope.
Organoids exhibiting at least two budding structures
in each group were counted. Experiments were performed in triplicate. The data were expressed as the
mean ± SD. For quantitative analysis of crypt viability
after freezing and thawing, we performed methyl
thiazolyl tetrazolium (MTT) assays as previously
[19]
reported . Briefly, on the indicated days, cultured
organoids were incubated with 10% MTT (AMRESCO,
Solon, OH, United States) for 2-3 h at 37 ℃. After cell
lysis by treatment with 2% sodium dodecyl sulfate
(SDS) and dimethyl sulfoxide (DMSO), the optical density (OD) value of the solution was measured at 562
nm using a Synergy HT (BioTek, Winooski, VT, United
States). Experiments were performed in triplicate. The
data were expressed as the mean ± SD.

Zeiss, Oberkochen, Germany) and analyzed by imaging software (Olympus America, Center Valley, PA,
United States).

Quantitative real-time polymerase chain reaction

Total RNA was prepared from raw crypts (freshly
isolated crypts from mice) and cultured crypts using an
RNase mini kit (Qiagen, Valencia, CA, United States)
according to the manufacturer’s protocol. A total of 1
µg of RNA was reverse transcribed using an AccuPower
RT PreMix kit (Bioneer, Seoul, South Korea). Realtime PCR was performed with FastStart Essential DNA
Green Master Mix (Roche, Indianapolis, IN, United
States). All reactions were performed in triplicate.
mRNA expression was normalized to endogenous
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
expression and expressed relative to ENR-derived cells
or raw crypts. The primers sequences are listed in
Table 1.

Freezing-thawing of in vitro cultured organoids

For organoid cryopreservation, organoids cultured
under ENR conditions were left intact or dissociated
into single crypt-like colonies using enzyme-free
cell dissociation buffer (STEMCELL Technologies
Inc.). Undissociated and dissociated organoids were
resuspended in freezing medium, e.g., 10% DMSO
and 10% fetal bovine serum or recovery cell culture
freezing medium (RCCFM; Invitrogen). To determine
the effects of Y-27632, a specific inhibitor of ROCK
(STEMCELL Technologies Inc.) on the recovery of
organoids, organoids were treated with the ROCK
inhibitor for different times, including pretreatment for
30 min prior to freezing (before freezing), direct addition into freezing medium (during freezing), and postthaw treatment for 3 d (after thawing). After storage in
liquid nitrogen for 1-3 mo, vials were quickly thawed,
and thawed organoids were then cultured for 7 d.

Immunofluorescence staining

For immunofluorescence staining, cultured organoids
were fixed in 4% paraformaldehyde in PBS overnight
at 4 ℃. After washing with PBS, organoids were
incubated with PBS containing 1% BSA and 0.5%
Triton X-100 for 1 h at room temperature, followed by
incubation with primary antibodies against lysozyme
1 (1:100; Abcam, Cambridge, MA, United States),
mucin 2 (1:100; Dako, Carpenteria, CA, United
States), or chromogranin A (1:200; Thermo Scientific).
Fluorescein isothiocyanate (FITC)-conjugated goat
anti-rabbit IgG or anti-mouse IgG (1:100; Invitrogen)
was used as a secondary antibody. Images were
acquired using a Zeiss 710 confocal microscope (Carol
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Time-lapse live cell imaging

Live cell imaging was performed on a JuLi stage
system (NanoEnTek, Seoul, South Korea). A culture
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Figure 1 Establishment of small intestinal organoid culture under epidermal growth factor/noggin/r-spondin1 and epidermal growth factor/noggin/
r-spondin1-/CHIR99021/VPA conditions. Crypts were isolated from the small intestines of C57/B6 mice at ages 9-12 wk and were resuspended in growth factorreduced Matrigel. A: Time course of the growth of isolated crypts at passage 0 (P0) under two different culture media. Enterospheres formed on day 1, budding
appeared on day 3, and robust budding was observed on days 5-10. Scale bars: 50 μm. B: Organoids were incubated with the thymidine analog EdU (green) for 1 h,
and freshly isolated crypts were cultured for 6 d. Images were analyzed by fluorescence microscopy, and nuclei were double stained with Hoechst (blue). Scale bars:
50 μm. C: Numbers of organoids grown in two different media for 7 d. Organoids exhibiting at least two budding structures in each group were counted. The data are
shown as means ± SDs of triplicate experiments (bP < 0.01, Student’s t-tests).

dish placed on the microscope stage was covered with
a chamber in 5% CO2 at 37 ℃. Images for the growth
of crypts were an acquired at 60-min intervals. The
data were processed using JuLi stage software v1.0
(NanoEnTek).

(ANOVA) with Dunnett’s T3 tests. Differences with P
values of less than 0.05 were considered significant.

RESULTS
Establishment of a small intestinal organoid culture
system using ENR and ENR-CV media

Animal care and use statement

All procedures involving were reviewed and approved
by the Institutional Animal Care and Use Committee
of the South Korea Institute of Radiological and
Medical Sciences in Korea, and performed according
to the Guidelines for Animal Experimentation of Korea
Institute of Radiological and Medical Sciences. The
animals were acclimatized to laboratory conditions
(23 ℃ ± 1 ℃, 12 h/12 h light/dark, 50% ± 5% humidity and libitum access to food and water) for two, three
or four weeks prior to experimentation. All appropriate
protocols for study were taken to minimize pain and
discomfort of animals.

In an attempt to establish a conventional culture
for intestinal organoids using two different condi[8,9]
tions , freshly isolated crypts from the jejunum
of C57/B6 mice were cultured in ENR or ENR-CV
medium. Representative images of crypt growth into
organoids are shown in Figure 1A. On day 1, crypts
formed a round shape, called an enterosphere, and
these structures became larger over time. Budding of
enterospheres was observed beginning on day 3, and
robust budding was observed on day 10, demonstrating a morphology typical of small intestinal organoids
with a crypt-villus structure. We found that organoids
cultured under ENR-CV conditions yielded increased
budding length and size compared with those of
organoids cultured under ENR conditions (Figure 1A).
Consistent with the results of previous reports (Sato
[8]
[9]
et al , 2009; Yin et al , 2014), ENR-based organoids
exhibited proliferating cells within the crypt domains,

Statistical analysis

Data are expressed as the mean ± SD or ± SEM of
at least two independent samples. Statistical comparisons between groups were performed with twotailed Student’s t-tests or two-way analysis of variance
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Figure 2 Phenotypic differences of intestinal organoids cultured under epidermal growth factor/noggin/r-spondin1-/CHIR99021/VPA or epidermal growth
factor/noggin/r-spondin1 conditions upon continual passage. Organoids cultured for 7 d from freshly isolated crypt were split (1:4) and were cultured. Passage
was performed once per week. A: Representative morphology of organoids cultured on day 7 under ENR or ENR-CV conditions upon continual passage. Scale bars;
50 μm. B: Quantitative real-time polymerase chain reaction analysis of relative mRNA expression levels of markers for intestinal stem cells (Lgr5) in organoids at
early passage (P0-4) or late passage (P8-12) after culture for 6 d under ENR or ENR-CV conditions. GAPDH was used as an internal control. The data are shown
as means ± SEMs of two independent experiments (bP < 0.01, two-way analysis of variance with Dunnett’s T3 tests) and normalized to the value for the ENR
condition. Note that the mean of the sum from each passage with triplicate experiments in the indicated early and late passages was used. C: Organoids cultured on
day 6 at late passage (P10) were incubated with the thymidine analog EdU (green) for 1 h. Images were analyzed by fluorescence microscopy. Nuclei were double
stained with Hoechst (blue). Scale bars: 50 μm. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; ENR: Epidermal growth factor/Noggin/R-spondin1; ENR-CV:
ENR/CHIR99021/VPA.

whereas proliferating cells were present throughout
the organoids under ENR-CV conditions, as shown by
EdU staining (Figure 1B). We further confirmed the
effects of the ENR-CV medium on enhancement of cell
proliferation within organoids by counting the numbers
of organoids exhibiting at least two budding structures
(Figure 1C).

data are presented the mean of the sum of organoids
from P0 to P4 or from P8 to P12 after performing two
independent experiments with each passage.
To evaluate the characteristics of organoids at early
and late passages, we analyzed the expression of
[20]
Lgr5, known marker of ISCs , in organoids cultured
in the two different media during continuous passage.
At early passages, organoids cultured under ENR-CV
conditions showed a dramatic increase in Lgr5 expression compared with that of organoids cultured under
ENR conditions. These findings were consistent with
a previous study showing that the expression level of
Lgr5 was upregulated more than 3-fold in organoids
[9]
cultured under ENR-CV conditions . However, at later
passages, Lgr5 expression under ENR-CV conditions
was dramatically decreased to a level similar to that
under ENR conditions. In contrast, Lgr5 expression
levels in organoids cultured under ENR conditions were
similar during both early and late passages (Figure 2B).
Furthermore, reduced numbers of proliferating cells,
which were generally positive for Lgr5, were observed
in organoids cultured under ENR-CV conditions during
the late phase, as observed by EdU staining (Figure

Long-term culture induced phenotypic differences in
organoids under ENR-CV culture conditions, but not
ENR culture conditions

The two different types of medium used in this study
have been shown to support long-term culture of
[8-10]
intestinal organoids
. Thus, we aimed to confirm the
long-term culture of organoids under our experimental
conditions. As shown in Figure 2A, during continuous
passage, the morphology of ENR-based organoids was
constant, whereas the enhanced size and budding
length of organoids in ENR-CV culture conditions were
gradually diminished after passage 8 (P8). For a more
extensive comparative analysis, we classified organoid
into early phase (P0-4) and late phase (P8-12) based
on morphological criteria, as shown in Figure 2A, and
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Figure 3 Comparison of the compositions of differentiated intestinal epithelial cells in long-term cultured intestinal organoids under two different media.
A: Quantitative real-time polymerase chain reaction analysis of relative mRNA expression of markers for intestinal epithelial cells (Muc2 for goblet cells, ChgA for
enteroendocrine cells, Alp for enterocytes, and Lyz1 for paneth cells) in organoids at early passage (P0-4) or late passage (P8-12) cultured for 6 d under ENR or
ENR-CV conditions. GAPDH was used as an internal control. The data are shown as means ± SEMs of two independent experiments (bP < 0.01, two-way analysis of
variance with Dunnett’s T3 test) and normalized to the ENR value. Note that the mean of the sum from each passage with triplicate experiments in the indicated early
and late passages was used. Raw crypts: freshly isolated crypts from mice. B: Representative images show lysozyme (paneth cells), Muc2 (goblet cells), and ChgA
(enteroendocrine cells) staining of organoids cultured for 6 d at passages 3 and 10 under ENR-CV conditions. Three-dimensional reconstructed confocal images
are shown. Nuclei were double stained with DAPI (blue). Scale bars: 50 μm. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; ENR: Epidermal growth factor/
Noggin/R-spondin1; ENR-CV: ENR/CHIR99021/VPA.

2C). Consistent with these results, we also detected
decreased number of colonies in organoids cultured
under ENR-CV conditions upon continual passage, but
not in those cultured under ENR conditions, as shown
by low-magnification observation of morphology and
counting of organoid colonies (Supplementary Figure
1).
Next, we compared the compositions of intestinal
epithelial cells in long-term cultured organoids under
ENR and ENR-CV conditions. qPCR of intestinal
epithelial marker expression showed that the expression levels of Lyz (a paneth cell marker), Muc2 (a
goblet cell marker), ChgA (an enteroendocrine cell
marker), and ALP (an enterocyte marker) were low
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and unstable under ENR-CV conditions compared with
that under ENR conditions, similar to the expression
of epithelial markers in primary raw crypts (Figure
3A). Consistent with this, the result of immunostaining
showed the reduced expression of some epithelial
markers in organoids under ENR-CV conditions upon
continual passage (Figure 3B). In contrast, no changes
in these markers were observed in organoids cultured
under ENR conditions (data not shown). Therefore,
these findings suggested that ENR-CV culture conditions could be susceptible to phenotypic alterations in
organoids upon extended passage and may be less
relevant to the in vivo composition of intestine cell
types.
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Figure 4 Low recovery of cryopreserved intestinal organoids upon long-term cryopreservation. Cultured organoids (P3) under ENR medium were subjected
to dissociation or were left undissociated, followed by cryopreservation. A: Representative morphology (left panel) and quantification of recovery (right panel) for
organoids on day 7 cultured under ENR conditions after thawing organoid cryopreserved for 1 mo in the presence of 10% DMSO as a cryoprotectant. Scale bars: 200
μm. The data are shown as the means ± SDs of triplicate MTT assays (bP < 0.01, Student’s t-tests). B: Quantification of recovery from cryopreserved organoid was
performed using MTT assay. After 1 or 3 mo of cryopreservation with 10% DMSO or RCCFM (commercial freezing media), organoids were cultured for 7 d under ENR
conditions. The data are shown as the mean ± SDs of triplicate experiments (bP < 0.01, two-way analysis of variance with Dunnett’s T3 tests). MTT: Methyl thiazolyl
tetrazolium; ENR: Epidermal growth factor/Noggin/R-spondin1.

Direct addition of the ROCK inhibitor Y-27632 into
freezing media was superior for the recovery of
cryopreserved organoids without dissociation

[8,16]

ture
. In addition, ROCK activity and cytoskeletal
phenotypes are almost completely inhibited by 10
[23]
μmol/L Y-27632 . Thus, in this study, we aimed to
further optimize the cryopreservation of cultured organoids by examining the effects of Y-27632, a specific
inhibitor of ROCK activity, on the recovery of organoids
from cryopreserved stocks when added before freezing, during freezing, and after thawing of organoids.
By evaluating the densities of grown organoids after
freezing-thawing, we found that direct addition of
Y-27632 into freezing medium during freezing resulted
in superior recovery compared with that of untreated
organoids, organoids pretreated with Y-27632, or
organoids treated with Y-27632 after thawing (Figure
5A). Consistent with this, MTT analysis revealed
that there was a higher rate of recovery from direct
addition of Y-27632 during freezing (> 2.5 fold) upon
cryopreservation, compare with that observed under
other conditions (Figure 5B). We also observed similar
effects of Y-27632 in commercial freezing medium
when the drug was directly added during freezing (data
not shown), and the typical organoid morphology with
a crypt-villus structure was further confirmed by tracing
the growth of organoids for 7 d after freezing-thawing,
as shown by live-imaging analysis (Video data). In
contrast to undissociated organoids, we did not observe
improvements in dissociated organoids following treatment with Y-27632 (Supplementary Figure 2). Taken
together, these results suggested that the recovery of
cryopreserved intestinal organoids was significantly

Recent studies have reported the use of continuously
cultured intestinal organoids to treat GI disease in
[11,12]
mice
, suggesting that organoid-based therapy
may have applications in repairing damaged intestines.
In order to improve therapeutic technologies, we have
examined the optimal conditions for cryopreservation
of organoids. To explore the cryopreservation of
cultured intestinal organoids under ENR conditions,
we first performed freezing-thawing of undissociated
and dissociated organoids using 10% DMSO, a tradi[21]
tional cryopreservative . After 1 mo, cryopreserved
organoids were thawed in medium and incubated for 7
d. Organoids with a crypt-villus structure were visible
from frozen stock only for undissociated organoids
(Figure 4A), indicating that undissociated organoids
showed better recovery from cryopreservation with
10% DMSO compared with that of dissociated organoids. Similar results were obtained from RCCFM (data
not shown). We also extended the storage period of
cryopreserved organoids up to 3 mo, which has been
used for long-term cryopreservation in previous stu
[21,22]
dies
. The viability of organoids was dramatically
decreased, even in commercial freezing medium, in
a time-dependent manner, as shown by MTT assays
(Figure 4B).
The survival of various types of stem cells, including
ISCs, is enhanced by ROCK inhibition during subcul-
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Figure 5 Enhanced recovery of long-term cryopreserved intestinal organoids was dependent on the timing of Y-27632 treatment. Undissociated organoids
(P3) were treated with 10 μmol/L Y-27632 at the indicated time points. A: Representative morphology of organoids cultured on day 7 in the presence of ENR medium
after thawing organoids cryopreserved for 3 mo in the presence of 10% DMSO. Scale bars, 200 μm. B: Quantification of recovery from cryopreserved organoids was
performed using MTT assays. The data are shown as means ± SDs of triplicate experiments (bP < 0.01, two-way analysis of variance with Dunnett’s T3 tests) and
normalized to untreated samples. MTT: Methyl thiazolyl tetrazolium; ENR: Epidermal growth factor/Noggin/R-spondin1.

improved when the ROCK inhibitor Y-27632 was used
for treatment of undissociated organoids rather than
dissociated organoids during freezing.

characteristics of intestinal organoids under ENR-CV
medium in the early passage were consistent with a
+
previous report showing enrichment of Lgr5 expression, enhanced organoid size and budding length, and
[9]
rapid proliferating cells . However, upon extended
passaging under ENR-CV conditions, but not ENR
conditions, we observed phenotypic changes, such as
reduced size and budding length of organoid, accompanied by reduced expression of Lgr5, an ISC marker,
and upregulation of Muc2, a goblet cell marker (Figures
2 and 3). Although these findings are contradictory to
[9]
the report by Yin et al , who showed maintenance of
+
Lgr5 stem cells during long-term passage, our findings were consistent with other reports demonstrating
conversion of proliferating progenitors into secretory
cells, along with loss of stem cells expressing Lgr5
[24]
in the context of inhibited Notch signaling . The
Notch signaling pathway contributes to enhancement
+
of Lgr5 stem cell proliferation and suppresses the
differentiation of these ISCs into secretory cells, such
as goblet and enteroendocrine cells. In contrast, Wnt
signaling is associated with the formation of paneth
cells, which we found to be unaltered as shown by
[25-27]
Figure 3A
. Thus, we analyzed the expression of
Notch signaling-associated molecules, including Notch
family members and Hes1, in ENR and ENR-CV cultured organoids upon extended passage. However, the
gene expression patterns were similar for organoids
cultured under both conditions (data not shown). This
suggested that the Notch signaling pathway was not

DISCUSSION
Previous studies reported that long-term culture of
intestinal organoids could be supported through either
ENR or ENR-CV medium in a 3D culture system with a
[8,10,12]
Matrigel matrix
, and in vitro cultured intestinal
organoids may have applications in organoid-based
therapy as shown in studies investigating the repair
[11,12]
of damaged intestines in mice
. Here, we have
extended these studies to determine a suitable longterm culture system and optimal cryopreservation of
small intestinal organoid. We found that the phenotypes of intestinal organoids under ENR media were
maintained over a long duration, whereas organoid
under ENR-CV media exhibited morphological altera+
tions, reduced numbers of Lgr5 cells and inconsistent
expression of markers for differentiated intestinal
epithelial cell types upon extended passages. We also
identified an efficacious cryopreservation method
for expansion of undissociated intestinal organoids.
For undissociated intestinal organoids, direct addition of the ROCK inhibitor Y-27632 during freezing
permitted superior recovery of crypts after long-term
cryopreservation.
Using established cultures of intestinal organoids
under two different media, we confirmed that the
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involved in the observed changes under our culture
conditions. Interestingly, although the expression
of Lgr5 in intestinal organoids cultured in ENR-CV
medium was reduced to a level similar to that of ENRcultured intestinal organoids during late passages,
indicating that these events may result from the
reduced effects of small molecules, this relationship did
not seem to be causal because the composition ratio
of differentiated epithelial cells in long-term cultured
intestinal organoids under ENR and ENR-CV conditions
was not well correlated (Figure 3A). It is unclear why
enhanced expression of Lgr5 was diminished upon
continual passage in this study; however, a recent
+
report demonstrated that loss of Lgr5 stem cells is
often observed as an unexpected side effect in patients
[28]
treated with HDAC inhibitors . Therefore, it is likely
that changes in the phenotype and composition ratio of
functionally differentiated cells in intestinal organoids
under ENR-CVin long-term culture may be attributed
to prolonged treatment with valproic acid, a known
[29]
HDAC inhibitor .
In order to determine the mechanisms underlying
RIGS at the cellular level, in-depth characterization of
intestinal epithelial cells within in vitro cultured intestinal organoids is necessary. A previous study compared
the characteristics of these cells under two different
[9]
media . Moreover, our current findings further showed
that both media could support the long-term culture
of intestinal organoids, recapitulating the crypt-villus
architecture in vivo with ISCs (Lgr5) and differentiated
intestinal epithelial cells, consistent with previous
[8,9]
reports . Based on the comparative analysis in our
study, including analysis of raw crypts, we found that
the expression levels of most markers of differentiated
intestinal epithelial cells in ENR-cultured organoid
were higher than those in ENR-CV-cultured organoids,
regardless of whether the organoids were cultured
long term. Furthermore, upon continuous passaging,
the expression levels of epithelial cell markers in intestinal organoids under ENR conditions were constant
and similar to the expression levels of corresponding
markers in primary raw crypts, suggesting that ENR
conditions may be appropriate for long-term culture
of intestinal organoids and that the characteristics of
ENR culture were relevant to determining the in vivo
composition of small intestine cell types. Given that
the specialized cellular niche plays an important role in
the maintenance of intestinal homeostasis by creating
[30]
a unique environment in vivo , our data emphasized
that the ENR-based intestinal organoid system may
be useful for analysis of the mechanisms of radiation
induced-intestinal cell death and that results obtained
from the ENR-CV culture system, particularly for longterm culture, should be interpreted cautiously.
One of the most important findings in this study
was that recovery of cryopreserved intestinal organoids
was dependent on the timing of Y-27632 treatment
and the absence of dissociation. We found that intact
organoids, not dissociated organoids, were efficiently
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cryopreserved in the presence of 10% DMSO as
[15,21]
standard components in slow-freezing protocols
.
Among current cryopreservation methods, including
slow or fast freezing (vitrification), conventional slowfreezing protocols are generally effective in presence
of DMSO as a cryoprotectant, are less labor intensive,
[15,31]
and allow for handling of bulk quantities of cells
.
However, DMSO is known to be toxic to tissues and
cells and is considered an appropriate cryoprotectant
for short-term storage owing to its time-dependent
[31]
toxicity . Indeed, we observed that low survival
rates after freeze-thaw of cryopreserved organoids
following extended storage (Figure 4). Importantly,
however, addition of Y-27632 at the time of freezing
improved the recovery of freeze-thawed intestinal
organoids. Although Y-27632 is known to be a potent
inhibitor of apoptosis and to facilitate the survival of
dissociated stem cells during subculture including
[8,16,32]
ISCs
, we did not observe efficient recovery of
cryopreserved intestinal organoids when dissociated
organoids were treated with ROCK inhibitor directly
into the freezing medium (Supplementary Figure 2).
These differences may be explained by the toxicity of
DMSO, which varies from cell type to cell type during
[31]
cryopreservation .
Our live-imaging data indicated the characteristics
of long-term cryopreserved intestinal organoids by
tracing the growth of organoids having a typical
intestinal organoid phenotype with a crypt-villus
structure. Further studies are required to determine
whether subtle genetic alterations can be induced by
cryopreservation with the ROCK inhibitor Y-27632. In
the present study, undissociated intestinal organoids,
but not dissociated organoids, were effectively cryopreserved and propagated after long-term cryopreservation by incorporating the ROCK inhibitor Y-27632
directly into the freezing medium.
In conclusion, using a comparative analysis of the
characteristics of long-term cultured small intestinal
organoids under two different culture conditions, we
demonstrated that ENR-CV condition, but not ENR
conditions, induced phenotypic transition in in vitro
cultured small intestinal organoids upon extended
passaging. We also identified an efficacious long-term
cryopreservation method for intestinal organoids
through optimization of the organoid state and timing of treatment with the ROCK inhibitor Y-27632.
This method may contribute to the establishment of
standardized cryopreservation protocols for intestinal
organoids and subsequent clinical applications of
these cell sources.
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Abstract

Institutional animal care and use committee statement:
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Committee of Shanghai First People’s Hospital.

AIM
To explore the mechanism by which microRNA-155
(miR-155) regulates the pathogenesis of experimental
colitis.

Conflict-of-interest statement: The authors declare no conflict
of interest.

METHODS
A luciferase assay was performed to confirm the binding
of miR-155 to the SHIP-1 3’-UTR. MiR-155 mimics,
negative controls and SHIP-1 expression/knockdown
vectors were established and then utilized in gain- and
loss-of-function studies performed in raw264.7 cells and
primary bone marrow-derived macrophages (BMDMs).
Thereafter, dextran sulfate sodium (DSS)-induced colitis
mouse model with or without antagomiR-155 treatment
was established, and the levels of miR-155 and SHIP-1,
as well as the pro-inflammatory capabilities, were
measured by western blot, quantitative polymerase
chain reaction, and immunohistochemistry.

Data sharing statement: Technical appendix, statistical code,
and dataset are available from the corresponding author at
richardwxp@163.com.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
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RESULTS
MiR-155 directly bound to the 3’-UTR of SHIP-1
mRNA and induced a significant decrease in SHIP-1
expression in both raw264.7 cells and primary BMDMs.
MiR-155 markedly promoted cell proliferation and proinflammatory secretions including IL-6, TNF-α, IL-1β,
and IFN-γ, whereas these effects could be reversed
by the restoration of SHIP-1 expression. In vivo
studies showed that antagomiR-155 administration
could alleviate DSS-induced intestinal inflammation
in Balb/c mice. Moreover, significantly increased
SHIP-1 expression, as well as decreased Akt activation
and inflammatory response, were observed in the
antagomiR-155-treated mice.

the imbalanced constitution of the gut flora, genetic
susceptibility and environmental factors all contribute
[3,4]
to the pathogenesis of IBD . Thus far, certain molecular changes in gene and protein expression patterns
have been identified during the chronic inflammation
process of IBD, and unraveling the molecular events
involved in these intracellular signaling transduction pathways may be helpful for IBD diagnosis and
treatment.
MicroRNAs are endogenous small non-coding
RNAs that regulate gene expression by binding to the
3’-UTR of target messenger RNAs, either targeting
the transcripts for degradation or blocking their
[5,6]
translation
. MicroRNA-155 (miR-155), whose
expression is induced by inflammatory cytokines and
toll-like receptor ligands, has been reported to be
involved in tissue development, immune responses,
hematopoiesis, and a number of other important
[7-9]
physiological functions . Because the dysregulation
of these same physiological functions is frequently
observed in various inflammation or inflammation[10-12]
induced human diseases
, miR-155 has received
a great deal of interest. Recent studies have demon
strated that miR-155 is up-regulated in both UC and
[13,14]
CD patients
; conversely, its deficiency protects
[15]
mice from experimental colitis , although the under
lying mechanism stills needs to be elucidated.
Previous studies have proven that the 145-kDa
protein Src homology 2 domain-containing inositol
5’-phosphatase-1 (SHIP-1) is a primary target of
[16,17]
miR-155
. The direct repression of SHIP-1 by
miR-155 has been demonstrated in many mammalian
[18,19]
cell types
. In fact, the phenotype observed in mice
over-expressing miR-155 is closely related to that of
[16]
SHIP-1 knockout mice . Ubiquitously expressed in
hematopoietic cells, SHIP-1 is at the nexus of intracellular signaling pathways in immune cells that mediate
the immune response, production of inflammatory and
immunosuppressive cytokines, immunoregulatory cell
formation, autoimmune diseases, and immune can[20-22]
cers
. For example, the PI3K-Akt pathway is a crucial intracellular signaling pathway that mediates many
biological processes, and SHIP-1 negatively regulates
the PI3K-Akt cascade through the dephosphorylation
[23]
of PIP3 . Recent evidence has shown that SHIP-1
is significantly decreased in leukemias and lympho[24,25]
mas
, as well as in some chronic inflammatory
[26]
diseases such as clinical and experimental arthritis .
However, there are few reports on SHIP-1 and IBD,
and the currently available studies give inconsistent
or even opposing results. In this study, we sought to
determine the detailed relationship between miR-155,
SHIP-1, and the pathogenesis of IBD by in vitro studies using raw264.7 cells and primary bone marrowderived macrophages (BMDMs) and by in vivo studies
using an experimental colitis mouse model induced by
dextran sulfate sodium (DSS).

CONCLUSION
MiR-155 promotes experimental colitis by repressing
SHIP-1 expression. Thus, the inhibition of miR-155
might be a promising strategy for therapy.
Key words: Experimental colitis; Inflammatory bowel
disease; MicroRNA-155; SHIP-1
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our present study identifies SHIP-1 as the
functional target of microRNA-155 (miR-155) in macro
phages. The up-regulation of miR-155 during colitis
led to a significant decrease in SHIP-1 expression as
well as a marked enhancement in cell proliferation and
pro-inflammatory secretions, whereas the restoration
of SHIP-1 expression partly reversed these changes.
We further confirmed that antagomiR-155 treatment
effectively alleviates dextran sulfate sodium-induced
intestinal inflammation in mice, correlated with a
significant elevation in SHIP-1 expression levels. Our
findings indicate a novel mechanism by which miR-155
influences colitis progression.
Lu ZJ, Wu JJ, Jiang WL, Xiao JH, Tao KZ, Ma L, Zheng P,
Wan R, Wang XP. MicroRNA-155 promotes the pathogenesis of
experimental colitis by repressing SHIP-1 expression. World J
Gastroenterol 2017; 23(6): 976-985 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i6/976.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i6.976

INTRODUCTION
Inflammatory bowel disease (IBD) is characterized by
idiopathic, chronic, recurrent, inflammatory conditions
of the human bowel triggered by multi-factorial causes
that are not completely understood. IBD predomi
nantly includes ulcerative colitis (UC) and Crohn’s dis[1,2]
ease (CD) . Although its etiology remains unclear,
studies have indicated that the combination of the
dysfunction of the intestinal mucosal immune system,
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character and bleeding were recorded daily to monitor
the disease activity, and the disease activity index
[28]
(DAI) was determined as previously described . Mice
were sacrificed under deep anesthesia at the end of
day 7. The colon tissues were stored in 10% buffered
formalin or at -80 ℃ in liquid nitrogen after the colon
length was measured and photographed.

MATERIALS AND METHODS
Cell culture, isolation, and lipopolysaccharide challenge

The raw264.7 cell line was obtained from the American
Type Culture Collection and was maintained in lowglucose Dulbecco’s modified Eagle’s medium (Gibco,
Grand Island, NY, United States) supplemented with
10% fetal bovine serum and 1% Pen/Strep. Cells
were incubated at 37 ℃ and in 5% CO2/95% air.
BMDMs were isolated by flushing the femurs and tibias
of Balb/c mice (female, 6-8 wk, Laboratory Animal
Center, Chinese Academy of Sciences, Shanghai,
China). Detailed procedures were performed as
[27]
described previously . BMDM phenotype and purity
was determined by FACS analysis for macrophage
specific antigen F4/80 (Abcam, United Kingdom).
Before function studies, cells were exposed to E. coli
lipopolysaccharide (LPS; 1 μg/mL; Sigma, St. Louis,
MO, United States) for 24 h.

Histological evaluation and immunohistochemistry

Histological examination of the distal colon was
performed on paraffin-embedded sections by hematoxylin-eosin (HE) staining. The inflammatory damage
[29]
score was determined as previously described
and
was the sum of inflammation infiltrations, depth of
lesions, destruction of crypt, and width of lesions.
Immunohistochemistry for SHIP-1 was performed
using the peroxidase-conjugated avidin-biotin method.
Deparaffinized and rehydrated sections were incubated
with rabbit polyclonal anti-SHIP-1 (1:300, Santa Cruz,
CA, United States) followed by biotinylated secondary
antibody (Mai Bio, Shanghai, China). Positive staining
was indicated by gray and brown particles. Ten visual
fields (× 400 magnification) were chosen randomly in
each section for evaluation of stained cells. The final
score was the product of the number of stained cells
and staining intensities. Detailed counting methods are
listed in Supplementary Table 1.

Vectors and cell transfection

MiR-155 mimics (UUAAUGCUAAUUGUGAUAGGGGU)
and negative controls (CCUACGCCACCAAUUUCGU)
were provided by GenePharma (Shanghai, China). To
express the murine SHIP-1 gene (Inpp5d), the coding
sequence of Inpp5d was amplified from cDNA and
was then subcloned into a pcDNA3.1 plasmid (Thermo
Fisher Scientific, Waltham, MA), while silencing of
SHIP-1 expression was achieved by designing a smallhairpin RNA targeting its coding sequence (shSHIP-1)
and inserting this sequence into the vector. Transfection
6
was performed in 6-well plates (5 × 10 cells/well), and
the cells were mixed with Lipofectamine2000 reagent
(Invitrogen, Carlsbad, CA). Cells were harvested 48 h
after transfection for further analyses.

Quantitative real-time RT-PCR

Total RNA was extracted from cells or tissues by
the TriPure Reagent (Roche, Basel, Switzerland)
according to the manufacturer’s instructions. Reverse
transcription was performed using the Transcriptor
First Strand cDNA Synthesis kit (Roche). The singlestranded cDNA served as the template for SYBR
real-time polymerase chain reaction (PCR) using
SYBR‑Green PCR Master Mix (Takara Bio, Kyoto,
Japan). All reactions were run in triplicate on the
MasterCycler Real-Time PCR Detection System
(Eppendorf, Hamburg, Germany). Supplementary Table
2 lists all primer sequences used in the study. The fold
change of gene expression was calculated using the
-ΔΔCT
2
method. The expression level of miR-155 was
normalized to U6 snRNA, and the expression levels of
other genes were normalized to GAPDH.

Induction of colitis and treatment

Forty pathogen-free female Balb/c mice were randomly
separated into four groups (group 1, group 2, group 3,
and group 4). Five mice per cage were maintained in
an individual ventilated cage. All protocols concerning
laboratory animal usage were submitted and validated
by the Animal Care Ethics Committee of Shanghai
First People’s Hospital and Nanjing Medical University.
Groups 2, 3, and 4 were treated by oral administration
of 4.0% (w/v) DSS (MP Biomedicals, Aurora, OH)
dissolved in drinking water for 7 d, while group 1
was used as the control group and given normal
drinking water. On day 2 and day 5, mice in group
4 were treated with antagomiR-155 (GenePharma)
by tail vein injection at doses of 45 mg/kg in 100
μL volumes. Meanwhile, group 3 was treated with
a negative control (GenePharma) and group 2 was
untreated. The sequences of antagimiR-155 and the
negative control were as follows: antagomiR-155:
5’-AsCsCCCUAUCACAAUUAGCAUsUsAsAs-Cholesterol-3’;
negative control: 5’-UsUsUGUACUACACAAAAGUAsCs
UsGs-Cholesterol-3’.
During the induction phase, weight loss, stool

WJG|www.wjgnet.com

Western blot assay

Cells or colon tissues (stored at -80 ℃) were harvested
and extracted using the lysis buffer, and an equal
amount of protein was separated on 15% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis gel.
Separated protein bands were transferred into PVDF
membranes and then blocked in 5% skim milk powder.
The primary antibody against SHIP-1 (Santa Cruz) was
diluted according to the manufacturer’s instructions
and incubated with the membrane overnight at 4 ℃,
followed by incubation with secondary antibodies
(1:1000 dilution; Mai Bio) at room temperature for 2
h. The immunoreactive bands were visualized using
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Figure 1 SHIP-1 is targeted by microRNA-155 in mouse macrophages. A: A mouse Inpp5d 3’-UTR fragment containing the wild-type or mutant miR-155-binding
sequence was cloned downstream to the luciferase reporter gene; B and C: The luciferase activity of Inpp5d 3’-UTR in raw264.7 cells (B) or primary mouse bone
marrow-derived macrophages (BMDMs) (C) after transfection with miR-155 mimics or negative controls. aP < 0.05, bP < 0.01 vs the wild-type Inpp5d 3’-UTR luciferase
activity in cells transfected with NCs; D: The mRNA level of SHIP-1 was significantly down-regulated in raw 254.7 cells and BMDMs after cells were transfected with
miR-155 mimics. cP < 0.05, dP < 0.01 vs controls. B: The protein level of SHIP-1 also reduced after miR-155 mimics transfection.

Enzyme-linked immunosorbent assay

an ECL-PLUS kit (Piscataway, NJ). The relative protein
expression levels were normalized to GAPDH.

The levels of TNF-α, IL-6, IL-1β and IFN-γ in cell lysate
supernatants were measured using corresponding
enzyme-linked immunosorbent assay (ELISA) kits (Mai
Bio) according to the manufacturer’s instructions.

Luciferase reporter assay

The murine Inpp5d target site and its mutant version
were amplified by primers. The target site was
predicted by three databases (miRBase, PicTar and
miRanda). The PCR products were cloned downstream
of the luciferase gene in psiCHECK-2 luciferase vector
(Promega, WI, United States). The constructs were
transfected together with miR-155 mimics or the
negative controls. Luciferase activity was measured
using the Dual-Luciferase Reporter Assay (Promega)
24 h after transfection. Each treatment was performed
in triplicate.

Statistical analysis

SPSS 21.0 and GraphPad Prism 5 were used for stati
stical analyses and the rendering of figures. One-way
analysis of variance (ANOVA) was used to analyze the
differences between groups. The Student-NewmanKeuls method of multiple comparisons was used when
the ANOVA analysis resulted in statistical significance.
Data are expressed as the means ± SD. Statistical
significance was set at P < 0.05.

Cell proliferation assay

RESULTS

Cell proliferation was analyzed using an MTT assay.
3
Briefly, 1 × 10 cells per well were seeded into a
96-well plate and incubated for three days. At the
indicated time point, 20 μL of MTT (5 mg/mL) (SigmaAldrich) was added into each well and incubated for 4
h. Then, the supernatants were removed and 150 μL
of DMSO (Sigma-Aldrich) was added to terminate the
reaction. The absorbance value (OD) was measured at
570 nm.

WJG|www.wjgnet.com

MiR-155 directly targets the 3’-UTR of SHIP-1 and
inhibits its expression in murine macrophages

Because SHIP-1 is a well-established target of
miR-155, we first performed a dual-luciferase reporter
assay by constructing luciferase reporter constructs
containing the wild-type or mutant SHIP-1 3’-UTR and
co-transfecting them with miR-155 mimics or negative
controls into cells (Figure 1A). We found that miR-155
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Figure 2 Effects of microRNA-155 and its target SHIP-1 on cell proliferation and pro-inflammatory capabilities. A: The proliferation rate of raw264.7 cells
transfected with miR-155 mimics, the negative controls, miR-155 mimics + SHIP-1 vectors, SHIP-1 expression vectors, or SHIP-1 knockdown vectors was detected by
MTT assay. aP < 0.05 indicated there was significant difference between groups. B-E: ELISA analyses of the secretion of IL-6 (B), TNF-α (C), IL-1β (D), and IFN-γ (E)
in both the raw264.7 cells and mouse bone marrow-derived macrophages (BMDMs) and the respective cells transfected with miR-155 mimics, the negative controls,
miR-155 mimics + SHIP-1 vectors, SHIP-1 expression vectors, or SHIP-1 knockdown vectors. Comparison was conducted between groups: Raw264.7/miR-155,
raw264.7/SHIP-1, raw264.7/shSHIP-1 vs Raw264.7, Raw264.7/NC; Raw264.7/miR-155+SHIP-1 vs Raw264.7/miR-155. aP < 0.05, bP < 0.01.

miR-155 and its target SHIP-1 on the proliferation
of raw264.7 cells. Cell proliferation was significantly
elevated following the over-expression of miR-155
and was decreased after the up-regulation of SHIP-1
(Figure 2A). ELISA analysis was then conducted to
determine whether miR-155 and SHIP-1 affected
the pro-inflammatory secretions of LPS-stimulated
raw264.7 cells and primary BMDMs. After exposure to
LPS (1 μg/mL) for 24 h, both the raw264.7 cells and
BMDMs showed remarkable secretion levels of IL-6,
TNF-α, IL-1β, and IFN-γ, which represent the most
important pro-inflammatory cytokines in IBD. The cells
that over-expressed miR-155 exhibited the highest
levels of secretion of these factors, while SHIP-1
restoration could inhibit the over-production of IL-6,
TNF-α, IL-1β, and IFN-γ in these two cell types (Figure

directly bound to the wild-type but not the mutant
3’-UTR of SHIP-1 mRNA and caused the significant
reduction of luciferase activities in both the murine
macrophage cell line raw264.7 and the primarily
isolated BMDM cells (Figure 1B and C). Then, we
focused on the expression of SHIP-1 in miR-155 overexpressing raw264.7 cells and BMDMs. As shown in
Figure 1D and E, both the mRNA and the protein levels
of SHIP-1 were significantly decreased after cells were
transfected with 60 nmol/L miR-155 mimics, which
confirmed that SHIP-1 is the direct target of miR-155
in murine macrophages.

Effects of miR-155 and SHIP-1 on the cell proliferation
and pro-inflammatory secretion of murine macrophages

An MTT assay was performed to test the effects of
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Figure 3 Inhibition of microRNA-155 alleviated mouse experimental colitis. A: AntagomiR-155 treatment significantly reduced the expression level of miR-155 in
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2B-E). These results indicate that miR-155 serves
its pro-inflammatory function by repressing SHIP-1
expression in macrophages.

1.41 cm vs 8.23 ± 1.35 cm, P > 0.05) (Figure 3C).
Thereafter, we evaluated the histological changes
in colon sections by HE staining and found that the
DSS-treated mice exhibited the typical characteristics
of intestinal inflammation compared with the normal
control mice (Figure 4A). The mice co-treated with
antagomiR-155 displayed remarkably reduced levels
of colon inflammation, including neutrophil infiltration,
epithelial damage, depletion of goblet cells, and
distortion of crypt architectures, compared to the mice
treated with only DSS or the mice treated with DSS
and random antagomiRs (Figure 4B and C).

Inhibition of miR-155 significantly alleviates murine
intestinal inflammation induced by DSS

DSS-induced experimental colitis was established in
Balb/c mice to determine the role of miR-155 and
SHIP-1 in vivo. On day 2 and day 5, one group of mice
was injected with 45 mg/kg antagomiR-155 through
the tail vein, while another group was treated with
the same dose of negative controls. Our PCR analysis
confirmed that the level of miR-155 in murine colons
was significantly reduced by antagomiR-155 treatment
(Figure 3A). During the 7-d DSS induction, changes
in body weight, occult blood, and gross bleeding were
assessed and scored for the determination of DAI
scores. As shown in Figure 3B, the DSS-treated groups
exhibited higher DAI scores compared to the normal
distilled water-treated group. In the three DSS-treated
groups, it was observed that the mice that received
antagomiR-155 injection exhibited significantly lower
DAI compared with the mice that received random
antagomiR treatment and the untreated mice.
Additionally, the colon length of DSS-treated mice was
markedly shortened compared to controls (8.23 ± 1.35
cm vs 5.45 ± 1.29 cm, P < 0.05), and the inhibition of
miR-155 could partly abate such shortening (6.82 ±
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Inhibition of miR-155 leads to increased SHIP-1
expression and decreased inflammatory responses in
experimental colitis

We performed an expression analysis of SHIP-1 in
distal colon tissues and found that both the RNA
and protein levels of SHIP-1 were significantly
increased with antagomiR-155 administration (Figure
5A and B), whereas activity of its major functional
target, the Akt signaling pathway, was decreased
due to the enhancement of the negative regulation
of SHIP-1 upon p-Akt activation (Figure 5B). IHC
analysis showed that SHIP-1 was mainly expressed
in lymphocytes, neutrophils, and other hematopoietic
cells in the inflamed mucosa (Figure 5C). Similarly,
the mice co-treated with antagomiR-155 exhibited
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Figure 4 Effects of antagomiR-155 on dextran sulfate sodium-induced histological changes in intestinal mucosa. A: Representative histological images of colon
tissues from mice in differently treated groups (original magnification, upper panel, × 200; lower panel, × 400); B: Microscopic inflammatory infiltration score. bP < 0.01,
DSS vs control; aP < 0.05, DSS + antagomiR-155 vs DSS + NC; C: Microscopic crypt destruction score. bP < 0.01, DSS vs control. DSS: Dextran sulfate sodium.
[31,32]

higher positive staining of SHIP-1 than the mice in
other groups. Since the activation of Akt is implicated
in cell proliferation, survival, and pro-inflammatory
[30]
release , we then investigated whether the change
in SHIP-1 expression and downstream Akt signaling
was associated with the inflammatory response in
murine colon mucosa. PCR analysis revealed that
the main pro-inflammatory mediators in colitis,
including IL-6, TNF-α, IL-1β, IFN-γ, and IL-17, were
all suppressed to a large degree after antagomiR-155
treatment; however, the paramount anti-inflammatory
factor IL-10 demonstrated an opposite trend in
expression (Figure 5D), suggesting that the inhibition
of miR-155 and the over-expression of SHIP-1 could
be an effective strategy to alleviate or suppress the
inflammatory cascade in colitis.

bench to bedside
. Over the past few decades,
the identification of microRNAs in IBD has made great
progress as an initial step in this regard. As a multifunctional microRNA, miR-155 plays an important
role in the etiology of autoimmune diseases, and
its ectopic up-regulation has been reported in both
UC and CD. However, the detailed mechanism by
which miR-155 influences the pathogenesis of colitis
remains to be elucidated. Since SHIP-1, an important
cytoplasmic phosphatase that regulates the number
and function of immune cells, has been demonstrated
as the direct target of miR-155, we therefore
investigated the possible role of miR-155 and SHIP-1
in colitis in the present study.
We first determined that SHIP-1 was directly
regulated by miR-155 in murine macrophages including
raw264.7 cells and primary BMDMs. As it is well
known that macrophages serve as the core regulator
of innate immune response during gut inflammation
or infection, here we proved that SHIP-1 might play
a role in a miR-155-triggered inflammatory cascade
[15]
during colitis. Singh et al
reported that miR-155
deficiency protects mice from experimental colitis by
[33]
reducing T cell responses, and Min et al
found that
miR-155 contributes to cytokine secretion in colitis

DISCUSSION
Understanding the underlying mechanisms that
regulate gene expression and the complex interplay
of pathogenic factors is essential to develop novel
therapeutics in IBD. Thus far, the ability of microRNAs
to target functional genes and intracellular biological
signaling pathways has drawn great attention from
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Figure 5 Inhibition of microRNA-155 alleviates colitis by regulating the SHIP-1/Akt signaling pathway. A: AntagomiR-155 treatment elevated the mRNA
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sodium.

by targeting FOXO3a. In this study, we confirmed the
pro-proliferation and pro-inflammation capabilities
of miR-155 in murine macrophages. Furthermore,
we found that these effects were accompanied by
a marked decrease in SHIP-1 expression and that
the restoration of SHIP-1 could effectively inhibit or
reverse these effects. Since it was first cloned and
characterized in 1996, the role of SHIP-1 in immunity
and other physiological or pathological processes has
[20,21]
gradually emerged from numerous studies
. Thus
far, the dysregulation of SHIP-1 has been described
in several chronic inflammation and autoimmune
disorders. There have been reports concerning
SHIP-1 silencing in immune cells or knockout in
animal models leading to the increased release of
[34]
[35]
inflammatory cytokines . Kerr et al
in 2011
-/reported that Ship-1 mice develop spontaneous
CD-like ileitis, which could be corrected by adoptive
transfer of bone marrow from wildtype mice. They
further proposed that this type of colitis probably
resulted from the imbalance of intestinal immune
cells caused by SHIP-1 deprivation. Most recently, Jin
[36]
et al
identified that the miR-155-mediated downregulation of SHIP-1 promotes gouty arthritis. All of
these findings point towards a pivotal role of SHIP-1
in regulation of immune response in the body. Our
analysis demonstrated that the anti-inflammation
effect of SHIP-1 is possibly via the inhibition of the Akt
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signaling pathway, both in vitro and in vivo. The proinflammatory secretion of cytokines by macrophages
was significantly suppressed upon the up-regulation
of SHIP-1 expression, indicating a potential for its
clinical utility in the future. Although there was a report
documenting that the level of SHIP-1 is increased in
[37]
the intestinal mucosa samples of IBD patients , we
speculate that this finding was due to the presence
of more lymphocytes, monocytes, and neutrophils
infiltrating into the colorectal mucosa during colitis.
Previous studies have identified a number of
microRNAs as diagnostic biomarkers or potential targets
[32]
for IBD treatment, such as miR-21 and miR-31 .
However, to date, no therapeutic manipulation of
microRNAs in IBD has been reported in cell lines or
animal models. In regards to miR-155, although its
aberrant expression in colitis is well established, the
prospect of a miR-155-targeted strategy has not
been fully investigated. In the present study, we
established a DSS-induced colitis model and treated
it with antagomiR-155. As expected, the inhibition of
miR-155 significantly alleviated the disease activity,
the degree of intestinal inflammation, and the release
of pro-inflammatory cytokines. We also demonstrated
that these curative effects are closely associated with
an increase in SHIP-1 expression. These data provide
a strong proof-of-concept for miR-155- and SHIP-1based therapeutic approaches that could modulate
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inflammation in IBD. Nevertheless, experimental data
in a chronic colitis animal model should be provided for
further validation.
In conclusion, our current study demonstrated that
miR-155 contributes to the pathogenesis of colitis by
targeting SHIP-1 expression. Therefore, the inhibition of
miR-155 and the restoration of SHIP-1 could effectively
alleviate intestinal inflammation and cytokine secretion.
Although some other effects of this miR-155 targeting
strategy still need to be considered and studied, we
cannot help speculating that this promising therapeutic
concept may emerge in the near future.
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Abstract
AIM
To clarify the mechanisms involved in the critical endo
plasmic reticulum (ER) stress initiating unfolded protein
response pathway modified by melatonin.
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METHODS
Hepatoma cells, HepG2, were cultured in vitro . Flow
cytometry and TUNEL assay were used to measure
HepG2 cell apoptosis. Western blotting and quantitative reverse transcription-polymerase chain reaction
methods were used to determine the protein and messenger RNA levels of ER stress and apoptosis related
genes’ expression, respectively. Tissue microarray
construction from patients was verified by immunohistochemical analysis.
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that the liver cancer cell has much greater tolerance
towards a number of cellular stress conditions, such as
endoplasmic reticulum (ER) stress, hypoxia, nutrient
[3,4]
deprivation and so on . Thus, approaches to overcoming this superior tolerance have been emerging as
[5]
potential drug targets for the treatment of HCC .
All types of stress, including oncogenetic stress
that interferes with ER function, cause accumulation of
unfolded proteins in the ER lumen, referred to as ER
stress, and activate a homeostatic signaling network
[6,7]
known as the unfolded protein response (UPR) . The
three main ER transmembrane sensors that elicit the
UPR are protein kinase RNA-like ER kinase (PERK),
inositol-requiring enzyme-1 (IRE-1), and activating
transcription factor 6 (ATF-6). In general, ER stress
initiated by IRE-1a, PERK, and ATF-6 and activated in
solid tumors is crucial for tumor growth and aggressiveness, as well as for microenvironment remodeling
[3,4]
or drug resistance .
Melatonin (N-acetyl-5-methoxytryptamine), which
is produced in the human pineal gland during the night
phase of the light-dark cycle, plays important roles
in physiological and pharmacological functions, such
as circadian rhythms and antioxidants. More interestingly to us, however, is the fact that melatonin exerts
[8-10]
anticancer effects through interplay with ER stress
.
Our previous study demonstrated that melatonin
could sensitize the human HCC cell line HepG2 to ER
stress-induced apoptosis via the inhibition of cycloo
[11]
xygenase-2 (COX-2) . Furthermore, we found that
melatonin attenuates ER stress-induced resistance
to doxorubicin through reversing tunicamycin-induced
[12]
ER stress . However, the mechanisms involved in
the critical UPR pathway modified by melatonin must
still be clarified.
In the present study, we first identified that melatonin can selectively block ATF-6 and then inhibit COX-2
expression, leading to enhanced liver cancer cell
apoptosis. In clinical HCC patients, the close relationship between ATF-6 and COX-2 was further confirmed.
Our study explored the more detailed mechanisms
of melatonin enhancing ER stress-induced apoptosis
in human hepatoma cells via inhibition of COX-2 by
selectively targeting ATF-6.

selectively blocked activating transcription factor 6
(ATF-6) and then inhibited cyclooxygenase-2 (COX-2)
expression, leading to enhanced liver cancer cell
apoptosis under ER stress condition. Dramatically
increased CCAAT-enhancer-binding protein homologous
protein level, suppressed COX-2 and decreased Bcl-2/
Bax ratio by melatonin or ATF-6 siRNA contributed the
enhanced HepG2 cell apoptosis under tunicamycin (an
ER stress inducer) stimulation. In clinical hepatocellular
carcinoma patients, the close relationship between
ATF-6 and COX-2 was further confirmed.
CONCLUSION
These findings indicate that melatonin as a novel
selective ATF-6 inhibitor can sensitize human hepatoma
cells to ER stress inducing apoptosis.
Key words: Melatonin; Endoplasmic reticulum stress;
Activating transcription factor 6; Cyclooxygenase-2;
Hepatocellular carcinoma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoplasmic reticulum (ER) stress plays
an important role in tumor growth and resistance to
treatment. Our previous studies have already shown
that melatonin sensitizes the human hepatocellular
carcinoma cell to ER stress-induced apoptosis and
attenuates ER stress-induced doxorubicin resistance. In
this study, we first identified that melatonin selectively
blocked ER stress downstream activating transcription
factor 6 (ATF-6) and then inhibited cyclooxygenase-2
expression, leading to enhanced liver cancer cell
apoptosis under ER stress condition. Our findings
indicate that melatonin as a novel selective ATF-6
inhibitor can sensitize human hepatoma cells to ER
stress inducing apoptosis.
Bu LJ, Yu HQ, Fan LL, Li XQ, Wang F, Liu JT, Zhong F, Zhang
CJ, Wei W, Wang H, Sun GP. Melatonin, a novel selective ATF-6
inhibitor, induces human hepatoma cell apoptosis through COX-2
downregulation. World J Gastroenterol 2017; 23(6): 986-998
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i6/986.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i6.986

MATERIALS AND METHODS

INTRODUCTION

Reagents

Melatonin (M5250) and tunicamycin (T7765) were
obtained from Sigma Chemical (St. Louis, MO, United
States). DMEM was purchased from Gibco-BRL Life
Technologies (Grand Island, NY, United States). AntiCOX-2 (ab179800), anti-Bax (ab32503) and antiCCAAT/enhancer-binding protein homologous protein
(CHOP) (ab11419) were obtained from Abcam
(Cambridge, MA, United States). Anti-ATF-6 (BS6476),
anti-PERK (BS2156) and anti-Bcl-2 (BS3711) were
obtained from Bioworld Technology Inc. (St Louis

Hepatocellular carcinoma (HCC) was the fifth most
frequently diagnosed cancer worldwide and the third
cause of cancer-related death, responsible for approxi[1,2]
mately 700000 human deaths annually worldwide .
China accounts for the majority of total HCC incidence
[1]
in the world . Most patients with HCC are diagnosed
at a late stage, when there is no chance of surgical
therapy. Unfortunately, there are only a few effective
chemotherapy agents for this type of malignant tumor.
One of the major reasons for untreatable HCC is
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Park, MN, United States). The terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick end
labeling (TUNEL) system was purchased from Roche
(Indianapolis, IN, United States). The annexin V-FITC
kit was obtained from Shanghai Bestbio (Shanghai,
China). The reverse transcription kit (A3500) and
TRIzol (15596-026) were obtained from Promega Inc.
(Madison, WI, United States). The SYBR Green qPCR
kit (11744-100) was obtained from Invitrogen Life
Technologies (Grand Island, NY, United States).

7.2), incubated with a biotinylated secondary antibody
and then incubated with peroxidase-conjugated streptavidin. To observe positive binding of the antigen,
the sections were incubated with diaminobenzidine
solution and then counterstained with hematoxylin.
Next, the sections were viewed under a microscope
and scored on the basis of staining intensity and the
percentage of stained cells relative to the background:
> 10% of tumor cells stained was considered positive
staining.

HCC specimens

Cell culture

Tissue samples were obtained from 100 patients with
HCC. These 100 patients underwent surgery at the
First Affiliated Hospital of Anhui Medical University
between 2001 and 2007. Patients with HCC who had
accepted chemotherapy or radiation therapy before
surgery were excluded from the study. The pathohistological diagnosis of the specimens was consistent with
HCC in accordance with the World Health Organization
Guidelines. A total of 85 HCC patients were male, and
15 HCC patients were female. The median age of the
HCC patient population was 50.7 years, ranging from
18 to 84 years. These 100 HCC patients were staged
according to UICC as follows: 3 HCC patients were
Stage Ⅰ (3%), 73 HCC patients were Stage Ⅱ (73%),
9 HCC patients were Stage Ⅲ (9%), and 15 patients
were Stage Ⅳ (15%). Tumors were pathologically
graded according to WHO guidelines: 4 HCC patients
were well-differentiated, 91 HCC patients were moderately differentiated, and 5 HCC patients were poorly
differentiated. All the clinical specimens were collected
from patients after obtaining written informed consent.
The study was carried out in accordance with a protocol approved by the Ethics Committee of Anhui Medical
University (Anhui, China).

The human hepatoma cell line HepG2 was obtained
from the Shanghai Cell Bank (Chinese Academy of
Sciences, Shanghai, China). The cells were cultured
in high glucose Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% heat-inactivated fetal bovine
serum, 100 U/mL penicillin, and 100 μg/mL streptomycin. Cell culture was carried out at 37 ℃ in a humidified
5% CO2 atmosphere.

Flow cytometry

After treatment, cells were detached from the 6-well
plates by using 0.2% trypsin, harvested, washed
twice with PBS, and centrifuged twice at 300 g for 5
min at 4 ℃. Then, the supernatant was discarded,
and the pellet was resuspended in 400 μL Annexin V
binding buffer at 20 ℃ for at least 12 h. Cells were
subsequently treated in PBS with RNase A for 30 min
at room temperature and stained with propidium
iodide (PI). Flow cytometric analysis was performed
using an EPICS XL-MCL model counter (Beckman
Coulter, Fullerton, CA, United States). A total of 1 ×
6
10 cells/mL were analyzed for each sample, and the
experiment was repeated at least three times.

TUNEL assay

Tissue microarray construction

Cells were cultured on coverslips in 6-well plates
overnight. After treatment with various concentrations
of the indicated compounds for each time period,
the coverslips were washed twice with cold PBS and
fixed in a 4% paraformaldehyde solution for 1 h at
room temperature. Apoptotic cells were detected by
the TUNEL assay (TUNEL System Kit; Roche, Basel,
Switzerland), which was performed according to the
manufacturer’s instructions. The TUNEL assay results
were quantitatively analyzed through the biological
image analysis system from the Nikon ECLIPSE 80i
biology microscope, Nikon Digital Camera DXM 1200F,
ACT-1 version 2.63 software (Tokyo, Japan).

Formalin-fixed paraffin-embedded specimens were
obtained from the archives of the Department of
Pathology at the First Affiliated Hospital of Anhui
Medical University. Hematoxylin and eosin-stained
tissue sections were reviewed for identification of the
target area for tissue microarray construction. Three
to five representative 1-mm cores were obtained from
each sample and inserted in a grid pattern into a new
recipient paraffin block using a manual tissue arrayer
(Hengtai Instruments, Liaoning, China).

Immunohistochemical analysis

Tissue microarray sections were deparaffinized, and
endogenous peroxidase activity was blocked with 3%
hydrogen peroxide in methanol for 10 min and heated
in 0.01 mol/L sodium citrate buffer (pH 6.0) for 10 min
for antigen retrieval. Subsequently, the sections were
incubated with a primary antibody in a moist chamber
for 1 h at ambient temperature. Then, the sections
were washed in phosphate buffered saline (PBS) (pH

WJG|www.wjgnet.com

Western blotting

After drug treatment for the indicated time periods
and concentrations, cells were lysed in RIPA lysis
buffer [50 mmol/L Tris-HCl, (pH 7.4), 150 mmol/L
NaCl, 10 mmol/L phenylmethylsulfonyl fluoride
(PMSF), 1 mmol/L ethylene diamine tetraacetic acid
(EDTA), 0.1% sodium dodecyl sulfate (SDS), 1%
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Table 1 Expression of cyclooxygenase-2 was more likely to be associated with the expression of activating transcription factor 6
than with inositol-requiring enzyme-1 and protein kinase RNA-like endoplasmic reticulum kinase in hepatocellular carcinoma patients
COX-2

AFP-6

Negative
Positive

IRE-1

PERK

-

+

r

P value

-

+

r

P value

-

+

r

P value

16
14

39
95

0.198

0.011

30
44

25
65

0.135

0.086

29
44

26
65

0.017

0.134

ATF-6: Activating transcription factor 6; COX-2: Cyclooxygenase-2; IRE: Inositol-requiring enzyme; PERK: Protein kinase RNA-like endoplasmic reticulum
kinase.

Triton X-100 and 1% sodium deoxycholate] for 20-30
min on ice. Protein concentrations were determined
by the Lowry protein assay. Lysates were incubated
with 2 × Laemmli sample buffer (Bio-Rad, Hercules,
CA, United States) and heated for 10 min at 95 ℃.
The proteins were resolved by SDS-polyacrylamide
gel electrophoresis (SDS-PAGE), then transferred to
polyvinylidene fluoride membranes (Millipore, Bedford,
MA, United States) and incubated with blocking buffer
[Tris-buffered saline/Tween 20/5% nonfat dry milk]
overnight at 4 ℃. Immunoblots were incubated with
the indicated primary antibody followed by the appropriate horseradish peroxidase-conjugated secondary
antibody and visualized with enhanced chemiluminescence (Pierce, Rockford, IL, United States) using
hydrogen peroxide and luminol as substrate with
Kodak X-AR film. Autoradiographs were scanned using
a GS-700 Imaging Densitometer (Bio-Rad).

the mean ± SD. Significance was noted at P < 0.05.

RESULTS
COX-2 is the inducible form of cyclooxygenase and is
frequently highly expressed in tumor tissues, including liver cancer, playing an important role in tumor
development. To determine which UPR pathway was
associated with COX-2 expression under ER stress in
HCC patients, we analyzed the paraffin-embedded,
formalin-fixed HCC specimens by immunohistochemical staining. For all 100 specimens, COX-2, ATF-6,
IRE-1 and PERK were stained in the nuclei and/or
cytoplasm of tumor cells. We observed that the
expression of COX-2 was more likely to be associated
with the expression of ATF-6 than with IRE-1 and
PERK, which reached statistical significance (P = 0.011)
(Table 1). These data suggest the existence of a close
relationship between ATF-6 and COX-2 (Figure 1).
There is limited information about the effects of
melatonin under ER stress conditions and the impact
of melatonin on these three UPR pathways. To address
this, we next evaluated the effects of melatonin on
the UPR pathways in vitro. To mimic the ER stress
condition, HepG2 cells were first pretreated with
tunicamycin for 8 h; then, the cells were treated
-3
with melatonin at four different concentrations (10 ,
-5
-7
-9
10 , 10 and 10 mmol/L) for another 24 h. The
expression of all three UPR pathways was evaluated
by western blotting method. As illustrated in Figure
2A, and consistent with previous reports, the downstream signaling molecules ATF-6, IRE-1 and PERK
were detected after ER stress activator tunicamycin
-7
treatment. Melatonin at concentrations between 10
-3
to 10 mmol/L markedly inhibited ATF-6 expression.
-3
However, only high-concentration melatonin (10
mmol/L) slightly decreased the expression of IRE-1.
Meanwhile, melatonin had no effect on the expression
of PERK. These results indicate melatonin prominently
affects the ATF-6 pathway under ER stress condition.
To investigate the underlying mechanisms of
which pathway is associated with the expression of
COX-2 under the condition of ER stress, we used RNA
interference to knockdown the mRNA in all three UPR
pathways and then observed the changes in COX-2
levels by western blotting. First, each UPR siRNA has

Quantitative reverse transcription polymerase chain
reaction

Total RNA was extracted from HepG2 cells using the
Trizol reagent, and 1 mg RNA was reverse transcribed
to cDNA using the Reverse Transcription System
A3500 (Fermentas, Burlington, Canada). To determine
the quantity of mRNA, the cDNA was amplified by
real-time PCR with a SYBR Green PCR master mix
kit (Invitrogen), and the housekeeping gene GAPDH
was used as the internal control. The SYBR Green
assays were performed in triplicate on a 7500 realtime instrument (Applied Biosystems Inc, Foster City,
CA, United States). The primers to detect mRNA were
5’-CTGTATCCCGCCCTGCTGGTG-3’ and 5’-ACTTGCGTTG
ATGGTGGCTGTCTT-3’ for COX-2 and 5’-AGAAGGCTGG
GGCTCATTTG-3’ and 5’-AGGGGCCATCCACAGTCTTC-3’
for GADPH. All samples were normalized to internal
controls, and fold-changes were calculated by relative
quantification. The conditions for quantitative reverse
transcription polymerase chain reaction (qRT-PCR)
were as follows: 5 min at 94 ℃, and then 50 cycles of
94 ℃ for 30 s, 59 ℃ for 30 s, and 72 ℃ for 1 min.

Statistical analysis

Three or more separate experiments were performed
for each experiment. Statistical analysis was performed
by Student’s t-test or ANOVA. Data are presented as
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Figure 1 Relationship between cyclooxygenase-2 and unfolded protein response pathways. Expression of unfolded protein response (UPR) pathways and
COX-2 in hepatocellular carcinoma (HCC) (streptavidin-peroxidase × 400). A: Expression of COX-2 in HCC; B: Expression of ATF-6 in HCC; C: Expression of IRE-1 in
HCC; D: Expression of PERK in HCC. COX-2: Cyclooxygenase-2.

three candidate sequences, and we chose the most
effective ones by western blot staining (Figure 3A-C).
As shown in Figure 4A and B, the COX-2 protein
expression is downregulated after blocking the ATF-6
mRNA under ER stress condition. In addition, the
mRNA level of COX-2 was also decreased by si-ATF-6
after ER stress activator tunicamycin pre-treatment.
Thus, we concluded that COX-2 can be regulated by
the ATF-6 pathway under ER stress.
To further determine whether blocking the ATF-6
pathway influences ER stress-induced apoptosis, FACS
analysis and TUNEL staining were performed using
HepG2 cells. As shown in Figure 5, tunicamycin slightly
but significantly induced tumor cell apoptosis to around
10%-20%. Interestingly, the percentage of apoptotic
cells markedly increased to around 30% when combined with si-ATF-6. This result suggests that blocking
ATF-6 pathway under ER stress can further aggravate
liver tumor cell apoptosis.
As has already been found, melatonin likely acts as
an ER stress inhibitor by selectively blocking the ATF-6
pathway; thus, we next asked whether melatonin also
can aggravate liver tumor cell apoptosis in a manner
similar to si-ATF-6 after ER stress activation. To further
determine whether melatonin influences ER stressinduced apoptosis, FACS analysis and TUNEL staining
were performed in HepG2 cells in vitro. Similar to the
results from si-ATF-6, and as shown in Figure 6, treatment with melatonin for 24 h after pretreatment with
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tunicamycin led to an obvious increase in apoptotic
tumor cells. The morphological changes indicative of
apoptosis were also assessed by TUNEL staining, as
shown in Figures 5 and 6. Treatment with ATF-6-siRNA
and melatonin resulted in a dramatic increase in the
number of apoptotic HepG2 cells. This also suggested
that melatonin can effectively downregulate ATF-6 and
lead to an increased number of HepG2 cells, which
supports the results of FACS.
Further mechanism study, shown in Figure 7,
showed that melatonin or si-ATF-6 inhibits COX-2
expression while increasing CHOP and the Bax/Bcl-2
ratio to induce cancer cell apoptosis. These data suggest that COX-2 expression may be directly involved in
the adaptation of human hepatoma cells to ER stressinduced apoptosis. Based on the data of the relationship between COX-2 and UPR pathways, we concluded
that melatonin can obviously knockdown ATF-6 and
reduce apoptosis under ER stress by downregulating
COX-2.
CHOP, also called GADD153, is one of the primary
effectors of ER stress-mediated cell apoptosis. As
shown in Figure 7A, the expression of CHOP was
markedly increased in the presence of melatonin and
ATF-6 siRNA. Similarly, the levels of the anti-apoptosis
factor, Bcl-2, were decreased, and the levels of proapoptosis factor, Bax, were increased when cells were
exposed to melatonin or ATF-6 siRNA. The Bcl-2/Bax
ratio also decreased (Figure 7B). These data indicate
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that inhibition of COX-2 with melatonin by knocking
down ATF-6 mRNA increases the number of apoptotic
cells by upregulating the expression of CHOP.
In conclusion, the results of this study indicate that
under tunicamycin-induced ER stress, melatonin can
inhibit the expression COX-2 by downregulating one
of the UPR pathways, ATF-6, which increases the apop
tosis of HepG2 cells via CHOP and Bcl-2/Bax pathway.

nin can selectively target ATF-6 signal, an important
pathway of UPR response initiated by ER stress. We
found that melatonin induced hepatoma cell apoptosis
through inhibiting the ATF-6 pathway. Our studies
demonstrated that downregulation of ATF-6 contributes to the increased susceptibility of liver cancer cells
to melatonin treatment under ER stress condition.
HCC is one of the most common hepatobiliary
malignant tumors, causing increased cancer mortalities
worldwide. As the fifth most common cancer in the
world, HCC is always associated with poor prognosis;
[2]
the 5-year survival rate is less than 17% . Hepatic
resection and liver transplantation offers treatment
to only 20% because most patients are diagnosed at
[13]
a late stage . To eliminate the early stages of HCC,
local ablation, surgical resection, or liver transplantation was applied to the clinical treatment of HCC.
Patients who suffer late stage HCC always present
with distant metastasis and liver dysfunctions, and
the tumor size no longer allows surgical management. Thus, there are few effective treatments for
HCC patients to date.

DISCUSSION
ER stress produced by tumor cells exposed to intrinsic
and external factors often causes tumor growth
[4,5]
and resistance to treatment . Targeting ER stress
signaling in cancer is a potential therapeutic method.
Our previous studies and other lab’s data show that
melatonin exerts its anticancer actions through
[8,9,11,12]
modulation of the ER stress response
. However,
there is limited information focused on the effect of
melatonin under ER stress conditions and the impact
of melatonin on the UPR pathways. In the present
study, we obtained evidence suggesting that melato-
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[13]

A major obstacle that we have yet to overcome is
chemotherapy resistance and we still need to clarify the
underlying mechanisms. Among the complex mechanisms involved in HCC development and progress, ER
stress induction associated with COX-2 is emerging as
a very important contributor. COX-2 is a well-known
inducible form of cyclooxygenase considered as a good
drug target, which is frequently elevated in variety
[14,15]
kinds of cancer tissues including HCC
.
There is increasing evidence that shows COX-2
[16,17]
induction as closely associated with ER stress
. One
research group observed that COX-2 and the eIF2αATF-4 pathway of ER stress were induced by heavy
metal cadmium in both kidney tissues and cultured
[16]
cells . This finding indicates the ER stress eIF2αATF-4 pathway mediates COX-2 overexpression. In the
present study, we found that the expression of COX-2
was more likely to be associated with the expression
of ATF-6 but not IRE1 and PERK. An in vitro cell
experiment in which the ATF-6 pathway was blocked
using si-ATF-6 showed significant repression of COX-2
expression. These data suggest the existence of a
close relationship between ATF-6 and COX-2. Thus, it
is rational to search for specific inhibitors of ATF-6 as
potential candidates for use as new therapeutic agents
for HCC.
As HCC is resistant to systemic chemotherapy,
identification of a new intervention or targeted therapy

WJG|www.wjgnet.com

is urgently needed for patients . One of the mechanisms by which liver cancer cells gain resistance to che[3,4,6]
motherapy is ER stress
. The ER stress response is
a process that can be activated by a number of cellular
stress conditions, such as hypoxia, nutrient deprivation,
alterations in glycosylation status, and disturbances of
[3,4,6]
calcium flux
. Those conditions always cause imbalances in intracellular homeostasis.
ER stress plays an important role in post-transla[3,4,6]
tional modifications
. The ER responds to stress
conditions by activating a range of stress response signaling pathways, which is referred to as the UPR. The
UPR is fundamentally a cytoprotective response, but
excessive or prolonged activation of the UPR can result
in apoptosis. In the present study, single tunicamycininduced ER stress only slightly induced HepG2 cell
apoptosis, whereas combination with si-ATF-6 strongly
increased the percentage of HepG2 cells undergoing
apoptosis. This finding suggests that targeting the
ATF-6 pathway in HepG2 cells enhances sensitivity to
the apoptosis inducer.
Melatonin is mainly secreted by the human pineal
gland, and it has been detected in many other tissues
or as being secreted by other organs. Melatonin is
a highly lipophilic molecule that can easily cross cell
membranes to reach subcellular compartments,
including mitochondria, where it exists in high con[18]
centrations . Melatonin is able to prevent oxidative

992

February 14, 2017|Volume 23|Issue 6|

Bu LJ et al . Melatonin selectively inhibits ATF-6 and induces hepatoma cell apoptosis

A

TM (3 μmol/L)

-                        +                     +                       +                      +                       +

si-RNA

-                         -                     NC                 si-ATF-6             si-IRE-1             si-PERK

COX-2

β-actin

Fold changes

B

3.0

a

2.0
c
1.0

0.0

Relative COX-2 mRNA levels

C

Untreated

TM (3 μmol/L)

TM (3 μmol/L)
+ NC

TM (3 μmol/L)
+ si-ATF-6

TM (3 μmol/L)
+ si-IRE-1

TM (3 μmol/L)
+ si-PERK

TM (3 μmol/L)
+ si-IRE-1

TM (3 μmol/L)
+ si-PERK

6
a

5
4
3

c

2
1
0

Untreated

TM (3 μmol/L)

TM (3 μmol/L)
+ NC

TM (3 μmol/L)
+ si-ATF-6

Figure 4 Relationship between activating transcription factor 6 and cyclooxygenase-2 under endoplasmic reticulum stress. The mRNA of the unfolded
protein response (UPR) pathways was interfered by ATF-6, IRE-1 and PERK siRNA after pretreatment by tunicamycin (TM) for 8 h. A: Equal protein amounts of cell
lysates were subjected to western blot assay using anti-COX-2. β-actin in the same HepG2 cell extract was used as an internal reference. B: Optical density reading
values of specific proteins are represented as fold-differences relative to the loading control protein, β-actin. aP < 0.01 vs the negative control. RNA was harvested and
gene expression examined by qRT-PCR in the same condition above. C: The qRT-PCR fold-changes were normalized using the expression of housekeeping gene
(GAPDH) and vs those obtained from untreated HepG2 cells. aP < 0.01 vs the negative control; cP < 0.01 vs the untreated HepG2 cells. ATF-6: Activating transcription
factor 6; NC: Negative control; COX-2: Cyclooxygenase-2; IRE: Inositol-requiring enzyme; PERK: Protein kinase RNA-like endoplasmic reticulum kinase.

stress through both its free radical scavenging effect
[19-25]
and by directly increasing antioxidant activity
, and
different studies have demonstrated its protective role
against oxidative damage induced by drugs, toxins,
[26]
and different diseases .
In addition, melatonin also acts upon complex functions through specific nuclear and plasma membrane
[27,28]
receptors
. Melatonin MT1 and MT2 receptors
are G protein coupled receptors expressed in various
parts of the central nervous system and in peripheral
organs, which mediate intracellular effects depending
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on the changes in intracellular cyclic nucleotides (cAMP,
cGMP) and calcium levels, activation of certain protein
kinase C subtypes, intracellular localization of steroid
hormone receptors and regulation of G protein signa
ling proteins. Alterations in melatonin receptor expression and the following abnormal signaling pathway, as
well as changes in endogenous melatonin production,
contribute to the pathophysiology of various diseases,
including sleep disorders, depression and Alzheimer’s
[27,28]
disease
.
Interestingly, experimental and clinical studies

993

February 14, 2017|Volume 23|Issue 6|

Bu LJ et al . Melatonin selectively inhibits ATF-6 and induces hepatoma cell apoptosis

6

10

5

10

A1
Q1
0.365%

6

10

Q2
3.74%

5

10

4

3

10

10
Q4
94.5%

Q3
1.36%
3

4

5

0

0
6

PI

6

10

5

10

6

10

Q2
8.59%

5

10

4

10

3

10

5

6

Q2
20.0%

Q4
64.7%

Q3
10.2%

a
10

A4
Q1
5.02%

20

0

Untreated

TM (3 μmol/L) TM (3 μmol/L) TM (3 μmol/L)
+ NC
+ si-ATF-6

3

10

0

4

b,c

30

4

10

0

Q3
2.38%

0      10      10      10     10

A3
Q1
1.56%

Q4
87.2%
3

0      10      10      10     10

50
40

10

3

0

B
Q2
8.19%

4

10

0

A2
Q1
2.23%

Apoptosis ratio (%)

A

Q4
86.3%

Q3
3.56%
3

4

5

0

0
6

3

0      10      10      10     10

4

5

6

0      10      10      10     10
Annexin V

C
C2

100 μm

100 μm

C3

C4

Percent of apoptotic cells (%)

C1

D

50
40
30
b

20
10
0

100 μm

b,c

Untreated

TM (3 μmol/L) TM (3 μmol/L) TM (3 μmol/L)
+ NC
+ si-ATF-6

100 μm

Figure 5 Effects of activating transcription factor 6 siRNA on cell apoptosis in HepG2 cells under endoplasmic reticulum stress. A: HepG2 cells were
transfected with ATF-6 siRNA for 24 h after pretreatment by tunicamycin (TM) for 8 h. Apoptotic cells were determined by FACS, and the data are expressed as the
mean ± SD. A1, Untreated HepG2 cells; A2, HepG2 cells treated by TM only; A3, HepG2 cells treated by combination of TM and ATF-6 siRNA negative control; A4,
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b
P < 0.01 vs untreated HepG2 cells; cP < 0.01 vs HepG2 cells treated with TM and ATF-6 siRNA negative control); C: Cell morphology and percentage of apoptotic
cells was examined by TUNEL staining. C1, Untreated HepG2 cells; C2, HepG2 cells treated by TM only; C3, HepG2 cells treated by combination of TM and ATF-6
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recommend an increase in the awareness of melatonin
as a therapeutic agent in cancers including gastroin[10,29,30]
testinal tract cancer
. Our previous studies and
other labs’ findings suggest that melatonin exerts its
anticancer action through suppressing COX-2 and
[11,12,31,32]
attenuating ER stress-induced drug resistance
.
A recent study also showed that melatonin inhibits
the expression of proangiogenic proteins HIF-1α and
VEGF in conditions of normoxia and hypoxia using the
[33]
HepG2 cell line .
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ER stress induced by hepatitis B virus X (HBx)
protein enhances COX-2 expression via activating transcription factor 4 (ATF-4). Further experiment showed
that ATF-4 binding to the COX-2 promoter plays a cri
[34]
tical role in HBx-mediated COX-2 induction . In addition, melatonin enhances antitumor function through
upregulation of the pro-apoptotic protein BimBim
expression and downregulation of COX-2 expression
in tunicamycin-treated breast carcinoma MDA-MB-231
[35]
cells .
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The present study further explored the new mecha
nism of specific effect of melatonin on ATF-6, one of
the UPR responses. We found that melatonin selectively inhibited the ATF-6 expression (Figure 1). As it
is well-known that melatonin has an inhibitory effect
[36]
on COX-2 activity , it is easy to speculate and understand that si-ATF-6 has a similar COX-2 suppression as
melatonin (Figure 4). Furthermore, we confirmed that
downregulation of ATF-6 by melatonin contributes to
the increased susceptibility of liver cancer cells to mel-
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atonin treatment under ER stress condition (Figure 6).
Dramatically increased CHOP level led to suppressed
COX-2 and decreased Bcl-2/Bax ratio by melatonin,
and ATF-6 siRNA contributed to the enhanced HepG2
cell apoptosis under ER stress stimulation (Figure 7).
These findings indicate that melatonin, as a selective
ATF-6 inhibitor, can sensitize human hepatoma cells to
ER stress-induced apoptosis.
In summary, our study provides the new mechanism by which melatonin downregulates COX-2
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expression and sensitizes apoptosis by selectively targeting ATF-6 in human HCC cells under ER stress. Our
results raise the possibility that melatonin may be a
promising approach in targeting ER stress-induced
apoptosis as a therapeutic strategy for the treatment
of HCC and other cancers. We also identified that of
the three UPR pathways, ATF-6 was positively associated with COX-2 in HCC patient samples. Therefore, if
there are any agents that can knockdown ATF-6, like
melatonin, they can be used to treat HCC. However,
we still need to investigate whether this effect of melatonin in ER stress-induced tumor apoptosis in vitro will
also work well in vivo. Because of the low toxicity and
well-documented oncostatic effects of melatonin, we
believe melatonin has a promising future in the treatment of HCC.
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COMMENTS
Background

Hepatocellular carcinoma (HCC) is a frequently diagnosed cancer in China
and has a high lethality rate. Yet, there are few effective chemotherapy agents
for this malignant tumor. One of the major reasons of untreatable HCC is that
the liver cancer cell has greater tolerance towards a number of cellular stress
conditions, especially endoplasmic reticulum (ER) stress. The published works
by other authors have shown that melatonin can sensitize the human HCC
cell to ER stress-induced apoptosis and that melatonin attenuates ER stressinduced resistance to doxorubicin. However, the precise mechanisms involved
in the critical unfolded protein response (UPR) pathway modified by melatonin
still need to be investigated.

Research frontiers

To the best knowledge of the authors, this is the first study to identify melatonin
as a selective ATF-6 blocker, thereby inhibiting COX-2 and leading to enhanced
cell apoptosis in liver cancer.
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Innovations and breakthroughs

12

This is the first study investigating the precise mechanisms of the critical UPR
pathways modified by melatonin.

Applications

The promising findings presented in the current report suggest that melatonin,
as a novel selective ATF-6 inhibitor, can sensitize human hepatoma cells to ER
stress inducing apoptosis, which may be considered as a therapeutic strategy
for the treatment of HCC and other cancers.

13

14

Terminology

Melatonin plays important roles in human physiological and pharmacological
functions, such as circadian rhythms and antioxidants. Interestingly, melatonin
exerts anticancer effects through interplay with ER stress. The published studies
show that melatonin sensitizes the human HCC cell to ER stress-induced
apoptosis. Furthermore, melatonin also attenuates ER stress-induced resistance
to doxorubicin through reversing tunicamycin-induced ER stress. In the current
study, the authors first demonstrated that melatonin selectively blocks ATF-6
and then inhibits COX-2 expression, leading to enhanced liver cancer cell
apoptosis. In clinical HCC patients, the close relationship between ATF-6 and
COX-2 was further confirmed. The results presented raise the possibility that
melatonin may be used in the treatment of HCC and other cancers.
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Peer-review

In general, the enclosed set of data are very interesting. The article will be
interesting for readers of this journal.
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Core tip: Poly I:C, a toll-like receptor 3 agonist, has
been previously reported to protect against acute colitis.
The potential effects of poly I:C on mucosal injury
and epithelial barrier disruption were investigated in
mouse models of dextran sulfate sodium (DSS)-induced
acute colitis. Poly I:C administration dramatically
protected against DSS-induced colitis, with ameliorated
ultrastructural changes of colon epithelium, intestinal
permeability and tight junction protein expressions. Poly
I:C may protect against DSS-induced colitis through
maintaining integrity of the epithelial barrier and
regulating innate immune responses.

Abstract
AIM
To investigate potential effects of poly I:C on mucosal
injury and epithelial barrier disruption in dextran sulfate
sodium (DSS)-induced acute colitis.
METHODS
Thirty C57BL/6 mice were given either regular drinking
water (control group) or 2% (w/v) DSS drinking water
(model and poly I:C groups) ad libitum for 7 d. Poly I:
C was administrated subcutaneously (20 μg/mouse)
2 h prior to DSS induction in mice of the poly I:C
group. Severity of colitis was evaluated by disease
activity index, body weight, colon length, histology
and myeloperoxidase (MPO) activity, as well as the
production of proinflammatory cytokines, including
tumor necrosis factor-α (TNF-α), interleukin 17 (IL-17)
and interferon-γ (IFN-γ). Intestinal permeability was
analyzed by the fluorescein isothiocyanate labeleddextran (FITC-D) method. Ultrastructural features
of the colon tissue were observed under electron
microscopy. Expressions of tight junction (TJ) proteins,
including zo-1, occludin and claudin-1, were measured
by immunohistochemistry/immunofluorescence,
Western blot and real-time quantitative polymerase
chain reaction (RT-qPCR).

Zhao HW, Yue YH, Han H, Chen XL, Lu YG, Zheng JM, Hou
HT, Lang XM, He LL, Hu QL, Dun ZQ. Effect of toll-like
receptor 3 agonist poly I:C on intestinal mucosa and epithelial
barrier function in mouse models of acute colitis. World J
Gastroenterol 2017; 23(6): 999-1009 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/999.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i6.999

Introduction
Inflammatory bowel disease (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), are common
chronic diseases that are characterized by abnormal
[1,2]
mucosal immune response to luminal bacteria . The
innate and adaptive immune responses have been
suggested to engage in the initiation of inflammation
and relapse of disease activity, with increased intestinal
levels of tumor necrosis factor-α (TNF-α), interleukin
[3,4]
17 (IL-17) and interferon-γ (IFN-γ) . The increased
intestinal inflammation may, in turn, lead to impaired
mucosal barrier function and intestinal permeability,
which allow subsequent translocation of microorganisms to the mucosal lymphatic tissue. The downregulated expressions of junction complex proteins
have been demonstrated in the intestinal mucosa of
[5]
patients with IBD . The impaired gut epithelial barrier
function may cause persistent immune activation
and, thereby, enhance inflammation of the intestinal
[6]
mucosa .
Epithelial barrier function is determined by intestinal
permeability, which is mainly maintained by tight junc[7]
tions (TJs) . As the most apical intercellular structure
of the junctional complex in epithelial cells, TJs serve
as the permeability barrier to paracellular transport of
[8,9]
solutes . Increased intestinal permeability has been
[10]
reported to associate with the pathogenesis of IBD .
Therefore, maintenance of TJ and barrier function may
[11-14]
be beneficial for patients with IBD
.
Toll-like receptors (TLRs) are ancient microbial
pattern recognition receptors that play an essential
role in initiation of immune responses. Subcutaneous

RESULTS
DSS caused significant damage to the colon tissue in
the model group. Administration of poly I:C dramatically
protected against DSS-induced colitis, as demonstrated
by less body weight loss, lower disease activity index
score, longer colon length, colonic MPO activity, and
improved macroscopic and histological scores. It also
ameliorated DSS-induced ultrastructural changes of the
colon epithelium, as observed under scanning electron
microscopy, as well as FITC-D permeability. The mRNA
and protein expressions of TJ protein, zo-1, occludin
and claudin-1 were also found to be significantly
enhanced in the poly I:C group, as determined by
immunohistochemistry/immunofluorescence, Western
blot and RT-qPCR. By contrast, poly I:C pretreatment
markedly reversed the DSS-induced up-regulated
expressions of the inflammatory cytokines TNF-α, IL-17
and IFN-γ.
CONCLUSION
Our study suggested that poly I:C may protect against
DSS-induced colitis through maintaining integrity of
the epithelial barrier and regulating innate immune
responses, which may shed light on the therapeutic
potential of poly I:C in human colitis.
Key words: Dextran sulfate sodium-induced acute
colitis; Mucosal injury; Epithelial barrier disruption;
Tight junction; Poly I:C
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[20]

administration of poly I:C, a synthetic TLR3 agonist,
has been reported to dramatically protect against
[15]
dextran sulfate sodium (DSS)-induced acute colitis .
However, another study also indicated that abnormal
activation of TLR3 signaling by poly I:C broke down the
mucosal homeostasis and caused mucosal damage in
[16]
the small intestine . TLR3 signaling may be involved
in the process of epithelial destruction and mucosal
[17]
injury . However, the potential effects of TLR3 activation by poly I:C on mucosal injury and epithelial barrier
disruption in DSS-induced acute colitis have not been
well investigated up to now. Therefore, the present
study aimed to investigate the potential role of poly I:
C administration on the intestinal mucosal barrier function and intestinal permeability in the mouse model of
DSS-induced acute colitis.

to the well-established scoring system . The data of
body weight (BW), stool consistency and occult blood
(OB) in the stool were recorded. Loss in BW was scored
as: 0: no weight loss, 1: 1%-5% weight loss from
baseline, 2: 5%-10%, 3: 10%-20%, and 4: more than
20% weight loss. Stool consistency was scored as: 0:
well-formed pellets, 2: pasty and semi-formed stools
that do not adhere to the anus, and 4: liquid stools that
adhere to the anus. OB was scored as: 0: no blood, 2:
positive hemoccult, and 4: gross bleeding. These scores
were added together and divided by 3 to result in the
DAI ranging from 0 (healthy) to 4 (maximal activity of
colitis).

Colonic injury and inflammation

Poly I:C was prepared as described previously .
Briefly, poly I:C (GE Healthcare, Piscataway, NJ, United
States) was dissolved in sterile phosphate-buffered
saline (PBS) at a concentration of 2 mg/mL and heated
at 50 ℃ until solubilization. The solution was then
slowly cooled down to room temperature for proper
annealing. The same lot of poly I:C was employed
throughout the study.

The entire colon (from the cecum to anus) was
removed and the lengths were measured as an inflammation marker. The degree of colonic damage was
[19]
examined macroscopically using a 0-4 scale : 0:
normal colon tissue; 1: minimal colon wall thickening
without congestion; 2: moderate colon wall thickening
with congestion; 3: moderate colon wall thickening,
rigidity and congestion; and 4: marked colon wall
thickening, rigidity, and congestion. The extent of
tissue damage was assessed microscopically using
[21]
a semi-quantitative scoring system . In detail, the
proximal colon was removed, fixed in 10% formalin
and embedded in paraffin. The sections of 4 μm
thickness were stained with hematoxylin and eosin
(HE) and scored using the following parameters: (1)
severity of inflammation (0-3: none, slight, moderate,
severe); (2) extent of injury (0-3: none, mucosal,
mucosal and submucosal, transmural); and (3) crypt
damage (0-4: none, basal 1/3 damaged, basal 2/3
damaged, only surface epithelium intact, entire crypt
and epithelium lost). The total score was the sum of
each parameter multiplying an equivalent reflecting
the percentage of tissue involved (× 1: 0%-25%, × 2:
26%-50%, × 3: 51%-75%, × 4: 76%-100%).

Acute colitis models

Myeloperoxidase activity assay

Materials and Methods
Animals

All animal experiments were reviewed and approved
by the Institutional Animal Care and Use Committee
(IACUC, Approval ID: I07-038-3). Male C57BL/6 mice
(8 wk, 18-22 g) were purchased from Vital River
Laboratory Animal Technology Co. Ltd. (Beijing, China)
[License No.: SCXK (Beijing) 2006-0009]. Animals
were housed under standard conditions in a barrier
facility, according to the protocols of IACUC and Hebei
Medical University Vivarium (GB 14925-2001).

Poly I:C reconstitution

[18]

Colons (100 mg wet weight) were isolated from each
group and homogenized in 1 mL buffer (0.05% hexadecyltrimethylammonium bromide in 50 mmol/L phosphate buffer, pH 6.0). The resulting homogenates were
centrifuged at 2000 g and 4 ℃. The supernatants were
harvested and stored at -80 ℃ for Myeloperoxidase
(MPO) activity assay. The samples (10 μL) were
transferred to a 96-well plate and incubated with 3 μL
odianisidine hydrochloride (20 mg/mL) in 290 μL 50
mmol/L phosphate buffer and 3 μL H2O2 (20 mmol/L).
The reaction was stopped by adding 3 μL sodium azide
(30%). Light absorbance at 460 nm was read. MPO
activity was determined by the curve obtained from
[22]
the standard MPO .

Acute colitis was induced by DSS (40000-50000 MW;
Sigma, St. Louis, MO, United States) as described in
[19]
our previous report . Briefly, 30 C57BL/6 mice were
randomly assigned to three groups: control group,
model group, and poly I:C group (n = 10 per group).
Mice in the poly I:C group were administrated poly I:
C subcutaneously (20 μg/mouse) in 100 μL PBS at 2 h
prior to DSS treatment. Mice in the control and model
groups were given normal saline. Animals were then
given either regular drinking water (control group) or
2% (w/v) DSS drinking water (model and poly I:C
groups) ad libitum for 7 d, and resumed on water for
the remainder of the experiments.

Disease activity assessment

Immunohistochemistry/immunofluorescence

Rachmilewitz disease activity index (DAI) was assessed
by an investigator blinded to the protocol and according
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Table 1 Primers used for real-time quantitative polymerase chain reaction analysis
Gene

Primers

zo-1

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Reverse
Forward
Reverse
Forward
Reverse
Forward

Occludin
Claudin-1
IL-17
IFN-γ
TNF-α
GAPDH

Length, bp

5’-TCATCCCAAATAAGAACAGAGC-3
5’-GAAGAACAACCCTTTCATAAGC-3’
5’-CTTTGGCTACGGAGGTGGCTAT-3’
5’-CTTTGGCTGCTCTTGGGTCTG-3’
5’-GCTGGGTTTCATCCTGGCTTCT-3’
5’-CCTGAGCGGTCACGATGTTGTC-3’
5’-TATCCCTCTGTGATCTGGGAAG-3’
5’ATCTTCTCGACCCTGAAAGTGA-3’
5’-ATGAACGCTACACACTGCATCTT-3’
5’-TTTCTTCCACATCTATGCCACTT3’
5’-GGTTCTGTCCCTTTCACTCACT-3’
5’-GAGAAGAGGCTGAGACATAGGC-3’
5’-GAGACCTTCAACACCCCAGC-3’
5’-ATGTCACGCACGATTTCCC-3’

198
86
110
161
139
169
263

IL-17: Interleukin 17; IFN-γ: Interferon-γ; TNF-α: tumor necrosis factor-α; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

boiled 10 min in 10 mmol/L citrate (pH 6.0) for antigen
retrieval. The slides were then incubated with mouse
monoclonal antibodies against claudin-1, occludin
(Santa Cruz Biotechnology, Dallas, TX, United States),
TNF-α, and IL-17 (Sigma), and rabbit polyclonal
antibodies against zo-1 (1:150; Invitrogen, Carlsbad,
CA, United States) and IFN-γ (1:300; Santa Cruz
Biotechnology), followed by peroxidase-conjugated
secondary antibodies (1:1500). The signals were
visualized by a diaminobenzidine peroxidase sub
strate kit (Vector Laboratories, Burlingame, CA, United
States). For immunofluorescence staining, the sections
were incubated with mouse monoclonal antibodies
against claudin-1 and occludin (1:200; Santa Cruz
Biotechnology) and rabbit polyclonal antibody against
zo-1 (1:150; Invitrogen), and subsequently with FITCor Cy3-conjugated secondary antibodies. Images
were captured under a Leica DMIRE2 confocal laser
scanning microscope.

States) according to the manufacturer’s protocol and
quantified using a UV spectrophotometer. Total RNA of
5 μg was used for first-strand cDNA synthesis. Realtime polymerase chain reaction (PCR) was performed
with Quantitect™ SYBR W Green PCR Mastermix
(Qiagen, Hilden, Germany) using 2 μL of cDNA template. The amplification program was 95 ℃ for 5 min,
45 cycles of 95 ℃ for 1 min and 60 ℃ for 10 s. The
primers used are summarized in Table 1. The relative
-ΔΔCt
quantitative analysis was performed by 2
method
using Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) as internal control.

Western blot

Protein concentration was determined by using
Coomassie brilliant blue G250. Protein samples (100
μg) were resolved on 8% SDS polyacrylamide gel,
electrotransferred to nitrocellulose membrane, and
subsequently blocked in 5% skim milk in PBS. The
membranes were incubated overnight at 4 ℃ with
rabbit polyclonal antibodies against zo-1 (1:100) and
IFN-γ (1:200), mouse monoclonal antibodies against
claudin-1 (1:200), occludin (1:200), TNF-α (1:200),
and IL-17 (1:200), and rabbit anti-GAPDH monoclonal
antibody (1:100). The secondary antibodies used were
goat anti-rabbit or -mouse IgG (1:2000) and were
incubated with membranes at room temperature for 2
h. Blots were visualized using enhanced chemiluminescence detection reagents (Santa Cruz Biotechnology)
and quantified by Bandscan 5.0 software using GAPDH
as the internal control.

In vivo permeability

In vivo permeability assay was performed to assess
barrier function by using a FITC-labeled dextran
[23]
method . Briefly, food and water were withdrawn for
4 h and mice were then gavaged with permeability
tracer (FITC-D, 60 mg/100 g body weight, MW 4000;
Sigma). Serum was collected, and fluorescence intensity and FITC-dextran concentrations were determined.
Permeability was calculated by linear regression of
sample fluorescence.

Scanning electron microscopy

Statistical analysis

Specimens were fixed with 2.5% glutaraldehyde for
3 h at room temperature. The samples were then
washed in acetone, critical point dried, and coated with
gold for scanning electron microscopy (SEM).

Data were expressed as mean ± SD and analyzed with
SPSS 13.0 software (SPSS, Inc., Chicago, IL, United
States). Comparison between the groups was done
by Student’s t-test. Comparison among the groups
was conducted by one-way ANOVA analysis followed
by LSD post-hoc test. Statistical significance was consi
dered at P < 0.05.

Real-time quantitative polymerase chain reaction

Total RNA was extracted from colon tissues using Trizol
reagent (Gibco-BRL Co., Grand Island, NY, United
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C on the DSS-induced colitis, expressions of inflammatory markers, including IL-17, TNF-α and IFN-γ,
were analyzed by real-time quantitative polymerase
chain reaction (RT-qPCR), immunohistochemistry,
and Western blot. RT-qPCR analysis showed the
up-regulated expressions of IL-17, TNF-α and IFN-γ
in the mice of the model group, while pretreatment
with poly I:C caused the down-regulated expression of
these inflammatory cytokines (P < 0.01; Figure 3A).
These results were further confirmed by immunohistochemistry and Western blot analysis, which indicated
the enhanced expressions of IL-17, TNF-α and IFN-γ in
the model group. By contrast, poly I:C pretreatment
markedly reversed the DSS-induced up-regulation of
the inflammatory cytokines (P < 0.01; Figure 3B and C).

Results
Poly I:C ameliorated DSS-induced acute colitis

DSS caused significant damage to the colon tissue,
with the gut inflammation and weight loss noted
in the model group during 1 to 8 d observation.
Administration of poly I:C partially reversed the DSSinduced effects, with less BW loss (Figure 1A). The
general condition of mice was evaluated using a DAI
that scored the extent of BW loss, stool consistency,
and OB. As shown in Figure 1B, DAI was significantly
enhanced in the DSS-induced model group, and this
effect was partially alleviated by poly I:C. The colitic
parameters were further quantified after monitoring
clinical development of colitis for 8 d. As shown in
Figure 1 C and D, the colon length in the model group
was significantly shorter than that of the control
group (P < 0.01), while pretreatment with poly I:C
significantly reduced the DSS-induced colon shortening (P < 0.01). Macroscopically, mice in the model
group had significantly higher inflammation score than
those in the control and poly I:C groups (P < 0.01;
Figure 1E). Histopathological analysis in the model
group showed extensive ulceration of the epithelial
layer, edema and crypt damage of the bowel wall.
The fibrosis of muscularis mucosae and infiltration of
granulocytes and mononuclear cells into the mucosa
were also observed (Figure 1G). The histology score
was significantly higher in the model group than that
in the control group (P < 0.01). In contrast, poly I:
C pretreatment obviously reversed this DDS-induced
effect, with comparatively lower histology score noted
in the poly I:C group (Figure 1H).

Poly I:C prevented DSS-induced TJ disruption

To investigate the protective effect of poly I:C on
the DSS-induced disruption of TJ, the expression of
TJ markers, including zo-1, occludin and claudin-1,
were analyzed by immunohistochemistry, immuno
fluorescence, RT-qPCR, and Western blot. Immuno
histochemistry and immunofluorescence assays
showed that, in the control group, TJ proteins were
expressed in the cytomembrane of epithelial cells,
and most commonly in the spinous and granular
layers, whereas expressions of these TJ proteins in
the model group were significantly decreased. In the
poly I:C group, however, the increased expression of
TJ proteins were observed in the both cytomembrane
and cytoplasm of spinous and granular layers in
the mucosa (Figure 4A and B). Further quantitative
analysis of TJ protein expressions by RT-qPCR and
Western blot confirmed the down-regulated expression of TJ proteins in the model group when compared with the control group. Meanwhile, this effect
was compromised by poly I:C pretreatment, with the
comparatively higher expressed TJ markers (P < 0.01;
Figure 4C and D).

Poly I:C attenuated DSS-induced paracellular
permeability

MPO activity is shown in Figure 2A. Mice in the model
group showed significantly higher MPO activity than
that in the control group (P < 0.01), while the data
were significantly lower in mice of the poly I:C group (P
< 0.01). To investigate the effect of poly I:C on paracellular permeability, intestinal permeability to FITC-D
was determined. The results showed the increased
permeability to 4-kDa FITC-D induced by colitis, while
mice in the poly I:C group showed a lower intestinal
permeability than that of the model group (P < 0.01;
Figure 2B). SEM observations of the colonic mucosa
showed severe mucosal loss with typical histological
inflammation feature in the mice of the model group
(Figure 2C). Besides, enterocytes in the mice of
the model group showed less glycocalyx and more
irregular surface than the control group. By contrast,
pretreatment with poly I:C obviously ameliorated
the DSS-induced ultrastructural changes, with few
histological lesions observed.

Discussion
Poly I:C is a ligand for TLR3 that is involved in the
[24]
innate immune response to viral infection . Admini
stration of poly I:C in wild-type mice has been reported
to dramatically protect against DSS-induced colitis, as
demonstrated by parameter analysis of body weight,
rectal bleeding, colonic MPO activity, histopathology,
[15]
and etc . However, another study also indicated that
abnormal activation of TLR3 signaling by poly I:C broke
down the mucosal homeostasis and caused intestinal
[16]
mucosal damage . Therefore, the potential role of
poly I:C in the mucosal injury and epithelial barrier disruption was further investigated in DSS-induced acute
colitis. The findings of our study showed that poly I:C
administration obviously ameliorated the clinical symptoms of DSS-induced acute colitis, as demonstrated by
less BW loss, lower DAI score, longer colon length, and

Poly I:C inhibited DSS-induced colonic inflammation

To determine the anti-inflammatory effect of poly I:
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Figure 1 Effect of poly I:C administration on dextran sulfate sodium-induced acute colitis. A: The percentage of body weight change assessed daily during 1 to
8 d observation; B: Change in the disease activity index that was comprised of body weight loss, stool consistency and occult blood; C: Representative photographs of
colon obtained after monitoring clinical development of colitis for 8 d; D: Quantitative analysis of the length of the colon; E: Macroscopic score inflammation assessed; F:
Histological scores of the colon tissues; G: Representative photographs of HE staining of colon tissues (Magnifications, × 200). Data are expressed as mean ± SD. bP
< 0.01 vs control group; dP < 0.01 vs model group.
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< 0.01 vs control group; dP < 0.01 vs model group. FITC-D: Fluorescein isothiocyanate labeled-dextran; MPO: myeloperoxidase.

improved macroscopic and histological scores. These
results were consistent with the findings reported by
[15]
Vijay-Kumar et al , which indicated the protective
effect of TLR3 activation by poly I:C on DSS-induced
acute colitis.
The intestinal barrier has been reported to be
defective and associated with paracellular leakiness in
[25]
inflammatory bowel conditions of UC . TJ protein is
the most apical component responsible for restricting
[26]
paracellular permeability of the intestinal mucosa .
Poly I:C administration has been demonstrated to
protect against DSS-induced acute colitis. However,
abnormal activation of TLR3 signaling by poly I:
C has been reported to break down the mucosal

WJG|www.wjgnet.com

homeostasis and cause mucosal damage in the small
[16]
intestine . TLR3 signaling may be involved in the
[17]
process of epithelial destruction and mucosal injury .
These conflicting results urged us to study the effect
of poly I:C on paracellular permeability and epithelial
barrier function in DSS-induced acute colitis models.
[19]
Corroborating the findings of our previous study
[15]
and the study of others , the present study showed
increased paracellular permeability and disrupted TJ
induced by DSS, as assessed by FITC-D level, ultrastructure of colon mucosa, and expression and distribution of TJ proteins (zo-1, occludin, and claudin-1).
However, unlike the results of our study, another study
also indicated that colonic paracellular permeability
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was not significantly altered by DSS exposure, and
DSS mice only showed a trend of increased expres[27]
sions of claudin-1 and claudin-2 . This variation may
be partially explained by the different methods used to
establish the acute colitis models.
The potential effects of poly I:C administration

WJG|www.wjgnet.com

were then analyzed. Paracellular permeability and TJ
were found to be significantly ameliorated when mice
were pretreated with poly I:C, as demonstrated by
decreased FITC-D permeability, ameliorated ultrastructural changes, and enhanced expression of TJ proteins
at the both mRNA and protein levels. The direct effect
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and clandin-1 at the mRNA level, as analyzed by RT-qPCR; D: Protein expressions of zo-1, occludin and clandin-1 as analyzed by Western Blot. Data are expressed
as mean ± SD. bP < 0.01 vs control group; dP < 0.01 vs model group. RT-qPCR: Real-time quantitative polymerase chain reaction.
[29,30]

of poly I:C on intestinal barrier function has been
[28]
investigated in vitro by Moyano-Porcile et al , and
indicated that acute exposure of rat ileum and colon
tissues to poly I:C reduced colon permeability to
macromolecules, while increasing ileum permeability
to micromolecules. Intraperitoneal injection of poly I:
C has been reported to cause severe mucosal injury of
the small intestine, along with the increased levels of
[16]
IL-15 .
Activation of TLR-3 seems to cause adverse effects
on various epithelial barriers, like the blood-brain
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barrier and nasal epithelial barriers
. However, to
the best of our knowledge, this study is the first to
investigate the effect of poly I:C on intestinal barrier
function in DSS-induced acute colitis. Our results suggested that administration of poly I:C in DSS-induced
colitis models may help to maintain the integrity of
ultrastructure of the epithelial mucosa and junction
complex, and therefore decrease paracellular permeability and recover epithelial barrier function.
TJ is known to be the rate-limiting step in transepithelial transport and the principal determinant of inte
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[31]

stinal permeability . Increased intestinal permeability
[32,33]
and disrupted TJ may cause bowel inflammation
.
TNF-α is a proinflammatory cytokine that has long
been established as a key player in the pathogenesis
of IBD diseases. Proinflammatory cytokines such as
TNF-α and IFN-γ have also been linked to the increased
[34-36]
paracellular permeability
. Ligation of TLR3 by
poly I:C has been suggested to be effective in IBD[15]
associated gut inflammation . This may shed light
on the barrier protective effect of poly I:C as a likely
candidate mechanism that contributes to therapeutic
efficacy in IBD diseases. Therefore, the expressions of
proinflammatory cytokines (IL-17, TNF-α, and IFN-γ)
in colon epithelium were analyzed. Consistent with the
result of the above mentioned study, our study showed
the increased production of proinflammatory cytokines
TNF-α, IL-17 and IFN-γ in mice of the DSS-induced
model group. However, mice pretreated with poly I:
C showed ameliorated DSS-induced high-expression
of these proinflammatory cytokines. These results
suggested that poly I:C may ameliorate inflammation
in the colitis models.
In conclusion, the findings of our study showed
evidence to suggest that poly I:C may protect against
DSS-induced acute colitis through maintaining
epithelial integrity and regulating the innate immune
responses, which may shed light on the therapeutic
potential of poly I:C in clinical colitis.
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carcinoma SMMC-7721 cells through the mitochondrial
pathway.
METHODS
The experiments were conducted on three groups:
an experimental group (with ST ethanol extracts’
concentration being 2.5, 5 and 10 mg/L), a negative
control group (with only nutrient solution, 0 mg/L ST
ethanol extracts), and a positive control group (2.5
mg/L DDP). The inhibition rate of cell proliferation
was checked by using the methyl thiazolyl tetrazolium
method, and cell apoptosis was tested by TUNEL
method. Furthermore, RT-PCR was used to examine
mRNA expression of Fas, FasL, caspase-8, caspase-3,
p53 and Bcl-2 genes.

Introduction
Solanum lyratum Thumb (ST), belonging to Solan
[1-3]
aceae, is generally used to treat tumors , including
liver, gastric, esophageal and bladder cancers, with
exact curative effects, and it is a commonly used
anticancer drug. However, the effects on tumor cells
are unclear. The occurrence of tumors is closely related
to the abnormality of cell differentiation and is a disordered cell apoptosis. Cell apoptosis is strictly controlled
by multiple genes and factors. With the development
of the technologies used in molecular biology and proteomics, cell apoptosis is gradually being understood,
and some new regulatory genes have been found,
with the result that the pathway of cell apoptosis is
now better recognized. The mitochondrial pathway is
currently recognized as one of the important methods
of signal transmission in the process of cell apoptosis.
Genes including Fas, FasL, caspase-8, caspase-3, p53
and Bcl-2 are involved in regulation of this pathway.
Furthermore, the coordinated network regulation
system formed by these genes promotes or inhibits
[4-7]
cell apoptosis .
To date, there is no report on whether ST extracts
can induce the apoptosis of hepatocellular carcinoma
cells through the mitochondrial pathway or by what
mechanism such apoptosis occurs. This research
aimed to fill this gap in the current knowledge.

RESULTS
Compared with the negative control group, the inhi
bition and apoptosis rates of the experimental group
with different concentrations of ST extracts on human
hepatocellular carcinoma SMMC-7721 cells significantly
increased (P < 0.05). Besides, the mRNA expression of
FasL and Bcl-2 significantly decreased (P < 0.05) while
the mRNA expression of Fas, caspase-8, caspase-3 and
p53 increased significantly. When compared with the
positive control group, the experimental groups with 5
mg/L ST ethanol extracts showed effects similar to the
positive control group.
CONCLUSION
ST ethanol extracts induced the apoptosis of
hepatocellular carcinoma SMMC-7721 cells through
up-regulated Fas, caspase-8, caspse-3 and p53, and
down-regulated FasL and Bcl-2 in the mitochondrial
pathway.
Key words: Solanum lyratum Thumb; hepatocellular
carcinoma cell; cell apoptosis; mitochondrial pathway;
molecular mechanism

Materials and methods
Materials

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Tumor cells: Human hepatocarcinoma SMMC-7721
cells were purchased from the Shanghai Institute of
Cell Biology of Chinese Academy of Science, China.

Core tip: Chinese herbal medicine has a very good effect
on the tumor. Solanum lyratum Thumb (ST) belonging
to Solanaceae, is generally used to treat tumors, so it is
a commonly used anticancer drug. However, the effects
and mechanism of ST on tumor cells are unclear. This
experiment verified that ST can induce the apoptosis of
hepatocellular carcinoma SMMC-7721 cells; moreover,
the apoptosis mechanism was related to the expression
of Fas, FasL, caspase-8, caspase-3, p53 and Bcl-2 in the
mitochondrial pathway. This result provides powerful
evidence of the improved apoptosis effects of ST on
hepatocellular carcinoma cells.

Main reagents: ST was purchased from the biolo
gical medicine chain in Baise, Guangxi Province,
China. RPMI 1640 cultural medium and fetal bovine
serum were purchased from Gibco Company, United
States. The detection kit for in situ cell apoptosis
was sourced from Beijing Zhongshan Jinqiao Biotech
Company, China. Methyl thiazolyl tetrazolium (MTT)
was produced by Shanghai Pufei Biotech Co., Ltd,
China. The polymerase chain reaction (PCR) primer
was bought from Sangon Biotech Shanghai Co., Ltd,
China. In addition, the Trizol Reagent Kit and the 2 ×
SYBRGreen qPCR Mix were purchased from Shanghai
Invitrogen Company, China and Beijing Zhuangmeng
Co., Ltd, China respectively. The RevertAid First Strand
cDNA Synthesis Kit and DNase I were obtained from
Fermentas, United States.

Mo XQ, Wei HY, Huang GR, Xu LY, Chen YL, Qi J, Xian W,
Qin YC, Wei LD, Zhao LJ, Huang YQ, Xing W, Pu HQ, Wei
PY, Li CG, Liang Qc. Molecular mechanisms of apoptosis in
hepatocellular carcinoma cells induced by ethanol extracts of
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Table 1 Reverse transcription polymerase chain reaction primers
Gene name

Primer sequence

Fas

Product length, bp

forward: 5′-GAATGCAAGGGACTGATAGC-3′
Reverse: 5′-TGGTTCGTGTGCAAGGCTC-3′
forward: 5′-GGAATGGGAAGACACATATGGAACTGC-3′
Reverse: 5′-CATATCTGGCCAGTAGTGCAGTAATT-3′
forward: 5′-GCTATTGTGAGGCGGTTGT-3′
Reverse: 5′-CGTTTGGAGTCCCTTTGT-3′
forward: 5′-TCTGGAGCATCTGCTGTCTG-3′
Reverse: 5′-TTGACGTCTGTGGTCCGTCC-3′
forward: 5′-CTTTCAACTCTGTCTCCTTC-3′
Reverse: 5′-TGGGCAACCAGCCCTGTCGT-3′
forward: 5′-CAGCTGCACCTGACGCCCTT-3′
Reverse: 5′-GCCTCCGTTATCCTGGATCC-3′
forward: 5′-ACACTGTGCCCATCTACGAGG-3′
Reverse: 5′-AGGGGCCGGACTCGTCATACT-3′

FasL
Caspase-3
Caspase-8
p53
Bcl-2

β -actin

Main instruments: The main instruments used
included a carbon dioxide incubator (MCO-18AIC), a
biosafety cabinet (BHC-1300 II A/B33), an automatic
microplate spectrophotometer (Multiskan MK3), an
inverted microscope (Cioc), and a BX51 microscope
(Olympus). Furthermore, a table-top, high-speed
freezing centrifuge (1-15PK), a microcentrifuge (Uni
Force 6K) and a RT-PCR instrument (IQ5) were also
used in this study.

239
270
427
180
231
621

tion in the experimental group. The negative control
group with culture solution (0 mg/L ST extracts) and
the DDP positive control group were placed into the
incubator to be cultured for 44 h, and then dosed with
20 μl MTT (5 mg/ml), followed by 4 h of continuous
culture. After the supernatants were poured out and
150 μl DMSO was added, the solutions were shocked
for 10 min. Finally, the wavelength of the enzyme
labelling instrument was adjusted to 492 nm to detect
the light absorption value (OD value) of the solutions
(three replicates), thus allowing for calculation of the
average inhibition rate. The formula for calculating the
inhibition rate was (1 - OD value of the experimental
group/OD value of the control groups) × 100%.

Methods

Ethanol extracts of ST: After being smashed, ST of
50 g was immersed for 3 h at 40 ℃ in 75% ethanol
and filtered. The immersion and filtration were conducted three times. Afterwards, the filter liquors were
mixed and dried by using a rotary evaporator, thus
obtaining ST extractum.

TUNEL method: The experiment was conducted
according to the specification of the purchased detection kit for in situ cell apoptosis. Based on the analysis
results under a visible light microscope, the apoptosis
rate was calculated as the percentage of positive cells
counted in randomly 10 high-power fields.

Setting ST of different concentrations: The ST
extractum was dissolved using dimethylsulphoxide
(DMSO) to prepare the drug solution with a concentration of 10 mg/mL, which was then diluted by RPMI
1640 cell culture solution to obtain ST extract solutions
with concentrations of 0, 2.5, 5 and 10 mg/L.

RT-PCR test: (1) Primer design: Primers were
designed by using Primer Premier 5.0 software and
checked in GenBank. The primers for Fas, FasL, caspase-8, caspase-3, p53, Bcl-2 and β-actin are shown
in Table 1; (2) RNA extraction: after medical intervention for tumor cells using ST, total RNA was extracted
in accordance with the specification of the purchased
Trizol Reagent Kit; (3) reverse transcription: RNA of 5
μl, along with 1 μl random primer and 5 μl RNasefree ddH2O was added into PCR tubes for warm-bath
conditioning for 5 min at 70 ℃ and ice-bath treatment
for 10 s, followed by centrifugation. Then, after being
dosed with 4 μl buffer, 2.0 μl dNTP mix, 1.0 μL RNase
inhibitor and 2.0 μl AMV reverse transcriptase, the
tubes underwent warm-bath conditioning at 37 ℃ for
5 min, 42 ℃ for 60 min and 70 ℃ for 10 min, before
termination of the reaction; (4) fluorescence quantitative PCR (qPCR) detection: cDNA samples were diluted
6-fold: the 20 µl reaction system contained 10 µl
SYBRGreen qPCR master mix, 1 µl upstream primer

Medicine intervention for tumor cells: Hepatoma
carcinoma SMMC-7721 cells were cultured using the
culture solution for 24 h and then the culture solution
was discarded. Then, the prepared drug solution containing ST extracts was added to the cells. Moreover,
a negative control group and a positive control group
were set by adding the drug solution without ST
extracts (0 mg/L) and 2.5 mg/L DDP, respectively. The
cells were subjected to the effects of the drugs for 48 h.
MTT method: Hepatocellular carcinoma SMMC-7721
cell suspension of 200 μL was put into a culture plate
4
-1
with 96 holes at density of 1 × 10 ml to be cultured
for 24 h. Afterwards, the culture solution was removed
and discarded, and 200 μl of the prepared ST solutions
with different concentrations were added to the culture
plate. Four holes were established for each concentra-
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Table 2 Comparison of the inhibition rates of proliferation of hepatocellular carcinoma SMMC-7721 cells in the groups with
different Solanum lyratum Thumb concentrations, x ± s
Group

Concentration, mg/L

Three ST groups with different concentrations

2.5
5
10
0
2.5

Negative control group
Positive control group

n

OD value

Inhibition rate, %

12
12
12
12
12

1.516 ± 0.205
1.242 ± 0.236
0.815 ± 0.276
1.842 ± 0.183
1.135 ± 0.172

18.22 ± 2.32
36.56 ± 2.51
55.98 ± 3.12
38.60 ± 1.78

The comparison between ST groups and the negative control group shows that P < 0.05, while that of ST groups and the positive control group indicates
that P > 0.05. ST: Solanum lyratum Thumb.

the negative control group (P < 0.05), and the higher
the ST concentration, the higher the inhibition rate.
Furthermore, the inhibition rate of the group with 5
mg/L ST was equal to that of the positive control group
(Table 2).

Table 3 Comparison of apoptosis rates of hepatocellular
carcinoma SMMC-7721 cells in different groups, x ± s
Group

Concentration,
-1
C/mg•L

Three ST groups with
different concentrations
Negative control group
Positive control group

2.5
5
10
0
2.5

Apoptosis rate of
SMMC-7721 cells, %
10.75 ± 2.51
17.31 ± 2.33
30.21 ± 3.62
3.75 ± 1.23
17.36 ± 1.62

Apoptosis rate of hepatocellular carcinoma cells

The apoptosis rate of hepatocellular carcinoma
SMMC-7721 cells in each ST group with different
concentrations was significantly higher than that of
the positive control group (P < 0.05). The higher the
ST concentration, the higher the cell apoptosis rate.
Moreover, the apoptosis rate of the group with 5 mg/L
ST was identical to that of the positive control group
(Table 3).

The comparison of the ST groups and the negative control group shows
that P < 0.05, while that of ST groups with the positive control group
reveals that P > 0.05. ST: Solanum lyratum Thumb.

(10 µmol/L), 1 µl downstream primer R (10 µmol/L),
7 µl ddH2O and 1 µl template (cDNA). The heat cycle
was conducted by pre-denaturation for 2 min at 95 ℃,
denaturation for 10 s at 95 ℃, and annealing for 40
s at 60 ℃, for a total of 40 cycles; and (5) relative
－ΔΔCT
quantitative analysis method: The 2
method was
used for relative quantitative analysis of data. The
calculation formulae were expressed as: ΔCT = CT
target gene - CT reference gene, and ΔΔCT = ΔCT
target gene - the average value of target gene ΔCT
－ΔΔCT
in the control groups. 2
represents the relative
expression of target genes.

Influences of ST on the mRNA expressions of genes
relating to hepatocellular carcinoma cells

After intervention of ST extracts in each concentration
on the hepatocellular carcinoma SMMC-7721 cells,
the mRNA expressions of FasL and Bcl-2 decreased
markedly (P < 0.05) and the reductions were negatively correlated with the ST concentration. However,
the mRNA expressions of Fas, caspase-8, caspase-3
and p53 increased and the increase showed positive
correlation with the ST concentration. When the concentration was greater than, or equal to, 5 mg/L, the
mRNA expressions increased (P < 0.05). Moreover, the
mRNA expressions of these genes in 5 mg/L ST group
were equivalent to those of the positive control group,
as demonstrated in Figure 1 and Tables 4 and 5.

Statistical analysis

Inhibition and apoptosis rate were analyzed by using
SPSS17 software and data were represented by
mean ± standard variance (± s). A homogeneity
test of variance and one-way ANOVA were used for
comparison among groups. As for further pairwise
comparison, if the variance was homogeneous, the
Student-Newman-Keuls method was used, while
Games-Howell was used when the variance was inho2
mogeneous. Moreover, χ was used for the comparison
of the rates. If P < 0.05, the difference was deemed
to have been statistically significant.

Discussion
ST has functions including cooling and dehumidifying,
detoxifying, detumescence and anticancer effects, and
it can cure cold and fever, icteric hepatitis, gallstone
disease, cholecystitis, nephritis and uterine erosion.
Clinically, it has certain effects on the treatment of
various types of cancers, especially for lung, liver,
[8-10]
stomach and cervical cancers
. The experimental
results show that the inhibition and apoptosis rates
of hepatocellular carcinoma SMMC-7721 cells in ST
groups with different concentrations were significantly
higher than those of the negative control group and
showed positive correlation with the ST concentration,

Results
Inhibition rate of hepatocellular carcinoma cells

The inhibition rate of hepatocellular carcinoma
SMMC-7721 cells in the experimental group of each
ST concentration was significantly higher than that of
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Figure 1 mRNA expressions of genes relating to hepatocellular carcinoma SMMC-7721 cells in each group tested by reverse transcription polymerase
chain reaction. M: DNA maker; 1: 2.5 mg/L ST; 2: 5 mg/L ST; 3: 10 mg/L ST; 4: Negative control group (0 mg/L ST); 5: Positive control group (5 mg/L DDP). ST:
Solanum lyratum Thumb.

Table 4 mRNA expressions of genes relating to hepatocellular carcinoma SMMC-7721 cells in each group
Group
Three ST groups with
different concentrations
Negative control group
Positive control group

Concentration,
-1
C/mg•L

Fas

FasL

Caspase-8

mRNA expression of genes
Caspase-3

p53

Bcl-2

β-actin

2.5
5
10
0
2.5

52.47 ± 0.10
52.74 ± 0.08
53.41 ± 0.64
52.32 ± 0.04
52.79 ± 0.11

58.25 ± 0.51
56.81 ± 0.30
55.94 ± 0.80
59.13 ± 0.07
56.69 ± 0.34

30.57 ± 0.10
30.76 ± 0.03
31.30 ± 0.24
30.44 ± 0.06
30.77 ± 0.03

22.15 ± 0.02
22.33 ± 0.09
23.01 ± 0.47
22.05 ± 0.03
22.35 ± 0.12

34.17 ± 0.01
34.45 ± 0.20
35.11 ± 0.69
34.11 ± 0.02
34.43 ± 0.20

36.28 ± 0.14
35.40 ± 0.51
33.54 ± 0.51
37.59 ± 0.33
35.53 ± 0.35

17.53 ± 0.14
18.15 ± 0.41
19.10 ± 0.91
17.30 ± 0.17
18.18 ± 0.41

ST: Solanum lyratum Thumb.

Table 5 Differences in mRNA expressions of genes relating to hepatocellular carcinoma SMMC-7721 cells in each group
Group
Negative control group
Three ST groups with
different concentrations
Positive control group

-ΔΔCT

Concentration,
-1
C/mg•L

2
Fas

FasL

Caspase-8

Caspase-3

p53

Bcl-2

0
2.5
5
10
5

1
1.06 ± 0.06
1.34 ± 0.25a
1.63 ± 0.14a
1.33 ± 0.17a

1
2.30 ± 0.93a
9.02 ± 0.32b
31.34 ± 0.13b
10.02 ± 0.57b

1
1.08 ± 0.04
1.47 ± 0.31a
2.02 ± 0.71a
1.49 ± 0.30a

1
1.10 ± 0.12
1.50 ± 0.27a
1.82 ± 0.40a
1.50 ± 0.19a

1
1.13 ± 0.11
1.43 ± 0.16a
1.75 ± 0.25a
1.47 ± 0.11a

1
3.09 ± 0.59a
9.46 ± 0.58b
47.29 ± 0.68b
8.92 ± 0.09b

By comparing the ST group with the negative control group. aP < 0.05, bP < 0.01, vs control groups. ST: Solanum lyratum Thumb.

confirming that ST can inhibit the growth of hepatocellular carcinoma SMMC-7721 cells. However, the
molecular mechanism of this anti-hepatoma behavior
is not clear and requires further clarification.
At present, cell apoptosis has been studied and
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found to be a normal metabolic procedure; however, if
the apoptosis process is disordered, a lot of diseases,
tumors for instance, can appear. Cell apoptosis is a
multi-factor and multi-pathway process regulated
by a network, involving a series of proteins, such as
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Intrinsic pathway
Various apoptotic
stimuli
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Procaspase-8
DISC
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Caspase-8
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Procaspase-9
+
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dATP

cyt c

cyt c

Caspase-9

Figure 2 Intrinsic and extrinsic apoptotic pathways. TNF: Tumor necrosis factor; ROS: Reactive oxygen species.

caspase family proteins, Bcl-2 family proteins, p53
protein and survivin. Therefore, the exact mechanism
of apoptosis is unclear, while the intrinsic and extrinsic
[11]
pathways of apoptosis have been clarified . As shown
in Figure 2, the extrinsic pathway is triggered by
death receptors such as Fas and tumor necrosis factor
[12,13]
receptor (TNF-R) on the surface of cells
. While the
intrinsic or mitochondrial pathway is induced by many
stress conditions, chemical treatment reagents, and
medicines.
Under physiological or pathological conditions, no
matter whether the apoptosis is induced by DNA damage or other receptors relating to organelles, various
[14,15]
receptors affect the intrinsic pathway of apoptosis
.
In the intrinsic pathway of cell apoptosis, the mitochondria control cell activities and are important in
regulating cell apoptosis. There are two main changes
in mitochondria in the early stage of apoptosis. One is
the decrease of mitochondrial internal transmembrane
potential, and the other is the increase of mitochondrial external transmembrane permeability.
For the change in interaction of these two aspects,
if the difference in the internal and external potentials of the mitochondrial membrane decreases, the
mitochondrial transmembrane potential decreases
and then the mitochondrial membrane permeability
increases, resulting in the release of caspase activated
cytochrome C and the activation of caspase protein.
The activated caspase affects other protein substrates
in the cells, leading to cascade reaction of apoptosis
[16-18]
and finally cell apoptosis
.
Caspase, as a cysteine-aspartic specific protease,
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can excise fragments containing aspartic acids. So
far, at least 14 sub-types of caspase with similar
molecular structure and high homology have been
found. According to their functions, the sub-types
can be divided into two categories, namely, initiator
and effector caspases. Moreover, caspase plays an
essential role in apoptosis. The initiator caspase acts
on the inactive effector caspase, thereby activating the
effector caspase.
Caspase-8, belonging to the initiator caspase subtype, is the initiator of the cascade reaction of cell
apoptosis. It can self-activate and transmit apoptotic
signals in the participation of other proteins and
activate downstream effector caspase, thus forming a
cascade amplification system to induce cell apoptosis.
Caspase-3 (being subjected to the effector caspase) is
the most important final excision enzyme and is also
an important part of the killing mechanism of cytotoxic
T lymphocyte (CTL) cells and can be activated by a
variety of factors. As to the killing effects on CTL cells,
caspase-3 can be activated by the Fas/FasL pathway
and the B pathway of granzymes. When caspase-8,
upstream of cells, is activated, the activated caspase-3
excises poly (ADP-ribose) polymerase (PARP) into two
fragments, separating two zinc fingers binding with
DNA in PARP from the C-terminal catalytic region to
influence its normal function. As a result, the activity of
Ca/Mg-dependent endonuclease is adversely affected
by PARP increases, so that the DNA between nucleo[19-21]
somes is cracked, leading to cell apoptosis
.
p53, as a tumor suppressor gene, slows down or
monitors cell division and the integrity of the genome
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Therefore, ST regulated hepatocellular carcinoma
SMMC-7721 cells by the combination of Fas/FasL on
the surface of the cells with that on the surface of T
cells. The mitochondrial pathway was then stimulated
to transmit apoptosis signals, which activated the
upstream caspase-8 and further the downstream
caspase-3. In this way, a cascade amplification system
was formed to induce apoptosis. In addition, the apoptosis process was affected by the synergistic action of
tumor suppressor gene p53 and negative feedback
gene Bcl-2 for apoptosis, jointly forming the regulation
network of ST inducing apoptosis of hepatocellular
carcinoma SMMC-7721 cells, as shown in Figure 3.
Although this experiment verified that ST can
induce the apoptosis of hepatocellular carcinoma
SMMC-7721 cells, the apoptosis mechanism was
related to the expression of Fas, FasL, caspase-8, caspase-3, p53 and Bcl-2 in the mitochondrial pathway.
This result provides powerful evidence of the improved
apoptosis effects of ST on hepatocellular carcinoma
cells; however, due to only a few genes being involved
in apoptosis, the regulatory effects of other genes were
unable to be determined here. Moreover, the apoptosis
may be related to other proteins in the caspase family,
so the molecular mechanism of the apoptosis induced
by ST is not completely explained and needs to be
further verified by other studies.

TCL

FasL
Fas

Fas
FasL

Caspase8
Caspase3

p53

Bcl-2

Apoptosis

Figure 3 Mitochondrial apoptotic pathway of hepatocellular carcinoma
cells induced by Solanum lyratum Thumb.

when checking DNA damage loci in the G1 phase.
If there is damage, the p53 protein prevents DNA
replication and provides sufficient time to repair the
[22]
damaged DNA .
Bcl-2, as a kind of negative regulatory gene of
cell apoptosis, can control the membrane potential
by changing the redox state of mitochondrial thiols.
Furthermore, it can also regulate the permeability
of the mitochondrial membrane for some apoptosis
protein precursors and locate apoptosis protein precursor Apaf-1 on the mitochondrial membrane to stop
[23]
apoptosis .
Fas and FasL are membrane surface molecules,
which regulate the apoptosis induced by toxicity in T-cell
[24]
development . FasL, with its high-level expression on
cell surfaces, identifies Fas on the target cell surface
after CTL cells recognize target cells. Then, by triggering the apoptosis process in the interior of target cells
using Fas, the programmed cell death of target cells
[24,25]
occurs
.
It can be found from this experiment that, after the
intervention of ST extracts with different concentrations on hepatocellular carcinoma SMMC-7721 cells,
the inhibition and apoptosis rates of the cells increased
significantly (P < 0.05). This indicated that ST inhibited
hepatocellular carcinoma cells. The mRNA expressions
of FasL and Bcl-2 were markedly reduced (P < 0.05),
which showed that the negative feedback regulation
protected CTL cells to certain extent. In addition,
the mRNA expressions of Fas, caspase-8, caspase-3
and p53 increased. Compared with the positive
control group, the effects of 5 mg/L ST extracts were
equivalent to those of the positive control group, which
suggested that these genes were positive regulatory
genes for apoptosis of hepatocellular carcinoma cells
induced by ST through the mitochondrial pathway.
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chemical and mental differences in the brain of Crohn’s
disease (CD) patients compared with healthy controls.
This implies that for a gastroenterologist it is important
to focus, besides gastrointestinal symptoms due to
inflammation, on the effects of systemic inflammation
on the brain and mental status. Knowledge and
understanding of these effects in CD patients may help
health professionals to set up interventions to maintain
CD remission and improve mental status by e.g. psycho
social interventions.
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Abstract

Van Erp S, Ercan E, Breedveld P, Brakenhoff L, Ghariq E,
Schmid S, van Osch M, van Buchem M, Emmer B, van der
Grond J, Wolterbeek R, Hommes D, Fidder H, van der Wee
N, Huizinga T, van der Heijde D, Middelkoop H, Ronen I, van
der Meulen-de Jong A. Cerebral magnetic resonance imaging
in quiescent Crohn’s disease patients with fatigue. World J
Gastroenterol 2017; 23(6): 1018-1029 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1018.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i6.1018

AIM
To evaluate brain involvement in quiescent Crohn’s
disease (CD) patients with fatigue using quantitative
magnetic resonance imaging (MRI).
METHODS
Multiple MRI techniques were used to assess cerebral
changes in 20 quiescent CD patients with fatigue
(defined with at least 6 points out of an 11-point
numeric rating scale compared with 17 healthy age and
gender matched controls without fatigue. Furthermore,
mental status was assessed by cognitive functioning,
based on the neuropsychological inventory including
the different domains global cognitive functioning,
memory and executive functioning and in addition
mood and quality of life scores. Cognitive functioning
and mood status were correlated with MRI findings in
the both study groups.

INTRODUCTION
Crohn’s disease (CD) is a relapsing inflammatory bowel
[1]
disease (IBD) , characterized by segmental transmural
lesions that can affect any part of the gastrointestinal
[2]
tract . Besides gastrointestinal symptoms, fatigue is
common in CD patients. In contrast to regular fatigue
which affects nearly everyone, disease-related fatigue
is more long lasting and may occur despite sufficient
sleep and rest. Generally, fatigue lasting for more than
6 mo is considered chronic and is significantly more
[3]
prevalent in IBD patients than in healthy controls .
Although fatigue is influenced by IBD disease activity,
40% of the patients with quiescent disease report
fatigue as well and contributes negatively to the
[4,5]
patients’ health-related quality of life (QoL) .
The pathogenesis of CD is multifactorial and results
from an impaired interaction between environment,
commensal microbiota and the human immune
system, leading to a chronic inflammatory status and
[6,7]
eventually CD
. Furthermore, in both quiescent
and active CD patients increased levels of circulating
inflammatory cytokines, such as tumour necrosis
[8-10]
factor-α (TNF-α) are reported
. Although quiescent
CD patients report fewer clinical symptoms and score
less on the clinical activity score compared with active
[9,10]
CD patients, inflammatory cytokines are present
.
[8]
TNF-α can be secreted by a large variety of cells
and can initiate a signalling stimulus to the brain
parenchyma that will subsequently activate microglia.
Activated microglia stimulates the production of
monocyte chemo-attractant protein (MCP)-/CCP2,
[9-11]
which recruits monocytes into the brain
. Moreover,
this cerebral infiltration of monocytes plays an impor[11-13]
tant role in driving inflammation in the brain
.

RESULTS
Reduced glutamate + glutamine (Glx = Glu + Gln)
concentrations (P = 0.02) and ratios to total creatine
(P = 0.02) were found in CD patients compared with
controls. Significant increased Cerebral Blood Flow
(P = 0.05) was found in CD patients (53.08 ± 6.14
mL/100 g/min) compared with controls (47.60 ± 8.62
mL/100 g/min). CD patients encountered significantly
more depressive symptoms (P < 0.001). Cognitive
functioning scores related to memory (P = 0.007)
and executive functioning (P = 0.02) were lower in
CD patients and both scores showed correlation with
depression and anxiety. No correlation was found
subcortical volumes between CD patients and controls
in the T1-weighted analysis. In addition, no correlation
was found between mental status and MRI findings.
CONCLUSION
This work shows evidence for perfusion, neurochemical
and mental differences in the brain of CD patients with
fatigue compared with healthy controls.
Key words: Magnetic resonance imaging; Systemic
inflammation; Fatigue; Crohn’s disease; Cognition
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Magnetic resonance imaging (MRI) is an imaging
technique widely used to visualize the effect of several
neurological diseases, such as Multiple Sclerosis (MS),
Parkinson’s Disease and Alzheimer disease, in the
[14]
brain . A variety of MRI methods can be employed
to identify cerebral changes due to a specific disease.
These methods include T1-weighted imaging, magnetization transfer imaging (MTI), magnetic resonance spectroscopy (MRS), arterial spin labeling (ASL)
and diffusion tensor imaging (DTI). T1-weighted ima
ging provides high-resolution, high-contrast anatomical images of the brain and can be used to determine
the volumes of the grey matter (GM), white matter
(WM), cerebral spinal fluid (CSF) and subcortical struc[15]
tures . Through voxel based morphometry (VBM), it
[16]
is possible to visualize local changes in GM volumes .
MTI is a technique sensitive to brain tissue microstructural changes, stemming from changes in macro[17]
molecules such as myelin or cell membranes . MRS
measures the concentration of certain metabolites in
living tissues and gives evidence for neurochemical
[18]
changes . ASL is a non-invasive tool for the quan[19]
tification of regional cerebral blood flow (CBF)
and
can reveal changes in tissue perfusion. DTI is sensitive to minute changes in tissue microstructure, such
as changes in myelin integrity and axonal density in
white matter fiber tracts, based on the random motion
[20]
or diffusion of water molecules .
Previous MRI studies have shown that systemic
inflammation contributes to cognitive decline, for
[21]
example in relation to aging , but also to brain
diseases including Alzheimer disease, MS and
Parkinson’s disease by promoting activation of the
[22-24]
immune system
. Metabolic and cerebral perfusion
changes have been found in the brain of patients with
Rheumatoid Arthritis (RA), Systemic Sclerosis and
[11,12,25-31]
Systemic Lupus Erythematosus (SLE)
. In
addition, previous studies performed in patients with
Chronic Fatigue Syndrome (CFS) found an association
between fatigue complaints and metabolic changes in
[32-34]
the brain as well
. In CFS patients, the mean ratio
of choline (Cho) to creatine (Cr) in the occipital cortex
was significantly higher than in controls, indicating an
abnormality of phospholipid metabolism in the brain
[32-33]
in CFS
. These findings suggest that systemic
inflammation and fatigue complaints could have
structural, neurochemical and functional correlates in
the brain. So far, the link between systemic inflammation, disease-induced fatigue and changes in the brain
have not been explored in CD patients. The aim of this
exploratory study was to investigate to what extent
systemic inflammation affects the brain of quiescent
CD patients, by using a variety of MRI acquisition
methods and neuropsychological examinations that
assess cognition, mood and QoL. Furthermore, the
correlation between MRI changes, clinical characteristics, including fatigue scores, and mental status was
investigated.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study population and study design

In this case-control study 20 CD patients and 17 age
and gender matched healthy controls were included.
Since it is known from literature that there is an age
associated decrease in brain volume, primarily caused
by a decrease in neuronal size and partly due to a
reduction in numbers of neurons caused by apop
[35]
tosis , a correction was made for this confounder by
matching the subjects.
Consecutive CD patients, fulfilling the inclusion criteria, were recruited through the IBD outpatient clinic
of the department of Gastroenterology and Hepatology
of the Leiden University Medical Center (LUMC), the
Netherlands. The patients had endoscopic proven
CD for at least 3 mo before inclusion, were in clinical
remission and experienced fatigue. CD patients with
anemia (Hb < 7.0 mmol/L), primary sclerosing cholangitis and routine MRI-contraindications (e.g., instable
metal implants or a pacemaker) were excluded. All
medication deemed necessary by the gastroenterologist was allowed at study inclusion, except for antiTNFα or corticosteroid use, since this medication could
reduce systemic inflammation the most and thus
influence clinical disease activity. Healthy controls
were recruited via an advertisement in het LUMC and
included in the study if they had no anamnestic brain
abnormalities, nervous system disease or chronic
inflammation in the body. A 1-d program was set up
for all participants by the relevant medical specialists,
including a gastroenterologist, radiologist, psychiatrist
and neuropsychologist and all individuals were asked
to complete several questionnaires at study inclusion
about demographics, mental status and QoL. This
study was approved by the institutional medical ethical
committee of the LUMC and all patients signed a written informed consent prior to study enrolment.

Clinical characteristics

Disease activity: The clinical disease activity of the
CD patients was measured with the Harvey-Bradshaw
Index (HBI). The HBI consists of 12 criteria, which
include general well-being, abdominal pain, daily
number of liquid stools, abdominal mass and extra
intestinal manifestations (arthralgia, uveitis, erythema
nodosum, aphthous ulcers, pyoderma gangrenosum,
anal fissure, new fistula and abscess). Patients with
an HBI score of 4 or less were classified as having
[36]
quiescent CD disease .
Fatigue: Fatigue was assessed with the Multidimen
sional Fatigue Index (MFI) and the Visual Analogue
Scale (VAS). The MFI is a self-report measurement
containing 20 questions consisting of 5 subscales
covering different dimensions: general fatigue, physical
fatigue, mental fatigue, reduced activity and reduced
motivation. The questions are about the fatigue experi
enced by the subject in the 7 d prior to examination.

1020

February 14, 2017|Volume 23|Issue 6|

van Erp S et al . Cerebral changes in CD
Participants
(n = 37)
Healthy controls
(n = 20)

CD patients
(n = 20)
T1-weighted T1-weighted
(n = 20)
VBM
(n = 17)

MTI
(n = 17)

MRS
(n = 9)

ASL
(n = 16)

DTI
(n = 17)

T1-weighted T1-weighted
(n = 17)
VBM
(n = 17)

MTI
(n = 17)

MRS
(n = 9)

ASL
(n = 16)

DTI
(n = 17)

Figure 1 Flowchart of included participants in the magnetic resonance imaging analyses. CD: Crohn’s disease; VBM: Voxel based morphometry; MTI:
Magnetization transfer images; MRS: Magnetic resonance spectroscopy; ASL: Arterial spin labelling; DTI: Diffusion tensor imaging.

Scores range from 4 to 20, with higher scores indicat[37]
ing higher levels of fatigue . The VAS consists of a
10 point self-rating scale that measures subjective
experiences of fatigue. The participants had to indicate
on a visual line how they were currently feeling. Six
points or more indicated the presence and experience
[38]
of fatigue in individuals .

suppression inversion pulses at 50 and 1150 ms); and
(6) a single volume, stimulated echo acquisition mode
1
(STEAM) H MRS scan with a volume of interest (VOI)
located in the left centrum semi ovale, containing
mostly white matter as shown in Figure 2 (voxel size
= 30 mm × 15 mm × 15 mm, TR/TE = 2000/14 ms,
mixing time = 19 ms, sample size = 2048, number of
averages = 96).

MRI data acquisition

Post-processing and data analysis

All study subjects underwent MRI of the brain, using a
Philips Ingenia 3.0 Tesla MRI Scanner (Philips Medical
Systems, Best, The Netherlands) equipped with a 12
channel head coil, and images were evaluated by an
experienced neuroradiologist (MvB). The MRI protocol
consisted of T1-weighted imaging, MTI, MRS, ASL
and DTI, and lasted for about 60 min. Since more CD
patients were included and all patients and healthy
controls were age-gender matched, in total 3 CD
patients, who matched the least with the controls,
got excluded from the voxel-based analysis of the
T1-weighted and DTI data. For the MRS and ASL
analyses data of some CD subjects were either missing because of time limitations or excluded due to low
quality, caused by subject motion. For the MRS analysis only 9 CD patients and 9 age and gender matched
controls were included, and for the ASL analysis 16
CD patients and 16 age and gender matched controls
were included (Figure 1). The MRI scan protocol consisted of (1) axial 3D T1-weighted images (FOV: 224
mm × 144 mm × 182 mm, resolution: 0.88 mm × 0.88
mm × 1.20 mm, TR/TE = 9.75/4.59 ms); (2) sagittal
FLAIR images (FOV: 224 mm × 144 mm × 180 mm,
resolution: 0.5 mm × 0.5 mm × 3.6 mm, TR/TE/TI =
10000/120/1650 ms); (3) axial DTI (FOV: 176 mm ×
144 mm × 224 mm, resolution: 1.75 mm × 1.75 mm
× 3.6 mm, TR/TE = 4317/55.33 ms, one volume with
2
b = 0 s/mm and 32 diffusion-weighted volumes with
2
b = 800 s/mm ); (4) axial MTI (FOV: 224 × 144 ×
180, resolution: 0.88 mm × 0.88 mm × 7.2 mm, TR/
TE = 100/10.95 ms, two volumes acquired one with
and one without a radiofrequency saturation pulse); (5)
ASL (FOV: 240 mm × 240 mm × 133 mm, resolution:
3.0 mm × 3.0 mm × 7.0 mm, TR/TE = 4000/15.19
ms, labeling duration = 1650 ms, post-labeling delay
= 1525 ms, 35 label and control pairs and background

WJG|www.wjgnet.com

T1-weighted image analysis: Brain extraction tool
(BET) of FMRIB Software Library (FSL) (http://www.
fmrib.ox.ac.uk/fsl) was used to extract the brain
[15]
tissue from T1-weighted images . FSL FMRIB’s
[39]
Automated Segmentation Tool (FAST)
was used
to segment GM, WM and CSF tissues from the brain
extracted T1-weighted images. FSL FMRIB’s Integrated
Registration and Segmentation Tool was used to
segment subcortical structures: nucleus accumbens,
amygdala, caudate, hippocampus, globus pallidus,
[40]
putamen and thalamus . Following segmentation,
the volumes of GM, WM and subcortical structures
were calculated using FSL Maths. The volumes were
normalized to subject intracranial volume by dividing
the volumes with the total brain volume of the same
subject. VBM in FSL was used to assess local GM dif[16,41]
ferences between CD patients and controls
.
MTI analysis: MTI were split into images with and
without saturation. Both images, with and without
saturation, were brain extracted with BET and the
image without saturation was aligned to the image
with saturation. After alignment, the magnetization
transfer ratio (MTR) of the whole brain was calculated using FSL Maths. The MTR images were then
registered to the T1-weighted images from the same
[42]
subject with FLIRT . Subsequently, MTR images were
multiplied with the binary GM and WM masks from
the same subject, to create GM and WM MTR images.
Tissue-specific histograms of MTR values from the GM
and WM of patients and controls were created using
®
an in house-developed MATLAB program (Mathworks,
Natick, MA, United States).
MRS analysis: The MRS analysis was performed
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Figure 2 Planning of the 1H-magnetic resonance spectroscopy volume of interest in the left centrum semi-ovale. Seen on axial (left) and on the coronal (right)
T1-weighted image slices. The effective volume of interest set at the tNAA frequency is shown (red rectangle) together with the shimming volume (yellow rectangle).
[43]

in MATLAB and LCmodel . An in-house developed
MATLAB code was used to calculate and correct for
GM, WM and CSF tissue fraction (%) within the VOI
for each subject separately. LCmodel was used for
the calculation of the concentration and ratio to total
creatine (tCr) of the metabolites N-acetyl-aspartate
(NAA), creatine (Cr), glutamate (Glu), myo-inositol
(Ins), glutamine (Gln), N-acetyl-aspartyl-glutamate
(NAAG) and choline (Cho). Institutional units (IU) of
concentration were expressed in mmol. Among these
metabolites, NAA is a neuronal marker, NAAG is suggested to be related to excitatory neurotransmission,
total Creatine (tCr), the sum of phosphocreatine and
creatine, is a marker of energy metabolism. Cho is
related to cell membrane turnover, Glu is an excitatory
neurotransmitter predominantly found in neurons, Gln
is a precursor for Glu and found mostly in astrocytes,
[44]
and Ins is a possible astrocytic marker . The mean
ratios of NAA, Glu, Ins, Gln, NAAG and Cho to tCr were
compared between the two study groups.

ms. T1a is the longitudinal relaxation time of the blood
was 1664 ms, SIPD is the signal intensity of a proton
density-weighted image and τ is the label duration
which was 1650 ms. ΑpCASL is the labelling efficiency,
which was 0.85 and αBSup was 0.83. A comparison of
GM CBF was made between the patients and controls.
Diffusion tension images analysis: ExploreDTI soft[47]
ware
was used for motion and distortion correction
of the DTI images and for calculating the Fractional
Anisotropy (FA) and Mean Diffusivity (MD) maps. FA
and MD maps were used as an input to tract-based
[48]
spatial statistics processing , which was carried out in
FSL. The FA maps were first linearly registered with an
affine transformation, subsequently non-linearly registered to the MNI space, and a mean FA skeleton was
created. For each subject, the FA map was projected
on the skeleton. Following that, randomisation was
used to perform t-test based voxel-wise comparison of
the FA skeletons between patients and controls. The
same procedure was repeated for MD maps.

ASL analysis: The average GM Cerebral Blood
[45]
Flow value was calculated in FSL . The ASL label
and control images were motion corrected by FSL
[46]
MCFLIRT . The perfusion maps were calculated for
each subject by subtracting the label from the control
images and averaging those images. Following that,
perfusion maps from each subject were registered
first linearly and then nonlinearly to GM volume segmented from the T1-weighted image of the subject
and subsequently they were first linearly and then
nonlinearly registered to average brain template from
the Montreal Neurological Institute (MNI). CBF of the
GM is calculated by using a binary GM mask of the
subject with a threshold of 60% GM probability and
using the following equation:

Assessment of cognitive performance

Cognition: Several neuropsychological assessments
were conducted in both healthy controls and CD
patients and evaluated by an experienced clinical
neuropsychologist (HM). The examination took approximately one hour and included validated test methods in
a fixed order. Since the cognitive functioning of patients
with IBD has not been fully previously investigated, the
focus was on a wide range of neuropsychological functions. Global cognitive functioning was assessed by the
Minimal Mental State Examination (MMSE). The MMSE
contained 11 questions, subdivided into 5 subdomains.
All questions were scored individually and added to
produce a total score ranging from 0 to 30, with higher
[49]
scores indicating better cognitive functioning . The
memory domain was evaluated with the Digit Span
Forward and Backward subtests of, respectively the
[50]
revised Wechsler Adult Intelligence Scale (WAIS-R)
and the revised Wechsler Memory Scale (WMS-R).
[51]
Higher scores reflected better memory performance .

Where λ is the blood/brain partition coefficient in
mL/g which was 0.9, ΔM is the signal intensity of the
control image subtracted with the signal intensity of
the label image, the post labelling delay was 1525
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Executive functioning was assessed by the Word
[52]
Fluency Test (WFT) , Stroop-Color-Word test
[53]
(SCWT)
given in three parts, and the Trail Making
[54]
Test (TMT) subdivided into two parts, whereby part A
measured attention and performance speed, and part
B measured mental flexibility and ability to shift attention. The TMT involved scanning, visuomotor tracking,
divided attention and cognitive flexibility. The time used
for each trial was noted, with more time used indicating
lower performance. The SCWT was used to measure
interference sensibility. One response (reading the
word) should be inhibited in order to name the colour
of the ink, which leads to a delay in reaction time. The
number of correct responses within 45 seconds was
[53]
counted . Furthermore, the WAIS-R Digit symbol and
[50]
Digit cancellation test was measured .

RESULTS
Demographic characteristics

In this study, 20 CD patients and 17 healthy controls
were age (P = 0.46) and gender matched (P = 0.68).
All patients were in clinical remission at study inclusion
(mean HBI = 2.16, SD = 1.12), with an average age
of onset at 21.4 years and an IBD disease duration
of 8.8 years. Based on the inclusion criteria, patients
reported more fatigue complaints according to the
MFI-20 (P < 0.001) and VAS fatigue score (P < 0.001)
compared with the control subjects. Furthermore, the
education level of the healthy controls was significantly
higher than that of the CD patients. Since this variable
might influence mental status scores, a correction was
made. An overview of the clinical characteristics of the
individuals is presented in Table 1.

Mental status: Cognitive performance depends on
[55]
the psychiatric status of the patient , and therefore
the Hospital Anxiety Depression Scale (HADS) was
included in the neuropsychological examination. The
HADS was used to determine depressive symptoms
and anxiety. HADS is a widely used measurement
to identify emotional disorders in non-psychiatric
patients. The scale includes 14 items, 7 items concer
ning anxiety and 7 concerning depression, each scored
between 0 and 3. A score above 8 on each individual
scale were considered as a possible case and a score
[56]
above 10 as a probable case .

MRI analysis

Volumetric data: The comparison of the subcortical
volumes between the CD patients and controls in
the analysis of the T1weighted images did not show
significant differences between the two subject groups.
The volume differences in the right amygdala (P =
0.08) and nucleus accumbens (P = 0.08) just missed
significance (Table 2). VBM analysis showed a lower
GM content in the superior frontal gyrus in CD patients
compared with healthy controls (P < 0.05) (Figure 3).
MTI data: No significant differences were observed in
the mean MTR values or in the MTR histogram peak
heights of the CD patients compared with healthy
controls.

QoL: To determine the QoL, the Short Form-36 (SF-36)
was used. The SF-36 is a generic questionnaire to
assess self-reported QoL. This measurement includes
in total 8 subscales covering physical and mental
aspects of QoL. The score ranges from 0 to 100, with
higher score indicating better QoL. The Dutch translation of the SF-36 was validated in both the general
[57]
population and in CD patients .

MRS data: Lower glutamate + glutamine (Glx = Glu
+ Gln) concentrations (4.85 ± 0.78 mmol vs 5.96 ±
0.98 mmol, P = 0.02) and ratios to tCr (0.92 ± 0.13
vs 1.10 ± 0.14, P = 0.02) were found in the patient
population compared with control subjects (Table 3).

Statistical analysis

ASL data: Average GM CBF of the CD patients (53.1
± 6.1 mL/100 g/min) was significantly higher than
the GM CBF of the control group (47.6 ± 8.6 mL/100
g/min) (P = 0.05).

Data analyses were performed using SPSS 20.0, IBM
Corp, 2011, Armonk, NY, United States. Descriptive
statistics were used for the patients’ characteristics. All
comparisons between the patient and control groups
were performed with an independent t-test. A P-value
≤ 0.05 was considered statistically significant. To correct for multiple testing, the level of significance was
set at P < 0.01 (0.05/5) and P < 0.006 (0.05/8) for
the fatigue (five MFI subscores) and QoL (eight SF-38
subscales) scores, respectively. Based on the individual
cognitive tests corrected for education, Z-scores of
the different cognitive domains were created by using
the UNIANOVA test with an average mean ± SD.
Correlations between the MRI outcomes, cognition
and mood status were performed with the Pearson
Correlation test.
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DTI data: No differences were observed across white
matter in the FA and MD values between CD patients
and controls.

Mental status

Neuropsychological examination and cognitive scores
were corrected for educational level (Table 4).
Generally, a difference close to significance between
patients and controls was found in several individual
cognitive test scores. Compared with controls, CD
patients had a lower Stroop interference index (P
= 0.06), a reduced total score of the WAIS-R Digit
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Table 1 Demographic characteristics

Table 2 Group mean subcortical structure volumes as
percentage of the total brain volume in Crohn’s disease
patients and controls

CD patients Controls P value
(n = 20) (n = 17)
Age (yr) at inclusion, mean ± SD
Female, n (%)
HBI score, mean ± SD1
Age of IBD onset (yr), mean ± SD
IBD disease duration (yr), mean ± SD
Smoker, n (%)
VAS, mean ± SD
MFI, mean ± SD
General Fatigue
Physical Fatigue
Mental Fatigue
Reduced Activity
Reduced Motivation
Education level, n (%)
Lowa
Intermediateb
Highc
Montreal classification
Location CD, n (%)
L1 ileal
L2 colonic
L3 ileocolonic
L4 upper
L1-3 + L4
Behaviour CD, n (%)
B1 non-stricturing/penetrating
B2 stricturing
B3 penetrating
+ Perianal disease
Medication use, n (%)
Immunosuppressive drugs
(Aza/6MP)
None

30.1 ± 6.2
17 (85.0)
2.2 ± 1.1
21.4 ± 5.7
8.8 ± 7.2
11 (55.0)
7.4 (1.3)
66.1 (13.3)
16.4 (2.8)
14.4 (3.0)
12.8 (4.1)
10.7 (3.5)
12.0 (3.6)

28.5 (6.7)
13 (76.5)
4.0 (23.5)
3.4 (2.3)
36.4 (10.3)
8.9 (3.3)
6.2 (2.2)
7.2 (2.9)
6.9 (2.7)
7.1 (2.7)

4 (20)
10 (50)
6 (30)

2 (11.8)
15 (88.2)

0.460
0.680
0.400
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.001

Left Accumbens
Left Amygdala
Left Caudate
Left Hippocampus
Left Pallidus
Left Putamen
Left Thalamus
Right Accumbens
Right Amygdala
Right Caudate
Right Hippocampus
Right Pallidus
Right Putamen
Right Thalamus

Controls
(n = 17)

P value

0.04 ± 0.01
0.09 ± 0.01
0.24 ± 0.02
0.27 ± 0.02
0.13 ± 0.01
0.33 ± 0.02
0.54 ± 0.02
0.04 ± 0.00
0.08 ± 0.01
0.25 ± 0.03
0.26 ± 0.02
0.12 ± 0.01
0.31 ± 0.08
0.53 ± 0.02

0.04 ± 0.01
0.09 ± 0.01
0.24 ± 0.02
0.27 ± 0.03
0.12 ± 0.01
0.32 ± 0.03
0.54 ± 0.03
0.03 ± 0.01
0.09 ± 0.01
0.25 ± 0.02
0.27 ± 0.03
0.13 ± 0.01
0.32 ± 0.02
0.52 ± 0.03

0.56
0.61
0.94
0.94
0.32
0.24
0.94
0.08
0.08
0.76
0.22
0.30
0.56
0.48

Mean in % ± SD. CD: Crohn’s disease.
3 (15.0)
2 (10.0)
15 (75.0)
-

-

-

15 (75.0)
3 (15.0)
2 (10.0)
3 (15.0)

-

-

12 (60.0)

-

-

8 (40.0)

-

-

Table 3 Mean metabolite ratio to total creatine

Ratio Glu:tCr
Ratio Cho:tCr
Ratio Ins:tCr
Ratio NAA:tCr
Ratio NAA + NAAG:tCr
Ratio Glu + Gln:tCr

CD patients
(n = 9)

Controls
(n = 9)

P value

0.76 ± 0.12
0.29 ± 0.02
0.66 ± 0.08
1.31 ± 0.12
1.59 ± 0.18
0.92 ± 0.13

0.84 ± 0.10
0.29 ± 0.04
0.70 ± 0.10
1.27 ± 0.09
1.56 ± 0.13
1.10 ± 0.14

0.19
0.81
0.38
0.44
0.69
0.02

Mean metabolite ratio to tCr in mmol ± SD. CD: Crohn’s disease; tCr:
Total Creatine; Glu: Glutamate; Cho: Choline; Ins: Insulin; NAA: N-Acetyl
Aspartate; NAAG: N-Acetyl Aspartate Glutamate; Gln: Glutamine.

1

HBI missing of 1 Crohn’s disease (CD) patient. aLow: primary education
(elementary school) and lower secondary education (preparatory
secondary education); bIntermediate: higher secondary education (higher
general continued education, pre-university secondary education) and
postsecondary education (intermediate vocational education); cHigh:
tertiary education (higher professional education, university). To correct
for multiple testing, the level of significance was set at P < 0.01 for the MFI
score. HBI: Harvey Bradshaw Index; VAS: Visual Analogue Scale; MFI:
Multidimensional fatigue index.

0.003), memory (r = -0.34, P = 0.04) and executive
functioning (r = 0.35, P = 0.04). Additionally, CD
patients reported in the present study increased symptoms of anxiety and this was significantly correlated
with reduced global cognitive functioning (r = -0.36, P
= 0.03) and memory scores (r = -0.32, P = 0.05). No
further correlations between cognitive scores, disease
activity, disease duration and MRI findings were found
in this study.

Symbol test (P = 0.06) and were slower in completing
trial A of the TMT test (P = 0.08). When the individual
tests were transformed into a Z-score based on the different cognitive domains, significant reduced Z-scores
of the memory domain (P = 0.007) and executive
functioning domain (P = 0.02) were found in the
patient population compared with the healthy controls
(Table 5). CD patients experienced more depressive
symptoms (P < 0.001), were more anxious (P = 0.002)
and reported a significantly lower QoL.

DISCUSSION
Several MRI techniques were used in this study in a
cross-sectional manner to examine the differences
in brain morphology, neurochemistry and perfusion
between CD patients with fatigue and healthy controls
without fatigue. The most important findings reported
in this study are the significant differences in perfusion,
neurochemistry and mental status (e.g., cognition,
mood and QoL) between patients and controls. Lower
levels of Glx concentration and their ratio to tCr were
observed and an increased CBF was found in the
patient population compared with control subjects. CD
patients scored lower on several individual cognitive

Correlation of MRI findings with clinical characteristics
and mental status

No correlations were found between mental status,
including depression and anxiety, and MRI findings.
Depressive symptoms were correlated with reduced
scores of global cognitive functioning (r = -0.5, P =
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CD patients
(n = 20)
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Figure 3 FMRIB Software Library voxel based morphometry analysis. Voxel based morphometry results shown on MNI152 standard space. The red colour
indicates the voxels with significantly reduced grey matter volume in CD patients compared with healthy controls (with a P-value < 0.05, corrected for multiple
comparison). The red voxels correspond to the left superior frontal gyrus.

test scores, with a trend towards significance, and
scored significantly lower on the memory and the
executive functioning domain compared with the
healthy controls. Also, the patient population had a
significantly lower QoL and mood status.
The present study observed with MRS a significantly reduced Glx concentration as well as a lower
ratio of Glx to tCr in the CD group. Glutamate is the
predominant excitatory neurotransmitter in the brain
and is involved in different brain functions including
memory and mood status. Receptors are mainly pres[58,59]
ent in the hippocampus
. Glutamine is important
in energy metabolism of the brain and previous
studies reported that a reduced level of glutamine is
[60,61]
associated with brain diseases such as Alzheimer
.
Increasing evidence shows that major depression disorder is associated with altered function of the major
excitatory and inhibitory neurotransmitters such as
[62,63]
glutamate and GABA
. The present study did not
find correlations between depressive symptoms and
the reduced Glx concentration and ratio to tCr.
These reduced MRS results found in the present
pilot study in CD patients are not in accordance with
the findings of previous research performed in other
[11,64]
inflammatory diseases such as RA and SLE
. RA
and SLE patients were shown to have increased choline and myo-inisotol levels, indicating inflammation in
the form of monocyte infiltration since this is a marker
[65,66]
of cell membrane turnover
. In addition, in SLE
patients only decreased NAA signals were reported,
[67-69]
indicating neuronal loss
, while an increased NAA
ratio was found in our CD patient population. This contradiction may be due to the fact that RA and SLE are
systemic inflammatory diseases, but not comparable
with the systemic inflammation in IBD.
CBF values can reveal changes in tissue perfusion and are an indication for cerebral metabolism
[70]
changes . In the present study, significant higher CBF
values were found in the patient population. Increased
CBF is thought to be a compensatory mechanism in
response to ischemia or injury, which could be the case
[71,72]
in the CD patients due to inflammation
. Our find[31]
ings are in line with the results of Wang et al
who
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described in their cohort that SLE patients had higher
CBF values compared with healthy controls.
The volumetric results in this study extend on
earlier findings in IBD patients. The reduced GM
content of the superior frontal gyrus demonstrated in
this study is in agreement with results presented by
[73]
Agostini et al . The superior frontal gyrus is involved
the self-awareness, and important in processing infor[74,75]
mation
. It has been suggested that the observed
decrease in local GM volume could have many causes,
including a decrease in cell size, neural or glial cell
[72]
apoptosis or changes in blood flow . It is not clear
whether this local volume reduction is directly linked to
systemic inflammation, but it may represent the anatomical substrate for the development of cognitive and
[73,76]
emotional disturbances
. Similar significant positive
correlations have been found between the GM volume
[77]
in aging and measures of short-term memory .
Besides MRI findings, neuropsychological findings
were assessed in this study. Previously, no evidence
has been obtained on the association of the intrinsic
disease process and cognitive dysfunction in IBD
patients. It is probable that concurrent mood disorders, in particular depression, affect the cognitive
performance of IBD patients in memory and execu[55]
tive functioning tasks . This may be the case in
the current cohort, since depressive symptoms were
correlated with reduced neuropsychological scores
in the three different domains: cognitive functioning,
memory and executive functioning. However, Berrill
[78]
et al
suggested that intellectual deficits existed
in IBD patients compared to controls and remained
significant after the correction for educational level
and mood disorders.
Previous studies have shown a link between systemic
inflammation and reduced brain volumes, possibly
[79]
resulting in cognitive deficits. Zonis et al
suggested
that chronic intestinal inflammation alters hippocampal
neurogenesis and thus might underlie the behavioural
manifestations in patients with IBD. In another study,
SLE patients with cognitive deficits appeared to have
reduced temporal lobe structures (hippocampus and
amgydala) compared to SLE patients without cognitive
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Table 4 Mental status

Table 5 Z-scores of the different domains of cognitive
functioning
CD patients Controls P value
(n = 20) (n = 17)

Global cognitive functioning
MMSE (total score), mean ± SD
Memory
Verbal
WMS memory quotient, mean ± SD3
Non verbal
WMS visual reproduction (total
score), mean ± SD3
WAIS-R Digit Span forward, mean ±
SD
WAIS-R Digit Span backward, mean
± SD
Executive functioning
WFT, mean ± SD1
No. of good answers
No. of perseverative errors
Stroop Color-Word test, mean ± SD
Stroop 1 time (s)
Stroop 1 No. of errors
Stroop 2 time (s)
Stroop 2 No. of errors
Stroop 3 time (s)
Stroop 3 No. of errors
Stroop interference index
TMT, mean ± SD
Part A time (s)
Part A no. of errors
Part B time (s)
Part B no. of errors
WAIS-R Digit Symbol, mean ± SD2
Total score
No. of errors
Digit cancellation test, mean ± SD4
Total score
No. of good answers (%)
HADS, mean ± SD
Anxiety
Depression
SF-36
Physical functioning
Social functioning
Role physical problem
Role emotional problem
Bodily pain
General health perception
Mental health
Vitality

28.9 (1.62) 29.65 (0.49)

0.87

109.2 (10.5) 115.7 (8.7)

0.72

11.6 (2.7)

12.9 (2.2)

0.75

5.4 (1.0)

6.5 (1.3)

0.15

4.5 (1.0)

5.2 (0.9)

0.15

42.7 (7.8)
0.28 (0.5)

48.2 (9.8)
0.47 (0.8)

0.29
0.58

43.9 (7.2)
0.2 (0.4)
56.6 (8.3)
0.3 (0.8)
88.3 (14.7)
0.6 (1.5)
50.1 (7.8)

39.2 (8.6)
0.1 (0.3)
53.8 (6.9)
0 (0.0)
76.6 (8.8)
0.13 (0.3)
56.1 (5.5)

0.41
0.98
0.62
0.21
0.22
0.20
0.06

30.3 (11.8)
0.1 (0.2)
61.8 (29.2)
0.1 (0.2)

22.1 (8.5)
0.1 (0.2)
50.1 (17.4)
0.2 (0.5)

0.08
0.56
0.72
0.41

59.7 (8.4)
0 (0.0)

71.0 (6.2)
0.1 (0.3)

0.06
0.63

CD patients Controls P value
(n = 20) (n = 17)
Global cognitive functioning1, mean
± SD
Memory2, mean ± SD
Executive functioning3, mean ± SD

0.870

1.1 (2.9)
2.5 (7.7)

1.3 (2.3)
2.9 (4.2)

0.007
0.020

The global cognitive functioning domain includes the Minimal Mental
State Examination; 2The memory domain includes the Wechsler Adult
Intelligence Scale and the revised Wechsler Memory Scale; 3The executive
functioning domain includes the Word Fluency Test, Stroop-Color-Word
test and Trail Making Test. CD: Crohn’s disease.

design, we have found significant differences between
the groups and now further research is required. In
addition, the significant difference in the fatigue score
between patients and controls is not a finding of the
study, but part of the design. As a consequence, it
cannot be definitely concluded whether the differences
in MRI measures are caused by CD per se or represent
only patients with combined CD and fatigue. However,
fatigue is a subjective measurement and was evaluated
as such. It is hard to draw major conclusions from
these questionnaires, since some healthy controls
reported a high fatigue score as well due to other circumstances than IBD. In some MRI analyses, subjects
got excluded due to the quality of the data. MRS data
with high Cramer-Rao lower bounds, suggesting unreliable metabolite quantification, were excluded from
data analysis. This could have been influenced by the
patients’ motion or bad shimming.
In conclusion, our findings support the hypothesis
that systemic inflammation influences the brain and
effects cognitive functioning and mood. This is a first
step in the gathering of data and understanding of
brain involvement in CD patients. This study implies
that for a health professional, it is important to focus
in CD patients not only on symptoms related to the
gastrointestinal tract, but also on the effects of inflammation on the brain. Understanding these affects in
CD patients may help health professionals to set up
interventions to maintain CD remission by the use of
medication and to improve mood status and QoL by
e.g., psychosocial interventions.

96.6 ± 3.4 < 0.001
90.7 ± 9.8 < 0.001
2.9 ± 8.3 < 0.001
2.0 ± 8.1 0.002
5.6 ± 12.6 < 0.001
82.0 ± 15.2 < 0.001
80.4 ± 10.9 0.001
72.9 ± 14.3 < 0.001

1

Missing in 2 CD patients; 2Missing 1 CD patient and 1 healthy control;
Missing in 2 healthy controls; 4Missing in 5 patients and 3 healthy
controls. To correct for multiple testing, the level of significance was set
at P < 0.006 for the SF-36 score. MMSE: Mini Mental State Examination;
WMS: Wechsler Memory Scale; WAIS-R: Wechsler Adult Intelligence
Scale-Revised; WFT: Word Fluency Test; TMT: Trial Making test; HADS:
Hospital Anxiety Depression Scale; CD: Crohn’s disease.
3

COMMENTS
COMMENTS
Background

Both active and quiescent Crohn’s disease (CD) is a chronic inflammatory
status in which levels of circulating inflammatory cytokines, such as tumour
necrosis factor-α are reported in the body. These cytokines may play a role in
driving inflammation in the brain by activating microglia and the recruitment of
monocytes.

[80]

deficits . In the present study, we did not find these
correlations.
Some limitations of this study need to be revealed.
Although this study is an exploratory study, the popu
lation size was limited. In this pilot study we have compared the most extreme cases; quiescent CD patients
with fatigue vs healthy controls without fatigue. In this
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29.7 (0.5)

1

436.2 (88.1) 498.6 (82.9) 0.16
57.3 (29.5) 78.9 (20.9) 0.16
13.1 (7.3)
4.8 (2.9) < 0.001
7.5 (3.8)
3.7 (2.7)
0.002
6.1 (4.0)
0.9 (1.1) < 0.001
72.9 ± 20.2
52.0 ± 29.0
71.3 ± 37.4
40.4 ± 46.1
35.3 ± 20.7
65.8 ± 18.8
63.6 ± 16.0
30.1 ± 18.3

28.9 (1.6)

Research frontiers

Metabolic and cerebral perfusion changes have been found in the brain of
patients with other systemic diseases including rheumatoid arthritis, systemic
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sclerosis and systemic lupus erythematosus. In addition, previous studies found
an association with fatigue and metabolic brain changes. Thus it is of interest,
whether systemic inflammation and fatigue complaints influence the brain in CD
patients as well.

11

Innovations and breakthroughs

The present data support the hypothesis that systemic inflammation influences
the brain and affects cognitive functioning and mood status in quiescent CD
patients with fatigue. This is a first step in understanding brain involvement in
CD patients.

12

Applications

13

This study implies that for a health professional, it is important to focus in CD
patients also on the effects of inflammation on the brain. Understanding these
affects in CD patients may help health professionals to set up interventions to
maintain CD remission by the use of medication and to improve mood status
and QoL by e.g., psychosocial interventions.

14

Peer-review

15

Since this is an exploratory study, the authors have compared the most extreme
cases; quiescent CD patients with fatigue vs healthy controls without fatigue. In
this design, the authors have found significant differences between the groups
and now further research is required.
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Abstract
AIM
To evaluate the effectiveness and tolerability of a
split-dose 2 L polyethylene glycol (PEG)/ascorbic acid
(AA) regimen for healthy examinees who visited for
comprehensive medical check-up in the early morning.

Informed consent statement: Informed consent was waived
by Ethical Committee at SNUH.
Conflict-of-interest statement: The authors have no conflict of
interest.
Data sharing statement: The dataset is available from the
corresponding author at mdchlee@gmail.com.

METHODS
From February 2015 to March 2015, examinees of
average risk who were scheduled for a colonoscopy in
the morning were retrospectively enrolled.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/
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RESULTS
The 189 examinees were divided into split-dose
and non-split-dose groups. The adequacy of bowel
preparation for the split-dose group vs the non-splitdose group was 96.8% vs 85.2%, respectively, P <
0.001, and the compliance of the last meal restriction

1030

February 14, 2017|Volume 23|Issue 6|

Seo JY et al . Split-dose regimen of low volume polyethylene glycol

was 74.6% vs 58.2%, respectively, P < 0.001. The
sleep disturbance (P < 0.001) was more prevalent
in the split-dose group, however the willingness to
repeat the same preparation method (P = 0.243) was
not different in both groups. The split-dose regimen
was the most important factor influencing adequate
bowel preparation in multivariate analysis (HR = 10.89,
95%CI: 6.53-18.17, P < 0.001).

to 4 L PEG in bowel cleansing, despite the smaller
[7-10]
volume
. High dose AA is not absorbed in intestine
and promotes osmotic diarrhea. So the addition of
high dose AA to PEG reduces the solution volume and
[8]
improves taste .
It has already been reported that a split-dose
regimen is more effective than a non-split-dose regi[11-13]
men for various drug preparations
. However, the
compliance and tolerability of a split-dose regimen
[12,14]
has always been a matter of concern
. In a splitdose regimen, it is uncomfortable to wake up at dawn
to prepare for the colonoscopy scheduled in the early
morning because patients should finish the laxative at
least 2 h prior to the colonoscopy.
In case of comprehensive medical check-up in
Korea, the colonoscopy appointment varied according
to other examinations that were scheduled, but all
patients visited the center early in the morning from
7 am to 9 am. Therefore, their bowel preparation
had to be completed before 5 am to 7 am. We can
easily imagine that this leads to poor compliance and
dissatisfaction. Nevertheless, no study has directly
compared the effectiveness of split-dose cleansing
and non-split-dose cleansing using 2 L PEG/AA. Is a
split-dose regimen still effective and tolerable in these
healthy examinees?
This study aimed to compare the effectiveness,
compliance and satisfaction of a split-dose regimen vs
a non-split-dose regimen in healthy examinees who
visited a heath check-up center in the early morning.

CONCLUSION
A split-dose regimen of 2 L PEG/AA for an early
morning colonoscopy was more effective and showed
better compliance for diet restriction without any
difference in satisfaction and discomfort. Introducing
a split-dose regimen of 2 L PEG/AA to morning
colonoscopy examinees is effective and tolerable in a
comprehensive medical check-up setting.
Key words: Compliance; Early morning colonoscopy;
Effectiveness; Split-dose regimen; Tolerability
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A split-dose regimen of 2 L polyethylene glycol
plus ascorbic acid is not widely used in comprehensive
medical check-up, because this is considered intolerable
for an early morning visit. We performed a retrospective cohort study to evaluate the effectiveness and
tolerability of split-dose regimen for early morning
visitors. A split-dose regimen for an early morning
colonoscopy was more effective in bowel cleansing and
showed better compliance for diet restriction compared
with non-split-dose regimen without any difference in
satisfaction and discomfort. Therefore, introducing a
split-dose regimen to morning colonoscopy examinees
is effective and tolerable even in comprehensive medical check-up settings.

MATERIALS AND METHODS
Study population and ethical considerations

Examinees were retrospectively enrolled in the
Seoul National University Hospital (SNUH) Healthcare
System Gangnam Center from February 2015 to
March 2015. Healthy examinees of average risk who
visited our center from 7 am to 9 am and received a
colonoscopy in the morning (8 am to 12 pm) were
enrolled. The exclusion criteria for patients were as follows: younger than 18 years of age, had inflammatory
bowel diseases or familial adenomatous polyposis, had
previously received colorectal resection, did not receive
a complete colonoscopy, or refused to participate. This
study was approved by the Ethical Committee at SNUH
(IRB No. H-1601-007-729).
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Bowel preparation regimen

INTRODUCTION

A non-split-dose regimen with 2 L PEG/AA has been
used in the Gangnam Center because of the concern
of patients’ poor compliance and dissatisfaction with
the split-dose regimen. According to the recent bowel
[6,15]
cleansing guidelines
as part of a quality assurance
program for colonoscopies, the split-dose regimen
was introduced in March 2015. In this regimen,
patients had to ingest 2 liters of PEG/AA solution
®
(Coolprep , Taejoon Pharm, Seoul, Korea) and 1
liter of water. Detailed regimens for 2 L PEG/AA in

Bowel preparation is one of the most important factors
for a complete colonoscopy. When bowel cleanliness
[1-3]
is adequate, the adenoma detection rate increases ,
[4,5]
and the possibility of missed lesions decreases .
The polyethylene glycol (PEG) solution, an isosmotic
non-absorbable polymer, is generally used for bowel
[6]
preparation . Recently, a low volume (2 L) of PEG with
ascorbic acid (AA) was found to be preferred in Korea
because 2 L PEG with AA (PEG/AA) was not inferior
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Table 1 Bowel-cleansing regimens applied in this study

Low-residue diet
Type of last meal
Time of last meal
Bowel cleansing product (day before examination)
Bowel cleansing product (day of the examination)

Non-split-dose regimen

Split-dose regimen

3d
Rice porridge
Lunch (12:00 pm)
PEG/AA 1 L + water 0.5 L (6:00 pm-7:30 pm)
PEG/AA 1 L + water 0.5 L (8:30 pm-10:00 pm)
-

3d
Rice porridge
Dinner (6:00 pm)
PEG/AA 1 L + water 0.5 L (9:00 pm-10:30 pm)
PEG/AA 1 L + water 0.5 L (4:00 am-5:30 am)

AA: Ascorbic acid; PEG: Polyethylene glycol.

both groups are shown in Table 1. In the non-splitdose group, all of the bowel cleansing product and
additional water was administered from 6:00 pm to
10:00 pm on the day before the colonoscopy. In the
split-dose group, half of the product was administered
the day before the colonoscopy, and the rest of the
product was administered in the early morning (4:00
am to 5:30 am) on the day of the colonoscopy.
All patients received written instructions and phone
calls from nurses about diet control and the method of
bowel cleansing 1 wk prior to the colonoscopy.

“inadequate”. Degrees of bowel preparation that were
deemed fair or better (fair, good and excellent) were
considered ‘adequate bowel preparation’ in this study.

Statistical analysis

Continuous variables were expressed as the mean
± SD. Differences of continuous variables were analyzed by the independent-samples t-test. Categorical
variables were expressed as a number (percent).
2
These variables were analyzed using the χ test and
Fisher’s exact test. The associations of the interval
between when the bowel preparation was completed
and the start of the colonoscopy and the quality of
the bowel preparation were calculated according to
linear regression and one-way analysis of variance.
To evaluate the important factors associated with
adequate bowel preparation, the logistic regression
method was used. Variables with P values less than
0.05 in the univariate analysis were included in the
multivariate analysis. P values < 0.05 were considered statistically significant. Statistical analyses for
this study were conducted using SPSS for Windows
12.0 (SPSS Inc., Chicago, IL, United States).

Assessment of compliance, tolerability and safety

The compliance of patients was checked by nurses on
an individual basis. Patients were questioned how long
they had a low-residue diet, what food they ate for the
last meal, the time when they had the last meal and
the amount of PEG/AA and water they ingested.
The tolerability, dissatisfaction or discomfort experienced by the patients was evaluated using questionnaires before the colonoscopy. In terms of satisfaction,
patients checked uncomfortable symptoms they had
during bowel cleansing, such as nausea and/or vomiting, bloating, excessive diarrhea, anal pain, abdominal
pain and/or discomfort, dizziness, fecal incontinence,
sleep disturbance, large amount of fluid to intake, chilling and headache. Discomfort of bowel cleansing was
assessed by using a visual analogue scale (on a scale
of 1 to 10, with 10 being the worst). The willingness
to repeat the same bowel cleansing regimen was also
assessed.
For safety purposes, serious side effects that
needed medical management such as dehydration and
allergic reaction were monitored.

RESULTS
Clinical characteristics of patients

The number of patients enrolled in this study was 378.
Among them, 189 patients were in the non-split-dose
group, and the other 189 patients were in the splitdose group. Demographics and clinical characteristics
of the patients are shown in Table 2. No differences
were observed in the proportion of males (58.7% in
the non-split-dose group vs 60.3% in the split-dose
group, P = 0.753), the mean age of participants (53.4
± 10.9 vs 51.8 ± 9.3, respectively, P = 0.110) and the
proportion of patients receiving the colonoscopy for
screening purposes (22.8% vs 25.4%, respectively, P
= 0.547). The mean frequency of bowel movements
per week and the proportion of patients who were taking drugs for constipation were not different between
the two groups.

Colonoscopy and scoring of the bowel preparation

All procedures were performed by 17 expert endoscopists who had each performed more than 2000 colonoscopies. The effectiveness of bowel preparation was
graded according to the Aronchick Bowel Preparation
[16]
Scale . The cleanliness of the total bowel was scored
as one of five grades as follows: excellent, good, fair,
poor, inadequate. In some patients, the colonoscopy
was withdrawn before complete intubation because of
huge amounts of solid materials in the left colon. The
bowel preparation in these patients was also graded
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Table 2 Demographics and clinical characteristics of patients

Table 4 Compliance of bowel preparation according to
different preparation regimens

n (%)

Gender
Male
Female
Age (yr)
Previous examination
Screening
Surveillance
Bowel movement (wk-1)
Medications for constipation
Yes
No

Non-spilt-dose
regimen
n = 189

Split-dose
regimen
n = 189

111 (58.7)
78 (41.3)
53.4 ± 10.9

114 (60.3)
75 (39.7)
51.8 ± 9.3

P value

Low-residue diet
<3d
≥3d
Type of last meal
Rice porridge
Other low residue diet1
Normal or high residue diet
Time of last meal
As recommended or earlier
After recommendation
Dose of PEG/AA intake
2L
<2L
Dose of water intake
≥1L
<1L

0.753

43 (22.8)
146 (77.2)
7.1 ± 3.3
5 (2.6)
169 (89.4)

48 (25.4)
141 (74.6)
7.1 ± 3.5

0.110
0.547

0.738
0.869

4 (2.1)
172 (91.0)

Table 3 Difference of bowel preparation score between two
groups n (%)
Non-spilt-dose
regimen
n = 189

Split-dose
regimen
n = 189

7 (3.7)
47 (24.9)
107 (56.6)

33 (17.5)
119 (63.0)
31 (16.4)

20 (10.6)
8 (4.2)

5 (2.6)
1 (0.5)

54 (28.6%)
134 (70.9%)

49 (25.9%)
140 (74.1%)

110 (58.2%)
48 (25.4%)
19 (10.1%)

141 (74.6%)
25 (13.2%)
4 (2.1%)

138 (73.0%)
50 (26.5%)

176 (93.1%)
11 (5.8%)

185 (97.9%)
4 (2.1%)

184 (97.4%)
5 (2.6%)

185 (97.9%)
3 (1.6%)

189 (100%)
0 (0%)

P value

0.542

< 0.001

< 0.001

0.736

0.081

Other low residue diet includes fish, egg, bread, potato, etc. AA: Ascorbic
acid; PEG: Polyethylene glycol.

understood the significance of bowel cleansing prior
to a complete colonoscopy (97.9% vs 94.2%, respectively, P = 0.131).
When we divided the bowel preparation into a
“diet control” part and an ingesting “PEG/AA” part,
the compliance of the ingestion of PEG/AA and water
was higher than 97% in both groups. However, the
compliance of the “diet control” part was not satisfactory. Patients who ingested a low-residue diet for more
than 3 d had a compliance of only 70.9% and 74.1%
in the non-split-dose group and split-dose group,
respectively, P = 0.542. More patients in the splitdose group followed the restriction of the last meal.
The percentage of patients who had rice porridge was
much higher in the split-dose group compared to the
non-split-dose group (74.6% vs 58.2%, respectively,
P < 0.001). Only 73.0% followed the time limit of the
last meal in the non-split-dose group compared to
93.1% in the split-dose group.

change in the bowel preparation regimen showed
drastic improvement in bowel cleanliness (P < 0.001).
When we numerically calculated the score of the bowel
preparation, the mean score of the bowel preparation
was 2.8 ± 0.8 in the non-split-dose group and 2.0
± 0.7 in the split-dose group (P < 0.001). Adequate
bowel preparation (excellent, good and fair) reached
significance in the split-dose regimen group (85.2%
in the non-split-dose group vs 96.8% in the split-dose
group, P < 0.001). Only 1 patient experienced inadequate bowel preparation (received a score of 5) in the
split-dose group. Only 1 (0.5%) patient in the splitdose group and 4 (2.1%) patients in the non-splitdose group received the additional bowel preparation
method for the repeated colonoscopy.

Tolerability and safety of the patients

The data relating to satisfaction and discomfort of the
patients were collected and analyzed from questionnaire surveys (Table 5). According to the visual
analogue scale of the discomfort index, no significant
difference in discomfort between the two groups
(5.2 ± 2.7 vs 4.8 ± 2.8, P = 0.257) was observed.
Regardless of their discomfort, most patients in both
groups answered that they were inclined to repeat the
same regimen the next time (69.8% vs 70.4%, P =
0.243). In terms of adverse events, the most common
causes of discomfort during bowel preparation were
poor taste, nausea and/or vomiting and bloating. For
nd
the split-dose group, sleep disturbance was the 2
most common complaint (40.9%), which was higher

Compliance of patients

The compliance of patients according to different
preparation regimens was analyzed based on the
nurses’ medical records of the patients (Table 4).
To achieve good compliance for bowel preparation,
written instructions and phone calls were offered. Most
examinees carefully read the instructions (97.4% in
the non-split-dose group vs 98.9% in the split-dose
group, P = 0.429), and the patients also received
explanations from phone calls (87.8% vs 89.4%,
respectively, P = 0.134). As a result, most patients
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Split-dose
regimen
n = 189

1

P value

< 0.001
Adequate
Score 1 (Excellent)
Score 2 (Good)
Score 3 (Fair)
Inadequate
Score 4 (Poor)
Score 5 (Inadequate)

Non-spilt-dose
regimen
n = 189
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Table 5 Subjective discomfort of patients according to different preparation regimens n (%)

Discomfort score (0-10)1
Willingness to repeat same regimen
Yes
No
Adverse events
Poor taste
Nausea/vomiting
Bloating
Excessive diarrhea
Anal pain
Abdominal pain/discomfort
Dizziness
Fecal incontinence
Sleep disturbance
Bulky fluid
Chilling
Headache

P value

Non-split-dose regimen

Split-dose regimen

n = 189

n = 189

5.2 ± 2.7

4.8 ± 2.8

0.257

132 (69.8)
47 (24.9)

133 (70.4)
52 (27.5)

0.243

53 (50.5)
39 (37.1)
38 (36.2)
27 (25.7)
20 (19.0)
13 (12.4)
9 (8.6)
8 (7.6)
6 (5.7)
4 (3.8)
3 (2.9)
1 (1.0)

74 (54.0)
53 (38.7)
54 (39.4)
27 (19.7)
14 (10.2)
20 (14.6)
9 (6.6)
7 (5.1)
56 (40.9)
0 (0)
1 (0.7)
0 (0)

0.585
0.806
0.608
0.266
0.050
0.618
0.556
0.422
< 0.001
0.021
0.198
0.252

1

Patients graded subjective discomfort from 0 (tolerable) to 10 (extremely distressed).

Table 6 Factors associated with adequate bowel preparation
Univariate analysis
Age
Gender (female)
Bowel movement (wk-1)
Low-residue diet (≥ 3 d)
Time of last meal1
Type of last meal
Normal or high residue
Rice porridge only
Other low residue2
Preparation regimen (split-dose)
Intake of PEG/AA (dose)
Intake of water (dose)

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

0.99 (0.97-1.01)
1.26 (0.83-1.91)
1.00 (0.94-1.06)
1.55 (1.00-2.39)
3.47 (1.92-6.29)

0.524
0.273
0.989
0.048
< 0.001

1.49 (0.88-2.53)
1.61 (0.78-3.30)

0.139
0.195

1.00 (reference)
5.09 (1.83-14.12)
2.86 (0.94-8.69)
10.63 (6.57-17.19)
2.08 (0.20-22.06)
0.036 (0.00-12.36)

0.002
0.064
< 0.001
0.543
0.265

1.00 (reference)
2.26 (0.70-7.30)
2.53 (0.72-8.93)
10.89 (6.53-18.17)

0.174
0.150
< 0.001

1

Whether patients followed recommendations; lunch for non-spilt-dose regimen, dinner for split-dose regimen; 2Other low residue diet includes fish, egg,
bread, potato, etc. AA: Ascorbic acid; PEG: Polyethylene glycol.

than the non-split-dose group (5.7%, P < 0.001).
Additionally, the complaint of the bulky fluid was more
common in the non-split-dose group than the splitdose group (3.8% vs 0%, respectively, P = 0.021).
During bowel preparation, none of the patients
experienced serious side effects. Only one case of
urticaria was reported in the non-split-dose regimen
group. The patient was a 75-year-old female who had
generalized urticaria after ingesting half of the PEG/AA
solution. She was fully recovered after receiving an
oral antihistamine.

= 0.002), and split-dose regimen (P < 0.001). Using
these factors in the multivariate analysis, the splitdose regimen was the only significant factor related
to adequate bowel preparation (adjusted HR = 10.89,
95%CI, 6.53-18.17, P < 0.001).
In the split-dose regimen group, the interval
between the completion of the bowel preparation and
the colonoscopy was shorter than that of the nonsplit-dose regimen group. The average intervals were
728.3 ± 91.0 min for the non-split-dose regimen
group and 291.5 ± 65.0 min for the split-dose regimen group (P < 0.001). The linear regression of the
continuous variables demonstrated that the quality
of bowel preparation improved when the interval
decreased between the completion of the bowel preparation and the start of the colonoscopy (β = 0.002,
r = 0.462, P < 0.001). When we divided patients
into their bowel preparation scores, we observed a
meaningful difference in the interval time between

Factors associated with adequate bowel preparation

Important factors leading to adequate bowel preparation are shown in Table 6. In the univariate analysis,
the factors that were significantly related to adequate
bowel preparation were as follows: ≥ 3 d of a low
residue diet (P = 0.048), time of the last meal was as
instructed (P < 0.001), rice porridge for the last meal (P
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Table 7 Correlation of bowel cleanliness and interval between finishing bowel preparation and colonoscopy
Bowel preparation score
Interval1
T2

Inadequate

Poor

Fair

Good

Excellent

n =4

n = 25

n = 138

n = 165

n = 40

661.3 ± 91.3
a

667.3 ± 205.6
a

631.0 ± 201.3
a

413.7 ± 210.2
b

364.5 ± 167.8
b

P value
< 0.001
TukeyB

1

Interval between finish of bowel preparation and start of colonoscopy (min). Statistical significances were tested by One-way analysis of variances among
groups; 2The same letters indicate non-significant difference between groups based on Tukey’s multiple comparison test.

the patients who received good/excellent scores and
the patients who received fair/poor/inadequate scores
(one-way analysis of variance, P < 0.001; Table 7).

required to reduce the days of diet control.
When we reviewed the patients who received an
additional bowel preparation regimen during the study
period, the only patient who failed the bowel preparation in the split-dose group was a 45-year-old man.
He did not follow the diet control as instructed; he
had high-residue side dishes for the last meal the day
before the colonoscopy and a low-residue diet for only
1 d. When he followed the instructions of the splitdose regimen completely for the repeat colonoscopy,
his bowel preparation was excellent. Furthermore, 4
patients needed additional bowel preparation in the
non-split-dose group. In spite of ingesting additional
PEG solution or perfectly following instructions of the
non-split-dose regimen, the best score they received
for the repeat colonoscopy was fair.
Despite the concerns of complaints in the split-dose
group, no differences in tolerability and satisfaction
were observed between the two groups. However, a
significant difference in the details of complaints was
observed. Examinees of the split-dose group experienced more sleep disturbance than the non-splitdose group. In contrast, examinees of the non-splitdose group complained about the bulky fluid because
they had to ingest a large amount of fluid within a
few hours. Interpreting our data, very little difference
was observed in general satisfaction according to the
type of regimen, and only in the different subtype of
discomfort.
This study has inevitable limitations because of its
non-randomized design and retrospective nature. The
examinees who completed the survey during the study
period were enrolled in this study, and the possibility of
selection bias was present. Despite its shortcomings,
the strength of this study is related to the following
advantages: (1) this is the first study that compared
effectiveness, compliance and tolerability of split-dose
and non-split-dose regimens using low volume PEG
for early morning visitors to a comprehensive medical
check-up. Therefore, this study required a special condition that all examinees should complete their bowel
preparation before their visit for the comprehensive
medical check-up; (2) we presented the compliance
of the bowel cleansing regimens step-by-step and
detailed the complaints and practical dissatisfaction of
the examinees; and (3) finally, we demonstrated that
diet control in the split-dose group was more tolerable
than the non-split-dose group.
In conclusion, a split-dose-regimen of 2 L PEG/AA

DISCUSSION
In this study, we observed that the effectiveness of
bowel cleansing was markedly improved in the split[6]
dose regimen group as previously described . We
also analyzed the importance of the time interval
between the completion of the bowel preparation and
the starting time of the colonoscopy. Patients who had
a time interval less than 7 h showed a better outcome
than that of patients with more than a 7-h interval.
This result is in accordance with previous reports that
bowel cleansing was better when the colonoscopy was
performed within 8 h after ingesting the last fluid than
[11]
after 8 h of the final ingestion and that the degree of
[17]
bowel preparation worsens with time .
Our results showed that the compliance of diet control was much better in the split-dose group than the
non-split-dose group, particularly in regard to the type
and time of the last meal. This result could be interpreted to mean that having an early dinner before the
day of the colonoscopy was acceptable and tolerable in
the split-dose regimen group. Additionally, it would be
difficult to restrict food at lunch during working hours
in the non-split-dose group, and having a low residue
diet for dinner would be much easier. This study is the
first of its kind that showed better compliance of diet
control in the split-dose group compared to that of the
non-split-dose group; the diet control regimen for the
split-dose group was more tolerable and effective for
bowel preparation.
However, keeping a low-residue diet for 3 d was
not followed well in both groups; therefore, the proper
number of days for diet restriction has not yet been
determined. Some studies have focused on a liberal
diet for better compliance, but the results were not
[18-20]
satisfactory
. Various high-residue foods such as
kimchi are a considerable part of the Korean diet, and
these fiber materials are difficult to remove during a
colonoscopy. Nevertheless, even though our patients
knew the necessity of bowel preparation and conformed to ingesting whole PEG/AA, their compliance to
a low-residue diet was still very poor. The usefulness of
education about bowel preparation has been already
[21,22]
reported
. Continuous education and promotion of
diet control will be important, and further studies are
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for an early morning colonoscopy was more effective
and showed better compliance for diet restriction
without any differences in satisfaction and discomfort.
Therefore, it is reasonable to introduce a split-dose
regimen for the early morning colonoscopy examinees
undergoing comprehensive medical check-up consi
dering its remarkable effectiveness and compliance.

3

4

COMMENTS
COMMENTS

5

Background

Bowel preparation is one of the most important factors for a complete
colonoscopy. It has already been reported that a split-dose regimen is more
effective than a non-split-dose regimen for various drug preparations. However,
a split-dose regimen of 2 L polyethylene glycol (PEG) plus ascorbic acid (AA) is
not widely used in comprehensive medical check-up in Korea because the splitdose regimen is considered intolerable for an early morning visit.

6

Research frontiers

7

In a split-dose regimen, it is uncomfortable to wake up at dawn to prepare for
the colonoscopy scheduled in the early morning because patients should finish
the laxative at least 2 h prior to the colonoscopy. This study aimed to evaluate
the effectiveness and tolerability of a split-dose 2 L PEG/AA regimen for healthy
examinees who visited for comprehensive medical check-up in the early
morning.

8

Innovations and breakthroughs

In this study, the authors found that effectiveness of bowel cleansing was
markedly improved in the split-dose regimen group. Compliance of diet
control was much better in the split-dose group than the non-split-dose
group, particularly in regard to the type and time of the last meal. Despite the
concerns of complaints in the split-dose group, no differences in tolerability and
satisfaction were observed between the two groups. However, a significant
difference in the details of complaints was observed. Examinees of the splitdose group experienced more sleep disturbance than the non-split-dose group.
In contrast, examinees of the non-split-dose group complained about the bulky
fluid because they had to ingest a large amount of fluid within a few hours.

9

10

Applications

It is reasonable to introduce a split-dose regimen for the early morning
colonoscopy examinees undergoing comprehensive medical check-up
considering its remarkable effectiveness and compliance.

11

Terminology

Split-dose regimen is a method of bowel preparation for colonoscopy that
examinees take half of bowel cleansing dose at night on the day before the
colonoscopy and the other half in the early morning on the day of colonoscopy.
12

Peer-review

This is a good study in which the authors analyzed the effectiveness and
compliance of split-dose regimen of 2L PEG/AA for an early morning
colonoscopy. This result is an important ground to introduce a split-dose
regimen to morning colonoscopy examinees in a comprehensive medical
check-up.
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Abstract
AIM
To determine if patients can localise dysphagia level
determined endoscopically or radiologically and associ
ation of gender, age, level and pathology.
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METHODS
Retrospective review of consecutive patients presenting
to dysphagia hotline between March 2004 and March
2015 was carried out. Demographics, clinical history
and investigation findings were recorded including
patient perception of obstruction level (pharyngeal,
mid sternal or low sternal) was documented and the
actual level of obstruction found on endoscopic or
radiological examination (if any) was noted. All patients
with evidence of obstruction including oesophageal
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carcinoma, peptic stricture, Schatzki ring, oesophageal
pouch and cricopharyngeal hypertrophy were included in
the study who had given a perceived level of dysphagia.
The upper GI endoscopy reports (barium study where
upper GI endoscopy was not performed) were reviewed
to confirm the distance of obstructing lesion from central
incisors. A previously described anatomical classification
of oesophagus was used to define the level of obstruction
to be upper, middle or lower oesophagus and this was
compared with patient perceived level.

Ashraf HH, Palmer J, Dalton HR, Waters C, Luff T, Strugnell M,
Murray IA. Can patients determine the level of their dysphagia?
World J Gastroenterol 2017; 23(6): 1038-1043 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i6/1038.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i6.1038

INTRODUCTION
For more than 40 years, it has been established that
a careful history can establish the diagnosis in up to
[1-3]
80% of patients presenting with dysphagia . Indeed
we and others have demonstrated that aspects of
history and patient demographics can be highly predictive of specific diagnoses such as oesophageal cancer,
peptic stricture, pharyngeal pouch and eosinophilic
[4-7]
oesophagitis .
However studies which have explored whether
patients are accurately able to localise the site of the
cause of their dysphagia have been inconclusive.
Some have found overall poor correlation between
[2,8,9]
patient localisation and actual site of pathology
[10,11]
whilst others have found it to be good
. While
some studies suggest that localisation of proximal
[10,11]
pathology is more accurate
others have shown the
[8]
[8]
converse . Only the study by Roeder has attempted
to determine if the underlying pathology was related
to the patient’s ability to accurately localise the level
of dysphagia and that was primarily to investigate
whether diffuse localisation was associated with an
underlying motility disorder (which was the case in
only 9%).
Whether a patient is able to accurately localise
the level of their dysphagia is important. If they can
accurately localise the level of dysphagia, then a
focussed examination might be feasible, reducing
cost, time and, for barium examinations, radiation
exposure. If they are unable to accurately localise the
level of dysphagia it is equally important that radiologist or endoscopist is aware of this or they may fail to
focus on the whole oesophagus and miss important
[12]
pathology .
We reviewed the final outcome of 3668 consecutive
patients presenting with dysphagia between March
2004 and March 2015. Patient localisation of the level
of their dysphagia was compared to that found at
endoscopy or barium swallow examination in patients
with an obstructing oesophageal lesion. We explored
whether the nature of the pathology, patient characteristics or clinical features were associated with the
patients’ ability to localise the level of dysphagia.

RESULTS
Three thousand six hundred and sixty-eight patients
were included, 42.0% of who were female, mean
age 70.7 ± 12.8 years old. Of those with obstructing
lesions, 726 gave a perceived level of dysphagia:
37.2% had oesophageal cancer, 36.0% peptic stricture,
13.1% pharyngeal pouches, 10.3% Schatzki rings and
3.3% achalasia. Twenty-seven point five percent of
patients reported pharyngeal level (upper) dysphagia,
36.9% mid sternal dysphagia and 25.9% lower sternal
dysphagia (9.5% reported multiple levels). The level
of obstructing lesion seen on diagnostic testing was
upper (17.2%), mid (19.4%) or lower (62.9%) or
combined (0.3%). When patients localised their level
of dysphagia to a single level, the kappa statistic was
0.245 (P < 0.001), indicating fair agreement. 48%
of patients reporting a single level of dysphagia were
accurate in localising the obstructing pathology. With
respect to pathology, patients with pharyngeal pouches
were most accurate localising their level of dysphagia
(P < 0.001). With respect to level of dysphagia, those
with pharyngeal level lesions were best able to identify
the level of dysphagia accurately (P < 0.001). No
association (P > 0.05) was found between gender,
patient age or clinical symptoms with their ability to
detect the level of dysphagia.
CONCLUSION
Patient perceived level of dysphagia is unreliable in
determining actual level of obstructing pathology and
should not be used to tailor investigations.
Key words: Deglutition disorders; Oesophageal stenosis;
Oesophageal neoplasm; Gastroscopy; Fluoroscopy;
Patient perception; Pharyngeal pouch
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patient perception of the level of their dysp
hagia is only accurate in 48% of patients. It is most
accurate for those with pharyngeal pouches and for
those with pharyngeal or upper oesophageal pathology
which might help guide initial investigations, e.g., to
barium swallow. No other patient features or history
helps determine patient accuracy. Endoscopists and
radiologists should be aware of the importance of
carefully examining the whole oesophagus to avoid
missing pathology irrespective of a patient’s perceived
level of dysphagia.
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MATERIALS AND METHODS
Case ascertainment

We reviewed the final outcome of those patients
presenting to our nurse led telephone triage dys[13]
phagia hotline
between March 2004 and March
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Independent t-test to determine if there was a mean
difference in age of people who could and could not
determine the localisation of their obstruction. Missing
data was handled using complete case analysis.
Data was analysed using IBM SPSS Statistics
V22.0, and were two tailed tests where statistical
[15]
significance was accepted if P < 0.05 .
The statistical methods of this study were reviewed
by Stig B Laursen of Odense University Hospital,
Odense, Denmark.
The study was reviewed by the Research, Develop
ment and Innovation sponsorship team, Royal Cornwall
Hospitals NHS Trust at the Royal Cornwall Hospital who
ruled that formal ethics approval was not required as it
fell within the remit of audit/service evaluation.

Table 1 Diagnoses in patients with discrete pathology
investigated for dysphagia between 2004 and 2015
n (%)

Diagnosis
Oesophageal cancer
Peptic stricture
Cricopharyngeal hypertrophy/pharyngeal pouch
Schatzki ring
Achalasia
Pharyngeal pouch and oesophageal cancer

270 (37.2)
261 (36.0)
95 (13.1)
75 (10.3)
24 (3.3)
1 (0.1)

2015. Firstly those patient with an obstructing lesion
including oesophageal carcinoma, peptic stricture,
Schatzki ring, oesophageal pouch and cricopharyngeal
hypertrophy were identified. The patient group studied
were those with an obstructing oesophageal lesion
and patient-derived data regarding localisation levels.
Patient data was contemporaneously recorded but
reviewed retrospectively and included: patient demographics, patient perception of their level of dysphagia
as upper (described as level of throat), middle (mid
chest) or lower (bottom of chest); and associated
symptoms.

RESULTS
Patients and diagnoses

A total of 3668 consecutive patients were seen by the
dysphagia hotline during the study period. Of these,
807 had an obstructing lesion of who 726 had given a
perceived level of obstruction. Of these, 42.0% were
female, mean age 70.7 ± 12.8 years old. The final
diagnoses are shown in Table 1.
Six hundred and forty-one (88.3%) had undergone
upper gastrointestinal endoscopy alone, 73 (10.0%)
a barium swallow only and 12 (1.6%) had undergone
both. Twenty-seven point five percent of patients
reported pharyngeal level (upper) dysphagia, 36.9%
mid sternal dysphagia and 25.9% lower sternal dysphagia. The remaining 9.5% reported less well defined
dysphagia, giving more than one level of perceived
dysphagia, most commonly pharyngeal and mid sternal dysphagia (7.4%). The levels of obstructing lesions
seen on diagnostic testing were upper (17.2%), mid
(19.4%), lower (62.9%) or combined (0.3%).
Symptoms were described as progressive (42.5%),
intermittent (56.8%), dysphagia to solids (98.9%) or
dysphagia to liquids (17.4%), associated with regurgitation (63.6%) or reflux (51.5%). Odynophagia was
described in 23.8%, chest pain 25.1%, diet change
due to dysphagia in 48.2% and weight loss of 2 kg or
more in 36.9%.

Investigations and level of dysphagia

We next determined where those with an obstructing
lesion who had given a defined level of obstruction
had undergone upper gastrointestinal endoscopy only,
barium swallow only or both. The level of dysphagia
was taken as that recorded by the endoscopist (either
as distance from the incisors or as upper, middle or
lower oesophagus). When endoscopy was unsuccessful, refused or not performed for another reason then
the level of dysphagia was taken as that recorded at
barium swallow. If the radiologist had not recorded
a level of dysphagia, the films were reviewed by a
radiology registrar and consultant to agree a level. The
final level was then recorded as per the subdivision
of the oesophagus suggested by the National Cancer
[14]
Institute , namely. Upper: from thoracic inlet to
level of tracheal bifurcation; 18-23 cm from incisors.
Middle: from tracheal bifurcation to midway to gastrooesophageal junction; 24-32 cm from incisors. Lower:
from midway between tracheal bifurcation and gastrooesophageal junction to gastro-oesophageal junction;
32-40 cm from incisors.

Association between patient localisation of disease and
actual localisation

Where patients described multiple levels of dysphagia
there can be no agreement between patient described
levels of dysphagia and actual levels. Comparing only
when patients were able to accurately pinpoint their
level of dysphagia (single localisation point), gave
a kappa statistic of 0.245 (P < 0.001), indicating a
[16]
fair agreement
between patient localisation and
actual level of lesion. Of those patients indicating a
single level of dysphagia, 48.0% of patient had an
absolute match between perceived and actual level of
dysphagia.

Statistical analysis

The Kappa statistic was used to define if the patient
localisation and diagnostic localisation matched. Cate
2
gorical variables were explored using Pearson’s χ test
to look at the association of the clinical and patient
characteristic factors, such as diagnosis, the level of
pathology and history of symptoms (duration, regurgitation, reflux, odynophagia, chest pain, diet change
and weight change) and gender. Following test for
assumption of normality, age was explored using
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Table 2 Accuracy in perceiving correct level of dysphagia correlated to final diagnosis
Diagnosis

Perceived single level (n )

Perceived diffuse level (n )

Absolute match

23
243
235
88
66

1
27
26
7
9

34.8%
47.3%
38.7%
84.1%
40.9%

Achalasia
Oesophageal cancer
Peptic stricture
Pharyngeal pouch
Schatzki ring

One patient perceived the obstruction as pharyngeal and had both pharyngeal (pouch) and distal (cancer) obstruction. Their data is not included in this
table.

Table 3 Effect of level of obstructing lesion on patient ability to accurately localise the cause of their dysphagia
Level of obstructing lesion
Upper
Middle
Lower
Total

Total (n )

Perceived as pharyngeal

Perceived as mid sternal

Perceived as lower sternal

Correct level identified

115
130
410
655

94
39
66
199

18
64
186
268

3
27
158
188

81.7%
49.2%
38.5%
48.2%

Six hundred and fifty-five patients with a single obstructing oesophageal lesion with the test derived level shown in column 1 and the patient perceived
level in columns 3-5. When a patient perceived their dysphagia correctly this is shown in bold. Some patients perceived more than one level of dysphagia
(diffuse) but their data is not shown here for clarity (n = 71). Pearson χ 2 test gave P < 0.001.

Table 4 Associated symptoms and their ability to improve patient localisation of dysphagia n (%)
Symptom

Number reporting symptom

Number with symptom correctly localising dysphagia

P value

416/647 (67.4)
339/649 (52.2)
158/651 (24.3)
162/649 (25.0)
315/651 (48.4)
47/635 (7.9)
244/611 (39.9)

195/416 (46.9)
152/339 (44.8)
72/158 (45.6)
71/162 (43.8)
151/315 (47.9)
20/47 (42.6)
116/244 (47.5)

0.478
0.059
0.415
0.180
0.883
0.422
0.816

Regurgitation/choking
Reflux
Odynophagia
Chest pain
Change in diet
Weight gain
Weight loss

Effect of nature of obstructing lesion on localisation of
dysphagia

seen for males (183 of 386: 47.4% absolute match)
and females (132 of 270: 48.9% absolute match), P =
0.709.

Patients with pharyngeal pouches were most likely to
accurately localise their level of dysphagia. Regarding
patients perceiving dysphagia at a single level,
84.1% accurately identified the level. The number
and percentage of absolute match (single localisation
level accurately identified by patient) among different
2
diagnostic groups is shown in Table 2. χ test showed
this was statistically significant (P < 0.001), establishing a definite association between nature of the
pathology and the patients’ ability to localise the level
of dysphagia.

Effect of patient age on localisation of dysphagia

Three hundred and fifteen of 656 patients who correctly identified their level of obstruction had a mean
age of 71.28 ± 13.02 years. The mean age for patients
who were incorrect in identifying the level of their dysphagia was 70.58 ± 13.17 years. Independent t test
found the mean difference not significant (P = 0.497)
indicating that patient age does not influence ability to
identify the level of dysphagia (95%CI: -2.706-1.314).

Effect of level of obstructing lesion on localisation of
dysphagia

Effect of “associated symptoms” on patients’ ability to
detect level of dysphagia

When the actual level of the obstructing lesion was
considered, it was noted that patients with pharyngeal
obstruction were most likely to accurately localise the
obstruction (Table 3).

Patients with dysphagia presented with many associated symptoms. Symptoms were described as progressive (43.4%), intermittent (56.4%), dysphagia to
solids (99.5%) or to liquids (17.1%). It was associated
with regurgitation, reflux, odynophagia, chest pain,
diet change due to dysphagia and weight loss of 2 kg
or more as shown in Table 4. Duration was less than 8
wk (27.6%), 8-25 wk (35.2%) or greater than 25 wk

Effect of patient gender on localisation of dysphagia

No association was found between gender and ability
to detect the level of dysphagia. Similar figures were
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(37.1%) Statistical analysis indicated no association
of any of these with the ability to localise the level of
dysphagia.

determined how accurate they were in centimetres
from the pathology found. But others have used 3-6
[3,8]
levels also .
We also acknowledge that the pathology seen
at endoscopy or on barium study is not always the
underlying reason for a patient to experience dysp
hagia eg a patient with a Schatzki ring could have
oesophageal dysmotility underlying their dysphagia,
but it seems highly likely that the recorded pathology
(pharyngeal pouches, achalasia, oesophageal cancer
and peptic strictures) would have been responsible in
the majority. Our study has included only patients with
obstructing oesophageal pathology, which represents
18% of the 3668 consecutive cases presenting with
dysphagia to our rapid-access dysphagia hotline
clinic. Patients with dysphagia and non-obstructive
oesophageal pathology were excluded from analysis.
This is an important point to bear in mind, as although
we have demonstrated that 48% of patients accurately
predict their level of obstructing oesophageal pathology, in clinical practice when faced with a patient with
dysphagic symptoms the predictive value of level of
dysphagia will likely be an order of magnitude less
than we observed in our selected population.
It is recognised that 11.3% of upper gastrointestinal cancers have been missed on an examination
[12]
within 3 years of their diagnosis . Whilst oesophageal
lesions account for only 9% of this cohort it is possible
that endoscopists or radiologists could be misled by
patient symptoms and focus on the area of patient
localisation. With this in mind, we disagree with the
[10]
advice of Wright and Ellis
to tailor the examination
to focus on the patient localised area of dysphagia.
In summary, we have shown that in 48% of
patients the level of dysphagic symptoms accurately
predicted the location of the underlying obstructive
oesophageal pathology and this was most accurate
in patients with upper oesophageal pathology. The
clinical utility of the level of dysphagia in an unselected
dysphagic population is likely to be low.
Patients are relatively inaccurate in localising
obstructing oesophageal pathologies causing dysphagia. Those with pharyngeal pouches or pharyngeal
level pathology in general are most accurate but a
full examination of the oesophagus is essential in all
patients presenting with dysphagia to prevent missing
pathology.

DISCUSSION
To our knowledge this is the largest study comparing
patient localisation of dysphagia with true level of
obstruction defined by endoscopy or barium swallow
examination. In 48% of patients, the dysphagic
symptoms accurately predicted the location of the
underlying obstructive oesophageal pathology and this
was most accurate (81.7%) in patients with lesions in
the upper oesophagus despite only 17.6% of patients
presenting with pharyngeal level lesions. No factors
in patient demographics or history predicted which
patients more accurately localised their pathology.
Previous studies have shown a very wide range in
the ability of patients to accurately identify the level
of obstructing oesophageal pathology ranging from
[3,8,10,11]
17% to 74%
. Possible reasons for the differences between each of these studies and our own
include small patient numbers in the studies where
[10,11]
patient localisation appeared more accurate
and
differences in the populations studied. For instance,
[8]
Roeder et al found patients with distal pathology
most accurate (80%) but these comprised only a
small percentage of their study (which may indicate
problems with selection bias). They comprise 62.6% of
a larger patient cohort in the present study population.
When comparing specific pathologies with the
ability to localise, those with pharyngeal pouches were
most accurate. This differs from previous studies which
failed to show any difference based on underlying
[8,11]
oesophageal pathology
. It provides some reassurance that our policy of performing barium swallow
initially rather than gastroscopy for patients presenting
[6]
with pharyngeal level dysphagia is correct .
Again there have been differences in the pathology
studied. We elected to study conditions where the
pathology was well defined and could be accurately
localised. Some studies have included patients with
[8]
motility disorders and gastro-oesophageal reflux dis[11]
ease
which are more diffuse. There are differences
in investigations performed. Some studies performed
[10]
barium swallow alone , others manometry and
[8]
gastroscopy , and others barium swallow and gastros[11]
copy . Manometry was not easily accessible for our
patient cohort (the nearest centre during most of the
study period being 60 miles (96 km) from our centre
so few patients were studied in this way). Differences
in conditions studied, investigations performed, differences in the manner in which patient localisation was
recorded and in the final diagnoses studied as well as
the size of the patient cohort could all influence the
final outcome.
The current study is retrospective and has used
only 3 areas for patient localisation unlike that of
[11]
Wilcox
who used exact patient identified levels and
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Dysphagia is a common symptom which can be secondary to malignancy. If
patients are able to determine the level of their dysphagia, limited endoscopic
or fluoroscopic examination may be feasible. It is also important to determine if
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of their dysphagia since some centres will investigate patients with pharyngeal
level dysphagia initially by barium swallow to avoid endoscopy and risk of
perforation.
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was available and used to determine if associated features help with patient
perception. Patient perceived dysphagia level with actual level correlate in 48%
of patients overall but in 84.1% of those with pharyngeal pouches and 81.7%
of those with pharyngeal level pathology. Ability to perceive level of obstruction
was unrelated to patient age or gender or any associated symptoms.
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Patients with pharyngeal level dysphagia and pharyngeal pouches in particular
are most able to accurately determine the level of their dysphagia. Patients with
pharyngeal level dysphagia should therefore be considered for barium swallow
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they need to investigate the whole of the oesophagus for causes of dysphagia
and should not be reliant on patient derived level of dysphagia.

10
11
12

Peer-review

This theme of this article is unique, though more information and discussion
is required. The detailed complaints of dysphagia should be discussed and
the factors for the decreasing accuracy should be analyzed carefully. More
information of the obstructive lesion or considering the cause in combination
with the background of each subject may provide some clue.
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Abstract
AIM
To investigate presence and extent of eosinophilic cholangitis (EC) as well as IgG4-related disease in patients
with indeterminate biliary stricture (IBS).

Institutional review board statement: The study protocol was
approved by the institutional review board (No. 478/15) of the
local ethics committee of the University Hospital Frankfurt.
Informed consent statement: Patient informed consent was
waived due to the retrospective design of the study.

METHODS
All patients with diagnosis of sclerosing cholangitis
(SC) and histopathological samples such as biopsies or
surgical specimens at University Hospital Frankfurt from
2005-2015 were included. Histopathological diagnoses
as well as further clinical course were reviewed. Tissue
samples of patients without definite diagnosis after
complete diagnostic work-up were reviewed regarding
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presence of eosinophilic infiltration and IgG4 positive
plasma cells. Eosinophilic infiltration was as well
assessed in a control group of liver transplant donors
and patients with primary sclerosing cholangitis.

INTRODUCTION
Sclerosing cholangitis (SC) can arise from various
underlying diseases, such as infectious, immunological,
toxic or ischemic etiology as well as due to mechanical
obstruction. Different types of SC may look alike at
cross sectional imaging and radiography of the bile
ducts, unified by a characteristic narrowing of intrahepatic and/or extrahepatic bile duct system. For clinical
management, especially differentiation of benign from
malignant strictures is fundamental. However, a definite diagnosis can solely be established by histopathological analysis of the bile duct alterations. Clinical data
together with percutaneous ultrasound, computed
tomography (CT), magnetic resonance imaging (MRI)
and endoscopic retrograde cholangiopancreatography
(ERCP) contribute to a probable diagnosis, not equaling the security of histopathology. Differentiating
indeterminate biliary strictures (IBS) and establishing
the diagnosis of SC vs cholangiocarcinoma (CCA) is
challenging in many patients. This is represented by
studies reporting a benign diagnosis in patients with
[1-3]
IBS after surgery in up to 17% .
In recent years, an increasing number of cases
were reported with SC caused by eosinophilic cholangitis (EC): a benign condition first described by Leegaard
[4]
in 1980 . EC is characterized by (1) a wall thickening
or stenosis of the biliary system; (2) histopathological
findings of eosinophilic infiltration; and (3) reversibility
of biliary abnormalities without treatment or follow[5]
ing steroid treatment . Peripheral eosinophilia was
observed often but not necessarily in case reports
[6]
(65% ). EC as cause of SC is of special interest, since
it can appear as Klatskin-mimicking lesion and is often
only diagnosed after bile duct resection, although
conservative treatment leads to resolution of the
stricture. However, an underlying cause of EC could
not be identified to date and data on prevalence of EC
are lacking.
In the present study, we performed a retrospective
analysis to evaluate prevalence of EC and IgG4-RD in
patients with IBS and inconclusive histopathological
findings.

RESULTS
one hundred and thirty-five patients with SC were
included. In 10/135 (13.5%) patients, no potential
cause of IBS could be identified after complete
diagnostic work-up and further clinical course. After
histopathological review, a post-hoc diagnosis of
EC was established in three patients resulting in a
prevalence of 2.2% (3/135) of all patients with SC as
well as 30% (3/10) of patients, where no cause of IBS
was identified. 2/3 patients with post-hoc diagnosis
of EC underwent surgical resection with suspicion
for malignancy. Diagnosis of IgG4-related cholangitis
was observed in 7/135 patients (5.1%), whereas 3
cases were discovered in post-hoc analysis. 6/7 cases
with IgG4-related cholangitis (85.7%) presented with
eosinophilic infiltration in addition to IgG4 positive
plasma cells. There was no patient with eosinophilic
infiltration in the control group of liver transplant
donors (n = 27) and patients with primary sclerosing
cholangitis (n = 14).
CONCLUSION
EC is an underdiagnosed benign etiology of SC and IBS,
which has to be considered in differential diagnosis of
IBS.
Key words: Indeterminate biliary stricture; endoscopy;
endoscopic retrograde cholangiopancreatography;
eosinophilic cholangitis; bile duct stenosis; IgG4-related
disease; primary sclerosing cholangitis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To differentiate benign from malignant disease
in indeterminate biliary strictures (IBS) is crucial for
clinical management. To date, data on eosinophilic
cholangitis (EC) as a potential cause of IBS are lacking.
In this retrospective study, we demonstrate that EC
occurs in up to 30% of patients presenting with IBS
and unclear clinical and histopathological findings at the
end of diagnostic work-up. We thereby demonstrate
that EC is a potentially underdiagnosed benign disease,
which has to be considered in differential diagnoses of
IBS to prevent these patients from surgery.

MATERIALS AND METHODS
Patients

Patients with diagnosis of SC (according to ICD-10
Code) between 2005 and 2015 at University Hospital
Frankfurt were screened and all patients with histopathological specimen available from biopsies or surgical resections were included. Thereby, patients with
IBS that were surgically treated for suspicion of malignancy were included as well as inconclusive findings at
biopsies. To evaluate the subsequent clinical course of
the patients with inconclusive histopathological findings, electronic medical records were investigated and

Walter D, Hartmann S, Herrmann E, Peveling-Oberhag
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Figure 1 Underlying etiologies of patients with clear diagnoses in histopathological reports. IgG4-RD: IgG4-related disease; PSC: primary sclerosing
cholangitis; PBC: primary biliary cirrhosis.

standardized. Extracted data were: age, gender and
final diagnosis from clinical documents.

Descriptive statistics were calculated using BiAS
(version 11.01, BiAS for Windows; Epsilon-Verlag,
Frankfurt, Germany). The study protocol was approved
by the institutional review board (No. 478/15) of
the local ethics committee of the University Hospital
Frankfurt.

Histopathological and clinical review

In all patients with inconclusive histological and clinical
findings after full diagnostic work-up, hematoxylineosin stained slides of surgical or bioptical specimens
were reevaluated by an expert pathologist. Eosinophilic
granulocytes were counted per high power field (HPF)
in areas of cholangitis with the highest density up
to an eosinophilic count of 30/HPF. All cases with ≥
15 eosinophilic granulocytes/HPF were assessed as
positive according to the threshold for eosinophilic
[7]
esophagitis . In addition, a representative block was
chosen and staining with an IgG4-antibody (Mouse
anti-IgG4, Zytomed Systems, Berlin, Germany) was
performed. Cases were considered as IgG4-positive,
when > 30% of plasma cells stained positive for IgG4.
Furthermore, all patients with inconclusive findings
after full diagnostic work-up were reviewed for presence and appearance of biliary stricture in cross
sectional imaging (CT, MRI) and ERCP.
After the review of histopathological and clinical
data, patients were classified into consistent with EC,
consistent with IgG4-RD or not consistent with either
EC or IgG4-RD.
To evaluate eosinophilic infiltration in primary
sclerosing cholangitis (PSC) and non-inflammatory
bile ducts, samples with histopathological reports of
biopsies or surgical specimens including the diagnosis
PSC and liver transplant-donors were investigated as
well.
For ERCP, standard duodenoscopes (Olympus
V-Scopes, TJF 160VF, TJF-Q180 V; Olympus Europe,
Hamburg, Germany) were used and the shortwire technique with locking the wire at the distal
end of the duodenoscope was applied. In patient 4,
cholangioscopy was used as well (duodenoscope TJF
- Q180V, Olympus Medical, Tokyo, Japan).

WJG|www.wjgnet.com

RESULTS
Patients

In total, 135 histopathological specimens were identified of patients treated for SC between 2005 and 2015.
Mean age of the patients at the date of initial histopathological investigation was 54.0 (SD 15.2, range
22-86) and 87/135 (64%) of the patients were men.
Histopathological reports were based on liver biopsies
(n = 64), intraductal bile duct biopsies (n = 33), biliary
brush cytology (n = 16), surgical specimen from liver
or bile duct resection (n = 15), liver transplant (n = 6)
or autopsy (n = 1).
In 69 of 135 patients (51%), the histopathological
investigation reported a strong suspicion of a specific
disease or a definite diagnosis (all diagnoses are shown
in Figure 1). In 7 patients, no relevant pathological
findings were reported. 6/7 of these patients were
clinically diagnosed with PSC and one patient with CCA
in further clinical course.
In the group of patients with inconclusive histopathological diagnosis, investigation of clinical reports
revealed a specific diagnosis in 56/66 patients (85%).
In the remaining ten patients (15%), clinical diagnosis
was either unclear cholangitis (n = 4) or patients had
surgery with suspicion for malignancy but inconclusive
findings in histopathological examination (n = 6). The
study design, including final diagnoses, is documented
in Figure 2.

Histopathological review

To further characterize these ten patients with unclear
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Patients included:

135 patients with cholangitis and histological specimen

Histology:

66 patients with inconclusive histological diagnosis

Clinical diagnosis:

Unclear clinical diagnosis (n = 10)

PSC (n = 21)
Neoplasia (n = 9)
PBC (n = 5)
Ischemia (n = 5)
Choledocholithiasis (n = 5)
Post-surgery (n = 4)
PSC/AIH Overlap (n = 3)
Other (n = 4)

Histological review:

> 30 Eos/HPF (n = 3)
IgG4-positive (n = 3)
Low Eos-Count/no IgG4 (n = 3)
Insufficient tissue (n = 1)

Figure 2 Study design. AIH: autoimmune hepatitis; Eos: eosinophilic granulocytes; HPF: high power field; PSC: primary sclerosing cholangitis; PBC: primary biliary
cirrhosis.

Table 1 Clinical data of all patients with suspicion for IgG4-related disease (Pat1-Pat3) or eosinophilic cholangitis (Pat4-Pat6)
Patient ID
Pat1
Pat2
Pat3
Pat4
Pat5
Pat6

Age

Sex

Year

Eos (histology)

Eos (serum)

IgG4-staining

Biliary stenosis

Clinical course

40
52
73
40
63
65

M
M
M
F
M
F

2008
2011
2005
2015
2008
2006

+
+
+
+
+

na
-

+
+
+
-

Perihilar
Perihilar
Perihilar
Distal
Distal
Perihilar

Hemihepatectomy
Hemihepatectomy
CBD-resection
Steroids
PPPD
CBD-resection

Eosinophilic infiltrate was assessed as positive, if ≥ 15 eosinophilic granulocytes/high power field were present. Cut off for peripheral eosinophilia
was ≥ 4% of leukocytes. Plasma cells were assessed as positive, if > 30% stained positive for IgG4. CBD: Common bile duct; PPPD: Pylorus preserving
pancreaticoduodenectomy; Year: The year the histological specimen was obtained; Eos: Eosinophilic granulocytes; na: not available.

clinical as well as histopathological diagnosis and to
exclude EC and IgG4-RD as possible underlying etiology, we performed a histological review quantifying
eosinophilic infiltration and determining IgG4-status.
Thereby, we identified 3/10 (30%) patients with
dense eosinophilic infiltrate (≥ 30 eosinophilic granulocytes/HPF) but without IgG4-positive plasma cells.
We also found 3/10 patients (30%) to have a distinct
infiltration of plasma cells with positive IgG4 staining.
Notably, 2 of these 3 patients additionally showed as
well a dense eosinophilic infiltrate (> 30/HPF; Figure
3). Of the remaining 4 patients, 3 did neither have
an elevated eosinophilic count nor a positive staining
for IgG4 and 1 patient had insufficient material for a
reliable histopathological review.
Since 2/3 newly diagnosed IgG4-positive samples
had a marked eosinophilic infiltrate, a review of the 4
routinely diagnosed IgG4-RD cases was performed.
Notably, 3/4 of these patients had > 30 eosinophilic

WJG|www.wjgnet.com

granulocytes/HPF, whereas one patient had 25 eos
inophilic granulocytes/HPF. Thus, of all cases with
IgG4-RD, 6/7 (85.7%) showed a marked infiltration
with eosinophilic granulocytes.

Clinical review

All six patients with suspicion of EC or IgG4-RD were
investigated for alterations in the biliary tract. Patients
with suspicion of EC had strictures in both the extrahepatic and intrahepatic biliary tree, whereas all strictures
of patients with suspicion of IgG4-RD were located in
the perihilar region. Besides anatomical location of the
stricture, further clinical course of these patients was
investigated. 5/6 of these patients underwent surgical
resection, whereas one patient with EC was treated
conservatively with oral steroids. Clinical data of the 6
patients consistent with diagnoses of EC or IgG4-RD
are shown in Table 1.
Thereby, after histological and clinical review,
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A

B

C

D

E

F

Figure 3 Infiltration of eosinophilic granulocytes and IgG4 positive plasma cells of patients with eosinophilic cholangitis without IgG4 positive plasma
cells (A and B); as well as patients with IgG4-related cholangitis with eosinophilic infiltration (C and D); and without eosinophilic infiltration (E and F). A, C
and E: × 200, hematoxylin-eosin; B, D and F: × 200, IgG4-Ab.

within the retrospective histopathological review in this
study were taken from 2005-2011, whereas patients
with diagnosis of IgG4-RD in initial histopathological
examination were taken between 2012 and 2014.

prevalence of cases consistent with EC was 3/135 (2%)
in all patients with cholangitis and biopsy or surgical
specimen, 3/66 (5%) in cases with inconclusive
histological findings and 3/10 (30%) in patients with
no clear clinical diagnosis in further course after full
diagnostic work-up. Further clinical course of these
patients was investigated as well: the two patients
with EC treated with bile duct resection had several
episodes of transient cholestasis or cholangitis after
surgery, which were managed with temporary stent
placement if necessary. The patient treated with oral
steroids is currently off treatment since 12 mo and has
not experienced a relapse so far.
Taking into account the growing knowledge about
IgG4-RD during the period of this study, the date of
histological examination of this entity was investigated
as well: Samples with IgG4-RD being diagnosed only

WJG|www.wjgnet.com

Eosinophilic infiltration in primary sclerosing cholangitis
and non-inflammatory bile duct tissue
To further characterize EC in comparison to other
potential differential diagnoses, eosinophilic infiltration
was analyzed in 14 patients with PSC (mean histological stage was 2.0, range 1-3). Mean eosinophilic
count/HPF was 1.8 (range 0-6, SD 2.0). In addition,
non-inflammatory biliary tissue from liver transplant
donors was investigated for degree of eosinophilic
infiltration: 27 samples were examined and mean
eosinophilic count was 0.1/HPF (range 0-3, SD 0.6;
Supplementary Figure 1).
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Notably, 6/7 (85.7%) cases with IgG4-RD additionally showed a marked eosinophilic infiltration suggesting a potential overlap in pathogenesis of these
two conditions. This finding correlates to a prospective study from 2014, where a cohort of patients
with eosinophilic esophagitis was shown to have significantly elevated IgG4-positive plasma cells com[16]
pared to a control group . Furthermore, IgG4-positive
plasma cells and serum levels reacted to specific foods
suggesting an IgG4-associated pathogenesis of eosinophilic esophagitis. However, three patients with diagnosis of EC in our study did not show IgG4-positive
plasma cells indicating that common features in
pathogenesis of EC and IgG4-RD need further
characterization.
Another entity important to differentiate from EC
is PSC. For instance, in a Japanese study, 27% of PSC
patients were reported to have peripheral eosinophilia
and hepatic infiltration with eosinophilic granulocytes
[17,18]
was described in a patient with PSC
. Even so, in
the present study we performed a histological investigation of 27 cases of PSC and did not find evidence
for eosinophilic infiltration in this cohort suggesting a
rather easy differentiation of these entities in western
patients by histopathological investigation.
To interpret the data of this study it has to be
considered that our study was designed retrospectively
and monocentric including mostly Caucasian patients.
Moreover, Frankfurt University Hospital is a tertiary
referral center, which might have raised the number of
patients with inconclusive findings.
In conclusion, the findings of this study suggest
that to date, EC is most likely an underdiagnosed
etiology of SC, which is important to have in mind in
patients presenting with IBS.

DISCUSSION
Management of patients presenting with IBS is a
frequent challenge for the clinician and the strategic
choice of whether and when to perform surgery might
have an important effect on these patients’ quality
of live. In the present study we report results from a
retrospective prevalence study on EC, a benign and
conservatively treatable differential diagnosis of IBS,
which so far has only been described in case reports.
We evaluated all patients with diagnosis of scle
rosing cholangitis and available histopathological
specimen and found a prevalence of EC of 3/135
(2.2%) as well as 3/10 (30%) in the group of patients
without clear clinical diagnosis in further course. 2/3
patients with EC were treated surgically. Of note,
also in case reports of EC, 14/35 (40%) patients
had cholecystectomy and 10/35 (28.6%) patients
were treated with major bile duct resections due to
suspicion for malignancy (Supplementary Table 1).
The considerable part of patients being retrospectively
diagnosed with EC in our study combined with the
high rate of surgeries in literature indicates that EC
is most likely an underdiagnosed disease, which is
often only identified after possibly avoidable bile duct
resection. These data stress the important role EC
plays as potential underlying disease of SC and point
out that surgeons, interventional endoscopists and
gastrointestinal pathologists should be aware of this
conservatively treatable condition in cases with IBS.
All cases consistent with EC in this study had a
dense infiltrate of eosinophilic granulocytes with ≥
30 per HPF which was considerably higher than the
threshold of ≥ 15 eosinophilic granulocytes/HPF we
defined according to diagnostic criteria for eosinophilic
[7]
esophagitis . In view of the frequent submucosal infiltration with eosinophilic granulocytes, we recommend
taking preferably intraductal biopsies instead of biliary
brushings in case of suspicion for EC. Moreover, as
recommended in IBS and eosinophilic esophagitis, we
suggest to take multiple biopsies to reduce risk of false
[8,9]
negative results . Since some cases with EC were
reported to be associated with eosinophilic infiltration
in other parts of the gastrointestinal tract, taking
additional biopsies in the stomach or colon should be
[10-12]
considered as well
. In addition, cholangioscopy
[13]
can be another helpful tool to diagnose EC .
IgG4-RD was identified to be the underlying disease
of SC in 7/135 (5.2%) cases. Three of these cases
were diagnosed only after retrospective histopatho
logical review within this study. Of note, these three
cases were originally diagnosed 2011 and earlier
whereas the four routinely diagnosed cases of IgG4-RD
were between 2012 and 2014, pointing out the growing knowledge about this disease during the period
of our study. Of note, since prevalence data about
IgG4-related cholangitis in western countries is very
limited, a comparison of our data with other studies is
[14,15]
hindered
.
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eosinophilic cholangitis.
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1049

February 14, 2017|Volume 23|Issue 6|

Walter D et al. Eosinophilic cholangitis in indeterminate biliary stricture
obtained and cholangioscopy should be considered.
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Eosinophil granulocytes are a subgroup of leukocytes. IgG4 is a subgroup of
immunoglobulin G which represents the majority of serum antibodies. Infiltration
of the bile duct with eosinophilic granulocytes or IgG4-positive plasma cells can
lead to sclerosing cholangitis and thereby mimic biliary cancer.
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Abstract

Informed consent statement: All study participated patients
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details of the study are published on the home page of National
Cancer Center.

AIM
To evaluate the clinical impact of surveillance for head
and neck (HN) region with narrow band imaging (NBI)
in patients with esophageal squamous cell carcinoma
(ESCC).

Conflict-of-interest statement: We have no financial
relationships to disclose.

METHODS
Since 2006, we introduced the surveillance for HN
region using NBI for all patients with ESCC before

Data sharing statement: No additional data are available.
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treatment, and each follow-up. The patients with
newly diagnosed stage Ⅰ to Ⅲ ESCC were enrolled
and classified into two groups as follows: Group A (no
surveillance for HN region); between 1992 and 2000),
and Group B (surveillance for HN region with NBI;
between 2006 and 2008). We comparatively evaluated
the detection rate of superficial head and neck
squamous cell carcinoma (HNSCC), and the serious
events due to metachronous advanced HNSCC during
the follow-up.

INTRODUCTION
Most of patients with esophageal squamous cell carcinoma (ESCC) have a high prevalence of second
primary head and neck squamous cell carcinoma
[1]
[2]
(HNSCC) . Matsubara et al reported an assessment of the risk of a second primary cancer in patients
with ESCC undergoing esophagectomy. In that report,
HNSCC was the highest risk after esophagectomy and
the prognosis after the detection of HNSCC was signi
ficantly unfavorable compared to that of other malignancies because of the difficulty in the early detection
of HNSCC. An image-enhanced endoscopic technology
system, narrow-band imaging (NBI), was reported to
[3-6]
be useful for the detection of superficial HNSCC .
These superficial lesions are depicted clearly as welldemarcated brownish areas without magnification,
and increased intraepithelial papillary capillary loops
(IPCL) with irregularity are visible as the endoscopic
[3]
features of superficial HNSCC with magnification .
[3]
Muto et al reported that both detection rate and
diagnostic accuracy of HNSCC were higher in NBI than
in white light imaging. Furthermore, several studies
have also reported that minimally invasive treatment,
such as peroral endoscopic resection (ER) of superficial
pharyngeal cancer, was a feasible and effective treat[7-9]
ment with curative intent .
At the beginning of 2006, we introduced intensive
surveillance program for the head and neck (HN)
region, including the oropharynx, hypopharynx, and
larynx, using NBI for all ESCC patients before treat
ment and at every follow up visit. If early HNSCCs
were detected, these lesions were mainly treated with
ER after the confirmation of cured esophageal cancer.
However, it has not been yet clarified whether prompt
detection and intervention for early HNSCC in patients
with ESCC would decrease the death rate or the loss of
laryngeal function related to metachronous advanced
HNSCC. In this study, we compared the detection rate
of early HNSCC, and the number of serious adverse
events related to metachronous advanced HNSCC, in
periods before and after the commencement of NBI
surveillance for the head and neck region.

RESULTS
A total 561 patients (group A: 254, group B: 307) were
enrolled. Synchronous superficial HNSCC was detected
in 1 patient (0.3%) in group A, and in 12 (3.9%) in
group B (p = 0.008). During the follow up period,
metachronous HNSCC were detected in 10 patients
(3.9%) in group A and in 30 patients (9.8%) in group B
(p = 0.008). All metachronous lesions in group B were
early stage, and 26 patients underwent local resection,
however, 6 of 10 patients (60%) in group A lost their
laryngeal function and died with metachronous HNSCC.
CONCLUSION
Surveillance for the HN region by using NBI endoscopy
increase the detection rate of early HNSCC in patients
with ESCC, and led to decrease serious events related
to advanced metachronous HNSCC.
Key words: esophageal squamous cell carcinoma;
head and neck squamous cell carcinoma; Narrow
band imaging; endoscopic resection; surveillance;
metachronous cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the
clinical impact of intensive surveillance for head and
neck (HN) region by using narrow band imaging (NBI)
endoscopy in patients with esophageal squamous
cell carcinoma. The detection rate of superficial head
and neck squamous cell carcinoma (HNSCC) which
could be easily treated with endoscopic resection was
dramatically increased after introduction of surveillance
for HN region with NBI, and the serious events (loss
of laryngeal function, death) due to metachronous
advanced HNSCC were led to decrease when comparing
with historical control. Surveillance for HN region
with NBI might have a clinical impact at the point of
reduction of head and neck cancer death in esophageal
cancer survivor.

MATERIALS AND METHODS
Patients

Patients were recruited from our database of patients
who have received definitive treatments, such as ER,
surgery and chemoradiotherapy (CRT), for ESCC in the
National Cancer Center Hospital East. Selection criteria
of this study were as follows: (1) initial treatment
histologically confirmed ESCC; (2) clinical stage Ⅰ to
Ⅲ; (3) no prior HNSCC; (4) absence of synchronous
advanced cancer containing HNSCC; (5) no recurrence
or metastasis of ESCC detected within 6 mo after
initial ER or surgery for ESCC; (6) complete response
(CR) was achieved and a recurrence after achieving

Morimoto H, Yano T, Yoda Y, Oono Y, Ikematsu H, Hayashi R,
Ohtsu A, Kaneko K. Clinical impact of surveillance for head and
neck cancer in patients with esophageal squamous cell carcinoma.
World J Gastroenterol 2017; 23(6): 1051-1058 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i6/1051.htm
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Figure 1 Narrow Band Imaging observations in individual regions from the oropharynx to the pharynx. A : The view seen from the entrance of the oral cavity:
dorsal side of tongue, hard palate and soft palate; B: Uvula, palatoglossal arch and lateral walls of oropharynx; C: Posterior wall of oropharynx; D: The lateral wall of
oropharynx; E: Vallecula of epiglottis, median glossoepiglottic fold; F: The right side of epiglottis, base of tongue; G: Vocal cord, arytenoids and aryepiglottic fold; H:
Post-cricoid area and posterior wall of hypopharynx; I: The lateral wall and apex of right piriform sinus.

Endoscopic examination and follow-up schedule

CR or metastasis was not detected within 6 mo of
CRT; (7) an observation period longer than a year
after treatment for ESCC; and (8) provided written
informed consent before all endoscopic evaluation and
treatment.
Two groups were classified between the periods
before and after commencement of surveillance for the
HN region. ESCC patients who were treated between
October 1992 and December 2000, with a follow-up
until December 2004 were defined as a control group
(group A). During this period, the HN region was
not intensively observed to detect superficial lesion
with endoscopy before treatment or during follow
up periods. Group B was defined patients who were
treated between January 2006 and December 2008
and followed until December 2014. These patients in
group B routinely received intensive surveillance using
magnified NBI endoscopy in the HN region.

WJG|www.wjgnet.com

Since the patients in group A underwent conventi
onal endoscopy with white light illumination, intensive
surveillance to detect superficial HNSCC was not
performed actively. In contrast, the HN regions
including the oropharynx, hypopharynx and larynx,
were observed using endoscope equipped with a NBI
system (Olympus Medical Science, Tokyo, Japan) in
group B. The endoscopic observation order in the HN
region using NBI endoscopy in our hospital is shown in
[10]
Figure 1 .
The follow-up schedule of endoscopic observation
after the treatment for esophageal cancer was as
follows. Patients who received CRT were evaluated
every 6 mo after achieving CR. The initial examination
was performed at 3 mo in patients after ER, and every
6 mo thereafter, and an annual examination was
performed in patients after esophagectomy.
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epithelial tissue was dissected by the dual knife with
50 W current for forced coagulation mode. After the
lesion was resected, a temporary tracheostomy was
performed by a head and neck surgeon if laryngeal
edema was severe.

Table 1 Characteristics of patients with esophageal squamous
cell carcinoma n (%)

Sex
Male
Female
Age (yr), median (range)
Baseline clinical TNM-stage
Ⅰ
Ⅱ
Ⅲ
Treatment for primary ESCC
Surgery
Endoscopic resection
Chemoradiotherapy
Follow-up period
Median months (range)

P value

Group A
(n = 254)

Group B
(n = 307)

214 (84)
40 (16)
64 (39-81)

260 (85)
47 (15)
66 (41-86)

< 0.001

119 (47)
66 (26)
69 (27)

155 (50)
88 (29)
64 (21)

0.39
0.50
0.09

84 (33)
77 (30)
93 (37)

124 (40)
113 (37)
70 (23)

0.079
0.010
0.001

60 (13-145)

67 (12-107)

0.150

0.907

Analysis and statistics

The detection rate of superficial HNSCC was evaluated
for each group. The incidence rate of metachronous
HNSCC and serious events related to metachronous
HNSCC, such as death or loss of laryngeal function,
were also evaluated.
All information was collected from the medical
records or was provided by the patients’ physicians.
This retrospective study was approved by the institu
tional review board of the National Cancer Center in
accordance with the Declaration of Helsinki.
SPSS Statistics 22 was used for statistical ana
lysis. The results were expressed as medians. The
Fisher’s exact test was used to analyze categorical
data to compare proportions. Risks of metachronous
HNSCC were estimated by using the Kaplan-Meier
method. P value of < 0.05 was considered statistically
significant.

ESCC: Esophageal squamous cell carcinoma.

Pathological evaluation of HNSCC

The histologic diagnosis was made according to
[11]
criteria proposed by World Health Organization .
Clinical staging was determined according to the Japan
Society for Head and Neck Cancer, same as the TNM
th
classification 7 edition. Superficial cancers without
lymph node or distant metastasis were defined as
early cancer and cancers invading muscularis propria
and deeper layers were defined as advanced cancer.

RESULTS
Patient characteristics

A total of 470 patients with stage Ⅰ to Ⅲ ESCC were
initially treated with definitive treatments (ER: 125,
surgery: 119, CRT: 173) between October 1992 and
December 2000 as group A, whereas 443 patients
with stage Ⅰ to Ⅲ ESCC were initially treated (ER:
159, surgery: 161, CRT: 123) between January 2006
and December 2008 as group B. Patients consisting
of 254 in group A and 307 in group B were recruited
in this study according to the eligibility criteria. The
characteristics of these patients are shown in Table 1.
The male-to-female ratio, clinical stage of ESCC, and
the follow up period were not significantly different
between group A and group B, however, median age
was significantly higher in patients of group B than in
patients of group A. There was a significant difference
in a treatment for ESCC in both groups (p = 0.025):
the frequency of CRT were higher in group A (group A:
37%, group B: 23%).

Treatment strategy and details of treatment for HNSCCs

Treatment for early HNSCC was provided after initial
treatment for ESCC was completed. However, second
primary HNSCC was not treated if the ESCC was not
cured, because there was few possibility that the
treatment for HNSCC affected the prognosis.
Endoscopic resection for HNSCC under general
anesthesia was introduced in our hospital at the beginning of 2003. Subsequently, early HNSCC was mainly
treated with ER after the confirmation of cured ESCC.
When a lesion was small (approximately 10 mm in
diameter or less), endoscopic mucosal resection with
[8,12-14]
the cap technique was performed
, and endoscopic submucosal dissection (ESD) was performed
[7,9]
for larger lesions (over 10 mm in diameter) . The
procedure of ESD was as follows. A videoendoscope
with a water jet system (JIFQ-260J, Olympus, Tokyo,
Japan) was used for the entire procedure. And then 7
ml to 10 ml of 2.0% glycerin-free Lugol iodine solution, consisting of 2.0 g potassium iodine and 4.0 g
iodine in 100 ml distilled water was sprayed to deli
neate the margins of the lesion. Markings were placed
outside the margin of the lesion with a dual knife
(Olympus KD-650L) and an electrosurgical current
generator (ICC200, Erbe, Tübingen, Germany) set at
25 W for forced coagulation mode. A saline solution
with epinephrine and indigo carmine dye was injected
into the subepithelial layer. A circumferential incision
around the lesion was performed and then the sub-

WJG|www.wjgnet.com

Synchronous HNSCC

Synchronous superficial HNSCC was detected in
only 1 patient (0.3%) in group A. In contrast, the
synchronous superficial HNSCC was found in 12 (3.9%)
patients in group B (p = 0.008) (Table 2). Among
these all 13 patients, 9 patients (69%) were cured of
ESCC and 7 of the 9 patients with synchronous HNSCC
were treated after the treatment for ESCC. In these
7 patients who were treated for HNSCC, 5 patients
underwent organ preserved local resection (ER or
surgery). One patient with hypopharyngeal cancer in
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Table 2 Synchronous superficial head and neck squamous cell
carcinoma lesions n (%)

Table 4 Clinical course of patients with metachronous head
and neck squamous cell carcinoma n (%)
Group A, Group B, P value
patients patients
(n = 10) (n = 30)

Group A
Group B P value
(n = 254) (n = 307)
Synchronous HNSCC
No. of patients
No. of lesions
Location of cancer
Oropharynx
Hypopharynx
Larynx
Treatment for synchronous HNSCC
ER or surgical local resection
TPLE
Radiation and/or chemotherapy
No treatment
Death due to synchronous HNSCC

1 (0.3)
1

12 (3.9)
14

0
1
0

5
8
1

0
0
1 (100)
0
0

7 (58)
1 (8)
0
4 (33)
0

0.008
0.010

Metachronous HNSCC
11 lesions 53 lesions < 0.001
4 (36)
53 (100)
Ⅰ/Ⅱ
7 (64)
0 (0)
Ⅲ/Ⅳ
Treatment
Local resection
2 (18)
49 (92) < 0.001
Endoscopic resection
0
44
Surgical local resection
2
5
TPLE
3 (27)
0 (0)
0.001
Radiotherapy alone and/or chemotherapy 4 (36)
2 (4)
0.006
No treatment
2 (18)
2 (4)
0.133
Laryngeal function
< 0.001
Maintained
4 (40)
30 (100)
Lost
6 (60)
0
Outcome
0.001
Alive
3 (30)
26 (87)
Death
7 (70)
4 (13)
Death with metachronous HNSCC
6 (60)
0 (0)
< 0.001

ER: Endoscopic resection; TPLE: Total pharyngo-laryngo-esophagectomy;
HNSCC: Head and neck squamous cell carcinoma.

Table 3 Characteristics of metachronous head and neck
squamous cell carcinoma n (%)

HNSCC: Head and neck squamous cell carcinoma; TPLE: Total
pharyngo-laryngo-esophagectomy.

Group A
Group B
P value
(n = 254) (n = 307)
10 (3.9)

30 (9.8)

9
1
11

22
8
53

3
7
1

13
34
6

4 (36)
7 (64)

53 (100)
0

56 (7-80)

31 (7-107)

0.20

0.008
0.404

Cummulative risk

Metachronous HNSCC
No. of patients
No. of lesions per patients
1
≥2
Total number of cancers
Location of cancer
Oropharynx
Hypopharynx
Larynx
Clinical stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Interval between ESCC and HNSCC
Median months (range)

0.007

< 0.001

0.10
Group A

0.05

0.00
0.00    20.00   40.00   60.00   80.00  100.00  120.00  140.00
                Time since treatment for ESCC (mo)

0.130

Figure 2 Cumulative risk of metachronous head and neck squamous
cell carcinoma after treatment of esophageal squamous cell carcinoma.
ESCC: Esophageal squamous cell carcinoma.

HNSCC: Head and neck squamous cell carcinoma.

group A underwent radiotherapy and 1 patient with
hypopharyngeal cancer in group B underwent total
pharyngo-laryngo-esophagectomy (TPLE) because
the tumor was located in a position where treatment
to preserve laryngeal function was impossible. The
remaining 4 patients did not receive any treatment
for synchronous HNSCC because their ESCC was not
cured. Most of the patients who were cured of ESCC
and received treatment for superficial HNSCC had
preserved laryngeal function. No patient died due to
synchronous HNSCC in both groups.

developing metachronous HNSCC after treatment for
ESCC was only 2.5% in group A, whereas it was 8.7%
in group B (p < 0.001).
The characteristics of metachronous HNSCCs are
shown in Table 3. Eleven metachronous HNSCC lesions
were detected in 10 patients in group A, and 53
lesions in 30 patients in group B (p = 0.008). In the
clinical stages of metachronous HNSCC, only 4 (36%)
lesions were superficial type and stage Ⅰ/Ⅱ in group A,
however, all 53 lesions were superficial lesions in group
B (p < 0.001), and these lesions were stage Ⅰ/Ⅱ.

Metachronous HNSCC

Clinical course of patients with metachronous HNSCC

Metachronous HNSCC lesions were detected in 10
patients (3.9%) in group A and in 30 patients (9.8%)
in group B (p = 0.008; Table 3). The cumulative risk
of metachronous HNSCC after treatment of ESCC
is shown in Figure 2. The 5-year cumulative risk of

WJG|www.wjgnet.com

Group B

0.15

The clinical course of patients with metachronous
HNSCC is shown in Table 4. There were no patients
in group A who underwent ER as an initial therapy. Of
10 patients in group A, 7 (70%) who were detected
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0.008). In contrast, other noncancerous diseases or
unknown sudden death which might be late toxicity of
RT for ESCC were more frequent in group A [27 (11%)
vs 8 (2.6%), p < 0.001].

Table 5 Clinical outcome of all patients with esophageal
squamous cell carcinoma n (%)
Group A
(n = 254)
Occurrence of advanced
metachronous HNSCC
Loss of laryngeal function
Outcome
Alive
Dead
ESCC
HNSCC
Other cancer
Gastric cancer
Lung cancer
Lymphoma
HCC
Prostate cancer
Other/unknown
Radiation pneumonia
Heart failure

Group B
(n = 307)

P value

7 (2.8)

0

0.003

6 (2.4)

0

0.008
< 0.001

172 (68)
82 (32)
43 (17)
6 (2.4)
6 (2.4)
3 (1.2)
0
1 (0.4)
1 (0.4)
1 (0.4)
27 (11)
8 (8.1)
6 (2.4)

254 (83)
53 (17)
41 (13)
0
4 (1.3)
0
2 (0.7)
1 (0.3)
1 (0.3)
0
8 (2.6)
1 (0.3)
1 (0.3)

DISCUSSION
This is the first study to investigate the clinical
significance of early detection and intervention to
second primary HNSCC in ESCC patients. The innov
ation of NBI has allowed for the early diagnosis of
head and neck cancer. The NBI technique could
significantly improve the efficacy of screening and
surveillance of HN region, especially the lesions at
oropharyngeal and hypopharyngeal mucosal sites.
In previous reports, NBI screening was undertaken
[3,4]
for the HN region (10%-13%) in ESCC patients .
In this study, we classified into two groups whether
intervention of NBI surveillance was present or
not, and detection rate of superficial HNSCC was
clarified. Few superficial HNSCCs were detected using
conventional endoscopy with white light illumination
alone, however, many superficial HNSCCs were
detected synchronously (3.9%) and metachronously
(9.4%) after commencement of NBI surveillance.
Furthermore, multiple metachronous HNSCCs were
also detected. One of the main reason of lower
HNSCC detection rate is considered that we did not
perform NBI surveillance with magnifying endoscopy
in all cases. One important point was that almost all of
metachronous HNSCC could be detected as superficial
cancer by NBI surveillance once from six months to
one year.
Furthermore, early detection of second primary
HNSCC in ESCC patients brought to minimally invasive
treatment, such as peroral ER. In this study, ER was
performed in 83% of second primary HNSCCs due
to NBI surveillance, and these patients did not lose
laryngeal function. In contrast, most of the second
primary HNSCCs were detected as advanced cancers
in no NBI surveillance from 1992 to 2000, 60%
of patients lost laryngeal function due to invasive
treatment. Several studies have reported that peroral
ER of superficial HNSCC is a feasible and effective
[9,15,16]
[9]
treatment with curative intent
. Muto et al
reported that local recurrence or distant metastasis
after ER or superficial pharyngeal cancer were only
8% and patients who underwent ER had an excellent
prognosis, with a 5-year cause-specific survival rate of
97% (95%CI: 93%-100%). We believe development
of ER for cancer of oral cavity would progress along
with early detection of superficial HNSCC. Loss of
laryngeal function is a serious problem, and decre
ases quality of life in patients with second primary
HNSCC. In contrast, we clarified that second primary
advanced HNSCC could become the risk of death
if superficial HNSCC was not detected. HNSCC was
2.4% of various death factors in no NBI surveillance,

0.284
0.018
0.360
0.092
0.0503
> 0.999
> 0.999
0.452
< 0.0001
0.013
0.050

HNSCC: Head and neck squamous cell carcinoma; ESCC: Esophageal
squamous cell carcinoma; HCC: Hepatocellular carcinoma.

metachronous HNSCC had stage Ⅲ/Ⅳ HNSCC at
diagnosis. In these 7 patients, only one patient who
received radiotherapy achieved a cure for HNSCC.
In contrast, metachronous HNSCC was found
in 30 patients with 53 lesions in group B (Table 4).
Furthermore, all the 53 lesions were superficial cancer
alone. ER was performed in 44 of the 53 lesions and
only 2 of 44 lesions had local recurrence. One of the
2 patients had re-ER and was cured, and another
patient has not receive any active treatments for
the superficial cancer. There were no patients who
developed lymph node or distant metastasis within
the observation period. In addition, 2 patients were
received RT alone, and the remaining 2 were not
treated for HNSCC because their ESCC recurred after
the initial treatment for ESCC.
As serious events, the 7 of 10 patients in group
A died due to cancer, and 6 of the 7 patients died
due to metachronous HNSCC (group A: 60%, group
B: 0%. p < 0.001; Table 4). Furthermore, 6 of the
10 patients (60%) in group A who were detected in
metachronous HNSCC lost laryngeal function due to
intensive treatment, otherwise none of the 30 patients
with the 53 lesions in group B lost laryngeal function (p
< 0.001).

Clinical outcome of all patients with ESCC

Clinical outcome is shown in Table 5. A total of 82 (32%)
patients in group A and 53 (17%) patients in group B
died during the follow up periods. While there was no
significant difference in the frequency of deaths due to
the progression of ESCC between both groups [group
A vs B: 43 (17%) vs 41 (13%), p = 0.28], the deaths
related to metachronous HNSCC were more frequent
in group A (group A vs B: 6 (2.4%) vs 0 (0%), p =
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second primary HNSCCs were detected as advanced cancers in no NBI
surveillance from 1992 to 2000, 60% of patients lost laryngeal function and
were died due to invasive treatment.

however, there was no HNSCC related death after
NBI surveillance. In this study, while two groups
were different periods (1992-2000 vs 2006-2008),
we compared the detection rate of early HNSCC,
and the number of serious adverse events related to
metachronous advanced HNSCC, in periods before
and after the commencement of NBI surveillance for
the head and neck region. We suggested that early
detection of metachronous HNSCC in ESCC patients
led to minimally invasive ER without loss of laryngeal
function, and avoided HNSCC related death. Regarding
follow-up periods, NBI surveillance was performed
in 6 mo for ER and CRT and in 1 year for operation.
In our present results, 5 years have passed through
NBI surveillance, however, advanced HNSCC was
not detected. We believe that 6 mo follow-up periods
would be appropriate.
Limitations of this retrospective study are that
the data are taken from only a single institution, and
historical background, the medical backgrounds of the
ESCC patients, are different in each group. Moreover,
it is uncertain whether the approximately 5 years of
follow up in the present study is long enough to verify
the serious events due to metachronous HNSCC.
However, it seems impossible to conduct a randomized
control study since the usefulness of endoscopic
surveillance with NBI has been demonstrated.
In conclusion, endoscopic surveillance using NBI for
the HN region improved detection of both synchronous
and metachronous superficial HNSCC in patients with
ESCC. The early detection and intervention for HNSCC
might lead to the reduction of serious adverse events
and the risk of death related to HNSCC.

Applications

This study suggested that early intervention for metachronous HNSCC is useful
to reduce the serious adverse events and the risk of death related to HNSCC in
patient with ESCC.

Terminology

NBI: A video endoscopic imaging technique that enhances the display of the
microstructures and capillaries in the superficial mucosal layer using narrow
band filters that change the spectral features of the observation light.

Peer-review

This study investigated the clinical usefulness of surveillance of head and neck
cancer in patients with esophageal squamous cell carcinoma. Although the
study is retrospectively performed, the results are well analyzed and clearly
presented.
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Abstract
AIM
To investigate Helicobacter pylori (H. pylori ) eradication
rates using second-line bismuth-containing quadruple
therapy and to identify predictors of eradication failure.

Institutional review board statement: The study was
reviewed and approved by the Kosin University Gospel Hospital
Institutional Review Board (IRB file No. 2015-03-018).

METHODS
This study included 636 patients who failed firstline triple therapy and received 7 d of bismuthcontaining quadruple therapy between January 2005
and December 2015. We retrospectively demonstrated
H. pylori eradication rates with respect to the year of
therapy as well as demographic and clinical factors.
H. pylori eradication was confirmed by a 13C-urea
breath test or a rapid urease test at least 4 wk after
the completion of bismuth-based quadruple therapy:
proton pump inhibitor, metronidazole, bismuth, and
tetracycline.
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RESULTS
The overall eradication rates by intention-to-treat
analysis and per-protocol analysis were 73.9%
(95%CI: 70.1%-77.4%) and 94.5% (95%CI:
92.4%-96.5%), respectively. Annual eradication rates
from 2005 to 2015 were 100.0%, 92.9%, 100.0%,
100.0%, 100.0%, 97.4%, 100.0%, 93.8%, 84.4%,
98.9%, and 92.5%, respectively, by per-protocol
analysis. A multivariate analysis showed that diabetes
mellitus (OR = 3.99, 95%CI: 1.56-10.20, P = 0.004)
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was associated with H. pylori eradication therapy
failure.

tions in the Maastricht IV/Florence consensus report.
Specifically, clarithromycin-containing triple therapy
is the recommended first-line eradication therapy,
and bismuth-containing quadruple therapy is recommended for the second-line eradication treatment if
[5]
the clarithromycin-based triple therapy fails .
In general, clarithromycin-containing therapy is
recommended for first-line eradication treatment
[4]
in low (< 20%) clarithromycin resistance areas .
However, the eradication rates for clarithromycincontaining triple therapy have been decreasing
significantly in Korea in recent years due to increased
[6,7]
H. pylori antibiotic resistance . In addition, there is
controversy about the role of bismuth-containing quadruple therapy as a second-line therapy for H. pylori
eradication due to a decrease in eradication rates for
[8,9]
bismuth-containing quadruple therapy in Korea .
The aims of the present study were to identify
the effects of second-line eradication therapy using
bismuth-containing quadruple therapy at a single center over the past 11 years, and to evaluate risk factors
associated with the failure of second-line eradication
therapy.

CONCLUSION
The second-line bismuth-containing quadruple therapy
for H. pylori infection is still effective in Korea, and
diabetes mellitus is suggested to be a risk factor for
eradication failure.
Key words: Helicobacter pylori ; Disease eradication;
Treatment failure; Bismuth; Diabetes mellitus
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the efficacy of 7 d of
second-line bismuth-containing quadruple therapy for
Helicobacter pylori (H. pylori ) infection and identified
risk factors for eradication failure in South Korea.
The overall eradication rate per-protocol analysis was
94.5% in the current study. Additionally, diabetes
mellitus was related to H. pylori eradication therapy
failure. Therefore, second-line bismuth-containing
quadruple therapy for H. pylori infection is still worth
considering in South Korea, and diabetes mellitus is
suggested to be a risk factor for eradication failure.

MATERIALS AND METHODS
Study population

Patients who failed clarithromycin-containing triple
therapy and received second-line bismuth-containing
quadruple therapy at Kosin University Gospel Hospital
from January 2005 to December 2015 were retrospectively enrolled in this study. H. pylori positivity was
13
identified using a C-urea breath test or a rapid urease
test before and after eradication therapy. Patients lost
to follow-up were defined as patients who received
the second-line bismuth-containing quadruple therapy
with unknown results regarding eradication success
or failure. Compliance was classified as good or poor
by pill count in the medical records. Patients who took
80% or more of the prescribed medicine were included
in the good compliance group, and those who took less
than 80% of the prescribed medicine were placed in
the poor compliance group.
We investigated demographic features: area of
residence, smoking and alcohol habits, diabetes mellitus, hypertension, endoscopic findings, and adverse
effects of eradication therapy. Rural or urban residence
was regarded as living or not living in the metropolitan
cities of Korea, respectively. All patients underwent
endoscopy, and endoscopic findings [such as gastric
ulcers, duodenal ulcers, gastric and duodenal ulcers,
a previous endoscopic submucosal dissection (ESD)
state due to adenoma or early gastric cancer (EGC),
MALT lymphoma, nodular gastritis, dyspepsia, gastric
polyps, and intestinal metaplasia] were identified by
endoscopy or by endoscopy with biopsy. Adverse
effects after eradication therapy were identified by
verification in the medical records. The Institutional
Review Board (IRB) of Kosin University Gospel Hospital

Kim SE, Park MI, Park SJ, Moon W, Kim JH, Jung K, Kim HK,
Lee YD. Second-line bismuth-containing quadruple therapy for
Helicobacter pylori eradication and impact of diabetes. World
J Gastroenterol 2017; 23(6): 1059-1066 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1059.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i6.1059

INTRODUCTION
Helicobacter pylori (H. pylori) is a global pathogen
that causes gastritis, peptic ulcers, mucosa-associated
lymphoid tissue (MALT) lymphoma, and gastric
[1]
cancer . The International Agency for Research on
Cancer, a branch of the World Health Organization, has
declared that H. pylori is a definite gastric carcinogen
[2,3]
(group I) . Therefore, H. pylori eradication is crucial
to maintain public health, especially in high H. pylori
and gastric cancer prevalence areas.
Various combination therapies are recommended
for H. pylori eradication due to a decrease in eradication rates. According to the Maastricht IV/Florence
consensus report, clarithromycin-containing therapy
[comprised of a proton pump inhibitor (PPI), amoxicillin, and clarithromycin] is recommended for firstline eradication treatment, and bismuth-containing
quadruple therapy (comprised of a PPI, metronidazole,
bismuth, and tetracycline) is recommended for secondline eradication treatment if first-line eradication
[4]
therapy fails . Guidelines for the treatment of H. pylori
infection in South Korea are similar to recommenda-
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mucosa. The site of gastric mucosal biopsy was antrum
and/or corpus, and normal or near-normal gastric
mucosa with little atrophy or intestinal metaplasia was
removed. The tissue sample was immersed in rapid
urea reagent. The result was positive when the reagent
color changed from yellow to red at least 12 h later,
and the result was negative when there was no change
in reagent color.

Table 1 Baseline characteristics of the patients n (%)
1

Patients (n = 636 )

Variable
Age (yr, mean ± SD)
Gender
Male
Female
Residence
Rural
Urban
Cigarette smoking
Alcohol intake
Diabetes mellitus
Hypertension
Endoscopic findings
Gastric ulcer
Duodenal ulcer
Gastric ulcer + Duodenal ulcer
Post ESD due to adenoma or EGC
Nodular gastritis
Others2

54.6 ± 11.6
354 (55.7)
282 (44.3)
126 (19.8)
510 (80.2)
174/605 (28.8)
279/605 (46.1)
61/605 (10.1)
121/605 (20.0)

Statistical analysis

approved this study (IRB file No. 2015-03-018).

All statistical analyses were conducted with the
Statistical Package for the Social Sciences software
version 20.0 (SPSS, Chicago, IL, United States). The
H. pylori eradication rate was demonstrated by intention-to-treat (ITT) and per-protocol (PP) analyses.
The trend in H. pylori eradication rates was analyzed
with linear association. Patients lost to follow-up or
those with poor compliance were excluded when
we performed the PP analysis and univariate and
multivariate logistic regression analyses. Categorical
2
variables were analyzed using a χ -test, and conti
nuous variables were analyzed using the Student’s
t-test. Univariate and multivariate logistic regression
tests were used for the analysis of risk factors, which
were expressed as an OR and 95%CI. A P value < 0.05
was considered statistically significant.

H. pylori eradication therapy and follow-up

RESULTS

205 (32.2)
193 (30.3)
40 (6.3)
91 (14.3)
29 (4.6)
78 (12.2)

1

Total number of enrolled patients; missing values are not included. The
number behind the dash is the total number of subjects who answered
each question. 2Others include MALT lymphoma, dyspepsia, gastric polyp
and intestinal metaplasia. ESD: endoscopic submucosal dissection; EGC:
early gastric cancer; MALT lymphoma: mucosa-associated lymphoid
tissue lymphoma.

Patients who failed the first-line clarithromycin-containing triple therapy (standard-dose PPI, 1.0 g amoxicillin,
and 0.5 g clarithromycin twice daily for 7 d) were
recommended for second-line eradication therapy. The
latter was comprised of 20 mg rabeprazole twice daily,
500 mg metronidazole three times daily, 300 mg tripotassium dicitrato bismuthate, and 500 mg tetracycline
13
four times daily for 7 d. Afterwards, a C-urea breath
test or a rapid urease test was conducted to assess
H. pylori eradication at least 4 wk after the treatment
completion, and at least 2 wk after cessation of PPIs or
histamine (H2) receptor antagonists.
13

Patient characteristics

Between January 2005 and December 2015, 636
patients received 7 d of second-line bismuth-containing
quadruple therapy after H. pylori eradication failure
with clarithromycin-based triple therapy. Average age
(mean ± SD) was 54.6 ± 11.6 years (range, 17-86
years), and 354 patients (55.7%) were male. Table 1
shows the clinical data and demographic information
for enrolled patients. Among 636 patients receiving
second-line bismuth-containing quadruple therapy,
138 patients were lost to follow-up, and three patients
exhibited poor compliance. Finally, a total of 495
patients were included as subjects for PP analysis and
multivariate logistic regression (Figure 1).

C-urea breath test

Patients fasted for at least 4 h before the first breath
sample was collected. Then, participants took tablets
13
including 100 mg of C-urea (UBiTkit™, Otsuka
Pharmaceutical, Tokyo, Japan) with 100 mL of water
orally, and the second breath sample was obtained
20 min after taking the tablets. H. pylori infection was
13
®
analyzed using the C-urea breath test (UBiT-IR300 ;
Otsuka Electronics, Osaka, Japan) on the collected
breath samples. The cut-off value in the current procedure was set at 2.5‰.

H. pylori eradication rates

In terms of eradication therapy success or failure, 468
patients achieved successful eradication. The eradication rates by ITT and PP analyses were 73.9% (95%CI:
70.1%-77.4%) and 94.5% (95%CI: 92.4%-96.5%)
for second-line quadruple therapy, respectively. Annual
eradication rates from 2005 to 2015 were 100.0%,
92.9%, 100.0%, 100.0%, 100.0%, 97.4%, 100.0%,
93.8%, 84.4%, 98.9% and 92.5%, consecutively by
PP analysis. The eradication rate for first-line triple
therapy decreased over the years (P = 0.01). Figure
2 presents the annual eradication rates for the last 11
years.

Rapid urease test

To identify H. pylori infection with the rapid urease
®
test (CLOtest ; Delta West, Bentley, WA, Australia),
an endoscopic biopsy was conducted at the gastric
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7-d Bismuth-containing
quadruple therapy
(n = 636)
ITT analysis
Follow-up loss
(n = 138)

Poor
compliance
(n = 3)
7-d Bismuth-containing
quadruple therapy
(n = 495)
PP analysis

H. pylori eradication

H. pylori eradication

success
(n = 468)

failure
(n = 27)

Figure 1 Flowchart of the study participants. ITT: intention-to-treat; PP: per-protocol; H. pylori: Helicobacter pylori.
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Figure 2 Helicobacter pylori eradication rates of second-line bismuth-based quadruple therapy according to years (P = 0.01).

therapy; fortunately, the adverse events were mild or
moderate. Adverse events possibly related to treatment were diarrhea in 16 patients (3.2%), bloating
or abdominal pain in 22 patients (4.4%), nausea or
vomiting in 26 patients (5.3%), and others (such as
myalgia, headache, and bitter sensation in the mouth)
in 10 patients (2.0%; Table 2).

Table 2 Adverse effects after bismuth-based quadruple
therapy n (%)
Patients (n = 495)
Side effect
Diarrhea
Bloating or abdominal pain
Nausea or vomiting
Others1

74 (14.9)
16 (3.2)
22 (4.4)
26 (5.3)
10 (2.0)

Associated factors for eradication failure

Associated factors for eradication failure are summarized in Table 3. Univariate and multivariate analyses
demonstrated that only diabetes mellitus (OR = 3.99,
95%CI: 1.56-10.20, P = 0.004) was significantly
related to eradication failure. There was no statistically
significant relationship between eradication failure and

1

Others include myalgia, headache and bitter sensation in the mouth.

Adverse effects of eradication therapy

Of the 495 patients, 74 patients (14.9%) complained
of adverse events after bismuth-based quadruple
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Table 3 Related factors about eradication failure of bismuth-based quadruple therapy n (%)
1

Variable
Age (yr)
< 50
≥ 50
Gender
Male
Female
Residence
Rural
Urban
Cigarette smoking
No
Yes
Alcohol intake
No
Yes
Diabetes mellitus
No
Yes
Hypertension
No
Yes

Eradication Success (n = 468 )

Eradication Failure (n = 27 )

1

P valuea

P valuec

Adjusted OR (95%CI)

124 (95.4)
344 (94.2)

6 (4.6)
21 (5.8)

0.822

0.752

1.17 (0.44-3.09)

248 (93.2)
220 (96.1)

18 (6.8)
9 (3.9)

0.233

0.240

0.57 (0.22-1.46)

90 (94.7)
378 (94.5)

5 (5.3)
22 (5.5)

1.000

0.783

1.16 (0.41-3.24)

341 (95.0)
111 (92.5)

18 (5.0)
9 (7.5)

0.359

0.435

1.48 (0.56-3.93)

252 (94.4)
200 (94.3)

15 (5.6)
12 (5.7)

1.000

0.522

0.74 (0.29-1.89)

408 (95.6)
44 (84.6)

19 (4.4)
8 (15.4)

0.005

0.004

3.99 (1.56-10.20)

361 (94.5)
91 (93.8)

21 (5.5)
6 (6.2)

0.806

0.638

0.78 (0.28-2.18)

c

1

Total number of analyzed patients. Missing values are not included. ap < 0.05, univariate logistic regression test; cp < 0.05, multivariate logistic regression
test. Logistic model including terms of age, gender, residence, cigarette smoking, alcohol intake, diabetes mellitus and hypertension.

other factors including age, gender, residence, smo
king, alcohol, and hypertension.

second-line eradication therapy, because a 7-d bismuth-containing quadruple therapy produced 83.5%
and 87.7% eradication rates by ITT and PP analyses,
respectively, and a 14-d bismuth-containing quadruple
therapy produced 87.7% and 88.9% eradication rates
by ITT and PP analyses, respectively. In contrast,
another study reported that ITT eradication rates for
a 7-d bismuth-containing quadruple therapy were
67.4%, and PP eradication rates were 78.2%, whereas
ITT eradication rates for a 14-d bismuth-containing
quadruple therapy were 72.8%, and PP eradication
[9]
rates were 84.1% . Usually, H. pylori eradication rates
correlate with patient drug compliance and H. pylori
antibiotic resistance. Unfortunately, studies to evaluate
antibiotic resistance between different areas in South
Korea are rare, and one small study determined there
was no significant regional difference between H. pylori
metronidazole and tetracycline resistance in South
[15]
Korea . Therefore, the reason for the high PP eradication rate in the current study is unclear. Although
regional differences in antibiotic resistance may exist,
bismuth-containing quadruple therapy achieved a
more than 90% ITT eradication rate in patients who
had H. pylori resistant to metronidazole (32.7%) and
[11]
clarithromycin (63.3%) . Thus, bismuth-containing
quadruple therapy for second-line eradication therapy
might even be effective in patients with antibioticresistant H. pylori.
In terms of adverse effects, most patients in the
current study complained of gastrointestinal symptoms
including nausea, vomiting, bloating, abdominal pain,
or diarrhea. The symptoms were well tolerated, and
no serious adverse events were observed. Only one
patient wanted to be hospitalized for supportive care

DISCUSSION
In the current study, the H. pylori eradication rate
for bismuth-containing quadruple therapy given for
7 d was < 80% by ITT analysis, but was > 90% by
PP analysis in patients who failed clarithromycincontaining triple therapy. The frequency of adverse
effects was less than 15%, which is consistent with the
results of previous studies using bismuth-containing
[9,10]
quadruple therapy
.
As a second-line therapy, the effect of bismuthcontaining quadruple therapy is controversial. Our
PP eradication rate result was consistent with earlier
studies, which reported that bismuth-containing
quadruple therapy produced a high eradication rate
in patients that failed H. pylori eradication therapy
using clarithromycin-containing triple therapy. A recent
multinational study in Europe reported the eradication rates for bismuth-containing quadruple therapy
as rescue therapy for 10 d were 93.2%-93.8% by
[11]
ITT analysis and 94.7%-95.0% by PP analysis .
Results with bismuth-containing quadruple therapy in
China also demonstrated a 10-d bismuth-containing
quadruple therapy eradication rate of 88.9% by ITT
analysis and 90.9%-91.6% by PP analysis in patients
[12,13]
that failed H. pylori eradication therapy
. However,
eradication rates using second-line bismuth-containing
quadruple therapy revealed diverse results in South
[14]
Korea. Yoon et al
suggested that a 7-d bismuthcontaining quadruple therapy might be as efficient
as a 14-d bismuth-containing quadruple therapy for
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due to nausea. With regard to neurologic symptoms,
three patients complained of headache or dizziness,
but the symptoms were mild. Severe neurological
symptoms, such as bismuth-related encephalopathy,
[11,16,17]
were not observed
. In accordance with previous
studies, bismuth-containing therapy for the eradication
[9,18]
of H. pylori is considered safe and well tolerated
.
Several factors have been postulated as the cause
of eradication failure, including age, gender, smoking,
[6,19-22]
alcohol, and specific drug history (e.g., aspirin)
.
However, there was no significant relationship between
these factors and eradication failure in the current
study, except for diabetes mellitus. Diabetes mellitus
has been presumed to be a risk factor for H. pylori
eradication failure based on a recent meta-analysis (RR
[23]
= 2.19, 95%CI: 1.65-2.90) . It is hypothesized that
microcirculatory complications related to diabetes mellitus could induce gastroparesis and reduce the absorption of antibiotics into the gastric mucosa, thereby
[24,25]
influencing the effect of eradication therapy
. In
addition, drug binding was revealed to be decreased
by glycosylation, which was presumed to be associated
[26]
with levels of blood glucose . Concerning antibiotic
resistance, the frequent use of antibiotics might
[23,27]
increase antibiotic resistance
. A recent Danish
nationwide cohort study found that the rates for
community-based antibiotic prescriptions were higher
in patients with diabetes mellitus compared to the
[28]
general population . Therefore, a more careful choice
of H. pylori eradication therapy is needed for patients
with diabetes mellitus.
Limitations of the present study are that it was
performed at a single center and many patients were
lost to follow-up, which might have influenced results
of the ITT analysis. In addition, antibiotic suscepti
bility tests were not conducted in this study. Culturing
H. pylori is difficult, and the response rates for antibiotic
susceptibility tests are relatively low. Therefore, this
was hard to inspect in all enrolled patients, and there
were no standard criteria for identifying antibiotic resis[9]
tance . Furthermore, we did not diagnose H. pylori by
histology before and after eradication therapy, as most
13
patients underwent the C-urea breath test or the
rapid urease test for confirmation of H. pylori presence
before and after therapy. These limitations could affect
the eradication rate. According to the manufacturer,
sensitivity and specificity of the rapid urease test were
90% to 95% and 95% to 100%, respectively. A recent
meta-analysis reported that sensitivity and specificity
13
of the C-urea breath test were 95% to 97% and
91% to 94%, respectively, and that this test only
[29-32]
rarely provided false-positive results
. We found
13
that eradication rates based on the C-urea breath
test and the rapid urease test were 95.1% (327/344)
and 93.4% (141/151), respectively (P = 0.519).
Therefore, there was no significant difference between
the two methods. The accuracy of both tests is high
[33]
and very practical for clinical use , thus the absence
of histology is unlikely to have had a significant effect
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on this study.
In conclusion, bismuth-containing quadruple therapy might be effective in patients that failed H. pylori
eradication using clarithromycin-containing triple the
rapy, and might be worthy of consideration as a useful
second-line therapy for H. pylori eradication in South
Korea. Additionally, patients with diabetes mellitus
are at higher risk for eradication failure with bismuthcontaining quadruple therapy. Further studies on a
larger scale evaluating the effects of second-line bismuth-containing quadruple therapy are needed in the
near future in South Korea.
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Abstract
AIM
To assess the impact of disease characteristics on
the quality of life (QOL) in children with inflammatory
bowel diseases (IBD).

Informed consent statement: All study participants, or
their legal guardian, provided informed consent prior to study
enrolment.

METHODS
This was a cross-sectional study conducted at the First
Department of Pediatrics of the University of Athens
at the “Aghia Sophia” Children’s Hospital. Children
diagnosed with Crohn’s disease (CD) or ulcerative
colitis (UC), who were followed as outpatients or
during a hospitalization, participated, after informed
consent was obtained from their legal representative.
QOL was assessed by the IMPACT-III questionnaire.
Demographic data and disease characteristics were
also collected. Statistical analyses included parametric
(Student’s t -test and Pearson’s r ) and non-parametric
(Mann-Whitney test, Fisher’s test and Spearman’s rho)
procedures.
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RESULTS
Ninety-nine patients (UC: 37, 73.0% females, CD: 62,
51.6% females), aged 12.8 ± 2.6 years were included.
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their health state, as well as the impact of their disease
[1]
on their physical, social and emotional wellbeing .
There are several studies published on the subject,
the majority of which support that patients with IBD,
as with other chronic diseases, have an impaired
[1-3]
QOL compared to the normal population
. Most
researchers have concluded that in patients with IBD
the disease activity is the main predictive factor of
QOL; however it is not yet defined how other disease
characteristics, such as disease duration, recurrent
hospitalizations or different treatment modalities
affect their QOL.
In this study we assessed the QOL in Greek pedia
tric patients with IBD and attempted to identify how it
is affected by disease characteristics.

Overall, as well as, sub-domain scores did not differ
between UC and CD (overall score: 73.9 ± 13.3 vs 77.5
± 11.2, respectively, p = 0.16). In the entire sample,
total score was related to physician’s global assessment
(PGA, patients classified as “mild/moderate” active
disease had, on average, 14.8 ± 2.7 points lower total
scores compared to those “in remission”, p < 0.001)
and age at IMPACT completion (Pearson’s r = 0.29,
p = 0.05). Disease activity assessed by the indices
Pediatric Ulcerative Colitis activity index, Pediatric
Crohn’s disease activity index or PGA was significantly
associated with all subdomains scores. Presence of
extraintestinal manifestations had a negative impact on
emotional and social functioning domains.
CONCLUSION
Disease activity is the main correlate of QOL in children
with IBD, underlining the importance of achieving and
sustaining clinical remission

MATERIALS AND METHODS
The study was conducted at the First Department of
Pediatrics of the University of Athens, Greece after
approval by the Ethics Committee of the “Aghia
Sophia” Children’s Hospital in Athens, Greece.
Informed consent was obtained from all legal representatives of the children who participated.
This was a cross-sectional study. Candidates for
inclusion were children diagnosed with UC or CD
[4]
according to the revised Porto criteria , who were
hospitalized or followed in the outpatient IBD clinic.
All patients had undergone at least one full ileocolonoscopy with biopsies, esophago-gastro-duodenoscopy
with biopsies and magnetic resonance enterography
for small bowel assessment.
At the time of evaluation, a number of parameters
were recorded: Demographic data, disease activity,
disease duration, current treatment and number of
hospitalizations in the previous 3 mo. For the disease
activity evaluation the Pediatric Crohn’s disease acti
[5]
vity index (PCDAI) or the Pediatric Ulcerative Colitis
[6]
activity index (PUCAI) were used. For PCDAI the
score ranges from 0 to 100, whereas for PUCAI the
score ranges from 0 to 85 points. Based on the activity
indices patients were classified as being in remission
(PCDAI ≤ 10 or PUCAI ≤ 10), in relapse with mild
activity (10 < PCDAI ≤ 30 or 10 < PUCAI ≤ 34) and
in relapse with moderate/severe activity (PCDAI > 30
or PUCAI > 34). Physician’s global assessment (PGA)
was also recorded at the time of evaluation. PGA is a
validated instrument through which the physician is
able to evaluate disease activity clinically, on a 4 point
scale (inactive, mild, moderate and severe disease).
QOL was assessed by the IMPACT-III questionnaire, which is a 35-item self-report tool that assesses
QOL in children and adolescents with IBD. Children
indicate on a 5-point Likert scale the extent to which
they are bothered by specific aspects of their health
condition. It consists of 6 subscales: bowel symptoms,
systemic symptoms, emotional functioning, social
functioning, body image and treatment/interventions.
Scores range from 35 to 175, with higher scores

Key words: Inflammatory bowel disease; ulcerative
colitis; Crohn’s disease; quality of life; IMPACT-III;
children
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrated that disease activity
is the main correlate of quality of life (QOL) in children
with inflammatory bowel diseases (IBD). Further
more, several factors, that pose increased risks for
impaired QOL for children with IBD, were identified.
In brief, children of younger age, the early years after
the diagnosis and the presence of extra-intestinal
manifestations were inversely related to IMPACTIII scores. Therefore, in children with these specific
features, physicians should be more vigilant in order
to recognize and address issues related to their QOL
promptly.
Chouliaras G, Margoni D, Dimakou K, Fessatou S, Panayiotou
I, Roma-Giannikou E. Disease impact on the quality of life of
children with inflammatory bowel disease. World J Gastroenterol
2017; 23(6): 1067-1075 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1067.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i6.1067

INTRODUCTION
Inflammatory bowel diseases (IBD) are immune
mediated disorders with a genetic component, characterized by chronic inflammation of the gastrointestinal
tract. Although patients suffering from these conditions
have a normal life expectancy, the need for long-term
medication, frequent hospitalizations, surgeries and
the relapsing nature of the disease significantly negatively affect their quality of life (QOL). The term QOL
encompasses the patients’ subjective perception of
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Table 1 Demographic data, disease characteristics and medications at the time of the evaluation n (%)

Gender, females
Age (yr)
Age at diagnosis (yr)
Number of hospitalizations4
Disease duration at IMPACT completion (yr)
Disease activity
Disease status, in remission
Physician global assessment
Clinical remission
Mild
Moderate
Medications at IMPACT completion
Antibiotics
Steroids
Immunomodulators
Biologic agents
Enteral nutrition
Aminosalicylates

Overall (n = 99)

CD (n = 62)

UC (n = 37)

p value

59 (59.6)
12.8 ± 2.6
9.9 ± 3.1
2 (1-4)
2.8 ± 2.6
na
70 (70.7)

32 (51.6)
13.4 ± 2.4
10.7 ± 2.9
2 (1-4)
2.7 ± 2.5
7.2 ± 10.3
45 (72.6)

27 (73.0)
11.6 ± 2.5
8.6 ± 3.0
3 (1-6)
3.0 ± 2.7
14.0 ± 20.5
25 (67.6)

0.063
0.0011
< 0.0011
0.092
0.481
na
0.653
0.93

80 (80.8)
14 (14.1)
5 (5.1)

50 (80.6)
9 (14.5)
3 (4.8)

30 (81.1)
5 (13.5)
2 (5.4)

2 (2.0)
39 (39.4)
68 (68.7)
31 (31.3)
0 (0.0)
52 (52.5)

2 (3.2)
24 (38.7)
47 (75.8)
25 (40.3)
0 (0.0)
15 (24.2)

0 (0.0)
15 (40.5)
21 (56.8)
6 (16.2)
0 (0.0)
37 (100.0)

0.523
0.993
0.113
0.033
na
< 0.0013

1

t-test; 2Mann-Whitney test; 3Fisher’s exact test; 4Three months prior to completing IMPACT, median (interquartile range). NA: not applicable; CD: Crohn’s
disease; UC: Ulcerative colitis.

suggesting better QOL. We used the Greek version
of the questionnaire, created by one of the authors
(Roma-Giannikou E), which has been translated from
the original one designed by Otley and the Pediatric
Inflammatory Bowel Disease Working Group on Quality
[7]
of Life in 2002 . The patients completed the IMPACTIII questionnaires, in the presence of their parent(s),
in approximately 20 min.

All analyses were performed with Stata 11.0 MP
statistical software (Stata Corp, TX, United States).

RESULTS
Descriptive statistics

A total of 99 patients (62 CD, 37 UC) were included
in the analysis. Demographic data and disease chara
cteristics are shown in Table 1. Patients with CD were
older at the time of diagnosis, as well as at the time of
IMPACT completion and were more likely to be treated
with an anti-TNFα agent. Table 2 illustrates total and
sub-domain IMPACT scores, overall as well as according to diagnosis. In general, patients with CD scored
higher in all scales compared to ulcerative colitis
group; however the results did not reach statistical
significance, not even after adjusting for PGA level (all
P values > 0.05). The only exception was emotional
functioning domain, where among patients in clinical
remission, according to PGA, CD children scored
significantly higher compared to UC children (79.3 ±
16.2 vs 70.0 ± 21.1, p = 0.05).

Statistical analysis

Statistical analysis was performed by a medical
biostatistician (GC). Summary statistics for continuous
variables are presented as mean ± SD and compared
by t-test, whereas in cases of small samples (< 30) or
skewed distributions, median and interquartile range
are presented and the Mann-Whitney test was used.
Categorical data are presented as absolute (n) and
relative (%) frequencies and compared by Fisher’s
exact test. Correlations were assessed by Pearson’s
correlation coefficient (r), or Spearman’s rho. Due to
the small number of observations in the PGA-category
«moderate», categories «mild» and «moderate» were
collapsed into one class and compared to patients
in «clinical remission». Similarly, as the numbers of
subjects in the moderate/severe categories, according to PCDAI/PUCAI classification, were very small,
patients were grouped as “in remission” or “in relapse
with mild/moderate activity” and a new joined variable
was formed including all individuals. After univariate
analyses were performed, a stepwise backward
regression analysis was performed to assess significant parameters at the multivariate level, grouping
all IBD patients. Level of statistical significance, for
univariate analyses, was set to 0.05. For the stepwise
approach, the level for entering a covariate into the
model was 0.051 whereas for removing, it was 0.05.
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Total score of correlates of IMPACT scores

In the entire study sample of IBD patients, the total
IMPACT score was positively related to disease duration (Pearson’s r = 0.20, p = 0.04), age at IMPACT
completion (Pearson’s r = 0.19, p =0.05) and inversely
related to disease activity assessed by PUCAI and
PCDAI (“in remission” vs “mild/moderate”: 79.6 ± 11.4
vs 68.0 ± 10.0, respectively, p < 0.001). Sub-analyses
confirmed the relation between total IMPACT score and
disease activity in both IBD groups (UC: Pearson’s r =
-0.45, p = 0.005, CD: Pearson’s r = -0.42, p < 0.001)
and between total IMPACT score and age at IMPACT
completion only in the UC group (Pearson’s r = 0.29,
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A

81.5

Total scores IMPACT

80
75

Clinical remission vs
Moderate/mild: P < 0.001

79.0
76.6

70

68.4

65

64.2

60

60.1
Clinical remission

B

PGA

Total scores IMPACT

Moderate/mild

UC
81.2

75
70

Sub-domain scores of correlates of IMPACT scores

Bowel symptoms: Overall, the bowel symptoms
domain score was significantly related to disease
duration (Pearson’s r = 0.27, p = 0.005), age at
IMPACT completion (Pearson’s r = 0.23, p = 0.018)
and disease activity (in remission vs mild/moderate
activity: 81.4 ± 12.7 vs 65.3 ± 10.0, respectively, p
< 0.001). In the stratified analysis the direction of the
correlations was retained; however in UC only disease
activity remained a statistically significant predictor
(Pearson’s r = -0.56, p < 0.001), whereas in the
CD group disease duration (Pearson’s r = 0.31, p =
0.013) and disease activity (Pearson’s r = -0.54, p <
0.001) reached statistical significance. Patients with
CD who were being treated with steroids had significantly lower scores in the bowel symptoms domain
compared to steroid-free CD patients (on-steroids vs
no-steroids: 73.8 ± 13.8 vs 80.7 ± 13.9, p = 0.047).
After stratification according to PGA, significance was
marginally not achieved for patients in remission (onsteroids vs no-steroids: 77.8 ± 11.3 vs 83.7 ± 12.1,
p = 0.09). No other significant associations between
bowel symptoms domain scores and type of medications were observed. As shown in Tables 3, 4 and 5,
across the study population, overall as well as in the
sub-group analyses, there was a clear trend for bowel
symptoms scores resulting in significantly lower scores
for patients in the moderate/mild category compared
to those classified in remission. The regression analysis
showed that PGA, disease activity and disease duration
were significant covariates in the final model. Based
on PGA, children classified as “mild/moderate” had, on
average, 9.6 ± 4.1 points lower total scores compared
to those “in remission” (p = 0.022), whereas according
to activity indices a similar difference was estimated
between the two categories (9.8 ± 3.6, p = 0.008).
An interesting point is that these results are adjusted
for the level of the other covariate. For example,
patients classified “in remission”, according to PGA,
have significantly different scores depending on their
disease status based on activity indices. In the regression analysis it was, also, estimated that one year
increase in disease duration increases the total score

Clinical remission vs
Moderate/mild: P < 0.014

80
76.2

71.2

68.6

65

63.9

60

59.1
Clinical remission

C

PGA

Moderate/mild

CD
85

Total scores IMPACT

Gender, number of hospitalizations in the previous
3 mo and type of medication were not correlated to
total IMPACT scores neither overall or per group (all P
values > 0.10).
Finally a multivariate stepwise regression analysis
was performed in the entire study sample. In the
final model, PGA and age at IMPACT-III completion
remained significant. More specifically, patients classified as “mild/moderate” had, on average, 14.5 ±
2.7 points lower total scores compared to those “in
remission” (p < 0.001). In addition, it was estimated
that one year increase in age at IMPACT-III completion
increases the total score by an average of 0.8 ± 0.4
points, regardless of PGA classification (p = 0.044).

Overall

80
75

Clinical remission vs
Moderate/mild: P < 0.001

83.2
80.7
78.2

70.6

70
65

64.5

60

58.3

55
50
Clinical remission

PGA

Moderate/mild

Figure 1 Total IMPACT scores (mean and 95%CI) according to physician’s global
assessment in the entire inflammatory bowel disease study sample (a),
ulcerative colitis (b) and Crohn’s disease (c). Statistical comparisons were
performed by the Mann-Whitney test. PGA: physician’s global assessment; UC:
ulcerative colitis; CD: Crohn’s disease.

p = 0.05). Disease duration was not a significant
predictor in either group, in stratified analyses. Overall,
total scores showed a significant trend across the PGA
scale, with lower scores corresponding to worst clinical
assessment (Mann-Whitney test, p < 0.001; Figure
1a). The same result occurred in the stratified analyses
(Mann-Whitney test, UC: p = 0.014 and CD: p < 0.001;
figure 1b and c respectively).
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Table 2 IMPACT scores (total and domain scores) in the study population
Overall (n = 99)

CD (n = 62)

UC (n = 37)

p value1

76.2 ± 12.1

77.5 ± 11.2

73.9 ± 13.3

0.16

76.6 ± 14.8
80.8 ± 17.4
72.4 ± 19.0
79.9 ± 12.4
71.5 ± 17.9
69.0 ± 19.9

78.0 ± 14.0
82.0 ± 16.7
75.2 ± 18.3
80.6 ± 12.0
72.6 ± 19.3
70.0 ± 18.4

74.2 ± 15.5
78.8 ± 18.5
67.9 ± 19.6
78.6 ± 13.0
69.8 ± 15.4
67.3 ± 22.4

0.22
0.36
0.06
0.42
0.46
0.51

Total score
Individual domains
bowel symptoms
systemic symptoms
emotional functioning
social functioning
body image
treatment/interventions
1

t-test. CD: Crohn’s disease; UC: Ulcerative colitis.

Table 3 IMPACT scores per domain according to physician’s
global assessment classification (total population)
Domain

Table 5 IMPACT scores per domain according to physician’s
global assessment classification (Crohn’s disease patients)

p value1

PGA

Domain

bowel symptoms
systemic symptoms
emotional functioning
social functioning
body image
treatment/interventions

80.0 ± 13.3
84.2 ± 16.0
75.8 ± 18.6
82.5 ± 11.0
73.2 ± 17.9
70.9 ± 20.1

62.4 ± 11.8
66.6 ± 15.9
58.3 ± 13.5
69.0 ± 11.9
64.5 ± 16.4
61.0 ± 17.1

Clinical remission Mild/moderate
< 0.001
< 0.001
< 0.001
< 0.001
0.032
0.007

bowel symptoms
systemic symptoms
emotional functioning
social functioning
body image
treatment/interventions

1

bowel symptoms
systemic symptoms
emotional functioning
social functioning
body image
treatment/interventions

Mild/moderate

77.4 ± 15.1
82.8 ± 17.6
70.0 ± 21.1
80.8 ± 12.7
70.3 ± 16.6
68.9 ± 24.2

60.7 ± 9.2
61.9 ± 11.6
58.7 ± 4.5
69.0 ± 10.0
67.9 ± 8.9
60.7 ± 11.5

0.007
0.002
0.050
0.032
0.600
0.300

Emotional functioning: The same pattern was
observed for the emotional functioning domain score
and disease activity, as well: (overall: in remission
vs mild/moderate activity: 75.9 ± 19.4 vs 64.0 ±
15.2, respectively, p = 0.004, UC: Spearman’s rho =
-0.33, p = 0.04, CD: Spearman’s rho = -0.32, p =
0.011). In addition, disease duration appeared to be
positively and significantly related to the emotional
functioning domain score overall, but not in the subgroup analyses (overall: Pearson’s r = 0.20, p = 0.046).
An interesting finding was the negative effect of extraintestinal manifestations on emotional functioning
(yes vs no: 55.0 ± 19.8 vs 73.4 ± 18.6, p = 0.046).
In relation to PGA, in accordance to previous results,
patients classified as “mild/moderate” had significantly
worse scores compared to those “in remission” (Tables
3, 4 and 5). Therapeutic modalities did not affect emotional functioning. The multivariate analyses, where all
candidate parameters were included and a stepwise
process rejected the statistically insignificant, revealed
a quite different final model. PGA and disease duration
were, again, significant correlates [PGA: “mild/moderate” had, on average, 15.7 ± 4.4 points lower scores
compared to those “in remission” (p = 0.001); one
year increase in disease duration increases the score

1

Mann-Whitney test. PGA: physician’s global assessment.

by an average of 1.0 ± 0.5 points, irrespective of PGA
classification or disease activity (p = 0.037).
Systemic symptoms: With respect to the systemic
symptoms domain score, disease activity was a significant correlate overall (in remission vs mild/moderate activity: 84.3 ± 16.0 vs 72.4 ± 18.0, respectively,
p = 0.001), as well as in the UC and CD groups
(Pearson’s r = -0.45, p = 0.005 and Pearson’s r =
-0.30, p = 0.015, respectively). Similarly to the bowel
symptoms domain, PGA was significantly and negatively related to systemic symptoms domain (Tables
3, 4 and 5). With the exception of steroids, treatment
was not related to systemic symptoms. Patients receiving steroids scored significantly lower in the systemic
symptoms domain (on-steroids vs no-steroids: 76.5
± 18.8 vs 83.6 ± 18.9, p = 0.045). When the analysis
was repeated, after stratifying according to PGA class,
the effect was retained for those patients in remission

WJG|www.wjgnet.com

< 0.001
0.005
< 0.001
0.001
0.036
0.070

(on-steroids vs no-steroids: 79.2 ± 19.8 vs 86.6 ±
18.9, p = 0.039) but not for those with active disease (p
= 0.34). In the final model only PGA remained statistically significant (“mild/moderate” had, on average,
17.5 ± 4.1 points lower total scores compared to those
“in remission” (p < 0.001)

P value1

PGA

63.4 ± 13.4
69.4 ± 17.9
58.0 ± 16.9
68.9 ± 13.2
62.5 ± 19.6
61.1 ± 20.2

Mann-Whitney test.

Table 4 IMPACT scores per domain according to physician’s
global assessment classification (ulcerative colitis patients)

Clinical remission

81.6 ± 12.1
85.0 ± 15.1
79.3 ± 16.2
83.4 ± 9.9
75.0 ± 18.6
72.2 ± 17.5

1

Mann-Whitney test. PGA: physician’s global assessment.

Domain

P value1

PGA

Clinical remission Mild/moderate
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by an average of 1.6 ± 0.7 points (0.019)]. Moreover,
it was shown that patients with extra-intestinal manifestations had lower scores (average difference: -19.7
± 0.7, p = 0.017) and the same was demonstrated
for gender, with boys having significantly higher scores
compared to girls (average difference: 7.4 ± 3.6, p =
0.045).

absorbed the statistical significance of disease activity,
as a correlate of IMPACT-III total score. This could
reflect the greater ability of physician’s perspective to
detect subtle variations in the patient’s physical and
psychological status. These findings are in accordance
with the majority of previous studies, which also found
disease activity as the major negative predictor of QOL
[8-17]
in IBD patients
.
Published data have been inconsistent regarding
comparisons of QOL between patients with CD and
UC. Some reports suggest that no such differences
[18,19]
exist
, whereas, others describe poorer QOL in
patients with CD, due to its worse clinical course,
constant need of treatment and higher likelihood for
[20]
surgery . In our analysis, CD patients reported better
QOL scores compared to UC patients, although the
difference was not statistically significant. In the subdomain analyses statistical significance was reached
for the emotional functioning domain. Notably, CD
patients in our study were older and were more likely
to be receiving an anti-TNF agent. Both these parameters have been shown to improve QOL, although
for the latter no such association was recorded in our
[21,22]
sample
.
The assessment of the association between age
and QOL in pediatric IBD populations has generated
controversial results. We recorded a positive, statistically significant association between age and total
IMPACT-III scores, independently of PGA classification.
[23]
In 2002, Loonen et al
concluded that adolescents
have impaired QOL scores compared to younger chil[18]
dren, whereas Gallo et al
found no association. An
[24]
interesting study published by Deepal et al
in 2012,
supported that post-colectomy QOL in UC patients
was better when the diagnosis was made under the
age of twelve. A possible interpretation of our result is
that, as children grow into adolescence, they may be
able to develop more efficient coping mechanisms and
therefore be less vulnerable to the psychological effect
of a chronic disease.
An area which has been sparsely investigated is the
impact of disease duration and received mediations
on QOL. Although some studies failed to find any
[19,25]
correlation
, others have indicated improved QOL
[9,26,27]
scores with longer disease duration
. Similarly
to the latter, we also showed that disease duration
is positively correlated to IMPACT-III total scores.
Moreover, in subdomain-analyses, the same positive
trend was observed for bowel symptoms, emotional
functioning and social functioning. This finding could
reflect an adaption process to a new life-style, which,
particularly for growing, peri-pubertal children, may be
cumbersome and prolonged. In pediatric IBD, bowel
symptoms, emotional and social issues are of major
concern and their course contribute significantly to
[28]
QOL .
Our findings, also, suggest that, with the exception of steroids, type of medication had no effect
on QOL. Nevertheless, patients on steroid therapy

Social functioning: A positive trend was recorded
between age and social functioning scores, overall
(Pearson’s r = 0.21, p = 0.030), but not in stratified
analyses. The previously described inverse relation
between domain scores and disease activity was also
observed in the social functioning domain score not
only in the entire IBD population (overall: in remission
vs mild/moderate activity: 83.7 ± 10.7 vs 70.8 ±
11.5, respectively, p < 0.001), but also per IBD group
(UC: Pearson’s r = -0.52, p < 0.001 and CD: Pearson’
s r = -0.43, p < 0.001). Disease duration appeared
to be positively and significantly related to social
functioning domain score in the entire study population (Pearson’s r = 0.21, p = 0.034). Patients in the
“mild/moderate” group according to PGA classification
had impaired social functioning compared to those “in
remission” (Tables 3, 4 and 5). Medications were not
associated with the social functioning score, overall
nor in the stratified analyses. Nevertheless, in the
final modeling, PGA was not a significant parameter.
Higher disease activity assessed by PCDAI and PUCAI
resulted in worse social functioning (“mild/moderate”
vs “in remission”, average difference -13.2 ± 2.3, p <
0.001) and the presence of extra-intestinal manifestations, also, was related to lower scores compared to
no extra-intestinal manifestations (average difference:
-12.1 ± 4.9, p = 0.015).
Body image and treatment/interventions:
For both, body image and treatment/interventions
domains, no statistically significant relationship to
the assessed disease characteristics or prescribed
medications was found. Regarding PGA, in general,
the previously described trends were also observed,
although correlations for body image and treatment/
intervention domains in UC patients (p = 0.6 and p =
0.3, respectively), and treatment/intervention in CD
patients (p = 0.07) did not reach statistical significance
(Tables 3, 4 and 5).

DISCUSSION
The results of the present study indicate that disease
activity is the major factor associated with low QOL
in children with IBD. The analysis demonstrated a
clear inverse relationship between disease activity and
IMPACT-III, total and subdomain, scores. The same
trend was observed for CD and UC patients, separately.
Additionally, it was shown that physician’s assessment
(through the PGA scale) was a strong correlate of
QOL. Interestingly, in the multivariate analysis, PGA
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requiring frequent hospitalizations and long-term medications. The risk for
surgeries, complications and extra-intestinal manifestations is increased in
children suffering from these disorders. All the above result in a significant
psychosocial burden which negatively affects their quality of life (QOL).

scored significantly lower in the systemic symptoms
domain and CD patients on steroids recorded impaired
bowel symptoms domain subscores. Surprisingly,
for systemic symptoms, the effect was retained for
the group of patients in remission, after stratifying
according to PGA class, whereas for bowel symptoms
in CD it was marginally lost. This is probably due to
the fact that patients usually receive steroids during
and shortly after a flare, when systemic symptoms are
present or recent, consequently affecting their QOL.
Another interpretation could be that steroid therapy
can cause mood impairments, although this should
affect the emotional functioning of the patients as
well. Furthermore, steroid therapy imposes dietary
restrictions and requires supplemental medication
(vitamin D). All the above might contribute to the
observed effect. Previous studies have, also, demonstrated the negative impact of steroid therapy in the
[29,30]
QOL of patients
. In contrast to recent reports,
we did not find any association between the use of
biological agents and IMPACT-III, total and subdomain,
[21,22,31]
scores
.
An interesting observation, not frequently reported
in literature, was the negative association between
extra-intestinal manifestations and emotional functioning. This seems to be in accordance with one previous
study which concluded that musculoskeletal manifesta[32]
tions had a detrimental effect on QOL . In our population, three patients had sclerosing cholangitis and
two patients suffered from type Ⅱ peripheral arthritis.
The latter has a clinical course independent of IBD
[33]
activity ; therefore it could contribute to an impaired
QOL even if a patient is in remission. The former is
known to have an irreversible, progressive course
leading ultimately to liver failure. It would be reasonable to assume that the knowledge of having such
a destructive, chronic, untreatable disease, severely
affects emotional functioning in these patients.
The main drawback of our study is the crosssectional nature of the analysis that does not permit
detection of causal relations. Furthermore small subsample sizes may have prevented some comparisons
from reaching statistical significance due to reduced
power.
In conclusion, The QOL of patients with IBD is
directly and mainly dependent on the activity of their
disease and this relationship is optimally assessed by
PGA rather than activity indices. Extra-intestinal manifestations and use of steroids should always raise the
concern of impaired QOL, even if clinical remission of
intestinal disease has been achieved. Disease duration
and age have a positive impact on QOL; therefore the
first years after the diagnosis, particularly in younger
children, is the most sensitive period requiring intensive, supportive interventions.

Research frontiers

The spectrum of the clinical evolution of a child suffering from IBD presents
many fluctuations and is affected by the age of onset, disease duration,
medications and medication-related side effects, and disease-related
complications, such as surgeries and extra-intestinal manifestations. The main
research question, which is of direct clinical importance, is the identification of
factors that predispose in impaired QOL. This would allow treating physicians
to, timely, intervene in a timely manner and try to minimize the negative
consequences, which is a top priority in growing adolescents.

Innovations and breakthroughs

Several, different, disease-related parameters were found to influence the
QOL in pediatric IBD patients, such as disease activity, use of steroids and
extra-intestinal manifestations. The significant relation of the physician’s global
assessment to the QOL underlines the importance of the clinician’s subjective
impression, apart from the standardized activity indices. The time frame of
maximum vulnerability appears to be during the early years after the diagnosis,
especially in younger children

Applications

The observations derived from the present study could serve as a guide for
identifying IBD sub-groups at high risk for impaired QOL. Based on these
results, physicians treating children with IBD, could implement early strategies
in order to manage, or optimally prevent, significant deteriorations. On the
other hand, focused research on these high-risk patients could help to clarify
the biologic and psychological mechanisms underlying the above described
processes.

Terminology

IBD is a group of chronic intestinal disorders, which may present in early
childhood. QOL encompasses information from different aspects of a child’s
perception on everyday life. It can be assessed by the IMPACT-III questionnaire
which is a self-reporting, validated, structured scale offering quantitative
assessment on the QOL, overall, as well as on distinct sub-domains.

Peer-review

This study was well conducted and nicely written, it can be of assistance to the
scientific community.
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Abstract
AIM
To determine whether pain has psycho-social associ
ations in adult Crohn’s disease (CD) patients.
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METHODS
Patients completed demographics, disease status,
Patient Harvey-Bradshaw Index (P-HBI), Short Form
Health Survey (SF-36), Short Inflammatory Bowel
Disease Questionnaire (SIBDQ), and five sociopsychological questionnaires: Brief Symptom Inventory,
Brief COPE Inventory, Family Assessment Device,
Satisfaction with Life Scale, and Work Productivity and
Activity Impairment Questionnaire. Pain sub-scales in
P-HBI, SF-36 and SIBDQ measures were recoded into
4 identical scores for univariate and multinomial logistic
regression analysis of associations with psycho-social
variables.
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RESULTS
The cohort comprised 594 patients, mean age 38.6
± 14.8 years, women 52.5%, P-HBI 5.76 ± 5.15.
P-HBI, SF-36 and SIBDQ broadly agreed in their
assessment of pain intensity. More severe pain was
significantly associated with female gender, low socioeconomic status, unemployment, Israeli birth and
smoking. Higher pain scores correlated positively with
psychological stress, dysfunctional coping strategies,
poor family relationships, absenteeism, presenteeism,
productivity loss and activity impairment and all WPAI
sub-scores. Patients exhibiting greater satisfaction with
life had less pain. The regression showed increasing
odds ratios for psychological stress (lowest 2.26,
highest 12.17) and female gender (highest 3.19) with
increasing pain. Internet-recruited patients were sicker
and differed from hardcopy questionnaire patients in
their associations with pain.

patients with CD. It constitutes a major diagnostic
criterion of CD in epidemiological studies and the first
[1-5]
therapeutic target in CD patient management . Over
50% of adult patients with active CD reported having
[6,7]
abdominal pain . Interestingly, pain is also present
when CD is not active. Pain was present in 20% to
[1,8,9]
50% of patients in clinical remission
. It has been
suggested that in these cases the pain results from
persistent peripheral sensitization after the acute CD
episode has passed, and that this hypersensitivity is
[10]
augmented by psychological stressors . Concern
about pain was reported to be higher in some countries than others; it is reportedly higher in patients in
[11]
Israel compared to some other countries . Up to a
third of patients need to take analgesics for abdominal
[9]
pain . Medical cannabis is increasingly used to
[12]
relieve abdominal pain in CD . It was shown that
dependence on medication for pain was associated
[13]
with poorer health status . Pain results in impaired
socio-psychological functioning and a reduced quality
[9,14]
of life
. Abdominal pain in CD is associated with
[15,16]
depression and increased anxiety
.
The above-quoted studies indicate that while the
intensity of pain in CD is a consequence of the patho
logy of the disease, it is related also to the psycho
logical functioning of these individuals in response to
illness-induced stress, and may be moderated by the
coping mechanisms used by patients to deal with their
illness, and perhaps by demographic variables. These
important relationships are as yet poorly understood,
and further knowledge in this area may contribute to
improving the treatment of these patients. We aimed
to investigate the relationship of pain to psychological
functioning and disease-coping in the broad spectrum
of CD patients of different demographic status. We
report here the results of our study performed in a
country-wide large non-selected community cohort of
CD patients.

CONCLUSION
Pain measures in P-HBI, SF-36 and SIBDQ correlate
with psycho-social pathology in CD. Physicians should
be aware also of these relationships in approaching CD
patients with pain.
Key words: Crohn’s disease; Psycho-social pathology;
Pain
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pain is a very important symptom in patients
with Crohn’s disease. Pain level and frequency are
measurable with a series of simple questionnaires.
We show that pain has demographic associations
concerning gender, economic status, birthplace and
smoking, as well as psycho-social associations such as
disease coping strategies, family support, satisfaction
with life, absenteeism and presenteeism related to the
workplace, and leisure activity. Understanding these
relationships will assist physicians in their approach to
patients with pain.

MATERIALS AND METHODS
Patients

Consecutive adult (age 18 years and over) patients
consenting to take part in an ongoing socio-economic
study of CD in the Israeli adult patient population were
studied using self-report questionnaires. Patients were
eligible to participate whatever the duration or severity
of their illness, and irrespective of their past and present treatments and surgery (if any). There were two
methods of patient recruitment. Most patients (70%)
were recruited on a consecutive basis when presenting
for follow-up or acute non-hospitalized care at the
out-patient Gastroenterology Departments of five
participating university-affiliated tertiary care hospitals
in Israel. These patients met the standard criteria for
diagnosis as CD (ECCO), and were given the option of
completing the questionnaires on paper or on the internet in their own time at home. The other patients were
canvassed on the website of “The Israel Foundation for

Odes S, Friger M, Sergienko R, Schwartz D, Sarid O, SlonimNevo V, Singer T, Chernin E, Vardi H, Greenberg D; Israel IBD
Research Nucleus. Simple pain measures reveal psycho-social
pathology in patients with Crohn’s disease. World J Gastroenterol
2017; 23(6): 1076-1089 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1076.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i6.1076

INTRODUCTION
Crohn’s disease (CD) is an idiopathic inflammatory
condition of the gastrointestinal tract, most commonly
affecting the small and large intestines, and causing
diarrhea, pain, malaise, weight loss and anemia.
Abdominal pain is the commonest form of pain in

WJG|www.wjgnet.com

1077

February 14, 2017|Volume 23|Issue 6|

Odes S et al . Pain in CD
Crohn’s Disease and Ulcerative Colitis” and completed
the questionnaires on-line. It was assumed that these
patients would have established CD. Physicians and
nurses did not assist in completing the questionnaires.
All questionnaires were in the public domain and were
made available in their validated Hebrew translations.
Knowledge of Hebrew was a condition for inclusion in
the study. Charts of hospital-recruited patients were
checked to uncover any psychological or psychiatric
disease, but this information could not be ascertained
for patients recruited by the internet.

health-related quality of life tool measuring physical,
social, and emotional status. It consists of 10 items:
each item refers to the last two weeks, and is rated
on a 7 degree scale (1 = all the time, 7 = never). The
total score is in the range from 10-70. A higher value
indicates a better quality of life. A validated Hebrew
[21]
version was used .
[22]

BSI : This instrument is a measure of psychological
stress in the past month. It consists of 53-items that
assess nine symptomatic dimensions (depression,
somatization, obsession-compulsive, interpersonal
sensitivity, anxiety, hostility, phobic anxiety, paranoid
ideation, and psychoticism) on a 0-4 scale; a higher
score implies more psychological distress. The General
Severity Index (GSI) yields a useful global summary
score called the GSI with range 0-4. In non-patient
normal individuals the GSI was reported as 0.30 ±
[23]
0.31. The Hebrew version was validated .

Study design

This was a cross-sectional study with data collection
from July 2013 to June 2016. Patients reported sociodemographic and medical characteristics including
gender, year and place of birth, education, economic
status, marital status and number of children, religion
and religiosity, current and past smoking habits,
disease duration, current medications, anytime
surgery for CD, and hospitalizations for CD in the
past year. Data concerning co-morbidities were collectible from most patients attending at the hospitals.
Patients completed the Patient Harvey-Bradshaw
Index (P-HBI), Short Form Health Survey (SF-36)
and Short Inflammatory Bowel Disease Questionnaire
(SIBDQ), all of which include questions about pain. In
addition, patients completed five socio-psychological
questionnaires: Brief Symptom Inventory (BSI), Brief
COPE Inventory (COPE), Family Assessment Device
(FAD), Satisfaction with Life Scale (SWLS) and Work
Productivity and Activity Impairment Questionnaire
(WPAI).

[24]

Brief COPE Inventory : This measure comprises
28 items; each item is rated on a 4 degree scale (1
= I do not do it at all, 4 = I do it very much). Items
are grouped to yield 14 coping subscales that are
grouped into 3 strategies: emotion-focused (emotional
support use, positive reframing, humor, acceptance,
religion), problem-focused (active coping, instrumental
support use, planning), and dysfunctional coping
(self-distraction, denial, substance use, behavioral
disengagement, venting, self-blame). A greater score
indicates more use of that coping strategy. The Brief
COPE presents the present condition of the subject.
[25]
We used the validated version in Hebrew .
[26]

FAD : This is a scale that measures the level of
perceptions of family functioning and communication.
It consists of 12 items; each item can be rated on a 4
degree scale (1 = strongly agree, 4 = not agree at all).
A higher value indicates a worse family functioning.
This measure has a Cronbach’s Alpha = 0.89. It has
[27]
been validated in Hebrew .

[17]

P-HBI : This clinical measure of the severity of disease was specifically designed for patients with CD. It
consists of 4 items reflecting the previous day’s symptoms and signs of CD; the question regarding the
physician’s assessment of the possible presence of an
abdominal mass in the original HBI is removed in the
P-HBI, making the questionnaire suitable for completion by the patients themselves. A total score < 5
indicates disease remission, 5-7 mild disease, 8-16
moderate disease, and > 16 severe disease.

[28]

SWLS : This instrument measures the individual’s
level of satisfaction with life at that moment in time.
It includes five questions (q): “q1, my life is close to
ideal; q2, conditions of my life are excellent; q3, I am
satisfied with my life; q4, I have gotten the important
things I want in life; q5, if I could live my life over, I
would change almost nothing.” Each question is rated
on a 7-point scale (1 = not agree at all with the item,
7 = strongly agree). The possible range of this scale
is from 1-7 per question. The summary score has a
range of 5-35, with a higher value indicating a higher
level of satisfaction with life. Cronbach’s alpha was
[29]
0.89. This measure has been validated in Hebrew .

[18]

SF-36 : This generic health-related quality of life
measure is comprised of 36 items divided into eight
domains, which in turn are grouped as Physical Health
Summary Score (physical functioning, role-physical,
bodily pain, general health) and Mental Health
Summary Score (vitality, role-emotional, social functioning, mental health). Responses refer to the past
four weeks. The range of the Physical or Mental Health
Summary Score is 0-100. A higher score represents
a better quality of life. The Hebrew version has been
[19]
validated .

[30]

WPAI : This measure evaluates the effect of disease
on the patient’s ability to work and to perform regular

[20]

SIBDQ

: Is an inflammatory bowel disease-specific
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Table 1 Details of pain questions and scoring
Questionnaire

Question about
pain

Patient HarveyDid you have
Bradshaw Index abdominal pains
yesterday?
MOS ShortForm Survey
Instrument

Short
Inflammatory
Bowel Disease
Questionnaire

How much bodily
pain have you had
during the past 4
wk?

How often during
the past 2 wk
have you been
troubled by pain
in the abdomen?

scales) and those demographic and socio-psychological
variables that were significant on univariate analysis.
Each pain questionnaire was examined separately, and
the “no pain” state was the reference category. The
model controlled for age, education, economic status
and family status. Statistical significance was set at P
< 0.05. Since the analysis revealed large differences
between patients filling in the questionnaires by internet or hardcopy, these results are shown separately.

1

Score in questionnaire

Recoded
score

0 None
1 Mild
2 Moderate
3 Severe
1 None
2 Very Mild
3 Mild
4 Moderate
5 Severe
6 Very Severe
1 All of the time
2 Most of the time
3 A good bit of the time
4 Some of the time
5 A little of the time
6 Hardly any of the time
7 None of the time

0
1
2
3
0
0
1
1
2
3
3
2
2
1
1
0
0

Ethical considerations

The study was approved by the Ethics Committees of
all participating hospitals and the patients recruited at
these hospitals signed an approved informed consent
form. Patients recruited via the website were deemed
to have consented to participate in the study when
they completed the questionnaires electronically. The
consent form contained a description of the study, its
aims and scope. A similar explanation was posted on
the website. All data were treated anonymously.

1

Pain questions in the three questionnaires with original scoring, and the
recoded scores used in the analysis.

RESULTS

activities in the past 7 d (not including the present
day). This instrument yields 4 scores: absenteeism
(work time missed due to disease), presenteeism
(impairment while working, i.e., reduced on-the-job
effectiveness due to disease) work productivity loss
(overall work impairment, i.e., the sum of absenteeism
plus presenteeism) and activity impairment (degree
that disease impairs regular activities). Scores are
expressed as percentages. Higher scores indicate
greater impairment at work or when performing activities. The Hebrew version of this measure was accessed
[31]
from the internet .

Patients

The total cohort comprised 594 patients with mean
age (± SD) 38.6 ± 14.8 years, and 57.6% were
women. Duration of disease was 11.05 ± 8.73 years
in the entire cohort; 10.8% of patients reported a
disease duration of 2 years or less. The P-HBI was 5.76
± 5.15; 44.6% of the patients were in remission and
55.4% had various grades of active disease. Further
demographic data of the cohort are given in Table 2.
Very few patients (< 5%) were found to have mild
psychological comorbidities and they were included in
the analysis since this did not impact on the outcome
of the study. In the entire cohort 45.1% of patients
were on biologic medication. These patients reported
more pain by the P-HBI (P = 0.03) compared with
those not on biologic medication. However, there were
no differences in respect of the level or frequency of
pain by SF-36 or SIBDQ.
We compared the patients who completed the
questionnaires by internet or as hardcopy (Table 2).
Internet patients had a lower economic status, higher
disease activity level by P-HBI score and worse quality
of life compared to the hardcopy patients.

Statistical analysis

All data from the questionnaires were pooled in a
single database. The questions relating to pain were
question 2 in P-HBI, question 4 in SIBDQ and question
21 in SF-36. These questions emphasized different
aspects of pain and differed by the time period under
review and the possible responses. Patients whose
data were deemed eligible for analysis were required
to have filled in all 3 questions patients; with any
missing values were excluded. Based on the frequency
of patients’ responses to these questions, 4 sub-scores
(no pain, mild pain, moderate pain, severe pain) were
formulated for each pain scale and used in the analysis
(Table 1). Results are expressed as means (± SD),
and medians (IQR) where the data distribution was
skewed. Univariate analysis was used to show the
significance of associations of pain with demographic
and socio-psychological variables. We used the MannWhitney test, Kruskal-Wallis test, t-test, and Spearman
correlations to test the significance of associations
depending on the type of distribution of the data. A
multinomial logistic regression was used to examine
the associations between the level of pain (in the three

WJG|www.wjgnet.com

Questionnaires

Results of the socio-psychological questionnaires
appear in Table 3. In the total cohort the SF-36 summary scores were: physical 42.09 ± 10.76, and mental
41.99 ± 11.33. The SIBDQ total score was 46.33 ±
13.83. Half the patients reported their economic status
as moderate. The mean score for satisfaction with
life was moderate at 22.06 ± 7.64. The GSI mean
score of 0.98 ± 0.75 indicated a mild psychological
distress level in the cohort, but the FAD mean score of
1.81 ± 0.55 revealed moderate disturbance of family
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Table 2 Demographic parameters and disease characteristics of the Crohn’s disease cohort
Patient characteristic
Age (yr)
mean ± SD
Median (min-max) (IQR)
Education (yr)
mean ± SD
Disease duration (yr)
mean ± SD
Median (min-max) (IQR)
Female gender
Married/living together
Economic status
Good
Moderate
Poor
Current cigarette smoking
Biologic medication
Surgery, ever
Hospitalization in past year
Patient Harvey-Bradshaw Index (P-HBI)
P-HBI sub-groups
Disease remission (score < 5)
Mild disease (score 5-7)
Moderate disease (score 8-16)
Severe disease (score > 16)

P value1

Total cohort

Internet questionnaire

Hardcopy questionnaire

n = 594

n = 370

n = 224

38.56 ± 14.06
35 (18-79) (28-47)

36.99 ± 12.65
35 (18-72) (26 -44)

39.48 ± 14.77
35 (19-79) (28-49)

14.81 ± 2.93

15.05 ± 2.65

14.66 ± 3.08

11.05 ± 8.73
10 (0-47) (4-15.5)

10.39 ± 8.23
10 (0-41) (3-16)

11.45 ± 9.00
10 (0-47) (5-15)

57.6%
58.6%

59.78%
57.01%

56.90%
60.16%

0.521
0.452

29.8%
49.8%
18.9%
18.9%
45.1%
33.3%
25.3%
5.76 ± 5.15

25.45%
57.27%
17.27%
16.97%
44.64%
32.59%
26.79%
6.70 ± 5.69

33.15%
46.58%
20.27%
21.55%
45.41%
33.78%
24.32%
5.32 ± 4.83

0.040

44.60%
20.00%
19.40%
3.90%

66 (40.00%)
47 (28.48%)
40 (24.24%)
12 (7.27%)

199 (55.74%)
72 (20.17%)
75 (21.01%)
11 (3.08%)

0.003

0.151

0.043
0.234

0.183
0.856
0.765
0.503
0.002

1

Statistical differences between internet and hardcopy source of questionnaires.

Table 3 Scores of the social questionnaires of the Crohn’s disease cohort
Variables

Total cohort
Internet Questionnaire
Hardcopy Questionnaire
mean ± SD
mean ± SD
mean ± SD
Median (min-max) (IQR) Median (min-max) (IQR) Median (min-max) (IQR)

MOS Short-Form Survey Instrument
Physical health
Mental health
Short Inflammatory Bowel Disease Questionnaire, total score
SWLS
GSI
FAD
COPE: Emotion-focused strategies
COPE: Problem-focused strategies
COPE: Dysfunctional Strategies
WPAI: Absenteeism (%)
WPAI: Presenteeism (%)
WPAI: Work productivity loss (%)
WPAI: Activity impairment (%)

42.09 ± 10.76
41.99 ± 11.33
46.33 ± 13.83
22.06 ± 7.64
23 (5-35) (16-28)
0.98 ± 0.75
0.79 (0-3.92) (0.38-1.47)
1.81 ± 0.55
1.75 (1.0-4.0) (1.33-2.17)
24.23 ± 5.88
24.5 (3-40) (20-29)
16.10 ± 4.74
16 (3-24) (13-20)
22.28 ± 5.93
22 (6-42) (18-26)
8.81 ± 19.26
0 (0-100) (0-8.35)
29.16 ± 30.20
20 (0-100) (0-50)
29.19 ± 30.38
20 (0-100) (0-50)
33.92 ± 30.61
30 (0-100) (10-60)

40.88 ± 10.41
39.23 ± 11.36
42.02 ± 13.38
20.81 ± 7.92
21.0 (5-35) (15-27)
1.11 ± 0.80
0.9 (0.0-3.9) (0.4-1.6)
1.90 ± 0.56
1.9 (1.0-4.0) (1.4-2.3)
24.50 ± 5.77
25 (6-39) (20-29)
16.82 ± 4.51
17 (4-24) (14-20)
23.41 ± 5.86
23 (8-41) (20-27)
11.12 ± 20.77
0 (0-100.0) (0-15.2)
31.52 ± 30.44
20 (0-100.0) (10.0-55.0)
33.60 ± 31.57
21.2 (0-100) (10-60)
37.60 ± 30.86
30 (0-100) (10-60)

42.72 ± 10.90
43.42 ± 11.05
48.84 ± 13.48
22.82 ± 7.37
24.0 (5-35) (17-29)
0.90 ± 0.70
0.7 (0.0-3.2) (0.4-1.3)
1.75 ± 0.53
1.7 (1.0-4.0) (1.3-2.1)
24.07 ± 5.94
24 (3-40) (20-28)
15.67 ± 4.83
16 (3-24) (12-19)
21.60 ± 5.87
21 (6-42) (17-25)
7.36 ± 18.16
0 (0-100) (0-1.6)
27.54 ± 30.00
20.0 (0-100) (0-50)
26.50 ± 29.38
20.0 (0-100) (0-40.7)
31.74 ± 30.30
20.0 (0-100) (0-50)

P value1

0.041
< 0.001
< 0.001
0.004
0.002
0.001
0.340
0.004
0.000
0.021
0.119
0.025
0.021

1

Statistical differences between internet and hardcopy source of questionnaires. SWLS: Satisfaction with Life Scale; GSI: Global Severity Index; FAD:
McMaster Family Assessment Device; COPE: Brief Cope Inventory; WPAI: Work Productivity and Activity Impairment Questionnaire.

functioning. Patients made greater use of emotionfocused and dysfunctional coping strategies compared
with problem-focused strategies. Concerning the work
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productivity of the patients, 8.81% reported absenteeism from work and 29.19% reported loss of produc
tivity while at work. Nearly 30% of patients reported
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60.0
50.9
50.0

Percent

40.0
30.0

0.0

42.4
37.9

34.8
30.8

33.0

33.2

26.3

8.0

Internet

P-HBI

4.6

Hardcopy

33.8

28.6

23.7
19.5

20.0
10.0

46.8

43.0

None
Mild
Moderate
Severe

23.7
19.6

18.1

15.1
5.8

Internet

SF-36

9.8
4.9

Hardcopy

5.7

Internet

SIBDQ

Hardcopy

Figure 1 Responses to the pain questions by the Patient Harvey-Bradshaw Index, Short Form Health Survey and Short Inflammatory Bowel Disease
Questionnaire, for patients completing the questionnaires by internet or hardcopy. Patient Harvey-Bradshaw Index (P-HBI) and Short Form Health Survey (SF-36)
measure pain intensity whereas Short Inflammatory Bowel Disease Questionnaire (SIBDQ) measures pain frequency. P values for differences in responses to the
pain questions are: by P-HBI P < 0.001, by SF-36 P = 0.081, by SIBDQ P < 0.001.

Israel and not working. By the SF-36 pain measure,
a similar result was noted for female gender, poorer
economic status, Asia-Africa birthplace and not working. Again, by the SIBDQ pain measure, more frequent
moderate and severe pain was noted for poor economic status, birthplace in Israel, current smoker and
not working. In Tables 5 and 6 these data are shown
separately for the internet and hardcopy patients. It
will be noted that the statistically significant differences
occur more in the hardcopy part of the cohort.

overall work impairment, and one third of the patients
responded that their disease impaired regular daily
activities. The data shown separately for internet and
hardcopy patients also appear in Table 3. Significant
differences between these groups are noted for quality
of life measures, SWLS, GSI, FAD, problem-focused
coping, dysfunctional coping, and three of the WPAI
measures. Internet patients had lower quality and
satisfaction of life scores and more psychological stress
compared with hardcopy patients. Internet patients
also reported having more problems with family
support. Furthermore, internet patients made greater
use of problem-focused and dysfunctional coping than
hardcopy patients. The internet patients had more
absenteeism from work, were less productive and had
more activity impairment compared with hardcopy
patients.
The mean scores (± SD) of the pain questions in
the three questionnaires were the following: P-HBI
0.99 ± 0.92, SF-36 52.79 ± 28.44, and SIBDQ 4.46 ±
1.82. The median scores (IQR) of the pain questions
were: P-HBI 1 (0-2), SF-36 40 (40-80), and SIBDQ
5 (3-6), respectively. The distribution of the patients’
responses to the pain questions (Figure 1) indicated
that the responses to P-HBI and SIBDQ were in close
agreement, whereas the responses to SF-36 revealed
relatively more patients reporting mild pain. Internet
patients reported more pain intensity or frequency
compared with hardcopy patients with respect to the
pain scores by P-HBI and SIBDQ; the differences were
statistically significant (both P < 0.001). Demographic
variables associated significantly with the degree of
reported pain by all three pain measures are shown
in Table 4. By the P-HBI measure, females had more
frequent moderate and severe pain than males (33.7%
vs 24.2%, P = 0.005). Likewise, the P-HBI showed
significantly more frequent moderate and severe pain
in patient with poorer economic status, birthplace in

WJG|www.wjgnet.com

Pain measures

The results of the five socio-psychological measures
were examined in relation to the results of the pain
measures (Table 7). More intense pain (moderate and
severe pain rather than no pain or mild pain) by P-HBI
was noted for GSI, emotion-focused coping strategies,
dysfunctional coping strategies, FAD, and all four
WPAI analyses. For SF-36 the variables significantly
associated with more intense pain were GSI, problemfocused strategies, dysfunctional coping strategies,
FAD, and all four WPAI analyses. For the SIBDQ pain
measure the significant associations with more intense
pain were noted for GSI, dysfunctional coping strategies, FAD, and again all four WPAI analyses. On the
other hand, a greater satisfaction with life score was
significantly associated with less pain by P-HBI, SF-36
and SIBDQ pain measures (all P < 0.0001). The differences described here in the total cohort occurred in
both the hardcopy and internet patients (Tables 8 and
9).

Regression analysis

A multinomial logistic regression analysis of demographic and social variables and intensity of pain was
carried out. The results of the internet and hardcopy
patients are shown separately in Table 10, which is
designed in particular to show the differences between
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14.7 ± 2.8

107 (34.3)
69 (30.4)

36 (32.1)
110 (37.2)
49 (27.7)

3 (12.0)
12 (37.5)
15 (44.1)
92 (33.1)

152 (33.5)
41 (36.6)

51 (27.4)
140 (36.7)

100 (32.1)
103 (45.4)

22 (19.6)
105 (35.5)
88 (49.7)

19 (76.0)
14 (43.8)
15 (44.1)
111 (39.9)

175 (38.5)
29 (25.9)

61 (32.8)
152 (39.9)

Mild pain

15.1 ± 2.9

No pain

P-HBI

51 (27.4)
77 (20.2)

104 (22.9)
32 (28.6)

2 (8.0)
5 (15.6)
3 (8.8)
61 (21.9)

40 (35.7)
65 (22.0)
35 (19.8)

87 (27.9)
40 (17.6)

14.8 ± 3.1

Moderate pain

23 (12.4)
12 (3.1)

23 (5.1)
10 (8.9)

1 (4.0)
1 (3.1)
1 (2.9)
14 (5.0)

14 (12.5)
16 (5.4)
5 (2.8)

18 (5.8)
15 (6.6)

13.5 ± 3.1

< 0.001

0.052

0.048

< 0.001

0.017
0.005

Severe pain P value

40 (21.5)
130 (34.1)

140 (30.8)
29 (25.9)

12 (48.0)
7 (21.9)
14 (41.2)
90 (32.4)

11 (9.8)
96 (32.4)
66 (37.3)

74 (23.7)
88 (38.8)

14.8 ± 2.7

No pain

86 (46.2)
183 (48.0)

220 (48.5)
52 (46.4)

9 (36.0)
16 (50.0)
19 (55.9)
128 (46.0)

57 (50.9)
150 (50.7)
78 (44.1)

156 (50.0)
106 (46.7)

15.0 ± 2.7

Mild pain

45 (24.2)
52 (13.6)

75 (16.5)
21 (18.8)

1 (4.0)
9 (28.1)
0 (0.0)
46 (16.5)

33 (29.5)
39 (13.2)
25 (14.1)

62 (19.9)
25 (11.0)

14.6 ± 3.8

SF-36
Moderate pain

15 (8.1)
16 (4.2)

19 (4.2)
10 (8.9)

3 (12.0)
0 (0)
1 (2.9)
14 (5.0)

11 (9.8)
11 (3.7)
8 (4.5)

20 (6.4)
8 (3.5)

14.3 ± 3.1

Severe pain

< 0.001

0.170

0.015

< 0.001

0.463
< 0.001

P value

60 (32.3)
147 (38.6)

172 (37.9)
26 (23.2)

19 (76.0)
13 (40.6)
20 (58.8)
105 (37.8)

17 (15.2)
112 (37.8)
79 (44.6)

103 (33.0)
96 (42.3)

15.1 ± 3.0

No pain

53 (28.5)
143 (37.5)

156 (34.4)
43 (38.4)

4 (16.0)
13 (40.6)
9 (26.5)
98 (35.3)

36 (32.1)
104 (35.1)
66 (37.3)

105 (33.7)
76 (33.5)

14.9 ± 2.8

Mild pain

SIBDQ

50 (26.9)
74 (19.4)

102 (22.5)
25 (22.3)

1 (4.0)
6 (18.8)
4 (11.8)
56 (20.1)

38 (33.9)
64 (21.6)
26 (14.7)

81 (26.0)
39 (17.2)

14.7 ± 3.0

Moderate pain

23 (12.4)
17 (4.5)

24 (5.3)
18 (16.1)

1 (4.0)
0 (0.0)
1 (2.9)
19 (6.8)

21 (18.8)
16 (5.4)
6 (3.4)

23 (7.4)
16 (7.0)

13.3 ± 2.5

< 0.001

< 0.001

0.013

< 0.001

0.054

0.001

Severe pain P value
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We have shown in the present study, carried out in a large cohort of CD patients with disease duration of 11 years, that the severity of pain as measured by the
questions from the P-HBI, SF-36 and SIBDQ has significant associations with demographic and psycho-social measures. Patients with more intense pain tended to be
females, poorer, unemployed, more stressed, less satisfied with life, and Israeli-born rather than immigrants. The pain questions from P-HBI, SF-36 and SIBDQ showed
good general agreement in many of these associations. Internet patients had more active disease and lower scores for lower quality of life, and differed in their correlations with pain compared with the hardcopy patients.

DISCUSSION

these patient groups with regard to the magnitude of the associations. The association was significant for GSI with all three pain measures and for all three results of
pain in hardcopy patients, while for internet patients the associations were significant with all measures except mild pain by P-HBI and SF-36. Furthermore, there was
a progressive increase in the odds ratio with increasing intensity of pain in all three measures for the internet and hardcopy patients. Female gender too demonstrated
a significant association with SF-36 for moderate and severe intensities of pain, likewise with an increasing odds ratio, only for the hardcopy patients. For the P-HBI and
SIBDQ measures, however, the regression with female gender was significant only for moderate pain, again limited to hardcopy patients. On regression analysis, the
association of dysfunctional coping strategies was significant for mild pain by both P-HBI (OR = 1.07) and SF-36 (OR = 1.07), and for moderate pain by SIBDQ (OR =
1.10), for hardcopy patients. Problem-focused coping in hardcopy patients was associated with all levels of pain by P-HBI. Internet patients did not demonstrate any
association of pain and coping strategies at the 5% statistical level, and few associations at the 10% level.

P-HBI and SF-36 measure pain intensity whereas SIBDQ measures pain frequency. Data are mean ± SD or n (%). P-HBI: Patient Harvey-Bradshaw Index; SF-36: Short Form Health Survey; SIBDQ: Short Inflammatory Bowel
Disease Questionnaire.

Education (yr)
Gender
Female
Male
Economic status
Poor
Moderate
Good
Birthplace
Western
Asia-Africa
FSU
Israel
Current smoker
No
Yes
Working
No
Yes

Variables

Table 4 Comparison of demographic variables with the pain measures in the whole cohort n (%)
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15.1 ± 2.5

37 (62.7)
22 (37.3)

12 (16.0)
13 (17.3)
50 (66.7)

62 (81.6)
14 (18.4)

21 (29.6)
50 (70.4)

28 (54.9)
23 (45.1)

4 (6.9)
25 (43.1)
29 (50.0)

52 (91.2)
5 (8.8)

13 (24.1)
41 (75.9)

Mild pain

15.2 ± 2.5

No pain

P-HBI

17 (29.8)
40 (70.2)

53 (76.8)
16 (23.2)

16 (23.2)
15 (21.7)
38 (55.1)

37 (63.8)
21 (36.2)

15.0 ± 2.7

Moderate pain

10 (55.6)
8 (44.4)

14 (87.5)
2 (12.5)

6 (33.3)
3 (16.7)
9 (50.0)

8 (50.0)
8 (50.0)

14.4 ± 3.4

Severe pain

0.093

0.175

0.003

0.628

0.758

P value

8 (17.0)
39 (83.0)

44 (84.6)
8 (15.4)

2 (3.9)
21 (41.2)
28 (54.9)

18 (41.9)
25 (58.1)

14.9 ± 2.7

No pain

31 (31.3)
68 (68.7)

95 (84.1)
18 (15.9)

18 (15.9)
24 (21.2)
71 (62.8)

62 (65.3)
33 (34.7)

15.2 ± 2.3

Mild pain

SF-36

15 (36.6)
26 (63.4)

33 (80.5)
8 (19.5)

12 (27.9)
8 (18.6)
23 (53.5)

23 (63.9)
13 (36.1)

15.1 ± 2.9

Moderate pain

7 (53.8)
6 (46.2)

9 (75.0)
3 (25.0)

6 (46.2)
3 (23.1)
4 (30.8)

7 (70.0)
3 (30.0)

13.8 ± 4.2

Severe pain

0.044

0.821

0.001

0.055

0.397

P value

13 (26.0)
37 (74.0)

46 (90.2)
5 (9.8)

2 (3.8)
19 (36.5)
31 (59.6)

26 (55.3)
21 (44.7)

15.1 ± 2.9

No pain

18 (24.3)
56 (75.7)

70 (83.3)
14 (16.7)

13 (15.5)
23 (27.4)
48 (57.1)

37 (60.7)
24 (39.3)

15.5 ± 2.4

Mild pain

SIBDQ

19 (33.3)
38 (66.7)

49 (79.0)
13 (21.0)

12 (19.4)
11 (17.7)
39 (62.9)

38 (65.5)
20 (34.5)

14.9 ± 2.6

Moderate pain

11 (57.9)
8 (42.1)

16 (76.2)
5 (23.8)

11 (50.0)
3 (13.6)
8 (36.4)

9 (50.0)
9 (50.0)

13.6 ± 2.8

0.033

0.353

< 0.001

0.589

0.033

Severe pain P value
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24 (20.0)
60 (50.0)
36 (30.0)

90 (76.9)
27 (23.1)

30 (25.0)
90 (75.0)

123 (83.7)
24 (16.3)

48 (30.2)
111 (69.8)

70 (59.8)
47 (40.2)

72 (47.4)
80 (52.6)

18 (11.5)
76 (48.4)
63 (40.1)

14.5 ± 2.9

Mild pain

15.1 ± 3.0

No pain

P-HBI

34 (47.9)
37 (52.1)

51 (76.1)
16 (23.9)

24 (33.8)
27 (38.0)
20 (28.2)

50 (72.5)
19 (27.5)

14.5 ± 3.3

Moderate pain

13 (76.5)
4 (23.5)

9 (52.9)
8 (47.1)

8 (47.1)
7 (41.2)
2 (11.8)

10 (58.8)
7 (41.2)

12.5 ± 2.4

Severe pain

< 0.001

0.026

< 0.001

0.005

0.002

P value

32 (26.0)
91 (74.0)

96 (82.1)
21 (17.9)

9 (7.4)
68 (55.7)
45 (36.9)

56 (47.1)
63 (52.9)

14.7 ± 2.7

No pain

55 (32.4)
115 (67.6)

125 (78.6)
34 (21.4)

39 (22.7)
79 (45.9)
54 (31.4)

94 (56.3)
73 (43.7)

14.8 ± 3.0

Mild pain

SF-36

30 (53.6)
26 (46.4)

42 (76.4)
13 (23.6)

21 (38.9)
16 (29.6)
17 (31.5)

39 (76.5)
12 (23.5)

14.3 ± 4.4

Moderate pain

8 (44.4)
10 (55.6)

10 (58.8)
7 (41.2)

5 (29.4)
7 (41.2)
5 (29.4)

13 (72.2)
5 (27.8)

14.6 ± 2.0

Severe pain

0.003

0.178

< 0.001

0.002

0.411

P value

47 (29.9)
110 (70.1)

126 (85.7)
21 (14.3)

15 (9.6)
81 (51.9)
60 (38.5)

77 (50.7)
75 (49.3)

15.1 ± 3.1

No pain

35 (28.7)
87 (71.3)

86 (74.8)
29 (25.2)

23 (18.9)
56 (45.9)
43 (35.2)

68 (56.7)
52 (43.3)

14.5 ± 3.0

Mild pain

SIBDQ

31 (46.3)
36 (53.7)

53 (81.5)
12 (18.5)

26 (39.4)
25 (37.9)
15 (22.7)

43 (69.4)
19 (30.6)

14.5 ± 3.3

Moderate pain

12 (57.1)
9 (42.9)

8 (38.1)
13 (61.9)

10 (47.6)
8 (38.1)
3 (14.3)

14 (66.7)
7 (33.3)

12.9 ± 2.2

0.007

< 0.001

< 0.001

0.067

0.004

Severe pain P value

P-HBI and SF-36 measure pain intensity whereas SIBDQ measures pain frequency. Data are mean ± SD or n (%). P-HBI: Patient Harvey-Bradshaw Index; SF-36: Short Form Health Survey; SIBDQ: Short Inflammatory Bowel
Disease Questionnaire.

Education (yr)
Gender
Female
Male
Economic status
Bad
Medium
Good
Current Smoker
Not Smoking
Smoking
Working
Not Working
Working

Variables

Table 6 Comparison of demographic variables with the pain measures - Hardcopy n (%)

P-HBI and SF-36 measure pain intensity whereas SIBDQ measures pain frequency. Data are mean ± SD or n (%). P-HBI: Patient Harvey-Bradshaw Index; SF-36: Short Form Health Survey; SIBDQ: Short Inflammatory Bowel
Disease Questionnaire.

Education (yr)
Gender
Female
Male
Economic status
Bad
Medium
Good
Current Smoker
Not Smoking
Smoking
Working
Not Working
Working

Variables

Table 5 Comparison of demographic variables with the pain measures - Internet n (%)
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0.6 ± 0.5
23.4 ± 5.9
15.6 ± 4.9
20.0 ± 5.5
1.7 ± 0.5
24.3 ± 6.6
3.9 ± 11.9
14.6 ± 22.8
15.7 ± 23.3
17.1 ± 23.6

No pain

P-HBI

1.0 ± 0.6
24.7 ± 5.7
16.1 ± 4.7
22.9 ± 5.5
1.8 ± 0.6
22.0 ± 7.7
5.9 ± 12.4
29.9 ± 28.0
29.5 ± 26.9
32.9 ± 26.4

1.3 ± 0.8
25.0 ± 5.8
16.8 ± 4.4
24.0 ± 5.8
1.9 ± 0.5
19.9 ± 7.5
18.2 ± 27.2
44.4 ± 29.7
46.4 ± 32.4
51.1 ± 27.9

1.8 ± 1.0
24.2 ± 7.1
16.6 ± 4.9
25.6 ± 6.6
2.1 ± 0.7
17.7 ± 9.8
43.4 ± 37.6
77.1 ± 26.4
80.6 ± 27.1
78.3 ± 23.5

< 0.001
0.045
0.249
< 0.001
0.003
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Mild pain Moderate pain Severe pain P value
0.6 ± 0.5
23.4 ± 5.9
15.4 ± 5.1
20.0 ± 5.7
1.7 ± 0.6
24.5 ± 6.7
2.8 ± 10.6
13.0 ± 20.7
13.7 ± 20.9
14.3 ± 22.0

No pain
1.0 ± 0.7
24.6 ± 5.9
16.1 ± 4.5
22.7 ± 5.7
1.8 ± 0.5
22.3 ± 7.1
8.3 ± 18.6
29.2 ± 26.1
30.0 ± 27.0
33.4 ± 25.4

Mild pain

SF-36
1.4 ± 0.8
24.2 ± 5.7
16.5 ± 4.5
24.0 ± 5.9
1.9 ± 0.5
18.4 ± 8.4
21.3 ± 25.2
55.0 ± 32.9
58.6 ± 33.2
59.8 ± 27.8

1.6 ± 0.9
26.0 ± 5.8
18.2 ± 4.3
25.9 ± 5.5
1.8 ± 0.7
17.9 ± 9.1
29.4 ± 35.0
70.7 ± 34.1
65.3 ± 35.5
76.1 ± 28.8

< 0.001
0.154
0.042
< 0.001
0.081
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Moderate pain Severe pain P value
0.6 ± 0.5
23.6 ± 5.9
15.6 ± 5.1
19.9 ± 5.4
1.7 ± 0.5
24.8 ± 6.4
1.8 ± 5.5
10.6 ± 18.2
10.2 ± 15.9
12.3 ± 19.6

No pain

SIBDQ
1.0 ± 0.7
24.8 ± 5.7
16.2 ± 4.7
22.8 ± 5.4
1.9 ± 0.5
22.2 ± 7.3
7.8 ± 18.3
31.6 ± 27.5
32.7 ± 27.9
34.9 ± 25.4

1.3 ± 0.7
24.8 ± 5.5
17.0 ± 4.1
24.5 ± 6.0
1.8 ± 0.6
19.2 ± 7.4
19.1 ± 22.7
48.2 ± 29.4
52.2 ± 30.9
52.7 ± 26.2

1.8 ± 0.9
23.0 ± 7.3
15.4 ± 4.6
24.6 ± 6.9
2.0 ± 0.7
16.9 ± 9.8
38.5 ± 42.2
69.0 ± 31.1
66.6 ± 34.7
78.9 ± 24.1

< 0.001
0.059
0.067
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Mild pain Moderate pain Severe pain P value
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0.7 ± 0.7
23.4 ± 6.1
15.7 ± 4.8
20.8 ± 5.8
1.8 ± 0.6
24.1 ± 7.7
5.2 ± 12.1
15.2 ± 25.8
18.0 ± 26.1
16.5 ± 23.1

No pain

P-HBI

1.0 ± 0.7
24.8 ± 5.5
16.8 ± 4.5
23.4 ± 5.8
1.9 ± 0.5
20.8 ± 7.6
6.9 ± 12.8
27.1 ± 26.2
29.2 ± 26.7
34.2 ± 26.2

1.3 ± 0.8
25.5 ± 5.6
17.5 ± 4.0
24.4 ± 5.2
1.9 ± 0.5
19.4 ± 7.3
17.3 ± 25.2
43.2 ± 26.7
47.3 ± 30.3
48.6 ± 27.0

2.1 ± 0.9
23.2 ± 6.3
18.3 ± 4.8
27.7 ± 5.4
2.2 ± 0.7
15.5 ± 8.5
38.1 ± 40.7
76.7 ± 29.6
78.2 ± 32.2
80.6 ± 25.7

< 0.001
0.158
0.096
< 0.001
0.116
< 0.001
0.002
< 0.001
< 0.001
< 0.001

Mild pain Moderate pain Severe pain P value
0.7 ± 0.7
23.5 ± 6.1
15.8 ± 5.1
20.9 ± 5.7
1.8 ± 0.6
24.8 ± 7.7
3.4 ± 9.7
12.7 ± 17.9
15.5 ± 20.6
16.3 ± 21.9

No pain
1.0 ± 0.7
24.8 ± 6.0
16.7 ± 4.4
23.2 ± 5.8
1.9 ± 0.5
21.2 ± 6.7
11.3 ± 21.7
31.5 ± 27.8
32.6 ± 29.3
34.2 ± 26.0

Mild pain

SF-36
1.5 ± 0.7
24.7 ± 4.6
17.5 ± 4.0
25.4 ± 4.9
2.0 ± 0.5
16.1 ± 7.6
17.1 ± 21.5
51.4 ± 32.1
59.3 ± 32.0
62.8 ± 25.4

1.9 ± 1.1
25.5 ± 5.7
19.7 ± 4.1
27.8 ± 5.5
2.1 ± 0.8
16.8 ± 10.4
46.3 ± 35.8
80.0 ± 24.5
78.5 ± 17.5
88.0 ± 18.7

< 0.001
0.655
0.051
< 0.001
0.264
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Moderate pain Severe pain P value

0.7 ± 0.6
24.4 ± 5.6
16.1 ± 4.5
20.9 ± 5.4
1.8 ± 0.6
24.1 ± 7.7
1.6 ± 4.9
9.1 ± 13.9
9.5 ± 14.4
11.5 ± 16.4

No pain

1.0 ± 0.7
24.3 ± 5.8
16.7 ± 4.8
22.8 ± 5.5
1.9 ± 0.5
21.3 ± 7.3
9.1 ± 18.5
31.4 ± 29.9
32.6 ± 29.4
34.2 ± 25.6

Mild pain

SIBDQ
1.4 ± 0.7
25.2 ± 5.7
17.7 ± 3.8
24.8 ± 5.8
2.0 ± 0.6
18.6 ± 7.3
18.9 ± 21.1
44.6 ± 26.4
52.2 ± 28.9
48.6 ± 25.9

1.9 ± 1.0
23.4 ± 6.5
16.6 ± 5.0
27.4 ± 5.6
2.1 ± 0.7
17.2 ± 9.5
35.4 ± 50.3
68.0 ± 35.8
62.1 ± 42.4
82.5 ± 24.5

< 0.001
0.525
0.384
< 0.001
0.074
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Moderate pain Severe pain P value

Pain is an important symptom in CD patients and features prominently in Patient Reported Outcome scales like the Crohn’s Disease Activity Index (CDAI) and the P-HBI,
as well as the health-related quality of life measures SIBDQ and SF-36. While measurement of pain by the patient’s subjective response to 4 questions as in the CDAI
and the P-HBI has been disputed as to its reliability, it nevertheless remains a widely accepted practice and its brevity makes it quite acceptable to patients. P-HBI and
[8,32]
SIBDQ both ask about abdominal pain, which is the commonest form of pain in CD patients, present in about 70% of women and 65% of men
. SF-36 however
[8,32]
enquires about bodily pain, which would include in particular rheumatological pain that is present in 30%-40% of CD cases, particularly in women
. The recall period
of the P-HBI is just one day, adding to its reliability. For the SIBDQ and SF-36 the recall period is longer, 2 and 4 wk respectively. This longer recall period may explain

Pain

P-HBI and SF-36 measure pain intensity whereas SIBDQ measures pain frequency. Data are mean ± SD. P-HBI: Patient Harvey-Bradshaw Index; SF-36: Short Form Health Survey; SIBDQ: Short Inflammatory Bowel Disease
Questionnaire; GSI: Global Severity Index; COPE: Brief Cope Inventory; FAD: McMaster Family Assessment Device; SWLS: Satisfaction with Life Scale; WPAI: Work Productivity and Activity Impairment Questionnaire.

GSI
COPE: Emotion-focused Strategies
COPE: Problem-focused Strategies
COPE: Dysfunctional Strategies
FAD
SWLS
WPAI: Absenteeism
WPAI: Presenteesism
WPAI: Work productivity loss
WPAI: Activity Impairment

Variables

Table 8 Comparison of social questionnaires with the pain measures - Internet

P-HBI and SF-36 measure pain intensity whereas SIBDQ measures pain frequency. Data are mean ± SD. P-HBI: Patient Harvey-Bradshaw Index; SF-36: Short Form Health Survey; SIBDQ: Short Inflammatory Bowel Disease
Questionnaire; GSI: Global Severity Index; COPE: Brief Cope Inventory; FAD: McMaster Family Assessment Device; SWLS: Satisfaction with Life Scale; WPAI: Work Productivity and Activity Impairment Questionnaire.

GSI
COPE: Emotion-focused Strategies
COPE: Problem-focused Strategies
COPE: Dysfunctional Strategies
FAD
SWLS
WPAI: Absenteeism
WPAI: Presenteesism
WPAI: Work productivity loss
WPAI: Activity Impairment

Variables

Table 7 Comparison of social questionnaires with the pain measures in the whole cohort
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0.6 ± 0.5
23.4 ± 5.8
15.6 ± 5.0
19.8 ± 5.4
1.7 ± 0.5
24.4 ± 6.1
3.4 ± 11.9
14.4 ± 21.4
14.8 ± 22.2
17.3 ± 23.9

No pain

1.0 ± 0.6
24.6 ± 5.8
15.6 ± 4.8
22.6 ± 5.3
1.8 ± 0.6
22.7 ± 7.6
5.3 ± 12.2
31.5 ± 29.1
29.7 ± 27.2
32.1 ± 26.6

Mild pain

P-HBI
1.4 ± 0.7
24.5 ± 6.0
16.1 ± 4.7
23.5 ± 6.4
1.8 ± 0.5
20.3 ± 7.7
19.2 ± 29.5
46.0 ± 33.5
45.5 ± 34.9
53.5 ± 28.6

1.6 ± 1.0
25.3 ± 7.9
14.6 ± 4.4
23.1 ± 7.2
1.9 ± 0.7
20.2 ± 10.8
57.8 ± 29.1
78.0 ± 22.8
86.1 ± 11.3
75.7 ± 21.4

No pain

< 0.001 0.5 ± 0.5
0.234 23.4 ± 5.9
0.725 15.2 ± 5.2
< 0.001 19.7 ± 5.7
0.088
1.7 ± 0.5
0.003 24.4 ± 6.3
< 0.001 2.5 ± 11.0
< 0.001 13.2 ± 22.2
< 0.001 12.9 ± 21.2
< 0.001 13.4 ± 22.1

Moderate pain Severe pain P value

SF-36
1.0 ± 0.7
24.4 ± 5.8
15.8 ± 4.6
22.3 ± 5.5
1.8 ± 0.5
23.0 ± 7.2
6.4 ± 16.0
27.5 ± 24.6
28.3 ± 25.4
32.8 ± 25.1

1.3 ± 0.8
23.8 ± 6.4
15.8 ± 4.8
22.9 ± 6.3
1.8 ± 0.6
20.1 ± 8.6
25.6 ± 28.4
58.3 ± 33.8
58.0 ± 34.9
57.6 ± 29.4

1.4 ± 0.7
26.3 ± 6.0
17.1 ± 4.3
24.5 ± 5.1
1.6 ± 0.5
18.6 ± 8.2
19.7 ± 33.1
64.4 ± 39.4
57.7 ± 41.9
69.4 ± 31.7

< 0.001
0.302
0.642
< 0.001
0.224
0.002
< 0.001
< 0.001
< 0.001
< 0.001

Mild pain Moderate pain Severe pain P value
0.5 ± 0.5
23.3 ± 6.0
15.4 ± 5.3
19.6 ± 5.4
1.7 ± 0.5
25.1 ± 5.8
1.8 ± 5.8
11.2 ± 19.7
10.4 ± 16.4
12.6 ± 20.6

No pain

SIBDQ
1.0 ± 0.6
25.1 ± 5.6
15.8 ± 4.6
22.8 ± 5.3
1.8 ± 0.5
22.7 ± 7.4
6.8 ± 18.3
31.7 ± 25.8
32.7 ± 27.0
35.5 ± 25.4

1.3 ± 0.8
24.4 ± 5.3
16.4 ± 4.3
24.1 ± 6.3
1.7 ± 0.5
19.8 ± 7.5
19.4 ± 24.8
53.0 ± 32.6
52.3 ± 33.7
56.3 ± 26.2

1.7 ± 0.8
22.5 ± 8.3
14.0 ± 3.8
21.5 ± 7.0
1.9 ± 0.6
16.5 ± 10.3
41.1 ± 37.8
70.0 ± 27.5
70.5 ± 29.6
75.0 ± 23.8

< 0.001
0.076
0.192
< 0.001
0.016
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Mild pain Moderate pain Severe pain P value
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1.74 (0.14)
1.11 (0.80)
1.01 (0.81)
1.04 (0.53)
1.04 (0.49)
2.05 (0.07)
2.22 (0.05)
1.01 (0.86)
1.05 (0.47)
1.05 (0.38)
2.39 (0.03)
1.16 (0.72)
0.97 (0.49)
1.04 (0.52)
1.01 (0.91)

Ref.
Ref.
Ref.
Ref.
Ref.

Ref.
Ref.
Ref.
Ref.
Ref.

Internet
OR (P value)

Ref.
Ref.
Ref.
Ref.
Ref.

No pain

Mild pain

4.04 (< 0.001)
1.21 (0.50)
1.06 (0.09)
0.91 (0.01)
1.06 (0.06)

3.22 (< 0.001)
1.42 (0.18)
1.01 (0.76)
0.96 (0.32)
1.07 (0.05)

2.67 (< 0.001)
1.63 (0.07)
1.04 (0.21)
0.91 (0.02)
1.07 (0.04)

Hardcopy
OR (P value)

Statistical differences from the reference value (No pain) are shown. GSI: General Severity Index.

1

Pain by HBI
GSI
Gender (female)
Emotion-focused
Problem-focused
Dysfunctional
Pain by SF36
GSI
Gender (female)
Emotion-focused
Problem-focused
Dysfunctional
Pain by SIBDQ
GSI
Gender (female)
Emotion-focused
Problem-focused
Dysfunctional

Characteristic

5.57 (< 0.001)
1.43 (0.44)
0.98 (0.72)
1.08 (0.23)
1.00 (0.99)

5.87 (< 0.001)
2.41 (0.09)
1.02 (0.71)
1.11 (0.16)
0.98 (0.77)

2.89 (0.01)
1.03 (0.95)
1.04 (0.35)
1.05 (0.44)
1.02 (0.67)

Internet
OR (P value)

Moderate pain

5.53 (< 0.001)
1.93 (0.07)
1.01 (0.88)
0.96 (0.41)
1.10 (0.01)

6.20 (< 0.001)
4.29 (< 0.001)
1.04 (0.42)
0.96 (0.39)
1.05 (0.28)

6.13 (< 0.001)
3.43 (0.00)
1.06 (0.15)
0.91 (0.04)
1.04 (0.30)

Hardcopy
OR (P value)

6.20 (< 0.001)
0.73 (0.62)
0.97 (0.62)
0.88 (0.21)
1.11 (0.14)

10.12 (< 0.001)
3.60 (0.15)
1.02 (0.81)
1.23 (0.10)
1.03 (0.73)

8.51 (< 0.001)
0.76 (0.69)
0.96 (0.56)
1.14 (0.19)
1.02 (0.76)

Internet
OR (P value)

Severe pain

Table 10 Multinomial logistic regression analysis, stratified by source of questionnaire, of General Severity Index, gender, the three coping strategies and the intensity of pain1

19.91 (< 0.001)
3.06 (0.08)
1.10 (0.14)
0.79 (< 0.001)
0.99 (0.83)

6.69 (< 0.001)
3.82 (0.03)
1.06 (0.35)
0.97 (0.74)
1.07 (0.23)

11.66 (< 0.001)
2.43 (0.14)
1.15 (0.03)
0.79 (< 0.001)
1.01 (0.90)

Hardcopy
OR (P value)

P-HBI and SF-36 measure pain intensity whereas SIBDQ measures pain frequency. Data are mean ± SD. GSI: Global Severity Index; COPE: Brief Cope Inventory; FAD: McMaster Family Assessment Device; SWLS: Satisfaction with
Life Scale; WPAI: Work Productivity and Activity Impairment Questionnaire.

GSI
COPE: Emotion-focused Strategies
COPE: Problem-focused Strategies
COPE: Dysfunctional Strategies
FAD
SWLS
WPAI: Absenteeism
WPAI: Presenteesism
WPAI: Work productivity loss
WPAI: Activity Impairment

Variables

Table 9 Comparison of social questionnaires with the pain measures - Hardcopy
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why more patients reported mild pain intensity with
SF-36 compared with the other measures. It is also
possible that our method of recoding the 6 items in
SF-36 to 4 scores corresponding to the questions of
P-HBI may account for some of this difference. On the
other hand, we recoded the SIBDQ as well, from 7
items to 4 scores, and still its agreement with P-HBI
was very good. Thus, the longer recall period may be
the explanation: that patients tend to become accustomed to pain over time and discount its intensity.
In all, we showed that the combined use of the pain
questions from all 3 measures was a useful tool to
assess the severity of pain in this CD cohort. The use
of the pain questions from the Harvey-Bradshaw Index
(similar to P-HBI with an additional question regarding
the presence or absence of an abdominal mass) and
the SIBDQ was previously reported in a study of opiate
use in CD patients in the United States, but no attempt
[33]
was made to standardize these respective scores .
Pain in CD is treated with a variety of analgesics
including nonsteroidal anti-inflammatory drugs, opiates
[12,33,34]
and more recently cannabis preparations
. Pain in
CD patients is reported as often being undertreated, as
[8]
was found in a recent large Swiss study . Treatment
of pain is often neglected in the patient whose disease
is controlled. Unfortunately the ethical limitations of
our protocol did not allow of investigation of pain treatments in the cohort.

all. Consistent with this finding, patients with a poorer
economic status reported more pain by all three pain
measures. Patients with a higher level of satisfaction
with life score experienced significantly less pain. In
the multinomial logistic regression analysis, stress as
measured by the GSI was the variable most related
to pain, with the odds ratio increasing progressively
as the pain intensity rose. Gender behaved in a fairly
similar fashion, with females having more intense pain
than males, but with lower odds ratios. These observations show convincingly that the level of stress experienced by patients, as well as gender issues, requires
careful clinical consideration in CD cases presenting
with pain. It is well known that current smokers have
[37]
a worse course of CD than non-smokers . Our study
adds to this knowledge by the new finding that current smokers experience significantly more pain than
non-smokers.
It is well documented that CD patients are less
productive than healthy controls and have more
[38]
periods off work . The literature on this topic has
focused in general on the role of medical treatments,
particularly the more successful biologic therapy, as
well as abdominal surgery in improving the ability of
these patients to work. The present study is the first
documentation of the association of pain with both
work impairment and a lower socioeconomic state.
Women are reported to have more severe CD than
[39]
men . Women with CD also have a reduced quality
[40]
of life compared with men . Our study however is
the first to explore the differences in pain severity and
the impact of pain on several psycho-social variables.
In healthy individuals and patients with CD there are
[41,42]
no gender differences in satisfaction with life
. The
present study indicates that patients with a greater
satisfaction of life are healthier, with less pain.

Predictors of pain

Predictors of abdominal pain in CD have been little
investigated. In a pediatric CD cohort in the United
States it was shown by multivariate analysis that pain
was predicted by depression, weight loss and abdomi[14]
nal tenderness . However, this cohort was composed
entirely of subjects suffering from depression, which
is known to exacerbate symptoms like pain in chronic
[35]
illnesses . In a Scandinavian study performed on
distressed adults with CD, use of the SF-36 measure
revealed that personality impacted on the pain sub[36]
scale . These two studies did not relate to patients
without diagnosed confounding conditions. Our study
is the first detailed attempt to our knowledge to
unravel the factors that are associated with increased
severity of pain in CD patients without psychological or
psychiatric comorbidities. By using a self-selected large
community cohort presenting all stages of the disease
course we were able to investigate patients who are
representative of the average patients attending outpatient facilities for on-going medical care. By using
a broad spectrum of psycho-social questionnaires
we were able to relate the measures of psychological
stress, coping strategies, family functioning, satisfaction with life, and functioning at work and at leisure
to the intensity of pain captured by the three pain
questions. In the univariate analysis, working patients
reported less intense pain than those unemployed,
and in fact close to 40% of workers had no pain at

WJG|www.wjgnet.com

Pain and coping measures

Coping with chronic diseases is an important mental
resource to improve patients’ well-being, but the variety of measures has resulted in a plethora of concepts
[43]
regarding coping strategies . We studied diseasecoping strategies in relationship to pain using the COPE
instrument, which clearly separates emotion-focused,
problem-focused and dysfunctional coping strategies
[24]
and avoids any overlap of component questions .
By univariate analysis we found that the dysfunctional
coping strategy was significantly correlated with the
intensity of pain in all three pain measures. This is
not surprising, since this is in fact a negative coping
mechanism which does not promote better control of
the disease. In the regression analysis we found that
dysfunctional coping was associated with mild or moderate pain by all three pain measures. The positivelyorientated coping strategies, emotion-focused and
problem-focused, showed few correlations with pain
intensity. This is contrary to what we expected and the
matter requires further investigation. Nevertheless,

1086

February 14, 2017|Volume 23|Issue 6|

Odes S et al . Pain in CD
such patients.

these findings regarding coping mechanisms present
a message for clinicians treating patients with pain:
namely, that prompt referral to a psychologist versed
in these matters may assist CD patients to cope correctly with their illness and may actually lead to reduction of their pain level, particularly when dysfunctional
coping strategies are identified and averted.
The strengths of our study include the use of
a large representative cohort and a series of wellaccepted psycho-social instruments. The consistencies
of the three pain questions demonstrate the validity
of this method of assessing pain. One limitation was
the use of recall tools, although a recent publication
regarding patients with inflammatory bowel disease
did find that patient recall was quite adequate for
[44]
research purposes . The lack of access to detailed
clinical material was another limitation. Thus, we could
not relate our findings to specific phenotypes of CD by
the Montreal classification, nor were we able to document any treatments given for pain and relate them
to our research. Furthermore, we could not determine
the direction of the reported associations because of
the cross-sectional design of our study. Future work
should thus include long-term follow up of patients
and knowledge of their phenotypic classification and
analgesic medication. Moreover, an interventional
program will be required to evaluate whether medical
and psychological therapy can alleviate pain and its
associations in these patients.
In conclusion, the pain questions in the P-HBI,
SF-36 and SIBDQ, although differing in their focus,
were related a variety of psycho-social pathologies
in our CD cohorts. These are associations or correlations and of course cannot imply causality in a crosssectional study. We suggest that clinicians apply these
three simple questions in the busy clinic setting to
determine the severity of pain even in those patients
who appear to be in remission. In fact, patients could
fill in this information in two or three minutes while
waiting to be seen. This simple strategy may identify
patients in need of psychological treatment.

Research frontiers

Intensive perusal of the literature indicated that subject matter of this article has
not been researched previously.

Innovations and breakthroughs

Authors found that the pain questions forming part of three commonly used
questionnaires in the clinical assessment of these patients were associated with
demographic, social and psychological characteristics in these patients.

Applications

The authors suggest that the findings in this study serve as a guide in the
clinical and psychological assessment of patients with Crohn’s disease.

Terminology

The research makes use of a variety of questionnaires which are well known in
psychology but are less familiar to physicians. These are described in detail in
the methods section of the paper.

Peer-review

The reviewers of this paper have emphasized that pain is only one of several
symptoms in these patients, that socio-demographics impact on this symptom,
that patients filling in questionnaires by hardcopy or the internet might represent
subsets of patients with important social and disease characteristics, that the
use of questionnaires in translation requires validation, that medication type
could influence the pain symptom and needs to be considered.
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AIM
To evaluate the feasibility of chemotherapy including
fluoropyrimidine, platinum and taxane with modified
dosages for unresectable gastric cancer in Japanese
patients.
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METHODS
We performed a feasibility study of a modified docet
axel, cisplatin and capecitabine (DCX) regimen for
2
stage Ⅳ gastric cancer. In particular, 30 or 40 mg/m
2
of docetaxel on day 1, 60 mg/m of cisplatin on day
2
1, and 2000 mg/m of capecitabine for 2 wk were
administered every three weeks.

the median overall survival time is approximately one
year. The standard treatment for Stage Ⅳ gastric
cancer is chemotherapy with agents such as fluoropyrimidines and platinum compounds. In Japan, the oral
fluoropyrimidine S-1 plus cisplatin (SP) is the standard
regimen for HER2-negative advanced gastric cancer
because SP was proven to be superior to S-1 alone in
[1]
a phase Ⅲ randomized trial . Because capecitabine,
similarly to S-1, is an effective oral fluoropyrimidine,
capecitabine plus cisplatin (XP) is also a possible
[2]
regimen .
The addition of docetaxel to fluoropyrimidine and
cisplatin was expected to improve therapeutic efficacy.
A combination of docetaxel, cisplatin and 5-fluorouracil
(DCF) produced longer overall survival than cisplatin
plus 5-fluorouracil; however, the use of DCF is limited
due to severe side effects, including hematologic
[3]
toxicity . Various modified DCF regimens have been
tested in attempts to improve tolerability without losing
[4-8]
efficacy
. Research has also examined regimens
that replace the infusion of 5-fluorouracil with an oral
fluoropyrimidine, such as docetaxel, cisplatin and S-1
[9]
(DCS) and docetaxel, cisplatin and capecitabine
[10]
(DCX) . Although DCX has been reported to be
effective for unresectable gastric cancer, this regimen
often causes adverse events, including hematologic
[10-12]
toxicities
. We believed that a modification of the
doses used for DCX might reduce toxicity but maintain
effectiveness. In previous reports, doses of docetaxel
2
2[10-12]
used for DCX ranged from 60 mg/m to 75 mg/m
.
In certain studies of DCS, the dose of docetaxel was set
2
to 30-40 mg/m , and good effectiveness and adequate
[13-15]
safety were achieved
. In the present study, we set
2
the dose of docetaxel to 30 or 40 mg/m , which was a
lower dose than that used in previous reports on DCX,
and evaluated the safety and efficacy of our modified
DCX (mDCX) regimen in Japanese patients.

RESULTS
Three patients were treated with modified DCX (mDCX)
2
with 30 mg/m docetaxel, and five patients were
2
treated with this regimen with 40 mg/m docetaxel.
Grade 3 or 4 neutropenia was observed in six of the
eight patients; no patients exhibited febrile neutropenia.
Partial response was achieved in four of the eight
patients. Three patients underwent gastrectomy,
which achieved R0 resection without residual tumors in
dissected lymph nodes. In one of these three patients,
resected specimens revealed pathological complete
response in the primary lesion and in lymph nodes.
CONCLUSION
mDCX was well tolerated by Japanese patients with
stage Ⅳ gastric cancer. This regimen might be useful
for allowing gastric cancer patients with distant lymph
node metastasis to undergo conversion surgery.
Key words: Docetaxel; Cisplatin; Capecitabine; Gastric
cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A combination of fluoropyrimidine and plati
num is a standard treatment for unresectable gastric
cancer. Although the addition of a taxane to this dou
blet is expected to improve effectiveness, research has
demonstrated that such triplet regimens often cause
adverse effects, including neutropenia. To reduce
adverse events but maintain therapeutic effectiveness,
we devised a triplet regimen with modified dosages.
Modified docetaxel, cisplatin and capecitabine treat
ment was safe and effective for stage Ⅳ gastric cancer.
Three of the eight treated patients underwent conver
sion surgery and achieved long-term survival without
recurrence.

MATERIALS AND METHODS
Patient eligibility

The eligibility criteria included stage Ⅳ unresectable
HER2-negative gastric cancer, an age of 20-75 years,
Eastern Cooperative Oncology Group performance
status 0-1, conserved organ functions, and no prior
chemotherapy.

Maeda O, Matsuoka A, Miyahara R, Funasaka K, Hirooka Y,
Fukaya M, Nagino M, Kodera Y, Goto H, Ando Y. Modified
docetaxel, cisplatin and capecitabine for stage Ⅳ gastric cancer
in Japanese patients: A feasibility study. World J Gastroenterol
2017; 23(6): 1090-1097 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1090.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i6.1090

Treatment

INTRODUCTION
The prognosis of stage Ⅳ gastric cancer is poor, and
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2

The treatment regimen, which consisted of 1000 mg/m
2
capecitabine twice per day on days 1-14, 60 mg/m
2
cisplatin on day 1 and 30 or 40 mg/m docetaxel
on day 1, was administered every three weeks. The
2
dosage of docetaxel was 30 mg/m for the first three
2
patients and was planned to increase to 40 mg/m
for subsequent patients if no dose-limiting toxicities
(DLTs) were observed after the first three patients’ first
treatment cycle. The treatment was continued until the
disease progressed, patients experienced intolerable
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Table 1 Patient characteristics and prognoses

1
2
3
4
5
6
7
8

Age

Sex

Macroscopic
type

Histopathology

Metastasis

Number of
courses

Objective tumor
response

Prognosis (mo)

64
59
62
65
67
66
62
63

M
M
M
M
F
M
M
F

3
3
2
3
3
3
2
2

tub2/por
tub2/por
por
por
tub2/por
por
por
tub2/por

Liver, LNs
LNs
Liver, LNs
LNs
LNs
LNs
Liver, LNs
LNs

7
5
6
5
3
4
3
4

PR
PR
SD
PR
non-CR/non-PD
non-CR/non-PD
SD
PR

21.9
50.9
7.4
7.7
31.3
12.0
5.4
24.4

Conversion surgery

Dead
Alive
Dead
Dead
Alive
Dead
Dead
Alive

Yes

Yes

Yes

tub2: Moderately differentiated tubular adenocarcinoma; por: Differentiated adenocarcinoma; LNs: Lymph nodes; PR: Partial response; SD: Stable disease;
CR: Complete response.

Table 2 Hematologic and non-hematologic adverse events n (%)

Leukopenia
Neutropenia
Anemia
Thrombocytopenia
Hyperbilirubinemia
Elevated serum aspartate aminotransferase
Elevated serum alanine aminotransferase
Elevated serum creatinine
Fever
Fatigue
Alopecia
Skin rash
Anorexia
Diarrhea
Nausea
Vomiting
Constipation
Peripheral neuropathy
Infection

Any grade

Grade 3

Grade 4

7 (87.5)
7 (87.5)
6 (75)
7 (87.5)
3 (37.5)
6 (75)
8 (100)
3 (37.5)
4 (50)
2 (25)
1 (12.5)
1 (12.5)
7 (87.5)
4 (50)
3 (37.5)
3 (37.5)
1 (12.5)
1 (12.5)
1 (12.5)

2 (25)
4 (50)
1 (12.5)
0
0
0
0
0
0
0
0
0
4 (50)
2 (25)
0
0
0
0
1 (12.5)

0
2 (25)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

side effects, or curative resection was expected.
Treatment was interrupted if a patient developed
grade ≥ 3 hematologic toxicity. If a patient experienced grade 4 neutropenia for more than 5 d or grade
3 febrile neutropenia, the dosage of all agents was
decreased to 75% for the next course. If a patient
exhibited grade 4 thrombocytopenia, dosages of all
agents were decreased to 50%. If a patient had grade
≥ 2 diarrhea and/or grade ≥ 2 hand-foot syndrome,
the treatment course was interrupted. If creatinine
clearance (Ccr) was < 60 mL/min and ≥ 50 mL/min,
cisplatin was decreased to 75%. If Ccr was < 50
mL/min and ≥ 40 mL/min, cisplatin was decreased to
50%. If Ccr was < 40 mL/min, the treatment protocol
was terminated. Supportive treatment, including G-CSF
and anti-emetics, was permitted.

hematologic toxicities ≥ grade 3 that did not resolve to
grade 0 or grade 1 within two consecutive days, except
for nausea, vomiting, anorexia and asymptomatic
electrolyte imbalance; (2) neutropenia ≥ grade 3 for >
5 consecutive days; (3) febrile neutropenia (absolute
9
neutrophil count < 1.0 × 10 /L and fever ≥ 38 ℃); (4)
grade 4 thrombocytopenia or platelet transfusion; or
(5) delay of the treatment cycle for > 2 wk.
Radiological tumor assessments were conducted
using computed tomography every eight weeks in
accordance with the Response Evaluation Criteria in
Solid Tumors (RECIST), version 1.1.

RESULTS
2

Three patients received mDCX with 30 mg/m of
docetaxel. Because no DLTs were observed in the first
2
three patients, treatment with 40 mg/m docetaxel
was administered to five subsequent patients.
The patients’ characteristics and clinical courses are
summarized in Table 1, and adverse events are summarized in Table 2. No DLTs were observed after the
first treatment cycles in any patient. The relative dose

Safety and anti-tumor activity assessments

Adverse events were assessed using the National
Cancer Institute’s CTCAE v4.0. DLTs were defined as
adverse events that occurred after the beginning of the
first cycle and before the beginning of the second cycle
that satisfied any of the following criteria: (1) non-
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A

B

C

D

Figure 1 Case 1. Endoscopic findings (A, B) and computed tomography images (C, D) before (A, C) and after (B, D) seven courses of modified docetaxel, cisplatin
and capecitabine (DCX) (mDCX).

intensities of DCX were 90.6%, 90.0% and 76.2%,
respectively. Four of the eight patients exhibited a
partial response (PR). Three patients (cases 2, 5 and 8)
underwent gastrectomy with lymph node dissection;
for all of these patients, R0 resection was achieved,
and no viable tumors were detected in resected lymph
nodes (ypN0). Case 2 achieved pathological complete
response in both the primary lesion and lymph node
metastasis. Regarding case 5, the observed therapeutic effect was grade 2, and she received capecitabine
for ten weeks as adjuvant chemotherapy. The clinical
courses of three representative cases are presented
below.

confirmed. After seven courses, shrinkage of the liver
metastases was sustained. The treatment protocol was
discontinued due to grade 2 sensory peripheral neuropathy. Other adverse events were grade 2 anemia,
grade 1 aspartate aminotransferase elevation, grade
1 alanine aminotransferase elevation, and grade 1
anorexia. The patient received post-protocol treatment
that included irinotecan and weekly paclitaxel. He died
22 mo after enrollment in the study.

Case 2

A 59-year-old man had type Ⅲ advanced cancer at
the small curvature of the angulus with lymph node
metastasis along the superior mesenteric artery (#14a;
Figure 2). Biopsy specimens were pathologically
diagnosed as moderately and poorly differentiated
adenocarcinoma. After three courses of mDCX, the
lymph node metastasis shrank; after five courses,
PR was confirmed. Adverse events included grade 2
leukopenia, grade 3 neutropenia, and grade 2 anemia.
The patient underwent subtotal gastrectomy with
lymph node dissection. Pathological findings revealed

Case 1

A 64-year-old man had type Ⅲ advanced cancer in the
fornix of the stomach and multiple liver metastases
(Figure 1). Biopsy specimens were pathologically
diagnosed as moderately and poorly differentiated
adenocarcinoma. The patient received three courses
of mDCX, and the liver metastases shrank, a pheno
menon judged to be PR. After five courses, PR was
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A

B

C

D

E

F

G

H

Figure 2 Case 2. Endoscopic findings (A, B) and computed tomography images (C, D, E, F) before treatment (A, C, E) and after (B, D, F) five courses of modified
docetaxel, cisplatin and capecitabine (DCX) (mDCX). The primary lesion (A, B), swollen lymph nodes along the common hepatic artery (#8) (C, D) and lymph nodes
along the superior mesenteric artery (#14a) (E, F) markedly shrank. Microscopic findings for the resected specimens of the primary lesion (E, magnification × 100) and
lymph nodes (F, magnification × 400) revealed no residual tumor.

no residual carcinoma, and the observed therapeutic
effect was grade 3. He received S-1 for one year as
adjuvant chemotherapy. He remains alive without
any findings indicative of recurrence four years after
enrollment.

aortic lymph nodes (Figure 3). Biopsy specimens were
pathologically diagnosed as moderately and poorly
differentiated adenocarcinoma. After two courses of
mDCX, the lymph nodes shrank; after four courses,
PR was confirmed. Adverse events included grade 2
leukopenia, grade 4 neutropenia, grade 3 anorexia,
and grade 3 diarrhea. Because the patient’s lymph
node metastasis became undetectable by computed
tomography, she underwent subtotal gastrectomy with
D2 dissection; the para-aortic lymph nodes were not

Case 8

A 63-year-old woman had type Ⅲ advanced cancer at
the gastric antrum with lymph node metastasis that
included left supraclavicular lymph nodes and para-
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A

B

C

D

Figure 3 Case 8. Computed tomography images before (A, C) and after (B, D) four courses of modified docetaxel, cisplatin and capecitabine (DCX) (mDCX). Left
supraclavicular nodes (A, B) and para-aortic nodes (C, D) became undetectable.

Table 3 Previous reports regarding docetaxel, cisplatin and capecitabine
Ref.

Setting

Capeci
tabine

Cisplatin Docet Interval Number
axel
(d) of patients

Kang et al[10], Metastatic
2010
or recurrent
Sym et al[17], Neoad
2010
juvant

1875 mg,
days 1-14
1875 mg,
days 1-14

60 mg,
day 1
60 mg,
day 1

60 mg,
day 1
60 mg,
day 1

21

40

21

49 (36
resected
cases)

ThussPerio
Patience
perative
et al[12], 2012

1875 mg,
days 1-14

60 mg,
day 1

75 mg,
day1

21

51

Polyzos
Metastatic 2000 mg,
e t al[16],
days 2-15
2012
[18]
Yoon et al , Adjuvant 1875 mg,
2015
for stage days 1-14
ⅢB-Ⅳ

Grade 3-4 Febrile
RR
PFS
OS
R0
pCR
neutro neutro (95%CI) (95%CI) (95%CI) resection
penia
penia
(mo)
(mo)
62.5%
69%

Preo
perative
Posto
perative

10%
4%

76.5%

21.5%

62.9%

11.1%

60 mg,
day 1

60 mg,
day 1

21

36

50%

16%

60 mg,
day 1

60 mg,
day 1

21

46

40%

15%

68%
7.6
(53%-83%) (6.9-8.4)
R0: 54.3
(0-112.9)
Non-R0:
5.1
(3.6-6.6)

44.4%
(28%-60%)

5
(3-6)1

14.4
(7.3-21.5)
R0: not
reached
Non-R0:
11.5
(7.3-15.7)

10.0%
63.0%

90.2%

13.7%

12
(5-24)

26.9
43.9
(7.5-46.4)2 (29.2-58.7)

1

Time to progression; 2Relapse-free survival. RR: Response rate; PFS: Progression-free survival; OS: Overall survival; pCR: Pathological complete response.

[10,16]

unresectable gastric cancer
, as preoperative chemo
[17]
[18]
therapy , as adjuvant chemotherapy
and as peri[12]
operative chemotherapy . These reports indicate that
DCX is highly effective but also rather toxic, particularly
in hematologic respects. To our knowledge, no prior
reports have described a DCX trial in Japan.
In the present study, six of the eight patients (75%)
experienced grade 3 or grade 4 neutropenia, although
no patients experienced febrile neutropenia. Although
the modifications to the DCX regimen decreased the
2
dose of docetaxel to 30 or 40 mg/m , the frequency of
hematologic toxicity in this study was similar to those

dissected. Pathological findings revealed no residual
tumors in the lymph nodes, and the observed therapeutic effect was grade 1b. As adjuvant chemotherapy,
she underwent two courses of capecitabine plus oxaliplatin which were discontinued due to grade 2 nausea
and fatigue. She subsequently received S-1 for one
year. The patient remains alive without any findings
indicative of recurrence two years after enrollment.

DISCUSSION
Reports have described the effectiveness of DCX for
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reported in prior studies of DCX (neutropenia ≥ grade
3, 40%-76.5%; Table 3). However, we regarded the
observed side effects as tolerable because no DLT was
observed after the first cycle, and all patients were able
to receive three or more courses of treatment with
appropriate supportive care. In addition, the median
admission period was five days (data not shown), indicating that for the most part, admission was primarily
necessary for hydration due to the administration of
cisplatin.
Three of the five patients with only distant lymph
node metastasis underwent conversion surgery, and
all three patients have remained alive for more than
two years without recurrence. Therefore, we believe
that intensive treatment with a triplet regimen could
be a useful preoperative treatment that enables conversion surgery for patients with distant lymph node
metastasis. However, in certain cases, survival time
was shorter than one year; in particular, one case died
7.7 mo after the start of treatment, although PR was
achieved. It is necessary to identify certain biomarkers to select patients suitable for a triplet regimen.
Furthermore, a randomized control study is needed to
evaluate whether the proposed triplet regimen is sup
erior to a standard platinum and oral fluoropyrimidine
doublet.
In conclusion, mDCX is safe and effective for Stage
Ⅳ gastric cancer in Japanese patients.
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Abstract
AIM
To determine the procedure-related factors that affect
sedation satisfaction and to make a suggestion to
improve it.

Informed consent statement: All study participants, or
their legal guardian, provided written consent prior to study
enrollment.

METHODS
We prospectively enrolled a total of 456 patients who
underwent outpatient endoscopy procedures with
midazolam sedation between March 2014 and August
2014. All patients completed both pre- and postendoscopy questionnaires about sedation expectations
and satisfaction.
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Previous studies have reported that conscious sedation
endoscopy improves patient satisfaction, reduces fear
and discomfort, and increases compliance with repeat
[2,3]
endoscopic procedures . Recently, conscious sedation endoscopy has become commonplace in clinical
[4-6]
practice .
As more procedures emerge that are appropriate
for sedation endoscopy, sedation quality becomes
an important factor because it is directly related to
patient satisfaction and could have an effect on performance of endoscopy. Thus, satisfaction with sedation
has become an important outcome measure and surveys of satisfaction are critical for quality assurance in
[7]
many endoscopy centers . In previous studies, young
age, high level of anxiety, female sex, and increased
gag reflex have been proposed as factors related
to decreased patient satisfaction with non-sedation
[8,9]
endoscopy . However, results varied about factors
[7,10]
related to satisfaction with sedation in endoscopy
,
and no survey of satisfaction with sedation endoscopy
has yet been validated.
Worldwide, midazolam is the most commonly
used drug for sedation during endoscopy, followed by
[4-6]
fentanyl, propofol, and meperidine . Midazolam is a
short-acting benzodiazepine with anxiolytic, amnestic,
and hypnotic effects. Appropriate sedation level could
be adjusted by intravenous titration of midazolam.
Because it is possible to evaluate the subject’s
level of sedation by medical staff during procedure
[11]
through the Richmond Agitation-Sedation Scale
or
[12]
Observer’s Assessment of Alertness/Sedation Scale .
Flumazenil, a specific benzodiazepine receptor antagonist, can be used to treat benzodiazepine overdoses
in emergency situations and to help reverse anes[13]
thesia . In the present study, all patients received
midazolam for sedation, and meperidine was added
for patients undergoing colonoscopy.
The purpose of this study was to evaluate patient
satisfaction with conscious sedation endoscopy, to
determine procedure-related factors that affect satisfaction with sedation during endoscopic examinations,
and to make a suggestion to improve it.

underwent esophagogastroduodenoscopy (EGD),
167 (36.6%) who underwent colonoscopy, and 122
(26.8%) who underwent a combined procedure (EGD
and colonoscopy). Over 80% of all patients were
satisfied with sedation using midazolam. In univariate
and multivariate analyses, total procedure time in the
EGD group, younger age (≤ 50 years), and longer
colonoscopy withdrawal time in the colonoscopy group
were related to decreased satisfaction with sedation.
However, in active monitoring and intervention group,
there was no decrease in grade of satisfaction despite
longer procedure time due to more procedures during
colonoscopy. Younger age (≤ 50 years), longer interprocedure time gap, and colonoscopy withdrawal time
were related to decreased satisfaction in the combined
EGD and colonoscopy group.
CONCLUSION
Midazolam is still a safe and effective sedative for
gastrointestinal endoscopy. Satisfaction with sedation
depends on several factors including age (≤ 50 years)
and procedure time duration. To improve patient
satisfaction with sedation, active monitoring of sedation
status by the endoscopist should be considered for
patients who require long procedure time.
Key words: Conscious sedation; Patient satisfaction;
Endoscopy; Midazolam; Surveys and questionnaires
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This was a prospective study of 456 patients
that evaluated procedure-related factors with mida
zolam sedation satisfaction. Satisfaction with sedation
depends on several factors including age (≤ 50 years)
and procedure duration. To improve patient satisfaction
with sedation, active monitoring of sedation status
by an endoscopist should be considered for patients
whose procedures take a long time.
Jin EH, Hong KS, Lee Y, Seo JY, Choi JM, Chun J, Kim SG,
Kin JS, Jung HC. How to improve patient satisfaction during
midazolam sedation for gastrointestinal endoscopy? World J
Gastroenterol 2017; 23(6): 1098-1105 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1098.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i6.1098

MATERIALS AND METHODS
Patient selection

We prospectively enrolled 466 patients who underwent
outpatient endoscopy procedures between March 2014
and August 2014 at Seoul National University Hospital
(SNUH), which is a tertiary referral center in Korea.
Ten (2.1%) patients were excluded because they did
not complete the satisfaction questionnaire. A total of
456 patients were eligible for this study.
All participants provided written informed consent
before completing study interviews and undergoing
endoscopy. The procedure for our review of clinical
records for this study was approved by the Institutional
Review Board of SNUH (IRB No. 1402-083-558).

INTRODUCTION
Esophagogastroduodenoscopy (EGD) and colonoscopy
are important examinations for screening, diagnosing,
and treating a variety of gastrointestinal diseases.
Specifically, endoscopy is one of the best surveillance
tools for early detection of several cancers, but some
patients refuse endoscopic examinations because of
[1]
fear and anxiety of discomfort during the procedure .
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Pre-endoscopy interview

procedure finish to antidote injection. For colonoscopy
procedures, we further divided the procedure time into
two periods: insertion time (anal verge to cecum) and
withdrawal time (cecum to anal verge). For patients in
the combined EGD and colonoscopy group, the interprocedure time gap was defined as the waiting time
from the end of the first endoscopy procedure to the
beginning of the second endoscopy procedure.

Each patient completed an interview before the
endoscopic procedure. An investigator administered
a questionnaire in the waiting room after the patient
had received explanations of the endoscopic procedure
and sedation. The following patient information was
recorded: age, sex, body mass index, previous sedation endoscopy, anxiety about procedure, cause of
anxiety, and patient expectations of sedation depth
according to the Richmond Agitation-Sedation Scale
[11]
(drowsy, light, or deep sedation) . Before the procedure started, nurses checked and recorded vital signs
including oxygen saturation and blood pressure.

Statistical analysis

Results are expressed as frequencies and percentages
for categorical variables and means for continuous
variables. We compared the three procedure groups
2
using the χ -test for ordinal variables and analysis of
variance for quantitative variables.
Patient satisfaction outcomes were grouped accor
ding to satisfaction: very satisfied, satisfied, neutral,
dissatisfied, and very dissatisfied. We constructed
univariate and multivariate proportional odds logistic
models to determine which factors were related to
satisfaction in each procedure group. Results with P
values less than 0.05 were considered statistically significant. Data were analyzed with statistical software R,
version 3.2.2.

Endoscopy procedure

After completing the pre-endoscopy questionnaire,
all patients were moved from the waiting room to
the endoscopy procedure room. Before EGD, patients
received topical anesthesia by pharyngeal spray with
lidocaine. All patients underwent examinations with
sedation by intravenous midazolam; meperidine at a
dose of 25 mg was added for all patients undergoing
colonoscopy. The examinations were performed by
14 board-certified endoscopists using an esophagogastroduodenoscope (GIF-260; Olympus, Tokyo,
Japan) and/or a colonoscope (CF H260AL; Olympus,
Tokyo, Japan). A nurse and an assistant monitored the
patient during the procedure by periodically assessing
pulse, blood pressure, ventilator status, and neurologic
status. Nurses also completed records that included
adverse effects of midazolam, the doses and frequency
of midazolam injections, and the durations of the
procedure and sedation. Three stages of sedation have
[14]
been described: minimal, moderate, and deep . In
our study, most patients underwent endoscopy with
moderate sedation referred to as “conscious sedation”.

RESULTS
A total of 456 patients were eligible for this study and
completed the post-endoscopy questionnaire. The
patient group comprised 224 men and 232 women and
the mean age of the group was 57.2 years. The study
cohort included 167 (36.6%) patients who underwent
EGD, 167 (36.6%) who underwent colonoscopy, and
122 (26.8%) who underwent a combined procedure
(EGD and colonoscopy together). The characteristics
of the three groups are shown in Table 1. Compared
with the other procedure groups, the combined group
had slightly higher first and total midazolam doses; the
combined group was also more likely to receive more
frequent injections and have longer procedure time.
The EGD group was the most satisfied with conscious
sedation (Figure 1).
In all, 280 (61.4%) patients reported no anxiety
before endoscopy; only 149 (32.7%) patients had
mild anxiety and 19 (4.2%) patients had moderate
anxiety. The most common cause of anxiety was fear
of endoscopy procedure (n = 69, 41.1%), followed
by fear of abdominal pain during endoscopy (n = 34,
20.2%), fear of insufficient sedation (n = 19, 11.3%),
and fear of paradoxical response (n = 9, 5.4%). Most
patients (50.2%) expected moderate sedation with
movement or eye-opening to voice, followed by light
sedation (41.9%) with brief awakenings to voice (Table
2).
In the EGD group, 81 (48.5%) patients were very
satisfied, 74 (44.3%) were satisfied, 7 (4.2%) were
neutral, and 5 (3.0%) were dissatisfied with sedation

Post-endoscopy questionnaire

After the endoscopy procedure, patients were allowed
sufficient time to recover from sedation, and then
they completed a post-procedure questionnaire before
discharge. Patients subjectively evaluated the depth
of sedation and memory loss during the procedure.
The questionnaire was self-administered and collected
information regarding patient satisfaction with sedation
(very satisfied, satisfied, neutral, dissatisfied, or very
dissatisfied) and the cause of dissatisfaction, if patients
answered “dissatisfied” or “very dissatisfied”.

Definitions

Paradoxical response was defined as unexpected move
ment after midazolam injection. Decreased respiration
was defined as oxygen saturation below 88% despite
stimulation. In the case of decreased respiration, oxygen was administered via nasal prong. Procedure time
was subdivided into the following periods: midazolam
injection to procedure start, procedure duration, and
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Table 1 Baseline characteristics of patients according to procedure group n (%)

Sex
Male
Female
Age (yr)
≤ 50
> 50
Body mass index (kg/m2)
Previous sedation endoscopy
Yes
No
Midazolam (mg)
First dose
Second dose
Third dose
Fourth dose
Total midazolam dose (mg)
No. of midazolam injections
Time (min)
Midazolam injection to procedure start
Total procedure time
Inter-procedure gap
Procedure finish to antidote injection
Satisfaction with sedation during endoscopy
Very satisfied
Satisfied
Neutral
Dissatisfied
Very dissatisfied

1

EGD (n = 167)

Colonoscopy (n = 167)

Combined group (n = 122)

P value

71 (42.5)
96 (57.5)

89 (53.3)
78 (46.7)

64 (52.5)
58 (47.5)

43 (25.7)
124 (74.3)
22.6

44 (26.3)
123 (73.7)
22.9

29 (76.2)
93 (76.2)
23.3 (76.2)

137 (82.5)
29 (17.5)

135 (80.8)
32 (19.2)

92 (75.4)
30 (24.6)

4.1
1.5
1.0
1.5
4.4
1.2

4.3
1.6
1.6
1.5
5.0
1.4

4.4
1.7
1.5
1.9
6.4
2.2

0.014
0.055
0.269
0.881
< 0.005
< 0.005

5.1
3.5

4.5
23.7

0.327
< 0.005

12.8

13.1

4.7
42.4
19.5
12.1

81 (48.5)
74 (44.3)
7 (4.2)
5 (3)
-

51 (30.5)
86 (51.5)
19 (11.4)
11 (6.6)
-

46 (37.7)
58 (47.5)
11 (9.0)
7 (5.7)
-

0.099

0.878

0.245
0.310

0.482
0.016

1

Combined group: Esophagogastroduodenoscopy and colonoscopy together. EGD: Esophagogastroduodenoscopy.

Very satisfied
Satisfied
Neutral
Dissatisfied

100%
80%

Table 2 Patient anxiety and expected sedation depth before
endoscopy n (%)
Anxiety before endoscopy
No anxiety
Mild anxiety
Moderate anxiety
No answer
Cause of anxiety
Fear of endoscopy procedure
Fear of abdominal pain during endoscopy
Fear of insufficient sedation
Fear of paradoxical response
None of the above
Expected sedation depth1
Drowsy
Light sedation
Moderate sedation
No answer

60%
40%
20%
0%

EGD

Colonoscopy

Combined
1
group

Figure 1 Patient sedation satisfaction according to endoscopy procedure.
1
Combined group: Esophagogastroduodenoscopy and colonoscopy together.
EGD: Esophagogastroduodenoscopy.

280 (61.4)
149 (32.7)
19 (4.2)
8 (1.8)
69 (41.1)
34 (20.2)
19 (11.3)
9 (5.4)
36 (21.4)
19 (4.2)
191 (41.9)
229 (50.2)
9 (2)

1

Drowsy: Not fully alert, but experiences sustained wakening to voice;
Light sedation: Briefly awakens to voice; Moderate sedation: Movement or
eye-opening to voice.

according to the post-procedure questionnaire. Total
procedure time was only the factor associated with
decreased satisfaction (OR = 0.97, P = 0.041) in the
EGD group (Table 3).
In the colonoscopy group, 51 (30.5%) patients
were very satisfied, 86 (51.5%) were satisfied, 19
(11.4%) were neutral, and 11 (6.6%) were dissatisfied
with sedation. In our univariate analysis, younger age
(≤ 50 years), total midazolam dose, and colonoscopy
withdrawal time were associated with decreased
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patient satisfaction in this group. Age (> 50 years) (OR
= 0.38, P = 0.005) and colonoscopy withdrawal time
(OR = 1.03, P = 0.036) were significantly associated
with sedation satisfaction in the multivariate analysis
(Table 4). In colonoscopy cases, an endoscopist
directly commanded nurse to inject additional doses of
midazolam under active monitoring of sedation status.
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Table 3 Factors associated with sedation satisfaction in the esophagogastroduodenoscopy group
Univariate analysis
Sex (Female)
Body mass index (kg/m2)
Previous sedation endoscopy
Midazolam, first dose (mg)
Midazolam, total dose (mg)
Time (min)
Midazolam injection to procedure start
Total procedure time
Procedure finish to antidote injection

Multivariate analysis

Beta

SE (β)

P value

OR (95%CI)

0.063
0.001
0.642
-0.094
-0.022

0.302
0.005
0.395
0.143
0.116

0.834
0.798
0.104
0.509
0.852

1.07 (0.59-1.92)
1.00 (0.99-1.01)
1.90 (0.88-4.12)
0.91 (0.69-1.20)
0.98 (0.78-1.23)

-0.033
0.127
-0.036

0.052
0.062
0.024

0.525
0.041
0.127

0.98 (0.78-1.23)
0.97 (0.87-1.07)
1.14 (1.01-1.28)

Beta

SE (β)

P value

OR (95%CI)

0.127

0.062

0.041

0.97 (0.87-1.07)

Table 4 Factors associated with sedation satisfaction in the colonoscopy group
Univariate analysis
Sex (female)
Age (> 50 yr)
Midazolam, first dose (mg)
Midazolam, total dose (mg)
No. of midazolam injections
Time (min)
Midazolam injection to procedure start
Procedure time
Colonoscopy insertion time
Colonoscopy withdrawal time
Procedure finish to antidote injection

SE (β)

P value

OR (95%CI)

0.197
-0.937
0.253
0.223
0.441

0.294
0.339
0.165
0.108
0.244

0.503
0.006
0.127
0.039
0.070

1.22 (0.68-2.17)
0.39 (0.20-0.76)
1.29 (0.93-1.78)
1.25 (1.01-1.54)
1.55 (0.96-2.51)

0.009

0.051

0.863

1.01 (0.91-1.12)

0.015
0.030
0.016

0.036
0.014
0.020

0.670
0.035
0.447

1.02 (0.95-1.09)
1.03 (1.00-1.06)
1.02 (0.98-1.06)

These patients were similarly satisfied with sedation
despite longer procedure time due to more procedures
(28.8 ± 12.2 min vs 22.3 ± 12.2 min, P = 0.005) (Table
5).
In the combined EGD and colonoscopy group, 46
(37.7%) patients were very satisfied, 58 (47.5%)
were satisfied, 11 (9.0%) were neutral, and 7 (5.7%)
were dissatisfied with sedation. In our univariate
analysis, female sex, younger age (≤ 50 years), total
midazolam dose, number of midazolam injections,
procedure time, and number of endoscopic mucosal
resections were associated with decreased patient
satisfaction in the combined group. In the multivariate
analysis, age (> 50 years) (OR = 0.38, P = 0.022),
inter-procedure time gap (OR = 1.02, P = 0.027), and
colonoscopy withdrawal time (OR = 1.08, P = 0.002)
were associated with dissatisfaction with sedation
(Table 6).
Five (1.1%) patients experienced a paradoxical
response, 10 (2.2%) patients complained of pain
during the procedure, and 7 patients complained of
decreased respiration during the endoscopy procedure.
Among these patients, 3 patients with paradoxical
response and 2 patients with decreased respiration
were given an antidote to the sedative. Of 23 dissatisfied patients, 16 complained of insufficient sedation.

Beta

SE (β)

P value

OR (95%CI)

-0.956

0.341

0.005

0.38 (0.20-0.75)

0.030

0.014

0.036

1.03 (1.00-1.06)

we found that longer procedure time in EGD, younger
age, and longer colonoscopy withdrawal time were
procedure-related factors that influenced patient
satisfaction with conscious midazolam sedation. Young
age, long inter-procedure time, and long colonoscopy
withdrawal time were associated with decreased
satisfaction in the combined EGD and colonoscopy
group, as determined by the multivariate analysis. If
a procedure is prolonged, the concerned endoscopist
and other health care personnel should pay attention
to the sedation status, especially for younger patients.
Few studies have assessed procedure-related factors
that affect satisfaction with sedation. In previous stu
dies, endoscopy-associated sedation satisfaction was
related to organizational factors such as waiting time,
personal considerations, and comfort of the hospital
[7,10]
environment
. Patient factors such as nervousness
and chronic use of psychotropic drugs have also been
[15]
associated with sedation satisfaction . The satisfaction survey mGHAA-9 has been used to evaluate the
general satisfaction with hospital systems and subjective aspects of endoscopy centers; however, mGHAA-9
is insufficient to evaluate satisfaction with the sedation
[3,7]
itself .
Previous studies found that female and young
patients experienced more discomfort during endoscopy and received more sedatives than male and older
[4,16]
patients for achieving similar comfort levels
. Our
findings support the fact that female and younger
patients (≤ 50 years) were less satisfied with seda-

DISCUSSION
Using a multivariate analysis in this prospective study,
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Table 5 Patients’ satisfaction through active monitoring and intervention by endoscopist during colonoscopy
Active monitoring (n = 39)

Non-active monitoring (n = 128)

P value

19 (48.7)
56.1 ± 13.0
32 (82.1)

70 (54.7)
57.7 ± 13.5
51 (39.8)

0.584
0.514
< 0.001
0.968

12 (30.8)
20 (51.3)
5 (12.8)
2 (5.1)
4.5 ± 1.0
5.8 ± 1.2
1.6 ± 0.5
28.8 ± 12.2

39 (30.5)
66 (51.6)
14 (10.9)
9 (7.0%)
4.2 ± 0.9
4.8 ± 1.5
1.4 ± 0.7
22.3 ± 12.2

Sex (Male, %)
Age (mean ± SD)
Proportion of EMR, n (%)
Satisfaction, n (%)
Very satisfied
Satisfied
Fair
Unsatisfied
Midazolam, first dose (mg, mean ± SD)
Midazolam, total dose (mg, mean ± SD)
Midazolam, No. of injections (mean ± SD)
Procedure time (min, mean ± SD)

0.159
0.002
0.025
0.005

Table 6 Factors associated with sedation satisfaction in the combined esophagogastroduodenoscopy and colonoscopy group
Univariate analysis
Sex (Female)
Age (> 50 yr)
Body mass index (kg/m2)
Previous sedation endoscopy
Midazolam, first dose (mg)
Midazolam, total dose (mg)
No. of midazolam injections
Time (min)
Midazolam injection to procedure start
Procedure time
Inter-procedure time gap
Colonoscopy insertion time
Colonoscopy withdrawal time
Procedure finish to antidote injection

SE (β)

P value

OR (95% CI)

0.689
-0.868
-0.001
-0.013
0.105
0.278
0.690

0.349
0.407
0.006
0.395
0.210
0.113
0.284

0.049
0.033
0.878
0.974
0.619
0.014
0.015

1.99 (1.00-3.95)
0.42 (0.19-0.93)
1.00 (0.99-1.01)
0.99 (0.46-2.14)
1.11 (0.74-1.68)
1.32 (1.06-1.65)
1.99 (1.14-3.48)

0.041

0.033

0.215

1.04 (0.98-1.11)

0.021
0.084
0.069
0.014

0.010
0.038
0.025
0.029

0.043
0.027
0.006
0.637

1.02 (1.00-1.04)
1.09 (1.01-1.17)
1.07 (1.02-1.13)
1.01 (0.96-1.07)

tion in the combined EGD and colonoscopy group.
However, female sex was not a significant factor for
dissatisfaction with sedation during endoscopy in our
multivariate analysis.
Longer procedure time was strongly associated with
dissatisfaction in our analysis. When we divided procedure time for colonoscopy procedures, colonoscopy
withdrawal time was associated with sedation satisfaction. When additional procedures such as biopsies
and endoscopic mucosal resections were performed,
withdrawal time was longer. In colonoscopy cases,
an endoscopist directed a nurse to inject additional
doses of midazolam while actively monitoring sedation
status. Interestingly, over 80% of these patients were
satisfied with sedation and there was no decrease in
the degree of satisfaction despite longer procedure
time due to the additional procedures being carried out
(Table 5). However, the endoscopist, as a single variable, was not statistically significant in initial univariate
analysis and was not included in multivariate analyses
because only one endoscopist was involved in active
monitoring of patient groups. Active monitoring and
intervention by an endoscopist could be an important
way to improve a patient’s sedation satisfaction. For
active monitoring, endoscopists have to pay close
attention to sedation status by observing spontaneous
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Multivariate analysis

β

β

SE (β)

P value

OR (95%CI)

-0.978

0.427

0.022

0.38 (0.16-0.87)

0.024

0.011

0.027

1.02 (1.00-1.05)

0.081

0.027

0.002

1.08 (1.03-1.14)

eye opening, verbal arousal, and complaints of pain. As
a result of active monitoring, timely dose titrations of
midazolam might help maintain the desired conscious
sedation during the procedure.
Same-day EGD and colonoscopy are commonly
[17]
used in clinical practice , and carried out in clinical settings when digestive disease is suspected.
Performing both EGD and colonoscopy as a combined
procedure is convenient for patients, efficient for pro[18]
viders, and saves costs for the health care system .
Although the combined procedure group had a longer
procedure time than the single-colonoscopy group in
our data, patients in the combined group were more
satisfied with conscious sedation than those in the
colonoscopy group. Patients in the combined group
tended to have higher midazolam doses and more
midazolam injections than those in the colonoscopy
group. This finding is likely because the endoscopist
verified the sedation status of the patient and
administered additional midazolam before performing
the second procedure. In the combined EGD and
colonoscopy group, the inter-procedure time gap
(the waiting time from the end of the first endoscopy
procedure to the start of the second procedure) was
related to sedation satisfaction. Therefore, this waiting
time should be reduced as much as possible in clinical
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practice.
In recent years, the sedative propofol use has
increased in community medical practice compared to
[19,20]
academic medical practice
. In a previous study,
propofol increased sedation satisfaction by reducing
[19]
fear and pain compared to other types of sedation .
Because propofol provided more rapid recovery than
[21]
midazolam , it has the merit of post-procedure neuro
[22]
psychologic function over midazolam . Moreover, a
previous study showed that propofol was cost-effective
[23]
in critical illness and emergency situations . However,
its cost-effectiveness in outpatient endoscopy is yet
unknown. It is important to select sedative medication not only for economic reasons but also for its
safe use. The narrow therapeutic window of propofol
necessitates close patient monitoring because of the
[14]
risk of adverse cardiopulmonary events . Therefore,
midazolam was still the best option as a sedative
during endoscopy in terms of both safety and costeffectiveness. Administration of another sedative flumazenil results in a safe and cost-effective shortening
[24]
of the recovery time .
This study has some limitations that must be
considered. First, we collected the post-procedure
survey from patients on site, usually in the recovery
room. Patients may have been hesitant to provide
responses indicating dissatisfaction in the presence of
clinical staff. For this reason, our study showed higher
satisfaction scores in on-site surveys than in mail-back
[25]
surveys . In addition, patients in the recovery room
may still have been under the influence of midazolam
and, as such, unable to answer all questions accurately. While the patients in this study answered our
surveys on the day of the endoscopy examination,
previous studies collected such data a few days after
the examination via telephone surveys or using a
[7,16]
mail-back system
. However, the response rate to
telephone or mail back surveys could be lower than
[25]
that to the on-site survey . Even though the on-site
survey has weaknesses, the magnitude of the differences is small, and the on-site method is simple and
associated with a higher response rate than mail-back
surveys.
Second, the surveys were not anonymous: each
survey had the name of the patient and the date of
the procedure printed at the top of the questionnaire.
This unblinded format could also have led patients
to overestimate satisfaction because most patients
anticipated a return visit to the hospital to discuss
the results of the endoscopy. However, anonymous
questionnaires were impossible for this study because
we analyzed clinical procedure data such as procedure
time and midazolam doses. Third, we used a satisfaction survey that has not been formally validated. A
few validated surveys exist for evaluating the general
satisfaction of endoscopy, but currently no validated
survey specifically evaluates sedation satisfaction.
In conclusion, midazolam is still a safe and effective
sedative for gastrointestinal endoscopy. Satisfaction
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with sedation depends on total procedure time in
EGD; younger age and colonoscopy withdrawal time in
colonoscopy; and younger age, inter-procedure time
gap, and colonoscopy withdrawal time in combined
procedures. To improve patient satisfaction with midazolam sedation, active monitoring and intervention by
the endoscopist should be considered for patients who
require long procedure time.
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The use of endoscopy is important for the early detection of gastrointestinal
cancers, but some patients refuse endoscopic examinations owing to fear
and anxiety over expected discomfort during the procedure. Conscious
sedation endoscopy is the best option to relieve patient discomfort. Therefore,
satisfaction with sedation endoscopy is critical for quality assurance in many
endoscopy centers. This study was designed to evaluate patient satisfaction
with conscious sedation endoscopy, to determine which procedurerelated factors affect satisfaction with sedation, and to offer suggestions for
improvement.
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In this study, the authors determined which procedure-related factors affect
patient satisfaction with sedation during endoscopic examinations. Those
factors varied in significance depending on the type of procedure (e.g.,
esophagogastroduodenoscopy, colonoscopy, and combined group). This
outcome suggests that the endoscopist should closely monitor sedation status
and pay attention to procedure-related factors, such as procedure time or
patient factor (e.g., age), depending on procedure type.

Innovations and breakthroughs

An interesting finding of this study was that active monitoring and intervention
by an endoscopist could be an important way to improve patient sedation
satisfaction. In addition, midazolam was still found to be a safe and effective
medication for conscious sedation.

Applications

The results of this study could help an endoscopist make decisions concerning
midazolam titration and when to administer additional doses of midazolam.

Terminology

Midazolam is a short-acting benzodiazepine with anxiolytic, amnestic, and
hypnotic effects. Propofol is an intravenous sedative-hypnotic agent used in the
induction and maintenance of anesthesia.
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perception of adequate sedation that corresponds to the use of drug. A
discussion regarding cost comparison of the drugs may add another dimension
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Abstract
High-grade colonic neuroendocrine carcinomas (NECs)
are uncommon but extremely aggressive. Their
co-existence with tubular adenoma (TA) has rarely
been reported. We present a 68-year-old man who
was found on routine colonoscopy to have multiple
colorectal TAs and an ulcerated lesion in the ascending
colon. Microscopically, a poorly-differentiated invasive
carcinoma juxtaposed with a TA was identified.
Differential diagnosis included a poorly-differentiated
adenocarcinoma, medullary carcinoma, high-grade
NEC and lymphoma. The immunohistochemical profile
showed positive staining for keratins, synaptophysin
and chromogranin but negative for LCA, CDX2, CK7,
CK20, TTF-1 and PSA, supporting the NEC diagnosis.
Upon subsequent laparoscopic right hemicolectomy,
the tumor was identified as a 3.0 cm umbilicated and
ulcerated mass with an adjacent TA. Both TA and
NEC showed positive staining for β-catenin indicating
a shared colonic origin. The mitotic counts (77/10
high power fields) and a high proliferation rate (75%
by Ki-67) corroborated a high-grade stratification.
Mutational analysis indicated a wild-type BRAF and KRAS
th
with mismatch repair proficiency. The AJCC (7 edition)
pathologic stage is pT3, pN0, pMx. The patient received
adjuvant chemotherapy with cisplatin/etoposides for
three cycles and will be followed up for a year to detect
recurrence. In conclusion, the co-existence of TA with
high grade-NEC in our case allowed early identification
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stages due to their advanced and widely metastatic
[2,3]
disease at the time of diagnosis . The coexistence of
tubular adenoma (TA) with high-grade NECs has been
reported in only a few articles in the GI tracts such as in
[4]
[5]
[6,7]
the ampulla of Vater , stomach and rectum . Most
of the reported cases showed liver or lymph nodes
metastases at the time of diagnosis. We present a
unique case of a large cell high-grade NEC of ascending
colon that was identified during a routine colonoscopic
surveillance, due to its coexistence with a TA.

and intervention of the otherwise asymptomatic but
aggressive tumor. In addition, the finding of a highgrade NEC within a large TA in this case suggests a link
between the two lesions and could represent a shared
stem cell origin.
Key words: Neuroendocrine carcinoma; Tubular adenoma;
Colorectal; Colocalization
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a case report of a patient with a highgrade large cell neuroendocrine carcinoma in the
ascending colon with an overlying tubular adenoma
discovered during routine colonoscopic screening in
absence of clinical symptoms. This is a unique case
where the contiguity of the neuroendocrine carcinoma
to the tubular adenoma allowed for the diagnosis of the
otherwise asymptomatic high-grade carcinoma. Being
aware of this association bears practical implication
where it can be conducive to the early and correct
diagnosis of invasive cancer. In addition, we review the
literature citing pertinent cases.

CASE REPORT
A 68-year-old male undergoing a routine colonoscopy was found to have multiple TAs measuring 5-8
mm, including one in ascending colon with surrounding ulcerated, irregular and slightly raised mucosa
(Figure 1A) which was also biopsied. Under microscopic examination, an infiltrating poorly-differentiated
malignant tumor was identified in the ulcerated lesion
in close vicinity with an overlying TA. The tumor demonstrated pathological findings suggestive of a highgrade malignancy such as increased mitotic figures
and apoptosis. The differential diagnosis included
a poorly-differentiated adenocarcinoma, medullary
carcinoma, NEC, high-grade lymphoma and sarcoma. Immunohistochemical studies performed on
formalin-fixed paraffin-embedded tissue sections
revealed positive staining for keratin Cam5.2, neuroendocrine markers synaptophysin and chromogranin
but negative for lymphoma (LCA/CD45), colorectal
adenocarcinoma (CDX2, CK20, CK7), lung adenocarcinoma (TTF-1) and prostatic adenocarcinoma (PSA)
markers. A diagnosis of high-grade NEC large cell
type with associated TA was rendered. Further evaluation by computed tomography (CT) and magnetic
resonance imaging (MRI) for tumor staging revealed
no metastatic disease or lymphadenopathy. Three
months after the biopsy, the patient underwent laparoscopic right hemicolectomy. A 3-cm umbilicated
tumor mass was identified in the proximal ascending
colon with slightly raised border and central ulceration
(Figure 1B). The tumor was grossly and microscopically seen invading into and through the muscularis
propria into subserosal soft tissue, but not the serosa.
The microscopic examination revealed solid sheets
and nests of high-grade tumor cells with medium to
large-sized vesicular nuclei and prominent nucleoli as
well as prominent lymphocytic infiltration; a pattern
morphologically consistent with the large-cell variant of high-grade NEC (Figure 2A and B). Moreover,
the residual overlying TA is again identified in the
raised mucosal surface with no high-grade dysplasia
(Figure 2A). In addition to the classic morphology of
a high-grade large-cell neuroendocrine carcinoma,
the diagnosis was confirmed using immunohistoche
mical studies showing positive staining of the tumor
cells for synaptophysin and chromogranin (Figure 3A

Soliman ML, Tiwari A, Zhao Q. Coexisting tubular adenoma
with a neuroendocrine carcinoma of colon allowing early surgical
intervention and implicating a shared stem cell origin. World J
Gastroenterol 2017; 23(6): 1106-1112 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1106.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i6.1106

INTRODUCTION
Neuroendocrine tumors (NET) is a distinct group
of neoplasms that arises from enterochromaffin/
neuroendocrine cells throughout the body and display
unique histomorphology. The NETs are composed of
neuroendocrine secretory granules with neurosecretory
capacity that can be detected immunohistochemically
on tissue sections and serologically in peripheral blood,
i.e., chromogranin A, which can be used as tumor
surrogate marker. The 2010 World Health Organization
(WHO) classification, divides NET into well- and poorlydifferentiated categories. The well-differentiated NET
include low-grade (G1) and intermediate-grade (G2),
whereas the poorly-differentiated tumors are highgrade (G3) and are called neuroendocrine carcinoma
[1]
(NEC), including large cell and small cell types . Both
mitotic count and Ki-67 labeling index for measuring
proliferation rate are required for tumor classification.
NETs in gastrointestinal tract account for 2% of
all GI malignancies, and majority of them are wellto moderately-differentiated. High-grade NECs are
extremely rare in GI tract, but they are extremely
aggressive with poor prognosis when compared to
colorectal adenocarcinoma of similar pathological
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A

B

Figure 1 A 68-year-old male undergoing a routine colonoscopy was found to have multiple tubular adenomas measuring 5-8 mm. A: The endoscopic picture
shows an ulcerated non-circumferential medium-sized slighted raised polyp/lesion (arrow and circle) in the ascending colon measuring 0.3 cm in diameter; B: Gross
picture of the specimen with the ascending colon showing an ulcerating mass with raised borders and clear resection and radial margins.

A

B

HE × 2000                                                               HE × 20000

Figure 2 Hematoxylin and eosin staining of the tumor sections at × 2000 (A) and × 20000 (B). A: Shows the tubular adenoma component juxtaposed to the
underlying high-grade large-cell neuroendocrinal carcinoma; B: Higher magnification showing medium to large-sized tumor cells with vesicular nuclei, prominent
nucleoli consistent with large-cell neuroendocrine carcinoma.

and B). The number of mitotic figures [up to 77/10
high power fields (hpf)], the presence of focal tumor
necrosis and the Ki-67 proliferation index of 75%
(Figure 3D) confirmed the stratification as a highgrade NEC. Mutational analysis studies indicated that
the NEC tumor cells expressed wild type BRAF and
KRAS in addition to intact expression of mismatch
repair proteins (MLH1, MSH2, PMS2 and MSH6) and
therefore negative screening for Lynch syndrome.
Immunohistochemical studies showed strong and diffuse positive staining for CAM5.2 and nuclear staining
for β-catenin in the NEC tumor cells and TA (Figure
3C, E and F), indicating both components are related.
No regional lymph node metastases were noted in 24
examined lymph nodes. According to the American
th
Joint Committee on Cancer Staging Manual, 7 edition, the tumor is staged as pT3, pN0, pMx. The
patient received adjuvant chemotherapy with cisplatin/etoposides for three cycles and has not shown any
recurrence. The patient will be followed up for a year
to detect recurrence.

large cell NEC with an overlying TA discovered during
routine colonoscopic screening in absence of clinical
symptoms. The invasive large cell NEC was located
underneath the TA, deeply involving the muscularis
propria, without liver or distant metastatic disease
or lymph nodes involvement at the time of primary
tumor resection. The patient received postsurgical
chemotherapy due to the high-grade nature of the
carcinoma. As of the time of the article preparation,
no recurrence was identified. Long-term follow up will
be necessary to report any potential recurrence. We
suspect that the clinical outcome will be shaped by the
behavior of the clinically predominant tumor, which is
neuroendocrine tumor in the present case.
The sequence of adenoma to adenocarcinoma
in colorectal cancer is well established and both are
believed to originate from the same precursor cells. A
mixed or collision tumor is composed of both adenocar
cinoma and NEC. The notion that the two malignancies
as well as the TA originate from common multipotent
stem cells simultaneously differentiating into glandular and neuroendocrine lineages is likely and plausible.
However, when a TA is mixed with a high-grade NEC,
their association becomes less clear. Following the
examination of genome-wide loss of heterozygosity, it

Discussion and literature review

We described a clinical scenario of a 68-year-old male
patient who was found to have a mixed high-grade
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A

B

Synaptophysin × 20

    Chromogranin × 20

C

D

CAM 5.2 × 20

   

E

  

    Ki-67 × 20

F

β-catenin × 2

    β-catenin × 20

Figure 3 High-grade large-cell neuroendocrine carcinoma. Immunohistochemical profile of the tumor showing positive staining for synaptophysin (A) and
chromogranin (B) in the neuroendocrine carcinoma component. Both the glandular and neuroendocrine components stained positive for CAM5.2 (C) and β-catenin (E
and F). The Ki-67 labeling index is approximately 75% positive in stained tumor cells (D).

was proposed that the common genetics of the glandular and neuroendocrine components indicate origin
[8]
from a single precursor . This suggests that the two
components of mixed tumors arise from multi-potential stem cells and show bi-phenotypic differentiation
[9,10]
after carcinogenesis is initiated
. An alternative
hypothesis is that mixed tumors are a neuroendocrine
phenotype of dedifferentiated tubular adenocarci[11]
noma . Certain cases are reported of cecum and
rectosigmoid collision adenocarcinoma and neuroendocrine tumors which were found to metastasize to
lymph nodes as juxtaposed glandular and neuroen[12,13]
docrine components
. Likewise, a case of collision
tumor located in transverse colon (adenocarcinoma
and large-cell NEC) presented three years after resection with a retroperitoneal metastasis with 50% NEC
[14]
and 50% adenocarcinoma . These latter examples
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support the counter argument against the double prim
aries theory.
Poorly differentiated NEC may lose their intestinal
differentiation and show negative immunostaining for
CK20 and CDX2 as in our case. However, we found
CK20 and CDX2 to be positive in the TA component as
expected. The dedifferentiation and/or loss of intestinal
differentiation may be a late event.
The current case presented as an ulcerative mass
in the right colon, with TA (30% of the mass) juxta
posed with NEC (70% of the mass). In a review of 67
previously reported cases and 23 new cases, mixed
neoplasms were found to present as a polypoid growth
(57%), mass (30%) and ulcerating lesion (9%). The
glandular component varied from adenoma (17%)
to adenoma with well- or moderately-differentiated
adenocarcinoma (35%), or adenoma with poorly-
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differentiated adenocarcinoma (48%). Furthermore,
56% of mixed colo-rectal tumors arise in the right
colon with the tumors being 58% collision tumors
(two distinct neoplastic components), 42% composite
(i.e., intermixed neoplastic components) and less than
1% amphicrine (where individual cells demonstrate
both exocrine and endocrine features) and with
[15]
mean age of presentation of 61.9 . Nevertheless,
mixed neoplasms have also been reported in various
[16]
[17]
locations like the gallbladder , pancreatic ampulla ,
[10]
[18]
stomach
and cecum . Based on the WHO 2010
classification, the neuroendocrine component in the
present case is G3 based on the mitotic count of 77/10
hpf and the Ki-67 index of 75%, which far exceed the
20/10 hpf and 20% proliferation index, respectively
used to grade NECs.
The patient under study has not presented with
symptoms suggestive of carcinoid syndrome. Whereas
many neuroendocrine tumors present with secretory syndromes characterized by flushing, diarrhea,
wheezes, sweating, palpitations and right-sided heart
valve lesions, gastrointestinal neuroendocrine tumors
[19]
are less likely to present with carcinoid syndrome .
Serum chromogranin A elevation can be detected in
patient with neuroendocrine tumor in the absence of
carcinoid syndromes.
The large cell NEC is a poorly-differentiated neoplasm that is quite and belongs to the poorest
prognostic subgroup among primary colorectal cancers. In a study of 6495 patients with colorectal
cancer, only 0.65% had NEC and only 0.2% had large
cell NEC. Despite its rarity, it is important to differentiate colorectal NEC from other tumor types because
patients may benefit from alternative cytotoxic che[20]
motherapy . In this regard, unlike the colorectal
adenocarcinoma, large cell NEC is managed primarily
with platinum based chemotherapy such as cisplatin/
etoposide and cisplatin/irinotecan. Based on various
studies, the median survival rate for patients with
colorectal NEC is between 5 and 11 mo with one-year
survival rate between 10% and 15%. Patients with
colorectal large cell neuroendocrine carcinoma were
[20]
found an overall median survival of 9.4 mo .
Well-differentiated neuroendocrine tumors (also
known as carcinoid) or microcarcinoid tumor nests
had been reported in association with colonic tubular
or tubulovillous adenoma. Those neuroendocrine
components are well-differentiated either forming
tumor nodules or scattered in the lamina propria within
[21,22]
the adenoma lesion
. High-grade NECs arising
in association with tubulovillous or tubular adenoma
[23-26]
have only been seen in a handful of cases
.
Whereas more than 50% of cases were found to
have liver, bone or nodal metastasis at the time of
diagnosis even when the tumor was microscopic,
some primary tumors showed invasion limited to the
muscularis mucosa. Therefore, colorectal NECs tend
to behave aggressively and the prognosis is extremely
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poor with survival lasting a few months. Our case
represents a unique situation where the presence
of a TA warranted a polypectomy and endoscopic
evaluation led to the adjacent ulcerated mucosa to be
noticed and biopsied. In other words, the contiguity
of the NEC to the TA allowed for early diagnosis of
the otherwise asymptomatic NEC. Being aware of this
association bears practical implication where it can be
conducive to the early and correct diagnosis of highgrade tumor such as the NEC in the current case, and
avoiding overlooking other fragments distinct from the
adenoma.
Another implication to be born in mind is that super
ficial biopsy specimens may not provide the adequate
representation of underlying neuroendocrine tumor
found in the mixed tumor. Even when present in the
biopsy sample, pathologists must be vigilant of the
possibility of a mixed tumor and resist the tendency
to diagnose an adenoma before careful inspection
of the tissue for additional lesions. The overlying
large TA or tubulovillous adenomas may mask a
deep invasive tumor, making it imperative to collect
adequate and deep tissue samples. Furthermore,
surgical pathologist must also be aware of the differ
ential diagnosis of poorly differentiated neoplasms
that may involve an adenoma. This includes poorlydifferentiated adenocarcinoma, medullary carci
noma, high-grade neuroendocrine carcinoma and
lymphoma. Because the prognosis and management
varies significantly amongst these entities, careful
attention must be paid to the morphology of the
tumor cells and general architecture. In addition, a
panel of immunohistochemical stains that includes
neuroendocrine, lymphocytic and adenocarcinoma
markers and DNA mismatch repair enzyme screening
should be considered to use for rendering the correct
diagnosis.

COMMENTS
COMMENTS
Case characteristics

An asymptomatic 68-year-old male patient undergoing routine colonoscopy.

Clinical diagnosis

Multiple ascending colon tubular adenomas, one of which is surrounded by an
ulcerated and irregular mucosa of a suspicious lesion.

Differential diagnosis

The tumor demonstrated morphological features of high-grade and poorly
differentiated malignancy. Broad differential diagnoses included a poorlydifferentiated adenocarcinoma, medullary carcinoma, neuroendocrine
carcinoma, high-grade lymphoma and sarcoma.

Laboratory diagnosis

Laboratory results were unremarkable.

Imaging diagnosis

Computed tomography and magnetic resonance imaging evaluation for tumor
staging revealed no metastatic disease or lymphadenopathy.
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Pathological diagnosis

Immunohistochemical studies performed on formalin-fixed paraffinembedded tissue sections revealed positive staining of the tumor cells for
the neuroendocrine markers (synaptophysin and chromogranin) but negative
staining for lymphoma (LCA/CD45), colorectal adenocarcinoma (CDX2,
CK20, CK7) and prostatic adenocarcinoma markers, rendering a diagnosis of
high-grade neuroendocrine large-cell type with associated tubular adenoma.

11

12

Treatment

Laparoscopic right hemicolectomy followed by three cycles of adjuvant
chemotherapy with cisplatin/etoposides.
13

Term explanation

Neuroendocrine carcinomas are malignant neoplasms of the enterochromaffin
tissue.

14

Experiences and lessons

For patients undergoing colonoscopy screening, all biopsy fragments should
be examined at all levels with high suspicion in order not to miss indolent high
grade malignancies.
15

Peer-review

Colocalization of tubular adenoma and high-grade neuroendocrine carcinoma
is rarely encountered; early diagnosis of a high-grade albeit asymptomatic
neuroendocrine carcinoma carries a better long-term survival benefit.
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Abstract
Pancreatic cysts include a variety of benign, premali
gnant, and malignant lesions. Endometrial cysts in the
pancreas are exceedingly rare lesions that are difficult
to diagnose pre-operatively. This report describes the
findings in a 43-year-old patient with a recent episode
of acute pancreatitis who presented with a large cyst
in the tail of the pancreas. Imaging demonstrated
a loculated pancreatic cyst, and cyst fluid aspiration
revealed an elevated amylase and carcinoembryonic
antigen. The patient experienced an interval worsening
of abdominal pain, fatigue, diarrhea, and a 15-pound
weight loss 3 mo after the initial episode of pancreatitis.
With concern for a possible pre-malignant lesion, the
patient underwent a laparoscopic distal pancreatectomy
with splenectomy, which revealed a 16 cm × 12 cm ×
4 cm lesion. Final histopathology was consistent with
an intra-pancreatic endometrial cyst. Here we discuss
the overlapping imaging and laboratory features of
pancreatic endometrial cysts and mucinous cystic
neoplasms of the pancreas.
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loculation in the pancreatic tail abutting the posterior
stomach, spleen, and left renal hilum. Further evaluation with endoscopic ultrasound (EUS) demonstrated
a 10 cm × 6 cm mass, and fine needle aspiration of
brown fluid revealed a high amylase (> 1000 U/L)
and elevated carcinoembryonic antigen (CEA) (951
ng/mL). Serum CEA and cancer antigen 19-9 were
within normal limits.
At this clinic visit, the patient reported worsening
abdominal pain, fatigue, diarrhea, anorexia, and a
15-pound weight loss since her initial episode of pancreatitis. She denied having fever, blood in the stool,
or hematemesis. Her medical history was significant
for type 2 diabetes, hyperlipidemia, non-alcoholic fatty
liver disease, and endometriosis. She had a past surgical history of an uncomplicated caesarian section. She
denied abdominal trauma, cyclical/intermittent pain,
chronic alcoholism, or episodes of pancreatitis prior
to the recent episode; she had no history of previous
medical or surgical therapy for her endometriosis. The
patient had regular monthly menustral periods with no
exacerbation of pain. There was no family history of
pancreatic cancer, but her mother did have gallstone
pancreatitis.
Repeat imaging at this visit revealed interval
enlargement of the lesion. Axial, coronal and sagittal
CT images (Figures 1 and 2) demonstrated a 10.0 cm
× 11.1 cm × 16.5 cm macrocystic, thin walled, well
circumscribed fluid density mass with a few internal
septations and locules, which arises from and replaces
the pancreatic body and tail. This mass abuts the
stomach in its superior aspect and the spleen in its
lateral aspect. Post-contrast images did not show
evidence of internal enhancement. Mural nodules or
other solid components were not identified.
The initial presentation of a cystic lesion in the
setting of pancreatitis can be concerning for pancreatic
pseudocyst; however, the presence of the cystic lesion
at the time of the initial presentation of pancreatitis,
the interval enlargement, multilocular appearance,
and elevated cystic CEA were concerning for a
premalignant pancreatic cystic lesion. Thus, a decision
was made to proceed with resection as opposed to a
drainage procedure.
Diagnostic laparoscopy revealed a large, 16 cm
cyst in the pancreatic tail adherent to the spleen, left
kidney, and diaphragm. Significant fatty liver disease
and omental inflammation were noted. The ovaries,
Fallopian tubes, and uterus appeared normal without
evidence of endometriosis. A laparoscopic distal pancreatectomy and splenectomy was then performed.
Gross evaluation of the specimen revealed a 16 cm
× 12 cm × 4 cm unilocular cyst containing gray-green
cloudy fluid. The cyst wall was smooth, trabeculated,
gray-brown with focal areas of hemorrhage. No papillary projections were seen. Histological examination
showed cyst wall lined by benign cubo-columnar
epithelial lining resting on a cellular stroma composed
of bland spindle cells associated with thin walled blood

pancreas; Distal pancreatectomy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intra-pancreatic endometrial cysts are an
exceedingly rare entity. Imaging and laboratory assess
ments are valuable tools for diagnosing pancreatic
cysts. However, pre-operative diagnosis of pancreatic
endometrial cysts remains problematic. These lesions
have overlapping radiographic and laboratory features
with premalignant lesions, such as mucinous cystic
neoplasms. Due to the diagnostic similarities between
these rare endometrial cysts and the more common
mucinous cystic lesions, the optimal diagnostic and
therapeutic option is resection.
Mederos MA, Villafañe N, Dhingra S, Farinas C, McElhany A,
Fisher WE, Van Buren II G. Pancreatic endometrial cyst mimics
mucinous cystic neoplasm of the pancreas. World J Gastroenterol
2017; 23(6): 1113-1118 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1113.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i6.1113

INTRODUCTION
Pancreatic cysts encompass a variety of benign, prema
lignant, and malignant lesions. Accurate pre-operative
[1-4]
diagnosis of these cysts can pose a challenge
.
Imaging, laboratory findings, and patient history
[1-4]
often assist in classification of the lesion , however,
definitive diagnosis is often made with surgical resection. Intra-pancreatic endometrial cysts are a rare
entity. The most common sites of endometriosis are
[5]
the pelvic organs ; however, endometriosis of the
[1,6-15]
upper abdominal organs has been described
.
A literature review identified 12 previous cases of
[1,6-15]
pancreatic endometriosis
. Each of these patients
underwent surgical resection because a malignant or
pre-malignant lesion could not be ruled out. Due to
the rarity of these lesions, there are no established
radiographic or laboratory studies to help differentiate
endometrial cysts from the more common and precarious premalignant pancreatic lesions, especially in the
pre-menopausal age range.

CASE REPORT
A 43-year-old obese Caucasian female presented to
clinic for surgical evaluation of a pancreatic cyst. Three
months prior to this visit, the patient was admitted to
an outside hospital with one day of severe epigastric
pain. She was found to have an elevated serum amylase and diagnosed with acute pancreatitis. Her imaging with a computed tomography (CT) scan during
her initial hospitalization for pancreatitis revealed an
8 cm × 10 cm pancreas cyst with wall thickening and
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A

B

C

D

Figure 1 Axial computed tomography images. Axial computed tomography (CT) images in unenhanced (A), pancreatic (B) and portal venous phase (C) show a
well circumscribed, thin walled, large fluid density cystic lesion arising from and replacing the pancreatic body and tail, which abuts the spleen. The lesion does not
exhibit post-contrast enhancement. Axial CT image at a lower level in portal venous phase (D) shows several thin septations and small loculations (arrows).

A

B

Figure 2 Coronal (A) and sagittal (B) images in portal venous phase show the same lesion abutting the stomach in its superior aspect. Thin septations and
small loculations are again noted (arrows).

vessels (Figure 3). This cyst was considered intrapancreatic because pancreatic tissue was present in
the wall of the cyst without a fat plane. The spindloid
stroma enclosed few scattered benign glands and
groups of hemosiderin laden macrophages (Figure 4).
Immunohistochemical evaluation revealed the spindle
cell stroma to be positive for CD10 (Figure 5), estrogen
receptor and negative for inhibin (Figure 6). These
features were consistent with cystic endometriosis.
After surgery, the patient had an uncomplicated
hospital course, and she received post-splenectomy
vaccinations. Her post-operative recovery was
uncomplicated. On further questioning, the patient

WJG|www.wjgnet.com

relayed a distant history of endometriosis. She claimed
endometrial pain in the past however at the time of
the operation she was having regular menstrual periods with her last menstrual period three weeks prior to
the operation. At 16 mo from surgery the patient was
doing well without any abdominal pain recurrence.

DISCUSSION
Pancreatic cysts include a variety of benign, premalignant, and malignant lesions. The expanded differential
diagnosis for this case includes Mucinous cystic neoplasm (MCN) of the pancreas, pancreatic pseudocyst,
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Figure 5 Positive staining for CD10 in the cellular spindloid stroma.
Immunohistochemical stain for CD10, magnification × 100.

Figure 3 Cyst wall lined by bland cubo-columnar epithelium resting on
a layer of cellular spindle cell stroma with thin walled blood vessels.
Hematoxylin and eosin staining, magnification × 100.

Figure 6 Negative staining for inhibin in the cellular spindloid stroma.
Immunohistochemical stain for inhibin, magnification × 100.

Figure 4 Cellular stroma shows bland spindle cells enclosing few benign
glands and hemosiderin laden macrophages. Hematoxylin and eosin
staining, magnification × 200.

tory of endometriosis as well as a previous caesarian
section for her one child birth. She had never required
any medical or surgical therapy for her disease. She
did not relate any of her abdominal symptoms to her
menstrual cycle or hormones.
The initial impression of the lesion was that it was
likely a MCN of the pancreas due to its location in the
pancreatic tail. A pancreatic pseudocyst was less likely
since the temporal relationship with the episode of
acute pancreatitis was not standard. Classically, pseudocysts develop after episodes of acute pancreatitis
in a progressive fashion from peri-pancreatic fluid
collections, to walled off fluid collections, to pancreatic
[16,17]
pseudocysts
. Pancreatic pseudocyst formation
occurs over a six to eight-week period after the initial
episode of pancreatitis. These lesions are round fluid
collections with a relatively thick and well-enhancing
[16,17]
wall of fibrous tissue
. Radiologically, they present as extra-pancreatic lesions without septation,
[16]
loculations, solid components, or wall calcification .
They may communicate with the pancreatic duct on
[2]
magnetic resonance pancreatography or EUS . Cyst
fluid analysis often reveals elevations in amylase and
[2-4,16,18]
lipase, but normal CEA levels
. In this case, the
pancreatic cystic lesion was present at the time of
the initial diagnosis of the episode of pancreatitis, and
the patient had no previous episodes of pancreatitis.

serous cystadenoma, serous cystadenocarcinoma,
solid pseudopapillary tumor, cystic pancreatic adenocarcinoma, cystic pancreatic neuroendocrine tumor,
and ectopic tissue. Endometrial cysts in the pancreas
are exceedingly rare lesions that are difficult to diag[1,6-15]
nose pre-operatively
. This report describes the
findings of a giant endometrial cyst of the pancreas in
a patient with a recent episode of acute pancreatitis.
Endometriosis is the presence of endometrial
glands and stroma outside the uterus. This disease
is characterized by recurrent pain that is commonly
associated with the menstrual cycle. There are multiple
theories for the pathogenesis of endometriosis, which
include direct extension, menstrual regurgitation,
[5]
lymphatic/vascular spread, and coelomic metaplasia .
The most common sites of endometriosis are the pelvic
[5]
organs ; however, endometriosis of the upper abdom[1,6-15]
inal organs has been described
. Endometrial cysts
of the pancreas remain an exceedingly rare entity.
There have been a total of only 12 cases described in
[1,6-15]
the literature
. The most common presumptive
diagnosis was a neoplastic cyst based on imaging and
laboratory assessments. Pre-operative suspicion for an
[14]
endometrial cyst was low in all but one case . In that
case report, the patient did have a gynecologic his-
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The incorrect temporal relationship of the cyst to the
pancreatitis and abnormally elevated cyst CEA were
concerning for an alternative diagnosis.
MCN are lesions with malignant potential that
[2,16]
are predominantly seen in middle-aged females
.
About 90% of these lesions present in the tail of
the pancreas and can exceed 20 cm in the greatest
[16]
dimension . On imaging, MCNs have a smooth
[2]
contour and wall enhancement . They may present
with multiloculations, thick internal septae, papillary
[2,16]
or nodular excrescences, and wall calcifications
.
Multiple loculations and size > 5 cm have been
shown to correlate with an invasive component and
[16]
malignant transformation . Histologically, the MCN
is lined by mucinous epithelium with varying degree
of dysplasia, resting on a layer of cellular ovarian-like
[17,19]
stroma
. The ovarian-like stroma on microscopy
[20]
can resemble endometrial stroma ; however, by
immunohistochemistry the ovarian-like stroma with
MCN is often positive for inhibin, estrogen receptor
[1,19]
and progesterone receptor
. The stroma is negative
for CD10, which is an immunohistochemical marker of
[20]
endometrial stroma . An elevated cyst fluid CEA often
helps to differentiate mucinous from non-mucinous
[3,4,16]
lesions
. In one study, a cyst fluid CEA cutoff of
109.9 ng/mL was both sensitive (81%) and specific
[4]
(98%) for mucinous lesions . According to another
systematic review, a CEA > 800 ng/mL is strongly
associated with a mucinous lesion with a specificity
[3]
of 98% . In this patient, the cyst was 16 cm in the
largest dimension with loculations. Cyst aspiration
demonstrated an elevated CEA of 951 ng/mL. These
findings, in addition to the patient’s age and gender,
supported a presumptive diagnosis of a premalignant
mucinous cyst. Classically, MCNs do not have elevated
cyst amylase levels due to the fact that the lesions are
[2-4,16-18]
not directly connected to the pancreatic duct
.
In this setting, the EUS did reveal an elevated amylase
which confounded the diagnosis of a possible MCN.
Furthermore, MCNs can be confused with pseudocysts
[18]
intraoperatively and histopathologically . MCNs may
contain purulent material and demonstrate ovarian
stroma that resembles the granulation tissue of pseu[2,18]
docysts
. However, given the elevated CEA, we felt
the most likely preoperative diagnosis MCN.
In all but one case reported in the literature, the
presenting symptom with pancreatic endometrial cysts
[1,6-15]
was abdominal pain
. Less than half of these cases
correlated pain with the patients’ menstrual cycles, and
only one case had a presumptive diagnosis of endo[14]
metriosis . In that report, the authors suggest pancreatic endometriosis can be recognized with magnetic
resonance imaging (MRI) based on a hyperintense
T1 signal with fat suppression, which is suggestive of
blood components. Although the MRI was suggestive
of endometriosis, the authors noted that the findings
were not conclusive. EUS with fine needle aspiration
is a reasonable test when imaging is equivocal. In this
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present case report, the elevated cyst fluid CEA warranted surgical resection. An elevated cyst fluid CEA
was reported in only one other report of a pancreatic
[1]
endometrial cyst (940 ng/mL) .
In conclusion, a wide variety of benign, premalignant, and malignant pancreatic cysts exist. Pancreatic
endometrial cysts remain a very rare entity. Currently,
there is no reliable method of detecting endometrial
disease of the pancreas pre-operatively. Pancreatic
endometrial cysts can present with elevated cyst CEA.
Due to the diagnostic similarities between these rare
endometrial cysts and mucinous cystic lesions, the
optimal diagnostic and therapeutic option is resection.

COMMENTS
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Case characteristics

A 43-year-old obese Caucasian female with a history of type 2 diabetes,
hyperlipidemia, non-alcoholic fatty liver disease, and endometriosis presented
for surgical evaluation of a large pancreatic cyst discovered during an
admission for acute pancreatitis.

Clinical diagnosis

Mild left-sided tenderness to palpation without rebound or palpable masses.

Differential diagnosis

Mucinous cystic neoplasm of the pancreas, pancreatic pseudocyst, serous
cystadenoma, serous cystadenocarcinoma, solid pseudopapillary tumor, cystic
pancreatic adenocarcinoma, cystic pancreatic neuroendocrine tumor, or ectopic
tissue

Laboratory diagnosis

Cyst fluid analysis from endoscopic ultrasound with fine needle aspiration
demonstrated an elevated elevated carcinoembryonic antigen and amylase of
951 ng/mL and > 1000 U/L, respectively.

Imaging diagnosis

Computed tomography demonstrated a 10.0 cm × 11.1 cm × 16.5 cm
macrocystic, well-circumscribed fluid density mass containing a few internal
septations and locules within the pancreatic body and tail.

Pathological diagnosis

Intrapancreatic cystic endometriosis.

Treatment

Laparoscopic distal pancreatectomy.

Related reports

Endometrial cysts in the pancreas are exceedingly rare lesions that are difficult
to diagnose pre-operatively. This entity is easily confused for a mucinous cystic
neoplasm or some other pre-malignant lesion due to similar radiographic and
laboratory features.

Term explanation

Endometriosis is the presence of endometrial glands and stroma outside the
uterus.

Experiences and lessons

Pancreatic endometriosis is easily confused for a malignant or pre-malignant
lesion based on imaging and laboratory studies. This diagnosis should be
considered in the differential in pre-menopausal women experiencing recurrent
or worsening abdominal pain in the setting of a pancreatic cyst on imaging.
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Without a reliable method to diagnose pancreatic endometriosis pre-operatively,
surgical resection is recommended.
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A wide variety of benign, premalignant, and malignant pancreatic cysts exist.
Pancreatic endometrial cysts remain a very rare entity. Due to the diagnostic
similarities between these rare endometrial cysts and mucinous cystic lesions,
the optimal diagnostic and therapeutic option is resection.
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EDITORIAL

Common controversies in management of biliary strictures
Mansour A Parsi
purposes. Endoscopic treatment of various types of
biliary strictures is not standardized and there are
multiple areas of controversy regarding the best
treatment options. These controversies are mainly due
to lack of well-designed comparative studies to support
a specific therapy. This paper reviews three common
areas of controversy in the endoscopic management of
biliary strictures. The areas discussed in this editorial
include the role of biliary drainage in resectable
malignant strictures and whether such drainage should
be performed routinely prior to surgery, the best
endoscopic palliation for unresectable hilar strictures
and whether unilateral or bilateral stenting should be
attempted, and the optimal endoscopic management
for dominant strictures in patients with primary
sclerosing cholangitis. The goal of this editorial is
twofold. The first is to review the current literature on
management of the aforementioned strictures and offer
recommendations based on available evidence. The
second goal is to highlight the gaps in our knowledge
which in turn can encourage future research on these
topics.
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Core tip: Based on available evidence preoperative
biliary drainage is not routinely indicated in resectable
malignant strictures. However, it is appropriate in
acute cholangitis, in severely symptomatic patients
and in those with delayed surgery. In patients with
unresectable hilar stricture, cross-sectional imaging
is advised prior to attempt at palliative drainage. In
such patients unilateral stenting during endoscopic
retrograde cholangiopancreatography is adequate in
most cases. Routine stenting of dominant strictures
in primary sclerosing cholangitis patients is not recom
mended. Stenting of dominant strictures is appropriate

Abstract
Biliary strictures are caused by a heterogeneous group
of benign and malignant conditions, each requiring a
specific treatment approach. Management of biliary
strictures often involves endoscopy either for definite
treatment, as a bridge to surgery or for palliative
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higher than expected stent-related complications .
Some experts argued that if the study investigators
had used metallic rather plastic stents, the stentrelated complications would have been lower, possibly
[7]
leading to different study results .
The investigators therefore conducted a follow up
study in which patients with pancreatic cancer and
obstructive jaundice who could not undergo early
surgery were assigned to undergo ERCP with metallic
[8]
stent placement . The observed outcomes in these
patients were compared to the patients in the original
[3,8]
study . Comparison of the patients who received
plastic stent with those who received metallic stent
showed that the drainage-related complications
were significantly lower in the metallic stent group
mostly because of a significant decrease in the stent[8]
related complications . However, when the study
investigators compared the metallic stent group with
early surgery group, the early surgery group still had
significantly less serious complications. The authors
concluded that early surgery is preferable to preoperative biliary drainage independent of the type of the
[8]
stent used .
A recent meta-analysis identified six randomized
studies assessing the role of preoperative biliary
[9]
drainage in patients with distal biliary strictures . Four
of these studies had used a percutaneous approach
while 2 had used an endoscopic approach for biliary
drainage. The studies included in this meta-analysis
had a total of 520 patients, of whom 265 had received
preoperative biliary drainage and 255 did not. The
meta-analysis showed that although there were no
differences in mortality rate or hospital length of stay,
preoperative biliary drainage was associated with
[9]
significantly higher morbidity .

if there is poor drainage of contrast after dilatation
or concern for collapse of the bile duct compromising
biliary drainage.
Parsi MA. Common controversies in management of biliary
strictures. World J Gastroenterol 2017; 23(7): 1119-1124
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
Preoperative biliary drainage in resectable malignant
strictures

The rationale behind preoperative biliary drainage
is the belief that cholestasis is associated with
higher postoperative morbidity and mortality and that
preoperative biliary drainage may improve surgical
outcomes by improving the liver synthetic function,
increasing clearance of endotoxins and improving the
gastrointestinal mucosal barrier function which in turn
[1]
may reduce the risk of bacterial translocation .
Increased risk of surgery in jaundiced patients has
been suggested for decades. In fact, the first report
of preoperative biliary drainage has been attributed to
Allen Whipple who in 1935 described performance of
cholecystogastrostomy to relieve jaundice prior to pancreatoduodenectomy for treatment of periampullary
[2]
cancers . The issue of preoperative biliary drainage,
however, has remained controversial.

Preoperative drainage in distal biliary strictures

In an attempt to shed some light on the role of preoperative drainage for distal biliary strictures, a clinical
trial randomized patients with pancreatic head cancer
and obstructive jaundice with bilirubin levels between
2.3-14.6 mg/dL to preoperative biliary drainage or
early surgery. The preoperative biliary drainage group
underwent endoscopic retrograde cholangiopancreatography (ERCP) with plastic stent placement followed
by surgery 4-6 wk later. The early surgery group had
surgery within a week of randomization. The investigators compared serious adverse events between the
two groups within 120 d of randomization. In all,
102 patients were randomized to preoperative biliary
drainage while 94 patients were randomized to early
surgery. Surgery-related complications and mortality
did not differ between the two groups. Overall serious
complications, on the other hand, were significantly
higher in patients who had undergone preoperative
biliary drainage compared to those who had early sur[3]
gery . The study concluded that preoperative biliary
drainage with stent placement has no beneficial effect
on surgical outcomes in patients with distal biliary
[3]
stricture .
The study was criticized for exclusion of patients
with severe jaundice (bilirubin > 14.6 mg/dL) and
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Recommendations for preoperative drainage
in distal biliary strictures: Based on available
evidence preoperative biliary drainage is not rou
tinely indicated in patients with resectable distal
[10]
strictures . However, preoperative biliary drainage is
appropriate in patients with acute cholangitis, those
who are severely symptomatic and also those who
have delayed surgery either because of logistical
issues or need for neo-adjuvant therapy. If preoperative biliary drainage is to be performed, metallic stents
are preferable to plastic stents. Both covered and
uncovered metallic stents can be used in this setting.
If uncovered metallic stents are to be used, shortest
possible stent length should be utilized in order to
prevent interference with surgery.

Preoperative biliary drainage in hilar strictures

There are no randomized controlled trials assessing the
role of preoperative biliary drainage in hilar strictures.
There are, however, multiple retrospective studies
[11-15]
available
. With the exception of one study which
suggested a decreased incidence of intra-abdominal
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abscess formation , other studies have shown a
deleterious effect associated with preoperative biliary
drainage in the form of increased rates of postoperative
[11-13,15]
infections or increased length of hospital stay
.
None of the studies showed any survival benefit
[11-15]
associated with preoperative biliary drainage
. A
systematic review and meta-analysis of studies up to
2010 showed no clinical benefit associated with preoperative biliary drainage in patients with hilar stricture
and suggested that preoperative biliary drainage in
such strictures may increase postoperative adverse
[16]
events and infectious complications .

approximately half of the patient’s received unilateral
while the other half received bilateral stenting.
Although the main goal of the study was to compare
metallic with plastic stents, subgroup analysis of
unilateral versus bilateral stenting were performed.
This study did not show any difference in patency
[19]
time between unilateral versus bilateral stenting .
Re-intervention success, however, was significantly
higher in patients with unilateral stent placement com[19]
pared to those who had bilateral stenting . The study
also showed that metallic stents had longer patency
time and less need for re-intervention compared to
[19]
plastic stents .
One prospective and multiple retrospective studies
[20-24]
have also looked at this topic
. Although none of
the studies showed any survival benefit with unilateral
or bilateral stenting, they showed mixed results in
[20]
other areas. A study by Chang et al
utilizing plastic
stents showed that survival is worse if the ducts in
both liver lobes are injected during ERCP but only one
lobe drained. A small prospective study by Freeman
[21]
et al
utilizing metallic stents showed that unilateral
stenting is adequate in most patients. A retrospec[22]
tive study by Naitoh et al
utilizing metallic stents
suggested longer patency time with bilateral stenting
although survival time and complication rates were
the same as with unilateral stenting. A retrospec[23]
tive study by Iwano et al
utilizing metallic stents
showed that unilateral stenting is associated with
lower infection rates but the same survival and stent
patency compared to bilateral stenting. A retrospective study using both metallic stents and plastic stents
[24]
by Liberato et al
suggested that bilateral stenting
is associated with longer stent patency time without
affecting survival time. Metallic stents in that study
[24]
had longer patency time than plastic stents .
A French retrospective study suggested that drainage of more than 50% of liver volume confers longer
[25]
survival . It also suggested that injection of contrast
during ERCP and stenting of an atrophic lobe in the
liver is associated with higher complication rates. That
study suggested that preprocedural cross-sectional
imaging would be of value to avoid stenting or inject[25]
ing an atrophic lobe during ERCP .
A recent meta-analysis, including 7 studies with
634 patients, did not find any difference in mortality,
stent occlusion rate or cholangitis rate between those
who had unilateral versus bilateral stenting for pallia[26]
tion of malignant hilar strictures . The meta-analysis
concluded that there are no benefits to routine bilateral
[26]
stenting for palliation of unresectable hilar strictures .

Recommendations for preoperative biliary drainage in hilar strictures: Based on available evidence
preoperative biliary drainage is not recommended
routinely in patients with malignant hilar stricture.
Preoperative biliary drainage, however, is appropriate
in patients with acute cholangitis, those who require
neo-adjuvant therapy and those who have hyperbilirubinemia induced malnutrition, hepatic insufficiency or
[17]
renal insufficiency . Severely symptomatic patients
and those with delays in surgery should also be considered for preoperative biliary drainage.

Palliation of unresectable hilar
strictures
Regardless of histology less than 30% of malignant
hilar strictures are suitable for curative resection.
Palliation is therefore needed in the majority of patients
and biliary drainage is a major component of palliation
in such patients. Whether biliary drainage for palliation
of unresectable hilar strictures is best achieved by
unilateral or bilateral stenting remains a controversial
issue. Two randomized controlled trials have assessed
unilateral versus bilateral drainage for palliation of hilar
[18,19]
strictures
.
In the first trial, 157 patients with hilar strictures
were randomized to ERCP with unilateral plastic stent
placement (79 patients) or ERCP with bilateral plastic
stent placement (78 patients). Technical success was
significantly higher in patients with unilateral stent
[18]
placement . Complications including infectious
complications were significantly lower in patients with
unilateral stent placement. Drainage success, defined
as at least 75% reduction in pre-procedure bilirubin
levels, were significantly higher in patients with
unilateral stent placement compared to those who had
[18]
bilateral stenting . Survival did not differ between
the two groups. The investigators of the study, therefore, concluded that routine bilateral stenting is not
[18]
advised .
The second trial included 60 patients with hilar
strictures who were randomized to ERCP with plastic
stent placement (30 patients) or ERCP with metallic
[19]
stent placement (30 patients) . Within each group
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Recommendations for endoscopic palliation of
unresectable hilar strictures

A cross-sectional imaging study such as CT or MRI
is advised prior to attempt at palliative drainage of
unresectable malignant hilar strictures as a roadmap
to better define the biliary anatomy and avoid injecting
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or stenting an atrophic liver lobe. Unilateral stenting
during ERCP in such patients seems to be adequate
in most cases. Bilateral injection of contrast, however,
requires bilateral stenting to assure drainage. For palliation of hilar strictures, metallic stents seem to have
longer patency and require less re-intervention that
plastic stents.

In another retrospective study 64 ERCP procedures
were performed in 30 patients with PSC associated
[31]
dominant stricture . Thirteen of those ERCP procedures were performed with only balloon dilatation and
51 with stenting. Although the difference in the rate of
complications between the groups who had dilatation
versus dose who had stenting did not reach statistical
significance, percentagewise there were twice as many
[31]
complications with stenting compared to dilatation .
It is likely that statistical significance could not be
reached due to low number of patients. Two other
retrospective studies have compared balloon dilatation
with stenting in patients with PSC related dominant
[32]
strictures . In a retrospective study involving 75
patients, the investigators reported that stenting
was not associated with an increased risk of adverse
[32]
events . On the other hand, another retrospective
study including 72 patients found that even shortterm stenting was associated with higher likelihood of
[33]
adverse events .

Management of dominant
strictures in primary sclerosing
cholangitis
Primary sclerosing cholangitis (PSC) is a chronic
progressive disease that can affect both intrahepatic
[27]
and extrahepatic bile ducts . According to epidemiologic studies, intrahepatic and extrahepatic bile
duct involvement are seen in approximately 69% of
the patients while involvement of only intrahepatic or
only extrahepatic ducts are seen in 25% and 4% of
[27,28]
the patients respectively
. Endoscopic therapy in
the form of ERCP is effective in patients with strictures
localized to the extrahepatic and large intrahepatic
bile ducts, described as dominant strictures. On
cholangiography, dominant strictures are defined as
stenoses measuring < 1.5 mm in the common bile
[27,29]
duct or < 1.0 mm in the hepatic ducts
. Between
45%-58% of patients with PSC develop dominant
[27]
biliary strictures during their course of disease . In
addition to cholangiocarcinoma, dominant strictures
have been associated with increased risk of ascending
cholangitis, stone formation and hepatic decompensa[27]
tion . Treatment of dominant strictures is therefore
[27]
recommended .
Endoscopy for treatment of dominant strictures
is the preferred mode of therapy and multiple
observational studies have shown that endoscopic
treatment of dominant strictures not only leads to
clinical improvement but also can lead to biochemi[27,29]
cal and radiological improvements
. Endoscopic
approaches to treatment of dominant strictures include
ERCP with stent placement, balloon dilatation or both.
The optimal endoscopic approach to treatment of
dominant strictures in patients with PSC, however, is
not known. There are no randomized controlled studies
assessing effectiveness of balloon dilatation vs stenting
in patients with PSC and dominant stricture. There are,
however, a few retrospective studies available. In a
retrospective study 34 patients were treated with only
balloon dilatation, while 37 patients had balloon dilata[30]
tion and stenting of dominant strictures . During a
median follow-up of 24 mo, there were 30 complications associated with balloon dilatation plus stenting
compared to 6 complications in the group who had
balloon dilatation only. Postprocedure cholangitis rates
were significantly higher in patients who had stenting
[30]
compared to those who had only balloon dilatation .
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Recommendations for endoscopic treatment of
dominant strictures in PSC

Based on the available evidence ERCP with balloon
dilatation is effective in most patients with PSC and
dominant stricture. Routine stenting of dominant strictures in PSC patients is not recommended. Stenting
of dominant strictures is appropriate if there is poor
drainage of contrast after dilatation and concern for
collapse of the bile duct comprising biliary drainage.
If stenting is performed, short-term stenting should
be considered. These recommendations are in line
with the American College of Gastroenterology clinical
[29]
guidelines .

CONCLUSION
Preoperative biliary drainage in patients with resectable malignancies has been a controversial issue for
many years. Based on current evidence preoperative
biliary drainage is not routinely indicated. However,
it is appropriate in patients who suffer from acute
cholangitis, are severely symptomatic or in cases of
delayed surgery. Another point of controversy has
been whether unilateral or bilateral stenting would
offer the best palliation for patients with unresectable
hilar strictures. In such patients unilateral stenting
during ERCP seems to provide adequate palliation in
most cases while maintaining minimal risk.
Finally, the best management strategy for endoscopic treatment of dominant strictures in PSC patients
remains unknown. Based on currently available evidence routine stenting of such strictures is not recommended. However, stenting of dominant strictures may
become necessary if there is poor drainage of contrast
after dilatation or concern for collapse of the bile duct
compromising biliary drainage.
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Abstract
Yīn-Chén-Hāo decoction (YCHD) is a traditional Chinese
medicine formula composed of capillaris (Artemisia
capillaris ), gardenia (Gardenia jasminoides ), and rhubarb
(Rheum rhabarbarum ) that is used for the treatment of
damp-heat jaundice. In modern clinics, YCHD is mostly
used for hepatic diseases. This review summarizes the
biological activities of YCHD and its medical applications.
The main active compounds of YCHD are chlorogenic
acid, rhein, geniposide, emodin, and scoparone. The
pharmacological actions of YCHD include inhibition of
hepatic steatosis, apoptosis, necrosis, anti-inflammation,
and immune regulation. YCHD could be developed as a
new therapeutic strategy for the treatment of hepatic
diseases.
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Core tip: Yīn-Chén-Hāo decoction (YCHD) was a
classical prescription for more than 1800 years in
China. This review summarizes the efficacy of YCHD in
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liver disease from clinical trials and its mechanisms of
action in vitro and in vivo . Studies indicate that YCHD
can modulate various molecular pathways in liver
disease. YCHD is widely used in clinical settings for the
treatment of liver diseases, and could be a safe and
novel therapeutic drug for liver injury worldwide.

CHEMICAL COMPOSITION OF YCHD
YCHD has broad prospects for application in the
field of liver disease, particularly in the treatment
of hepatitis with jaundice; for example, it promotes
bilirubin metabolism, can prevent liver damage, and
inhibits hepatic apoptosis, hepatic stellate cell (HSC)
[3]
activation, and collagen synthesis . Studies on its
chemical composition have determined some effective
compounds found in YCHD. Capillaris mainly contains
[4]
five classes of active compounds: coumarins (e.g.,
scoparone); flavonoids (e.g., arcapillin, 5,3’,4’,hydroxy6,7-dimethoxycoumarin, cirsimaritin, 3’-methoxy
thistle flavin); chromones (e.g., capillarisn, 7-a methyl
wormwood color ketone, 4’-a methyl wormwood color
ketone, 1-methoxy 4’ methyl 6 gall color ketone);
organic acids (e.g., chlorogenic acid, coumaric acid
A and B); and alkaloids (e.g., alkynes, monoter
penes, sesquiterpenes, water-soluble polypeptides).
Rhubarb mainly contains five classes of active com
pounds: anthraquinones (including two types of free
anthraquinones like rhein, emodin, aloe emodin,
chrysophanol, and physcion; and bound anthraquinones
like anthraquinone glycoside and dianthrone glucosides);
tannins (e.g., gallic acid, D-catechin); stilbenes (e.g.,
rhaponticin, piceatannol, resveratrol, 3’,4’,5-hydroxyl
stilbene, rhaponticin-2”-O-gallate, rhaponticin-6”-Ogallate); volatile oils (e.g., palmitic acid, hexacosanoic
acid, palmitic ethyl ester, dibutyl phthalate); and
rhubarb polysaccharides. Gardenia mainly contains
five classes of active compounds: gardenosides
(e.g., geniposide, hydroxyl gardenoside, caryptoside,
gardoside, scandoside methyl ester, geniposidic acid);
pigments (e.g., crocin, crocetin); organic acids (e.g.,
chlorogenic acid, bitter saffron acid, alicyclic acid,
3-oxygen α coffee α mustard acyl α 4-oxygen quinic
acid); volatile oils (e.g., linoleic acid, palmitic acid); and
gardenia polysaccharides.
One study identified 45 compounds from YCHD, with
21 found in rat blood after oral administration. After
studying the influence of different herbs alone compared
with the whole YCHD decoction, investigators found
eight compounds that are selectively absorbed into the
bloodstream only after administration of all herbs from
the YCHD decoction. Each compound had a significant
[5]
effect on protecting the liver and gallbladder (Figure 2).
The biological effects of many ingredients in YCHD
reflect the therapy of the entire formula (Table 2). For
example, rhein may relieve cellular insult through its
anti-inflammatory activity in combination with nitric
[6]
oxide (NO) from L-arginine . Rhein can improve
liver function and remove hepatic fibrosis via antiinflammatory and antioxidant pathways, and inhibit
[7]
TGF-α activity and HSC activation . Chlorogenic acid,
another critical active ingredient of YCHD, can counteract
liver injury at various levels by preventing apoptosis
and oxidative stress damage. More specifically, both the
glutathione and thioredoxin antioxidant systems and
the mitogen-activated protein kinase (MAPK) signaling
cascade appear to be engaged in the protective

Li JY, Cao HY, Sun L, Sun RF, Wu C, Bian YQ, Dong S, Liu P,
Sun MY. Therapeutic mechanism of Yīn-Chén-Hāo decoction in
hepatic diseases. World J Gastroenterol 2017; 23(7): 1125-1138
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i7/1125.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1125

INTRODUCTION
Yīn-Chén-Hāo decoction (YCHD) was first described
in the “Treatise on Febrile Diseases” by Zhong-Jing
Zhang during the Eastern Han Dynasty (AD 25-220).
It a classic prescription in traditional Chinese medicine
(TCM) that is mainly used for internal stasis heat
and jaundice arising from Yang Ming disease and
malnutrition, with doctors also widely using this
prescription for heat jaundice. Modern usage of YCHD
includes treatment for acute icteric infectious hepatitis
along with other herbal medicines. YCHD is also used
for hepatic diseases and has some uses in internal
medicine, surgery, and pediatrics (Table 1). This paper
discusses studies on YCHD and its mechanisms in the
treatment of hepatic diseases.
Classic Chinese formulae include four elements:
the monarch drug, the minister drug, the assistant
drug, and the servant drug; the monarch drug plays
the most important role in the formula, the assistant
drug increases the effectiveness of the monarch drug,
the minister drug helps the monarch and minister
drugs reach their target positions, and the servant
drug can reduce the adverse effects or increase the
[1]
potency of the entire formula .
YCHD (Figure 1) is comprised of 12 g capillaris
(Artemisia capillaris), 9 g gardenia (Gardenia
jasminoides), and 9 g rhubarb (Rheum rhabarbarum).
Capillaris is the monarch drug, and can clear heat
and dampness and remove jaundice. Gardenia is the
minister drug, and can clear heat-fire and damp-heat in
the triple burner, and remove pathogenic factors from
the urine. Rhubarb is both the assistant and servant
drug, and acts to purge heat from the bowels, cool the
blood, detoxify, dispel stasis, and dredge the meridians.
The three drugs together prevent stasis, promote bowel
movement, and guide stagnant heat to be excreted
alongside the stool. YCHD is usually used twice daily. In
an animal study with rats, total bilirubin (TBIL), alanine
aminotransferase (ALT), and aspartate aminotransferase
(AST) were improved and the blood level of scoparone
was higher for longer when YCHD was administered
once vs twice or three times daily. The exact mechanism
[2]
of this effect has yet to be determined .
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Capillaris

Rhubarb

Gardenia

Figure 1 Composition of Yīn-Chén-Hāo decoction.
[8]

mechanism of chlorogenic acid . Geniposidic acid, the
critical active ingredient of gardenia, alleviates liver
injury by enhancing the antioxidative defense system
[9]
and slowing the apoptotic signaling pathways .
One study used high-performance liquid chro
matography-UV to test scoparone in rat plasma after
intragastric administration of YCHD or water decoctions
of capillaris, gardenia, and rhubarb separately. The
study found that the scoparone level after YCHD
administration was significantly higher than that of
water decoctions alone. Moreover, the therapeutic effect
of YCHD was found to be better than that of the herbs
[10]
alone . Another study used scoparone, geniposide,
or rhein alone or in combination, and investigated their
immunohistochemistry, biochemistry, metabolomics,
and proteomics. The results showed that the scoparone,
geniposide, and rhein combination exerts a more
robust therapeutic effect than any one or two of the
three individual compounds in a rat model of hepatic
injury. Furthermore, scoparone, geniposide, and rhein
synergistically cause intensified dynamic changes in
metabolic biomarkers, regulate molecular networks
through target proteins, have a synergistic effect, and
[11]
activate both intrinsic and extrinsic pathways .

injured rats at the cost of slowed metabolism and
elimination. Changes in parameters like metabolism
can explain some molecular mechanisms of YCHD in
[12]
the treatment of liver injury .
Research into different drug-induced liver injury forms
have been conducted with YCHD. One study explored
liver injury induced by α-naphthyl isothiocyanate (ANIT)
and carbon tetrachloride (CCl4). ANIT intoxication groups
were given ANIT (in corn oil at a ratio of 10:1) at a single
dose of 80 mg/kg orally, while CCl4 intoxication groups
were given CCl4 (in corn oil at a ratio of 1:4) at a single
dose of 1 mL/kg orally. In the ANIT group, the levels
of ALT, alkaline phosphatase (AKP), and TBIL were
significantly higher than those in the control group.
In the CCl4 group, the malondialdehyde content was
significantly higher and superoxide dismutase and
glutathione peroxidase activities were significantly
lower compared with those in the control group. YCHD
significantly reduced AST, ALT, and AKP levels in the
ANIT group and significantly reduced AST, ALT, AKP,
and malondialdehyde levels in the CCl4 group. In
addition, YCHD was also found to increase the ratio of
[13]
liver weight to body weight .
Scoparone is an important compound found in
capillaris that has been shown to be hepatoprotective,
effective in the treatment of liver diseases, and
[14]
contribute directly to the therapeutic effect of YCHD .
The metabonomic characteristics of CCl4-induced
hepatotoxicity and intervention with scoparone illustrate
that scoparone could have hepatoprotective effects
via multiple pathways, including primary bile acid
[15]
biosynthesis and pyrimidine metabolic pathways .
The hepatoprotective effects of scoparone in rat liver
injury were associated with regulated expression of
six proteins that appear to be involved in antioxidation
and signal transduction, energy production, immunity,
[16]
metabolism, and chaperoning .

MECHANISMS OF YCHD EFFECTS
Liver injury repair

The liver is a major location for the metabolism and
elimination of drugs, as well as being involved in their
absorption. Therefore, the liver greatly influences
the pharmacokinetics of compounds. Studies de
monstrate that liver injury significantly influences the
pharmacokinetics of scoparone, not only via changes
in intestinal absorption, but also via changes in
hepatic metabolism. In one study, the absorption and
distribution of scoparone was accelerated in liver-
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Modified YCHD,
decocted with water
daily; orally, twice a
day
Decocted with water,
daily, 10 d

YCHD

1129

Decocted with water,
daily, orally, 7 d

Decocted with water,
daily, orally, 28 d

Modified YCHD

Modified YCHD

Decocted with water,
daily, 14 d

Modified YCHD

Modified YCHD

From 28th wk of
pregnancy, decocted
with water, daily, 4 wk

Dose and course of
treatment

YCHD

Herb or compound

None

Mask with the function
of removing heat and
eliminating stasis

Plasma exchange

Routine Western
medical treatment

From 36th wk
of pregnancy,
both groups, +
administration of 30 mg
phenobarbital, twice a
day, orally
1000 mg transmetil
injection, IVGTT

Combined medication

Table 1 Clinical trials using Yīn-Chén-Hāo decoction

32/34

31/29

20/20

34/34

38/30

81/76

Case/control
IgG anti-A/B antibody
titer, growth in fetus,
neonatal jaundice

Symptoms

Juvenile bronchial
asthma

Gastrointestinal dampheat acne

Hepatitis B combined
with hyperbilirubinemia

Pathological neonatal
jaundice

Asthma symptoms

Acne coalescence
condition

Liver function,
prothrombin activity

Time of jaundice
disappearance, jaundice
degree, TBIL

Hyperbilirubinemia
Clinical symptoms, liver
induced by viral hepatitis
function, bilirubin

Maternal-fetal ABO blood
group incompatibility

Disease type

Routine Western
medicine therapy,
etiological treatment,
light therapy,
phenobarbital, albumin
for patients with high
bilirubin, gamma
globulin for patients with
hemolytic disease
Plasma exchange

Vitamin C, vitamin B6,
diammonium

Vitamin C 0.5 g + 100
IU coenzyme A + 40 mg
adenosine triphosphate,
IVGTT

Positive control drug

TBIL significantly
decreased effective
rate of treatment
group compared with
significantly increased
control group
Increased total effective
Danshentong capsules
rate of acne coalescence,
for oral use, vitamin E
average efficacy index
emulsifiable paste for
statistically significantly
external use
decreased
Curative effect of
Normal saline,
treatment group
dexamethasone injection,
significantly better than ambroxol hydrochloride
control group; fade time
injection, aerosol
of cough, sputum, and
inhalation, twice a day,
wheezing in treatment
3-7 days, additional
group significantly
antibiotics for infected
shorter than control
individual
group (P < 0.05)

Symptoms, bilirubin
levels significantly
improved due to liver
function
Time jaundice
disappearance is shut
down, liver TBIL
significantly decreased

Reduced antibody
titer, reduced jaundice
incidence rate, reduced
TBIL

Efficacy

None

None

None

None

None

None

Side effects

[66]

[65]

[64]

[63]

[62]

[61]
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1.0 g, 3 times a day,
orally, 7 d

10 mL + 20 mL glucose
solution, IVGTT, daily,
15 wk

Decocted with water,
daily, orally
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7.5 g, daily, orally

7.5 g, daily, orally

ICKT

Twice a day

5 mL + 10% glucose
solution 50 mL, IVGTT,
daily, 10 d

ICKT

Modified compound
Yīn-Chén recipe

Yin-Zhi-Huang
injection

Yin-Zhi-Huang granule 3.3 mL, 3 times a day,
orally, 5 d

Yin-Zhi-Huang granule

Yin-Zhi-Huang
injection

Modified YCHD

None

None

None

ATP, coenzyme A,
inosine, vitamin C,
glucuronolactone

None

Kadai surgery,
antibiotic treatment,
hormone treatment,
+vitamin K1,
+ursodeoxycholic acid
Blue light irradiation, 8
h daily + 105 mg bifidtriple viable capsule,
twice a day orally, 7 d

EST + endoscopic stone
extraction + ENBD

50/50

1

215/120

46/12

120/120/120

150/133/141

18/14

24/24

Treatment results (cured,
improved, invalid),
serum TBIL, ALT value,
size of liver and spleen

Bilirubin concentration,
time of jaundice
disappearance

Time of jaundice
disappearance,
transcutaneous bilirubin

TBIL, DBIL, ALT, AST

TBIL, DBIL, AKP, GGT,
ALT, daily bile reflux

Persistent
hyperbilirubinemia
as a symptom of postoperative liver failure
after hepatectomy

Acute cholestatic
hepatitis

Choleretic effect

Clinical course of patient

Maternal-fetal ABO blood Antibody titer, neonatal
group incompatibilityjaundice incidence,
induced neonatal
jaundice degree
jaundice

Infantile hepatitis
syndrome

Pathological neonatal
jaundice

Neonatal jaundice

Biliary atresia

Choledocholithiasis

Time of jaundice
disappearance
significantly reduced,
transcutaneous bilirubin
level significantly
reduced (P < 0.05)
Plasma bilirubin level
significantly reduced,
total effective rate
significantly increased
Cure rate, total effective
rate significantly
increased, plasma
bilirubin level
significantly reduced,
obvious change to liver
and spleen size
Antibody titer and
neonatal jaundice
incidence much lower
post-treatment, TCM
treatment before delivery
failed to reduce jaundice
degree
TBIL level began to
decrease, liver biopsy
showed chronic active
hepatitis with mild
fibrosis
ICKT group showed
significant decrease
compared with control
group in indirect
bilirubin levels
None

Predonine

None

ATP, coenzyme A,
inosine, vitamin C,
glucuronolactone

Tuihuang mixture

Blue light irradiation

Observed indicators
Anti-infection,
improved significantly,
hepatoprotective,
daily bile reflux
prevents fluid and
significantly higher than
electrolyte imbalance,
control group (P < 0.05) symptomatic supportive
care
Observation target
None
significantly improved
(P < 0.05)

None

None

None

None

None

None

None

None
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[73]

[72]

[71]

[70]

[69]

[68]

[67]

Li JY et al . Mechanism of Yīn-Chén-Hāo decoction on hepatic diseases

February 21, 2017|Volume 23|Issue 7|

WJG|www.wjgnet.com

1131

Twice a day

50-100 mL 2-3 times a
day, orally

Modified YCHD

Lidan Xiaohuang
decoction

Modified compound
Yīn-Chén recipe

Modified compound
Yīn-Chén recipe

Twice a day

Twice a day

Twice a day, 90 d

Twice a day

Qing-Re-Li-Shi formula

Routine Western
medical treatment

Routine
Western medical
treatment

Triple anti-Hp therapy

Conventional
treatment,
phenobarbital (blue
light-struck)
Routine
Western medical
treatment
None

Ursodeoxycholic acid

Retention enema, daily Routine comprehensive
treatment

Modified compound
Yīn-Chén recipe
decoction, orally

Modified Artemisiae
Scopariae decoction

Modified YCHD

Modified compound
Yīn-Chén recipe

120/90

30/30

60

35/31

30/29

30/30

30/30

30/30

Viral hepatitis jaundice

Hp-positive rosacea

Obstructive jaundice,
post-operative persistent
jaundice
Chronic hepatitis B

Neonatal
hyperbilirubinemia

Primary biliary cirrhosis

Treatment group better
than control group (P <
0.05)

Basic Western medical
treatment

Jaundice disappearance,
liver function
improvement

Clinical effective rate,
Hp- positive rate, serum
IL-8, TNF-α

Liver function
comparison, hepatitis B
virus marker comparison

Bilirubin

Treatment group better
than control group (P <
0.01)
Contents of ALT, AST,
AKP, G, TBIL, DBIL
improved (P < 0.01);
negative conversion rates
of 16.7% HbsAg, 21.2%
HbeAg, and 35.0% HBV
Clinical effective rate in
treatment group better
than control group (P <
0.05); Hp- positive rate,
serum IL-8, and TNF-α
in treatment group
significantly lower than
control group (P < 0.01)
Clinical effective rate
and liver function in
treatment group better
than control group (P <
0.05)

Routine
Western medical
treatment

Triple anti-Hp therapy

None

Acupuncture therapy

Treatment group better Lactulose medicated by
than control group (P
retention enema
< 0.05) in improvement
of clinical symptoms,
endotoxin, blood
ammonia, ALT, AST, and
TBIL
Clinical effect,
Treatment group better
Ursodeoxycholic acid
biochemistry indicators, than control group (P <
immunoglobulin levels 0.05) in clinical effect and
biochemistry indicators,
insignificantly decreased
immunoglobulin levels (P
> 0. 05)
Clinical effect
Treatment group better Conventional treatment
than control group (P <
(phenobarbital, blue
0.05) in clinical effect
light-struck)

Liver function indices,
complication incidences,
score of TCM syndromes,
clinical effects
Chronic severe hepatitis Liver function indices,
endotoxin, blood
ammonia

Chronic severe hepatitis

None

None

None

None

None

None

None

None

[82]

[81]

[80]

[79]

[78]

[77]
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Twice a day

Twice a day

Supplement YCHD

YCHD

Routine
Western medical
treatment for protective
liver

Routine
Western medical
treatment for protective
liver, plasma exchange

Obstructive jaundice

30/30

30/30

28/26

TBIL, DBIL

More obvious decline
Obstructive jaundice
of TBIL and DBIL in
experimental group (P <
0.05)
Severe chronic hepatitis B
Liver function, gross
YCHD significantly
Routine
Western medicinal
effective rate, mortality improved liver function
rate
and gross effective rate, treatment for protective
mortality rate lower than liver, plasma exchange
control group (P < 0.05)
Intrahepatic cholestasis Pruritus score, serum bile Pruritus score and serum
Routine
Western medical
of pregnancy
acid level, Apgar score, bile acid level lower than
body weight
control group (P < 0.05, treatment for protective
liver
P < 0.01, respectively);
Apgar score and body
weight better than control
group (P < 0.01)

Obstructive jaundice

None

None

None

[85]

[84]

[83]
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Recent studies have reported the efficacy of YCHD in reducing hepatic fat accumulation. Enhanced adiponectin and endothelial progenitor cells and upregulation of
PPAR-γ might be responsible for the therapeutic effect of YCHD in the treatment of non-alcoholic fatty liver disease (NAFLD). In addition, the antioxidative effect of
YCHD might be associated with the inhibition of hepatic-free fatty acid (FFA) concentrations and the elevation of glutathione levels in hepatic tissues. Furthermore,
[20]
YCHD might promote senescence marker protein-30 metabolism, which increases resistance to hepatic oxidative stress .
In steatohepatitis experiments with rats, those treated with YCHD had lower serum ALT activity, tumor necrosis factor (TNF-α) levels, hepatic triglycerides, and
FFA levels. Moreover, there was significantly less fat deposition in hepatocytes than in the steatohepatitis rats. Therefore, YCHD has good therapeutic effects on nonalcoholic steatohepatitis, can protect liver function, and can reduce fatty deposition in the liver. These effects are possibly related to reductions in FFA content and
[21]
inhibition of TNF-α expression .
YCHD contains scoparone, geniposide, and rhein, with the three causing dynamic changes in metabolic biomarkers, regulating molecular networks through target
[11]
proteins, having synergistic effects, and activating both intrinsic and extrinsic pathways to exert a robust therapeutic effect in a rat model of hepatic injury . A metaanalysis was conducted on the role of YCHD in NAFLD. The results showed that YCHD can significantly regulate ALT, AST, gamma-glutamyl transpeptidase (GGT),
triglycerides, total cholesterol, low-density lipoprotein cholesterol, and syndrome score. Total effective rate, syndrome effective rate, and B-type ultrasonography effective
[22]
rate were significantly better in the test group than those in the control group. Therefore, YCHD has a satisfactory therapeutic effect on NAFLD .

Reverse steatosis

Network reconstruction techniques were used to study the treatment of alcoholic hepatitis with scoparone. The metabolites after scoparone treatment in rats with
alcoholic hepatitis were observed. The results showed that scoparone could regulate dysfunctions in the citrate cycle, sphingolipid metabolism, and taurine and hypotaurine
[17]
pathways . In addition, scoparone was distributed and eliminated rapidly in rats. Tissue distribution was highest in the liver, followed by the kidney and spleen. There were
lower concentrations observed in the muscle, thyroid, and adrenal gland. Scoparone was not detected in the brain, which indicates that it does not cross the blood-brain
[18]
barrier after oral administration .
YCHD combined with Da-Cheng-Qi decoction can reduce Bax and caspase-3 protein expression, increase Bcl-2 protein expression, regulate the balance of Bcl-2/
[19]
Bax, and treat endotoxin-induced liver cell apoptosis .

YCHD: Yīn-Chén-Hāo decoction; TBIL: Total bilirubin; IVGTT: Intravenous glucose tolerance test; EST: Endoscopic sphincterotomy; ENBD: Endoscopic nasobiliary drainage; DBIL: Direct bilirubin; AKP: Alkaline phosphatase;
GTT: Gamma-glutamyl transferase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ATP: Adenosine triphosphate; TCM: Traditional Chinese medicine; ICKT: In-Chin-Ko-To; HBV: Hepatitis B virus; Hp:
Haptoglobin.

Twice a day

Obstructive jaundice
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Table 2 Mechanisms of action of compounds found in Yīn-Chén-Hāo decoction
Compound

Pharmacological activities

Mechanisms of action

Ref.

Chlorogenic
acid

Antibacterial, antiviral, antioxidation,
free radical scavenging,
mutation suppression, anti-tumor
Anti-inflammatory, analgesia, antioxidant,
immunosuppressive, cholagogue, blood pressure,
hypolipidemic, anti-asthmatic

Reversed liver reduced GSH levels and expression of TRX, triggering
GSH and TRX antioxidant systems and MAPK signaling cascade

[8]

Scoparone

Geniposide

Rhein

Emodin

Inhibition of protein tyrosine kinase and release of arachidonic acid
metabolites, reduced expression of tissue factor at mRNA level
and thrombus generation; enhancement of prostacyclin release,
protection against endothelium derived relaxing factor inactivation,
and activating guanylate cyclase, relaxed bronchial smooth muscle
Anti-inflammatory, analgesia, cholagogue, laxness, soft
Enhancing antioxidative defense system and reducing apoptotic
tissue injury repair, gastric acid secretion inhibition,
signaling pathways; regulating adipocytokine release and the
amylopsin secretion reduction
expression of PPARα expression
Antineoplastic, anti-inflammatory, antimicrobial,
Inhibiting cytochrome P450 enzymes in liver microsomes
immunosuppressive, diuresis and purgation, improve
glycometabolic
Antineoplastic, anti-inflammatory, antimicrobial,
Inhibiting HSC activation
immunosuppressive, diuresis and purgation

[86-89]

[9,90]

[91]

[92]

GSH: Glutathione; TRX: Thioredoxin; MAPK: Mitogen-activated protein kinase; PPARα: Peroxisome proliferator activated receptor-α; HSC: Hepatic stellate
cell.

Anti-inflammatory and anti-viral effects

the treatment group were lower than those in control
group after treatment (P < 0.05). In addition, the level
of albumin in the treatment group was higher than
[27]
that in the control group .
Chronic severe hepatitis is another common type
of hepatitis. The treatment of chronic severe hepatitis
is difficult, and usually results in such complications
as ascites, hepatic encephalopathy, gastrointes
tinal bleeding, and hepatorenal syndrome. Clinical
research indicates that YCHD can reduce liver cell
inflammation, expand intrahepatic bile capillaries,
promote bile secretion, increase bile flow, improve
hepatic microcirculation, reduce the absorption of
intestinal toxins, and increase the excretion of bilirubin.
These effects can reduce symptoms and significantly
improve liver function in patients with chronic severe
[28]
hepatitis . Liver dialysis combined with YCHD is an
especially effective therapeutic regimen for severe
[29]
hepatitis .

Hepatitis B is a major global health problem cau
sed by the hepatitis B virus (HBV). Many clinical
studies have reported that YCHD can reduce serum
transaminase activity, elevate serum albumin, reduce
the ratio of albumin and globulin (A/G), improve
liver function, and provide satisfactory long-term
[23,24]
effects
. These effects could help in the treatment
of hepatitis B.
The pathogenic process of HBV is immunemediated inflammation. Cytotoxic T lymphocytes
(CTL) recognize and destroy target cells by antigen
presentation, and cause target-cell apoptosis when
fas ligand protein on the membrane surface unites
with target-cell Fas antigen. HBV infection activates
the immune system to produce and release cytokines,
which promote liver inflammation and cause liver
damage.
One study found that, in the treatment of chronic
hepatitis B, YCHD combined with Western medicine was
significantly better than Western medicine treatment
[25]
alone . In an experiment with concanavalin A-induced
acute immune liver injury in mice infected with hepatitis
B, YCHD was found to reduce AST, interferon-γ, and Fas
gene levels, and increase the level of interleukin (IL)-4
in the liver. YCHD was also able to repair damage to
liver cells, decrease the frequency of liver cell apoptosis,
[26]
and reduce inflammatory response .
Drug-induced hepatitis refers to liver damage
caused by drugs or their metabolites. In recent years,
increased usage of new drugs and drug combinations
has increased the incidence of drug-induced hepatitis.
YCHD plus glycyrrhizinate or transmetil was found to be
more effective than Western medicine in the treatment
of drug-induced hepatitis. A control group was treated
with glycyrrhizinate capsules and transmetil, while
a treatment group received the same drugs plus
modified YCHD. The levels of ALT, TBIL, and globulin in
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Anti-fibrotic effects

Fibrosis is a wound-healing response that engages
a range of cell types and mediators to encapsulate
an injury. During fibrogenesis, pathological factors
including inflammation from Kupffer cells (KCs),
angiogenesis, and HSC activation lead to collagen
[30]
deposition . Cirrhosis, an advanced liver disease,
is characterized by fibrosis, nodule formation, and
[31]
inflammation . Despite the high incidence of
hepatic fibrosis worldwide, no generally accepted
antifibrogenic therapy is available. However, TCM has
been widely used for treating chronic liver hepatitis
and liver cirrhosis, with said treatments appearing to
improve clinical symptoms, liver function, and patient
[32]
quality of life .
YCHD can significantly inhibit apoptosis in liver
cells, inhibit HSC activation, and inhibit KC activation,
thereby protecting liver function and preventing
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fibrosis. In a rat model of dimethylnitrosamine (DMN)induced liver fibrosis, YCHD significantly improved liver
function, liver pathology, and reduced collagen content
[33]
in liver tissue . In addition, a DMN-induced liver
fibrosis study in rats found that YCHD could decrease
abnormal ALT, AST, TBIL, GGT, hydroxyproline,
hyaluronic acid, laminin, collagen type IV, and aminoterminal type III procollagen peptide levels. The study
also found that YCHD treatment could improve mRNA
and protein levels of α-SMA (a marker of activated
HSCs), restore normal albumin levels, and change
amino acid metabolism. The molecular mechanism
of the anti-fibrotic effects of YCHD might operate via
[34,35]
suppression of HSC activation
. In addition, the
therapeutic effect of YCHD is better than that of other
[36]
classic TCM formulae, such as Yīn-Chén-Si-Ni-Tang
[37]
and Gan-Lu-Xiao-Du-Dan
in the treatment of
dampness-heat with liver fibrosis.
KCs are liver macrophages generally believed to
be involved in liver damage via inflammation. There
are two ways to activate KCs: the classical pathway
[38,39]
and the alternative pathway
. KC activation via the
classical pathway releases inflammatory cytokines,
which further activate HSCs and lead to a phenotypic
transition to myofibroblasts. This transition results in
excessive proliferation, as well as the synthesis and
secretion of ECM components, which leads to fibrosis.
The inhibition of HSC activation can reduce the
biosynthesis of collagen, and therefore inhibit fibrosis.
YCHD administration attenuates liver fibrosis partially
by inhibiting HSC activation, rather than promoting
cell apoptosis of activated HSCs or suppressing the
[40]
activation of KCs . YCHD reduced the expression of IL1β, CD68, Tnfrsf14, Tnfrsf9, COL1α2, MMP2, MMP23,
TNF-α, and Prkcb, and increased the expression of
CD14, Tf, and Igf1. These gene expression changes
indicate that YCHD can inhibit liver inflammation, HSC
activation, liver sinusoidal endothelial cell activation, and
liver parenchymal damage via inhibition and regulation
of the classical KC activation pathway. These effects in
[41]
combination result in anti-fibrotic effects from YCHD .
YCHD can also reduce the expression of TNF, FAS,
and Prkcb, and regulate the expression of CD14 genes,
indicating that it can block the MAPK pathway, which
[42]
inhibits hepatocyte apoptosis to prevent fibrosis .
One study found YCHD plus Huang-Qi decoction
reversed liver cirrhosis in rats via a reduction in
oxidative stress. YCHD was found to eliminate hepatic
lipid peroxide formation and Huang-Qi decoction
[43]
enhanced the antioxidative ability of the liver .
The pathogenesis of DMN-induced liver cirrhosis
corresponds to the syndrome of interior dampness[44]
heat with qi deficiency , and the pathogenesis of
liver cirrhosis corresponds to the syndrome of interior
[35]
dampness-heat .

hepatitis, with ascites often being observed in endstage cirrhosis. The clinical manifestations of ascites
are tympanites and edema. One clinical study found
that YCHD combined with Jijiaolihuang bolus could
clear heat and expel dampness, induce diuresis to
[45]
remove edema, and reduce ascites .

Effects in other liver diseases

Since YCHD can clear heat, promote diuresis, and
remove jaundice, it also plays an important role in
[46]
the treatment of primary liver cancer .
Liver failure is caused by extensive liver cell necrosis,
which results in severely impaired liver function, while
chronic liver failure results from decompensation of
the liver during cirrhosis and is accompanied by a poor
prognosis and high mortality rate.
HBV is the most common cause of liver failure in
China. Although nucleoside analogs can inhibit viral
replication in the short-term, they usually result in
drug resistance in the long-term. TCM enema can
solve issues such as difficulties in oral administration,
effectively removing harmful bacteria in the gut,
improving intestinal endotoxemia, and promoting the
recovery of liver function. In patients with HBV-induced
liver failure, an enema of YCHD plus colon lavage
was found to result in liver function and symptom
improvement, jaundice improvement, TBIL reduction,
[47]
and increased prothrombin time .
One study established a rat model with hepatic
failure after 70% liver resection to research the
therapeutic effect of capillaris. The results showed
that the herb can improve IL-6 levels, increase serum
IL-6 levels, and improve survival rate in rats with liver
[48]
failure after surgery .

OTHER PHARMACOLOGICAL ACTIVITIES
YCHD-ameliorated alloxan (ALX) induced hyperglycemia
in mice and significantly reduced fasting blood glucose
(FBG) in normal mice and ALX-diabetes in mellitus
model mice and rats. YCHD also improved impaired
glucose tolerance in a dexamethasone-induced insulin
resistance rat model and reduced 2-h post-prandial
blood glucose after an oral glucose tolerance test. This
suggests that YCHD has hypoglycemic effects like
[49]
sulfonylurea or biguanide .
Clinical studies indicate that YCHD plus BaiTou-Weng decoction and hormones have a better
treatment effect than Western medicine in the clinical
treatment of Behçet’s disease. In one study, a control
group was treated with prednisone, while a treatment
group was treated with the same drug plus YCHD and
Bai-Tou-Weng decoction. According to the diagnostic
criteria of the International Society for Behçet’s
Disease, the therapeutic effect in the treatment group
[50]
was better than in the control group (P < 0.05) .
YCHD has also been used clinically in neonatal
[51]
[52]
hyperbilirubinemia , neonatal jaundice , maternal-

Relief of ascites

Cirrhosis with ascites often occurs during chronic
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been used clinically for thousands of years, most
studies on it are basic, and so its material basis and
mechanisms remain unclear. At present, there are
few multicenter, large, randomized, double-blind,
controlled clinical trials on YCHD. Extensive clinical
research is warranted to evaluate the safety and
efficacy of YCHD alone or in combination with other
drugs.

Table 3 Patents containing Yīn-Chén-Hāo decoction
Patent

Patent number

YCHD preparation methods
Damp-proof TCM granule and its preparation method
Composition for improving the composition/kind of
composition of crude drug powder containing rhubarb
and/or its extract that can improve constipation
Medical treatment for heterotopic calcification/
medicine root in TCM prescription treatment for
heterotopic calcification
Kind of formula granules, including YCHD and its
preparation and detection methods
Method which can filtrate the material foundation of
YCHD efficacy

CN101371882
CN1781499
JP2005179316

JP5000961

REFERENCES

CN103230453

1

CN104101674

YCHD: Yīn-Chén-Hāo decoction; TCM: Traditional Chinese medicine.

2
[53-56]

fetal ABO blood type incompatibility
, intrahepatic
[57]
cholestasis of pregnancy , newborn pathological
[58]
[59]
jaundice , and acne .
Compared with insulin and insulin analogs, com
bined therapy of NovoRapid and modified YCHD is
an effective, safe, and economical approach to the
[60]
treatment of chronic hepatitis B with diabetes .

3
4
5

DRUGS THAT INCLUDE THE HERBS
FROM YCHD

6

Drugs that include the herbs found in YCHD have
been on the market for many years and most have
important therapeutic uses. Xiong-Dan-Yīn-Chén Oral
®
Solution (XDYCKFY, Hei-Bao-Yao-Ye, Hei-Long-Jiang,
China) is an effective and safe treatment for chronic
liver diseases, and can slow down the progress of
cholecystitis and cholelithiasis. Moreover, Ling-Zhi®
Yīn-Chén Capsule (LZYC capsule, Zhong-Long-YiYao, Hei-Long-Jiang, China) and Huang-Dan-Yīn-Chén
®
Granule (HDYCKL, Fo-Ci-Zhi-Yao, Lan-Zhou, China)
are used to improve the symptoms of idiopathic pain,
abdominal distension, anorexia, malaise, fatigue,
and greasy yellow tongue coating. Yīn-Chén-Tui®
Huang Capsule (YCTH capsule, De Shang Yao Ye,
Jilin, China) is often used in the treatment of jaundice
caused by acute and chronic liver disease.

7
8

9

10

11

CONCLUSION
This review summarized the efficacy of YCHD in
liver disease from clinical trials and its mechanisms
of action in vitro and in vivo. Studies indicate that
YCHD can modulate various molecular pathways in
liver disease. YCHD is widely used in clinical settings
for the treatment of liver diseases, and could be
a safe and novel therapeutic treatment for liver
injury worldwide (Table 3). Future studies on YCHD
could help define its various effective constituents,
molecular mechanisms, and targets that help prevent
inflammation and fibrosis. Although YCHD has
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Anatomical resection of hepatocellular carcinoma: A critical
review of the procedure and its benefits on survival
Koo Jeong Kang, Keun Soo Ahn
assessment of HCC (e.g. , imaging studies and liver
function tests), surgical techniques, and postoperative
care have improved the surgical outcomes and survival
of patients who undergo hepatic resection for HCC.
However, in the last 20 years, the long-term survival
after hepatectomy has remained unsatisfactory owing
to the high rates of local recurrence and multicentric
occurrence. Anatomical liver resection (AR) was
introduced in the 1980s. Although several studies
have revealed tangible benefits of AR for HCC, these
benefits are still debated. Because most HCCs occur in
patients with liver cirrhosis and poor hepatic function,
there are many factors that affect survival, including
the surgical method. Nevertheless, many studies have
documented the perioperative and long-term benefits
of AR in various conditions. In this article, we review
the results of several recently published, well-designed
comparative studies of AR, to investigate whether
AR provides real benefits on survival outcomes. We
also discuss the potential pitfalls associated with this
approach.
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Core tip: Anatomical liver resection (AR) has been
widely used for two decades in hepatocellular car
cinoma and although many studies have shown the
perioperative benefits, long term survival benefit of
AR is still debated. For evaluation of benefits of AR,
many factors should be considered, such as degree of
cirrhosis, anatomical variation and surgical techniques.
Moreover, critical review of previous studies considering
bias is necessary. In this article, we review the results of
several recently published, well-designed comparative
studies of AR to investigate whether AR provides real
benefits on survival outcomes. We also discuss the
potential pitfalls associated with this approach.

Abstract
Hepatocellular carcinoma (HCC) is the sixth most
common type of cancer and the third most frequent
cause of cancer-related death. Advances in preoperative
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However, the outcomes of AR reported for other caseseries differed between institutions when compared
with non-anatomical resection (NAR). Accordingly,
the benefits of AR are still debated. Different results
may be due to patient selection bias and the use of
different surgical techniques at each institution. To date,
no prospective randomized studies have compared
the outcomes of AR and NAR, for example. Several
case-controlled studies have been published in which
cases and controls were matched by propensity
score matching. Although this statistical method is
retrospective, it may provide valuable data in lieu of
randomized studies.
Here, we perform a review of well-designed
comparative studies, including case-series, metaanalyses, and case-control studies with propensity
score matching, to investigate whether AR confers real
clinical benefits relative to other resection methods. We
also discuss the possible pitfalls of AR in this setting.

Kang KJ, Ahn KS. Anatomical resection of hepatocellular
carcinoma: A critical review of the procedure and its benefits
on survival. World J Gastroenterol 2017; 23(7): 1139-1146
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i7/1139.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1139

INTRODUCTION
Primary liver cancer is the second leading cause
[1]
of cancer death worldwide . The most common
histologic types of liver cancer are hepatocellular
carcinoma (HCC) and intrahepatic cholangiocarcinoma
(ICC). HCC is the sixth most common type of cancer
and the third most frequent cause of cancer-related
[2]
death . Advances in preoperative assessment of
HCC (e.g., imaging studies and liver function tests),
surgical techniques, and postoperative care have
markedly improved the surgical outcomes and survival
of patients who undergo hepatic resection for HCC.
However, in the last 20 years, the long-term survival
after hepatectomy has remained unsatisfactory owing
to the high rates of local and multicentric recurrence.
The oncologic principles of hepatic resection,
especially in cirrhotic liver, are to resect all of the
malignant tissue (tumor, satellite nodules, and portal
vein territory) completely with effective clearance while
preserving enough nontumorous liver parenchyma
[3]
to prevent postoperative liver failure . Regarding
hepatectomy, modern surgical techniques were
developed and important insight was gained in the late
1980s and through the 1990s. In the mid-1980s, hepatic
surgeons gained more knowledge about liver anatomy,
including its segments, leading to the introduction of
systematic segmentectomy. Several strategies for
reducing blood loss during hepatic transection were
also introduced. They included keeping central venous
pressure (CVP) as low as possible, the Pringle maneuver,
[4-6]
and establishment of ischemia and reperfusion injury .
As a consequence of these developments, the surgical
outcomes improved markedly in this era and the
[7]
mortality rate decreased from 5%-10% to < 1% .
Although most hepatic surgeons estimate the
optimal tumor-free margin during hepatic resection of
the primary hepatic tumor, the concept of anatomical
resection (AR) was introduced, in which the tumor-free
margin is independent of margin length. This approach
may improve the survival rate by reducing local
[8]
recurrence . AR was first proposed by the distinguished
[9,10]
Japanese hepatic surgeon, Dr. Makuuchi
. The
concept involves resection of the entire hepatic
parenchymal tissue supplied by the portal venous
system draining the tumor tissue. To achieve this, the
liver surface is tattooed by injecting indigo carmine dye
into the portal vein under intraoperative ultrasound
guidance. A similar approach, Glissonean pedicle
[11]
transection, was introduced by Dr. Takasaki . Both
groups suggested that AR confers a survival benefit.
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DEFINITION AND THEORETICAL
BACKGROUND
AR is defined as resection of the tumor together with the
portal veins draining the tumor and the corresponding
hepatic territory, as determined by dye injection
into the feeding portal vein, or Glissonean pedicle
[8,11]
transection
. AR involves either segmentectomy
or sectionectomy, which includes bisectionectomy,
hemihepatectomy, and trisectionectomy. NAR is defined
as resection of a lesion regardless of the anatomical
segment or section of the lobar anatomy, and includes
[8,11-15]
limited resection or enucleation
. In the case of
subsegmentectomy, which involves resection of the
hepatic parenchyma fed by the fourth-order portal
venous branch or one of several third-order branches, it
is debated whether resection of parenchyma fed by one
or several fourth-order branches should be classified as
either AR or NAR.
Liver tumors are thought to invade the portal
venous branches, allowing tumor cells to be carried
to other regions of the liver in the portal venous flow.
These disseminated tumor cells grow into microscopic
[8]
tumor thrombi and then into daughter nodules .
Accordingly, it is theorized that AR confers a survival
benefit by removing possible microscopic tumor
thrombi or hitherto undetected daughter nodules in
other parts of the liver. Several rigorous comparative
analyses of the survival benefits of patients who
underwent hepatic resection by AR or NAR have
been conducted in many different centers. Most of
these studies were performed in Eastern countries,
and the results were inconsistent. This theory to
explain the survival benefit of AR was subsequently
reinforced by a well-designed imaging study, in which
the authors used CT angiography to monitor the
intratumoral hemodynamic changes associated with
[16]
hepatocarcinogenesis . The study showed that early
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deterioration of arterial blood flow and an increase in
neovascularized arterial blood flow was followed by a
decrease in portal flow. Therefore, these intratumoral
vascular and hemodynamic changes allow intratumoral
blood containing free cancer cells to flow into the
portal vein.

the pedicle, especially when the surgeon uses a
Yankauer suction device plus a periosteal elevator. The
trunks of the secondary or tertiary branches run inside
of the liver. The area fed by each tertiary branch is
cone-shaped, and is termed a “cone unit”.

Anatomical variation of the portal pedicles

In segmentectomy or subsegmentectomy, it is
important that the ligations are made at a point inside
the liver parenchyma. In this method, the tumorbearing portal pedicle is punctured and dye is injected
[8]
under ultrasound guidance . There are some tips to
consider when performing ultrasound-guided puncture.
The tip of the 21-gauge needle used in percutaneous
ethanol injection therapy is easily visible on ultrasound.
The needle tip has three holes, and its visibility can be
improved by moving the needle forward and backward
by millimeters, which sends vibrations towards the
target portal vein. If the tip does not reach the target
portal vein, the angle of the needle should be changed.
Once the needle has punctured the vein, a blue dye
(indigocarmine) should be injected very slowly without
regurgitation. To stain the liver surface, the blood flow
of the hepatic artery should be temporarily clamped
[10]
with a Bulldog-type clamp . The stained area
must be carefully marked with electrocautery, and
transection should gradually proceed from the liver
surface towards the portal pedicle stained by the dye.
Finally, the target segment should be removed after
[8,9]
cutting the pedicle .

The pattern and number of third-order portal branches
in each ramification differ between patients. In a
study of 16 cadavers, it was found that the segmental
branches of the anterior pedicle arose from the
main trunk of the anterior pedicle, while branches
of the posterior pedicle arose from the main trunk
[19]
of the posterior pedicle in 55.9% of the cadavers .
Meanwhile, anterior pedicle branches arose from the
posterior dominant branches in 26.5% of cadavers
and posterior pedicle branches arose from the ante
rior dominant branch in 17.6% of cadavers. These
findings were confirmed in multidetector computed
[19]
tomographic (MD-CT) study of 20 liver donors . In
most cases, the tertiary branches of the portal pedicle
are supplied by one pedicle in a cone unit. However,
in 33%-70% of cases, a single Couinaud segment is
supplied by ≥ 2 tertiary branches arising from the
same or different secondary branches, especially in
[20,21]
segments 7 and 8
. In these variations, the sliding
branch is not included in one Couinaud segment,
instead crossing into a neighboring segment. In
anatomical segmentectomy with ultrasound-guided
dye injection, 54.8% percent of lesions were fed by a
single main portal vein and 23.3% by adjacent double
portal vein branches. In addition, 15.1% of lesions
were partially stained and the opposite side could
not be distinguished after dye injection because the
resection line was demarcated through counterstaining
of the adjacent segment in some cases. Furthermore,
7.1% of lesions were supplied by several small
distributed portal veins or the lesions were difficult
to see, in which case it is impossible to stain the
[22]
tributaries. In these patients, AR is unfeasible .

Glissonean pedical transection

Selection of appropriate surgical method for AR

SURGICAL TECHNIQUES OF
ANATOMICAL RESECTION
There are two main types of AR technique, the Glis
sonean pedicle transection method and transection
guided by dye injected into the portal venous branches.

Systematic segmentectomy with ultrasound-guided dye
injection

This procedure is based on the three ramifications of
the Glissonean pedicle, namely the left, middle, and
[11]
right, as initially proposed by Takasaki . The hepatic
parenchymal territory of each ramification includes
the relevant sector or segment, and is now referred to
[17]
by section according to the Brisbane terminology .
Resection of the hepatic area corresponding to one
ramus was originally referred to as “systematized
[11,18]
hepatectomy”
. In this procedure, right posterior
sectionectomy and anterior sectionectomy correspond
to the right ramus and middle ramus, respectively.
Meanwhile, left hemihepatectomy of the left ramus can
be divided into left medial and lateral sectionectomy.
The ramifications of the Glissonean pedicles are
located outside the liver. The sheath can be easily
detached from the liver tissue without injuring the
hepatic parenchyma or the portal vein or duct inside
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Glissonean pedicle transection is a feasible and safe
method for AR, especially in cases requiring hemi
hepatectomy and sectionectomy. However, in cases
requiring segmentectomy, the Glissonean approach
is an invasive and technically demanding modality for
patients with complicated portal anatomical variations
or tumors located in the posterosuperior segments
(segments Ⅶ and Ⅷ). In these cases, a larger volume
of parenchyma in the noninvolved segment needs to be
dissected to determine the involved Glissonean pedicle.
Ultrasound-guided dye injection might be superior
to Glissonean pedicle transection in cases requiring
systematic segmentectomy, especially for tumors
located farther from the main portal branches, tumors
located in superioposterior segments (Ⅶ or Ⅷ), and
if the tumor is fed by several branches. However, the
ultrasound-guided dye injection method is a technically
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demanding procedure that may be invasive, cause
bleeding and prick the tumor. In addition, it is possible
to inject the dye into the wrong portal vein branch.
Aside from AR of the portal vein, some tumors span two
or more segments and sections. If major hepatectomy
is not indicated, a combination of the Glissonean pedicle
approach and ultrasound-guided dye injection may
allow the surgeon to remove the tumor with a coneshaped resection. Therefore, the surgical method(s) can
be selected based on tumor location and the surgeon’s
preference. Moreover, a combination of both techniques
might be helpful in complex cases.
For safe AR, it is essential that the surgeon has
good understanding of the anatomical variability of
the Glisson pedicle, particularly the right hepatic vein,
which serves as the reference structure for dividing
the right anterior and right posterior sections. Careful
imaging studies are very important; in addition to
intraoperative ultrasound, careful review of the relation
between portal venous branches and tumor looking at
MD-CT that taken before hepatectomy.

Glissonean pedicle cross over a segment included
in AR? If the tumor is fed by two or more different
segmental branches, is resection of all of the feeding
Glissonean pedicles, including the parenchymal
territory for AR? We suggest that AR procedures
also include resection of one cone unit, whether or
not the target tissue is smaller than a segment (i.e.,
subsegmentectomy), is larger than the anatomical
segment, or is fed by several branches when resection
includes the hepatic parenchyma with the tumorfeeding Glissonean pedicle.

BENEFICIAL OUTCOMES OF AR
Perioperative results

HCC is usually associated with liver cirrhosis and
many patients with HCC have poor liver function.
Therefore, for curative resection with preservation
of liver function, an adequate amount of tumorbearing hepatic parenchyma should be resected
while preserving a sufficient remnant liver volume.
Considering these features of hepatic resection in
cirrhotic liver, AR typically involves resection of the
tumor-bearing portal pedicles, correspond to the
liver parenchyma, without disrupting the blood flow
through and the biliary drainage from the remnant
segments. This approach may be ideal for limited liver
resection. Although the benefits of this procedure
on patient survival are still controversial, AR is often
considered the gold standard procedure based not
only on the pattern of intrahepatic spread of HCC but
also because it preserves as much of the remnant
liver tissue as possible, thereby reducing the risk of
postoperative hepatic failure. It has been reported to
offer several benefits in terms of achieving adequate
surgical margins, reducing intraoperative blood loss,
and reducing perioperative biliary complications by
preserving the vascular and biliary structures in the
[15,22-29]
remnant liver
. The advantages of AR are further
magnified in patients with deep-seated tumors.
Therefore, in most reports, AR was usually preferred in
patients with HCC, whenever possible.

Other issues regarding AR and what is real AR?

There is another issue of importance to segmen
tectomy. For segmentectomy of Couinaud’s segments
7 or 8, it is essential to expose the adjacent hepatic
vein(s): the right hepatic vein for segment 7, and
[9,12]
the right and mid-hepatic veins for segment 8
.
This is reasonable when we consider the concept of
Couinaud’s classification of liver segments in patients
with normal anatomy. However, in cases with sliding
pedicles, for example the anterior pedicular branch
has slid from the posterior ramus and posterior
pedicle branch from the anterior ramus, the slid
branch may bypass the hepatic venous limitation of
[19]
the corresponding segment . In patients with these
variations, hepatic segmentectomy should include
partial resection of the neighboring segment, including
the relevant peripheral branch of the hepatic vein.
Some questions arise regarding how to perform
AR and what technique should be used if the bran
ching pattern of the portal vein does not match the
Couinaud’s segment and the tumor location is not
confined to the Couinaud’s anatomical segment.
Does cone-shaped parenchymal resection of
tissue fed by one or several fourth-order branches
represent AR or NAR? If the sliding branches cross
[19]
over another neighboring segment , resection of the
entire cone unit of the Glissonean pedicular branch,
including partial resection of the neighboring segment,
can be included in AR. If one cone unit partially
fills a segment, resection of the cone unit without
exposing the neighboring hepatic vein (for right upper
segments) corresponds to resection of less than one
segment. Therefore, does this constitute NAR? Should
we always expose the segment bordering the hepatic
veins in anatomical segmentectomy of segments
7 or 8? Does resection of the cone unit fed by the
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Long-term results

Dozens of well-designed studies have compared
the benefits of AR versus NAR using the systematic
segmentectomy technique or the Glissonean pedicle
transection method. Most of the prior studies were
published between 1990 and 2005. All of the studies
were conducted retrospectively, and most were caseseries, including one large nationwide survey in Japan
and three case-controlled studies with propensity score
matching. The results of these studies are summarized
in Table 1 for case-series and Table 2 for propensity
[7,12-15,18,22,25-38]
score matching studies
.
Of 18 studies evaluated, 8 reported that AR
was beneficial while 8 revealed no benefits of AR.
Meanwhile, one report described benefits of AR in
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Table 1 Summary of studies comparing the outcomes of anatomical and non-anatomical resection in patients with hepatocellular
carcinoma
Ref.

Study
period

Benefit
Yamamoto 1990-1994
et al[18]
Regimbeau 1990-1996
et al[7]
Hasegawa 1994-2001
et al[12]

Patient
number
total
(AR:NAR)

Inclusion
criteria

Method of
AR
D:Dye injection
G:Glissonian

Cirrhosis
(yes/no)
ICG R15
Difference
B/W AR and
NAR

Bleeding
amount (mL,
AR:NAR)

Survival benefit of
AR for OS and RFS

Recurrence
pattern
(local or
multicentric)

Not shown

Yes
OS (P = 0.0002)
Yes
OS and RFS (P < 0.05)
Yes
OS (P = 0.01)
RFS (P = 0.006)
Yes
OS (P = 0.032)
RFS (P = 0.003)
Yes

NA

n = 204
(90:114)
n = 64
(30:34)
n = 210
(156:54)

Solitary ≤ 5
Glissonian
cm
Solitary < 4 Glissonean + US
cm
Solitary
Dye injection

P = 0.02
NA
NA
NA
0.002
P < 0.0001

Cho et al[38] 1998-2001

n = 168
(99:69)

Solitary ≤ 5
cm

Not described

P = 0.026
NA

Not shown

Wakai
et al[15]

n = 158
(95:63)

Solitary
pT1-T2

Glissonean

P = 0.015 AR <
NAR
P = 0.001

P = 0.017
(813:590)

1990-2004

Yamashita 1985-2004
et al[25]

Ueno
et al[37]

1990-2004

Kobayashi 1990-2004
et al[33]

Not shown
P = 0.8 (574:
560)

OS (P = 0.03) RFS
(P = 0.008), for pT2
OS (P = 0.001) and
RFS (P = 0.0004)
Yes
OS and RFS (P = 0.01)
for liver damaged,
No for less damaged
No for OS (P = 0.19)
Yes for RFS (P < 0.03)

n = 321
(201:120)

Solitary

Glissonean

P < 0.01
P < 0.01

P < 0.01
(1353:993)

n = 116
(52:64)

≤3
nodules, ≤
3 cm
Solitary

Dye injection

NA
P = 0.006

P = 0.46
(1609:1224)

Dye injection

P < 0.0001
P < 0.0001

NA

Yes
RFS (P = 0.0002)

n = 233
(106:127)

NA
NA

NA

NA

NA

NA

Different
local recu:
AR < NAR
(P < 0.002)
NA

Eguchi
et al[31]

1994-2001

n = 5781
(2267:3514)

Mixed

D&G mixed

NA

Not shown

Yes
OS (P = 0.0529)
RFS (P = 0.0089)

Yamazaki
et al[26]

1994-2007

n = 209
(111:98)

Solitary ≤ 5
cm

Glissonean

P = 0.003
NA

P < 0.0001
(1266:842)

Yes
OS (P = 0.004),
RFS (P = 0.023)

NA

1985-2001

n = 216
(156:60)
n = 213
(131:82)
n = 125
(83:42)
n = 237
(34:217)

No
limitation
NA

Not clear

NA

Not shown

No OS (P = 0.9)

NA

Not described

Not shown

No

NA

Solitary

Not clear

HepC(+)

Dye injection

NA
NA
P = 0.035
NA
P = 0.006

P = 0.23
(1000:1200)
0.27 (1779:1414)

No diff (P =
0.39)
No diff (P =
0.12)

Tomimaru 1990-2008
et al[27]

n = 92
(30:62)

Solitary ≤ 3
cm

Not clear

P = 0.4
P = 0.7

P = 0.03
(1112:756)

Ahn et al[22] 2001-2011

Solitary

Dye injection

Marubashi 2001-2012
et al[34]

n = 140
(65:75)
n = 424
(243:181)

No
limitation

Dye injection

P = 0.008
P < 0.001
NA
P < 0.001

P = 0.05
(410:559)
P < 0.001
(1237:640)

No
OS (P = 0.34)
No
(OS = 0.7 and DFS
0.76)
No
OS (P = 0.67)
RFS (P = 0.77)
No
OS (P = 0.08)
No
RFS P = 0.3

Yamamoto 2003-2013
et al[29]

n = 44
(16:28)

Solitary

Dye injection

0.005
P = 0.029

P = 0.002
(711:222)

No benefit
Capussotti
et al[30]
Portolani
et al[36]
Tanaka
et al[14]
Kaibori
et al[13]

1986-2003
1992-2005
1992-2003

No
OS (P = 0.6), DFS
(0.58)
Yes for HBsAg(+)
(P = 0.008)

Others

Japanese
nationwide
survey

No diff (P =
0.29)
NA

Segmentectomy
vs NAR
No diff (P = No difference
0.23)
in recurrence
pattern
NA

AR: Anatomical resection; NAR: Non-anatomical resection; D: Dye injection method; G: Glissonean pedicle method; ICG R15: Indocyanine green retention
rate at 15 min; B/W: Between; OS: Overall survival; RFS: Recurrence-free survival; NA: Not applicable; US: Ultrasound; DFS: Disease-free survival; diff:
Difference; HBsAg: Hepatitis B surface antigen.
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Table 2 Summary of case-control studies using the propensity score matching method to compare the outcomes of anatomical and
non-anatomical resection for hepatocellular carcinoma
Ref.

Okamura et al[35],
2014
Ishii et al[32], 2014

Study
period

Patient total number and
after propensity score
matched (AR:NAR)

Inclusion
criteria

Method of AR
D:Dye injection
G:Glissonian

ICG R15
Difference
B/W AR and
NAR

Bleeding amount
(mL, AR:NAR)

Survival benefit of AR

2002-2013

n = 236 (139:97 and
64:64)
n = 268 (110:158 and
44:44)
n = 1102 (577:525 and
329:329)

Solitary

Dye injection

P = 0.07

Solitary ≤
5 cm
No
limitation

Not Clear

P = 0.053

P = 0.008
(551:465)
0.9 (400:355)

Not clear

NA

Not shown

No
RFS (P = 0.52)
No
OS (P = 0.29) RFS (P = 0.28)
No
OS (P = 0.7) and RFS (P = 0.4)

2002-2010

Marubashi et al[28], 1981-2012
2015

AR: Anatomical resection; NAR: Non-anatomical resection; D: Dye injection method; G: Glissonean pedicle method; ICG R15: Indocyanine green retention
rate at 15 min; B/W: Between; OS: Overall survival; RFS: Recurrence-free survival; NA: Not applicable.

patients with non-cirrhotic HCC but not in patients
[25]
with cirrhotic HCC . The nationwide survey in Japan
revealed that AR was only beneficial in HCC patients
whose tumor size within the range of 2 to 5 cm. All
three case-controlled studies using the propensity
score matching method revealed no benefit of AR.

was better in the AR group and the local recurrence
rate was similar in the AR and NAR groups, how do
we know that the survival benefit of AR was due to
superiority of this resection rather than an effect of
cirrhosis?
Second, all of the studies were conducted retro
spectively, and the tumor size and T stage were
not standardized between AR and NAR in most of
the studies, although many studies were limited to
patients with a solitary mass of less than 3-5 cm.
In the nationwide survey in Japan, which comprised
5781 patients with a single HCC lesion, the overall and
disease-free survival rates were significantly better for
AR than for NAR. When the patients were stratified
according to tumor size (< 2 cm, 2-5 cm, or > 5 cm),
the disease-free survival rate was better in patients
who underwent AR, but only in those with a tumor size
of 2-5 cm. There was no benefit of AR in patients with
[31]
tumors of < 2 cm or > 5 cm . It seems reasonable
that, in patients with small tumors (i.e., < 2 cm), any
type of surgery, even ablative therapy, is associated
with favorable survival. By contrast, for larger tumors
(i.e., > 5 cm), survival is more likely to be affected
by advanced tumor stage rather than the resection
method. Therefore, the importance of AR should be
emphasized in patients with a tumor of 2-5 cm in size.
Most of the studies did not consider other factors likely
to influence the short-term and long-term outcomes.
Finally, many other factors, including an anterior
approach and perioperative transfusion, can influence
the long-term survival after liver resection. During
mobilization of the liver, the surgeon’s or assistant’
s left hand may compress the liver, including the
tumor. The degree of compression may affect
intrahepatic metastasis differently, and its impact
may also differ according to tumor location. This
problem can be overcome by using an anterior
approach or the hanging maneuver for standard right
[39-41]
hepatectomy
. Unfortunately, this factor was not
mentioned in most studies. Regarding transfusion,
although the effects of perioperative transfusion
on survival after hepatic resection for HCC are
controversial, a meta-analysis of 22 studies revealed

Critical review of prior studies

The prognosis of HCC is affected by the degree of
cirrhosis and tumor stage. It is difficult to assess
the degree of cirrhosis and tumor stage, and these
classifications have changed over time. Therefore,
survival analysis is difficult when considering the
degree of cirrhosis and tumor stage. The type of
surgical resection (i.e., AR or NAR) may not affect the
survival outcomes in cirrhotic patients. Furthermore,
it is very difficult to determine whether disease
recurrences are due to local recurrence, intrahepatic
metastasis, or de novo multicentric recurrence. To
determine the impact of AR, it is important to assess
the pattern of recurrence, and local recurrence may be
influenced by the surgical method. Therefore, in order
to determine whether a specific surgical resection
method has advantages on patient outcomes over
another method, the endpoint should be recurrencefree survival rather than overall survival. However,
many of the studies analyzed overall survival. It is
also important to consider that there is a lot of bias,
especially selection bias, in studies examining the
benefits of AR.
First, the background liver functions of patients in
both groups were significantly different in most of the
studies shown in Table 1. Patients who underwent AR
had better liver function in terms of cirrhotic status
and/or the indocyanine green retention rate at 15
min, which closely reflects the degree of cirrhosis.
Five studies assessed whether the recurrence pattern
was local recurrence, intrahepatic metastasis, or
multicentric recurrence. Only one study showed
a significantly higher local recurrence rate in NAR
than in AR; the other four studies did not find any
differences in the recurrence pattern between the two
[13,14,27,33,34]
groups
. If the background liver function
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that perioperative blood transfusion was associated
with adverse clinical outcomes, including increased
mortality, recurrence, and complication rates, but
[42,43]
opposite findings were reported in other articles
.
Extensive blood loss in cirrhotic patients, who were
more likely to undergo NAR, might be associated
with poor prognosis and this factor could represent
a bias towards poor prognosis of NAR. A technique
comprising low central venous pressure (LCVP)
management combined with extrahepatic control of
venous outflow enables the surgeon to easily control
the hepatic veins before and during parenchymal
transection. This LCVP technique combined with
the Pringle maneuver reduced bleeding and blood
transfusion, and improved the surgical outcomes. The
hanging maneuver and LCVP approach was introduced
in the late 1990s and its use widened in the early
2000s, a similar period of time over which most of the
AR studies were conducted. As indicated in Table 1,
although the amount of bleeding was not recorded in
all of the studies, the available data are fairly high in
the amount of bleeding. This may be possible because
the study was performed under development of new
surgical and anesthetic methods. Therefore, the
changes over time in the surgical techniques, such as
use of the hanging maneuver, and management by an
anesthesiologist using a low CVP technique, may affect
the recurrence rate after hepatectomy.

4

5

6

7

8
9
10
11
12

13

CONCLUSION
AR in patients with HCC has a theoretical benefit in
terms of improving recurrence-free survival, and this
is partly observed in clinical practice. However, three
recently published, well-designed, case-controlled
studies using the propensity score matching method
did not show an improvement in recurrence-free
survival following AR. Studies examining the benefits
of AR displayed considerable bias, including liver
function, surgical techniques, anatomical variability,
tumor size, tumor location, pathologic heterogeneity
and chronology. Because prospective randomized
studies are not possible for ethical reasons, it is
difficult to reach a conclusion on the benefit of AR in
HCC. However, the results of previous studies suggest
that AR is associated with favorable perioperative and
long-term outcomes in some conditions, including in
patients with a tumor of 2-5 cm in size that is located
in a deep region of the parenchyma.
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Abstract
AIM
To develop a colon-targeting bioreversible delivery
system for β-boswellic acid (BBA) and explore utility
of its prodrugs in 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced colitis in rats.
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METHODS
Synthesis of 4 co-drugs of BBA with essential amino
acids was achieved by CDI coupling, followed by
their spectral characterization. In vitro kinetics were
studied by HPLC in aqueous buffers, homogenates of
gastrointestinal tract and fecal matter. In vivo kinetic
studies were performed in Wistar rat plasma, urine and
feces. The prodrugs were screened in TNBS-induced
colitis modeled Wistar rats. Statistical significance
was assumed at P < 0.05, P < 0.01, P < 0.001 when
compared with disease controls using one-way and
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two-way ANOVAs.
RESULTS
Prodrugs were stable in 0.05 mol/L HCl buffer (pH
1.2) and stomach homogenates. Negligible hydrolysis
was observed in phosphate buffer and intestinal
homogenates. Substantial release (55%-72% and
68%-86%) of BBA was achieved in rat fecal matter
and homogenates of colon. In vivo studies of BBA with
L-tryptophan (BT) authenticated colon-specific release
of BBA. But, surprisingly substantial concentration of
BBA was seen to reach the systemic circulation due
to probable absorption through colonic mucosa. Sitespecifically enhanced bioavailability of BBA could be
achieved in colon, which resulted in demonstration of
significant mitigating effect on TNBS-induced colitis in
rats without inducing any adverse effects on stomach,
liver and pancreas. Prodrug of BT was found to be 1.7%
(P < 0.001) superior than sulfasalazine in reducing the
inflammation to colon among all prodrugs tested.

INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD)
are together known as inflammatory bowel disease
(IBD). IBD is a chronic inflammatory state, comprised
of relapsing inflammation of the gastrointestinal
tract (GIT) with unknown etiology and which lasts
[1-3]
throughout the lifetime . It is estimated that about
1.4 million people in the United States, as well as 2.2
[4]
million people in Europe, are affected by IBD . In CD,
the inflammation is characteristically discontinuous,
transmural and often granulomatous, and can occur
[3,5]
anywhere in the GIT, from the mouth to the anus .
UC is limited to the colon and usually affects the
superficial layers of the intestinal wall. The onset of IBD
may be a result of complex and elusive interactions
between genetic alterations in intestinal barrier
function, inherent apoptosis, signal transduction, and
[1,6]
immunological and environmental factors .
5-aminosalicylate (5-ASA) and corticosteroids
[7]
are used as first-line therapy of IBD . Azathioprine,
6-mercaptopurine, methotrexate, calcineurin inhibitors
and anti-TNF-α-antibodies have an important role in
[8]
the treatment of severe disease stages . Minimizing
drug-induced side effects and mortality are the main
challenges during management of IBD. Sulfasalazine
(SLZ) was the first colon-targeting prodrug of 5-ASA
and sulfapyridine, representing a cornerstone of IBD
therapy. Thirty percent of patients taking SLZ suffer
from serious adverse effects, such as hypersensitivity,
nephritis, pancreatitis, hepatitis, pneumonitis,
drug-induced blood disorders and male infertility.
Corticosteroid therapy induces side effects such as
hypertension, hyperglycemia, osteoporosis, glaucoma,
[9]
depression and development of cataracts . Treatment
with immunosuppressive agents is linked with an
increased susceptibility to infections, malignoma,
increased vulnerability for opportunistic infections and
[2,10-12]
GI complaints
. It has been observed that use of
complementary and alternative medicine is on the rise
generally, and particularly for herbal medicine for IBD
management.
The gum resin of Boswellia serrata (Bs) Roxb.
Ex Colebr. (Family Burseraceae, Syn. B. glabra) is a
traditional Ayurvedic remedy with anti-inflammatory
properties and has become popular in Western
[13-15]
countries for its usefulness in treatment of IBD
. It
th
was in the latter part of the 20 century that the resin
received scientific interest as an anti-inflammatory
phytomedicine, and extracts of the resin have been
applied to treat a variety of chronic inflammatory and
[16]
autoimmune diseases . Boswellic acids (BAs) are

CONCLUSION
The outcome of this study strongly suggests that these
prodrugs might have dual applicability to inflammatory
bowel disease and chronotherapy of rheumatoid
arthritis.
Key words: Inflammatory bowel disease; Boswellic
acid; Complementary and alternative medicine; Colontargeting; Mutual prodrugs; Amino acids; TNBS-induced
colitis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Boswellic acids (BAs) are traditionally used
in the treatment of inflammatory diseases and are
effective in the treatment of inflammatory bowel
disease (IBD) in particular, but they undergo extensive
metabolism that results in low oral bioavailability.
Colon-targeted delivery of BA was achieved by
designing prodrugs that deliver BA site-specifically.
The synthesized prodrugs were designed by semisynthetic approach, wherein β-boswellic acid (BBA)
was derivatized into a bioreversible delivery system by
incorporation of amino acids as promoities for targeted
delivery to inflamed colon in IBD. Prodrug of BBA with
L-tryptophan (BT) was 1.7-times more effective than
sulfasalazine (SLZ) in 2,4,6-trinitrobenzene sulfonic
acid-induced colitis in Wistar rats. In vivo behavior of
prodrug BT was very interesting and similar to SLZ,
which is known to treat local inflammation in IBD as
well as in rheumatoid arthritis (RA). The outcome of
this study strongly suggests that these prodrugs might
have dual applicability to IBD and chronotherapy of RA.
Sarkate A, Dhaneshwar SS. Investigation of mitigating effect of
colon-specific prodrugs of boswellic acid on 2,4,6-trinitrobenzene
sulfonic acid-induced colitis in Wistar rats: Design, kinetics
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chemically a mixture of triterpenic acids obtained from
the oleo gum resin of BS and consist of β-boswellic
acid (BBA), acetyl-β-boswellic acid (ABA), 11-keto-βboswellic acid (KBA) and acetyl-11-keto-β-boswellic
acid (AKBA). BAs have been studied extensively for
anti-inflammatory, immunomodulatory and anti-tumor
activities. They help to preserve the structural integrity
of joint cartilage, promote gastrointestinal health and
maintain a healthy immune mediator cascade at the
[17-28]
cellular level
.
BAs are non-redox, non-competitive inhibitors of
5-lipoxygenase (5-LOX), human leukocyte elastase
(HLE) and the nuclear factor-κB pathway, without
[17,19,29]
exerting the adverse effects known for steroids
.
The inhibition of leukotrienes is the primary and
the most scientifically proven mechanism for anti[17,30]
inflammatory and anti-arthritic activity of BAs
.
The leukotrienes are also involved in the pathogenesis
[31]
of IBD. Gerhardt et al
reported that alcoholic
extract of BS oleo gum resin improved the quantifying
parameters of UC in 34 patients. In several clinical
studies, extracts of oleo gum resins of BS appeared to
be effective in the treatment of chronic bowel diseases
and the effects were comparable with the conventional
treatment. The non-steroidal anti-inflammatory druginduced GIT side effects were not observed with BS.
The oleo gum resin has proven to be effective in
dextran-induced and 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced colitis models in rodents. The in vitro
assays, animal studies and numerous clinical trials
have established the efficacy of BS and formulations
containing BAs to be effective in the treatment of
[16,32]
IBD
. The results obtained from the studies of BA
were found to be comparable with that of standard
marketed drugs SLZ and mesalazine for the treatment
of CD and UC, with risk-benefit analysis findings
[24,31]
being in favor of BAs
. BAs are reported to inhibit
the intestinal motility and reduce chemically-induced
[33]
edema and inflammation in intestine in rodents .
It has been reported that BAs improve the clinical
well-being of patients with IBD. Treatment with
this herbal drug is associated with improvement in
a number of parameters, such as stool properties,
microscopic findings of rectal biopsies, hemoglobin
and other blood parameters, serum iron, calcium,
phosphorus, proteins, total leukocytes and eosinophils,
[24,31,34]
as well as the CD activity index
. BAs reduce
lipid peroxidation and increase the levels of superoxide
dismutase, thus ameliorating the oxidative stress
[17,18,35]
associated with intestinal inflammation
. A clinical
study conducted on patients with IBD has shown
that BA reduces mucosal injury by inhibiting activity
of activated leucocytes as well as their adherence to
[36,37]
intestinal mucosal cells
.
[38]
Borrelli et al
evaluated the effect of a Bs
gum resin extract (BSE) on intestinal motility and
diarrhea in a clinical study in rodents. BSE depressed
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electrically acetylcholine and barium chloride-induced
contractions in the isolated guinea-pig ileum. BSE also
prevented diarrhea and normalized intestinal motility
in pathophysiological states without slowing the rate
of transit in control animals. These results explain the
clinical efficacy of BSE in reducing diarrhea in IBD
patients.
In a study using BA in chronic UC patients, its
efficacy on UC with minimal side effects was con
[24]
firmed
and it produced an 82% remission rate,
compared to 75% of those in the SLZ group. Thus, BA
offered improvement of UC symptoms similar to that
[24,39]
of SLZ
. Similar findings were reported in patients
[31]
with CD . As a result of the clinically established
symptomatic improvement of IBD symptoms by
treatment with BA, it is now considered as a potential
[38]
[39]
therapeutic agent for IBD therapy . Gupta et al
have investigated the treatment options for UC. In
grade Ⅱ and grade Ⅲ colitis patients, the positive effect
of BS has also been observed.
Bioavailability is a major hurdle in the conversion
of the pre-clinical potential of many botanical extracts
into remedial effects, especially for those whose active
ingredients show poor water solubility and strong
affinity towards self-aggregation. This is observed
[14]
for many polyphenolics and triterpenoid acids .
Pharmacokinetic studies have demonstrated that the
systemic absorption of BAs is very low, both in animals
and in humans, and extensive metabolism could play
[14,19]
a vital role in limiting their systemic availability
.
A United States’ patent has utilized the extract of the
gum resin of BS in a phytonutrient formulation for the
[40]
relief of chronic pain resulting from inflammation . A
semi-synthetic form of AKBA significantly reduced the
disease activity in experimental murine colitis induced
[32]
by dextran sodium sulfate (DSS) .
For the present work, BBA was selected as the drug
candidate for developing its colon-targeting prodrugs
because it is present in the highest percentage
in the oleo gum resin and shows prominent anti[15,16,20-25]
inflammatory activity
. Bioavailability of BAs
at the site of action, i.e. colon, can be improved by
enhancing hydrophilicity through designing colontargeting prodrugs where the selected carriers will
impart more hydrophilicity to the BAs so that their
systemic absorption is minimized and they reach an
effective concentration level in the colon. A mutual
prodrug strategy was explored by conjugating BBA
with various amino acids into amide co-drugs that
would undergo colon-specific activation by N-acyl
[41]
amidases . This would ensure attainment of effective
concentration of BA in the colon for its local mitigating
effect on colonic inflammation.
The selection of 4 amino acids, namely L-tryptophan,
L-histidine, D-phenylalanine and L-tyrosine, as carriers
for designing mutual prodrugs of BBA was based on
the recent evidence that has indicated that amino
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MW-assisted synthesis of amino acid methyl ester
hydrochloride

acids may play an important role in maintaining gut
health, modulate intestinal immune functions and
influence inflammatory responses, and may be useful
as alternative or ancillary treatment of IBD. The role
of amino acids in reducing inflammation, oxidative
stress and apoptosis in the gut is well documented
[42,43]
in the literature
. L-tryptophan has been shown
to reduce oxidative stress and immune suppression.
It was also reported to decrease pro-inflammatory
cytokine expression, thereby inhibiting Th1-mediated
[44]
inflammation in DSS-induced porcine IBD . Histidine
significantly inhibited both hydrogen peroxide- and
TNF-α-induced IL-8 secretion and mRNA expression
in Caco-2 cells and HT-29 cells. Dysregulation of
these cytokines’ balance plays a key role in the patho
[45,46]
genesis of IBD
. D-phenylalanine restores gut
immune homeostasis by attenuating inflammatory
[47,48]
responses
. D-phenylalanine, L-tryptophan and
L-tyrosine were chosen as promoieties due to their
[43,46,49,50]
marked anti-inflammatory activity
. Being the
natural components of our body, these amino acids
would be nontoxic and free from any side effects.
N-aromatic acyl amino acid conjugates reported in the
literature are stable in upper intestine and hydrolyzed
[51]
when incubated with mammalian cecal content .
Introduction of amide linkage in the prodrug would
increase aqueous solubility, thus transcellular ab
sorption by lipid membrane permeation might be
limited in the upper GIT. This would be expected to
facilitate delivery of intact prodrug to the colon.

A mixture of amino acid (0.1 mol) and freshly distilled
thionyl chloride (0.05 mol) was placed in a MW-safe
glass vial. To this, methanol (5 mL) was added and the
resulting solution was irradiated with 40 W, 150 psi at
65 ℃ for 9-15 min in the MW synthesizer. The reaction
mixture was cooled at room temperature to give a clear
solution and then concentrated on a rotary evaporator to
yield amino acid methyl ester hydrochloride (AAME. HCl)
[46]
and recrystallized with methanol . TEA (0.05 mol) was
added to a suspension of AAME. HCl (0.025 mol) in 30
mL chloroform at 0 ℃ and stirred for 30 min. The solvent
was distilled off under vacuum and the dry residue of
ester (AAME) was recrystallized with methanol.

Synthesis of mutual amide prodrugs of BBA with amino
acids by CDI coupling

BBA (0.001 mol) was dissolved in DCM (10 mL), and
to this solution CDI (0.0015 mol) was added at room
temperature with stirring for 2-4 h. AAME (0.001 mol)
in DCM (10 mL) was then added to the above solution
and refluxed at 45 ℃ for 16-20 h. The completion of
reaction was monitored by TLC using DCM:n-hexane:
TEA (0.8:0.2:0.05 v/v/v). The reaction mixture was
washed with distilled water (3 × 10 mL) and saturated
solution of sodium bicarbonate (2 × 10 mL). The
organic layer was separated and dried over anhydrous
sodium sulfate. The residue obtained upon evaporation
of the organic layer was recrystallized with ethanol.
Purification of prodrugs of BBA with L-tryptophan,
D-phenylalanine and L-tyrosine was achieved by
column chromatography silica gel (mesh size: 60-120,
for column chromatography packed in n-hexane;
Merck) using ethyl acetate:hexane (80:20 v/v), while
for prodrug of BBA with L-histidine preparative TLC
was used (DCM:n-hexane:TEA; 80:15:5 v/v/v) for
purification.

MATERIALS AND METHODS
Materials

BA was purchased from Herbal Remedies Corp.
(Bangalore, India). All reagents and chemicals
used were of analytical reagent grade. Microwave
(MW)-assisted synthesis was performed on the MW
synthesizer (Discover System; CEM Corp., Matthews,
NC, United States). Infra-red (FTIR) spectra were
recorded using KBr on a Jasco V-530 FT/IR-4100
1
13
spectrophotometer. H-NMR and C-NMR spectra were
recorded on a Bruker Avance II 400 instrument at 400
MHz. Chemical shifts (δ) are given in ppm using TMS
as an internal reference. Mass spectra were recorded
on an Agilent 1260 Infinity HPLC-MASS Analyzer 6460
Triple Quad LC/MS. Elemental analysis was performed
using Vario Micro Cube (Elementar, Germany). The
HPLC system consisted of Jasco PU model 2080, with
UV detector. Thermo Scientific Syncronis C18 column
(250 mm × 4.6 mm) was used for estimation of
prodrugs and their active metabolites.

Synthesis of title compounds

Amide prodrug of BBA and L-histidine

Methyl 2-(3-hydroxy-4,6b,8a,11,12,14a,14b
heptamethyl 1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a, 9,
10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene-4carboxamido)-3-(4H-imidazol-4-yl)propanoate yield:
-1
61% (solid); M.P 84-88 ℃ FTIR (KBr) cm : 3554 (OH
str), 3327 (NH str), 3102 (aliphatic CH), 1737 (C=O
str. ester), 1666 (C=O str. amide); 1H NMR (400 MHz,
DMSO, δ ppm): 8.2 [s, 1H] NH, 7.3 [d, 2H] imidazole
ring, 5.1 [t, 1H] CH=C, 4.4 [t, 1H] CH, 3.9 [s, 1H]
OH, 3.6 [s, 3H] CH3, 3.3 [t, 2H] CH2, 2.2-1.1 [m, 25H]
methylenes and methines of BA, 1.1-0.6 [m, 21H]
13
methyls of BA. C NMR (400 MHz, CDCl3, δ ppm):
15.5, 17.0, 18.2, 19.9, 20.1, 21.2, 23.4, 23.7, 26.8,
26.9, 27.0, 27.2, 29.0, 32.6, 33.0, 33.9, 37.8, 39.2,
39.3, 39.4, 40.1, 40.4, 41.3, 42.3, 44.0, 47.9, 51.4,
51.8, 52.0, 59.5, 76.7, 116.8, 144.4, 153.8, 163.8,
172.2, 172.8 Mass: m/z 608.87 (M + 1). Elemental
analysis: Calculated for C37H57N3O4: C, 73.11; H,

[52]

The title prodrugs were synthesized by CDI coupling
and purified by column chromatography or preparative
TLC. The products were characterized by spectral and
elemental analyses.
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9.45; N, 6.91. Found: C, 73.23; H, 9.52; N, 6.98. Aq.
Solubility: 29.45 mg/mL; log Poct: 5.1

DMSO, δ ppm): 8.2 [s, 1H] NH, 6.9 [d, 2H] CH, 6.7
[d, 2H] CH, 5.1 [t, 1H] CH=C, 4.5 [t, 1H] CH, 4.0 [s,
1H] OH, 3.6 [s, 3H] CH3, 3.3 [t, 1H] CH, 3.1 [d, 2H]
CH2, 2.2-1.2 [m, 23H] methylenes and methines of
13
BA, 1.2-0.6 [m, 21H] methyls of BA. C NMR (400
MHz, CDCl3, δ ppm): 15.5, 17.0, 18.2, 19.9, 20.1,
21.2, 23.4, 23.7, 26.8, 26.9, 27.0, 27.1, 29.0, 32.6,
33.9, 36.8, 37.8, 39.2, 39.3, 39.4, 40.1, 40.4, 41.3,
42.3, 44.0, 47.9, 51.9, 57.3, 59.2, 76.8, 115.7, 115.8,
116.5, 129.2, 130.1, 130.2, 144.1, 155.7, 171.5,
+
172.2; Mass: m/z 633.91 (M ion); Elemental analysis:
Calculated for C40H59NO5: C, 75.79; H, 9.38; N, 2.21.
Found: C, 75.83; H, 9.40; N, 2.24. Aq. Solubility:
15.22 mg/mL; log Poct: 6.3.

Amide prodrug of BBA and D-phenylalanine

Methyl 2-(3-hydroxy-4, 6b, 8a,11, 12, 14a,
14b-heptamethyl 1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a,
9, 10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene-4carboxamido)-3-phenylpropanoate Yield: 65% (solid);
-1
M.P 72-76 ℃. FTIR (KBr) cm : 3554 (OH str), 3337
(NH str), 3034 (aliphatic CH), 1748 (C=O str. ester),
1613 (C=O str. amide); 1H NMR (400 MHz, DMSO, δ
ppm): 8.2 [1H] NH, 7.3 [d, 2H] Ar. CH, 7.2 [d, 2H] Ar.
CH, 7.02 [t, 1H], Ar. CH, 5.19 [t, 1H] CH=C, 4.5 [t,
1H] CH, 4.0 [s, 1H] OH, 3.6 [s, 3H] CH3, 3.3 [t, 1H]
CH, 3.2 [d, 2H] CH2, 2.2-1.2 [m, 23H] methylenes and
13
methines of BA, 1.2-0.7 [m, 21H] methyls of BA. C
NMR (400 MHz, CDCl3, δ ppm): 15.5, 17.0, 18.2, 19.9,
20.1, 21.2, 23.4, 23.7, 26.8, 26.9, 27.0, 27.3, 29.0,
32.6, 33.9, 36.8, 37.8, 39.2, 39.3, 39.5, 40.1, 40.4,
41.3, 42.4, 44.0, 47.9, 51.9, 57.3, 59.2, 76.8, 116.5,
125.9, 127.7, 127.9, 128.6, 128.7, 136.6, 144.1,
+
171.6, 172.1; Mass: m/z 617.90 (M ion). Elemental
analysis: Calculated for C40H59NO4: C, 77.75; H, 9.62;
N, 2.27. Found: C, 77.82; H, 9.66; N, 2.28. Aq.
Solubility: 21.08 mg/mL; log Poct: 5.7.

Partition coefficient and aqueous solubility

Partition coefficients of BBA and its prodrugs were
determined in n-octanol/water system using shake flask
method, whereas the aqueous solubility was determined
in distilled water at 25 ± 1 ℃. Estimation was carried
out on UV-visible double beam spectrophotometer at
predetermined λmax values.

Stability studies of prodrugs in aqueous buffers

Stability studies of prodrugs were carried out in 0.05 M
[53]
HCl and phosphate buffers prepared as per IP 2007
(pH 1.2 and 7.4 respectively). Prodrugs in the presence
of their hydrolyzed products were simultaneously
estimated by RP-HPLC method using acetonitrile:
water:methanol (70:25:5; v/v/v) at a flow rate of 0.5
mL/min with UV estimation wavelength of 215 nm.
All-glass double-distilled water was used throughout
the kinetic studies. Before analysis, the mobile phase
was degassed using sonicator and filtered through
a 0.45 µm membrane filter. Sample solutions were
also filtered through the same. Calibration curves
of prodrugs and BBA were constructed in HCl and
phosphate buffers in the range of 10-100 µg/mL.
Prodrug (10 mg) was introduced in 100 mL of HCl
or phosphate buffer in a beaker kept in a constant
temperature bath at 37 ± 1 ℃, with occasional stirring.
Aliquots (5 mL) were withdrawn and replaced with
the fresh aqueous buffer at regular intervals of 15 min
at the 1st hour and after every 30 min up to 3 h for
HCl buffer and 4 h for phosphate buffer. Samples (20
µL) reconstituted with mobile phase were injected in
the column. The equations generated from calibration
curves were used to calculate the concentration of BBA
and prodrugs. Samples were analyzed in triplicate and
methods were validated as per International Conference
on 1 Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH)
guidelines.

Amide prodrug of BBA and L-tryptophan

Methyl 2-(3-hydroxy-4, 6b, 8a, 11, 12, 14a,
14b-heptamethyl-1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a,
9, 10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene4-carboxamido)-3-(1H-indol-3-yl)propanoate. Yield:
-1
68% (solid); M.P 90-94 ℃. FTIR (KBr) cm : 3543 (OH
str), 3330 (NH str), 2866 (aliphatic CH), 1735 (C=O
str. ester), 1653 (C=O str. amide); 1H NMR (400 MHz,
DMSO, δ ppm): 8.2 [s, 1H] NH, 7.4 [d, 1H] Ar. CH, 7.3
[d, 1H] Ar. CH, 7.08 [s, 1H] Ar. CH, 7.02 [t, 1H] Ar.
CH, 6.9 [t, 1H] Ar. CH, 5.2 [t, 1H] CH=C, 4.6 [t, 1H]
CH, 4.1 [s, 1H] OH, 3.6 [s, 3H] CH3, 3.32 [t, 1H] CH,
3.03 [d, 2H] CH2, 2.1-1.3 [m, 23H] methylenes and
13
methines of BA, 1.3-0.7 [m, 21H] methyls of BA. C
NMR (400 MHz, CDCl3, δ ppm): 15.5, 17.0, 18.2, 19.9,
20.1, 21.2, 23.4, 23.7, 26.8, 26.9, 27.0, 27.2, 28.5,
29.0, 32.6, 33.9, 37.8, 39.2, 39.3, 39.4, 40.1, 40.4,
41.3, 42.3, 44.0, 47.9, 51.9, 58.4, 59.2, 76.8, 109.8,
111.1, 116.5, 118.8, 119.9, 121.8, 123.0, 127.5,
+
136.6, 144.2, 171.6, 172.2; Mass: m/z 656.94 (M
ion); Elemental analysis: Calculated for C42H60N2O4: C,
76.79; H, 9.21; N, 4.26. Found: C, 76.84; H, 9.25; N,
4.31. Aq. Solubility: 25.22 mg/mL; log Poct: 4.1.

Amide prodrug of BBA and L-tyrosine

Methyl 2-(3-hydroxy-4, 6b, 8a, 11, 12, 14a,
14b-heptamethyl-1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a,
9, 10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene-4carboxamido)-3-(4-hydroxyphenyl)propanoate. Yield:
-1
45% (solid); M.P 82-86 ℃. FTIR (KBr) cm : 3547 (OH
str), 3334 (NH str), 2856 (aliphatic CH), 1745 (C=O
str. ester), 1691 (C=O str. amide); 1H NMR (400 MHz,
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In vitro kinetics in tissue homogenates of Wistar rats

Wistar rats were sacrificed to remove stomach, small
intestine and colon samples, which were homogenized
in HCl or phosphate buffer. A stock solution of prodrug
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(100 µg/mL) was prepared in respective buffers. To
each test tube, 0.8 mL of prodrug solution was placed
and 0.2 g of stomach or small intestinal homogenate
was added. In the case of colon homogenates, 0.9
mL of prodrug solution and 0.1 mL of homogenate
were added. The tubes containing prodrugs and
homogenates of stomach, small intestine and colon
were incubated at 37 ± 1 ℃ for 3, 4 and 12 h
respectively. The samples were removed from the
incubator at predetermined time intervals, centrifuged
at 10000 rpm, filtered through 0.45 µm membrane
filter and analyzed by HPLC using the same mobile
phase, flow rate and detection wavelength as
mentioned in the above section.

and phosphate buffer (pH 7.4) by 10-fold and 100-fold
respectively, and then centrifuged at 5000 rpm at
0-5 ℃ for 10 min. Supernatant of the centrifuged
solutions of urine and feces (0.1 mL) were added to
eppendorf tube (1 mL capacity) and 0.9 mL methanol
was added. All the solutions were then vortexed for 2
min, re-centrifuged at 5000 rpm for 10 min at 0-5 ℃ (in
order to precipitate other impurities), and analyzed by
HPLC using the procedure described above to study
the excretion pattern of prodrugs. The equations
generated from the calibration curves in HCl buffer
(pH 1.2) and phosphate buffers (pH 7.4) were used to
calculate the concentrations of released components
in urine and feces respectively.

In vitro kinetics in fecal matter

Biological evaluation

Materials: The Institutional Animal Ethical Com
mittee approved the experimental protocols (CPCSEA/
PCH/10/2014-15), and all protocols were followed for
pharmacological screening of synthesized prodrugs.
The activity was performed at the CPCSEA-approved
animal facilities of Poona College of Pharmacy (Pune,
India). Wistar rats (males, 200-230 g) were procured
from the National Institute of Biosciences (Pune,
India). Animals were divided into 16 groups (n =
6 each). TNBS was purchased from Sigma Chemi
cals (United States). Gastric ulcers were analyzed
using Adobe Photoshop and ImageJ software.
Histopathological evaluation was carried out at SAI
Pathology Labs (Pune, India). The tissue sections
were stained with hematoxylin-eosin (H/E) and
images were captured with the camera-equipped
Nikon Optical Microscope Eclipse E-at 200 resolution
× 40.

Fresh rat fecal matter suspended in phosphate buffer
(0.1 mL) and prodrug solution (0.9 mL) were placed
in test tubes and incubated at 37 ± 1 ℃. The samples
were removed from the incubator at predetermined
time intervals over a period of 12 h and the same
procedure was followed for analysis as mentioned in
the above section.

In vivo studies

BBA and L-tryptophan (BT) was selected as a
representative of the four synthesized prodrugs to
investigate the in vivo behavior, which was then
compared with standard BBA. Male Wistar rats
(200-250 g; n = 6) were housed in metabolic cages,
individually, under normal conditions (at 27 ± 0.5 ℃
and relative humidity of 70% ± 0.5% under natural
light/dark conditions). The same HPLC system, column
and mobile phase were used for this purpose as
mentioned in the above section. All the kinetic studies
were carried out in triplicate. Rats were starved for 24
h prior to experimentation and administered water ad
libitum. Blood (0.5 mL) was withdrawn by retro-orbital
puncture and the reading was considered as the 0
min reading. BT and BBA (377.5 mg and 270 mg
respectively) were suspended separately in sodium
CMC solution prepared in physiological saline (1 mL)
and were orally administered to the animals. Blood
samples were collected in EDTA-coated tubes at an
interval of 15 min for the first 1 h. Then, subsequent
blood collection was made on a bi-hourly basis up
th
th
to the 12 h and finally at the 24 h. Blood samples
were centrifuged (2 cycles of 15 min each at 5000
rpm, 0-4 ℃). Supernatant was filtered through 0.45
µm membrane filter, reconstituted with methanol
(0.5 mL), centrifuged and filtered again. Calibration
curves generated in 80% human plasma were used
to calculate the concentration of released BBA and
intact prodrugs in blood, and the samples were then
analyzed by HPLC. Urine and feces of the prodrugtreated rats were collected from the metabolic cages
at different time intervals over a period of 24 h and
then pooled together, diluted with HCl buffer (pH 1.2)
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Statistical analysis

An average of six readings was calculated and data
were expressed as mean ± SEM. Statistical evaluation
was performed using one-way ANOVA followed by
Dunnett’s multiple comparison test for colon-tobody weight ratio, myeloperoxidase (MPO) assay and
ulcerogenic activity, and by two-way ANOVA followed
by Bonferroni’s test for clinical activity score rate.
Statistical significance was considered at P < 0.05,
P < 0.01, P < 0.001 when compared to the disease
control.

TNBS-induced experimental colitis

Colitis was induced by intrarectal administration of
0.25 mL of TNBS in ethanol, following a reported
procedure (dose of TNBS was 100 mg/kg of body
[54]
weight in 50% v/v ethanol solution) . The doses
of prodrugs were calculated on an equimolar basis
to BBA and are presented in Table 1. The standard
and the test compounds were administered orally as
a suspension in 1% sodium CMC. Throughout the
11-d study, the animals were monitored for three
parameters, viz weight loss, stool consistency and

1152

February 21, 2017|Volume 23|Issue 7|

Sarkate A et al . Prodrugs of boswellic acid for IBD
O

Table 1 Doses of test and standard drugs
1

Compound
HC
BBA
SLZ
BH
BP
BT
BTY
H

H2N

SOCl2, CH3OH
OH

R

1

Dose in mg/kg

Compound

Dose in mg/kg

0.9 % saline (1 mL)
2159
300
2795
2841
3020
2914
712

P
T
TY
BBA + H
BBA + P
BBA + T
BBA + TY

759
938
832
2871
2918
3097
2991

O
H2N

MW, 65 ℃, 9-15 min

R

1

No loss

2
3

1-5
5-10

4
5

10-20
> 20

Well-formed
No blood
pellets
Pasty and semi- Positive finding
formed stools,
not sticking to
anus
Liquid stools, Gross bleeding
sticking to anus

HO
O

H

Prodrug

NH
OCH3

R
H
N

N

HO
(BP)

(BT)

(BTY)

Figure 1 Scheme of synthesis for the amide prodrugs.

L-histidine (BH), BBA and D-phenylalanine (BP), BT and
BBA and L-tyrosine (BTY) was accomplished successfully
using the CDI coupling method (Figure 1). MW-assisted
technology was specially developed and optimized
for conversion of amino acids into their methyl ester
[58]
hydrochlorides . Methyl esters were further coupled
with BBA by refluxing with CDI at 45 ℃ for 16-20 h.
Reactions were monitored by TLC (DCM:n-hexane:
TEA, 0.8:0.2:0.01 v/v/v). Synthesized prodrugs
1
13
were characterized by FTIR, H-NMR, C-NMR, mass
spectroscopy and elemental analysis. Formation of
amide linkage was confirmed through IR, where the
characteristic amide C=O stretch and NH-stretch
-1
were observed in the range of 1653-1666 cm and
-1
3327-3439 cm respectively. The other characteristic
bands, such as O-H stretch of BBA between 3542 to
-1
3554 cm and C=O stretch of methyl ester of amino
-1
acid in the range of 1735-1740 cm , further confirmed
the structures of anticipated prodrugs. Formation of
1
amide linkage was also confirmed by H-NMR spectra,
where the chemical shift of proton of secondary amide
appeared between δ 8.1 to 8.3 as a singlet. Chemical
shifts for protons of the BBA backbone: CH-OH (δ 3.9),
23 protons methylenes and methines between δ 1.1-2.2
and 21 protons of 7 methyl groups between δ 0.6-1.1,
as well as relevant chemical shifts for amino acid
backbone were also observed. Number of carbon atoms
13
was confirmed by C-NMR. Elemental analysis and
molecular ion peaks documented by mass spectroscopy
for respective conjugates matched with their anticipated
molecular weights.

Score rate
0
1
2

3
4

Adapted from Hartmann et al[55].

rectal bleeding. Colitis activity was quantified with a
clinical activity score assessing these parameters as
[55]
previously applied by Hartmann et al (Table 2). The
clinical activity score was determined by calculating
the average of the above three parameters for each
day, for each group and ranged from 0 (healthy) to
th
4 (maximal activity of colitis). On the 11 day, the
animals were sacrificed. Colon-to-body weight ratio
[56]
and MPO activity
were determined on the dissected
sections of colon. Anti-colitic activity of prodrugs was
compared with the standard drugs SLZ and BBA. Rat
stomach, colon, liver and pancreas were removed.
Gastric ulcers were scanned and ulcer index was
calculated by scoring the ulcers as per the method
[57]
reported by Cioli et al . Specimens of colon, liver
and pancreas were fixed in formalin and sent for
histopathological evaluation.

Aqueous solubility and partition coefficient

BBA was found to be practically insoluble in water, with
logPoct of 9.3 when determined experimentally. For a
successful colon-targeted delivery, it is essential to
restrict absorption from upper GIT so that maximum
concentration is achieved at the site of action (colon).
Conjugation of BBA with amino acids significantly
enhanced the aqueous solubility of prodrugs (15-29
mg/mL), which was in accordance with the observed
logPoct of prodrugs (4.1-6.3).

RESULTS
Synthesis and characterization

Synthesis of novel amide conjugates of BBA and
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(2)

OH
(3)

(BH)

Table 2 Scoring rate of clinical activity
Rectal bleeding

OCH3
R

O

All doses are calculated on an equimolar basis to the dose of BBA. HC:
Healthy control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug
of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT:
Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine;
H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA
+ H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of
BBA + D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan;
BBA + TY: Physical mixture of BBA + L-tyrosine.

Stool
consistency

0 ℃, 30 min

Reflux, 45 ℃, 16-20 h

H

HN

Weight loss,
%

H2N

DCM, CDI, (2)
HO
O

1

Sr. No.

O

TEA, CHCl3

OCH3
R .HCl
(1)
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Table 3 In vitro kinetics of prodrugs in aqueous buffers, gastrointestinal tract homogenates and fecal matter
Prodrug

Incubation medium
HCl buffer
(pH 1.2)
and stomach
homogenates

Phosphate
buffer (pH 7.4)
and intestinal
homogenates

BH

Stable

BP

Stable

BT

Stable

BTY

Stable

Negligible
hydrolysis
Negligible
hydrolysis
Negligible
hydrolysis
Negligible
hydrolysis

Colon homogenate

Fecal matter

K ± SD
-1 1
(min )

t1/2 (min)

Prodrug
hydrolyzed

BBA
released

K ± SD
-1 1
(min )

t1/2 (min)

Prodrug
hydrolyzed

BBA released

0.0013

514.1

78.10%

73.60%

0.0009

723.1

62.29%

57.37%

0.0014

488.3

75.08%

71.79%

0.0010

636.7

57.38%

56.67%

0.0018

379.4

86.67%

86.39%

0.0010

662.5

69.75%

72.52%

0.0014

484.4

70.33%

68.57%

0.0010

677.6

55.95%

55.13%

1

Average of three readings; follows first-order kinetics.

100

Release of BBA (%)

80

BH-C
BH-FM

BP-C

BT-C

BP-FM

BT-FM

BTY-C
BTY-FM

60

40

20

0
15
30
45
60
90
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
630
660
690
720

0

t /min

Figure 2 In vitro release kinetics of b-boswellic acid from prodrugs in colon homogenates and fecal matter. FM: Fecal matter; C: Colon homogenates.

Stability studies of prodrugs in aqueous buffers

and 12 h respectively. All prodrugs were stable in
stomach homogenate, which was in accordance with
their similar behavior in HCl buffer (pH 1.2). However,
negligible hydrolysis of prodrugs was observed in
intestinal homogenates at the end of 4 h. In colon
homogenates, 68%-86% release (Figure 2) of BBA
was achieved in 12 h, following first-order kinetics that
suggests anticipated colon-targeted release of BBA
with minimum loss in the upper GIT. The half-lives of
the prodrugs were found to be in the range of 379-514
min, whereas rate constants (K) were in the range of
-1
0.0013-0.0018 min (Table 3).

Chemical stability of colon-targeted prodrugs at
physiological pH values of upper GIT is the essence
of their successful design, otherwise the prodrug
might revert back to the active drug prematurely.
Colon-specific prodrugs face the challenge of sur
viving during their passage through upper GIT in
an intact form, so as to reach the colon, where they
are expected to become degraded (hydrolyzed) by
colonic microbial enzymes. Therefore, to explore
the behavior of prodrugs in acidic and basic
environments, their stability was studied in HCl
buffer (pH 1.2) and phosphate buffer (pH 7.4). In
vitro studies confirmed the stability of prodrugs in
HCl buffer and negligible hydrolysis in phosphate
buffer (pH 7.4) after 4 h (Table 3).

In vitro kinetics in fecal matter

The prodrugs were incubated in fecal matter for
a period of 12 h, furnishing 55%-72% BBA. The
half-lives and rate constants were in the range of
-1
636-723 min and 0.0009-0.0010 min respectively.
Significant release in colon homogenates and fecal
matter indicates colon-specific, hydrolytic activation
of prodrugs into their active metabolites, which could
be mediated by N-acyl amidases secreted by the
endogenous colonic microorganisms. The proposed
mechanism of activation is depicted in Figure 3.

In vitro kinetics in tissue homogenates of Wistar rats

To quantify the sensitivity of the synthesized prodrugs
to the enzymatic environment of the GIT, release of
BBA from prodrugs was studied in homogenates of
stomach, small intestine and colon of Wistar rats.
Prodrugs were incubated at 37 ± 1 ℃ in stomach,
small intestine and colon homogenates for 3 h, 4 h

WJG|www.wjgnet.com
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100

% BBA

% BT

80
NH2
H

HO
O

H

NH

OCH3

R
O

OH
BBA

OCH3

Amino acid

Prodrug
H
N

N

840

1440

810

780

750

720

660

630

600

t /min

In vivo pharmacokinetics in plasma

Figure 4 In vivo pharmacokinetics after oral administration of prodrug of
b-boswellic acid with L-tryptophan (blood).

The prodrugs of BBA were designed to increase its
bioavailability in colon by enhancing the hydrophilicity,
so that systemic absorption of prodrugs is minimized,
helping to ensure reaching the colon in intact form
followed by colon-specific release of BBA for its local
mitigating effect on colonic inflammation. BT was
selected as a representative of the four synthesized
prodrugs to study in vivo behavior, and was compared
with orally administered BBA. BT and plain BBA were
orally administered to the rats and their plasma
concentrations were compared at pre-determined time
intervals.
Appearance of BBA in blood started at 30 min,
reaching a maximum at 240 min (4 h) and then
declining gradually with disappearance at 24 h (Figure
4). This behavior indicated ready absorption of BBA
in the upper GIT. On the contrary, when BT was
administered orally, neither BT nor BBA was observed
in blood until 300 min (5 h), indicating that prodrug
did not absorb from the stomach and remained intact
there. BT started appearing in blood at 330 min
(5.5 h), indicating minimal absorption through the
small intestine. The concentration of BT consistently
increased in blood, reaching a maximum of 79% at
570 min (9.5 h), indicating its absorption from large
intestine (colonic mucosa) into systemic circulation.
Interestingly, appearance of BBA was observed
in blood at 600 min (10 h), indicating colon-specific
hydrolysis of BT into BA in the large intestine, which
- due to its high lipophilicity - might have traversed
through colonic mucosa into systemic circulation. The
BBA concentration reached a maximum of 75% at 780
min (13 h). The concentration of BT and BBA started
declining, reaching negligible level at 24 h. Prodrug BT
could restrict release of BBA throughout its passage in
the upper GIT - which might be due to the introduction
of an amide linkage in the prodrug - ensuring efficient
delivery to the large intestine in contrast to plain BBA,
which was promptly absorbed from the upper GIT with
negligible fraction of administered dose available in the
colon.
Incidentally, the in vivo behavior of BT seemed
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570

Figure 3 Proposed activation mechanism.

540

0

(BTY)

480

(BT)

0

(BP)

420

HN
(BH)

20
HO

360

R

40

330

O

60

300

R

+

% in blood

N-Acylamidase

HO
O

quite similar to that of SLZ, which has dual applicability
in IBD as well as RA. Therefore, from the outcome of
these in vivo studies, we hypothesize that although
BT was designed for IBD, it might prove to be worthy
for the treatment of inflammatory diseases affected
by circadian rhythm, such as RA, due to systemic
[59-62]
availability of BBA in high concentration at 13 h
.

Biological evaluation

The synthesized prodrugs were evaluated for clinical
activity score rate, colon-to-body weight ratio and MPO
activity in TNBS-induced experimental colitis modeled
[63-65]
Wistar rats
. The anti-colitic activity of prodrugs
was compared with SLZ and BBA. Before induction of
rd
colitis, the animals were starved for 48 h. On the 3
day, colitis was induced by intrarectal administration
th
of TNBS and by 5 day colitis was fully developed. The
clinical activity score increased rapidly and consistently
for all TNBS-treated groups (Table 4). From day 6 to
10, standards SLZ and BBA, prodrugs, carriers and
physical mixtures were orally administered to animals.
All prodrugs significantly minimized the clinical activity
score rate (85%-101%) as compared to BBA (79%),
revealing efficient delivery of BBA to colon by the
developed prodrugs. BT was 1.7% superior to SLZ in
lowering the clinical activity, which might be due to
[17,30]
significant inhibition of leukotrienes by BBA
and
the inhibitory effect of L-tryptophan on Th1-mediated
inflammation in the gut, thus providing a synergistic
[44]
effect . Overall, the positive contribution of amino
[42-50]
acids
was obvious from the gross difference
between the lowering effect of all the synthesized
prodrugs and plain BBA.
th
On the 11 day, all animals were sacrificed and
colon-to-body weight ratio was calculated to quantify
inflammation. Prodrug-treated groups showed a
distinct decrease in the colon-to-body weight ratio,
compared to the colitis control group (Figure 5). The
extent of decrease in colon-to-body weight ratio shown
by BT was highest among all prodrug-treated groups,
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a

a

BBA + H

BBA + P

b

a

e

0.01

e

e

BP

0.02

BH

Colon to body weight ratio (w/w)

0.03

e

e

Group

BBA + TY

BBA + T

TY

T

P

H

BTY

BT

SLZ

BBA

DC

HC

0.00

Figure 5 Colon-to-body weight ratio. Average of six readings is presented; One-way ANOVA followed by Dunnett’s multiple comparison Test, and statistical
significance was considered at aP < 0.05, bP < 0.01, eP < 0.001 vs disease control. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ:
Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with
L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA +
D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine.

Table 4 Clinical activity score rate

1

Intervention

1d

2d

3d

4d

5d

6d

7d

8d

9d

10 d

HC
DC
BBA
SLZ
BH
BP
BT
BTY
H
P
T
TY
BBA + H
BBA + P
BBA + T
BBA + TY

0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0

0±0
0.77 ± 1.34
0.66 ± 1.15
0.38 ± 0.67
0.66 ± 1.15
0.77 ± 1.34
0.72 ± 1.25
0.66 ± 1.15
0.66 ± 1.15
0.50 ± 0.86
0.61 ± 1.05
0.55 ± 0.95
0.44 ± 0.76
0.66 ± 1.15
0.38 ± 0.66
0.55 ± 0.95

0±0
1.00 ± 1.73
1.00 ± 1.73
0.83 ± 0.92
1.55 ± 1.50
1.00 ± 1.73
1.05 ± 1.82
1.44 ± 1.50
1.11 ± 1.16
0.88 ± 1.53
1.00 ± 1.73
1.00 ± 1.73
1.00 ± 1.73
1.00 ± 1.73
0.88 ± 1.53
0.88 ± 1.53

0±0
1.66 ± 1.52
1.66 ± 1.52
1.88 ± 0.83
2.11 ± 0.83
1.50 ± 1.58
2.16 ± 0.86
2.00 ± 0.88
1.33 ± 1.52
1.22 ± 1.57
1.66 ± 1.52
1.00 ± 1.73
1.88 ± 0.96
1.44 ± 1.50
1.66 ± 1.20
1.33 ± 1.52

0±0
1.66 ± 1.52
2.00 ± 1.73
2.72 ± 0.63
2.77 ± 1.01
2.16 ± 1.09
2.38 ± 0.67
2.77 ± 0.69
1.88 ± 1.01
1.99 ± 0.88
2.11 ± 0.83
1.99 ± 0.88
1.99 ± 0.88
1.99 ± 0.88
2.10 ± 0.77
1.88 ± 1.01

0±0
1.88 ± 1.71
2.77 ± 1.34
2.88 ± 0.83
3.00 ± 1.00
2.66 ± 0.88
2.38 ± 0.67
3.05 ± 1.00
2.33 ± 0.67
2.22 ± 0.83
2.44 ± 0.69
2.11 ± 0.84
2.33 ± 0.67
2.33 ± 0.88
2.44 ± 1.07
2.55 ± 0.50

0±0
3.11 ± 1.01
3.00 ± 1.00
2.44 ± 0.50
2.66 ± 0.57
2.55 ± 0.76
2.16 ± 0.92
2.88 ± 1.07
2.55 ± 0.50
2.55 ± 0.50
2.60 ± 0.58
2.55 ± 0.50
3.22 ± 1.07
3.11 ± 1.01
2.99 ± 0.87
2.99 ± 0.87

0±0
3.22 ± 1.07
2.33 ± 0.57
1.61 ± 1.13
2.11 ± 0.50
1.88 ± 1.01
1.44 ± 1.17
2.00 ± 1.20
2.88 ± 0.83
3.16 ± 1.04
2.94 ± 0.82
3.22 ± 1.07
3.33 ± 1.15
3.22 ± 1.07
3.33 ± 1.15
3.22 ± 1.07

0±0
3.33 ± 1.15
1.99 ± 0.66
1.11 ± 1.01
1.55 ± 1.07
1.22 ± 1.17
0.94 ± 1.10
1.61 ± 1.25
2.77 ± 0.69
3.33 ± 1.15
2.66 ± 0.66
3.33 ± 1.15
2.88 ± 1.92
3.22 ± 1.07
2.99 ± 1.45
3.27 ± 1.10

0±0
3.33 ± 1.15
1.33 ± 1.15
0.72 ± 0.75
1.31 ± 0.83
0.97 ± 1.07
0.50 ± 0.86
1.22 ± 1.17
2.60 ± 0.82
2.66 ± 1.44
2.16 ± 1.08
2.72 ± 1.49
2.72 ± 1.80
2.55 ± 1.64
2.55 ± 1.71
2.44 ± 1.26

11 d
0±0
3.33 ± 1.15
0.99 ± 1.10e
0.38 ± 0.60e
0.70 ± 1.10e
0.61 ± 0.70e
0.33 ± 0.50e
0.83 ± 0.90e
2.00 ± 1.00NS
2.27 ± 1.13NS
1.88 ± 1.17a
2.33 ± 1.45NS
1.77 ± 1.34a
1.88 ± 1.17a
1.77 ± 1.34b
1.88 ± 1.17a

1

Average of six readings; Two-way ANOVA followed by Bonferroni’s test, statistical significance considered at aP < 0.05, bP < 0.01, eP < 0.001 vs disease
control. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA
with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan;
TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T: Physical mixture of BBA +
L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine; NS: Non-significant.

which are in accordance with its superior lowering
effect on the clinical activity score rate.
MPO activity is an important quantitative index for
colonic inflammation and it was measured according
[56]
to the technique described by Krawisz et al . It
is a peroxidase enzyme secreted by the activated
neutrophils into the inflamed tissue, and is directly
proportional to severity of inflammation. The results
were expressed as MPO units per gram of wet tissue,
and one unit of MPO activity was defined as that
-1
degrading 1 mmol min of hydrogen peroxide at 25 ℃.
Maximum colonic MPO activity was shown by BP and
BT (39.74 and 37.49 mU/100 mg tissue respectively),
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which was comparable to SLZ (36.21 mU/100 mg
tissue), indicating significant anti-inflammatory effect
on colonic inflammation (Figure 6). However, plain BBA
showed significantly high MPO activity (60.71 mU/100
mg tissue), suggesting higher extent of neutrophil
infiltrate in the inflamed colon, which might be due to
ready absorption and considerably high concentration
of BBA in upper GIT and not at the targeted site (colon).
The severity of colonic inflammation and the effect
of prodrugs on the recovery from TNBS-induced
colitis were evaluated by examining the H/E-stained
colon sections. In healthy colon, the normal colonic
architecture was observed with intact mucosal layer,
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Figure 6 MPO activity. Average of six readings is presented; One-way ANOVA followed by Dunnett’s multiple comparison test, and statistical significance was
considered at aP < 0.05, bP < 0.01, eP < 0.001 vs disease control. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug
of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P:
D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T:
Physical mixture of BBA + L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine.

(Figures 8 and 9). Ulcer indices of BBA and prodrugs
were profoundly lower (2.83-3.33) than for SLZ (7.66
± 1.21) (Table 5).
In conclusions, the present work aimed at deve
loping novel colon-specific prodrugs of BBA with
essential amino acids involved in restoration of gut
immune homeostasis by attenuating inflammatory
response and modulating intestinal immune functions
to maintain gut health. The synthesized prodrugs were
designed innovatively by applying a semi-synthetic
approach, wherein one natural active constituent of
BS, namely BBA, was derivatized into a bioreversible
delivery system by incorporation of amino acids as
promoities for targeted delivery to inflamed colon
in IBD. Site-specifically enhanced bioavailability of
BBA could be achieved in colon, which resulted in
demonstration of significant mitigating effect on TNBSinduced colitis in rats without any adverse effects on
stomach, liver and pancreas.
Interestingly, in vivo pharmacokinetic studies
of BT revealed that after release of BBA in colon,
its substantial concentration reached the systemic
circulation due to probable absorption through colonic
mucosa. This behavior was similar to that of SLZ,
which is known to release 5-ASA and sulfapyridine in
the colon, the former being involved in treating local
inflammation in IBD. However, 30% of released 5-ASA
and 100% of sulfapyridine enter circulation due to their
absorption from large intestine, accounting for their
usefulness in the treatment of RA. Therefore, screening
of the synthesized prodrugs in animal models of RA
has been undertaken and is currently under progress.
The outcome of this study strongly suggests that
these prodrugs might find dual applicability in IBD and
chronotherapy of RA.

Table 5 Ulcerogenic activity
Code
HC
BBA
SLZ
BH
BP
BT
BTY

Ulcer index ± SD

1

1.16 ± 0.40
3.66 ± 0.51e
7.66 ± 1.21e
3.16 ± 0.40e
2.83 ± 0.40e
3.06 ± 0.89e
3.33 ± 0.51e

1

Average of six readings; One-way ANOVA followed by Dunnett’s
multiple comparison test, statistical significance was considered at eP <
0.001 vs healthy control. HC: Healthy control; DC: Disease control; BBA:
β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine;
BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with
L-tryptophan; BTY: Prodrug of BBA with L-tyrosine.

crypt-architecture and presence of goblet cells. The
colitis control showed severe erosion with absence of
mucosal layer, goblet cells’ depletion, distorted crypts’
architecture, lymphocytic infiltration, and thickening
of the muscularis mucosa. The lamina propria was
also infiltrated with leukocytes. Due to destruction of
the crypts, the normal mucosal architecture was lost
completely.
In vivo treatment with the synthesized prodrugs
significantly decreased the extent and severity of
colonic damage. Histopathology slides of the colon
samples revealed that the inflammation and crypt
damage associated with the TNBS administration were
corrected by treatment with prodrugs (Figure 7). These
results were comparable with those obtained for the
SLZ-treated group. The prodrugs were also assessed
for their probable damaging effects on pancreas and
liver with the help of histopathological analysis. No
adverse effects on liver and pancreas were observed
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HC
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BBA
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BTY

H

P

T

BBA + H

BBA + P

BBA + T

TY

BBA + TY

Figure 7 Histology of colon of rats subjected to 2,4,6-trinitrobenzene sulfonic acid. HC: Healthy control showing intact colonic cyto-architecture; DC: Disease
control showing mucosal injury characterized by absence of epithelium, architectural distortion and a massive mucosal/submucosal infiltration of inflammatory cells;
BBA: β-boswellic acid showing slight mucosal abscess and moderate protection against 2,4,6-trinitrobenzene sulfonic acid (TNBS); SLZ: Sulfasalazine showing
corrected cyto-architecture of colon; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY:
Prodrug of BBA with L-tyrosine showing corrected morphology of colon; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; TY: Showing significant
loss of epithelium without mucosal injury providing mild protection against TNBS; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA +
D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine showing some loss of epithelial layer while other
layers seem reconstructed, indicating moderate protection of cyto-architecture.
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H

BBA + H

P

BBA + P

T

BBA + T

TY
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Figure 8 Histology of liver of rats subjected to 2,4,6-trinitrobenzene sulfonic acid. All groups showing normal liver architecture with no significant pathological
changes nor adverse effects on liver. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP:
Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan;
TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan;
BBA + TY: Physical mixture of BBA + L-tyrosine.
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Figure 9 Histology of pancreas of rats subjected to 2,4,6-trinitrobenzene sulfonic acid. All groups showing normal pancreas architecture without any evidence
of pancreatitis. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA with
D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA
+ H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; BBA + TY: Physical
mixture of BBA + L-tyrosine.
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COMMENTS
COMMENTS

2

Background

The need to discover effective treatment options for inflammatory bowel
disease (IBD) is growing due to the incidence of treatment-related sideeffects. The use of complementary and alternative medicine is also on the rise,
particularly herbal medicine for IBD management. β-boswellic acid (BBA) was
selected as the drug candidate for developing its colon-targeting prodrugs.
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis modeling of Wistar
rats was used for investigation and to ensure attainment of an effective
concentration of BBA in the colon for its local mitigating effect on colonic
inflammation.

3
4

5

Research frontiers

To our knowledge, this is the first study of its kind to identify the therapeutic
effect of prodrugs of BBA in the TNBS-induced colitis model in Wistar rats for
IBD.
6

Innovations and breakthroughs

This is the first study examining the potential for prodrugs of BBA for restoration
of gut immune homeostasis by attenuating inflammatory response and
modulating intestinal immune functions to maintain gut health. The synthesized
prodrugs were designed innovatively by applying a semi-synthetic approach,
wherein one natural active constituent of Boswellia serrata, namely BBA, was
derivatized into a bioreversible delivery system by incorporation of amino acids
as promoities for targeted delivery to inflamed colon in IBD. The prodrug BBA
+ L-tryptophan (BT) was found to be 1.7% superior in reducing inflammation
in the colon and showed similar behavior to standard drug sulfasalazine
(SLZ). Interestingly, the in vivo pharmacokinetic behavior of BT was found to
be similar to SLZ in treatment of IBD, as well as for rheumatoid arthritis (RA).
Therefore, screening of the synthesized prodrugs on animal models of RA has
been undertaken and is currently under progress. The outcome of this study
strongly suggests that these prodrugs might find dual applicability in IBD and
chronotherapy of RA.

7
8

9
10

11

Applications

The promising findings presented in the current study indicate that the prodrugs
exhibited an improvement in selected parameters of the TNBS-induced colitis
model. Site-specifically enhanced bioavailability of BBA could be achieved
in colon that resulted in demonstration of a significant mitigating effect on
TNBS-induced colitis in rats, without any adverse effects on the stomach,
liver and pancreas. These prodrugs might find dual applicability in IBD and
chronotherapy of RA.

12

13

Terminology

A prodrug is a pharmacologically-inactive, bioreversible derivative of a parent
drug molecule that requires chemical or enzymatic activation in the biological
environment to release the active drug. Physico-chemical properties can be
tailored by means of changing the structure of the promoiety, and the intrinsic
activity of the parent drug is assured through in vivo cleavage of the prodrugs.
A mutual prodrug or co-drug strategy involves formation of a covalent linkage
between drug and carrier in such a manner that upon oral administration the
moiety remains intact in the stomach and small intestine but releases the active
drug in the colon through enzymatic activation. This ensures attainment of
effective concentration of the drug in the colon for its local mitigating effect on
colonic inflammation of IBD.
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16

Peer-review

The authors demonstrated the efficacy of colon-specific prodrugs of BA on
TNBS-induced colitis in mice. The present study was well organized and well
investigated, and will give us important information, especially in the field of
IBD.
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Abstract

Institutional review board statement: The H. pylori strains used
for this study were isolated from the patients who were admitted
to Medical Centers for their persistent upper gastrointestinal
problems, and for this reason they underwent endoscopy for
biopsy. All routine biopsy specimens from the patients were taken
after informed consent and the protocols, under which the biopsies
for culture were obtained, were in accordance with the Helsinki
Declaration of 1975.

AIM
To evaluate the role of biofilm formation on the resis
tance of Helicobacter pylori (H. pylori ) to commonly
prescribed antibiotics, the expression rates of resistance
genes in biofilm-forming and planktonic cells were
compared.
METHODS
A collection of 33 H. pylori isolates from children and
adult patients with chronic infection were taken for the
present study. The isolates were screened for biofilm
formation ability, as well as for polymerase chain
reaction (PCR) reaction with HP1165 and hp1165 efflux
pump genes. Susceptibilities of the selected strains to
antibiotic and differences between susceptibilities of
planktonic and biofilm-forming cell populations were
determined. Quantitative real-time PCR (qPCR) analysis
was performed using 16S rRNA gene as a H. pylori specific primer, and two efflux pumps-specific primers,
hp1165 and hefA .
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RESULTS
The strains were resistant to amoxicillin, metronidazole,
and erythromycin, except for one strain, but they were
all susceptible to tetracycline. Minimum bactericidal
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[3,4]

debilitates the treatment of H. pylori infections .
Bacterial biofilms are communities of individual cells
that form microcolonies, grow in the third dimension
and develop the phenotypic and biochemical properties
which may differ from those of the corresponding
[5,6]
freely existing (planktonic) cells . Gene expression
profiles in biofilms may, therefore, also be different
[7]
from those of the planktonic cells . The investigators
have observed that biofilm formation by numerous
pathogenic bacteria may be involved in increased rate
[8]
of antibiotic resistance .
In practice, biofilm-forming cells may be observed
on the surfaces of tissues and biomaterials at the site
of persistent infections, where they can be protected
[9]
from the killing effects of antibiotics . Hence, during
long-term infection, biofilm formation by pathogenic
bacteria may play an important role in the emergence
of resistant bacteria and can increase the rates of
antibiotic resistance.
To date, the mechanisms of higher resistance
to antibiotics in biofilm-forming cells are not fully
understood. However, poor antibiotic penetration,
adaptive stress responses due to expression of specific
genes in the biofilm, slow growth rate, and formation
of persister cells (which form multi-layers) may be the
[10,11]
causes of higher resistance rates in biofilms
.
Resistance mechanisms of H. pylori to macrolides,
nitroimidazole, β-lactams, and TET have been reported
to occur via mutations in the peptidyltransferase region
encoded in 23S rRNA, different mutations involving
the rdxA gene, multiple mutations in the penicillin
binding protein “pbp gene” as well as production of
β-lactamase, and mutations in the 16S rRNA gene,
[12]
respectively . Involvement of the efflux pumps may
also be one of the important reasons for decreased
[13-17]
susceptibility of H. pylori to various antibiotics
.
Numerous and structurally different efflux pumps
have been identified in the H. pylori 26695 genome,
capable of acting either on the structurally non-related
[13-15]
antibiotics or more specifically on one antibiotic
.
For this purpose, investigators have studied the roles
of a few putative efflux pumps in the resistance of H.
[16]
[17]
pylori to antibiotics . Liu et al , for example, have
observed the role of hefA on the multidrug resistance
of H. pylori and have demonstrated the role of Hp1165
in TET resistance.
To gain a better understanding of biofilm formation’s
role in the resistance of H. pylori to commonly pres
cribed antibiotics, in the present study, the resistance
profiles of biofilm-forming cells and their planktonic
counterparts were evaluated and the expression of
the two efflux pumps genes, hp1165 and hefA, were
compared between biofilm-forming and planktonic
cells.

concentrations of antibiotics in the biofilm-forming cells
were significantly higher than those of planktonic cells.
qPCR demonstrated that the expression of efflux pump
genes was significantly higher in the biofilm-forming
cells as compared to the planktonic ones.
CONCLUSION
The present work demonstrated an association between
H. pylori biofilm formation and decreased susceptibility
to all the antibiotics tested. This decreased susceptibility
to antibiotics was associated with enhanced functional
activity of two efflux pumps: hp1165 and hefA .
Key words: Helicobacter pylori ; Biofilm; Antibiotic
resistance; Efflux genes; hp1165 ; hefA
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The current study has addressed the coincidence of biofilm formation by Helicobacter pylori (H.
pylori ) and decreased susceptibility to antibiotics. The
results demonstrated a significantly higher expression
of two efflux pump genes, hp1165 and hefA (involved
in the specific resistance to tetracycline and multidrug
resistance, respectively), in the biofilm-forming cells
as compared to the planktonic cells. There was also
association between H. pylori biofilm formation and
decreased susceptibility to antibiotics. This event
would probably be involved in the failure of H. pylori
eradication and might be beneficial for developing new
therapeutic approaches for this infection.
Attaran B, Falsafi T, Ghorbanmehr N. Effect of biofilm formation
by clinical isolates of Helicobacter pylori on the efflux-mediated
resistance to commonly used antibiotics. World J Gastroenterol
2017; 23(7): 1163-1170 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1163.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1163

INTRODUCTION
Helicobacter pylori (H. pylori) colonizes the stomach of
[1]
approximately half of the world’s population . Gastritis
may be the first manifestation of stomach colonization
by H. pylori that can progress to the fatal states such
as peptic ulceration and gastric adenocarcinoma.
Although a low number of H. pylori-infected individuals
can develop the serious symptoms of infection, in
all cases non-treatment with appropriate antibiotics
may result in a persistent infection, which can favor
[2]
progression to the fatal outcomes .
The current treatment regimen of H. pylori infection
includes a proton pump inhibitor in combination with
two out of the following antibiotics: amoxicillin (AMX),
metronidazole (MTZ), clarithromycin and tetracycline
[3]
(TET) . However, data from various geographical
areas indicate that resistance to these antibiotics
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MATERIALS AND METHODS
H. pylori strains and culture condition

A collection of 33 clinical H. pylori strains isolated from
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children and adult patients with chronic infections
were examined for biofilm formation ability. The
protocols, under which the biopsies for culture had
been obtained, were in accordance with the Helsinki
Declaration of 1975. The isolated strains were cultured
at 37 ℃ under microaerobic atmosphere on modified
Campy blood agar (MCBA) plates containing Brucella
agar base (Merck, Germany), supplemented with 7%
defibrinated sheep blood and antibiotics (polymyxin B,
amphotericin B, vancomycin) for 3-7 d. The resulting
colonies were identified by Gram staining, biochemical
tests and polymerase chain reaction (PCR) using
H. pylori-specific primers for glmM, as previously
[18]
described by Espinoza et al .

Mueller-Hinton agar (MH) plates containing 7% fresh
sheep blood were supplemented with increasing
concentration of antibiotics. A bacterial suspension
adjusted to number 2 of McFarland standard, cor
8
8
responding to 10 -2 × 10 CFU/mL was inoculated
onto the agar dilution plates. After spreading the
bacteria, the plates were incubated under microaerobic
conditions for 72 h. Quality control for the antibiotics
was ensured using Pseudomonas aeruginosa ATCC
27853 and Escherichia coli ATCC 25922 strains. MIC
breakpoints for resistance were defined as follows:
MTZ: 8 mg/mL; ERY: 1.0 mg/mL; AMX: > 0.5 mg/mL;
[21,22]
TET: 8 mg/mL
.

Comparison of antibiotic susceptibilities between
biofilm-forming and planktonic cell populations

Screening of the strains for biofilm formation ability

The strains were screened for biofilm formation ability
[19]
according to our previously described protocol .
Briefly, bacteria were inoculated in Brucella broth
(Biolife, Italy) supplemented with fetal calf serum
(2%) and glucose (0.3%) (Merck). Suspensions were
incubated at 37 ℃ under microaerobic atmosphere
with shaking (100 rpm), to an optical density (OD) of
0.2 at 600 nm (A600) equivalent to approximately 5-8 ×
3
10 CFU/mL. Portions of these cultures were inoculated
into the wells of 96-well flat-bottomed tissue culture
plates (BIOFIL, Jet Bio-Filtration Products Co., Ltd,
China) and were incubated at 37 ℃ under microaerobic
conditions for 6 d. The wells were vigorously washed
(3 times) with sterile phosphate buffered saline (PBS).
Tightly attached bacteria were fixed with 99% ethanol
(200 μL per well) for 20 min, and air-dried. Plates were
then stained with 1% crystal violet (200 μL per well)
for 5 min and the excess of stain was rinsed off with
running tap water. Dried plates were treated with 33%
glacial acetic acid (160 μL per well) and the OD of the
wells was measured at 505 nm using an ELISA reader
(SCO GmbH, Germany). A culture medium (Brucella
broth) without bacterial cells was used as negative
control.

The susceptibilities of biofilm-forming cells (group B)
and planktonic cells (group P) to the antibiotics were
evaluated by comparing the minimal bactericidal
concentration (MBC). For this purpose, the 96-well
culture plates were inoculated with 100 μL of bacterial
3
suspension containing 5-8 × 10 CFU/mL according
to the protocol described for biofilm formation. After
biofilm formation, the planktonic cells were removed
for further MBC determination. The remaining biofilm
forming cells were washed (3 times) and exposed to
2-fold increasing concentrations of the antibiotics (from
0.5 μg/mL to 64 μg/mL) for 24 h. After the incubation
period, the cells were removed via an ultrasonic bath
for 7 min (Elmasonic S 60/ (H); Elma Schmidbauer
GmbH, Germany) using ultrasonic frequency of 37
[10]
kHz, and cultured on MCBA plates . To determine the
susceptibility of planktonic cells, similar concentrations
of the antibiotics were added to the 96-well plates
3
containing 5-8 × 10 CFU/mL planktonic bacteria
(previously removed from the plates after biofilm
formation) and incubated for 24 h. Their antibiotic
susceptibility was determined by culturing a small
amount (10 µL) of bacterial suspension on the MCBA
plates. The plates were then incubated at 37 ℃ under
microaerobic conditions for > 72 h incubation. Test
controls were similar culture plates containing bacteria
but without antibiotics. The results presented for this
analysis correspond to the mean of 3 independent tests.

Antibiotics

Four classes of the antibiotics were selected for present
study: MTZ as a nitromidazole (Sigma, United States),
ERY as a macrolide (Sigma), AMX as a β-lactam (Shafa
Pharmaceutical Co., Iran), and TET as a tetracycline
(Sigma).
The stock solutions of MTZ (128 μg/mL) and AMX
(200 μg/mL) were prepared by addition of acetic acid
and dimethyl sulfoxide, respectively; those of TET
(128 μg/mL) and ERY (128 μg/mL) were obtained by
addition of ethanol.

Determination of minimal bioﬁlm inhibitory
concentration

By this assay, minimal concentration of the antibiotics
which inhibited formation of the biofilms on plates was
determined. For this purpose, similar serial dilutions of
the antibiotics noted above were made in the culture
medium. The microplates were seeded with these
serial dilutions of antibiotics and were inoculated with
8
8
100 μL of bacterial suspension containing 10 -2 × 10
CFU/mL. After incubation, the plates were vigorously
washed (3 times) with sterile PBS, in order to remove
all non-adherent bacteria, and then incubated with
Brucella broth supplemented with 0.05% (w/v) of

Antibiotic susceptibility testing

The minimal inhibitory concentration (MIC) was
determined using agar dilution method in accordance
with the guidelines established by the Clinical and
[20]
Laboratory Standards Institute . For this purpose,
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performed for the cDNA samples using 16S rRNAspecific primers and efflux pump-specific primers,
[25]
including hp1165 and hefA . Real-time PCR was
performed with the QuantiFast SYBR Green PCR Kit
(Qiagen, Germany) in a StepOne Real-time PCR system
(Applied Biosystems, United States). The PCR reaction
was held at 95 ℃ for 5 min, followed by 2- step cycling
consisting of 40 cycles at 95 ℃ for 10 s and 60 ℃ for 30 s.
The final results were expressed as the amount
of expression for each efflux pump gene relative to
that of the 16S rRNA gene. We selected 16S rRNA
for control of the quantitative real-time RT-PCR
(qPCR) analysis since its expression does not change
in biofilm-forming and planktonic cells in the RNA
samples.
Statistical analyses were carried out using the
ANOVA one-way test with Minitab 17 statistical software,
and probability levels of < 0.05 were considered as
statistically significant.

Table 1 Polymerase chain reaction primers
Primer name

Sequence

Product
size, bp

glm-F
glm-R
16s rRNA-F
16s rRNA-R
hp1165-F
hp1165-R
hefA-F
hefA-R

5' GGATAAGCTTTTAGGGGTGTTAGGGG 3'
5' GCATTCACAAACTTATCCCCAATC 3'
5' GAAGATAATGACGGTATCTAAC 3'
5' ATTTCACACCTGACTGACTAT 3'
5' F; TACAACCCCCACGCTAAAAG 3'
5' GGATTTGATGAGCCGAAAAA 3'
5' CTCGCTCGCATGATCGC 3'
5' CGTATTCGCTCAAATTCCCT 3'

140
139
117
162

2,3,5-triphenyl tetrazolium chloride (TTC; Merck) at
37 ℃ under microaerobic conditions for 24 h. The
control assay was performed with the same medium
but without bacteria. After incubation, the broth was
removed, the wells were air-dried and the bound TTC
dyes were dissolved using 20% acetone/80% ethanol.
To quantify the biofilm formation, absorbance (OD) of
[23]
the wells was measured at 505 nm .

RESULTS

Detection of 16S rRNA, hp1165, and hefA genes by PCR

Selection of strains

H. pylori specific primers for 16S rRNA and glmM,
were designed according to the previously described
[24]
protocol . Efflux pump-specific primers for hp1165
was designed according to hp1165 gene sequences
using Primer3 software online, and efflux-specific
primers for hefA were designed according to Zhang
[25]
et al . All primer sequences, including that of glmM,
that were used for bacterial identification process are
listed in Table 1.
DNA was extracted using boiling method according
[26]
to the previously described protocol . PCR reactions
were performed in a 25 mL mixture containing 0.5 μg
of extracted DNA, 0.2 mmol (each) deoxyribonucleoside
triphosphates, 0.2-0.4 μmol/L (each) primer, 1.5-2
mmol/L MgCl2, and 5 U of Taq polymerase in PCR buffer
(SinaClon BioScience, Iran). Following denaturation at
94 ℃ (2 min), the fragments were amplified through
35 cycles at 94 ℃ (30 s). Annealing for 16S rRNA gene,
hp1165 and hefA was performed at 58 ℃, 59 ℃ and
59.5 ℃ respectively. Reactions were continued at 72 ℃
for 1 min and 72 ℃ for 10 min.

Screening of clinical isolates for biofilm production
demonstrated their variable ability for biofilm formation,
such that their biofilm formation abilities could be
classified as high (one strain), moderate (23 strains),
and low (six strains). The strains were also screened
for detection of two efflux genes, hp1165 and hefA, by
PCR. The PCR results were then analyzed according to
production of the sharp bands on gels. To select the
most suitable strains for further experiments, beside
higher biofilm formation ability and PCR result, their
subculture states (none more than three laboratory
passages) were also taken into account. PCR results
from three selected strains (Hp141, Hp932 and
Hp70) for hp1165, hefA, and 16Sr RNA genes which
demonstrated moderate biofilm formation ability are
shown in Figure 1.

Determination of MIC by agar dilution

All three selected isolates were resistant to AMX, MTZ
and ERY, except one. All three were susceptible to TET.
MICs of AMX for Hp932, Hp141 and Hp70 were 2, 2
and 1 μg/mL, respectively. The MIC of TET was 4 μg/
mL for all the three isolates. MICs of ERY for Hp141,
Hp932 and Hp70 were 2, 2 and 1 μg/mL, respectively.
MICs of MTZ for Hp932, Hp141 and Hp70 were 16, 8
and 8 μg/mL, respectively.

Quantitative real-time reverse transcription-PCR
analysis

Biofilms were removed via an ultrasonic bath for 7
min. RNA was extracted from the planktonic and
biofilm-forming cell cultures. For this purpose and
following bacterial wash with PBS (× 3), total RNA
extraction was carried out using a commercial Cinna
Pure RNA kit (SinaClon BioScience). The RNA samples
were then treated with DNase I (Roche Diagnostics
GmbH, Germany) according to the manufacturer's
recommendations. Reverse transcription (RT) was
carried out with an RT-PCR Kit (Vivantis Technologies,
Malaysia) according to the company's recommendations
for using 2 ng RNA sample. Real-time RT-PCR was
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Comparison of antibiotic resistance between biofilmforming and planktonic cell populations

For this comparison, MBCs were selected as the better
criteria. The results of comparison between MBC of
biofilm-forming cells and their planktonic counterparts
are demonstrated in Table 2. We noted that the MBCs
to all the antibiotics were increased significantly
in biofilm-forming cells as compared to those of
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Figure 1 Polymerase chain reaction products of hefA (162 bp), hp1165 (117 bp) and 16S rRNA genes on 1.5% agarose gel. A: Detection of hefA gene: 1: 100
bp size marker, 2: Control, 3: Hp932 strain, 4: Hp141 strain; B: Detection of hp1165 gene: 1: HP70 strain, 2: Control, 3: Size marker, 4: Hp932 strain, 5: Hp141 strain; C:
Detection of 16S rRNA gene: 1: Hp932 strain, 2: Hp141 strain, 3: Hp70 strain, 4: Control, 5: Size marker.

Table 2 Minimal bactericidal concentration of selected antibiotics in biofilm-forming cells and their planktonic counterparts
MBC, μg/mL

Strain
AMX
Hp932
Hp141
Hp70

TET

MBC-P
2
2
1

MBC-B
8
4
4

MBC-P
8
4
4

ERY
MBC-B
16
16
8

MBC-P
4
2
2

MTZ
MBC-B
4
4
4

MBC-P
16
16
8

MBC-B
32
32
16

MBC: Minimal bactericidal concentration; AMX: Amoxicillin; TET: Tetracycline; MTZ: Metronidazole; B: Biofilm-forming; P: Planktonic counterparts.

experiment was repeated 3 times with at least duplicate
samples from independently isolated RNA preparations.
Data are expressed as the means of all experiments ±
standard error. The results of qPCR products for hp1165
(117 bp), hefA (162 bp), and 16S rRNA (136 bp) genes
in biofilm-forming (group B) and planktonic (group P)
populations on 1.5% agarose gel are demonstrated
in Figure 2. The results displaying the amounts of
expression for each efflux pump gene relative to that of
the 16S rRNA gene are demonstrated in Figure 3. We
noted that expression of these genes was significantly
higher in the biofilm-forming cells as compared to their
planktonic counterparts.

Table 3 Minimal bioﬁlm inhibitory concentration
MBIC, μg/mL

Strain
AMX

TET

2
2
1

2
2
1

Hp932
Hp141
Hp70

ERY
1
1
0.5

MTZ
8
4
4

MBIC: Minimal bioﬁlm inhibitory concentration; AMX: Amoxicillin; TET:
Tetracycline; MTZ: Metronidazole.

planktonic ones.

Determination of minimal bioﬁlm inhibitory
concentration

DISCUSSION

We observed that the minimal bioﬁlm inhibitory
concentrations (MBICs) of AMX required for preventing
biofilm formation was similar to that of the MICs for all
three isolates. However, MBICs of TET, ERY and MTZ
were at least 2-folds lower than the MICs of the isolates
determined in agar dilution (Table 3).

Long-term infection of humans by H. pylori may favor
the possibilities of biofilm formation in the stomach,
which might be a barrier for antibiotic capture, thereby
[11]
increasing resistance to antibiotic .
Several investigators have reported that H. pylori
can form the biofilm in vitro and most probably in
[27-31]
vivo
. In light of these investigations, a few scientific
[29]
observations, including that of Yonezawa et al , have
reported in vitro biofilm formation by H. pylori strains.
In a previous study, we investigated the role of bio
film formation on H. pylori colonization of the mouse
[19]
model . In the present work, we investigated its
role in the resistance to commonly used antibiotics by
comparing the expression rates of two efflux pumps
between the biofilm-forming cells and their planktonic

Expression of hp1165 and hefA in biofilm-forming and
planktonic cells

The differences in transcription levels of hefA and
hp1165 efflux genes between biofilm-forming and
planktonic cells, using hp16S rRNA as internal control,
were compared. For this purpose, the quantities of
cDNA corresponding to these genes were determined
by real-time qPCR and their amounts were normalized
using 16S rRNA gene in each unique reaction. Each
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Figure 2 Real-time reverse transcription-polymerase chain reaction products of hp1165 (117 bp), hefA (162 bp), and 16S rRNA (136 bp) genes in biofilmforming (B) and planktonic (P) populations on 1.5% agarose gel. A: Detection of hp1165 gene: 1: Hp141 strain (B), 2: Hp141 strain (P), 3: Hp932 strain (B), 4:
Hp932 strain (P), 5: 100 bp size marker; B: Detection of hp1165 gene: 1-2: Hp70 strain (B), 3: Hp70 strain (P), 4: Size marker; C: Detection of hefA gene: 1: Size
marker, 2: Hp932 strain (B), 3: Hp932 strain (P), 4: Hp141 strain (B), Hp141 strain (P), 5: Hp70 strain (B), 6: Hp70 strain (P); D: Detection of 16S rRNA gene: 1: Hp932
strain (B), 2: Hp932 strain (P), 3: Hp141 strain (B), 4: Hp141 strain (P), 5: Hp70 strain (B), 6: Hp70 strain (P), 7: Size marker.
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Figure 3 Expression rates of Helicobacter pylori efflux pump genes, hefA and hp1165. Data are expressed as the means of multiple experiments ± standard
deviation. Significantly different (aP ≤ 0.05) relative to the mRNA expression level (planktonic vs biofilm-forming).

counterparts.
To observe the effectiveness of antibiotics against
planktonic and biofilm-forming cells, we compared
their MBCs, instead of MICs, since it was demonstrated
that planktonic cells are more susceptible to antibiotics
and the eventual presence of planktonic cells (even at
low density) in established biofilms may not result in
a fair MIC comparison between biofilm-forming and
[32]
planktonic cells . Furthermore, the possibility exists
that in such an evaluation, instead of MIC comparison,
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the MIC of planktonic cells be compared with the MBIC
of biofilm-forming cells. This comparison may result
in an erroneous conclusion since MBIC and MIC may
not be similar for the majority of the antibiotics. In
agreement with this situation, we found that MBIC of
selected H. pylori isolates for TET, ERY and MTZ were
at least 2-folds lower than their MIC (Table 3). Using
MBC as a criterion of comparison, the MBC of biofilmforming cells were at least 2-folds higher than their
planktonic counterparts (Table 2).
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Expression analysis of mRNA for two efflux pump
genes, hp1165 and hefA, involved in the specific
resistance to TET and multidrug resistance, respectively,
showed that they were active in both the biofilmforming and planktonic cell populations (Figure 2). By
analyzing the amount of expression, we observed that
both efflux genes had significantly increased expression
in biofilm-forming cells, compared to their planktonic
counterparts (Figure 3).
Impact of biofilm formation by H. pylori on anti
biotic resistance was also studied by Yonezawa and
[33]
coworkers , who found a decreased susceptibility to
clarithromycin via increased frequency of mutations in
the biofilm-forming cells.
Although the actual treatment regimen for
eradication of H. pylori infection may be effective
in some cases, the failure of this approach is well
[34]
documented in many cases . The main reasons for
unsuccessful eradication appear to be the emergence
of resistant strains or resistant populations to
selected antibiotics. Biofilm-forming populations may
develop multiple functional genes which favor more
resistance to antibiotics, while planktonic cells do
not. Involvement of the efflux pumps may be one of
the important reasons for reduced susceptibility of
these resistant populations to the various antibiotics.
Situations triggering an overexpression of the efflux
pump genes could also have several effects on biofilm
formation through an increase in the interchange of
[35]
quorum sensing molecules .
The present research provides a new finding about
the roles of biofilm on the increased expression of two
efflux pumps, hefA and hp1165, in the clinical isolates
of H. pylori. Future investigations based upon these
findings may reveal the nature of this mechanism and
illuminate the role of biofilm formation in the antibiotic
resistance of H. pylori in vivo.
As prevalence of H. pylori infection is high in
[3]
West Asia, particularly in Iran , the need exists for
improving our knowledge about the mechanism(s)
of antibiotic resistance during chronic infection by
H. pylori. Furthermore, investigations about the role
and the nature of biofilms may help select better
eradication regiments capable of acting on biofilmforming cells as well.
The results of the present work demonstrate the
existence of an association between H. pylori biofilm
formation and decreased susceptibility to various
antibiotics via increased functional activity of two efflux
pumps, hp1165 and hefA, in biofilm-forming cells.
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Abstract
AIM
to identify potential anti-cancer constituents in natural
extracts that inhibit cancer cell growth and migration.

Hsu HH, Chen MC, Day CH , Lin YM, Li SY, Tu CC,
Padma VV, Shih HN, Kuo WW, Huang CY. Thymoquinone
suppresses migration of LoVo human colon cancer cells by
reducing prostaglandin E2 induced COX-2 activation. World J
Gastroenterol 2017; 23(7): 1171-1179 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i7/1171.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i7.1171

METHODS
Our experiments used high dose thymoquinone
(TQ) as an inhibitor to arrest LoVo (a human colon
adenocarcinoma cell line) cancer cell growth, which was
detected by cell proliferation assay and immunoblotting
assay. Low dose TQ did not significantly reduce LoVo
cancer cell growth. Cyclooxygenase 2 (COX-2) is an
enzyme that is involved in the conversion of arachidonic
acid into prostaglandin E2 (PGE2) in humans. PGE2
can promote COX-2 protein expression and tumor cell
proliferation and was used as a control.

INTRODUCTION
Colorectal cancer is one of the most universally diag
nosed gastrointestinal cancers and among the main
causes of cancer-related death in western developed
[1,2]
countries
. Despite advanced chemotherapeutic
treatments, more than 130000 new cases of colon
[3]
cancer are diagnosed each year , causing more than
[4]
56000 deaths/year in America . Thymoquinone (TQ) is
a phytochemical compound isolated from Nigella sativa
that possesses anti-carcinogenic activity and induces
apoptosis in tumor cells, and it can interfere with cancer
[5,6]
cell survival through different mechanisms . Available
treatments for cancer include surgical removal,
chemotherapy and adjuvant chemotherapy for patients
who are strong enough to undergo it. To date, the
surgical removal of cancer tissue is considered the most
appropriate way to address colon cancer. Our present
study investigated the use of phytochemical drugs as
a supplementary chemotherapy approach. Laboratory
studies have shown that TQ significantly inhibits oral
[7]
cancer through the p38β MAPK family . Among the
hereditary colon cancers, hereditary non-polyposis
colon cancer (HNPCC) patients present a particularly
high risk for synchronous metastasis via the lymphatic
[8,9]
system . In this study, we used the colorectal cancer
cell line LoVo, which was developed from a 56-yearold colon cancer patient. Many previous studies have
verified that prostaglandin E2 (PGE2) promotes cancer
development and have considered it a cancer marker;
[10-12]
therefore, we used PGE2 as a control
. PGE2
seems to assist cell survival in colorectal cancer cells

RESULTS
Our results showed that 20 µmol/L TQ significantly
reduced human LoVo colon cancer cell proliferation. TQ
treatment reduced the levels of p-PI3K, p-Akt, p-GSK3β,
and β-catenin and thereby inhibited the downstream
COX-2 expression. Results also showed that the
reduction in COX-2 expression resulted in a reduction
in PGE2 levels and the suppression of EP2 and EP4
activation. Further analysis showed that TG treatment
inhibited the nuclear translocation of β-catenin in LoVo
cancer cells. The levels of the cofactors LEF-1 and
TCF-4 were also decreased in the nucleus following
TQ treatment in a dose-dependent manner. Treatment
with low dose TQ inhibited the COX-2 expression at
the transcriptional level and the regulation of COX-2
expression efficiently reduced LoVo cell migration. The
results were further verified in vivo by confirming the
effects of TQ and/or PGE2 using tumor xenografts in
nude mice.
CONCLUSION
TQ inhibits LoVo cancer cell growth and migration, and
this result highlights the therapeutic advantage of using
TQ in combination therapy against colorectal cancer.
Key words: Thymoquinone; LoVo cell; Cyclooxygenase 2;
Prostaglandin E2; migration
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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[13]

by augmenting Ras-MAPK signaling .
Compared to normal intestinal tissues, COX-2
expression is 80%-90% higher in colorectal cancers.
Cancers of the head, breast, cervix, bladder and
gastrointestinal system have also shown high levels
[14-16]
of COX-2 expression
. COX-2/PGE2 signaling
affects cell physiology in multiple tumor types and
[12,17]
maintains colorectal tumorigenesis
. PGE2 as a
proangiogenic factor is associated with transformed
[18]
vascular permeability and angiogenesis . COX-2
expression is thought to contribute to the principal
[19,20]
PGE2 metabolic product
. Some non-steroidal antiinflammatory drugs (NSAIDs) and vegetables produce
anti-tumor effects that reduce PGE2 synthesis or
[21-24]
inhibit COX-2
. In our experiments, we sought to
identify compounds similar to NSAIDs or adjunct drugs
to increase the effectiveness of cancer chemotherapy.
Our experimental drug, TQ, has promising anti-tumor
effects, and it inhibited the incidence of fore-stomach
tumors and fibrosarcoma tumors and increased
[25,26]
cellular longevity
. We previously evaluated PGE2induced migration in human LoVo cancer cells, and the
major mechanism involves the activation of the p-Akt/
p-PI3K/p-GSK3β/β-catenin pathway that ultimately upregulates COX-2 expression (unpublished data). After
the addition of TQ, the exact anticancer mechanism
produced by PGE2 was determined. Previous studies
have demonstrated that β-catenin translocation, which
includes co-interaction with and activation of the
promoters LEF-1 and TCF-4, subsequently modulates
[27]
downstream gene expression . The nuclear cofactors
LEF and TCF were triggered to initiate the transcription
[28]
and translation of COX-2 . Cell metastasis efficiency
is a focus of our work because it correlates with COX-2
[29,30]
activity
. Moreover, cell migration is promoted due
[31]
to COX-2 expression . Numerous studies of animals
treated with TQ have demonstrated that TQ is not
[32-34]
toxic
.
Our study used immunoblotting assays, immuno
fluorescence assays, nuclear extraction and in vivo
experiments to examine the COX2 protein, which
affects the metastasis of highly metastatic LoVo cancer
cells treated with TQ.

Beverly, Ma, United States). α-tubulin and β-actin
(Santa Cruz Biotechnology, Inc. Santa Cruz, CA, United
States) were used as loading controls. The following
horseradish peroxidase-conjugated antibodies were
purchased from Santa Cruz Biotechnology, Inc. (CA,
United States): goat anti-mouse IgG, goat antirabbit IgG, and rabbit anti-goat IgG. Nude mice were
purchased from the National Laboratory Animal Center
(NLAC).

Cell culture

Cell proliferation assay

4

LoVo cells were seeded at a density of 1.5 × 10
cells per well in 24-well plates, and after 24 h the
cells were treated with different concentrations of
TQ varying from 0 to 20 µmol/L (Sigma Aldrich, St
Louis MO, United States) dissolved in DMSO. An MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay was used to determine living cells 24 h
after treatment. Culture supernatants were removed,
and MTT (Sigma, United States) in phosphate-buffered
saline (PBS, pH 7.4) was added to each well. After 4 h
of incubation at 37 ℃, the MTT solution was removed,
and DMSO was added to dissolve the resultant
formazan crystals. Absorbance was read at 540 nm in
a Flexstation 3 device (MDS Analytical Technologies,
Canada). The percentage viability was calculated as
(test-background)/(control-background) × 100.

Immunoblotting assay

Cultured LoVo cells were washed with cold PBS and
resuspended in lysis buffer [50 mmol/L Tris (pH
7.5), 0.5 mol/L NaCl, 1.0 mmol/L EDTA (pH 7.5),
10% glycerol, 1 mmol/L BME, 1% IGEPAL-630,
and a proteinase inhibitor cocktail (Roche Molecular
Biochemical)] to isolate total proteins. After incubation
for 30 min on ice, the supernatant was collected by
centrifugation at 12000 × g for 15 min at 4 ℃. Protein
concentration was then determined using the Bradford
method. Samples containing equal protein amounts (60
µg) were loaded and analyzed using immunoblotting
analysis. Proteins were separated using 10% SDSPAGE and transferred onto PVDF membranes (Millipore,
Belford, MA, United States). The membranes were
blocked with blocking buffer (5% non-fat dry milk, 20
mmol/L Tris-HCl, pH 7.6, 150 mmol/L NaCl, and 0.1%
Tween 20) for at least 1 h at room temperature. The
membranes were incubated with primary antibodies
in the above solution on an orbital shaker at 4 ℃
overnight. Following the primary antibody incubations,
the membranes were incubated with horseradish

MATERIALS AND METHODS
Cells, antibodies, reagents, and enzymes

The human colon cancer cell line LoVo was obtained
from the American Tissue Culture Collection (ATCC)
(Rockville, MD, United States). LoVo cells were
established from metastatic nodules that were
resected from a 56-year-old colon adenocarcinoma
patient.
We utilized antibodies against the following
proteins: phospho-PI3K, phospho-Akt, COX-2,
phospho-GSK3β, β-catenin, LEF-1, HADAC-1 (Santa
Cruz Biotechnology, Inc. Santa Cruz, CA, United
States), and TCF-4 (Cell Signaling Technology, Inc.
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2

The colon cancer cell line LoVo was cultured in 10-cm
culture dishes in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 100 µg/mL penicillin, 100
µg/mL streptomycin, 2 mmol/L glutamine, 1 mmol/L
HEPES buffer, and 10% fetal bovine serum (FBS) in
humidified air (5% CO2) at 37 ℃.
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lower compartment was filled with DMEM containing
10% FBS. LoVo cells were placed in the upper part
of the Boyden chamber, which contained serum-free
medium, and incubated for 4-8 h. After incubation,
cells on the membrane filter were fixed with methanol
and stained with 0.05% Giemsa for 1 h. The cells on
the upper filter surface were removed with a cotton
swab. The filters were then rinsed in double-distilled
water for additional stain leaching. The cells were
then air-dried for 20 min. Migratory phenotypes were
determined by counting the cells that migrated to the
lower side of the filter using microscopy at 200 × and
400 × magnification. Ten fields were blindly selected
and counted as the mean cell number in each filter.
The sample was assayed in triplicate.

120

Cell viability (%)

100
a

80

b

60
40
20
0

C

2.5

5.0
7.5
10.0
Thymoquinone (mmol/L)

20.0

Figure 1 Thymoquinone affects the viability of LoVo colon cancer cells.
To explore the effect of thymoquinone (TQ) on the viability of human LoVo
colon cancer cells, we first treated LoVo cells with various concentrations (2.5, 5,
7.5, 10 and 20 µmol/L) of TQ for 24 h and subsequently measured cell viability
by MTT assay. The results showed a significant reduction of cell viability of
approximately 60% following treatment (20 µmol/L) for 24 h. Each value
represents the mean ± SE. aP < 0.05; bP < 0.01.

Study animals

Cytoplasmic and nuclear fractions were obtained using
extraction reagents containing membrane lysis buffer
[10 mmol/L HEPES (pH 8.0), 1.5 mmol/L MgCl2, 10
mmol/L KCl, 1 mmol/L DDT, and proteinase inhibitor]
and nuclear lysis buffer [20 mmol/L HEPES (pH
8.0), 1.5 mmol/L MgCl2, 10 mmol/L NaCl, 1 mmol/L
DDT, 0.2 mmol/L EDTA, 0.25 mol/L glycerol, and
proteinase inhibitor]. Following treatment, the cells
were resuspended in PBS, incubated with ice-cold
membrane lysis buffer for 10 min, and centrifuged at
12000 rpm for 2 min to pellet nuclei. The supernatant
was stored for use as a cytoplasmic fraction, and the
nuclear pellet was lysed with nuclear lysis buffer to
obtain a nuclear fraction.

Twelve nude mice were bred in the animal care facility
of the Chinese Medicine Library (Taichung, Taiwan)
and were purchased from The National Laboratory
Animal Center. The animals received subcutaneous
6
injections of LoVo colorectal cancer cells (1 × 10
cells per injection) in the back. Ambient temperature
was maintained at 25 ℃, and the mice were kept
on an artificial 12-h light-dark cycle, with the light
period beginning at 7:00 am. All of the protocols were
approved by the Institutional Animal Care and Use
Committee of China Medical University, Taichung,
Taiwan, ROC.
LoVo cells were treated with PGE2 (5 µmol/L) for 24
h and were then injected subcutaneously into the mice
6
(1 × 10 cells). After one week, various concentrations
(0.5, 10 and 20 µmol/L) of TQ were administered for
three weeks (3 times per week) by intraperitoneal
injection. All protocols were reviewed and approved by
the Institutional Review Board (IRB, ethical clearance
number 104-223-N), Animal Care and Use Committee
of China Medical University, Taichung, Republic of
China, and the study was conducted in accordance
[36]
with the principles of laboratory animal care .

Immunofluorescence assay

Statistical analysis

peroxidase-linked secondary antibodies (antirabbit, anti-mouse, or anti-goat IgG). Detection was
performed using ECL reagents and a digital imaging
system.

Nuclear extraction

Each experiment was duplicated at least three times.
The results are presented as the mean ± SE, and
statistical comparisons were made using Student’s
t-test. Significance was defined at p < 0.05 or 0.01.

LoVo cells were treated with increasing TQ dosages (5,
10, and 20 µmol/L) for 24 h, and PGE2 (5 µmol/L) was
added for the last six hours. An immunofluorescence
assay was performed on the LoVo cells using a β-catenin
antibody (1:250) directed against a target of interest.
A fluorophore-conjugated secondary antibody (green)
that was directed against the primary antibody was
used for detection, and a blue fluorescent DAPI nuclear
acid counterstain that preferentially stains dsDNA
was included. Anti-β-catenin (green) merged with
DAPI (blue) is also shown in the resultant confocal
microscopy images.

RESULTS
Effect of TQ on viability of LoVo cells

We first tested the effect of TQ on the viability of LoVo
cells. Several TQ concentrations were used to evaluate
cell viability after co-culture for 24 h. The results
indicated that 20 µmol/L TQ can significantly reduce
LoVo cell proliferation (Figure 1).

Migration assay

p-PI3K-, p-Akt-, p-GSK3β - and β -catenin-induced COX-2
expression is down-regulated by TQ

A migration assay was performed using a 48-well
Boyden chamber (Neuro Probe) plate with 8-µ m
[35]
pore size polycarbonate membrane filters . The
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TQ treatment inhibits LoVo cell migration

PGE2 5 mmol/L

Migration is an important step in LoVo colon cancer
progression because this cancer metastasizes supra
clavicular lymph nodes. We performed a Boyden
chamber migration assay to determine the effect of
TQ on LoVo cells and found that TQ inhibited LoVo cell
migration in a dose-dependent manner (Figure 5).
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C
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mmol/L
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52 kDa
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72 kDa

b-actin

43 kDa

Effect of TQ on tumor growth in nude mouse xenografts

To verify previous results on the growth inhibition and
anti-metastatic effects of TQ in human LoVo cells,
the therapeutic potential of TQ in a pre-subcutaneous
LoVo cell model in nude mice was determined. TQ
was administered for 30 consecutive days. The drug
did not induce death or weight loss of more than 15%
to 20% of original weight, which is a very sensitive
parameter for perniciousness in mice. The effects of TQ
on PGE2-associated protein markers for inflammation
and metastasis in the nude mouse xenograft model
were then determined. COX-2 and β-catenin protein
levels in different tissue groups in the nude mice were
down-regulated by TQ treatment in a concentrationdependent manner (Figure 6).

Figure 2 Thymoquinone inhibits the expression of PI3K, Akt, p-GSK3β,
β-catenin and COX-2 proteins in LoVo cells. LoVo cells were cultured in
medium that was treated with TQ (5, 10 and 20 µmol/L) for 24 h; PGE2 (5
µmol/L) was added for the last 6 h. Following this, the cells were immunoblotted
with the indicated antibodies. The cells were lysed, and the extracts were
separated by 10% SDS-PAGE, transferred to PVDF membranes and
immunoblotted with antibodies against p-PI3K, p-Akt, p-GSK3β, β-catenin and
COX-2.

DISCUSSION
TQ was shown to be an anticancer agent by virtue of
its anti-proliferative potential and capacity to induce
[37]
cell cycle arrest . In our previous studies, COX-2
protein was found to be regulated by PGE2, resulting
in cell proliferation and migration. Here, a 20 µmol/L
concentration of TQ, which is 50% of the non-cytotoxic
concentration determined by MTT assay, arrested the
migration of LoVo colorectal cancer cells. We tested
TQ on LoVo colorectal cancer cells that were already
induced by PGE2 (5 µmol/L); these cells exhibited
significantly enhanced performance over the control
group. Our experimental drug TQ inhibited the survival
pathway proteins p-PI3K, p-Akt, p-GSK3β, β-catenin
and COX-2.
When β-catenin is translocated from the cytosol
into the nucleus, it plays a role in the transcription and
[28]
translation of COX-2 . The translocation of β-catenin
from the cytosol into the nucleus also plays a role in
the transcription and translation of COX-2.
Nuclear isolation techniques and immunofluo
rescence were used to determine the localization
of β-catenin and the COX-2 transcription cofactors
[38]
LEF-1 and TCF-4 . Our experiments showed that TQ
suppresses β-catenin translocation induced by PGE2,
and the expression of both LEF-1 and TCF-4 was
also suppressed. This result suggests that β-catenin
loses its ability to translocate into the nucleus and
bind to LEF-1 and TCF-4 following TQ treatment.
These cofactors were also affected by TQ with a
gradually declining, concentration-dependent trend.
Immunofluorescence confocal microscopy showed

increases COX-2 expression via activation of the EP4/
β-catenin pathway, suggesting that PGE2 regulates
p-PI3K, p-AKT, and p-GSK-3β expression in LoVo
cells. PGE2 has been reported to activate downstream
signaling via EP2 and EP4 to elicit various biological
responses. As shown in Figure 2, TQ treatment
reduced the up-regulation of COX-2 expression by
PGE2, and β-catenin had an obvious effect on EP2 and
EP4 regulation by PGE2.

Effect of TQ on β -catenin translocation

β-catenin is a key protein that affects nuclear COX-2
transcription. We used an immunofluorescence assay
to evaluate β-catenin protein levels in the cytosol
and nucleus. Confocal microscopy confirmed that TQ
treatment led to the translocation of β-catenin into the
LoVo cell nucleus (Figure 3).

Nuclear translocation inhibition of β -catenin in the LoVo
cancer cell line

Previous studies have demonstrated that the trans
location of β-catenin involves co-interaction with and
activation of the promoters LEF-1 and TCF-4, which
subsequently modulate downstream gene expression.
Evaluation of isolated LoVo cell nuclei showed that
β-catenin translocation decreased in the nucleus, but
its interactions with the cofactors LEF-1 and TCF-4 did
not change. We observed a concentration-dependent
decrease in the levels of β-catenin and the proteins
LEF-1 and TCF-4 in the nucleus following TQ treatment
(Figure 4).
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Figure 3 Thymoquinone inhibits β-catenin nuclear translocation in the LoVo cancer cell line. Nuclear isolation showed a decrease in β-catenin translocation
into the nucleus. The cofactors LEF-1 and TCF-4 decreased in the nucleus following TQ treatment in a dose-dependent manner. TQ: Thymoquinone.
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Figure 4 Thymoquinone treatment inhibits β-catenin translocation into LoVo cell nuclei. An immunofluorescence assay was performed on LoVo cells using
a β-catenin primary antibody and a secondary antibody (1:250) producing green fluorescence; DAPI (blue fluorescence) was included to stain cell nuclei. Merged
β-catenin and DAPI (green and blue, respectively) signals are shown. The indicated treatments were assessed. PGE2: Prostaglandin E2; TQ: Thymoquinone.
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Control
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Figure 5 Thymoquinone efficiently inhibits LoVo cell migration. LoVo cells were pretreated with increasing dosages (5, 10, and 20 µmol/L) of TQ for 24 h.
A Boyden chamber migration assay was performed to assess cell migration ability. The responses to different treatments were analyzed via microscopy. PGE2:
Prostaglandin E2; TQ: Thymoquinone.
Control
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Figure 6 Impact of thymoquinone and/or prostaglandin E2 administration on tumor growth in nude mice xenografts. Tumor tissues were harvested from nude
mice and lysed. Protein content was quantified and analyzed by immunoblotting. p-Akt, β-catenin and COX-2 levels in LoVo cells were detected. PGE2: Prostaglandin
E2; TQ: Thymoquinone.

fluorescent images of anti-β-catenin (green) and
DAPI staining (blue) in the panel representing the
cell nucleus. These results indicate that TQ treatment
inhibited β-catenin translocation into the nucleus and
subsequently reduced COX-2 activation.
We can observe the impact of TQ on COX-2
by assessing these translation- and transcriptionassociated proteins. COX-2 plays a central role in
cell migration. These results showed that decreasing
COX-2 levels will correspondingly reduce cell migration.
In this context, we demonstrated that TQ significantly
reduces metastasis in vivo. However, we investi
gated the therapeutic potential of TQ using a highly
aggressive human LOVO cancer cell xenograft nude
mouse model. p-Akt, β-catenin and COX-2 expression
substantially decreased. TQ inhibited LoVo colorectal
cancer cell growth and inhibited migration. In the

WJG|www.wjgnet.com

future, we will evaluate the therapeutic advantage
of combining chemotherapeutic agents for colorectal
cancer.
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Abstract
AIM
To investigate the therapeutic effect of Jianpi
Qingchang decoction (JPQCD) on dextran sulfate
sodium (DSS)-induced ulcerative colitis (UC) in mice.

Institutional animal care and use committee statement:
All procedures involving animals were reviewed and approved
by the Institutional Animal Care and Use Committee of the
Shanghai University of Traditional Chinese Medicine (No. SZY
201510001).

METHODS
C57BL/c mice were injected intragastrically with 5%
DSS instead of drinking water for 7 d, and their body
weight, diarrhea severity and fecal bleeding were
monitored, while the mice in the control group were
treated with standard drinking water, without DSS.
After 7 d, the DSS drinking water was changed to
normal water and the DSS group continued with DSS
water. The control and DSS groups were given normal
saline by intragastric injection. The 5-aminosalicylic
acid (5-ASA) group was treated orally with 5-ASA at a
dose of 100 mg/kg daily. The JPQCD group was treated
orally with JPQCD at a dose of 17.1 g/kg daily. On
day 14, the colon length was measured, the colorectal
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histopathological damage score was assessed, and
protein levels of interleukin (IL)-1β, IL-8 and tumor
necrosis factor-alpha (TNF-α) in colon supernatants
were measured by enzyme-linked immunosorbent
assay. mRNA expression of IL-1β, IL-8, TNF-α and
nuclear factor-kappa B (NF-κB) was detected by realtime quantitative polymerase chain reaction. Western
blotting was used to detect the protein expression of
NF-κB and inhibitor of kappa B.

Zheng L, Zhang YL, Dai YC, Chen X, Chen DL, Dai YT, Tang
ZP. Jianpi Qingchang decoction alleviates ulcerative colitis by
inhibiting nuclear factor-κB activation. World J Gastroenterol
2017; 23(7): 1180-1188 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1180.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1180

INTRODUCTION

RESULTS
Acute inflammation occurred in the mice administered
DSS, including the symptoms of losing body weight,
loose feces/watery diarrhea and presence of fecal
blood; all these symptoms worsened at 7 d. The
colons of mice treated with DSS were assessed by
histological examination, and the results confirmed
that acute inflammation had occurred, as evidenced
by loss of colonic mucosa and chronic inflammatory
cell infiltration, and these features extended into the
deeper layer of the colon walls. The expression levels
of IL-1β, IL-8 and TNF-α in the DSS group were higher
than those in the control group (P < 0.05), and the
expression levels of IL-1β, IL-8 and TNF-α in the
JPQCD and 5-ASA groups were lower than those in
the DSS group after treating with JPQCD and 5-ASA.
Comparing with the DSS group, the mRNA level of IL1β, IL-8, TNF-α and NF-κB was significantly reduced by
5-ASA and JPQCD. The difference between JPQCD and
5-ASA groups was not statistically significant (P > 0.05).
Comparing with the DSS group, due to using JPQCD
and 5-ASA, significant suppression of activation in DSSinduced NF-κB and increased phosphorylation of IκB in
mice with experimental colitis occurred (P < 0.05). The
difference between the JPQCD group and the 5-ASA
group was not statistically significant (P > 0.05).

Ulcerative colitis (UC) is a chronic gastrointestinal
disorder characterized by inflammation and mucosal
damage in colon, the pathophysiology of which
is multifactorial, with environmental, genetic and
[1]
immunological factors being involved . Chronic colonic
inflammation in patients with UC may be attributed
to activation of the immune system through intestinal
flora. The main clinical manifestations of UC include
recurrent abdominal pain and diarrhea, as well as
[2]
mucous, bloody or purulent stools . Currently, disease
severity is an important factor in selecting treatment
strategies, most of which concentrate on alleviation of
disease symptoms, rather than disease treatment. In
addition, a large number of ways for treating UC may
result in systemic immunosuppression, thus leading
to limited long-term application and an urgent need
to develop a novel therapeutic. At present, many
researchers are interested in traditional Chinese
medicine (TCM), such as herbal therapy, because these
complementary and alternative agents have few side
[3-6]
effects in treating various diseases, including UC .
Multiple cellular signal transduction pathways highly
regulate inflammatory responses, including the nuclear
factor-kappa B (NF-κB) pathway, a nuclear factor that
can be activated by a variety of pathogens.
NF-κB, a major transcription factor, which induces
expression of a large array of inflammatory mediators,
is crucial in transcription related to diverse immune
responses, and the NF-κB signaling pathway is
[7]
regarded as a major pathway for UC . Abnormal
expression of NF-κB leads to release of proinflammatory
cytokines, for instance, interleukin (IL)-1β, IL-8, tumor
necrosis factor-alpha (TNF-α) and adhesion molecules.
Jianpi Qingchang decoction (JPQCD) is a TCM
prescription that consists of nine Chinese herbs,
namely, Astragalus, Codonopsis pilosula, Portulaca
oleracea, Sanguisorba officinalis, Notoginseng, Bletilla
striata, Radix Aucklandiae, and Licorice. JPQCD can
clear away heat and dampness, and strengthen the
spleen to produce vitality, thanks to effects of these
components. In the TCM system, pathogenesis of UC is
formed in the case of accumulation of toxic dampness
and heat, therefore the basic principle for JPQCD to
treat inflammatory diseases is to clear away heat and
eliminate dampness. In China, JPQCD has long been
applied in the treatment of UC in clinic; however, its
precise mechanism of action of anti-inflammatory
activities remains unknown. In this study, C57BL mice

CONCLUSION
Activation of the NF-κB signaling pathway is inhibited
by JPQCD, which shows the potential mechanism by
which JPQCD treats UC.
Key words: Jianpi Qingchang decoction; Dextran
sodium sulfate; Ulcerative colitis; Nuclear factor-κB;
Inflammation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nuclear factor-kappa B (NF-κB) is a major
transcription factor inducing the expression of
inflammatory mediators, which plays a crucial role in
the transcription in diverse immune responses, and its
signaling has been confirmed to be a major pathway
for ulcerative colitis. It is demonstrated in the current
study that Jianpi Qingchang decoction (JPQCD), which
can decrease levels of proinflammatory cytokines, plays
a role in inhibiting nuclear translocation of NF-κB and
phosphorylation of inhibitor of kappa B, thus indicating
that JPQCD can suppress the activation of NF-κB
signaling pathway.
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Table 1 List of primers used in this study
Gene
IL-1β

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

IL-8
TNF-a
NF-κ B
Actin

Primer sequence

Primer length (bp)

5’-TAGACAACTGCACTACAGGCTCCGA-3’
5’-GGGTCCGACAGCACGAGGCT-3’
5’-ATGCTGGTGACAACCACGGCC-3’
5’-CCTCTGTGAAGTCTCCTCTCCGGAC-3’
5’-TGGTGACCAGGCTGTCGCTACA-3’
5’-TACAGTCACGGCTCCCGTGGG-3’
5’-GTGGAGGCATGTTCGGTAGTG-3’
5’-TCTTGGCACAATCTTTAGGGC-3’
5’-GTGCCGCCTGGAGAAACC-3’
5’-GGTGGAAGAGTGGGAGTTGC-3’

25
20
21
25
22
21
21
21
18
20

with dextran sodium sulfate (DSS)-induced UC were
used as models of human intestinal epithelium, so as
to evaluate the anti-inflammatory effects of JPQCD
and to investigate its molecular mechanism.

the main axis, and washed with phosphate-buffered
saline (pH 7.4). After gross examination, colons were
fixed in 10% neutral-buffered formalin for histological
examination, and the remaining colons were used for
enzyme-linked immunosorbent assay (ELISA), mRNA
and western blot analyses.

MATERIALS AND METHODS
Mice

ELISA

C57BL/6 male mice weighing 18-22 g were purchased
from the Laboratory Animal Center of Shanghai
University of Traditional Chinese Medicine, and
they were raised under the following conditions: a
standard cycle of 12-h light/12-h dark, with the room
temperature at 24 ± 2 ℃ and the relative humidity
at 50% to 60%. Forty mice were randomly divided
into four groups after 1 wk of acclimation, which
were control group, DSS group, JPQCD group and
5-aminosalicylic acid (5-ASA) group, with 10 mice in
each group.

Paraffin-embedded samples were cut into 5-μm
sections and examined under light microscope after
being stained with hematoxylin and eosin (HE).
Samples were analyzed and scored as described
[11,12]
previously
.

DSS-induced colitis

RNA isolation and quantitative PCR

Protein expressions of IL-1β, IL-8 and TNF-α (BioLegend,
San Diego, CA, United States) in supernatants from the
colon were measured by commercially available ELISA
kits.

Histological analysis

After acclimation, mice were fed with 5% (w/v) DSS
(MW 36000-50000; MP Biomedicals, Santa Ana, CA,
[8]
United States) dissolved in sterile distilled water ad
libitum for 7 d to induce acute UC. When DSS-induced
acute UC models were successfully established 7 d
later, the DSS drinking water was replaced by normal
water but the DSS group continued to be fed with DSS
drinking water. Control and DSS groups were given 0.3
mL normal saline by intragastric administration. The
5-ASA group was offered oral administration of 5-ASA
at a dose of 100 mg/kg daily. The JPQCD group was
treated orally with JPQCD at a dose of 17.1 g/kg daily.
Body weights were monitored daily, and daily weight
changes were calculated as the percentage of initial
weights.
Parameters shown below were adopted to calculate
the disease activity index (DAI) in combination with a
scale involving the grading from 0-4: weight loss (0:
normal; 1: 0%-5%; 2: 5%-10%; 3: 10%-15%; and
4: > 15%); stool consistency (0: normal; 2: loose
stools; and 4: watery diarrhea); and fecal occult blood
[9,10]
(0: negative; 2: positive; and 4: gross bleeding)
.
Mice were sacrificed under anesthesia 14 d later.
Colons were removed, cut open longitudinally along
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The tissue samples were frozen and dissociated
mechanically in RNA buffer, and total RNA was
extracted using RNAprep Pure Tissue Kit (Tiangen,
Shanghai, China). Real-time (RT)-PCR was carried out
with the help of an Eppendorf PCR system; meanwhile,
QuantiFast SYBR Green PCR Master Mix (TOYOBO,
Osaka, Japan), 1 mmol/L primers (Table 1), and 1
μL cDNA in 20 μL reaction mixture were also used.
Activation was performed for 30 s at 95 ℃ to initiate
the thermal cycling, followed by 40 cycles of 10 min at
95 ℃, 15 s at 95 ℃ and 1 min at 60 ℃. Immediately
after amplification, melt curve protocol was utilized to
guarantee minimization in primer dimers and other
non-specific products. Expression of target genes was
ΔΔ
analyzed by the Ct method.

Protein extraction and Western blot analysis

Western blot analysis described in previous studies
[13]
was used . Colonic tissue was cut into pieces
and homogenized in 5-fold volumes of ice-cold
homogenizing buffer (0.1 mmol/L NaCl, 0.1 mol/L
Tris-HCl, and 0.001 mol/L EDTA) containing 1 mmol/L
phenylmethylsulfonyl fluoride, 1 mg/mL aprotinin,
and 0.1 mmol/L leupeptin at 3000 g and 4 ℃ for 1
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Figure 1 Jianpi Qingchang decoction alleviated dextran sodium sulfate-induced experimental colitis. A: Body weight changes after induction of colitis by
dextran sodium sulfate (DSS); B: Disease activity index; C: Macroscopic appearance; and D: Length of colon. Data are presented as mean ± SEM of 10 mice in each
group. aP < 0.01 vs control group; cP < 0.05 vs DSS group; eP > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.

h. Bovine serum albumin was used to estimate the
protein content in supernatants. The protein samples
(40 µg in each sample) were subjected to SDS-PAGE
and transferred to polyvinylidene fluoride membranes
using a transfer apparatus (Bio-Rad, Hercules, CA,
United States). The membranes were blocked for 1
h before NF-κB and inhibitor of kappa B (IκB) (Cell
Signaling Technology, Danvers, MA, United States)
were adopted as the primary antibodies to incubate
under the proper dilution at 4 ℃ overnight, and the
corresponding horseradish-peroxidase-conjugated
secondary antibody (Cell Signaling Technology) was
used to incubate for another 1 h. Protein–antibody
complexes were detected by Clarity Western ECL
Substrate (Bio-Rad), and results were qualified with
the ImageJ software (Gene Company Limited, China).

RESULTS
General observations

Compared with the control group, the characteristic
weight loss in mice with DSS-induced acute colitis
developed on day 3 (Figure 1A), and significant dif
ferences (P < 0.05) could be seen from day 4. However,
administration of JPQCD and 5-ASA resulted in increased
body weights, with significant difference (P < 0.05)
being seen on day 9. Results in previous studies had
indicated that length of colon was negatively correlated
[14,15]
with severity of experimental colitis
. Observation
results in the DSS-treated mice showed that colon was
significantly shortened, and the suppressed results
derived from treatment with JPQCD and 5-ASA (Figure
1B-D).

JPQCD inhibits DSS-induced inflammatory response in
acute colitis mice

Statistical analysis

Research results were analyzed by SPSS 21.0 (SPSS,
Chicago, IL, United States); analyses were performed
by adopting statistical methods, such as student’s
t-test and one-way analysis of variance (ANOVA),
and histograms were generated by GraphPad Prism
5.0 (GraphPad Software Inc., San Diego, CA, United
States). Difference with the P value < 0.05 was
deemed as statistically significant.

WJG|www.wjgnet.com

Secretion of IL-1β, IL-8 and TNF-α was measured
to evaluate effects of JPQCD on DSS-induced
experimental mice with acute colitis. Cytokines were
released, which was regarded as an indicator of
inflammatory response. JPQCD and 5-ASA groups
were administered gavage once daily for 1 wk, and
levels of IL-1β, IL-8 and TNF-α in supernatants from
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Figure 2 Jianpi Qingchang decoction reduced proinflammatory mediator production in mice with dextran sodium sulfate-induced colitis. IL-1β (A), IL-8 (B)
and TNF-α (C) in colon were determined by ELISA. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs dextran sodium sulfate (DSS) group;
e
P > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.

colonic tissue were assessed by ELISA, the results of
which indicated that JPQCD and 5-ASA significantly
decreased the release of IL-1β, IL-8 and TNF-α in mice
with experimental colitis (Figure 2).

on DSS-induced activation of NF-κB pathway in mice
with experimental colitis were studied, with an aim to
examine the mechanism of anti-inflammatory activity.
Mice in the JPQCD group were pretreated with JPQCD
once daily for 1 wk, and IκB was detected by western
blot. Expression of IκB was significantly increased
after treatment with JPQCD, and such increase was
markedly alleviated by JPQCD (Figure 5).

JPQCD decreases microscopic colon damage in
experimental colitis

Histological and morphological characteristics of colon
were assessed after HE staining, and representative
results as well as the microscopic scores are shown in
Figure 3A and B. Colons in the control group presented
with normal crypt morphology, abundant goblet cells,
no signs of mucosal thickening, and complete absence
of ulceration. However, severe epithelial damage
occurred in mice with induced colitis, giving rise to
a higher score for microscopic damage (Figure 2A).
On the contrary, scores for microscopic damage were
lower in mice treated with JPQCD and 5-ASA than
those in mice treated with DSS.

DISCUSSION
UC, a major form of inflammatory bowel disease
(IBD), results from chronic intestinal inflammatory
[17,18]
response
, the exact cause of which remains
undiscovered, thus giving rise to ineffective treatment
results. Additionally, a majority of treatments applied
at present are associated with occurrence of systemic
immunosuppression. As a consequence, there is in an
urgent need to develop new medicines targeting UC.
[19]
Natural products with few side effects , such as in
TCM, have been studied and applied in treating various
diseases and for replacing some remedies. It has been
revealed in previous studies that the NF-κB pathway
regulates UC in a close way, so it may be an efficient
strategy for treating UC. JPQCD, a TCM prescription,
has been applied in treating UC in clinic for many
years; nevertheless, its anti-inflammatory properties
remain unknown. In the current study, effects of
JPQCD and its molecular mechanism were evaluated in
C57BL mice with DSS-induced UC, which were treated
[20-22]
as experimental models of colitis
.
It was successfully demonstrated in this study
that clinical features of UC reoccur in models of acute
colitis. Typical features of UC, such as diarrhea, bloody
feces, and weight loss occur on d 3 and are markedly
expressed by day 7. Results in mice could also be
seen in human, suggesting that weight loss and colon
shortening, the stable markers of colitis, are correlated
with histopathological changes.
It is noted in our research that body weight and

JPQCD reduces mRNA levels of IL-1β , IL-8, TNF-α and
NF-κ B

Expression levels of IL-1β, IL-8, TNF-α and NF-κB in
control and experimental mice were measured by RTPCR (Figure 4). Expression of IL-1β, IL-8, TNF-α and
[16]
NF-κB was elevated during UC , as had been shown
in numerous studies. Compared with control mice,
increased expression of IL-1β, IL-8, TNF-α and NF-κB
could be detected in experimental mice in this study,
which was consistent with previous findings. However,
oral administration of JPQCD and 5-ASA contributed
to reducing expression levels of IL-1β, IL-8, TNF-α and
NF-κB (P < 0.05).

JPQCD suppresses NF-κ B activation in experimental
colitis

As one of the core transcription factors in inflammation,
activation of the NF-κB pathway involved several key
processes, such as phosphorylation, IκB depredating
and nuclear translocation of NF-κB. Effects of JPQCD
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Figure 3 Jianpi Qingchang decoction treatment protected mice against dextran sodium sulfate-induced colon damage. A: Colon tissues were stained with
HE; B: Histopathological scores were analyzed from slides. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs dextran sodium sulfate (DSS)
group; eP > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.

colon length are outstandingly increased, while DAI is
reduced after treating with JPQCD and 5-ASA for 7 d.
Day 9 (2 d after completing the treatment) witnesses
the beginning of inflammation reduction, which is
consistent with results of research indicating that it
takes a long time for the human body to respond
to treatment. As an important nuclear transcription
factor, NF-κB controls several important physiological
processes, as well as immune and inflammatory
responses. IκB kinase will phosphorylate IκB protein
in the presence of pathologically stimulated cells.
IκB proteins promote ubiquitination and degradation
as a result of its phosphorylation, which leads to
subsequent release of sequestered NF-κB, and further
renders nuclear translocation, thus inducing expression
[23-25]
of a variety of proinflammatory cytokines
.
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In the intestine, proinflammatory cytokines are
produced, which play vital roles in pathogenesis of IBD.
Hence, it is considered that release of proinflammatory
[26]
cytokines is an indicator of inflammatory response .
TNF-α is crucial in recruiting immune cells at the sites
of damaged tissues and in the pathogenesis of IBD. As
a result, anti-TNF-α antibodies, including infliximab, are
applied in treating UC and skin rash, extra-intestinal
manifestations. However, it is indicated in the current
study that anti-TNF antibodies, effective medicine in
treating psoriasis, can result in psoriasiform skin lesion
[27,28]
in IBD patients
. Furthermore, elevated levels of
cytokines in UC, such as IL-8, IL-17 and IL-21 are
[29,30]
reported
.
It is observed that JPQCD has a remarkable effect
on reducing DSS-induced secretion of proinflammatory
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Figure 4 Jianpi Qingchang decoction reduced mRNA levels in mice with dextran sodium sulfate-induced colitis. IL-1β (A), IL-8 (B), TNF-α (C) and NF-κB (D)
in colon were determined by RT-PCR. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs dextran sodium sulfate (DSS)-group; eP > 0.05 vs
5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.
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Figure 5 Effects of Jianpi Qingchang decoction on dextran sodium sulfate-induced NF-κB nuclear translocation in mice with experimental colitis. Jianpi
Qingchang decoction (JPQCD) and 5-aminosalicylic acid (5-ASA) suppressed expression of NF-κB while increased that of IκB, as was indicated in western blot. β-actin
was used as the internal control. Images are representative of three independent experiments. The dextran sodium sulfate (DSS) group had increased expression of
NF-κB, which was reduced by subsequent administration of JPQCD and 5-ASA. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs DSS
group; eP > 0.05 vs 5-ASA group.

cytokines in mice with colitis, so as to inhibit inflam
matory responses in intestinal epithelial cells. It can
be seen from our findings that mRNA levels of IL1β, IL-8, TNF-α and NF-κB in mice with DSS-induced
colitis are increased, while those are decreased in the
presence of oral administration of JPQCD and 5-ASA,
suggesting that JPQCD and 5-ASA have similar effects,
but there is no significant difference between them.
Consequently, JPQCD contributes to decreasing levels
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of proinflammatory cytokines.
Furthermore, NF-κB is considered to be an impor
tant factor to activate IBD in human and colitis in
[31-33]
animals
. Actually, antisense oligonucleotides can
inhibit disease activity in mice with colitis, indicating
that NF-κB plays a key role in mediating inflammatory
[34]
response . Results in our current study reveal that
compared with mice in the control group, expression
of NF-κB is increased, while that of IκB is decreased.
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[35]

the level of pro-inflammatory cytokines (IL-1β, IL-8 and TNF-α). Using real-time
PCR, ELISA and H&E staining of the colon tissue clearly shows that JPQCD
has protective effects against DSS-induced colon damage in mice.

In the acute colitis model , mucosal inflammation
can be controlled by using an agent to block the NFκB pathway, which marks a successful attempt. Similar
experimental results can also be obtained, which are
that JPQCD treatment can inhibit phosphorylation of
IκB and nuclear translocation of NF-κB, demonstrating
that JPQCD inhibits the NF-κB signal pathway. In
summary, results in our study show that JPQCD is
promising in treating UC.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the First Affiliated Hospital of Anhui Medical
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AIM
To explore novel therapeutic target of cisplatin resistance
in human gastric cancer.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
The sensitivity of SGC7901 cells and cisplatin-resistant
SGC7901 cells (SGC7901/DDP) for cisplatin were
detected by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. High-quality total
RNA which isolated from SGC7901/DDP cells and
SGC7901 cells were used for mRNA microarray analysis.
Results were analyzed bioinformatically to predict their
roles in the development of cisplatin resistance and
the expression of 13 dysregulated mRNAs we selected
were validated by quantitative real-time polymerase
chain reaction (qRT-PCR).

Conflict-of-interest statement: The authors declared no
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available from the corresponding author at 13805692145@163.
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selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS
SGC7901/DDP cells highly resistant to cisplatin
demonstrated by MTT assay. A total of 1308 mRNAs
(578 upregulated and 730 downregulated) were
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[6,7]

differentially expressed (fold change ≥ 2 and P -value
< 0.05) in the SGC7901/DDP cells compared with
SGC7901 cells. The expression of mRNAs detected by
qRT-PCR were consistent with the microarray results.
Gene Ontology, Kyoto Encyclopedia of Genes and
Genomes pathway and protein-protein interaction
analysis demonstrated that the differentially expressed
mRNAs were enriched in PI3K-Akt , Notch , MAPK , ErbB ,
Jak-STAT , NF-kappaB signaling pathways which may
be involved in cisplatin resistance. Several genes such
as PDE3B , VEGFC , IGFBP3 , TLR4 , HIPK2 and EGF may
associated with drug resistance of gastric cancer cells
to cisplatin.

cisplatin containing regimens . However, cisplatinbased chemotherapeutic agents are often limited in
[8,9]
chemotherapy due to drug resistance .
Cisplatin resistance of gastric cancer is multi
factorial, accumulating evidence have suggested that
the aberrant expression of proteins which associated
with decreased cellular accumulation, increased
[10]
DNA repair capacity, increased drug inactivation
play important role in the acquisition of cisplatin
resistance. Previous researches have shown that
abnormal expression of copper transporter 1 (CTR1)
and MRP2 lead to cisplatin resistance by reducing the
[11-13]
concentration of cisplatin in cells
. Moreover, the
upregulation of excision repair cross complementing
[14]
1 (ERCC1) , X-ray repair cross complementing 1
[15]
[16]
(XRCC1)
and breast cancer 1 (BRCA1)
have
shown to be involved in cisplatin resistance by removal
[17,18]
of Pt-DNA adducts
. Other studies have shown
that downregulation of the human epidermal growth
factor receptor II (ErbB2) can significantly enhanced
the apoptosis-inducing effects of cisplatin in gastric
[19,20]
cancer
.
The mechanisms of cisplatin resistance are quite
complex and have not been fully revealed till now,
so investigation of the molecular mechanisms and
biomarkers is urgently needed. This study aims to
analyze mRNA expression proﬁles in SGC7901/DDP
cells to explore more chemotherapeutic molecular
targets and to guide appropriate chemotherapy for
gastric cancer with cisplatin resistance.

CONCLUSION
Exploration of those altered mRNAs may provide more
promising strategy in diagnosis and therapy for gastric
cancer with cisplatin resistance.
Key words: Gastric cancer; Dysregulate; Cisplatin
resistance; Microarray; Biology
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We tested the sensitivity of human gastric
cancer cells SGC7901/DDP and SGC7901 for cisplatin
and compared their mRNA expression profile using
a human mRNA microarray, and then performed
bioinformatics analysis to depict comprehensively
the properties of the differentially expressed mRNAs.
Results demonstrated that the dysregulated mRNA
were enriched in functions and pathways that may
be involved in cisplatin resistance. Exploration of the
dysregulated genes could suggest a promising strategy
in diagnosis and therapy of gastric cancer with cisplatin
resistance.

MATERIALS AND METHODS
Cell lines and culture

The human cisplatin-resistant gastric cancer cell line
SGC7901/DDP and its parental cells SGC7901 were
purchased from KeyGEN Biotechnology Company
(Nanjing, Jiangsu, China). Cells were cultured in
RPMI-1640 medium (Gibco, Grand Island, NY, United
States) containing 10% fetal calf serum (Gibco, NY,
United States) supplemented with 100 U/mL penicillin
and 100 μg/mL streptomycin. Cells were cultured in a
humidified atmosphere with 5% CO2 at 37 ℃. Cisplatin
(Sigma, CA, United States) with final concentration
of 800 ng/mL was added to the culture media for
SGC7901/DDP cells to maintain the cisplatin-resistant
phenotype.

Xie XQ, Zhao QH, Wang H, Gu KS. Dysregulation of mRNA
profile in cisplatin-resistant gastric cancer cell line SGC7901.
World J Gastroenterol 2017; 23(7): 1189-1202 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i7/1189.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1189

INTRODUCTION
Gastric cancer is the fourth most common cancer
and the second leading cause of cancer death
[1]
globally , and more than two thirds of patients when
[2]
diagnosed with unresectable disease . The 5-year
overall survival rate of patients with advanced gastric
[3]
cancer approximately 25% . Currently, platinumbased chemotherapy regimen is the standout che
motherapy frequently used for advanced gastric
[4,5]
cancer , and median overall survival and progression
free survival was significantly longer in cisplatincontaining combination therapy compared to non-

WJG|www.wjgnet.com

MTT method assay for SGC7901/DDP and SGC7901 cells
viability

SGC7901/DDP and SGC7901 cells were suspended at
5
a density of 1 × 10 cells/mL and planted into 96-well
culture plate. After 24 hours, the cells were treated
with freshly prepared DDP. The final concentrations
were 133.34 μmol /L, 66.67 μmol/L, 6.67 μmol/L,
0.67 μmol/L and 0.067 μmol/L, because the human
peak plasma concentration for DDP has been reported
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[21]

2

or function. Fisher’s exact test and χ test were used
as statistical tests and the FDR was performed to
[22]
correct the P-value . Additionally, we used STRING
9.1 software to decipher the protein-protein interaction
(PPI) network of the differentially expressed proteins.
The PPI network may help in understanding the
molecular mechanism of cisplatin resistance. All mRNA
microarray data were given by Capital Bio Corp.

as 6.67 μmol/L . Cell viability was examined after
48 h and was determined by adding 20 μL MTT (5
mg/mL) to each well and incubated for a further 4
h. The resulting formazan crystal was dissolved by
addition of 150 μL dimethyl sulfoxide (DMSO) (sigma,
Germany) each well, and then plates were shaken for
10 minutes. The absorbance at 490 nm was measured
by spectrophotometer (ELx 800; BioTek; Winooski,
VT, United States). The inhibition of growth (IC50) for
DDP was calculated by the cells relative viability. Each
experiment was performed in triplicate.

Quantitative real-time PCR validation of microarray
results

To validate the reliability of microarray analysis, we
performed quantitative real-time PCR (qRT-PCR). The
reverse transcription production cDNA was synthesized
using oligo-dT primers and Superscript II reverse
®
transcriptase. PCR was performed with SYBR Premix
TM
Ex Taq (TaKaRa Bio; Japan) by a Light Cycler PCR
system (Agilent Technologies, Palo Alto, CA, United
States) according to the manufacturer’s instructions.
After amplification, melting curves were analyzed. Betaactin snRNA used as endogenous control, each sample
was done in triplicate. The relative expression levels of
-∆∆Ct
target mRNAs were calculated using the 2
method
(where ∆∆Ct is the difference in threshold cycles
for the ∆Ct of SGC7901/DDP sample and SGC7901
sample, and ∆Ct is the difference between the target
gene and endogenous control beta-actin). Sequences
of primers for qRT-PCR are provided in supporting
Table 1.

Total RNA extraction and mRNA microarray

Cells were harvested when they had grown to
80%-90% confluency and were still in logarithmic
phase. Total RNA was extracted from the three matched
pairs of SGC7901/DDP and SGC7901 cells using TRIzol
reagent (Invitrogen, Carlsbad, CA, United States)
according to the manufacturer’s instructions. The quality
of total RNA was measured by NanoDrop ND-2000
spectrophotometer (Thermo Scientific, Waltham, MA,
United States). Total RNA from three paired samples
were amplified and transcribed into fluorescent
cDNA, and then the fluorescent labeled samples were
hybridized to the Agilent LncRNA-mRNA Human Gene
Expression Microarray V4.0 (Capital Bio Corp, Beijing,
China) which contains 25069 human mRNA according to
the manufacturer’s recommendations. The microarray
was scanned by an Agilent Microarray Scanner. Image
processing was conducted using Agilent Feature
Extraction software and raw microarray signals
normalized using Agilent Gene-Spring software. The
normalized mRNA expression profiles data output
was received in Excel spreadsheets. The two group
of samples data were analyzed by t-test to get the
P-values. FC values representing the differently
expressed mRNAs between SGC7901/DDP and their
parental cells. Cluster 3.0 software was performed to
show differential expression patterns of mRNAs.

Statistical analysis

MTT test and qRT-PCR statistical analysis was
performed using GraphPad Prism software (v. 5.0a;
GraphPad Software, La Jolla, CA, United States). We
used one-way analysis of variance (ANOVA) followed
by Student’s t-test to assess the statistical significance
of differences between different cell groups. The
threshold for statistical significance was P-values <
0.05. Fold changes of mRNAs validated by qRT-PCR in
SGC7901/DDP cells compared with SGC7901 cells are
shown as mean ± SD.

Bioinformatics analysis

Bioinformatics analysis were generated using KOBAS
software and STRING 9.1 software. KOBAS software
was used to analyze Ontology, Disease and pathways
of the dysregulated mRNAs. KOBAS associated with
1 ontology database (Gene Ontology), 5 disease
databases (OMIM, KEGG DISEASE, PID Reactome,
FunDO, GAD, NHGRI) and 7 pathway databases
(KEGG PATHWAY, PID Curated, PID BioCarta, BioCyc,
eactome, Panther). The entire analysis process
includes two steps: first, bring the input gene ID
map to the gene in the databases, and then annotate
pathways, disease and function of these genes
involved in. Second step, compare the first step results
with background (usually the entire genome of the
gene, or the entire probe on the chip), and unearth
statistically significant enrichment pathways, disease
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RESULTS
Sensitivity of SGC7901/DDP and SGC7901 cells to DDP

To determine the chemotherapy sensitivity of
SGC7901/DDP and SGC7901 cell line to cisplatin,
varying concentrations of cisplatin were added into
the 96-well plates and incubated for 48 h. From these
data, half maximal inhibitory concentration (IC50)
cisplatin dose was calculated. IC50 cisplatin doses
for SGC7901/DDP and SGC7901 (after 48 h in DDPcontaining media) were 43.47 ± 0.21 μmol/L and 1.24
± 0.02 μmol/L, respectively, and the resistance index
for SGC7901/DDP cell lines was 35.12, confirming that
these cells are refractory to cisplatin. Cell viability was
checked by MTT assay (Figure 1).
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Table 1 Primer of quantitative real-time polymerase chain reaction
ID
HIPK2
PDE3B
FGF2
TWIST1
ZEB2
VEGFC
SPHK1
BAX
PTEN
HTRA1
CCL5
TGM2
TLR4
ACTB

Primer

Sequence (5'to3')

Base (bp)

Tm (℃)

GC

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

CCCCGTGTACGAAGGTATGG
GGGATGTTCTTGCTCTGGCT
TGAGAGTTATGGCTGCCTGT
CTGAGGGGCATTTGTAGCCA
TCCACCTATAATTGGTCAAAGTGGT
CATCAGTTACCAGCTCCCCC
ATTCAAAGAAACAGGGCGTGG
CAGAGGTGTGAGGATGGTGC
GCCTCTGTAGATGGTCCAGTGA
ATCGCGTTCCTCCAGTTTTCT
CCCGCCTCTCCAAAAAGCTA
CGGGTGTCAGGTAAAAGCCT
GCTGCGAAGTTGAGCGAAAA
CGTTCCCTACAGTGGCCTG
GCCCTTTTGCTTCAGGGTTT
CATCCTCTGCAGCTCCATGT
CAGGATACGCGCTCGGC
ACAGCGGCTCAACTCTCAAA
AGCCAAAGAGCTGAAGGACC
GACATCATTGGCGGAGACCA
TGCTGCTTTGCCTACATTGC
CTTGTTCAGCCGGGAGTCAT
CCTCTGTCTCTCCGGGAACC
TGGCAACCAGGGGTCCTAT
CTCGGTCAGACGGTGATAGC
TTTAGGGCCAAGTCTCCACG
CTCACCATGGATGATGATATCGC
AGGAATCCTTCTGACCCATGC

20
20
20
20
25
20
21
20
22
21
20
20
20
19
20
20
17
20
20
20
20
20
20
19
20
20
23
21

59.90
60.03
58.72
60.30
59.99
59.82
59.39
60.39
61.21
60.00
60.04
59.96
60.04
60.08
59.24
59.82
60.73
57.89
59.96
60.11
59.76
60.04
61.32
60.23
59.97
59.68
59.13
59.79

60%
55%
50%
55%
40%
60%
47.6%
40%
54.6%
47.6%
55%
55%
50%
63.2%
50%
55%
70.6%
50%
55%
55%
50%
55%
65%
57.9%
60%
55%
47.8%
52.4%

GC: Gastric cancer.

Validation of microarray results by qRT-PCR of 13
mRNAs

1.5

Cell viability

SGC7901
SGC7901/DDP

First, we concentrated on validating the microarray
results. From the abnormally expressed (P < 0.05)
mRNAs obtained from the microarray analyses,
we selected 8 upregulated mRNAs (HIPK2, PDE3B,
FGF2, TWIST1, ZEB2, VEGFC, SPHK1, BAX) and 5
downregulated (PTEN, HTRA1, CCL5, TGM2, TLR4)
mRNAs for qRT-PCR validation. The relative foldchanges (SGC7901/DDP vs SGC7901) detected
by qRT-PCR were consistent with the microarray
results (Figure 3), indicating the dependability of our
microarray platform.

1.0

0.5

0.0

-2

-1

   0

1

2

3

Log[mmol/L]

Statistical analysis

Figure 1 Cell viability treated with different concentrations of cisplatin
for 48 h. MTT assay for SGC7901 cells and SGC7901/DDP cells treated with
cisplatin (133.34, 66.67, 6.67, 0.67 and 0.067 µmol/L, respectively).

To depict comprehensively the properties of the
differentially expressed mRNA in SGC7901/DDP cells,
GO annotation and enrichment analysis was performed
to evaluate which cellular components, molecular
functions and biological processes may be are affected
by this dysregulation. The GO enrichment analysis
showed that the differentially expressed genes were
involved in a variety of functions, including locomotion,
chemotaxis, cell adhesion, regulation of cell migration,
extracellular matrix disassembly, response to xeno
biotic chemotaxis, localization of cell adhesion and
blood vessel morphogenesis (Figure 4A).
Additionally, 59 human diseases were significant
enriched (P < 0.05) in five human disease databases

Expression profile of mRNAs in SGC7901/DDP cells

To show mRNA expression profile in cisplatin-resistant
SGC7901/DDP cells, we used a stringency cutoff to
identify significantly differently mRNAs (P < 0.05, FC
≥ 2) and two-dimensional hierarchical clustering 3.0
to represent expression profiles between samples
(Figure 2). The results indicated that 1308 mRNAs
were significantly differentially expressed in SGC7901/
DDP cells compared with SGC7901 cells. Among these
transcripts, 578 mRNAs were upregulated, and 730
mRNAs were downregulated.
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7

Figure 2 mRNA expression levels from microarray. A: The volcano plot image showed the mRNA expression levels of microarray in SGC7901/DDP cells
compared with SGC7901 cells. Black dots: equally expressed mRNAs between SGC7901/DDP cells and SGC7901 cells (FC ≤ 2); red dots: mRNAs were overexpressed in SGC7901/DDP cells compared with SGC7901 cells (FC ≥ 2); green dots: mRNAs in SGC7901/DDP cells were down-expressed compared to SGC7901
cells (P-values < 0.05, FC ≥ 2). Fold changes of these mRNAs in SGC7901/DDP cells compared with SGC7901 cells are shown as mean ± SD; B: Two-dimensional
hierarchical clustering image of the 1308 dysregulated mRNAs in the SGC7901/DDP cells compared with the SGC7901 cells, each row represents an mRNA, each
column represents a sample. 7901-1, 7901-2 and 7901-3 represent the three samples of SGC7901 cells, DDP-1, DDP-2 and DDP-3 represent the three samples of
SGC7901/DDP cells. Red: Higher expression levels; green: Lower expression levels.

candidate pathways and input genes that may play an
important role in resistance mechanism.

20

Fold change

Microarry
qRT-PCR

Interaction network analysis

10

The STRING 9.1 software (Search Tool for the Re
trieval of Interacting Genes) was used to perceive
functional relations and generate networks of differential
expression of proteins (Figure 6). For all of the 1002
differentially expressed proteins, we extracted a network
containing 443 upregulated and 559 downregulated
proteins which functionally associated with each other.
We found that interacting proteins which participate in
angiogenesis, toll-like receptor signaling pathway and
cell adhesion had a high level of co-expression.

0

CCL5

TGM2

SPHK

HIPK2

TLR4

ZEB2

FGF2

PDE3B

HTRA1

BAX

PTEN

VEGFC

TWIST1

-10

Figure 3 Quantitative real-time polymerase chain reaction validation of
the microarray results of the 13 mRNAs. Relative fold changes in expression
between SGC7901/DDP cells and SGC7901 cells were in agreement with
microarray.

DISCUSSION
Cisplatin is widely used against a variety of solid
neoplasms, including testicular, ovarian, colorectal,
[23]
bladder, head and neck cancers and gastric cancer .
However, the repeated clinical expose to cisplatin
often results in the tumor cells evading the apoptosis
program initiated by cisplatin. Therefore, there is a
need to explore the molecular mechanisms of cisplatin
resistance, in order to overcome drug resistance in
tumor therapy. Recently, several studies have indicated
that many proteins are involved in the recognition
of Pt-DNA adducts and cisplatin-induced apoptosis
[24,25]
program
. In this study, we used microarray, GO,
KEGG pathway and protein-protein interaction (PPI)
analysis to explore the roles of differentially expressed
mRNAs in cisplatin resistance and to support other
studies.
Many genes which shown differentially expression
in the microarray analysis have been demonstrated to
be associated with cisplatin resistance in human cancer

(KEGG DISEASE, FunDO, GAD, NHGRI GWAS Catalog
and OMIM) (Figure 4B, Table 2). Furthermore, it is
worth noting that in KEGG disease database, gastric
cancer is the most highly enriched disease, and the
input genes include DCC, CD44, CDH1, VEGFC, EGF,
TGFA.
To determine which pathway might be involved in
drug resistance formation, KEGG pathway analysis
was used to authenticate pathways and understand
biological functions of significantly differentially
expressed genes. The result indicated that the
differentially expressed mRNAs were enriched for 233
pathways, including the Rap1 signaling pathway, PI3KAkt signaling pathway, ECM-receptor interaction, TNF
signaling pathway, and pathways in cancer, among
others (Figure 5, Table 3). Cluster 3.0 software were
performed the heat-map.This finding identified many
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A

Significant enriched GO terms (Top 30)

Extracellular matrix organization
Extracellular structure organization
Apical part of cell
Locomotion
Extracellular matrix
Plasma membrane part
Taxis
Chemotaxis
Behavior
O-glycan processing
Proteinaceous extracellular matrix
Tissue development
Organ morphogenesis
Extracellular region
Cell surface
Regulation of cellular component movement
Natomical structure morphogenesis
Tissue morphogenesis
Regulation of locomotion
Protein O-linked glycosylation
Movement of cell or subcellular component
Negative regulation of striated muscle tissue development
Cell adhesion
Extracellular region part
Negative regulation of muscle tissue development
Biological adhesion
Regulation of cell proliferation
Plasma membrane region
Leukocyte migration
Apical plasma membrane

(GO:0030198)
(GO:0043062)
(GO:0045177)
(GO:0040011)
(GO:0031012)
(GO:0044459)
(GO:0042330)
(GO:0006935)
(GO:0007610)
(GO:0016266)
(GO:0005578)
(GO:0009888)
(GO:0009887)
(GO:0005576)
(GO:0009986)
(GO:0051270)
(GO:0009653)
(GO:0048729)
(GO:0040012)
(GO:0006493)
(GO:0006928)
(GO:0045843)
(GO:0007155)
(GO:0044421)
(GO:1901862)
(GO:0022610)
(GO:0042127)
(GO:0098590)
(GO:0050900)
(GO:0016324)

Biological process
Celluar component
Molecular function

0

5
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-Log2(corrected P value)

B
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Significant enriched disease terms (Top 30)
Gastric cancer H00018
Cardiac hypertrophy
Response to fenofibrate (adiponectin levels)
Hyperlipidemia
Thrombocytopenia
Skin and soft tissue diseases
Skin diseases
SCLEROSIS, SYSTEMIC
Complement C3 and C4 levels
TRIGLTCERIDES
Neutrophil count
Fibromyalgia
HEART FAILURE
Nephropathy (idiopathic membranous)
Macular degeneration H00821
Sleep duration
CARDIOVASCULAR DISEASE
Cirrhosis
LIPIDS
Airflow obstruction
Metabolite levels (5-HIAA/MHPG ratio)
Cystic fibrosis severity
Bronchopulmonary dysplasia
Hepatitis C
Thalassemia
IgA nephropathy
Major depressive disorder
MEMORY
Palmitic acid (16:0) plasma levels
Pulmonary function decline

KEGG disease
NHGRI GWAS catalog
FunDo
GAD
OMIM

0

1

2
-log2 (corrected P value)

3

4

Figure 4 Bioinformatic analysis of differentially expressed mRNAs. Gene ontology analysis of mRNAs dysregulated in SGC7901/DDP cells compared with
SGC7901 cells. A: Top 30 molecular functions of the dysregulated mRNAs may associated with. Gene ontology analysis include biological processes, cellular
components and molecular function; B: Gene ontology enriched diseases. Top 30 diseases annotations of dysregulated mRNAs may involve in. The disease enrich
system include 5 disease databases: OMIM, KEGG disease, FunDO, GAD and NHGRI GWAS Catalog.

(Table 4), such as PDE3B, which was substantially
upregulated (P value = 0.00029, Fold Chang (FC)
= 10.45) in SGC7901/DDP cells. Treatment with
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a combination of a PDE3B inhibitor and DDP can
significantly increase the number of apoptotic and cell
growth-suppressive cancer cells in cisplatin resistant
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ITGB3
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RASGRF1
FLNC
FLNC
JUN
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FGF13

FGF12

MAP2K7
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FGF2

CACNB4

FN1

TGFBR1

CSF1

FGF2

FGF7

FGF12

PDGFD

CACNG4

COL4A6

FGF2

GNGT1

CACNG4

GNG11

TGFBR1

TLR4

EGF

CD19

GADD45A

IFNA21

BDNF

CREB3L3

MAP3K13

COL6A2

BDNF

PCK1

CACNA2D

LAMA3
GNGT2

C

LPAR5

MAML2
DTX4

IL2RG

JAG1

COL5A3

MAML3

COL4A4
FGF13

E

VTN

IFNA21
IL2RG

D

MPL

EGF

SOCS2

NRG1

IL15

MAP2K7

IL11

JUN

SPRY1

ERBB3

LEPR

ERBB3
TGFA
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ZEB2
ZEB2

F

CXCL2

SERPINB5
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TLR4

IRS1
GLS
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Figure 5 Heat-map of gene ontology enriched cisplatin resistance pathways and input mRNAs which significantly altered in SGC7901/DDP cells compared
with SGC7901 cells. A: PI3K-Akt signaling pathway and input genes; B: MAPK signaling pathway and input genes; C: Notch signaling pathway and input genes;
D: ErbB signaling pathway and input genes; E: Jak-STAT signaling pathway and input genes; F: NF-kappa B signaling pathway and input genes; G: HIF-1 signaling
pathway and input genes; H: MicroRNAs in cancer and input genes. Each row represents an mRNA, and each column represents a sample. The intensity of the color
indicates the relative levels of mRNAs. Red: Higher expression levels; green: Lower expression levels. The name of the input mRNAs which significantly altered (P <
0.05, FC ≥ 2) is present at the right of the figure.
[26]

[28]

squamous cell carcinoma (SCC) and Hela cells .
Research shows that VEGFC, which is upregulated in
our data (P value = 0.00013 FC = 2.93), enhanced cell
[27]
invasion and cisplatin resistance in gastric cancer . In
non-small cell lung cancer, loss of IGFBP-3 expression
may activate the PI3K/AKT pathway and induce

WJG|www.wjgnet.com

resistance to cisplatin . In support of this association,
our results showed that this mRNA is downregulated (P
= 0.00007, FC = 2.93) in SGC7901/DDP cells.
GO enrichment analysis exhibits many functions
which the differently expressed mRNAs are involved
in, including locomotion, chemotaxis, cell adhesion,
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Figure 6 Interaction network analyses of differentially express proteins. In the network, nodes represents proteins, lines as functional associations between the
abnormal expressed proteins and the thickness of the lines indicates the level of confidence in association reported.

κ B, HIF-1 and TGF-β . All of those pathways have

regulation of cell migration, extracellular matrix
disassembly, response to xenobiotic chemotaxis,
localization of cell adhesion and blood vessel
morphogenesis. Functional annotation showed that the
differently expressed mRNAs mainly regulate cellular
biological behaviors in the progress of regulation of
transcription. How the underlying targets of each GO
term are implicated in the cisplatin resistance needs
further investigation in the future.
Our KEGG pathway analysis showed that the
differently expressed mRNAs are enriched in pathways
of ECM-receptor interaction, PI3K-Akt, Rap1, MAPK,
Notch1, ErbB, ABC transporters, Jak-STAT, NF-

WJG|www.wjgnet.com

been confirmed to be involved in cisplatin resistance
in different experiments described previously. For
example, the inhibition of PI3K-Akt signaling pathway
may increase the sensitivity of gastric cancer cells to
[29]
cisplatin chemotherapy . Another study found that
Janus kinase 2 (JAK2) signal transducer and activator
of transcription 3 (STAT3) signaling pathways were
activated by overexpressed AKT in cisplatin resistant
[30]
human gastric cancer cells . A study revealed that
the canonical NF-κ B signaling pathway was involved
in APRIL-mediated cisplatin resistance in gastric
[31]
cancer . Our data are consistent with these previous
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Table 2 Different expressed mRNAs enriched by KOBAS
Database

P value

Input gene symbols

Gastric cancer
Skin diseases

KEGG DISEASE
KEGG DISEASE

0.0016
0.0078

Skin and soft tissue diseases

KEGG DISEASE

0.0078

Macular degeneration
Cancers of the digestive system
Familial thoracic aortic aneurysm and
dissection (TAAD)
Hypomagnesemia
Multiple epiphyseal dysplasia (MED)
Transient neonatal diabetes mellitus
(TNDM)
Non-syndromic autosomal dominant
mental retardation
Cardiac hypertrophy
Response to fenofibrate (adiponectin
levels)
Complement C3 and C4 levels
Neutrophil count
Nephropathy(idiopathic membranous)
Sleep duration
Airflow obstruction
Cystic fibrosis severity
Metabolite levels (5-HIAA/ MHPG Ratio)
Bronchopulmonary dysplasia
Major depressive disorder

KEGG DISEASE
KEGG DISEASE
KEGG DISEASE

0.0140
0.0439
0.0459

DCC, CD44, CDH1, VEGFC, EGF, TGFA
DSP, TGM1, CCL5, IL31RA, SPINK5, HLA, FERMT1, KRT14, CTSC,
COL17A1, LAMA3, REEP1, RIN2, ALOXE3, ABCC6, WNT10A, FBLN5
DSP, TGM1, CCL5, IL31RA, SPINK5, HLA, FERMT1, KRT14, CTSC,
COL17A1, LAMA3, REEP1, RIN2, ALOXE3, ABCC6, WNT10A, FBLN5
C3, FBLN5, CFH, TLR4
DCC, CD44, CDH1, VEGFC, EGF, TGFA
MYLK, TGFBR1

KEGG DISEASE
KEGG DISEASE
KEGG DISEASE

0.0459
0.0459
0.0459

TRPM6, EGF
COL9A3, MATN3
PLAGL1, ZFP57

KEGG DISEASE

0.0461

EPB41L1, DOCK8, PACS1, SMARCA4

NHGRI GWAS Catalog
NHGRI GWAS Catalog

0.0028
0.0046

PLXNA2, GRIK2, COL17A1, JAG1, SNAP25, BTBD3, SLX4IP
OAS2, PMEPA1, SHANK2, SCUBE1, SLC30A4, PCK1

NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog

0.0094
0.0119
0.0137
0.0195
0.0259
0.0265
0.0265
0.0296
0.0346

IgA nephropathy
Pulmonary function decline
Palmitic acid (16:0) plasma levels
Male-pattern baldness
Response to citalopram treatment
Hyperlipidemia
Thrombocytopenia
Fibromyalgia
Cirrhosis
Hepatitis C
Thalassemia
Gingival overgrowth
Pulmonary fibrosis
Ovary cancer
Esophageal tumor
Hyperlipidemia
Thrombocytopenia

NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
NHGRI GWAS Catalog
FunDO
FunDO
FunDO
FunDO
FunDO
FunDO
FunDO
FunDO
FunDO
FunDO
GAD
GAD

0.0346
0.0368
0.0368
0.0439
0.0439
0.0050
0.0068
0.0126
0.0209
0.0321
0.0345
0.0417
0.0474
0.0477
0.0477
0.0093
0.0114

Fibromyalgia

GAD

0.0136

Cirrhosis
Hepatitis C

GAD
GAD

0.0204
0.0258

Thalassemia
Gingival overgrowth
Pulmonary fibrosis

GAD
GAD
GAD

0.0362
0.0419
0.0420

HLA, CFHR3, CFH, C3
PLCB4, TGFA, FGGY, PDGFD, PSD3
HLA, ITGB6, PLA2R1
PLLP, TMC5, ADAMTS14
HYKK, LEF1, SERPINB8, GPR126, MAP3K13, PTPRD
HLA, EHF, AHRR
PIEZO2, ROBO2, ADAM12
PLXDC2, ZNF770, SPOCK1, TRPS1, RASGRF1, HIVEP3
PCLO, SLC6A15, ENOX1, SYPL2, IGFBP1, IGFBP3, C12orf5, ATXN1,
PIEZO2, TRPS1, RASGEF1B, FGF12, KCNH5
HLA, ACOXL, TNFSF13
MUSK, CSMD1, RORA, FLRT2
SCD, CNN3, GRIK2, PTPRD
AUTS2, EDA2R, AR
LAMA1, RORA, EGFLAM
IRS1, CCL5, C3, PAPPA, TXNIP, APOC1, F3, SCD
GATA1, CCL5, ITGB3, IL11, CXCL8, MPL
MAOB, CXCL8, BDNF, IGFBP3
RBP4, KRT18, IGFBP3, KRT8, EGF, F3, FGF2IGFBP1
CD274, CCL5, RBP4, MKI67, CXCL8, KRT18, TLR4, KRT8, FGF2
LCN2, CXCL8, ANK2, KIR3DL1, MUC1
EDN1, IL15, FGF7
CSF1, BDNF, MMP7, EDN1, CCL5, ERBB3
LCN2, IL15, CXCL8, FGF7, CASP1
CD274, TSPAN8, FRAT1, PDCD1LG2, FGF7
CCL5, HLA, CXCL8, CD22, TNFRSF1B, CD19
CSMD1, DOCK4, GALNTL6, SOBP, PLXDC2, SESN3, ADAMTS5, EHF,
TMC5, LPL, CD109, FAM117B, PDE1C, TAGLN, PTN, FGD4, DYNC2H1,
GNG4, MUSK, FBLN5, CCDC54, TTC9, PMEPA1, TLR4, ANK3, EDA2R,
APOC1, BMP2, TOX3, NRG1, ITPK1, PTPRD, KLF6, PAM, PTPRU,
LEPR, IKZF2, LHX5, MCTP2, ANKRD50, SEMA6D, PLXNA2, DPYD,
GRIK2, SRGAP3, ACOXL, TDRKH, FAM135B, VEGFC, CHST2
GLI3, CELF2, VWA3B, PLXDC2, EDNRA, EDN1, JUN, DOCK8,
DCLK2, BTBD3, DCN, CD74, EGFLAM, TLL1, TLR4, BMP2, PTPRD,
ANK2, PTPRU, JADE2, IGF2BP2, PAPPA, DOCK2, KLK4, FAM49A,
RGS3, AATK, FN1, IGSF10, NCOA7, SCIN, TNS1, FAM135B, MUC16,
ADAM19, ATXN1, MTUS2, NXNL2, KCNQ3, ANPEP, CDH2
IRS1, CCL5, ITGB3, NPR1, NPR3, APOC1, LPL
DPYD, CELF4, CELF2, FAM117B, TDRKH, LPCAT4, FBLN5, SOBP,
PMEPA1, CSMD1, STOX1, CACNB2, CADM1, VEGFC, SLC7A11, LPL,
CD109, MCTP2, SLC24A2, PTPRD, ITPK1
MCTP2, PSD3, CCDC54, ROBO2, ELOVL6
PLXNA2, ATXN1, IGF2BP2, ABCA13, FN1
CREG2, GALNTL6, LINC01550, KIF16B, SH3BGR, TRPS1, PDE1C,
NCKAP5, TNFRSF21, RYR3, MAGEC2, EDIL3, CXCL16, MCF2, DTD1,
GPC5, KLF6, IKZF2, KCNH5, AJAP1, BTBD3, PHACTR2, ITPK1, IGSF10,
SRGAP3, C12orf75, ABI3BP, FOS, SCUBE1

Term
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Ovary cancer

GAD

0.0426

Esophageal tumor

GAD

0.048

CELF4, TRPS1, TWIST1, PQLC2L, MAL2, PSD3, RCAN2, SUPT3H,
TGFA, TMEM131L, HIVEP3, CSMD1, ROBO2, CCDC54, PRNP, APOC1,
HRK, GPC5, AR, FN1, ABCA13, F2RL2, KLF6, IGF2BP2, LEPREL1, GNG4,
SNAP25, MCTP2, FAM49A, ANKRD50, CACNA2D1, PLXNA2, ELOVL6,
RUNX2, SCN8A, ATXN1, ID2, SLC24A2, CMTM7, LINGO2
CACNA2D1, SLC46A3, CHST2, PKDCC, PPID, CDH2

Table 3 Cisplatin resistance pathway and input gene (P < 0.05, FC ≥ 2.0)
Pathway

Input gene

Fold change

Regulation

Genomic coordinates

Cyto band

PI3K-Akt signaling pathway

LAMA1
LAMA1
GNG4
ITGB3
ITGB6
VEGFC
PDGFD
IRS1
GNGT1
CSF1
EGF
FGF2
FGF2
FN1
COL4A6
FGF12
GNG11
FGF7
LAMA3
IFNA21
CREB3L3
TLR4
COL6A2
CD19
LPAR5
COL4A4
PCK1
VTN
GNGT2
IL2RG
COL5A3
FGF13
FLNC
FLNC
CACNB2
RASGRF1
FOS
JUN
RASGRP2
FGF13
TGFBR1
TGFBR1
EGF
FGF12
MAP3K13
FGF2
FGF2
MAP2K7
FGF7
CACNG4
CACNG4
CACNB4
GADD45A
BDNF
BDNF
CACNA2D1

2.60826
2.75269
2.09356
2.96629
7.72783
2.92538
2.42861
2.00967
2.04779
2.25620
4.76437
3.02437
2.99240
2.31254
2.08497
10.99211
2.01984
2.19252
2.56116
2.30808
2.40183
2.13271
2.89458
2.09302
3.83177
2.11177
4.49558
3.82587
16.48365
2.87954
7.53410
17.08866
4.57879
4.81302
7.83293
4.87152
2.17501
2.04000
3.10358
17.08866
2.93035
4.76437
4.76437
10.99211
2.25019
3.02437
2.99240
2.08267
2.19252
8.83585
2.94145
2.14311
2.56659
2.32411
2.30323
2.09452

Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

Chr18:6958512-6956742
Chr18:6942035-6941976
Chr1:235714443-235714384
Chr17:45389027-45389086
Chr2:160964233-160958330
Chr4:177604882-177604823
Chr11:103778445-103778386
Chr2:227596677-227596618
Chr7:93536149-93540155
Chr1:110466137-110466196
Chr4:110932689-110932748
Chr4:123819331-123819390
Chr4:123819317-123819376
Chr2:216288895-216288217
Chrx:107399109-107399050
Chr3:191860574-191860515
Chr7:93555764-93555823
Chr15:49776810-49776869
Chr18:21534735-21534794
Chr9:21166331-21166272
Chr19:4172219-4172278
Chr9:120476856-120476915
Chr21:47546086-47546145
Chr16:28950600-28950659
Chr12:6728794-6728735
Chr2:227867523-227867464
Chr20:56141030-56141089
Chr17:26694806-26694747
Chr17:47284034-47283975
Chrx:70328539-70328480
Chr19:10070602-10070543
Chrx:137713947-137713888
Chr7:128498538-128498597
Chr7:128498476-128498535
Chr10:18787305-18787364
Chr15:79254554-79254495
Chr14:75748214-75748273
Chr1:59246570-59246511
Chr11:64508971-64508912
Chrx:137713947-137713888
Chr9:101916322-101916381
Chr4:110932689-110932748
Chr4:110932689-110932748
Chr3:191860574-191860515
Chr3:185161379-185165590
Chr4:123819331-123819390
Chr4:123819317-123819376
Chr19:7979302-7979361
Chr15:49776810-49776869
Chr17:65028139-65028198
Chr17:65029115-65029174
Chr2:152694239-152694180
Chr1:68153371-68153430
Chr11:27679959-27679900
Chr11:27677072-27677013
Chr7:81579504-81579445

hs|18p11.31
hs|18p11.31
hs|1q42.3
hs|17q21.32
hs|2q24.2
hs|4q34.3
hs|11q22.3
hs|2q36.3
hs|7q21.3
hs|1p13.3
hs|4q25
hs|4q28.1
hs|4q28.1
hs|2q35
hs|Xq22.3
hs|3q28
hs|7q21.3
hs|15q21.2
hs|18q11.2
hs|9p21.3
hs|19p13.3
hs|9q33.1
hs|21q22.3
hs|16p11.2
hs|12p13.31
hs|2q36.3
hs|20q13.31
hs|17q11.2
hs|17q21.32
hs|Xq13.1
hs|19p13.2
hs|Xq26.3
hs|7q32.1
hs|7q32.1
hs|10p12.31
hs|15q25.1
hs|14q24.3
hs|1p32.1
hs|11q13.1
hs|Xq26.3
hs|9q22.33
hs|4q25
hs|4q25
hs|3q28
hs|3q27.2
hs|4q28.1
hs|4q28.1
hs|19p13.2
hs|15q21.2
hs|17q24.2
hs|17q24.2
hs|2q23.3
hs|1p31.3
hs|11p14.1
hs|11p14.1
hs|7q21.11

MAPK signaling pathway
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Notch signaling pathway

ErbB signaling pathway

Jak-STAT signaling pathway

NF-kappaB signaling pathway

HIF-1 signaling pathway

MicroRNAs in cancer

MAML2
JAG1
MAML3
DTX4
EGF
NRG1
MAP2K7
JUN
ERBB3
ERBB3
TGFA
IL11
IL15
SOCS2
SPRY1
LEPR
IL2RG
MPL
CXCL2
CXCL8
TLR4
EDN1
EDN1
EGF
TLR4
IRS1
ZEB2
ZEB2
CD44
RECK
ITGB3
SERPINB5
GLS
GLS
ERBB3
ERBB3

2.03379
3.20086
2.57919
9.99859
4.76437
2.77996
2.08267
2.04000
5.29571
8.12050
2.37427
4.21849
2.92970
2.00180
5.95682
2.90187
2.87954
3.41581
2.03846
9.97781
2.13271
2.39081
2.46437
4.76437
2.13271
2.00967
3.32563
2.70558
2.02409
2.25018
2.96629
2.61864
2.36144
2.07371
5.29571
8.12050

Up
Up
Up
Down
Up
Up
Up
Down
Down
Down
Down
Up
Up
Up
Up
Up
Down
Down
Up
Up
Down
Up
Up
Up
Down
Up
Up
Up
Up
Up
Up
Up
Up
Up
Down
Down

Chr11:95712434-95712375
Chr20:10619120-10619061
Chr4:140810806-140810747
Chr11:58975615-58975674
Chr4:110932689-110932748
Chr8:32474390-32585512
Chr19:7979302-7979361
Chr1:59246570-59246511
Chr12:56482380-56482439
Chr12:56496160-56496219
Chr2:70675378-70675319
Chr19:55875847-55875788
Chr4:142654431-142654490
Chr12:93969799-93969858
Chr4:124324494-124324553
Chr1:66102129-66102188
Chrx:70328539-70328480
Chr1:43819826-43819885
Chr4:74963044-74962985
Chr4:74609265-74609324
Chr9:120476856-120476915
Chr6:12296672-12296731
Chr6:12296218-12296277
Chr4:110932689-110932748
Chr9:120476856-120476915
Chr2:227596677-227596618
Chr2:145146320-145146261
Chr2:145182422-145182363
Chr11:35253812-35253871
Chr9:36124319-36124378
Chr17:45389027-45389086
Chr18:61172218-61172277
Chr2:191829716-191829775
Chr2:191827822-191827881
Chr12:56482380-56482439
Chr12:56496160-56496219

hs|11q21
hs|20p12.2
hs|4q31.1
hs|11q12.1
hs|4q25
hs|8p12
hs|19p13.2
hs|1p32.1
hs|12q13.2
hs|12q13.2
hs|2p13.3
hs|19q13.42
hs|4q31.21
hs|12q22
hs|4q28.1
hs|1p31.3
hs|Xq13.1
hs|1p34.2
hs|4q13.3
hs|4q13.3
hs|9q33.1
hs|6p24.1
hs|6p24.1
hs|4q25
hs|9q33.1
hs|2q36.3
hs|2q22.3
hs|2q22.3
hs|11p13
hs|9p13.3
hs|17q21.32
hs|18q21.33
hs|2q32.2
hs|2q32.2
hs|12q13.2
hs|12q13.2

Table 4 Dysregulated mRNAs (P < 0.05, FC ≥ 2.0) associated with cisplatin resistance
Gene symbol

P value

FC (abs)

Regulation

Genename

Ref.

FGF7
HIPK2
EDN1
CBS
PDE3B
E2F5
PIN1
EGF
CSF1
PCNA
HIPK2
ENTPD6

0.00035
2.63E-06
9.94E-05
0.00108
0.00029
0.00041
0.00104
0.00346
0.00025
0.00103
2.63E-06
0.00011

2.19252
4.06213
2.46437
2.29340
10.44998
2.42888
2.13293
4.76437
2.25620
2.17028
4.06213
2.43726

Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

PMID: 22990650
PMID: 24846322
PMID: 21220476
PMID: 24236104
PMID: 24133626
PMID: 22193543
PMID: 26820938
PMID: 27086487
PMID: 22005523
PMID: 24474685
PMID: 24846322
PMID: 21519793

AKR1C1

0.00097

2.29646

Up

Fibroblast growth factor 7
Homeodomain interacting protein kinase 2
Endothelin 1
Cystathionine-beta-synthase
Phosphodiesterase 3B, cgmp-inhibited
E2F transcription factor 5, p130-binding
Peptidylprolyl cis/trans isomerase, NIMA-interacting 1
Epidermal growth factor
Colony stimulating factor 1 (macrophage)
Proliferating cell nuclear antigen
Homeodomain interacting protein kinase 2
Ectonucleoside triphosphate diphosphohydrolase 6
(putative)
Aldo-keto reductase family 1, member C1

ASNS

0.00172

2.19491

Up

Asparagine synthetase (glutamine-hydrolyzing)

BDNF

0.00062

2.32411

Up

Brain-derived neurotrophic factor

CABYR
FGF2
SLC7A11
TUBB3
TWIST1

0.01089
2.15E-06
1.95E-05
0.00046
0.00180

2.55664
2.99240
2.93256
2.00213
2.96340

Up
Up
Up
Up
Up

Calcium binding tyrosine-(Y)-phosphorylation regulated
Fibroblast growth factor 2 (basic)
Solute carrier family 7 member 11
Tubulin, beta 3 class III
Twist family bhlh transcription factor 1

JAG1
ANXA11

9.41E-05
0.00031

3.20086
2.36619

Up
Down

Jagged 1
Annexin A11
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PMID: 23165153,
PMID: 17266043
PMID: 23956056,
PMID: 17409444
PMID: 22276165,
PMID: 17044982
PMID: 24362251
PMID: 12894531
PMID: 24516043
PMID: 25107571
PMID: 22673193,
PMID: 22245869
PMID: 24659709
PMID: 19484149,
PMID: 17982121
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CCL5
FGF13
IGFBP3
KLK6
SLC7A8
TGM2

2.67E-05
0.00044
7.48E-05
0.00066
4.50E-05
2.88E-05

5.05630
17.08866
2.92508
2.24596
5.36735
6.24520

Down
Down
Down
Down
Down
Down

Chemokine (C-C motif) ligand 5
Fibroblast growth factor 13
Insulin-like growth factor binding protein 3
Kallikrein-related peptidase 6
Solute carrier family 7 member 8
Transglutaminase 2

TLR4

0.00114

2.13271

Down

Toll-like receptor 4

XAF1

0.02405

3.20613

Down

XIAP associated factor 1

TCEA2

0.00061

3.65969

Down

Transcription elongation factor A (SII), 2

advanced gastric cancer; however, this chemotherapeutic agent is often
limited due to drug resistance and result unsatisfactory prognosis. Research
increasingly suggests that abnormal expression of biological pathway and
proteins associated with cisplatin resistance. This demonstrated that more
bioinformatics study is needed to predict targets for gastric cancer with cisplatin.

studies, and these pathways and input genes deserve
our attention in gastric cancer cisplatin resistance.
Although protein expression is generally stable
when organs mature, under various pathological
and physiological conditions, gene expression may
change and ultimately result in aberrant protein
levels. Therefore, research on proteomics is helpful
to illustrate some biological mechanisms, including
cisplatin resistance. Protein-protein interaction network
analysis might uncover previously unknown molecular
mechanisms of cisplatin resistance. Hub proteins of
subnetworks which interact with many partners might
associate with drug resistance. For example, studies
have shown that dysregulation of the genes PDE3B,
TLR4, and HIPK2 is associated with cisplatin resistance
in human SCC cells, ovarian granulosa tumor cells and
[26,32,33]
bladder cancer cells, respectively
. Moreover, hub
proteins and their partners may have similar biological
functions. Since downregulation of EGF has been
shown to substantially overcome resistance to cisplatin
[34]
in ovarian cancer , we predict that the proteins EDN1
and DCN, whose hub protein is EGF, may contribute to
cisplatin resistance in a similar fashion. We also found
that ZEB2, which over-expressed in SGC7901/DDP
compared with SGC7901 has a similar expression
profile to TWIST1, suggesting that ZEB2 may play an
important role in cisplatin resistance by regulating the
expression of TWIST1. Nevertheless, more evidence
and research is needed.
In conclusion, our study identified mRNAs differ
entially expressed between gastric cancer cell lines
SGC7901/DDP and SGC7901. These results provide
a global view of the function of the differentially
expressed mRNAs. Several molecular and pathway
abnormalities detected in our study have previously
been reported to be associated with drug resistance
in gastric cancer. The dysregulated mRNAs identified
participate in cisplatin resistance through diverse
mechanisms, and further investigation is required to
confirm the role in drug resistance of these transcripts,
pathways and the interaction networks of the proteins
they code for.

Research frontiers

Bioinformatics analysis demonstrated that some mRNAs which related to the
biological behavior abnormal expression in SGC7901/DDP cells. These mRNAs
have already been shown to play important roles in the process of cisplatin
resistance of various cancers, including gastric cancer.

Innovations and breakthroughs

The authors performed bioinformatics analysis of mRNA expression profile
in SGC7901/DDP cells compared with SGC7901 cells, and found that many
mRNAs and pathways in SGC7901/DDP cells expressed abnormally, these
may participate in and predict cisplatin resistance in gastric cancer.

Applications

These results suggest that targeting the differently expression mRNA may
provide more selective approaches to reverse cisplatin resistance of therapeutic
targets.

Terminology

The definition of cisplatin resistance: in the clinic, if a patient who have disease
recurrence within the first months after the recent cisplatin dose, the patient
is considered cisplatin resistance; in cells, generally, resistance index > 20
exhibited high resistance, resistance index 5-15 is moderate resistance,
resistance index < 5 represent low or no resistance. Correct P: Using Benjamini
Hochberg FDR method for correction of p values. Fold change (FC): gene
expression in SGC7901 / DDP cells compared with SGC7901 cells.

Peer-review

The paper is a good study on mRNAs expression profile in SGC7901/DDP
cells. The investigators shown that many mRNAs was abnormal expressed in
SGC7901/DDP cells and these mRNAs enriched in many biological process
which have already been shown to play important roles in the process of
cisplatin resistance in human cancer.
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Abstract
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AIM
To investigate the antioxidant effect of caffeic acid
phenethyl ester (CAPE) in hepatic stellate cell-T6
(HSC-T6) cells cultured in vitro and the potential
mechanisms.
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METHODS
HSC-T6 cells were cultured in vitro and treated with
various concentrations of CAPE for 24, 48 and 72 h,
respectively. Cell proliferation was investigated using
the MTT assay, and cell ultrastructural alterations were
observed by transmission electron microscopy. Flow
cytometry was employed to investigate the effects of
CAPE on apoptosis and the levels of reactive oxygen
species in HSC-T6 cells cultured in vitro . An enzyme
immunoassay instrument was used to evaluate
antioxidant enzyme expression. The effect on α-smooth
muscle actin was shown using immunofluorescence.
Gene and protein levels of Nrf2, related factors, and
mitogen activated protein kinases (MAPKs), in HSC-T6
cells were detected using RT-PCR and Western blot,
respectively.
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RESULTS
CAPE inhibited the proliferation and activation of
HSC-T6 cells cultured in vitro . CAPE increased the
antioxidant levels and the translocation of Nrf2 from
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[8]

stress .
Antioxidants play a pivotal role in the development
[1]
of liver fibrosis . Several antioxidative stress factors
have been identified, including superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase, and
nonenzymatic compounds [vitamin E, carotene, and
[9,10]
glutathione-S-transferase (GSTs)], in liver tissue
.
SOD, CAT, and GSTs are recognized enzymes that are
closely related to nuclear factor-erythroid 2 related
[11,12]
factor 2 (Nrf2)
. Nrf2 is an important transcription
factor regulating the expression of antioxidative stress
factors. Nrf2 binds to an antioxidant response element
(ARE) in the promoter region of genes encoding several
phase-II detoxifying/antioxidant enzymes and related
stress-responsive proteins, including SOD, CAT and
[12]
GSTs . Several studies have confirmed that Nrf2 is
involved in the signaling pathway of mitogen activated
[13]
protein kinase (MAPKs) in nuclear translocation .
MAPKs, including the ERK1/2, JNK1/2, and p38 sig
naling pathways, play a critical role in regulating the
oxidative stress response in various types of cells.
However, it is still largely unknown whether CAPE can
reduce the expression of these factors via the Nrf2mediated MAPKs signaling pathway in HSCs.
In this study, we show that CAPE inhibits the
proliferation and activation, but increases apoptosis,
of HSC-T6 cells in vitro. CAPE up-regulates the
antioxidant capacity in HSC-T6 cells through the Nrf2mediated MAPKs signaling pathway.

the cytoplasm to the nucleus in HSC-T6 cells. Moreover,
the phosphorylation of MAPKs in cells decreased
in response to CAPE. Interestingly, CAPE-induced
oxidative stress in the cells was significantly attenuated
by pretreatment with MAPKs inhibitors.
CONCLUSION
CAPE inhibits cell proliferation and up-regulates the
antioxidant levels in HSC-T6 cells partly through the
Nrf2-MAPKs signaling pathway.
Key words: Caffeic acid phenethyl ester; Liver fibrosis;
Antioxidation; Nrf2; Mitogen activated protein kinases
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver fibrosis is a pathological response to
hepatocyte injury, including oxidative stress, which
is a primary mechanism of liver damage. Caffeic
acid phenethyl ester (CAPE) is a phenolic compound
extracted from honeybee propolis that has strong
biological properties in liver protection and as an
antioxidant and anti-fibrosis agent. It has been used
in the treatment of several diseases. In this study,
we investigated the antioxidant effect of CAPE in
HSC-T6 cells and its potential mechanism. Our results
demonstrated that CAPE inhibited cell proliferation and
up-regulated the antioxidant levels in HSC-T6 cells
partly through the Nrf2-MAPKs signaling pathway.

MATERIALS AND METHODS

Yang N, Shi JJ, Wu FP, Li M, Zhang X, Li YP, Zhai S, Jia XL,
Dang SS. Caffeic acid phenethyl ester up-regulates antioxidant
levels in hepatic stellate cell line T6 via an Nrf2-mediated
mitogen activated protein kinases pathway. World J Gastroenterol
2017; 23(7): 1203-1214 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1203.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1203

Reagents

The cell apoptosis kit and SB203580 were purchased
from Joincare Pharmaceutical Industry Group Co.,
Ltd. (Nanjing, China). SP600125 and PD98059 were
obtained from Sigma-Aldrich (St. Louis, United States)
and Cell Signaling Technology (Boston, United States),
respectively. CAPE (Sigma-Aldrich, St. Louis, MO,
United States) was dissolved in dimethyl sulfoxide
(DMSO, Sigma-Aldrich, St. Louis, MO, United States)
to 40 mmol/L as a stock solution and stored at
-20 ℃. Control flasks or plates contained DMSO at an
equivalent dilution in cultures containing CAPE.

INTRODUCTION
Liver fibrosis is a pathological response to hepatocyte
injury, including injury caused by viral infection,
chronic inflammation, and other factors such as
oxidative stress, which is a primary mechanism of
[1,2]
liver damage . Oxidative stress can stimulate the
activation of hepatic stellate cells (HSCs) through
paracrine and autocrine mechanisms, leading to the
[1,2]
formation of liver fibrosis . HSC-T6 cells, a well[3,4]
differentiated transformed cell line , were used in
this study to observe the role of HSC in liver fibrosis.
Caffeic acid phenethyl ester (CAPE) is a phenolic
compound extracted from honeybee propolis that has
strong biological properties in liver protection and as
an antioxidant and anti-fibrosis agent. It has been
[5-7]
used in the treatment of several diseases
. Our
previous studies have shown that CAPE inhibited liver
fibrosis in rats due to its ability to suppress oxidative

WJG|www.wjgnet.com

Cell culture

HSC-T6 cells were purchased from Joincare Phar
maceutical Industry Group Co., Ltd. (NanJing, China).
Cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, HyClone, Utah, United States) supplemented
with 10% (v/v) fetal bovine serum (FBS, HyClone,
Utah, United States), 100 μg/mL streptomycin (SigmaAldrich, St. Louis, United States), 100 U/mL penicillin
(Sigma-Aldrich, St. Louis, MO, United States), 2
mmol/mL L-glutamine (Sigma-Aldrich, St. Louis,
United States), and 100 U/mL DNase I (Sigma-Aldrich,
St. Louis, United States) at 37 ℃ in a 5% (v/v) CO2
humidity atmosphere. Cells adhering to the culture flask
in logarithmic phase were trypsinized and subjected to
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μmol/L) for 24 h or established as controls. At the end
of the treatment, cells were collected by centrifugation
and washed twice with PBS. Cell pellets were
resuspended in 0.5 mL PBS and fixed in 5 mL 70% (v/v)
ice-cold ethanol at 4 ℃ for 24 h. After resuspension in
1 mL PBS, the cells were incubated with ribonuclease
A (Rnase A, 20 mg/L, Sigma-Aldrich) and propidium
iodide (PI, 50 mg/L, Sigma-Aldrich) for 1 h at 37 ℃
in the dark. The stained cells were analyzed using a
FACscan flow cytometer in combination with BD lysis II
software (CALIBUR, BD, United States).

Table 1 Primers used for real-time PCR analysis
Gene
Nrf2
F
R
SOD1
F
R
CAT
F
R
GSTs
F
R
β -actin
F
R

Primer sequence

Tm Size Source
(℃) (bp)

5’-CTGCCATTAGTCAGTCGCTCTC-3’
5’-TCGGCTGGGACTTGTGTTC-3’

57.3
57.7

22
19

Rat
Rat

5’-GCTTCTGTCGTCTCCTTGCT-3’
5’-CTCGAAGTGAATGA CGCCCT-3’

55.7
55.8

20
20

Rat
Rat

5’-TGGCTATGGCTCACACACCTTC-3’
5’-GAGGCCA TAATCCGGGTCTTC-3’

59.3
57.7

22
21

Rat
Rat

5’-GTGGAGATTGACGGGATGAA -3’
5’-CGGTCTTGGCTTCTCTTTGG -3’

54.2
56.0

20
20

Rat
Rat

5’-GGAGATTACTGCCCTGGCTCCTA-3’
5’-GACTCATCGTACTCCTGCTTGCTG-3’

60.2
59.3

23
24

Rat
Rat

Detection of SOD and CAT activity and GSH content

SOD and CAT activity and GSH content were measured
using a SOD protein reagent kit (Bio-Rad, Hercules,
CA, United States), CAT protein reagent kit (Bio-Rad,
Hercules, CA, United States), and GSH protein reagent
kit (Bio-Rad, Hercules, CA, United States), respectively.
Briefly, HSC-T6 cells grown in logarithmic phase were
treated with a range of CAPE (5, 10 and 15 μmol/L) for
24 h. The cells were washed twice with PBS, collected
by centrifugation, and lysed in cell disrupter buffer (BioRad, Hercules, CA, United States). After centrifugation,
the protein concentrations of the supernatant were
determined using a protein reagent kit. The optical
density (OD) of SOD, GSH, and CAT was measured
using a spectrophotometer (ND-1000, Thermo Fisher,
United States) at wavelengths of 450 nm, 405 nm and
420 nm to generate the standard curve and calculate
the concentrations of SOD, GSH and CAT, respectively.

passage as usual for further experimentation.

Cell viability assay

The tetrazolium dye colorimetric test [3-(4,5-dimethy
lthiazolyl-2)-2, 5-diphenyl-tetrazolium bromide, MTT,
Sigma-Aldrich, St. Louis, MO, United States] was used
to determine the viability of HSC-T6 cells. The MTT
assay is based on the ability of functional mitochondria
to catalyze the reduction of MTT to insoluble purple
formazan, the concentration of which can be measured
[14]
spectrophotometrically, as described previously .
HSC-T6 cells were incubated on a 96-well plate at a
5
density of 5 × 10 cells/well for 24 h and treated with
different concentrations of CAPE (0, 5, 10, 15, 20, 40,
60, 80 and 100 μmol/L). MTT solution (0.5 mg/mL) was
then added to each well. The MTT solution was replaced
with DMSO to dissolve the blue formazan crystals. Four
hours later, absorbance was measured at 490 nm using
a microplate reader (BioTekInstruments, United States)
and the percentage viability was calculated.

Real-time PCR

Total RNA was extracted using Trizol reagent (Invi
trogen, United States) and reverse transcription was
carried out using an RT-PCR kit (Takara, Japan), as
[16]
described previously . Real-time PCR was performed
using the SYBRE Script TM RT-PCR Kit (Takara, Japan)
on an iQ5 Multicolor Real-Time PCR Detection System
(Bio-Rad, Hercules, CA, United States) according to
the manufacturer’s protocols. The primers are shown
in Table 1. The comparative CT method was used to
quantify the target gene expression, with β-actin used
[17]
as an internal control .

Transmission electron microscopy

Cells in the logarithmic phase were treated with a
range of CAPE (5, 10 and 15 μmol/L) for 24 h or
established as controls. At the end of the treatment,
cells were washed twice with phosphate buffered
solution (PBS, 137 mmol/L NaCl, 2.7 mmol/L KCl, 4.3
mmol/L Na2HPO4, 1.4 mmol/L KH2PO4, pH 7.4), fixed
in 2.5% (v/v) glutaraldehyde followed by 1% (v/v)
perosmic acid, and dehydrated in an ethanol series.
Ultrathin sections were placed on 400-mesh grids and
double-stained with uranyl acetate and lead citrate.
The ultrastructures were observed using a transmission
electron microscope (HITACHI-H7650, Tokyo, Japan).

Immunocytochemistry

The expression of α-SMA and Nrf2 in HSC-T6 cells
was investigated using immunofluoresence sta
[18]
ining . Briefly, the cells were fixed in 4% (w/v) pa
raformaldehyde (Sigma-Aldrich) and permeabilized
with 0.1% (v/v) Triton X-100 (Sigma-Aldrich). After
blocking with 5% (w/v) bovine serum albumin (BSA,
Sigma-Aldrich) and 1% (v/v) normal donkey serum
(Sigma-Aldrich), the cells were incubated with rabbit
anti-α-SMA (1:500) or Nrf2 (1:500) primary antibody
(Table 2) for 16 h at 4 ℃. The cells were washed and
further incubated with peroxidase-conjugated antirabbit IgG (1:1000, Pierce Biotechnology, Rockford,
United States) for 1 h. The cell nuclei were counter-

Apoptosis assay

Cell apoptosis was determined using Annexin V-FITC
and PI double staining (KaiJi, Nanjing, China), as
[15]
described previously . Cells grown in logarithmic
phase were treated with a range of CAPE (5, 10 and 15
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Table 2 Antibodies used for Western blot analysis
Antibody (dilution)

Clone

Species

Specificity

Source

Nrf2
(16396-1-AP 1:500)
P38MAPK
(ab32142, 1:500)

M

Rabbit

Immunogen: ag9489

M

Rabbit

ProteinTech, United
States
EPITOMICS, United
States

P-p38MAPK
(#4511, 1:500)

M

Rabbit

Erk1/2
(#4695, 1:500)

M

Rabbit

Erk1phospho(pY204)/
Erk2phospho
(pY187)
(ab76299 1:500)
SAPK/JNK
(#9258 1:500)
JNK1phospho(pT183)
/JNK2phospho(pT221)
(ab124956 1:500)
α-SMA
(ab124964,1: 1000)
Collegen-1
(bs-0578R 1:500)
β-actin
(sc-47778,
1:1000)

M

Rabbit

M

Rabbit

M

Rabbit

M

Rabbit

P

Rabbit

M

Mouse

Synthetic peptide corresponding to residues near the C-terminus of human p38
MAP kinase was used as immunogen. Predicted to react with CSBP1 splice form
based on sequence homology
Phospho-P38 MAPKinase (Thr180/Tyr182) (3D7) rabbit mAb detects endogenous Cell Signaling, United
levels of p38MAP kinase only when dually phosphorylated at Thr180 and Tyr182.
States
This antibody does not cross-react with the phosphorylated forms of either
p42/44 MAPK or SAPK/JNK
P44/42 MAP kinase (137F5) rabbit mAb detects endogenous level of total P44/42 Cell Signaling, United
MAP kinase (Erk1/Erk2) protein. The antibody does not cross-react with JNK/
States
SAPK or p38 MAP kinase
A phospho-specific peptide corresponding to residues surrounding tyrosine 204 EPITOMICS, United
of human Erk1. This antibody detects Erk1 phosphorylated at tyrosine 204
States

SAPK/JNK(56G8) rabbit mAb detects endogenous levels of total SAPK/JNK
Cell Signaling, United
protein
States
A phospho-specific peptide corresponding to residues surrounding threonine 221 EPITOMICS, United
of human JNK3 was used as immunogen. The antibody detects JNK1 (pT183),
States
JNK2 (pT183) and JNK3 (pT221)
A synthetic peptide corresponding to N-terminus of human actin was used as
EPITOMICS, United
immunogen
States
KLH conjugated synthetic peptide derived from human Collagen I C-terminal
Bioss, China
propeptide
β-actin is recommended for detection of β-actin of mouse, rat, human, chicken, SANTA CRUZ, United
dog, pig, rabbit
States

M: Monoclone; P: Polyclone.

stained using 4’,6-diamidino-2-phenylindole (DAPI,
Sigma-Aldrich). After neutral gum mounting,
fluorescence microscopy images were obtained using
a confocal microscope (Ti-E, Nikon, Japan) with a laser
at 405 nm and 535 nm excitation.

with an all-enhanced chemiluminescence detection
system (Syngene, United Kingdom) and quantified
using a Gel-Pro Analyzer v4.0 (Media Cybernetics, L.P.,
United States). β-actin was used as the loading control.

Statistical analysis

Western blot analysis

The results are shown as the mean ± SD. Differences
between groups were assessed by Student’s t-test
and one- or two-way ANOVA with post-hoc Duncan
multiple comparisons using SPSS 13.0. A P-value <
0.05 was considered statistically significant.

The expression of Nrf2, related factors, and MAPKs
in HSC-T6 cells was investigated using Western blot,
[16]
as described previously . Briefly, the cells were
harvested and re-suspended in a Nuclear/Cytosol
Fractionation Kit (BioVision, Mountain View, CA,
United States) or RIPA lysis buffer [20 mmol/L Tris,
150 mmol/L NaCl, 1% (v/v) Triton X-100, 1% (w/v)
digestive phosphatase inhibitors, 1% (w/v) protease
inhibitors, 1% (w/v) phenylmethyl sulfonylfluoride
(PMSF), pH 7.5] (Sigma-Aldrich). The protein content
was determined using a commercial protein reagent kit
(Bio-Rad, Hercules, CA, United States). Equal amounts
of proteins in each sample were resolved by 10% (w/
v) sodium dodecyl sulfate-polyacrylamide gel (SDSPAGE, Sigma-Aldrich) electrophoresis and the proteins
were transferred onto PVDF membranes (SigmaAldrich). After blocking with skim milk, the membranes
were incubated with the specific antibodies (Table 2)
for 24 h at 4 ℃. After washing, the membranes were
incubated with a horseradish peroxidase-conjugated
secondary antibody (Pierce Biotechnology, Rockford,
United States) for 2 h at 37 ℃. Proteins were detected

WJG|www.wjgnet.com

RESULTS
Effect of different concentrations of CAPE on biological
characteristics of HSC-T6 cells

The MTT assay results indicated that 5, 10 and 15
μmol/L CAPE treatment for 24 h did not decrease cell
viability compared to the control group (P > 0.05,
Figure 1A). However, 20-100 μmol/L of CAPE was
cytotoxic in HSC-T6 cells (P < 0.05, Figure 1A). Similar
results were obtained after 48 and 72 h (data not
shown). Therefore, 5, 10 and 15 μmol/L CAPE were
used for all subsequent experiments. After treatment
for 24 h, the proportion of cell apoptosis increased
in a concentration-dependent manner compared
to the control group (Figure 1B). Transmission
electron microscopy was then used to investigate the
ultrastructure of apoptotic cells. In the control group,
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D2

A3

B3
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Figure 1 Effect of different concentrations of caffeic acid phenethyl ester on biological characteristics of hepatic stellate cell-T6 cells. After HSC-T6 cells
were treated with CAPE(0, 5, 10, 15, 20, 40, 60, 80 and 100 μmol/L) for 24 h (A) the effect of CAPE on the viability of HSC-6 cells was detected by the MTT assay; B:
Cell apoptosis was investigated using annexin V-FITC and PI and the proportion of cell apoptosis increased in a concentration-dependent manner; C: Ultrastructure of
the HSC-T6 cells. The normal structure is shown in the control groups (group A). The treatment groups (groups B, C, and D) displayed prominent myofilament disarray
and rupture, cytoplasmic vacuolization, and significant mitochondrial swelling (black bar: mitochondria; red bar: Endoplasmic reticulum; yellow bar: myofilament). The
upper scale bar = 2 μm, the middle scale bar = 1 μm, and the lower scale bar = 0.5 μm. The data represent averages of the results of four independent experiments.
a
P < 0.05 vs control. CAPE: Caffeic acid phenethyl ester.

swelling; the endoplasmic reticulum was slender; and
a scattered distribution of lipid droplets was observed
in the cytoplasm (Figure 1C-B/C/D).

the cells were round with tiny villous projections
observed on the cell membrane. Many plasmosomes
were distributed in the nucleus; the structure of
mitochondria was clear; the rough endoplasmic
reticulum was streaky; and lipid droplets were found in
the cytoplasm (Figure 1C-A1-3). In the CAPE treatment
groups, the growth of HSC-T6 cells was obviously
inhibited; cell volume gradually declined; surface
villous structure decreased or disappeared; there
were fewer multiple nucleoli; there was mitochondrial

WJG|www.wjgnet.com

α -SMA and collegen-1 protein expression in HSC-T6
cells treated with CAPE

In the control group, HSC-T6 cells were spindleshaped and fully stained with α-SMA (Figure 2A). After
treatment with 5, 10 and 15 μmol/L of CAPE for 24
h, the cell volume was lower and the cell morphology
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CAPE (mmol/L)

C
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10 mmol/L
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a
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a
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5
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15

CAPE (mmol/L)

Figure 2 α-SMA and collegen-1 protein expression in hepatic stellate cell-T6 cells. After HSC-T6 cells were treated with 5 μmol/L, 10 μmol/L and 15 μmol/L
CAPE for 24 h, indirect immunofluorescence (× 200) analysis of a-SMA protein expression (A) were undertaken. Western blot analysis of a-SMA and collegen-1
protein expression was also performed. Gray levels were normalized against those of the corresponding β-actin and the results are expressed relative to control (B
and C). The data are the mean ± SD of three independent experiments. aP < 0.05 vs control. CAPE: Caffeic acid phenethyl ester.

became round with reduced α-SMA fluorescent staining
(Figure 2A). Western blot analysis showed that α-SMA
and collegen-1 protein expression decreased in a dosedependent manner in HSC-T6 cells compared to the
control group (P < 0.05, Figure 2B and C).

alteration in Nrf2 gene expression in HSC-T6 cells in
response to 5 μmol/L CAPE (P > 0.05, Figure 4A).
Interestingly, Nrf2 protein expression in the cytosol
was decreased in a dose-dependent manner (P < 0.05),
whereas in the nucleus it was increased in a dosedependent manner (P < 0.05) in HSC-T6 cells after
treatment with CAPE (5, 10 and 15 μmol/L) for 24 h
(Figure 4B). The nuclear/cytosol ratio of Nrf2 protein
levels was significantly higher in CAPE-treated HSC-T6
cells than in the control group (P < 0.05, Figure 4B).
Indirect immunofluorescence showed that Nrf2 protein
translocated from the cytosol to the nucleus in HSC-T6
cells in the 15 μmol/L CAPE treatment group compared
to the control group (Figure 4C). These results
suggest that CAPE induces the activation and nuclear
transcription of Nrf2.

Antioxidant-related indicator protein and mRNA
expression in HSC-T6 cells

After treatment with CAPE for 24 h, gene and
protein expression of SOD, CAT, GSH and GSTs was
significantly increased in HSC-T6 cells treated with 10
μmol/L or 15 μmol/L CAPE compared to the control
group (P < 0.05, Figure 3A and B). However, 5 μmol/L
of CAPE did not affect SOD, CAT, GSH, or GSTs (P >
0.05, Figure 3A and B).

Effect of CAPE on Nrf2 expression in HSC-T6 cells

CAPE up-regulates antioxidant levels through an Nrf2mediated MAPKs signaling pathway in HSC-T6 cells

We observed that 10 μmol/L and 15 μmol/L of CAPE
significantly increased Nrf2 gene expression in HSC-T6
cells (P < 0.05, Figure 4A). However, there was no

WJG|www.wjgnet.com

The phosphorylation levels of ERK1/2, p38MARK
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Figure 3 Antioxidant-related indicator protein and mRNA expression in hepatic stellate cell-T6 cells. After HSC-T6 cells were treated with 5 μmol/L, 10 μmol/L
and 15 μmol/L CAPE for 24 h, the SOD activity, GSH and CAT content (A) and the mRNA expression of SOD, GSTs and CAT (B) were assessed. The data represent
averages of the results of three independent experiments. aP < 0.05 vs control. CAPE: Caffeic acid phenethyl ester; SOD: Superoxide dismutase; CAT: Catalase; GST:
Glutathione-S-transferase.

and JNK1/2 were significantly increased in a dosedependent manner in HSC-T6 cells after treatment
with CAPE (5, 10 and 15 μmol/L) for 24 h compared
to the control group (P < 0.05, Figure 5A). To further
investigate the connection between Nrf2 and MAPKs
pathways in HSC-T6 cells, HSC-T6 cells were pretreated with the ERK1/2 inhibitor PD98059, the
p38MAPK inhibitor SB203580, and the JNK1/2 inhibitor
SP600125 for 2 h, followed by treatment with CAPE
(15 μmol/L) for 24 h. All of the inhibitors partially
decreased Nrf2 mRNA expression and nuclear/cytosol
protein levels in HSC-T6 cells (P < 0.05, Figure 5B),
suggesting that inhibition of MAPKs suppresses the
translocation of Nrf2 protein in HSC-T6 cells.

CAPE compared to the control group (P < 0.05, Figure
6A and B).

DISCUSSION
Previous studies have confirmed that CAPE has
active biological antioxidant and anti-fibrosis
[5,6,19,20]
properties
. Considering the fact that HSC
proliferation and activation are key during liver
[21-23]
fibrosis
, it is interesting to know whether CAPE
treatment can influence HSC proliferation and
activation. Unfortunately, only one study has shown
[24]
that CAPE inhibited HSC cell proliferation in vitro .
In this study, our data showed that the proliferation
and activation of HSC-T6 cells were significantly
inhibited and apoptosis was induced by CAPE in a
dose-dependent manner. In addition, the expression
of α-SMA and collegen-1 proteins was significantly
reduced in HSC-T6 cells in response to CAPE. Taken
together, these results suggested that CAPE inhibited

Inhibitors of MAPKs and CAPE alter antioxidant-related
indicator protein and mRNA expression in HSC-T6 cells

Gene and protein expression of SOD, CAT and GST
was significantly decreased in HSC-T6 cells after
incubation with the inhibitors of MAPKs and 15 μmol/L

WJG|www.wjgnet.com

1209

February 21, 2017|Volume 23|Issue 7|

Yang N et al . CAPE up-regulates antioxidation in HSC-T6 cells
a

12

8
a

10
8
6

a

4
2
0

B
Nucleus/cytosol ratio

Nrf2 mRNA expression
(n-fold)

A

Control

5

10

15

6
4
a

2
a
0

Control

5

CAPE (mmol/L)

Control

10

15

CAPE (mmol/L)

CAPE
5 mmol/L 10 mmol/L 15 mmol/L

C

FITC

DAPI

MERG

control

Nrf2 (cytosol)

0.8
15 mmol/L CAPE

Nrf2/b-actin protein
relative expression in cytosol

b-actin

0.6
a

0.4

a

0.2
0.0

a
Control

5

10

15

CAPE (mmol/L)

Control

CAPE
5 mmol/L 10 mmol/L 15 mmol/L

Nrf2 (nucleus)

Nrf2/histone protein
relative expression in nucleus

Histone
0.5

a

0.4
a

0.3
0.2

a

0.1
0.0

Control

5

10

15

CAPE (mmol/L)

Figure 4 Effect of caffeic acid phenethyl ester on Nrf2 expression in hepatic stellate cell-T6 cells. A: HSC-T6 cells were treated with 5 μmol/L, 10 μmol/L and
15 μmol/L CAPE for 24 h. Nrf2 mRNA and cytosol and nuclear protein expression levels were investigated using real-time PCR and Western blot, respectively; B: The
nucleus/cytosol ratio defines Nrf2 protein expression in the nucleus/Nrf2 protein expression in cytosol; C: Indirect immunofluorescence (× 200) analysis of Nrf2 protein
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CAPE: Caffeic acid phenethyl ester.

HSC-T6 cell proliferation and activation, which is
one of the key events initiating the occurrence and
development of liver fibrosis.
CAPE has been confirmed to inhibit liver fibrosis
[8]
in rats , in this study the results showed that CAPE
increased the expression levels of SOD, CAT and GSH
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activities in HSC-T6 cells. Therefore, it is reasonable
to suspect that CAPE may inhibit HSC cell proliferation
and activation through its antioxidant effect. To confirm
our hypothesis, the effect of CAPE on the expression of
Nrf2, an upstream transcription factor regulating the
expression of anti-oxidative stress factors, in HSC-T6
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cells. A: Effect of caffeic acid phenethyl ester on phosphorylation of ERK1/2, p38MAPK and JNK. Western blot analysis of total and phosphorylated protein levels of
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Figure 6 Effect of inhibitors of mitogen activated protein kinases and caffeic acid phenethyl ester on the antioxidant-related indicator protein and mRNA
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pathway, and thereby is a potential anti-fibrosis agent
for the treatment of human liver fibrosis.

CAPE

MAPK

COMMENTS
COMMENTS

P
Proliferation

Background

Liver fibrosis is a pathological response to hepatocyte injury, including oxidative
stress, which is a primary mechanism of liver damage. Oxidative stress can
stimulate the activation of hepatic stellate cells (HSCs) through paracrine
and autocrine, leading to the formation of liver fibrosis. Antioxidants play a
pivotal role in the development of liver fibrosis. Caffeic acid phenethyl ester
(CAPE) is a phenolic compound extracted from honeybee propolis that has
strong biological properties in liver protection and as an antioxidant and antifibrosis agent. However, it is still largely unknown whether CAPE can reduce
the expression of these factors via the Nrf2-mediated mitogen activated protein
kinases (MAPKs) signaling pathway in HSC.

Nrf2
Antioxidant
capacity
Nrf2

HSC-T6

Research frontiers

Figure 7 Nrf2-mediated mitogen activated protein kinases signaling
pathway contributes to antioxidant capacity of caffeic acid phenethyl
ester in hepatic stellate cell-T6 cells.

Previous studies proved that CAPE has active biological antioxidant and antifibrosis properties, also their previous studies have shown that CAPE inhibited
liver fibrosis in rats.

Innovations and breakthroughs

cells was investigated. Interestingly, we found that
CAPE significantly increased Nrf2 gene expression in
HSC-T6 cells. Moreover, CAPE treatment significantly
promoted Nrf2 protein translocation from the cytosol
to the nucleus in HSC-T6 cells. These results indicated
that CAPE promotes the synthesis and activation of
Nrf2 in HSC cells.
The precise mechanism by which CAPE regulates
Nrf2 expression and activation in HSC cells is still
unknown. However, previous studies have shown
that MAPKs, including ERK, JNK, and p38, play a role
[25-30]
in regulating Nrf2 expression
. Therefore, we
investigated the effects of CAPE on MAPKs signaling
pathways in HSC-T6 cells. Our study showed that
the phosphorylation levels of ERK1/2, p38MARK
and JNK1/2 were significantly increased in a dosedependent manner in HSC-T6 cells after treatment with
CAPE. Meanwhile, pretreatment of HSC-T6 cells with
inhibitors significantly attenuated antioxidant enzyme
expression. Moreover, all of the inhibitors partially
decreased Nrf2 mRNA expression and nuclear/cytosol
protein levels in HSC-T6 cells, suggesting that inhibition
of MAPKs suppresses the translocation of Nrf2 protein
in HSC-T6 cells. Taken together, our results are the
first report that MAPKs are the key signaling pathways
involved in the CAPE-induced anti-oxidative responses
in cultured HSC-T6 cells.
In conclusion, we demonstrated that CAPE inhibited
cell proliferation, induced cell apoptosis, increased
expression levels of SOD, CAT and GSH, and decreased
α-SMA expression level in HSC-T6 cells by activation
of the Nrf2-mediated MAPKs signaling pathways. We
propose a working model of the antioxidative role and
potential mechanism of CAPE in HSC-T6 cells (Figure
7). In this model, CAPE inhibits cell proliferation and
activation and increases the expression levels of
antioxidative enzymes in HSC-T6 cells, which might
partly depend on an Nrf2-mediated MAPKs signaling

WJG|www.wjgnet.com

In this study, the authors demonstrated that CAPE inhibited cell proliferation,
induced cell apoptosis, increased expression levels of SOD, CAT and GSH,
and decreased α-SMA expression level in HSC-T6 cells by activation of the
Nrf2-mediated MAPKs signaling pathways. They propose a working model of
the anti-oxidative role and potential mechanism of CAPE in HSC-T6 cells.

Applications

CAPE is a phenolic compound extracted from honeybee propolis that has strong
biological properties in liver protection and as an antioxidant and anti-fibrosis
agent. It has been used in the treatment of several diseases. These data also
indicate that CAPE can up-regulate the antioxidant levels in HSC-T6 cells partly
through the Nrf2-MAPKs signaling pathway and thereby is a potential antifibrosis agent for the treatment of human liver fibrosis in the future.

Terminology

MAPK: a type of protein kinase that is specific to the amino acids serine,
threonine, and tyrosine (i.e., a serine/threonine-specific protein kinase). MAPKs
are involved in directing cellular responses to a diverse array of stimuli, such
as mitogens, osmotic stress, heat shock, and proinflammatory cytokines. They
regulate cell functions including proliferation, gene expression, differentiation,
mitosis, cell survival, and apoptosis. CAPE: a phenolic compound extracted
from honeybee propolis.

Peer-review

This is an interesting study showing that caffeic acid phenethyl ester upregulates antioxidant levels in the hepatic stellate cell line. In this study, the
authors investigated the antioxidation effect of caffeic acid phenethyl ester
in hepatic stellate cells T6 cultured in vitro and the potential mechanisms
of the effect. The effect on a-smooth muscle actin was shown using
immunofluorescence. Gene and protein levels of Nrf2, including related factors
and mitogen activated protein kinases, in HSC-T6 cells were detected using
RT-PCR and Western blot, respectively. CAPE inhibited the proliferation and
activation of HSC-T6 cells cultured in vitro. CAPE increased the antioxidant
levels and the translocation of Nrf2 from the cytoplasm to the nucleus in
HSC-T6 cells. Moreover, the phosphorylation of MAPKs in cells decreased in
response to CAPE. Interestingly, CAPE-induced oxidative stress in the cells
was significantly attenuated by pretreatment with MAPKs inhibitors. Overall, this
study is well designed, and the results are interesting.
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Abstract

of worse prognosis. Cancer-specific survival in cStage
Ⅱ with radical lymphadenectomy was significantly
better, but did not significantly benefit cStage Ⅲ .
Only cerebrovascular disease was related with limited
lymphadenectomy. Non-cancer-specific death was not
negligible, particularly in cStage Ⅰ, and gastrectomy
with radical lymphadenectomy appeared to be an
effective treatment for cStage Ⅱ elderly patients.

AIM
To investigate the surgical therapies for gastric cancer
(GC) patients of age 85 or older in a multicenter
survey.
METHODS
Therapeutic opportunities for elderly GC patients have
expanded in conjunction with extended life expectancy.
However, the number of cases encountered in a single
institution is usually very small and surgical therapies
for elderly GC patients have not yet been standardized
completely. In the present study, a total of 134 GC
patients of age 85 or older who underwent surgery in
9 related facilities were retrospectively investigated.
The relationships between surgical therapies and
clinicopathological or prognostic features were
analyzed.

Konishi H, Ichikawa D, Itoh H, Fukuda K, Kakihara N,
Takemura M, Okugawa K, Uchiyama K, Nakata M, Nishi H,
Kosuga T, Komatsu S, Okamoto K, Otsuji E. Surgery for gastric
cancer patients of age 85 and older: Multicenter survey. World
J Gastroenterol 2017; 23(7): 1215-1223 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i7/1215.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i7.1215

RESULTS
Eighty-nine of the patients (66%) presented with a
comorbidity, and 26 (19% overall) presented with more
than two comorbidities. Radical lymphadenectomy
was performed in 59 patients (44%), and no patient
received pre- or post-operative chemotherapy. Forty
of the patients (30%) experienced perioperative
complications, but no surgical or perioperative mortality
occurred. Laparoscopic surgery was performed in only
12 of the patients (9.0%). Univariate and multivariate
analyses of the 113 patients who underwent R0 or R1
resection identified the factors of pT3/4 and limited
lymphadenectomy as predictive of worse prognosis
(HR = 4.68, P = 0.02 and HR =2.19, P = 0.05,
respectively). Non-cancer-specific death was more
common in cStage Ⅰ patients than in cStage Ⅱ or Ⅲ
patients. Limited lymphadenectomy correlated with
worse cancer-specific survival (P = 0.01), particularly
in cStage Ⅱ patients (P < 0.01). There were no
relationships between limited lymphadenectomy and
any comorbidities, except for cerebrovascular disease (P
= 0.07).

INTRODUCTION
The elderly population is increasing worldwide, and
life expectancy has also consistently increased in most
[1]
countries . In Japan, the average lifetime of women
is 87 years while that of men is 81 years, and the life
expectancies of 85-year-old women and men are 8.4
[2]
and 6.2 years, respectively . Therefore, gastric cancer
(GC) patients of age 85 or older may undergo radical
gastrectomy with the aim of achieving 5-year survival.
On the other hand, elderly patients may present
with existing functional decline in major organs and
[1,3]
comorbidities . The rate of non-cancer-specific death
in elderly patients has generally been increasing, and
post-operative disorders following gastrectomy may
[4-6]
indirectly influence the cause of death . Therefore,
the decision to perform surgery on elderly GC patients
needs to be made carefully.
Standard therapeutic strategies for GC patients
in Japan are selected according to the Japanese
[7]
Gastric Cancer Treatment Guidelines ; however,
these guidelines are not standardized for elderly
GC patients, particularly those aged 85 or older.
Although some retrospective studies of GC patients
in single institutions have evaluated gastrectomy for
its feasibility and safety among the elderly patient
[8-10]
population
, few have investigated patients of age
[11,12]
85 or older
.
We previously reported the surgical outcomes of
gastrectomy for elderly GC patients and concluded
that the outcomes were similar to those in non-elderly
[13]
patients . However, it remains unclear as to whether
radical gastrectomy has prognostic significance in
elderly GC patients. There are some limitations in
the selection of therapeutic strategies for elderly
GC patients, due to the small number of cases that
a single institution usually encounters. Therefore,
we collected data on GC patients of age 85 or older
who underwent surgery in our related hospitals, and

CONCLUSION
Non-cancer-specific death was not negligible,
particularly in cStage Ⅰ, and gastrectomy with radical
lymphadenectomy appears to be an effective treatment
for cStage Ⅱ elderly GC patients.
Key words: Gastric cancer; Elderly more than 85;
Surgery; Limited lymphadenectomy; Multicenter survey
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Therapeutic opportunities for elderly gastric
cancer (GC) patients have expanded. This multicenter
study investigated surgical therapies for GC patients
of age 85 or older. Cancer-specific and overall survival
rates were 100% and 56% in cStage Ⅰ. The factors of
pT3/4 and limited lymphadenectomy were predictive
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herein report our findings on the surgical therapies,
clinicopathological features and survival.

Table 1 Patient characteristics and perisurgical outcomes n (%)
Total patients (n = 134)
Age (yr)
Sex (male/female)
Post-operative hospital stay (d)
Comorbidity
Hypertension
Cardiovascular disease
Respiratory disease
Cerebrovascular disease
Diabetes mellitus
Renal dysfunction
Other
Number of comorbidities
0
1/2
3/4
Operation
Distal
Proximal
Total
Partial
Bypass
Unresectable
Procedure
Open
Laparoscopy
Lymphadenectomy
D0/D1
D1+/D2
Lymphadenectomy
Radical/limited
Number of resected LN
Operative time (min)
Bleeding (g)
Residual tumor
R0/1/2

MATERIALS AND METHODS
Patients

A total of 134 GC patients of age 85 or older who
underwent surgery in any of our related hospitals (9
facilities) between 2000 and 2014 were retrospectively
registered. Thirty-six patients were treated at hospital 1,
21 at hospital 2, 20 at hospital 3, 12 at hospital 4, 11 at
hospital 5, 9 at hospital 6, 10 at hospital 7, 4 at hospital
8, and 11 at hospital 9. Clinical and pathological stages
were determined based on the Japanese Classification
[14]
of Gastric Carcinoma 3rd edition . No patients in
the present study received neo-adjuvant or adjuvant
chemotherapy. Some clinicopathological and prognostic
data were not usable, as they were outdated. The
median length of follow-up for censored cases was 19.5
mo (range: 1-88 mo).
Written informed consent for surgery was obtained
from all patients in each institution; however, it
was confirmed that written informed consent for
participation in the present study was not always
necessary because this was a retrospective noninterventional study.

Surgical therapy

Standard operability for each case was decided
according to the Japanese Gastric Cancer Treatment
[7]
Guidelines . The operative procedure and extent of
resection or lymphadenectomy were ultimately selected
by each institution based on the clinical stage and
location of the cancer. The extent of lymphadenectomy
was re-evaluated using data obtained from the
dissected lymph nodes and pre-operative clinical
staging that was based on the Japanese Classification
[14]
of Gastric Carcinoma 3rd edition ; briefly, radical
lymphadenectomy was adapted to cT1N0 patients who
underwent D1 or more extended lymphadenectomy
and to cN+ or cT2-4 patients who underwent D2
lymphadenectomy. In the present study, splenectomy
in total gastrectomy was not related to the extent of
lymphadenectomy because significance of splenectomy
due to No.10 or 11d lymph node dissection was
controversial.
The status of residual tumors after surgery was also
described as the R status, according to the Japanese
[14]
Classification of Gastric Carcinoma 3rd edition . R0
denoted curative resection, R1 denoted resection with
a microscopic residual tumor (positive in the resection
margin, or CY+), and R2 denoted resection with a
macroscopic residual tumor. In the present study,
patients with bypass or un-resected surgery were
included among the R2 cases.

45
63/18
6/2
84
5
34
4
4
3
122
12
17/52
40/25
59/75
23 (0-67)
206 (62-426)
263 (10-1855)
103/10/21

LN: Lymph node.

5.0 J software (SAS Institute Inc., Cary, NC, United
States). Survival curves for overall survival, cancerspecific survival and non-original disease-specific
death were derived using the Kaplan-Meier method
and compared by the stratified Log-rank test. A
multivariate survival analysis was performed using
Cox’s proportional hazard regression model. A P-value
less than 0.05 was considered significant.

RESULTS
Patient characteristics

The characteristics and perisurgical outcomes of
the total 134 patients analyzed in this study are
shown in Table 1. All patients were diagnosed with
adenocarcinoma, and 57 patients (43%) were female.
Comorbidities were present in 89 of the patients
(66%), and 26 of the patients (19%) had more than
one comorbidity. Hypertension was the most frequent
comorbidity (52/134, 39%), followed by cardiovascular
disease (36/134, 27%), respiratory disease (13/134,
10%) and diabetes mellitus (13/134, 10%). The mean
post-operative hospital stay was 29 d (range: 9-305 d),

Statistical analysis

All statistical analyses were performed using StatView

WJG|www.wjgnet.com

87.4 (85-97)
77/57
29 (9-305)
89 (66.0)
52 (39.0)
36 (27)
13 (9.7)
9 (6.7)
13 (9.7)
4 (3.0)
4 (3.0)
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remarkably worse (at 56%) because of non-cancerspecific deaths. The cStage Ⅱ or Ⅲ patients showed
similar overall and cancer-specific survival rates, again
with the rate of cancer-specific deaths higher than that
of non-cancer-specific deaths. Cancer-specific survival
was significantly different in each pStage (P < 0.01;
Figure 1B).

Table 2 Pathological features and complications n (%)
Total patients, n =134
Location
Macroscopic type
cT
cN
cStage
pT
pN
pStage
Differentiation
Lymphatic invasion
Venous invasion
Complications

L/M/U
0/1/2/3/4/5/unknown
1-2/3-4
-/+
Ⅰ/Ⅱ/Ⅲ/Ⅳ
1-2/3-4
-/+/unknown
Ⅰ/Ⅱ/Ⅲ/Ⅳ
Well/moderate/poor/
unknown
- +/unknown
-/+/unknown
-/+
Surgical site infection
Anastomotic leakage
Anastomotic stenosis
Pneumonia
Pancreatic fistula
Intestinal hypoperistalsis
Cardiac complication
Brain complication
Other

59/51/24
35/8/35/25/10/3/18
64/70
70/64
54/36/32/12
62/72
59/68/7
49/29/39/17
46/17/55/16

Relationships between survival and clinicopathological
features

Table 3 shows the relationships between survival
and clinicopathological features for the 113 patients
applicable for these analyses, after exclusion of
those patients who underwent R2 resection. Limited
lymphadenectomy (P = 0.01), cT3-4 (P < 0.01), pT3-4
(P < 0.01), pN+ (P < 0.01), pStage Ⅲ-Ⅵ (P < 0.01),
and positive venous invasion (P < 0.01) were identified
as worse prognostic factors in the univariate analysis,
whereas only an advanced pT factor and limited
lymphadenectomy appeared to be prognostic factors
in the multivariate analysis (HR = 4.68, 95%CI:
1.29-20.7, P = 0.02 and HR = 2.19, 95%CI: 1.00-4.97,
P = 0.05, respectively).
Cancer-specific survival in the patients who under
went radical lymphadenectomy was significantly better
than in those who underwent limited lymphadenectomy
(P = 0.01; Figure 2A). In a subgroup analysis, the
cancer-specific survival in cStage Ⅱ patients who
underwent radical lymphadenectomy was also
significantly better than in those who underwent limited
lymphadenectomy (P < 0.01; Figure 2B); however, the
difference was not significant in the cStage Ⅲ patients (P
= 0.08; Figure 2C).

38/79/17
55/62/17
94/40
11 (8.2)
12 (9.0)
4 (3.0)
7 (5.2)
3 (2.2)
2 (1.5)
1 (0.7)
1 (0.7)
2 (1.5)

L/M/U: Lower third/middle third/upper third.

and no operative or perioperative mortalities occurred,
excluding gastric cancer-specific death.

Therapeutic outcomes

Distal gastrectomy was performed on 84 patients,
proximal gastrectomy on 5, total gastrectomy on 34,
and partial gastrectomy on 4 (Table 1). Neither prenor post-operative chemotherapy was performed on
any patient. The original lesions were un-resectable
in 7 patients, and bypass surgery was performed
on 4 of these patients. Laparoscopic surgery was
performed on only 12 patients (12/134, 9.0%),
including 9 distal and 3 total gastrectomies. The rates
of R0+1 resection, radical lymphadenectomy and
post-operative complications in laparoscopic surgery
were 100% (12/12), 75% (9/12) and 17% (2/12),
respectively.

Preoperative factors affecting limited lymphadenectomy

Most comorbidities were not associated with limited
lymphadenectomy, and only the presence of cere
brovascular disease was found to be associated (P =
0.07; Table 4).

DISCUSSION
Life-span has been extended for the elderly by
[1,2]
advances in medical treatments . In conjunction,
therapeutic opportunities for elderly cancer patients,
[1]
including those with GC, have also increased .
Therapeutic strategies for GC in Japan are standar
dized by the Japanese Gastric Cancer Association
[7]
Guidelines ; however, strategies for elderly patients
are not clearly stated. An important issue is that
systemic conditions and previous histories generally
[3-6,17]
vary among elderly patients
, and generally the
number of elderly patients is still smaller than of
young patients treated in a single Japanese institution.
Therefore, comprehensive data on GC patients,
particularly those aged 85 or older, have not been
[11,12,18-20]
reported in detail
.
In the present study, we retrospectively collected

Clinicopathological features and complications

Table 2 shows the clinicopathological features and
post-operative complications, with the Clavien-Dindo
[15,16]
classification of more than grade Ⅱ
. Complications
were present in 40 of the total 134 patients (30%).
Although the frequencies of anastomotic leakage
(12/134, 9.0%) and pneumonia (7/134, 5.2%) were
slightly high, no lethal complications or re-operations
occurred.

Survival analysis in each stage

Overall survival and cancer-specific survival in
cStage Ⅰ/Ⅱ/Ⅲ patients are shown in Figure 1A. In
cStage Ⅰ patients, the 5-year cancer-specific survival
rate was 100%, whereas the overall survival rate was
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Table 3 Univariate and multivariate analyses for survival
n = 113

5-yr survival

Univariate

P value
Sex
Male
Female
Comorbidities
<2
≥2
Operation
Total
Others
Procedure
Open
Laparoscopy
Lymphadenectomy
Radical
Limited
Operative time (min)
< 240
≥ 240
Unknown
Bleeding (g)
< 400
≥ 400
Unknown
cT
1-2
3-4
cN
Absent
Present
cStage
Ⅰ-Ⅱ
Ⅲ- Ⅳ
pT
1-2
3-4
pN
Absent
Present
pStage
Ⅰ-Ⅱ
Ⅲ- Ⅳ
Residual tumor
R0
R1
Lymphatic invasion
Absent
Present
Unknown
Venous invasion
Absent
Present
Unknown
Complications
Absent
Present

Multivariate
HR

95%CI

P value

1.00-4.97

0.05

0.41-3.23

0.78

65
48

33
48

0.17

-

93
20

35
63

0.35

-

29
84

36
41

0.13

-

101
12

37
62

0.10

-

59
54

43
35

0.01

1.00
2.19

76
33
4

32
58

0.34

-

91
18
4

40
27

0.12

-

63
50

49
27

< 0.01

67
46

45
35

0.43

-

87
26

40
37

0.59

-

62
51

58
16

< 0.01

1.00
4.68

1.29-20.7

0.02

58
55

56
23

< 0.01

1.00
1.84

0.68-5.62

0.24

78
35

55
9

< 0.01

-

103
10

41
31

0.06

1.14
1.00

0.39-3.87

0.81

37
67
9

55
29

0.09

1.49
1.00

0.43-5.10

0.53

53
51
9

58
15

< 0.01

1.00
2.00

0.75-5.80

0.17

81
32

34
51

0.31

-

biased due to regional characteristics or therapeutic
strategies in each institution, the average frequency of
GC patients aged 85 or older treated by surgery was
almost similar among all the institutions (at 2.6%,
range: 2.2%-3.8%).
There were some distinct characteristics noted
for the treatment of elderly GC patients compared

information on GC patients of age 85 or older who
underwent surgery in our related hospitals in order
to investigate therapeutic strategies for elderly GC
patients. We were unable to confirm information on
the frequency of patients treated by non-surgical
therapies or untreated due to their general condition.
Therefore, although this set of data may be slightly

WJG|www.wjgnet.com
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A

Table 4 Relationships between lymphadenectomy and
clinicopathlogical features

Cancer specific
80%

P value

Radical

Limited

75
38

45
14

30
24

0.02

43
70

28
31

15
39

0.03

31
82

14
45

17
37

0.36

11
102

7
52

4
50

0.42

6
107

1
58

5
49

0.07

12
101

7
52

5
49

0.65

3
110

3
56

0
54

0.09

Overall

60%
40%
20%
0%
0

12

24
36
Months after surgery

48

60

cStage Ⅱ (n = 36)
100%

Survival rate

80%
60%

Cancer specific

40%
20%

Overall

0%
93
20

47
12

46
8

0.44

87
26

45
14

42
12

0.85

29
84

14
45

15
39

0.62

0

12

24
36
Months after surgery

48

60

cStage Ⅲ (n = 30)
100%
80%
Survival rate

Comorbidity
Present
Absent
Hypertension
Present
Absent
Cardiovascular disease
Present
Absent
Respiratory disease
Present
Absent
Cerebrovascular disease
Present
Absent
Diabetes mellitus
Present
Absent
Renal dysfunction
Present
Absent
Number of comorbidities
<2
≥2
cStage
Ⅰ-Ⅱ
Ⅲ- Ⅳ
Operation
Total
Other

Lymphadenectomy

100%

Survival rate

n = 113

cStage Ⅰ (n = 54)

with younger GC patients. Neo-adjuvant or adjuvant
chemotherapy was not performed in any of the elderly
GC patients, and the frequencies of laparoscopic
gastrectomy and radical lymphadenectomy were
slightly low for the elderly GC patients as well. Although
lymphadenectomy was limited in some patients,
cancer-specific survival in cStage Ⅰ was remarkably
favorable and the leading cause of death was noncancer-specific death, specifically due to pneumonia
or cardiovascular event. These non-cancer-specific
events occurred equally among the elderly patients.
Therefore, gastrectomy with limited lymphadenectomy
or less-invasive laparoscopic surgery is permissible,
[21]
at least for elderly patients with cStage Ⅰ . On the
other hand, among the elderly patients with cStage
Ⅱ or Ⅲ, non-cancer-specific death was not of greater
clinical importance than cancer-specific death. Cancerspecific survival in patients who underwent radical
lymphadenectomy was significantly better than in
those who underwent limited lymphadenectomy. In
subgroup analysis, this tendency was more significant
in cStage Ⅱ patients than in cStage Ⅲ patients.
There was no positive relationship found between the
limited lymphadenectomy and the presence or number
of comorbidities or the extent of resection; however, the

WJG|www.wjgnet.com

60%

Cancer specific

40%
Overall

20%
0%
0

12

24
36
Months after surgery

48

60

B
Cancer-specific survival

100%
pStage Ⅰ (n = 49)

80%

pStage Ⅱ (n = 29)

60%
40%

pStage Ⅲ (n = 39)

20%
0%

P < 0.01
0

12

24
36
48
Months after surgery

60

Figure 1 Survival analysis for patients according to GC stage. A: Cancerspecific and overall survivals using the Kaplan-Meier method are shown for
cStage Ⅰ (n = 54), cStage Ⅱ (n = 36), and cStage Ⅲ (n = 30); B: Cancerspecific survival using the Kaplan-Meier method is shown for each pathological
(p)Stage (P < 0.01).
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A
Cancer-specific survival

100%

to be affected by surgical therapy and previous
[3,4,6]
histories
. On the other hand, the survival rate of
cStage Ⅲ elderly patients was slightly low compared
to that which is known for younger GC patients. We
attributed this discrepancy to the lack of adjuvant
[23,24]
chemotherapy
and the stage migration of cStage
[25,26]
. The
Ⅳ patients due to limited lymphadenectomy
survival rate in cStage Ⅱ elderly patients was similar
[20]
to that in younger patients . Moreover, cancerspecific survival in cStage Ⅱ patients who underwent
radical lymphadenectomy was significantly better than
in those who underwent limited lymphadenectomy.
This result indicates that radical lymphadenectomy can
[10,12]
improve survival in cStage Ⅱ elderly patients
.
There were some limitations to the present
study, particularly related to the small number of
cases, which must be considered when interpreting
the findings. Stage migration should be considered
because limited lymphadenectomy was performed
[23,24]
more frequently
. The rate of cancer-specific
survival in cStage Ⅰ patients was very high, regardless
of lymphadenectomy; however, survival among
cStage Ⅱ or Ⅲ patients who underwent limited
lymphadenectomy was expected to be improved by
stage migration. Therefore, this feature may have
affected the results of the present study. Furthermore,
overall and cancer-specific survivals were not fully
divided by clinical stages, particularly for the cStage Ⅱ
or Ⅲ patients. The clinical staging data may have been
influenced by a limitation in imaging techniques, the
criteria used to reach a diagnosis in each institution,
or short follow-up length. In the present study, we
were unable to reconfirm details on clinical staging or
prognosis in each institution.
In conclusion, although the present study was
performed using limited case samples and with
some biases, the results obtained showed a trend of
elderly GC patients towards surgical therapy. A lessinvasive gastrectomy will be permissible, at least for
cStage Ⅰ elderly patients, and surgical therapy with
radical lymphadenectomy may be effective for cStage
Ⅱ elderly patients; however, further studies on noncancer-specific death or chemotherapy are needed.

Radical (n = 59)

80%
60%
40%

Limited (n = 54)

20%

P = 0.01

0%
0

12

B

24
36
48
Months after surgery

60

cStage Ⅱ

Cancer-specific survival

100%
Radical (n = 14)

80%
60%
40%

Limited (n = 19)

20%

P < 0.01

0%
0

12

C

24
36
Months after surgery

48

60

cStage Ⅲ

Cancer-specific survival

100%
80%

Radical (n = 14)

60%
40%
20%
0%

P = 0.08
0

12

Limited (n = 11)
24
36
Months after surgery

48

60

Figure 2 Survival analysis on cStage Ⅱ and Ⅲ patients who underwent
radical or limited lymphadenectomy. A: Cancer-specific survival using the
Kaplan-Meier method is shown for all patients who underwent radical or limited
lymphadenectomy; B and C: Cancer-specific survival using the Kaplan-Meier
method is shown for patients with cStage Ⅱ (B: n = 33) or cStage Ⅲ (C: n = 25).
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to have undergone limited lymphadenectomy.
As reported by the Japanese Association of Clinical
Cancer Centers, the 5-year relative survival rates of GC
patients treated with any surgical therapy between 2004
and 2007 were 96% in cStageⅠ, 66.9% in cStage Ⅱ,
[22]
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with results of younger GC patients, the cancerspecific survival rate in cStage Ⅰ elderly patients is
acceptable, regardless of the surgical extent; however,
non-cancer-specific death was frequent in the elderly
patient population of the present study and appeared
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Background

The elderly population is increasing worldwide, and therapeutic opportunities
for elderly gastric cancer (GC) patients have also expanded. On the other hand,
elderly patients may present with existing functional decline in major organs
and comorbidities. Although retrospective studies using information of single
institutions have evaluated gastrectomy among elderly patient populations,
therapeutic strategies for elderly GC patients, particularly those aged 85 or
older, are not standardized due to the generally small number of cases.

Research frontiers

GC patients of age 85 or older have undergone radical gastrectomy with the
aim of achieving 5-year survival. However, the decision to perform surgery on
an elderly GC patient needs to be made carefully, because the rate of non-
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cancer-specific death will be increasing generally and post-operative disorders
following gastrectomy may indirectly influence the cause of death. The research
hotspot is to examine optimized surgical therapies for elderly GC patients in
each clinical disease stage by using a multicenter survey approach.

9

Innovations and breakthroughs

10

There are some limitations in the selection of therapeutic strategies for elderly
GC patients due to the small number of cases in a single institution. In the
present study, the data for 134 GC patients of age 85 or older who underwent
surgery were collected from our 9 related hospitals. The cancer-specific survival
rate for cStage Ⅰ elderly patients was acceptable, regardless of the surgical
extent; however, the rate of non-cancer-specific deaths due to pneumonia or
cardiovascular event was frequent and not negligible. On the other hand, the
rate of non-cancer-specific death was not high in cStage Ⅱ or Ⅲ patients, and
cancer-specific survival with radical lymphadenectomy was significantly better
than that achieved with limited lymphadenectomy in cStage Ⅱ patients.

11

12

Applications

The data in this study suggests that a less-invasive gastrectomy will be
permissible for elderly patients, at least for those with cStage Ⅰ GC.
Furthermore, this study also provides readers important information regarding
surgical therapy with radical lymphadenectomy in elderly GC patients,
particularly as related to its effectiveness in cStage Ⅱ elderly patients.

13

14

Terminology

A limited lymphadenectomy for GC is considered for lymphadenectomy less
frequently than standard resection, but it has been successfully performed
in selected patients with poor general condition or of elderly age. Although
the definitive indication of limited lymphadenectomy is not determined, such
a limited therapy will be acceptable for some patients, such as the oldest-old
patients, after careful considerations of the therapeutic quality or prognosis.

15

16

Peer-review

The authors do a good work, they collected data on GC patients aged 85 or
older who underwent surgery in their related hospitals, and examined surgical
therapies, clinicopathological features, and survival, which give us some
treatment advice for elder gastric cancer patients.

17
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Abstract
AIM
To investigate incidence and survival of post-transplant
lymphoproliferative disorder (PTLD) patients after liver
transplantation.
METHODS
A cross-sectional survey was conducted among pa
tients who underwent liver transplantation at Shiraz
Transplant Center (Shiraz, Iran) between August 2004
and March 2015. Clinical and laboratory data of patients
were collected using a data gathering form.
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RESULTS
There were 40 cases of PTLD in the pediatric age
group and 13 cases in the adult group. The incidence
of PTLD was 6.25% in pediatric patients and 1.18%
in adult liver transplant recipients. The post-PTLD
survival of patients at 6 mo was 75.1% ± 6%, at 1
year was 68.9% ± 6.5% and at 5 years was 39.2% ±
14.2%. Higher serum tacrolimus level was associated
with lower post-PTLD survival in pediatric patients
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(OR = 1.07, 95%CI: 1.006-1.15, P = 0.032). A serum
tacrolimus level over 11.1 ng/mL was predictive of post
PTLD survival (sensitivity = 90%, specificity = 52%,
area under the curve = 0.738, P = 0.035).

EBV infection has minimal consequences in normal
subjects, in liver transplant recipients it is associated
with a spectrum of disorders, ranging from reactive
monoclonal hyperplasia to aggressive malignant
[5]
lymphoma . In immunocompetent subjects, the EBV
genome remains latent in resting memory B cells after
[6]
immortalization . However, after transplantation, longterm immunosuppressive therapy results in depressed
T-cell function and lack of T-cell inhibition on B-cell
[7]
proliferation . This may lead to uncontrolled B-cell
proliferation and subsequent hyperplasia, and even
malignant transformation.
PTLD is more frequently encountered in pediatric
patients, and younger age by itself is a known risk
[8]
factor for PTLD despite controversies . Another
proposed risk factor for PTLD development after liver
[9]
transplantation is hepatitis C virus infection . With a
mortality rate ranging from 12% to 60% in different
studies, PTLD has imposed considerable negative
[10-12]
impact on transplant patients until recently
.
However, outcomes of patients and survival rates have
been substantially improved by using new modalities
for treatments, such as rituximab (a chimeric antiCD20 monoclonal antibody) and sirolimus, in addition
[13-15]
to reduced-dose immunosuppression
.
This study aimed to investigate incidence, risk
factors (including impact of immunosuppressive
regimen) and survival of PTLD patients after liver
transplantation in Iranian patients.

CONCLUSION
Incidence of PTLD in our liver transplant patients is
comparable to other centers. Transplant physicians may
consider adjustment of tacrolimus dose to maintain its
serum level below this cutoff point.
Key words: Post-transplant lymphoproliferative disorder;
Liver transplantation; Survival; Tacrolimus; Epstein-Barr
virus
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Post-transplant lymphoproliferative disorder
(PTLD) is one of the complications that may occur
after liver transplantation. The present study is a
survival analysis of liver transplant patients after PTLD
development. The incidence of PTLD was 6.25% in
pediatric patients and 1.18% in adult liver transplant
recipients. The main new finding is association of
serum tacrolimus level with post-PTLD survival. Higher
serum tacrolimus level was associated with lower postPTLD survival in pediatric patients.
Eshraghian A, Imanieh MH, Dehghani SM, Nikeghbalian S,
Shamsaeefar A, Barshans F, Kazemi K, Geramizadeh B, MalekHosseini SA. Post-transplant lymphoproliferative disorder
after liver transplantation: Incidence, long-term survival and
impact of serum tacrolimus level. World J Gastroenterol 2017;
23(7): 1224-1232 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i7/1224.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1224

MATERIALS AND METHODS
Patients

Shiraz Organ Transplant Center (Shiraz, Iran) is a
leading transplant center in Iran, with considerable
annual cases of liver transplantation for both adult
and pediatric patients. A cross-sectional survey was
conducted among the adult and pediatric patients
(< 18 years) who underwent liver transplantation
at Shiraz Transplant Center between August 2004
and March 2015. Clinical and laboratory data of
patients were collected using a data gathering form
containing information regarding age, sex, underlying
liver disease, type of allograft (deceased donor, living
related donor, split liver transplantation), time of
liver transplantation and time of PTLD development,
survival of patients from date of liver transplantation,
survival after PTLD diagnosis, immunosuppressive
regimen and dosage, rejection episodes, EBV status
before and after transplantation, presenting sign and
symptoms, PTLD histology, multi-organ involvement,
modality of treatment, response to therapy, and
serum level of calcineurin inhibitors (including
tacrolimus and cyclosporine). All patients received
intravenous methylprednisolone as induction of
immunosuppression. Patients received tacrolimus,
cyclosporine, mycophenolate mofetil and prednisolone
as immunosuppressive therapy during their follow-

INTRODUCTION
Liver transplantation is an established modality of
treatment for end-stage liver diseases of various
etiologies. Despite considerable improvement in
outcomes of patients, complications frequently occur
after transplantation that may have negative impact
[1]
on survival . Post-transplant lymphoproliferative
disorder (PTLD) is one of the complications that may
occur after liver transplantation and threatens both
graft and patient survival. PTLD is generally believed
to be a consequence of relative immunodeficiency
state secondary to immunosuppressive regimens in
[2]
these patients . Immunosuppressive therapy results
in depressed T-cell function that predisposes patients
[3]
to lymphoid proliferation . Epstein-Barr virus (EBV)
infection is the other major risk factor for development
of PTLD after liver transplantation and the majority
[4]
of cases (60%-70%) are EBV-positive . While
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applied for immunophenotyping of B-cell- and T-cellassociated antigens, as previously described.
Whether PTLD is monoclonal or polyclonal was de
termined by flow cytometry on fresh cell suspensions
checking immunoglobulin light chain restriction, by
immunoperoxidase staining on frozen or paraffinembedded tissues or by southern blot on frozen tissues
checking immunoglobulin or T-cell receptor gene
[17]
rearrangements .
Based on these classification, one patient had nodular
sclerosis Hodgkin disease, one had plasmacytoma,
and others had polymorphic and monomorphic B cell
lymphoma.

Table 1 Baseline characteristics of patients
Pediatrics
Number
Mean age in years
Sex, male/female
Allograft
Living donor
Deceased donor
Presenting sign and symptoms
LAP
Fever
Abdominal pain
Diarrhea
Weight loss
Cough and dyspnea
Bowel obstruction
Unilateral weakness
Underlying liver disease
HBV cirrhosis
Cryptogenic cirrhosis
PSC
HCV cirrhosis
AIH
Wilson’s disease
PFIC
Crigler-Najjar syndrome
Biliary atresia
Tyrosinemia
Budd-Chiari syndrome
Liver metastasis
Neonatal hepatitis
Immunosuppressive regimen
Prednisolone
Tacrolimus
Mycophenolate mofetil
Cyclosporine
Sirolimus

40
5.05 ± 4.43
23/17

Adults

Overall

13
53
42 ± 13.39 14.11 ± 17.71
10/3
33/20

28
12

0
13

28
25

18
13
15
5
0
1
1
1

9
1
3
0
1
0
0
0

27
14
18
5
1
1
1
1

0
0
0
0
2
1
5
8
12
10
1
0
1

5
2
2
1
1
0
0
0
0
0
1
1
0

5
2
2
1
3
1
5
8
12
10
2
1
1

39
36
15
1
35

12
10
11
4
8

49
46
26
5
43

Ethics and consent

The study protocol was approved by the institutional
review board of Shiraz University of Medical Sciences.
The study protocol was carried out in accordance with
the Helsinki Declaration as revised in Seoul 2008.
Written informed consent was obtained from patients.

Statistical analysis

Comparisons of continuous variables were performed
with the Student’s t-test, and categorical variables were
compared using the chi-square test. Non-parametric
Mann-Whitney test was used when appropriate. Data
were presented using mean ± standard deviation
for numeric variables, and percent and counts for
categorical variables. Kaplan-Meier estimates were used
for analysis of time to PTLD development and survival
after PTLD diagnosis. Kaplan-Meier and Cox regression
analyses were used to calculate the influence of
probable risk factors on PTLD development and survival.
Rejection episodes were considered a time varying
statistical variable, and rejections that occurred after
PTLD development were excluded. Statistical analysis
was performed with SPSS 16.0 (SPSS Inc., Chicago,
IL, United States). A P value of < 0.05 were considered
statistically significant.

AIH: Autoimmune hepatitis; LAP: Lymphadenopathy; HBV: Hepatitis
B virus; HCV: Hepatitis C virus; PFIC: Progressive familial intrahepatic
cholestasis; PSC: Primary sclerosing cholangitis.

up. Serum tacrolimus level was measured periodi
cally during follow-up for each patient and the last
measured serum tacrolimus levels before diagnosis
of PTLD were recorded and analyzed for each patient.
Patients were treated with rituximab or chemotherapy
based on grade, type and invasiveness of PTLD.
Change from tacrolimus to sirolimus was applied for all
of the patients diagnosed with PTLD. Thirteen patients
with positivity for cytomegalovirus (CMV)-DNA were
treated with ganciclovir or valganciclovir.

RESULTS
PTLD characteristics and post-PTLD survival

Overall, 53 patients were diagnosed with PTLD. There
were 40 cases of PTLD in the pediatric age group and
13 cases in the adult group. The incidence of PTLD was
6.25% in the pediatric patients and 1.18% in the adult
liver transplant recipients. The baseline characteristics
of PTLD patients are outlined in Table 1.
The mean overall (adult and pediatric) postPTLD survival was 66.29 ± 11.86 mo. The post-PTLD
survival of patients at 6 mo was 75.1% ± 6%, at 1
year was 68.9% ± 6.5% and at 5 years was 39.2% ±
14.2% (Figure 1A).
The mean post-PTLD survival in adult patients was
82.94 ± 18.58 mo. The post-PTLD survival of adult
patients at 6 mo was 83.9% ± 10.4%, at 1 year was
74.6% ± 12.8% and at 5 years was 59.7% ± 16.8%
(Figure 1B).

PTLD diagnosis

Diagnosis of PTLD was confirmed by tissue biopsies
reviewed by expert pathologists. World Health
Organization (WHO) classification for tumors of
[16]
lymphoid tissue was used for PTLD classification .
While diagnosis of PTLD was confirmed, patients
underwent staging work-up, including CT scans
(abdomen, chest and pelvis) and bone marrow
aspiration and biopsy to detect possibility of multiple
organ involvement. Frozen section or paraffin im
munoperoxidase staining or flow cytometry were
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Figure 2 Post-transplant lymphoproliferative disorder survival of pediatric
and adult patients. A: Impact of multi-organ involvement; B: Impact of EBV
status. EBV: Epstein-Barr virus; PTLD: Post-transplant lymphoproliferative
disorder.

Survival function
Pediatric
1.0

20.00
40.00
60.00
Post PTLD survival (mo)

Survival function
Censored

Cum survival

0.8

(Figure 2A). EBV-positive patients with PTLD had
significantly higher mean survival compared to EBVnegative PTLD patients (60.58 ± 7.62 mo vs 16.72
± 5.66 mo, P = 0.018) (Figure 2B). Other variables
including sex, CMV status, rejection episodes, time to
PTLD before or after 1 year, and type of allograft had
no significant effect on post-PTLD survival (Table 2).
We also analyzed the influence of different
risk factors on pediatric PTLD patients separately.
Multi-organ involvement and EBV negativity were
significantly associated with lower mean post-PTLD
survival in pediatric patients (Table 3). Higher serum
tacrolimus level was associated with lower post-PTLD
survival in pediatric patients (OR = 1.07, 95%CI:
1.006-1.15, P = 0.032) (Table 4).

0.6
0.4
0.2
0.0
0.00

20.00
40.00
60.00
Post PTLD survival (mo)

80.00

Figure 1 Post-transplant lymphoproliferative disorder survival. A:
Pediatric and adult patients; B: Adult patients; C: Pediatric patients. PTLD: Posttransplant lymphoproliferative disorder.

The mean post-PTLD survival in pediatric patients
was 42.61 ± 6.1 mo. The post-PTLD survival of
pediatric patients at 6 mo was 72.4% ± 7.1%, at 1
year was 67.1% ± 7.5% and at 5 years was 24.1% ±
18.6% (Figure 1C).
When both pediatric and adult patients were
analyzed altogether, multi-organ involvement was
significantly associated with lower post-PTLD survival
(104.25 ± 9.08 mo vs 27.13 ± 6.30 mo, P = 0.002)

WJG|www.wjgnet.com

Impact of multi-organ involvement, and time to PTLD
development

Patients were divided into those who developed PTLD
in ≤ 1 year and those who developed PTLD in ≥ 1
year. Age, post-PTLD survival, serum tacrolimus level,
tacrolimus dose and prednisolone dose were not
correlated with time to PTLD development in pediatric
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Table 2 Kaplan-Meier analysis of risk factors and posttransplant lymphoproliferative disorder survival of pediatric
and adult patients
Mean survival in mo
Sex
Male
Female
Multi-organ involvement
(+)
(-)
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative
Rejection episode
(+)
(-)
Time to PTLD development in years
≤1
≥1
Type of allograft
Living donor
Deceased donor

Table 4 Cox regression analysis showing association of
different risk factors and post-transplant lymphoproliferative
disorder survival of pediatric patients

P value
Age in years
Time to PTLD in months
Tacrolimus level
Tacrolimus dose
Prednisolone dose

0.902
65.65 ± 13.18
36.06 ± 5.30
0.002
27.13 ± 6.30
104.25 ± 9.08

P value

0.82-1.08
0.91-1.02
1.006-1.15
0.67-1.66
0.86-1.13

0.434
0.242
0.032
0.797
0.897

0.002

0.007) (Table 6).
Multi-organ involvement was associated with
increased mortality after PTLD development (P < 0.05)
(Table 7). EBV-positive patients with PTLD had lower
mortality when compared to EBV-negative patients (P
< 0.05) (Table 7).
Multi-organ involvement was not associated
with age, serum tacrolimus level, tacrolimus dose,
prednisolone dose in univariate analysis (Table 5). EBVpositive patients were less likely to have multi-organ
involvement in comparison with EBV- negative patients
(P = 0.008) (Table 8). Pediatric patients who received
liver allograft from deceased donors were more likely
to develop PTLD with multi-organ involvement when
compared to those receiving liver allograft from living
donors (P = 0.019) (Table 8).

0.762
64.90 ± 13.78
65.86 ± 15.76
0.704
62.18 ± 14.03
75.13 ± 12.49
0.904
50.56 ± 6.95
60.32 ± 14.33

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant
lymphoproliferative disorder.

Table 3 Kaplan-Meier analysis of risk factors and posttransplant lymphoproliferative disorder survival of pediatric
patients

Estimation of a cutoff value for tacrolimus level in
pediatric patients

P value

To estimate a cutoff point value for tacrolimus level
in relation to post-PTLD survival in pediatric patients,
we used receiver operating characteristic (ROC) curve
analysis. A serum tacrolimus of over 11.1 ng/mL was
predictive of post-PTLD survival (sensitivity = 90%,
specificity = 52%, area under the curve = 0.738, P =
0.035).

0.749
41.41 ± 7.38
35.85 ± 5.76
0.002
25.82 ± 6.90
67.62 ± 5.56
0.139
58.82 ± 9.56
19.35 ± 6.21
0.002
60.58 ± 7.62
5.58 ± 2.72

DISCUSSION
0.888

The present study is one of the largest series of
patients with PTLD after liver transplantation. Our
study showed that the incidence of PTLD following
pediatric liver transplantation was much higher than
for adult liver transplantation (6.25% in pediatrics
and 1.18% in adults). While previous studies reported
PTLD incidence of up to 20% after pediatric liver
[18]
transplantation , recent reported incidence from
different studies are lower and range from 10%
[19,20]
to 5.5%
. Since PTLD is mainly considered as
a result of interaction of immunosuppression and
EBV infection, the decreased incidence in pediatric
patients may be secondary to the better monitoring of
patients, especially for immunosuppressive regimen
and EBV infection. In pediatric patients, our reported
incidence is comparable to other studies; however, due
to unexplained reasons the incidence of PTLD after

43.61 ± 8.49
36.02 ± 5.24
0.326
39.72 ± 6.86
36.45 ± 5.30
0.806
50.56 ± 6.95
37.37 ± 8.11

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant
lymphoproliferative disorder.

patients (P > 0.05) (Table 5). However, multi-organ
involvement was more common in patients who
developed PTLD within 1 year after liver transplantation
(P = 0.007) (Table 6). Multi-organ involvement was
also more common in pediatric patients who developed
PTLD within 1 year after liver transplantation (P =

WJG|www.wjgnet.com

95%CI

0.94
0.96
1.07
1.06
0.99

PTLD: Post-transplant lymphoproliferative disorder.

60.58 ± 7.62
16.72 ± 5.66

Sex
Male
Female
Multi-organ involvement
(+)
(-)
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative
Rejection episode
(+)
(-)
Time to PTLD development in years
≤1
≥1
Type of allograft
Living donor
Deceased donor

OR

5.05
15.63
14.99
3.81
10.12

0.370
51.98 ± 10.50
23.29 ± 5.76

Mean survival in mo

Mean
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Table 5 Influence of different continuous variables on time to post-transplant lymphoproliferative disorder development, mortality
and multi-organ involvement of post-transplant lymphoproliferative disorder patients

Age
Post-PTLD survival
Tacrolimus level
Tacrolimus dose
Prednisolone dose
Age
Tacrolimus level
Tacrolimus dose
Prednisolone dose
Mean time to PTLD
Age
Tacrolimus level
Tacrolimus dose
Prednisolone dose
Post-PTLD survival
Mean time to PTLD

Mean rank

Mean rank

PTLD development

PTLD development

≤ 1 yr

≥ 1 yr

19.85
20.19
16.57
19.84
20.56
Alive patient
23.19
13.62
18.96
19.65
23.12
Multi-organ (+)
19.50
16.50
20.27
19.81
15.59
13.62

21.85
21.15
14.61
18.85
18.88
Deceased patient
16.47
21.00
20.43
20.57
16.56
Multi-organ (-)
19.50
14.74
18.14
19.27
22.34
23.77

U value

Z score

P value

158
167
86
154
154

-0.50
-0.24
-0.54
-0.27
-0.44

0.61
0.80
0.58
0.78
0.65

127.5
55
175
171
129

-1.78
-2.11
-0.40
-0.25
-1.74

0.74
0.03
0.68
0.79
0.08

176
97
146
171
113
82

0.00
-0.54
-0.60
-0.15
-1.85
-2.78

1.00
0.58
0.54
0.87
0.06
0.005

PTLD: Post-transplant lymphoproliferative disorder.

Rejection episode
(+)
(-)
Mortality
(+)
(-)
Type of allograft
Living donor
Deceased donor

Table 6 Influence of different risk factors on time to posttransplant lymphoproliferative disorder development

All PTLD patients
Sex
Male
Female
Multi-organ involvement
(+)
(-)
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative
Rejection episode
(+)
(-)
Mortality
(+)
(-)
Type of allograft
Living donor
Deceased donor
Pediatric PTLD patients
Sex
Male
Female
Multi-organ involvement
(+)
(-)
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative

PTLD
development

PTLD
development

≤ 1 yr

≥ 1 yr

P value

0.150
17
14

16
6
3
18

9
11

4
1

12
8

5
1

15
16

9
13

13
18

7
15

19
12

9
13

15
12

8
5

14
11

2
11

9
9

3
1

12
6

5
0

0.186

13
14

3
10

19
8

9
4

0.120

0.609

adult liver transplantation in our study was lower than
[21]
previous reports from other centers .
Mean post-PTLD survival was higher in the adult
patients than in the pediatric patients. This observation
is probably due to the long-term survival (> 10 years)
of 2 of our adult patients. In a recent study conducted
in our center, the 1-year and 5-year overall survival
of pediatric liver transplant recipients was found to be
[22]
73% and 66% respectively . In this way, the 1-year
post-PTLD survival in the pediatric age group is nearly
equal to the overall survival of our pediatric patients.
However, it should be noted that the 5-year post-PTLD
survival in pediatric patients has dramatically declined
to 24.1%.
Due to small numbers of adult PTLD patients, the
analyses were performed on either pediatric patients
or adult plus pediatric patients. We investigated the
impact of different variables on post-PTLD survival.
As expected, multi-organ involvement was associated
with a lower post-PTLD survival and increased
mortality. EBV-positive patients had higher mean
post-PTLD survival in comparison with EBV-negative
subjects. EBV positivity was also associated with lower

0.296

0.399

0.324

0.118

0.496

0.018

0.368

0.184
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6
7

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant
lymphoproliferative disorder.

0.007
15
14

0.587
13
14
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Table 7 Influence of different risk factors on mortality after
post-transplant lymphoproliferative disorder
Alive patient
All PTLD patients
Sex
Male
Female
Multi-organ involvement
(+)
(-)
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative
Rejection episode
(+)
(-)
Type of allograft
Living donor
Deceased donor
Pediatric PTLD patients
Sex
Male
Female
Multi-organ involvement
(+)
(-)
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative
Rejection episode
(+)
(-)
Type of allograft
Living donor
Deceased donor

Deceased patient

Table 8 Influence of different risk factors on multi-organ
involvement in patients with post-transplant lymphoproliferative
disorder

P value
Multi-organ
Multi-organ
involvement (+) involvement (-)

0.491
10
13

All PTLD patients
Sex
Male
Female
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative
Rejection episode
(+)
(-)
Type of allograft
Living donor
Deceased donor
Pediatric PTL patients
Sex
Male
Female
CMV status
CMV-positive
CMV-negative
EBV status
EBV-positive
EBV-negative
Rejection episode
(+)
(-)
Type of allograft
Living donor
Deceased donor

13
7
0.001

6
26

12
6
0.284

9
6

4
6
0.042

13
3

4
6
0.600

15
18

9
11
0.485

18
15

10
10
0.424

13
11

10
6
0.001

5
19

11
3
0.110

9
4

3
6
0.018

13
1

4
5
0.525

11
13

8
8

18
6

10
6

0.309

0.421
12
6

19
13

6
7

7
5

5
8

11
1

9
9

14
18

8
10

19
13

11
5

11
11

5
6

7
4

5
6

11
0

8
8

10
12

8
8

19
3

0.418

0.008

0.448

0.235

0.206

0.335

0.006

0.520

0.019

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant
lymphoproliferative disorder.

is in contrast with previous reports showing that EBVnegative PTLD occurs later after liver transplantation
[29,30]
when compared to EBV-positive PTLD patients
.
Immunosuppressive therapy has been reported
to be associated with PTLD development. Treatment
of rejection episodes with steroid or OKT3 were
risk factors of PTLD development, especially during
[31,32]
1 year after treatment
. Reducing dose of
immunosuppressive medications is another treatment
[33,34]
strategy used on PTLD patients in some studies
.
In our study, rejection episode, steroid dose and
tacrolimus dose were not associated with PTLD
survival, while higher serum tacrolimus level was
associated with lower survival. Finally, we showed
that a serum tacrolimus cutoff value of over 11.1
ng/mL is associated with post-PTLD survival, having
a high sensitivity but a rather low specificity in
pediatric patients. Therefore, it might be suggested
that transplant physicians consider adjustment of
tacrolimus dose to maintain its serum level around this
cutoff point.
Although a PTLD series has been published from

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant
lymphoproliferative disorder.

mortality, especially among the pediatric age group.
These findings may be jeopardized by our other
finding that EBV-positive patients had lower probability
of multi-organ involvement.
Although up to 30% of PTLD patients are EBVnegative, EBV has been generally considered as
responsible for most cases of PTLD. However, the
influence of recipient EBV status on outcomes of PTLD
patients is conflicting. Some studies have shown that
EBV-negative PTLD patients have more malignant
appearing disease with an aggressive course and
[23,24]
higher mortality rate
. In univariate analysis, our
findings are inconsistent with these mentioned results.
However, in regression analysis, EBV status was not
associated with post-PTLD survival. Several other
studies showed that EBV status had no significant
impact on outcomes of PTLD patients, including their
[25-28]
survival
. EBV status was not associated with
time of PTLD development in our study. This finding

WJG|www.wjgnet.com
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[35]

our center previously , this study is the first that
evaluates incidence, survival and associated factors
influencing survival of PTLD patients after liver
transplantation. This study is also the first that shows
the association between serum tacrolimus level and
post-PTLD survival, and suggests a serum tacrolimus
cutoff point value to adjust tacrolimus dose.

6
7

8
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of the Peking
University Cancer Hospital and Institute.

AIM
to develop predictive markers in blood for colorectal
cancer liver metastasis.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
Twenty colorectal cancer patients were selected and
divided into two groups. Group A consisted of 10
patients whose pathological TNM stage was ⅢC (T34N2M0), while another 10 patients with synchronous
liver metastasis (TNM stage Ⅳ) were recruited for group
B. During the surgical procedure, a 10-ml drainage
vein (DV) blood sample was obtained from the DV of
the tumor-bearing segment prior to the ligation of the
DV. At the same time, a 10-ml peripheral vein (PV)
blood sample was collected via peripheral venipuncture.
The serum levels of 24 molecules that are potentially
involved in the mechanism of liver metastasis in
both DV blood and PV blood were analyzed by using
high-throughput enzyme-linked immunosorbent assay
technology.

Conflict-of-interest statement: The authors declare that they
have no conflicts of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Univariate analysis revealed that platelet-derived

Manuscript source: Unsolicited manuscript
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[2-13]

liver metastasis
, the fundamental pathogenesis
remains unclear. The majority of previous studies
mainly focused on clinicopathologic characteristics and
features in tumor tissue specimens.
Several studies have revealed that circulating
factors constitute significant predictors of metastasis
[2-13]
in patients with colorectal cancer
. However, the
prognostic value of factors in blood, especially in tumor
drainage vein (DV) blood, has received relatively
little attention. Theoretically, factors produced by the
primary tumor must first go through the metabolism
or undergo breakdown in the liver, lungs, and other
organs before they can reach the peripheral veins (PV).
Therefore, the levels of factors in a tumor DV could
provide more accurate information about the primary
tumor than assessments performed using PV blood.
This study was undertaken to develop predictive
markers in blood for liver metastasis and improve our
understanding of its prognosis. We investigated the
serum levels of the most commonly studied tumor
growth factors that are known to be associated with
the mechanism of liver metastasis not only in PV blood
but also in tumor DV blood.

growth factor AA (PDGFAA) in DV blood (dPDGFAA)
(p = 0.001), PDGFAA in PV blood (pPDGFAA) (p =
0.007), and human epidermal growth factor receptor-2
in PV blood (pHER2) (p = 0.001), pMMP7 (p =
0.028), pRANTES (p = 0.013), and pEGF (p = 0.007)
were significantly correlated with synchronous liver
metastasis. Multivariate analysis identified dPDGFAA
(HR = 1.001, p = 0.033) and pHER2 (HR = 1.003,
p = 0.019) as independent predictive factors for
synchronous liver metastasis. Besides, high peripheral
HER2 level may also be a risk factor for metachronous
liver metastasis, although the difference did not
reach statistical significance (p = 0.06). Significant
correlations were found between paired DV and PV
blood levels for PDGFAA (r = 0.794, p < 0.001), but
not for HER2 (r = 0.189, p = 0.424).
CONCLUSION
PDGFAA in tumor drainage and HER2 in PV blood
may be useful predictive factors for synchronous liver
metastasis of colorectal cancer.
Key words: Platelet-derived growth factor AA; human
epidermal growth factor receptor-2; colorectal cancer;
liver metastasis

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patients

This retrospective study was approved by the Ins
titutional Review Board and written informed consent
was obtained from each patient before the study. The
data of patients who underwent surgery for colorectal
cancer in the Department of Colorectal Surgery, Peking
University Cancer Hospital, from January 2011 to
May 2011 were identified from a surgical database.
Patients pathologically diagnosed with colonic or rectal
adenocarcinoma, with radiologically confirmed nonmetastasis (M0) or synchronous liver metastasis (M1),
were included. Patients with extrahepatic metastasis,
patients who received prior chemotherapy or radio
therapy, or patients who had a history of cancer within
5 years were excluded from the study.
Twenty patients were selected for the study and
they were divided into two groups. Group A consisted
of 10 patients whose pathological TNM (tumor-nodemetastasis) stage was ⅢC (T3-4N2M0), while another
10 patients with synchronous liver metastasis (TNM
stage Ⅳ) were recruited for group B. The diagnosis
of synchronous liver metastasis was confirmed by
intraoperative biopsy, liver magnetic resonance
imaging, or positron emission tomography (PET)/
computed tomography (CT). Abdominal CT and/or PET
scans ruled out extrahepatic metastasis. The patients
in group A received curative surgery for the primary
colorectal cancer. In group B, nine patients received
surgery for the primary tumor only and one patient
underwent simultaneous liver resection with curative
intent. All of the patients were recommended to receive
postoperative chemotherapy.

Core tip: We investigated the serum levels of most
commonly studied tumor growth factors that are known
to be associated with the mechanism of liver metastasis
not only in peripheral vein (PV) blood but also in tumor
drainage vein (DV) blood. To our knowledge, this is
one of few studies taking DV blood into analysis and
comparing the differences in serum molecules between
PV blood and DV blood. We found that plateletderived growth factor AA in tumor drainage and human
epidermal growth factor receptor 2 in PV blood may
be useful predictive factors for synchronous liver
metastasis of colorectal cancer.
Pan HD, Peng YF, Xiao G, Gu J. High levels of serum plateletderived growth factor-AA and human epidermal growth factor
receptor-2 are predictors of colorectal cancer liver metastasis.
World J Gastroenterol 2017; 23(7): 1233-1240 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i7/1233.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1233

INTRODUCTION
Liver metastasis occurs in almost 50% of patients with
colorectal cancer and it is the leading cause of death
[1]
from colorectal cancer . Thus, developing useful
predictive markers for screening patients at high risk
for liver metastasis is of prime importance. Although
many studies have reported predictive factors for
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growth factor receptor 2 (HER2), and MMP7.

Table 1 Patient clinical and pathological characteristics n (%)
Clinical variable

Group A
(n = 10)

Group B
(n = 10)

P value

mean age (yr)
Male
pT stage
pT3
pT4
pN stage
pN0
pN1
pN2
Location
Right colon
Left colon/rectum
Histology differentiation
Well
Moderately
Poorly/mucinous
Lymphovascular invasion
Preoperative CEA
(median, range)

68 (41-79)
6 (60)

60 (30-73)
4 (40)

0.150
0.625
1.000

6 (60)
4 (40)

6 (60)
4 (40)

0
0
4 (40)

1 (10)
3 (30)
6 (60)

4 (40)
6 (60)

4 (40)
6 (60)

2 (20)
4 (40)
4 (40)
6 (60)
1.74 (1.18-11.0)

2 (20)
4 (40)
4 (40)
4 (40)
9.64 (1.12-512.9)

Blood sample collection and ELISA

Once the peritoneal cavity was opened, a 10-ml DV
blood sample was obtained from the DV of the tumorbearing segment prior to the ligation of the DV and
removal of the tumor. While sampling the DV blood, a
10-ml PV blood sample was collected via peripheral
venipuncture by a circuit nurse. Blood samples were
instantly centrifuged and serum and cells were stored
separately at -80 ℃ for later analysis. Measurement
of serum levels of all 24 molecules was conducted by
ELISA using commercially available kits (LightArray
Biotech Co., Ltd) according to the manufacturer’s
instructions.

0.168

1.000

1.000

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Mac, Version 20.0 (Armonk, New York:
IBM Corp.). For continuous covariates, means were
compared by the Student’s t-test, while nonparametric
data were assessed by the Mann-Whitney U test
(GraphPad Software Prism 5). Categorical variables
were analyzed by the Pearson chi-squared or Fisher’s
exact test, when appropriate. Variables with a P value
less than 0.2 during univariate analysis were selected
for multivariate analysis using a logistic regression
model. Correlations of factor levels in tumor drainage
and in PV blood were performed by the Spearman rank
correlation analysis. All hypothesis tests were twosided, with a P value less than 0.05 and 0.1 considered
statistically significant in univariate and multivariate
analysis, respectively.

0.625
0.017

Quantitative variables are represented as median (range); qualitative
characteristics are represented as n (%). CEA: Carcinoembryonic antigen.

Follow-up

Patients were followed every 3 mo during the first 2
years, and every 6 mo thereafter in the outpatient
clinic. At each follow-up, physical examination, detection
of serum tumor markers, routine blood tests, and
serum chemistry profiling were performed. Proctoscopy,
abdominal ultrasonography, abdomen and pelvis CT,
and chest radiography were performed every 6-12
mo. The primary endpoints were metastasis and local
recurrence.

RESULTS

Selection of candidate molecules

Patient characteristics

We searched PubMed using the following keywords:
colorectal adenocarcinoma, liver metastasis, and
tumor growth factor. Then we reviewed the published
relevant articles and selected molecules that could
be detected in serum and that could be analyzed
by enzyme-linked immunosorbent assay (ELISA)
with commercially available antibodies. Twentyfour molecules that are potentially involved in the
mechanism of liver metastasis were identified for
further investigation, including fibroblast growth
factor-b, hepatocyte growth factor, platelet-derived
growth factor-BB (PDGFBB), vascular endothelial
growth factor (VEGF), matrix metalloproteinase 2,
VEGFD, CD30, myeloperoxidase, total plasminogen
activator inhibitor 1, regulated on activation normal
T cell expressed and secreted (RANTES), Resistin,
tissue inhibitor of metalloproteinase (TIMP) 1, TIMP2,
vascular cell adhesion molecule 1, epidermal growth
factor (EGF), intercellular adhesion molecule 3,
platelet-derived growth factor AA (PDGFAA), P-selectin,
E-cadherin, osteopontin, MMP9, human epidermal
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The median follow-up period of the patients was 40
mo (range, 38-42 mo), with no patients lost to followup. The clinical and pathological characteristics were
comparable between the two groups (Table 1). The
median age of group A (68 years) was higher than
that of group B (60 years), but the difference was not
statistically significant (p = 0.150). In both groups A
and B, 60% of the patients had pT3 disease, and the
remaining 40% had pT4. All patients in group A had
pN2, while 60% of patients in group B had pN2, but
the difference did not reach statistical significance (P
= 0.168). Location and histological differentiation of
the tumor were not different between groups A and B.
The preoperative CEA level was significantly higher in
group B (1.74 ng/ml vs 9.64 ng/ml, P = 0.017). No
perioperative mortality was reported in either group.
Five patients in group A developed metachronous
distant metastases, but no local recurrence was
observed. One patient in group B who received simul
taneous liver resection with curative intent developed
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Table 2 Analyses of serum levels of factors between group A and group B in tumor drainage and peripheral veins
Drainage blood

Peripheral blood

Group A (non-metastatic)

Group B (metastatic)

P value

Group A (non-metastatic)

Group B (metastatic)

P value

52.61 ± 35.37
150.09 ± 70.40
2.30 ± 0.80
2.54 ± 0.68
2.77 ± 1.47

95.17 ± 70.21
270.67 ± 163.70
4.62 ± 1.60
2.95 ± 1.02
4.57 ± 2.70

0.104
0.053
0.001
0.296
0.080

36.34 ± 23.64
135.16 ± 67.01
2.38 ± 0.85
2.01 ± 0.55
2.20 ± 1.08

66.60 ± 25.55
289.36 ± 147.24
3.99 ± 1.46
2.91 ± 0.49
3.98 ± 2.10

0.013
0.007
0.007
0.001
0.028

RANTES (ng/mL)
EGF (pg/mL)
PDGFAA (ng/mL)
HER2 (ng/mL)
MMP7 (ng/mL)

Values are presented as mean ± SD. RANTES: Regulated on activation normal T cell expressed and secreted; EGF: Epidermal growth factor; PDGFAA:
Platelet-derived growth factor AA; HER2: Human epidermal growth factor receptor 2; MMP7: Matrix metalloproteinase 7.

analysis were selected for correlation analysis using
Spearman rank correlation analysis (Table 3). pEGF
level was significantly correlated with the level of
pPDGFAA (r = 0.887, P < 0.001). The levels of
PDGFAA (r = 0.794, P < 0.001) and MMP7 (r = 0.863,
P < 0.001) in tumor DV blood samples were highly
correlated with those in paired PV blood samples. It
was noteworthy that there was a very low correlation
between paired tumor DV and PV blood levels for
HER2 (r = 0.189, P = 0.424).

Table 3 Correlation between factor levels in peripheral and
tumor drainage venous blood
Correlation
dPDGFAA-pPDGFAA
dHER2-pHER2
dRANTES-pRANTES
dEGF-pEGF
dMMP7-mMMP7
pEGF-dPDGFAA
pEGF-pPDGFAA
pEGF-pHER2
pHER2-pMMP7

r

P value

0.794
0.189
0.705
0.605
0.863
0.678
0.887
0.489
0.529

< 0.001
0.424
0.001
0.005
< 0.001
0.001
< 0.001
0.029
0.016

Factors associated with metachronous liver metastasis

In the subgroup analysis of group A, we investigated
factors correlated with metachronous liver metastasis
by univariate and multivariate analyses; however, no
factor was found to be associated with metachronous
liver metastasis. The patients who developed metachro
nous metastasis had higher pHER2 levels than those
who did not, but there was no statistical significance
(2.33 ng/ml vs 1.70 ng/ml, P = 0.06).

d means factors in drainage vein blood; p means factors in peripheral
vein blood. RANTES: Regulated on activation normal T cell expressed
and secreted; EGF: Epidermal growth factor; PDGFAA: Platelet-derived
growth factor AA; HER2: Human epidermal growth factor receptor 2;
MMP7: Matrix metalloproteinase 7.

a hepatic recurrence.

Serum levels of factors related to synchronous liver
metastasis

DISCUSSION

In the PV, serum levels of RANTES (36.34 ± 23.64 vs
66.60 ± 25.55, P = 0.013), EGF (135.16 ± 67.01 vs
289.36 ± 147.24, P = 0.007), PDGFAA (2.38 ± 0.85
vs 3.99 ± 1.46, P = 0.007), HER2 (2.01 ± 0.55 vs
2.91 ± 0.49, P = 0.001), and MMP7 (2.20 ± 1.08 vs
3.98 ± 2.10, P = 0.028) in group B were significantly
higher than those in group A. In the DV, only serum
level of PDGFAA in group B was significantly higher
than that in group A (2.30 ± 0.80 vs 4.62 ± 16.00, P
= 0.001) (Table 2). Other clinicopathological factors
were also included in the univariate analysis; however,
no significant difference was found (Figure 1).
Variables with a P-value less than 0.2 in univariate
analysis were selected for multivariate analysis. A
logistic regression model was used to identify factors
associated with synchronous liver metastasis. The
levels of PDGFAA in the DV (HR = 1.001, P = 0.033)
and HER2 (HR = 1.003, P = 0.019) in the PV were
identified as independent predictive factors for
synchronous liver metastasis.

This study is one of few to analyze serum molecules
not only in PV blood but also in DV blood to develop
predictive factors for colorectal cancer liver metastasis.
Group A and group B consisted of patients with
stage ⅢC and stage Ⅳ colorectal cancer, respectively.
Except for the TNM stage, other clinicopathological
characteristics were comparable between the two
groups.
There is a great difference in the 5-year overall
survival between stage ⅢC and Ⅳ colorectal cancer
[14]
(28% vs 5.7% for colon cancer , and 33.4% vs
[15]
6.0% for rectal cancer ). Second only to stage Ⅳ,
stage ⅢC has the worst prognosis in locally advanced
colorectal cancer. It is notable that although lymph
node metastasis is present in stage ⅢC cases, the
disease is still confined to the local region rather than
spreads to distant organs. Therefore, we propose the
hypothesis that stage Ⅳ tumors may have stronger
capabilities of proliferation, colonization, invasion, and
angiogenesis than stage ⅢC tumors. There might be
some critical factors that trigger the final progression
from locally advanced to systemic metastasis. The
rationale behind this study is that if the difference

Correlation between factor levels in tumor DV and PV
blood

Factors that showed statistical significance in univariate
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Serum level of RANTES
(ng/mL)

200

P = 0.104

P = 0.103

150
100
50
0

Drainage blood

C
Serum level of PDGFAA
(ng/mL)

P = 0.001

P = 0.007

6
4
2
0

Drainage blood

E

Peripheral blood

500

Group A (non-metastatic)
Group B (metastatic)
P = 0.053
P = 0.007

400
300
200
100
0

D
5

Drainage blood

Peripheral blood

Group A (non-metastatic)
Group B (metastatic)
P = 0.296
P = 0.001

4
3
2
1
0

Drainage blood

Peripheral blood

Group A (non-metastatic)
Group B (metastatic)
8

Serum level of MMP7
(ng/mL)

Peripheral blood

Group A (non-metastatic)
Group B (metastatic)

8

B
Serum level of EGF (pg/mL)

Group A (non-metastatic)
Group B (metastatic)

Serum level of HER2 (ng/mL)

A

P = 0.080
P = 0.028

6
4
2
0

Drainage blood

Peripheral blood

Figure 1 Serum levels of factors in group A and group B in the tumor drainage and peripheral blood. A: RANTES; B: EGF; C: PDGFAA; D: HER2; E: MMP7.
RANTES: Regulated on activation normal T cell expressed and secreted; EGF: Epidermal growth factor; PDGFAA: Platelet-derived growth factor AA; HER2: Human
epidermal growth factor receptor 2; MMP7: Matrix metalloproteinase 7.

between ⅢC and Ⅳ can be identified, we may possibly
clarify the underlying mechanism of colorectal cancer
liver metastasis.
Many studies have investigated the molecules not
only in PV blood, but also in tumor DV blood, and
the relationship between recurrence or metastasis
of colorectal cancer and those molecules has been
[6]
explored. Tien et al postulated that if the primary
colorectal tumor is the exclusive or major source
of tumor growth factors, the levels of serum tumor
growth factors should be higher in tumor DV blood
than in PV blood, and there should be a good
correlation for the levels of all tumor growth factors
between paired tumor DV and PV blood. After entering
the circulation, molecules that are expressed and
secreted by the primary tumor may be metabolized
and broken down by the liver, lungs, or other organs
before they reach the PV.
[6]
These authors investigated the relationship
between tumor stage and disease recurrence with
the level of angiogenic factors in both the DV and
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PV in patients with colon cancer. The results showed
that the level of VEGF in the tumor DV blood was an
independent predictor of disease recurrence. A previous
[5]
study by Min et al demonstrated that colon cancer
patients with high levels of VEGF and TIMP-1 in the
DV had a high risk of metachronous liver metastasis
and hepatic recurrence following the resection of
synchronous liver metastasis.
The results of the present study have shown that
the elevated levels of PDGFAA detected in the DV
blood of the primary tumor, and HER2 in the PV blood,
were significantly correlated with synchronous liver
metastasis. Moreover, high peripheral HER2 level may
also be a risk factor for metachronous liver metastasis,
although the difference did not reach statistical
significance (P = 0.06).
Platelet-derived growth factor (PDGF) is one
of the numerous growth factors that regulate cell
growth and division. In chemical terms, PDGF is a
dimeric glycoprotein composed of two A (PDGFAA)
or two B (PDGFBB) chains or a combination of the
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two (PDGFAB). In particular, it plays a significant
role in angiogenesis and its overexpression leads to
uncontrolled angiogenesis in the majority of solid
[16-18]
organ cancers
. Several studies have shown that
PDGF expression in tumor tissue is correlated with a
[7,8]
poor prognosis of colorectal cancer . However, there
are few reports studying the relationship between
serum PDGFAA levels and prognosis in colorectal
[10]
cancer. Inanç et al
assessed the serum levels and
prognostic role of tumor growth and angiogenic factors
in patients with metastatic colorectal cancer treated
with chemotherapy. These authors found that PDGFAA
was significantly decreased in both patients with a
partial response and stable disease.
HER2 (ErbB2) has been shown to play a role in
the tumor growth process and it is an established
[19-21]
[22-24]
therapeutic target in breast
and gastric cancers
.
Nevertheless, the role of HER2 in colorectal cancer
remains unclear, because conflicting data on the
prevalence of HER2 expression have been re
[25-30]
[26]
ported
. Park et al
reported that 47.4% of
patients with colorectal cancer were determined by
immunohistochemistry to overexpress HER2. Patients
with tumors with HER2 overexpression had a higher
postoperative recurrence rate (39.3% vs 14.6%,
p = 0.013), and its overexpression was associated
with poorer 5-year survival rates (55.1% vs 78.3%,
p < 0.05). However, the authors of the EXPERT-C
trial reported that only 4.3% of patients had HER2
overexpression, and HER2 does not appear to
represent a useful therapeutic target in high-risk rectal
[27]
[28]
cancer . Our previous study
showed that HER2
was overexpressed in 15% of rectal cancer patients
who received neoadjuvant radiotherapy. Moreover,
HER2 overexpression could be a predictive biomarker
of distant metastasis in rectal cancer patients
[29]
after preoperative radiotherapy. A recent study
assessed HER2-amplification/overexpression in 1914
stages Ⅱ-Ⅲ and Ⅳ CRC patients. The result showed
that HER2 was not associated with overall survival or
progression free survival. A higher proportion of HER2overexpressing cases experienced recurrence, but the
[30]
difference was not significant. Fusco et al considered
that HER2 status should be assessed as a putative
biomarker of resistance to anti-EGFR therapy in KRAS
wild-type patients.
In the correlation analysis, we found significant
correlations between paired distal vein and PV blood
levels for PDGFAA (r = 0.794, P < 0.001), but not
for HER2 (r = 0.189, p = 0.424). These findings
indicate that the primary tumor was the dominate
source of PDGFAA. PDGFAA levels in tumor DV blood
provided better prognostic information than those
in PV blood. On the other hand, there may be some
additional sources producing HER2 outside the primary
tumor, perhaps the metastatic tumors in the liver,
and therefore the HER2 level detected in the distal
vein cannot faithfully reflect the characteristics of the
tumor. In addition, a significant correlation was noted
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between pEGF and pPDGFAA levels, which indicated
that EGF and PDGFAA have an interaction effect in the
development of colorectal cancer liver metastasis.

Limitations

The limitations of this study are obvious. The study
only enrolled a small series of patients and these
results require validation. Variations of the mesentery
vein are very common, and exposure of the vein needs
well-developed surgical skills. Blood from the tumor
DV is difficult to obtain, and requires more effort than
that from the PV. It is impossible to draw DV blood in
non-surgical patients.
In conclusion, the present study analyzed the
serum levels of 24 commonly studied tumor growth
factors in both tumor drainage and PV blood from
patients with colorectal cancer by using highthroughput ELISA technology. We found that PDGFAA
in tumor drainage and HER2 in PV blood may be useful
predictive factors for synchronous liver metastasis.
PDGFAA levels in tumor DV blood provided better
prognostic information than those in PV blood. On
the contrary, HER2 levels in PV blood reflected tumor
characteristics more accurately than those in tumor DV
blood.

COMMENTS
COMMENTS
Background

Liver metastasis occurs in almost 50% of patients with colorectal cancer and
it is the leading cause of death. Developing useful predictive markers for
screening patients at high risk for liver metastasis may optimize our therapy
strategy. Previous studies mainly involved clinicopathologic characteristics and
factors in tumor tissue specimens, however, the fundamental pathogenesis
remains unclear.

Research frontiers

Several studies have revealed that circulating factors constitute significant
predictors of metastasis for patients with colorectal cancer. However, the
prognostic value of factors in blood, especially in drainage venous (DV) blood,
has received relatively little attention.

Innovations and breakthroughs

The authors investigated the serum levels of most commonly studied tumor
growth factors that are known to be associated with the mechanism of liver
metastasis not only in peripheral venous (PV) blood but also in tumor DV blood.
To our knowledge, this is one of few studies taking DV blood into analysis and
comparing the differences of serum molecules between PV blood and DV
blood.

Applications

The present study provides us with a new angle of predicting liver metastasis
of colorectal cancer. Platelet-derived growth factor AA (PDGFAA) in tumor
drainage and human epidermal growth factor receptor 2 (HER2) in PV blood
may constitute useful predictive factors for synchronous liver metastasis.
PDGFAA levels in tumor DV blood provided better prognostic information
than those in PV blood, while HER2 levels in PV blood reflected tumor
characteristics more accurately than those in tumor DV blood.

Terminology

Platelet-derived growth factor (PDGF) plays a significant role in blood vessel
formation, the growth of blood vessels from already-existing blood vessel tissue.
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Uncontrolled angiogenesis is a characteristic of cancer. PDGF is a dimeric
glycoprotein composed of two A (-AA) or two B (-BB) chains or a combination
of the two (-AB). HER2 is a member of the human epidermal growth factor
receptor (HER/EGFR/ERBB) family. Amplification or overexpression of this
oncogene has been shown to play an important role in the development and
progression of certain aggressive types of cancer.
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they were divided into two groups. The serum levels of 24 molecules that are
potentially involved in the mechanism of liver metastasis in both DV blood
and PV blood were analyzed by using enzyme-linked immunosorbent assay
technology.
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Abstract

Institutional review board statement: This study was approved
by the Local Institutional Review Board.

AIM
To assess the rate of matrix Gla-protein carboxylation
in patients with small intestinal bacterial overgrowth
(SIBO) and to decipher its association with subclinical
atherosclerosis.

Informed consent statement: Patients gave their written consent
to participate to this study.
Conflict-of-interest statement: The Authors have no conflicts
of interest to declare.

METHODS
Patients with suspected SIBO who presented with a low
risk for cardiovascular disease and showed no evidence
of atherosclerotic plaques were included in the study.
A glucose breath test was performed in order to
confirm the diagnosis of SIBO and vascular assessment
was carried out by ultrasound examination. Plasma
levels of the inactive form of MGP (dephosphorylateduncarboxylated matrix Gla-protein) were quantified by
ELISA and vitamin K2 intake was estimated using a
food frequency questionnaire.

Data sharing statement: the anonymous dataset is available
from the corresponding author (francesca.ponziani@yahoo.
it) and will be provided on request after obtaining all Authors’
agreement.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Thirty-nine patients were included in the study.
SIBO was confirmed in 12/39 (30.8%) patients
who also presented with a higher concentration of

Manuscript source: Invited manuscript
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nomenclature is representative of the number of
[1]
prenyl units contained in these isoforms . Studies
conducted on European populations have shown that
the bulk of vitamin K intake in Western diets is in the
form of phylloquinone (90%) with menaquinones
accounting for only 10% (about 7.5% by MK-5
[2]
through to MK-13 and 2.5% by MK-4) . This can be
partially accounted for the fact that menaquinones are
found only in meat, dairy-based foods and fermented
soybeans (known as “natto”) that are a part of the
Japanese diet. Therefore, while MK-4 is obtained by
peripheral tissue conversion of menadione, which is
[2]
produced by intestinal cleavage of phylloquinone ,
the bulk of menaquinones is derived from gut bacteria
biosynthesis. In particular, bacterial species, such as
Eggerthella lenta and Veillonella, are involved in the
production of MK-7 while Enterobacteriaceae, such as
Escherichia coli and Shigella, are responsible for the
production of MK8. Bacteroides produce MK9-11 and
[2,3]
Prevotella synthesize MK-5 and MK11-13 .
Vitamin K2 is a cofactor that is involved in
the carboxylation of several proteins, such as the
[4]
matrix Gla-protein (MGP) . The MGP is expressed
by chondrocytes, vascular smooth muscle cells,
endothelial cells and fibroblasts, and its primary
function is to bind calcium crystals present in the vessel
wall thereby preventing their nucleation on elastin
fibers. Additionally, MGP also prevents osteoblastic
differentiation of vascular smooth muscle cells
and maintains the composition of the extracellular
[5]
matrix . Hence it can be concluded that MGP plays
a crucial role in maintaining both arterial structure as
well as function. Increased levels of the inactive form
of MGP (dephosphorylated-uncarboxylated MGP, dpucMGP) is widely regarded as one of the best marker
[6]
for low vitamin K2 status and has been known
to be associated with the signs of early vascular
disease (intima-media thickening, arterial stiffness,
[7-14]
and vascular calcifications)
and cardiovascular
[15-17]
morbidity and mortality
.
Although several recent studies have highlighted
that patients with small intestinal bacterial overgrowth
[18]
(SIBO) have low circulating levels of vitamin K2 ,
investigations exploring the clinical relationship
between SIBO, MGP activity, and arterial structure and
function are still lacking.
The aim of this study was to investigate the rate
of MGP carboxylation in patients with SIBO and to
decipher its association with the risk of developing
subclinical atherosclerosis.

dephosphorylated-uncarboxylated matrix Gla-protein
(9.5 μg/L vs 4.2 μg/L; p = 0.004). Arterial stiffness was
elevated in the SIBO group (pulse-wave velocity 10.25
m/s vs 7.68 m/s; p = 0.002) and this phenomenon
was observed to correlate linearly with the levels of
dephosphorylated-uncarboxylated matrix Gla-protein (β
2
= 0.220, R = 0.366, p = 0.03). Carotid intima-media
thickness and arterial calcifications were not observed
to be significantly elevated as compared to controls.
CONCLUSION
SIBO is associated with reduced matrix Gla-protein
activation as well as arterial stiffening. Both these
observations are regarded as important indicators of
subclinical atherosclerosis. Hence, screening for SIBO,
intestinal decontamination and supplementation with
vitamin K2 has the potential to be incorporated into
clinical practice as additional preventive measures.
Key words: small intestinal bacterial overgrowth;
vitamin K; dysbiosis; atherosclerosis; cardiovascular
disease risk
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The matrix Gla-protein is involved in
maintaining vascular health and vitamin K2 is a
prerequisite for its activation and function. Intestinal
bacteria are the main source of vitamin K2 in humans
and small intestinal bacterial overgrowth (SIBO) is
associated with altered vitamin K2 metabolism. This
study demonstrates that SIBO is associated with
increased plasma levels of inactive matrix Gla-protein,
which, in turn, correlates directly with early markers
of atherosclerotic disease such as increased arterial
stiffness. Therefore, SIBO has the potential to serve as
an indicator for increased risk of developing an overt
cardiovascular disease.
Ponziani FR, Pompili M, Di Stasio E, Zocco MA, Gasbarrini A,
Flore R. Subclinical atherosclerosis is linked to small intestinal
bacterial overgrowth via vitamin K2-dependent mechanisms.
World J Gastroenterol 2017; 23(7): 1241-1249 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i7/1241.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1241

INTRODUCTION
The presence of bacteria in the gastrointestinal tract
is crucial for maintaining host health. One of the most
important functions of gut bacteria is to metabolize
carbohydrates, lipids, and proteins derived from food
and to synthesize nutrients that are not adequately
supplied by the diet.
Vitamin K is a lipophilic vitamin that is present
in two main forms: (1) phylloquinone or vitamin
K1; and (2) menaquinone (MK) or vitamin K2; the
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MATERIALS AND METHODS
During a six month period, all outpatients at the
Gastroenterology Division of the Agostino Gemelli
Hospital in Rome that presented with clinical signs of
SIBO (e.g., bloating, abdominal pain, and diarrhea)
were included in the study.
Patient history with an emphasis on the personal
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and family history of coronary heart disease, lifestyle,
and pharmacotherapy was stringently recorded.
Only subjects that were between 40 and 60
years without any previous cardiovascular events
(including myocardial infarction or angina, congestive
heart failure, intermittent claudication, previous
arterial revascularization, thromboembolic disease
and stroke) and with a low cardiovascular disease
risk (as per the Framingham risk score up to 8
points) were considered eligible for inclusion in this
[19]
investigation . The exclusion criteria were (1) current
heavy smoking (> 10 cigarettes/d by self-report);
2
(2) morbid obesity (body mass index > 30 kg/m );
(3) dyslipidemia (LDL cholesterol > 160 mg/dL); (4)
hypertriglyceridemia (triglycerides > 400 mg/dL); and
(5) uncontrolled hypertension (systolic blood pressure
> 140 mmHg and/or diastolic blood pressure > 95
mmHg). The patients suffering from diabetes, chronic
kidney disease (at any stage), those receiving oral
anticoagulant treatment and those afflicted with any
carotid, aortic, femoral, and popliteal plaque (according
to the Mannheim criteria as detected at the time of
ultrasound examination) were also excluded from the
[20]
protocol .
The patients fulfilling the selection criteria under
went a glucose breath test (GBT), filled in a food
frequency questionnaire for the assessment of daily
vitamin K2 intake, provided a blood sample for the
quantification of circulating dp-ucMGP, and underwent
ultrasound (US) examination of the non-coronary
arterial system.
The study was performed in agreement with the
Declaration of Helsinki and subsequent amendments.
Written informed consent was obtained from all
patients.

expired air exhibited an increase of at least 12 parts
per million (ppm) above the baseline in hydrogen and/
or methane activity.

Quantification of vitamin K2 daily intake

In order to assess the daily intake of vitamin K2, a food
frequency questionnaire obtained from the European
Prospective Investigation on Cancer and Nutrition
(EPIC) nutrient database project was readapted and
[23]
used .
The questionnaire was structured into three
sections. The first section addressed the type and
frequency of foods that were consumed by the
subjects and included a list of more than 100 items
divided into categories (fruit, vegetables, cereals,
pasta/bread/rice, soups, meat, fish, eggs, milk/dairy
products, fast food products, condiments, sweets,
beverages, and vitamins). The frequency of intake
of each food item was recorded and ranked (daily,
weekly, monthly, yearly, or never).
The second section estimated the serving size and
ranked it according to food weight (small, medium,
and large portions).
Finally, the last section of the questionnaire
investigated cooking habits (e.g., addition of salt to
foods, preferred cooking method, etc.).
For the purpose of the study, scientific literature
was reviewed in order to identify vitamin K2 rich
foods that are commonly present in a Western diet.
The results of the literature survey were taken into
consideration while composing the food questionnaire
so as to avoid underestimation of vitamin K2 intake by
the study subjects. A list of vitamin K2 content in food
is provided as Supplementary Table 1.
Although the food frequency questionnaire only
referred to the dietary intake of the previous 12 mo, all
subjects participating in the study attested to having
followed a stable dietary regimen for the last five
years.

GBT test for SIBO diagnosis

All patients included in the study underwent a GBT
[21]
to confirm the diagnosis of SIBO . In order to avoid
false positive or negative results, each patient was
advised to strictly adhere to certain instructions before
taking the test. These conditions were (1) laxatives,
antibiotics, and prokinetics to be prohibited for at
least four weeks before the GBT; (2) consumption of
a low-fiber dinner was allowed but the patients were
prohibited from eating or drinking eight hours before
the test; (3) washing of mouth with antiseptics was
done immediately before administration of the test;
and (4) smoking, chewing gum, and doing physical
exercise were prohibited before and during the test.
The GBT procedure was performed according to
[22]
the recommendations of the Rome consensus . The
procedure was as follows: after the administration of
50 g glucose dissolved in 250 mL of water, hydrogen
and methane excretion in the expired air was assessed
at 15-min intervals for a total time period of 120 min.
These values were then compared to baseline values.
SIBO diagnosis was regarded as confirmed if the

WJG|www.wjgnet.com

Plasma assay dp-ucMGP

Citrated plasma was separated from whole blood by
centrifuging at 1500 × g for 10 min. The aliquots
of 2 mL each were frozen at -20 ℃ or -80 ℃ within
30 min of blood sampling. For long-term storage
exceeding 2 months, all samples were kept at -80 ℃
till use. dp-ucMGP concentration was assessed using
a dual-antibody test based on the sandwich ELISA
methodology developed by VitaK (inaKtif MGP iSYS
kit, Immunodiagnostic Systems Ltd, Boldon, United
Kingdom).

Ultrasound examination

The US and Doppler US (D-US) examination of the
non-coronary arterial system was conducted in order
to examine for early signs of vascular dysfunction
(arterial stiffening) and for the presence of early
vascular lesions (intima-media thickening, arterial
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calcifications, and subclinical plaques).
Arterial stiffness was assessed by applying an
automated radiofrequency-based method (Quality
Arterial Stiffness (RF-QAS); Esaote Medical Systems,
Genova, Italy) to the D-US examination of the left
common carotid artery. Local pulse-wave velocity
(PWV) was calculated by combining arterial distension
with local distending pressure measure. Assuming a
constant difference between mean arterial pressure
and diastolic pressure along the arterial tree, the QAS
system is able to detect systo-diastolic changes in the
arterial diameter following arterial wall movements
during the cardiac cycle and to convert local distension
variations in modifications of local distending pressure
(pulse pressure). PWV was calculated by the Bramwell[24,25]
Hill equation
, as follows:
PWV = √ΔP · V/ΔV · ρ
where ΔV and ΔP are changes in volume and
pressure, respectively, and ρ is the density of blood.
As per the equation, PWV increases when there is an
increase in arterial stiffness.
Using the same radiofrequency-based technology
outlined above, intima-media thickness (IMT) was
measured (Quality Intima-Media Thickness (RF-QIMT);
Esaote Medical Systems, Genova, Italy) in a 1 cm
long segment of the left common carotid artery, i.e., 1
cm before the bifurcation. To preserve measurement
quality, mean IMT values calculated over 6 cardiac
cycles were recorded only if the standard error was
lower than 20 μm.
The presence of vascular calcifications was
investigated by B-mode US in 11 vascular segments
(common carotid arteries, common femoral arteries,
popliteal arteries, posterior tibial arteries, anterior tibial
arteries, and subrenal abdominal aorta) as has been
[26]
previously described in the literature .

parameters. A linear regression was constructed using
PWV as dependent variable, and the assumptions were
verified by the appropriate diagnostics. Correlations
and regression analyses were performed on both
the overall population as well as the SIBO group
separately.
Statistical analysis was conducted using the R
[27]
statistics program version 3.1.2 . All statistical tests
were two-sided and differences were considered
significant at P-values below 0.05.

RESULTS
Amongst the 189 patients that were initially recruited
into the study, 44 were deemed ineligible as a result
of moderate or high Framingham risk score. A further
86 were ruled out as they were found to be afflicted
with one or more of the comorbidities listed among the
exclusion criteria. Twenty patients refused consent for
being a part of this investigation (Figure 1). Eventually,
39 patients were selected to be a part of this study.
Patient characteristics are described in Table 1. The
median age of the study group was 53 (41-60) years,
and 14 (35.9%) of the participants were male. SIBO
was diagnosed in 12/39 (30.8%) patients and the 27
patients without SIBO were regarded as the control
group (no-SIBO group). The analysis of the data
contained in the food questionnaires revealed that the
median vitamin K2 daily intake was approximately
29.5 (8-103.6) μg/d. No differences in median age,
sex, and Framingham score could be observed
between the SIBO and no-SIBO groups.
Vitamin K2 intake was determined to be 21.2
(8-49.7) μg/d in the SIBO group, which was similar
to 31.9 (10.5-103.6) μg/d consumed by the control
subjects in the no-SIBO group (p = 0.111). The
median dp-ucMGP serum level was 4.76 μg/L (1.75–
25.7) (Table 2); dp-ucMGP was observed to be
significantly increased in patients with SIBO (9.5 μg/L
vs 4.2 μg/L, p = 0.02; Table 2 and Figure 2).
The daily intake of vitamin K2 was not associated
with plasma levels of dp-ucMGP (t = -0.08, p = 0.441).
Sixteen of the 39 patients (41%) presented with at
least one or more microcalcifications in the explored
arterial districts (Supplementary Table 2). It is to be
noted however that no arterial plaque was detected.
In the overall population, median carotid artery PWV
was 8.5 m/s (5.69-14) and median IMT was 661 μm
(467-1009). In patients with SIBO, the median PWV
was significantly higher than that observed in the noSIBO group (10.25 m/s vs 7.68 m/s; p = 0.002; Figure
3) but the median IMT value and the rate of early
arterial calcifications did not differ substantially (Table
2). dp-ucMGP levels correlated with arterial stiffness as
measured by PWV (t = 0.339, p = 0.002). In particular,
regression analysis showed that there was a significant
direct linear correlation between dp-ucMGP and PWV (β
2
= 0.219, R = 0.293, p = 0.0004; Figure 4).
Additionally, in patients with SIBO, a direct linear

Statistical analysis

The Shapiro-Wilk test was performed to verify the
normality of data distribution and statistical analysis
was carried out using non-parametric tests.
Continuous variables were expressed as median
and range (minimum and maximum value) while
categorical variables were expressed as frequencies
and percentages.
For comparing patients with SIBO with those
without, the Mann-Whitney and chi-square tests were
applied in order to highlight differences, if any, in
baseline characteristics such as sex, age, and vitamin
K2 intake. The same tests were also employed to test
discrepancies in variables under study (plasma levels
of dp-ucMGP, PWV, IMT, vascular calcifications).
Due to the presence of repeat values in the
dataset, Kendall’s tau-b correlation coefficient was
used to investigate the association between dpucMGP levels, PWV, IMT, and vascular calcifications.
Additionally, data distribution was explored in order to
find the best-fit regression model for elucidating the
relationship between dp-ucMGP levels and US/D-US
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189
evaluated patients

44
moderate or high
cardiovascular
risk

150
excluded
patients

86
comorbidities

20
refusal to
participate to the
study

39
eligible patients

12 (30.8%)
SIBO group

27 (69.2%)
no-SIBO group

Figure 1 Study workflow.

Table 1 Patients’ baseline characteristics

Age
Sex (males/females)
Vitamin K2 intake (µg/d)

Framingham risk score

Overall

SIBO (n = 12)

no-SIBO (n = 27)

P value

53 (41-60)
14 (35.9)/25 (64.1)
29.5 (8-103.6)
Males: 25.7 (8-103.6)
Females 29.6 (10.4-91.8)
5.4 (2-8)
Males: 5.8 (2-8)
Females: 6.9 (0-8)

55 (41-60)
2 (16.7)/10 (83.3)
21.2 (8-49.7)

57 (43-60)
12 (44.4)/15 (55.6)
31.9 (10.5-103.6)

0.306
0.095
0.111

5.5 (2-7)

5.2 (2-8)

0.897

Data are expressed as median (range) or frequency (%). Comparisons have been performed between SIBO and no-SIBO group. Framingham score was built
on age, sex, race, arterial pressure, smoking, diabetes, total blood cholesterol, HDL-cholesterol. SIBO: Small intestinal bacterial overgrowth.

Table 2 Comparison of circulating levels of dephosphorylated-uncarboxylated matrix Gla-protein and ultrasound parameters (pulsewave velocity, intima-media thickness, and vascular calcifications) in patients with or without small intestinal bacterial overgrowth

dp-ucMGP (μg/L)
PWV (m/s)
IMT (μm)
Calcifications

Overall

SIBO (n = 12)

no-SIBO (n = 27)

P value

4.73 (1.75-23.8)
8.5 (5.7-14)
661 (467-1009)
16 (41)

9.5 (3.6-23.8)
10.25 (5.7-14)
596 (467-1009)
6 (50)

4.2 (1.75-14.5)
7.68 (5.6-11)
663 (506-932)
10 (37)

0.004a
0.002a
0.465
0.609

Data are expressed as median (range) or frequency (%), significant comparisons (aP < 0.05). SIBO: Small intestinal bacterial overgrowth; dp-ucMGP:
Dephosphorylated-uncarboxylated matrix Gla-protein; PWV: Pulse-wave velocity; IMT: Intima-media thickness.

correlation between dp-ucMGP levels and PWV could
2
be verified (β = 0.220, R = 0.366, p = 0.03) but no
such relation was found between dp-ucMGP and IMT (p
= 0.507).
In the no-SIBO group, no significant relationship
between dp-ucMGP, arterial stiffness, and IMT could be
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observed (p = 0.08 and p = 0.415, respectively).

DISCUSSION
In recent years, the studies on identifying early
markers of atherosclerosis have garnered a significant
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14
20

15

PWV (m/s)

dp-ucMGP (mg/L)

12

10

10

8
5
6
No-SIBO

SIBO

5

Figure 2 Plasma concentration of dephosphorylated-uncarboxylated
matrix Gla-protein in patients under study. Patients with small intestinal
bacterial overgrowth (SIBO) exhibited significantly higher levels as compared
to the patients without SIBO (9.5 μg/L vs 4.2 μg/L; P = 0.02). Median values
are represented by boxplot internal lines and ranges by whiskers. dp-ucMGP:
Dephosphorylated-uncarboxylated matrix Gla-protein.

their vitamin K2 requirement as dietary intake is
often insufficient. This is especially true in the case
of the Western population. SIBO, a condition that is
characterized by gut bacteria dysbiosis, is associated
[18,35]
with impaired vitamin K metabolism in humans
.
For this reason, patients afflicted with SIBO and/or
low vitamin K2 status could hypothetically be at an
increased risk for the development of atherosclerotic
disease.
To the best of our knowledge, the present study is
the first to investigate the consequences of vitamin K2
metabolism derangement on MGP activity in patients
with SIBO. When compared to the control group,
the SIBO group presented with higher dp-ucMGP
serum levels, which is suggestive of either a reduced
dietary vitamin K2 intake or an altered vitamin K2
production by intestinal bacteria. It is to be noted
that the daily median vitamin K2 intake of patients
included in the study was comparable to that of other
[36,37]
European populations
and was similar between
patients with SIBO and those without (21.1 μg/d vs
31.9 μg/d, p = 0.111; Table 2). As plasma vitamin
[38]
K2 levels are difficult to assess with accuracy , we
adopted dp-ucMGP levels as surrogate biomarkers
for estimating the vitamin K2 nutritional status. Our
results strongly indicated that dietary vitamin K2
intake does not correlate with dp-ucMGP serum levels.
This observation indirectly confirms the previously
reported theory that food is not the primary source
of vitamin K2 supplementation in humans and that
the gut microbiota is crucial for overcoming dietary
[2,3]
insufficiencies under physiologic conditions .
In all subjects including those in the SIBO group,
the serum levels of inactive dp-ucMGP were found
to directly correlate with PWV, which is a surrogate
parameter of arterial stiffness. However, no significant
association was found with either IMT or the presence
of calcifications. Atherosclerosis is a progressive

PWV (m/s)

12

10

8

6
SIBO

Figure 3 Pulse-wave velocity values observed in the study population.
Pulse-wave velocity (PWV) was increased in patients with small intestinal
bacterial overgrowth (SIBO) compared to the no-SIBO group (10.25 m/s vs 7.68
m/s; P = 0.002). Median values are represented by boxplot internal lines and
ranges by whiskers.

amount of scientific interest. The early identification of
vascular dysfunction and lesions has the potential to
help individuals that stand to benefit from prevention
[28-30]
of disease progression policies
.
For the successful implementation of strategies
aimed at prevention of disease formation and
progression, it is crucial to recognize pathologies
that function as risk factors for the development of
atherosclerosis. Several diseases of the gastrointestinal
tract, wherein gut bacteria act in a pathogenic
capacity, are associated with vascular dysfunction and
[31-33]
increase the risk of atherosclerosis in the host
.
Nevertheless, it has been recently demonstrated
that metabolic products generated by gut bacteria
are implicated in the development of atherosclerotic
[34]
lesions .
MGP is a vitamin K2 dependent protein that helps
in preventing calcium accumulation in the arterial
wall. Humans need gut bacteria in order to fulfill
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20

Figure 4 Linear regression model highlighting the direct correlation
between plasma concentration of dephosphorylated-uncarboxylated
matrix Gla-protein and pulse-wave velocity (β = 0.219, R2 = 0.293, P =
0.0004). dp-ucMGP: Dephosphorylated-uncarboxylated matrix Gla-protein;
PWV: Pulse-wave velocity.

14

No-SIBO

10
15
dp-ucMGP (mg/L)
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disease characterized by a wide spectrum of vascular
[39]
changes . While arterial stiffening is an early marker
of vascular dysfunction, intima-media thickening and
calcifications are the first structural changes that
can be detected in atherosclerotic vessels; these
changes are usually a manifestation of the adaptive
remodeling to flow, wall tension, and lumen diameter
[40]
alterations . As a result of this, even in the cases
that are potentially at low risk for the development
of cardiovascular diseases, SIBO appears to cause
early vascular dysfunction possibly due to reduced
MGP activity. This observation holds true even in
the absence of clear signs of structural alterations.
The absence of a statistical correlation between dpucMGP values and initial signs of vascular remodeling
can be explained by the absence of study subjects
with medium and high Framingham risk scores. It
is reasonable to argue that in the presence of other
cardiovascular risk factors, patients with SIBO may
be at increased risk for developing structural arterial
lesions as compared to patients without SIBO, and that
SIBO itself may confer an increased risk of developing
an overt cardiovascular disease. Therefore, based on
the results obtained in our study, we propose that even
asymptomatic patients should be screened for SIBO
so as to rule out an additional factor that predisposes
patients to cardiovascular diseases. This screening
is especially important for patients with known
atherosclerotic lesions or previous cardiovascular
events as it offers a chance for therapeutic intervention
so as to correct a condition that can potentially
contribute to disease progression. In patients with
SIBO vitamin K2 supplementation and intestinal
decontamination, along with additional preventive
measures, may be therefore recommended.
The present study suffers from certain limitations.
Firstly, information regarding the specific composition
of the small intestinal bacteria was not collected due
to the invasiveness of the procedure. In addition,
at our institution, SIBO is diagnosed by GBT as
[18]
per the Rome consensus recommendations . We
were, therefore, unable to perform metagenomic or
metabolomic analyses to assess if the abundance of
bacteria specifically involved those involved in vitamin
K2 production.
Secondly, instead of computed tomography
(CT) scans, US and D-US were used to investigate
the presence of vascular calcifications and flow
parameters. This was done because US is less harmful,
easily reproducible and allows for the quantification
of parameters useful for assessing arterial stiffness
whereas CT scans require radiation exposure and are
[41]
also more expensive .
Lastly, this study included a relatively small
number of patients. A strict adherence to the selection
criterion was followed so as to avoid the effect of
confounding factors such as treatment with oral
vitamin K antagonists, diabetes and kidney disease
on MGP carboxylation, or the influence of the previous
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history of vascular disease and of moderate/high
cardiovascular disease risk on the prevalence of
vascular calcifications and on the measurement of
D-US parameters. The exclusion of patients with
comorbidities limited external interactions which
allowed us to exclusively evaluate the correlation
between SIBO, vitamin K2 metabolism, MGP
carboxylation and early arterial dysfunction or vascular
lesions without the interference of any confounding
factors.
In conclusion, patients affected by SIBO have
higher levels of inactive MGP as well as increased
arterial stiffness both of which are early markers for
vascular dysfunction. This condition is not influenced
by vitamin K2 intake from diet confirming that bacteria
are the main source of this vitamin in humans and
that vitamin K2 metabolism may be altered as a
consequence of small intestinal dysbiosis. Longitudinal
studies assessing the role of SIBO as a condition
that predisposes patients to the development of
atherosclerosis are needed; for this category of
patients, vitamin K2 supplementation and the
treatment of intestinal dysbiosis may be therapeutic
alternatives of significant utility.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the University
of Medicine and Pharmacy of Craiova, Petru Rareș Street 2,
200349 Craiova, Romania (registration no. 53/19.05.2016).

AIM
To study the morphology of the enteric nervous
system and the expression of beta-2 adrenergic (B2A)
receptors in primary colorectal cancer.

Informed consent statement: All biological samples from the
patients were taken after informed consent.

METHODS
In this study, we included forty-eight patients with
primary colorectal cancer and nine patients for control

Conflict-of-interest statement: All the authors declare no
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tissue from the excision of a colonic segment for benign
conditions. We determined the clinicopathological
features and evaluated the immunohistochemical
expression pattern of B2A receptors as well as the
morphological changes of the enteric nervous system
(ENS). In order to assess statistical differences, we
used the student t -test for comparing the means of
two groups and one-way analysis of variance with
Bonferroni’s post hoc analysis for comparing the means
of more than two groups. Correlations were assessed
using the Pearson’s correlation coefficient.

Ciurea RN, Rogoveanu I, Pirici D, Târtea GC, Streba CT,
Florescu C, Cătălin B, Puiu I, Târtea EA, Vere CC. B2 adrenergic
receptors and morphological changes of the enteric nervous
system in colorectal adenocarcinoma. World J Gastroenterol
2017; 23(7): 1250-1261 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1250.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1250

RESULTS
B2A receptors were significantly associated with tumor
grading, tumor size, tumor invasion, lymph node
metastasis (P < 0.05), while there were no statistically
significant associations with gender, CRC location
and gross appearance (P > 0.05). We observed, on
one hand, a decrease of the relative area for both
Auerbach and Meissner plexuses with the increase of
the tumor grading, and on the other hand, an increase
of the relative area of other nervous elements not in
the Meissner plexus or in the Auerbach plexus with
the tumor grading. For G1 tumors we found that
epithelial B2A area showed an inverse correlation with
the Auerbach plexus areas [r (14) = -0.531, P < 0.05],
while for G2 tumors, epithelial B2A areas showed an
indirect variation with both the Auerbach plexus areas
[r (14) = -0.453, P < 0.05] and the Meissner areas
[r (14) = -0.825, P < 0.01]. For G3 tumors, the inverse
dependence increased for both Auerbach [r (14) =
-0.587, P < 0.05] and Meissner [r (14) = -0.934, P <
0.05] plexuses.

Despite the progress of recent years in the field of
antineoplastic therapy, colorectal cancer still remains
one of the major public health problems. In the United
st
States, at January 1 2016, out of 15.5 million patients
suffering from cancer, 724690 men had cancer of
the colon and rectum; this cancer being the third
most prevalent in women after breast and uterine
[1]
corpus cancer . Regarding the mortality, colon and
rectum cancer rank as the fourth cause of mortality
in the world with 694000 deaths, representing
about 8.5% of the total deaths caused by cancer in
[2]
2012 . Translational studies that identify new cancer
prognostic markers, molecular changes that appear
at the initiation of carcinogenesis and during the
progression phase, as well as treatment targets such
[3]
as elements of the nervous system, are thus needed .
The idea of establishing connections between
cancer and psychological influences originates from
the Greek doctor Galen, who in the second century
before Christ, showed that women with melancholic
temperament develop breast cancer more frequently
[4]
than other temperamental types .
The enteric nervous system (ENS) is the most
[5]
complex part of the autonomic nervous system . It
consists of three major ganglionic plexuses (mucous
plexus, submucosal plexus also called Meissner, and
myenteric plexus also called Auerbach), together with
[6]
many aganglionar plexuses . The Auerbach plexus is
found starting at the esophagus and extending to the
terminal part of the digestive tract, between circular
[7]
and longitudinal muscular layers . The ENS consists
of approximately 500 million neurons, more than in
[8]
the peripheral autonomic nervous system . The ENS
is developed from the neural crest, from the sacral and
[9]
vagal segments of the neural tube .
The ENS is connected with the central nervous
system via sympathetic and parasympathetic
pathways, a connection known as the cerebroenteral
[10]
axis . The background of the connections between
the two divisions of the autonomic nervous system
is represented by neurotransmitters such as
acetylcholine for the parasympathetic nervous system
and norepinephrine for the sympathetic nervous
[5]
system . Although norepinephrine is not found in
the enteric neurons, but only in the sympathetic
[11]
afferent fibers that they receive, Li et al showed that
norepinephrine transporter, which plays an important

INTRODUCTION

CONCLUSION
B2A receptors play an important role in colorectal
carcinogenesis and can be utilized as prognostic
factors. Furthermore, study of the ENS in colorectal
cancer may lead to targeted molecular therapies.
Key words: Beta-2 adrenergic receptors; Enteric
nervous system; Colorectal adenocarcinoma; Spectral
unmixing immunohistochemistry; Tumor grading
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we provide the first
description of beta-2 adrenergic (B2A) receptors found
on the nuclear membrane of colon adenocarcinoma
cells. B2A receptors have a high level of expression in
the neoplastic cells from colorectal adenocarcinoma,
and a significant association was found between
the expression of B2A receptors and tumor grading.
Regarding the enteric nervous system and its
associations with colorectal cancer, we observed a
decrease of the relative area, both for Auerbach and
Meissner plexuses, with the increase of the tumor
grading, and an increase of the relative area of other
nervous elements with the tumor grading.

WJG|www.wjgnet.com

1251

February 21, 2017|Volume 23|Issue 7|

Ciurea RN et al . B2A receptors-ENS in colorectal cancer
role in mediating the effects of norepinephrine,
is expressed by enteric neurons. Some of these
neurotransmitters act on receptors which are also
[4,11]
expressed by colorectal carcinoma cells
. B2A
receptors are part of the family of catecholamine
receptors, and their activation can initiate multiple
[12]
signaling pathways in colorectal tumorigenesis .
Moreover, blocking them may slow down or even stop
the progression of the neoplastic process, but in this
[12]
case, the studies are contradictory .
Our aim was to compare the morphological changes
of the ENS and to evaluate the expression changes of
the B2A receptors in primary colorectal cancer versus
normal colic mucosa, and also to investigate significant
associations between these parameters and the
clinicopathological features.

hydrogen peroxide in distilled water for 30 min to
block the endogenous peroxidase activity, kept for
another 30 min in 3% skimmed milk in PBS, then
incubated with the primary antibodies at 4°C for 18
h. Next day, the signal was amplified for 30 minutes
utilizing a species-specific peroxidase polymer-based
system adsorbed for human immunoglobulins (NikireiBioscience, Tokyo, Japan). The signal was finally
detected with 3,3’-diaminobenzidine (DAB) (Dako) and
the slides were coverslipped in DPX (Sigma-Aldrich,
St. Louis, MO, United States) after a hematoxylin
and eosin staining. All slides stained for each of the
primary antibodies have been processed at the same
time for protocol consistency together with control
slides stained either with DAB or with hematoxylin and
eosin in order to obtain pure spectral signatures of the
respective stains (see further below). Negative controls
were obtained by omitting the primary antibodies.

MATERIALS AND METHODS
Patients and specimens

Image processing and statistics

In this study, we analyzed specimens from forty-eight
consecutive patients who underwent surgery with
potentially curative resection for primary colorectal
st
cancer, performed in the 1 Surgery Clinic of the
Emergency County Hospital, Craiova, Romania.
Patients were diagnosed with colorectal cancer in the
st
1 Medical Clinic, Gastroenterology Department of the
Emergency County Hospital of Craiova between 2015
and 2016. As controls, we used normal colorectal
tissue taken from nine patients who were diagnosed
with intestinal obstruction or other pathologies that
needed surgery in order to perform the excision of a
colonic segment. The study was approved by the Ethics
Committee of the University of Medicine and Pharmacy
of Craiova (registration no. 53/19.05.2016), according
to the Declaration of Helsinki. All patients included in
the study provided written acceptance and informed
consent. In order to obtain clinical information from the
patients, we reviewed their medical records for gender,
age, tumor size, sites of the primary tumor (right,
transverse, left and sigmoid colon and rectum), T and
N stages according to the American Joint Committee
on Cancer, histological grading according to World
Health Organization criteria including well, moderate,
[13]
or poor differentiated colorectal adenocarcinoma .

In order to evaluate and quantify the immunohis
tochemical expression of the targets, light microscopy
images were acquired on a Nikon Eclipse 90i motorized
microscope (Elta90, Bucharest, Romania) equipped
with a Nuance FX multispectral camera and the Nuance
analysis software (Perkin Elmer, Hopkinton, MA, United
States). After building a spectral library from individual
slides stained with either hematoxylin or DAB (as
described above), we were able to efficiently unmix
and characterize the immunohistochemical expression
patterns of interest (Figure 1). Furthermore, unmixed
DAB signal was quantified as area and integrated
optical density (average intensity/density of each area
of interest) on 10 random images captured with a 20
× objective, using the Image-Pro Plus AMS 7 image
analysis software (Media Cybernetics, Bethesda, MD,
United States); the resulting data were averaged for
each patient, and finally averaged and compared
for each histopathological grade. Stroma was also
considered separately in this analysis, by manually
defining regions of interest in the captured images prior
to their analysis.
The total identifiable submucosal (Meissner's),
myenteric (Auerbach's), and intratumoral nervous
plexuses, as well as the multiaxonal bundles of nerves
(> 20 µm) were imaged on the slides stained for S100
protein, and areas measured by manually defining
the respective regions of interest. For referring
densitometry data to total histological areas, whole
hematoxylin-eosin slides were scanned on a desktop
Benq 5560 scanner together with a microscopic stage
micrometer at 4.800 dpi against a white background.
Image files were loaded in Image-Pro Plus, and after
pixel-size calibration for 1 mm against the microscopic
stage micrometer, images were segmented and areas
measured based on the same RGB profile created to
automatically select the tissue on all the slides.
Data obtained after using the Image-Pro Plus
AMS software were exported and plotted in Microsoft

Tissue processing and immunohistochemistry

After we reviewed the slides and confirmed the
pathologies and tumor gradings, three µm-thick serial
sections were cut from each block, deparaffinized
in xylene, rehydrated in graded alcohol series, and
subjected to enzymatic immunohistochemistry utilizing
a rabbit-anti-human anti-beta-2 adrenergic receptor
(NBP2-15564, diluted as 1:200, Novus Biologicals,
United Kingdom) and a rabbit anti-human anti-S100
(Z0311, diluted as 1:100, Dako, Glostrup, Denmark)
primary antibodies. Briefly, the sections were first
processed for antigen retrieval by microwaving in
citrate buffer pH 6 for 20 min, incubated in 1%
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Figure 1 Example of spectral unmixing for the series of slides. A: Immunostained for beta-2 adrenergic receptors with DAB and counterstained with hematoxylin;
B: Pure DAB and hematoxylin signals are shown either overlapping or (C and D), individually.

Office Excel 2010 (Microsoft Corporation, Redmond,
Washington, United States) and were analyzed by using
SPSS software (IBM SPSS Statistics, Version 20.0).
In order to assess statistical differences we used the
student t-test for comparing the means of two groups
and one-way ANOVA (ANOVA - analysis of variance)
with Bonferroni’s post hoc analysis in order to compare
the means of more than two groups. Correlations were
assessed using the Pearson’s correlation coefficient.
Data were reported as mean ± SD or the standard error
of the means (SE). In all cases, p < 0.05 was used to
indicate statistical significance.

the signal seemed to lose its granular appearance,
becoming more diffuse and more intense in the
epithelial cells.
In poorly differentiated adenocarcinomas, the
intensity of the signal increased in the cytoplasm of the
tumor cells, where on a general intense background,
one could also identify very intense hotspots sur
rounding the nuclei with a random-like disposition
against them. This time, a clear-cut granular signal
could now be observed on occasions in the nuclei or
the folds of the nuclear membrane of the tumor cells.
A direct counting of the epithelial tumor cells exhibiting
this intranuclear/close perinuclear expression pattern
of B2A revealed a heterogenous distribution with an
average of 12.84% positive- cells [± 12.10% (SD),
min = 3%, max = 49%].
On average, there was no signal difference between
different tumor stages for the staining of the stromal
elements.
B2A receptors were also present in both stromal
cells as well as nerves and nervous ganglia. In both
submucosal and myenteric plexuses from the normal
colon, the marker exhibited a dense-diffuse pattern
in the cytoplasm of the ganglion cells, as well as
in the satellite cells (Figure 3). Its expression was
much fainter in the Schwann cell cytoplasm within
the nerve bundles associated with non-tumor tissue.
In the tumor tissue, there was a somewhat denser
appearance in the cytoplasm of ganglion cells, and
interestingly, larger nerve bundles showed a clearcut increase in signal density compared to non-tumor

RESULTS
Histopathological characterization

We first sought to characterize the morphological
expression of B2A receptor, taking advantage of the
multispectral unmixing microscopy (Figure 2). Besides
a faint diffuse cytoplasmic reaction on normal colon
mucosae, B2A exhibited a granular-like pattern in the
cytoplasm of the enterocytes above the nuclei, towards
the luminal side of the covering epithelium. In the
goblet cells, the signal was localized most frequently
below the nucleus. Stromal cells also showed granular
staining in their cytoplasmic compartment.
In well differentiated adenocarcinomas, most of the
signal was still located towards the luminal side of the
tumor cells, although on occasion granules could be
clearly identified in the basal pole of the cells.
In moderately differentiated adenocarcinomas,
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Figure 2 Analysis of the expression of beta-2 adrenergic receptors in the normal and tumor colon tissue. RGB (A) and unmixed (B; b1, b1a; b2, b2a) images
showing receptor presence mostly as dense granules in the supranuclear sector of the superficial layer of enterocytes (b1; b1a), as well as in the sub-nuclear region
of the glandular cells of the crypts (b2; b2a). In well differentiated adenocarcinoma, RGB (C) and unmixed images (D; d1, d1a; d2, d2a) revealed a more dense-diffuse
like pattern of expression mostly in the apical sector of the cells (d, d1a), but also in the basal pole of the cells (d2, d2a). In moderately differentiated adenocarcinoma,
RGB (E) and unmixed images (F; f1, f1a; f2, f2a) revealed an ever denser and more uniform expression pattern in all the cytoplasm of the tumor cells. In poorly
differentiated adenocarcinomas, RGB (G) and unmixed images (H; h1, h1a; h2, h2a) reveal an even denser granular expression pattern, with occasional intra(peri)
nuclear localization (arrows in h2 and h2a). Small letters represent enlarged insets from the capital lettered images.

tissue. Smaller nerve bundles (deemed thinner than
20 µm for data stratification) were stained very faintly,
as in the control tissue.

observed that there was a gradual increase of both
the area and IOD (Figure 4A and D) from the normal
tissue to G1, G2 and G3 differentiated adenocarcinoma
2
(from 5598.4 ± 3393.9 µm for area and 862176.0
± 469798.7 for IOD in normal tissue to 11583.3 ±
2
5521.3 µm for area and 1717361.9 ± 886266.2
2
for IOD in G1, 27891.1 ± 12118.5 µm for area and
4240529.2 ± 1795221.7 for IOD in G2 and 37218.5 ±
2
9738.5 µm for area and 5560460.5 ± 1720879.6 for
IOD in G3). In this instance, we observed a statistical
significance on one-way analysis of variance with post
hoc comparisons using the Bonferroni’s test between
normal tissue and G2, G3 (p = 0.000) and also
between G1 and G2, G3 (p = 0.000) both for the area
of B2A and for the IOD.
Regarding the expression of B2A receptors only

B2A expression pattern in normal colonic mucosa and
in different gradings of colorectal adenocarcinoma

In this study, nine patients as controls and sixteen for
each tumor grading were included. The expression of
B2A receptors was analyzed by determining both the
area and the integrated optical density (IOD) of the
signal, both in the total tissue and in the epithelial and
stromal tissue for all the cases included in the study,
as described in the Materials and Methods section;
this was expressed as the mean ± SD. Regarding
the expression of B2A receptors in the total tissue
belonging to each patient included in the study, we
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A
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F
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B2A
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f1
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S100

G

20 mm

D

B2A

g1

20 mm

B2A

H

20 mm

d1

B2A
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Figure 3 Expression of beta-2 adrenergic receptors in the normal and tumor peripheral nervous tissue on serial sections immunostained for S100
protein (A, C, E, G) and B2A (B, b1; D; d1; F, f1; H, h1). Spectral unmixing showed that in the normal submucosal (b1) and myenteric (d1) plexuses, B2A was
mostly expressed in the cytoplasm of the ganglion cells, being absent in small nerves dissecting the muscularis proper layer (C and D). Even in larger non-invaded
nerves B2A showed a faint expression (E-F, f1 spectral unmixing). However, in invaded ganglia (G, g1) and nerves (H, h1) its expression seems to be expressed in
both the cytoplasm of the ganglion cells (arrows in g1 - unmixed), as well as in the larger nerve bundles (h1 - unmixed). Small letters represent enlarged insets from
the capital lettered images.

in the epithelium areas, this had a similar growth to
its expression in the total tissue (Figure 4B and E);
from normal tissue to G1, G2 and G3 differentiated
2
adenocarcinoma (from 3076.5 ± 1895.5 µm for area
and 485440.8 ± 299641.9 for IOD in normal tissue
2
to 7997.6 ± 5344.5 µm for area and 1255032.6 ±
2
834235.5 for IOD in G1, 25423.0 ± 11100.6511 µm
for area and 3914461.91 ± 1673240.4 for IOD in G2
2
and 34670.1 ± 9146.9 µm for area and 5184455.0 ±
1670704.2 for IOD in G3). Moreover, in this situation,
we also observed a statistically significant difference
between the normal tissue and G2, G3, similar to
the expression of B2A receptors in the total tissue
(p = 0.000) and G1, G2 and G3 (p = 0.000), but
in addition, we also noticed a statistically significant
difference between G2 and G3 (p = 0.047) only for the
area, while for IOD there was no significant difference
(p = 0.141).
No significant differences between the means of
B2A receptor expression and IOD in the stroma of
the normal colonic mucosa and different gradings
of the colorectal adenocarcinoma could be observed
(Figure 4C and F). These data show an increase of the
expression of B2A receptors with the tumor grading
with regard to the epithelium and not the stroma.

different tumor gradings.
The density of the total nervous tissue expressed
by percentage area recorded the smallest values in
G1 graded tumors (0.129% ± 0.052%), followed by
normal colonic tissue (0.184% ± 0.041%), G2 graded
tumors (0.355% ± 0.131%) and G3 graded tumors
(0.264% ± 0.172%) (Figure 5A). Here, statistical
differences between the percentage area from the
normal colonic tissue and percentage area from G2
tumors (p = 0.013) were observed.
The density of the Auerbach plexus relative areas
revealed a net decrease from the normal tissue
(0.136% ± 0.039%) to G1 (0.067% ± 0.043%), G2
(0.094% ± 0.078%) with a minimum for G3 gradings
(0.023% ± 0.040%) (Figure 5B). As far as this plexus’
density was concerned, significant differences were
recorded between the percentage area from the
normal colonic tissue and the percentage area from G3
(p = 0.013) tumors.
On the other hand, larger nervous bundles showed
about the same pattern for the total analyzed areas
(Figure 5C), but with a growth of the percentage
nervous area in the normal colonic mucosa (0.013%
± 0.006%), in G1 (0.052% ± 0.033%), G2 (0.248%
± 0.087%) and in G3 (0.241% ± 0.146%) tumors.
In this case, significant differences between the
percentage nervous area in the normal colonic tissue
and the area in G2 (p = 0.001) and G3 tumors (p =
0.002), and also between the percentage nervous area
in G1 and the percentage nervous area in G2 (p =
0.004) and G3 tumors (p = 0.008), were recorded.
Furthermore, differences between the relative area
of Meissner plexuses revealed the same pattern as for
the Auerbach plexuses (Figure 5D), with a maximum
in the normal colonic tissue (0.034% ± 0.017%),

Morphological changes of the ENS in colorectal
adenocarcinoma

We analyzed the submucosal (Meissner’s), myenteric
(Auerbach’s) and intratumoral nervous plexuses, as
well as those of multiaxonal bundles of nerves (larger
than 20 µm) that could not be included either in the
Auerbach or in the Meissner plexus, by calculating the
percentage average of the area of total nervous tissue
separately for both the normal colonic tissue and in
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Figure 4 Analysis of the expression of beta-2 adrenergic receptors. Total expression area increases gradually from normal tissue to G1, G2 and G3 differentiated
adenocarcinoma (A), and this differentiation is driven by the expression in the epithelial areas (B), where assessing stromal signal revealed no differences (C). The
same scenario is obtained when evaluating the integrated optical density (IOD) of the signal (D-F). aP < 0.05 represents statistical significance on one-way analysis of
variance with post hoc comparisons using the Bonferroni’s test. Error bars represent standard errors of the mean. B2A: Beta-2 adrenergic.

Relationship between B2A receptor area-IOD and
clinicopathological features

followed by G1 (0.009% ± 0.005%), G2 (0.012% ±
0.013%) and with a minimum in G3 tumors (0.002%
± 0.003%).
These data suggest, on one hand, a decrease
of the relative area of both Auerbach and Meissner
plexuses with increasing tumor grading, and on the
other hand, an increase of the relative area of other
nervous elements that could not be included either in
the Meissner plexus or in the Auerbach plexus, again
with the tumor grading.

WJG|www.wjgnet.com

Both B2A receptor expression area and IOD were
significantly linked with tumor size, tumor invasion
and lymph node metastasis, while there were no
statistically significant connections with gender,
CRC location and gross appearance. Regarding the
involvement of age, there was no significant difference
between B2A area in patients under 60 years old
and patients over this age, while between B2A IOD
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Figure 5 Comparison of the percentage areas of the total analyzed tissue fragments for the submucosal, myenteric plexuses, as well as for the multiaxonal fiber bundles. For the above peripheral total nerve elements, G1 graded tumors had the smallest percentage areas, followed by normal colon tissue and
G2-G3 differentiated tumors (A); Density of the Auerbach plexuses relative areas revealed a clearcut decrease from normal tissue to G1-G2-G3 gradings, with a
minimum for G3 grading (B); Larger nervous bundles showed the same pattern as for the total analyzed areas (C), while differences between the relative areas
of Meissner plexuses revealed the same pattern as for the Auerbach plexuses (D), revealing that the total and plexus areas variate in opposite directions when
considering increasing gradings. aP < 0.05 and bP < 0.01 represent statistical significance on one-way analysis of variance with post hoc comparisons using the
Bonferroni’s test. Error bars represent standard errors of the mean.

and patients included in these age groups we found
a significant difference (p = 0.018). These data are
summarized in Table 1.
Moreover, for G1 tumors we found that epithelial
B2A area showed an inverse correlation with the
Auerbach plexus areas [r(14) = -0.531, p < 0.05],
while for G2 tumors, epithelial B2A areas showed an
indirect variation with both the Auerbach plexus areas
[r(14) = -0.453, p < 0.05] and the Meissner areas
[r(14) = -0.825, p < 0.01]. For G3 tumors, the inverse
dependence increased for both Auerbach [r(14) =
-0.587, p < 0.05] and Meissner [r(14) = -0.934, p
< 0.05] plexuses. In control tissue, we also found a
strong indirect correlation between the B2A signal area
and the Auerbach relative areas [r(7) = -0.897, p <
0.01], but not with the Meissner plexuses.

and of endothelial cells and the extracellular matrix
with the cells of the immune system and also with
other elements have been carefully analyzed for
their contribution as putative molecular targeted
[14]
(antiangiogenic) therapies . However, the mechanisms
that drive the pathogenesis and evolution of neoplasms
are far from being understood. In colorectal neoplasm,
nervous elements from the tumor microenvironment
seem to play an important role. Regarding, for
[15]
example, perineural invasion, Liebl et al , in a study
that included 673 patients diagnosed with colorectal
cancer, concluded that nerve invasion influences in a
negative way the survival of the patients with colorectal
cancer. However, it is not known if the nervous
elements intervene first in the neuro-neoplastic
chain, or if this role belongs to neoplastic cells both
at the colorectal level and in other localizations of the
neoplastic process.
In our study, we approached the neuro-neoplastic
interrelationships in colorectal adenocarcinoma,
both as a structural characterization (by showing the
changes of the ENS) and as an indirect functional

DISCUSSION
Both tumor microenvironment and its constituents
have an extremely important role in carcinogenesis
and in tumor progression. The interaction of neoplastic
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Table 1 Relationship between beta-2 adrenergic receptor expression and clinicopathological features
Clinicopathological features

n

2

B2A only area (µm )

P value1

mean ± SD
Gender
Male
Female
Age group
< 60
≥ 60
Tumor size
< 5 cm
≥ 5 cm
CRC location
Right and transvers colon
Left colon, sigmoid and rectum
Gross appearance
Exophytic
Infiltrative, ulcero-infiltrative
Tumor invasion
T1-2
T3-4
Lymph node metastasis
N0-1
N≥ 2

B2A only IOD

P value1

mean ± SD

38
19

25332.4 ± 15753.5
19450.2 ± 11703.5

0.126

2861294.1 ± 1735364.6
3833335.5 ± 2431953.4

0.109

15
42

28796.9 ± 13781.3
21584.2 ± 14860.9

0.085

4742202.6 ± 2372372.902
3086368.8 ± 2092543.9

0.018a

23
25

15778.7 ± 13661.5
28241.1 ± 13584.4

0.003a

2463149.731 ± 2229187.1
4188867.1 ± 2074271.4

0.008a

9
39

24817.5 ± 19874.7
23347.2 ± 14047.3

0.412

3818617.6 ± 3131069.5
3492859.3 ± 2140467.2

0.375

20
28

23166.8 ± 14796.3
24010.8 ± 15114.6

0.429

3260358.1 ± 2057001.7
3852705.4 ± 2501409.4

0.208

17
31

11110.3 ± 6784.4
36025.2 ± 8632.1

0.000a

1650300.5 ± 1004078.8
5433145.7 ± 1423440.9

0.000a

21
27

19264.3 ± 12628.1
30022.8 ± 15745.7

0.010a

2904065.0 ± 1922977.6
4498210.2 ± 2467186.4

0.013a

1

Student t-test. aP < 0.05 statistically significant. IOD: Integrated optical density; B2A: Beta-2 adrenergic.

[18]

characterization (by analyzing the expression of B2A
receptors).
Regarding the morphology of the ENS, we found
a decrease of the relative area, both for Auerbach
and Meissner plexuses, with the increase of the
tumor grading and on the other hand, an increase
of the relative area of other nervous elements that
could not be stratified in the Meissner plexus or in
the Auerbach plexus with the tumor grading. A study
from 2004 showed that degenerative changes of the
intrinsic neurons of the digestive tract cause either
direct proportional variation between the size of
nervous ganglions and tumor invasion and also an
inverse proportional variation with the expression of
[16]
synaptophysin in the enteric neurons of the colon .
However, Godlewski showed that enteric nervous
elements were not found in solid colorectal tumors,
a finding which in fact supports some symptoms of
[17]
patients with colorectal carcinoma . Kozlowska et
[18]
al recently discovered that atrophy of the myenteric
plexus takes place in the immediate vicinity of the
colorectal neoplasm, leading to a decrease both
in the size of the nervous ganglia and also in the
number of neurons per plexus, in comparison with
the nervous plexuses located at a distance from
the tumor advancing edge, but this atrophy did not
occur in the submucosal plexus. The atrophy of the
myenteric plexus is most probably not caused by
apoptosis, as both the extrinsic pathway of apoptosis
activation via caspase 8 (CASP8) and the intrinsic
pathway via activation of the caspase 3 (CASP3) are
not different between the myenteric plexuses situated
in the immediate vicinity of the colorectal neoplasm
and those which are located at a distance from this
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process . Many of the symptoms specific to colorectal
cancer, such as change in bowel habit, flatulence,
bloating and mucus discharge, constipation due to
the alteration of the peristalsis, abdominal pain and
[19]
others can be explained by the structural alterations
of the ENS, highlighted both in our study as well as in
the studies mentioned above.
Regarding the neuro-neoplastic interrelationships at
the colorectal level, we chose to study the expression
of B2A receptors, because many intracellular
signaling pathways have been discovered via this
type of receptors up till now; these are involved in
the initiation, progression and cancer metastasis.
In a previous study of a group of three patients, we
have recently reported that the expression of B2A
receptors increases with the tumor grading, but a
large cohort study is still necessary in order to confirm
[20]
this observation . Neurotransmitters which act
on this type of receptor are mainly adrenaline and
noradrenaline. The role of noradrenaline in colorectal
cancer development was highlighted by an increase
in the locomotor activity of SW 480 colon carcinoma
cells and by blocking its effects on this type of cells
[21]
after using the beta1/2 blocker propranolol .
Moreover, the norepinephrine transporter, which
plays an important role in mediating the effects of
[11]
norepinephrine, is expressed by the enteric neurons .
Also, adrenaline acts on this type of receptor, being
[22]
the most important agonist of B2A receptors .
Several studies have shown the effects of adrenaline
[23-26]
in colorectal adenocarcinoma
. It is well known
that B2A receptors for these neurotransmitters are
[27]
G protein-coupled receptors , and their activation
may trigger complex intracellular signaling involved
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in the carcinogenesis process, such as the activation
of the arachidonic acid cascade and also other
pathways via the second messenger cyclic adenosine
[14,28]
monophosphate (cAMP)
. Other intracellular
signaling pathways are: proto-oncogene tyrosineprotein kinase Src (c-Src), involved in cancer
progression and also in promoting other signals;
mitogen-activated protein kinase (MAPK); protein
kinase B(Akt); extracellular signal-regulated kinases
(ERK1/2); cAMP response elements (CREB), which
are linked to certain DNA sequences that decrease
or increase the transcription of variate genes
[12,29,30]
downstream
. This type of receptor was also
studied in other types of cancer including for example
[28]
[31]
[32]
pancreas cancer , lung cancer , breast cancer
[33]
and prostate cancer . Moreover, our analysis revealed
a possible intranuclear/tight perinuclear localization of
B2A receptors in poorly differentiated adenocarcinoma,
suggesting a connection between its arresting on
the downstream of the signaling pathways and more
drastic cellular dedifferentiation and loss of function/
gain of function signaling misbalances. Although
more data are not yet available to clearly show the
connection between B2A receptor levels and tumor
recurrence, corresponding to the clinical outcomes of
these patients, we are following up these patients for
future reference. To date, functional B2A receptors
have been reportedly found on the nuclear membranes
[34]
of ventricular myocardiocytes , but to our knowledge
this is the first description for colon adenocarcinoma
cells. Further functional and electron microscopy
studies will still be needed to clarify the implications of
this observation.
In our study, it was not possible to know for sure
if the nervous structures that were deemed as other
nerves were actually modified ganglia from the two
plexuses or whether they represent sympathetic
or parasympathetic afferents or efferents. They
could not be catalogued either as ganglia belonging
to the Meissner plexus or as ganglia belonging to
the Auerbach plexus due to the structural changes
caused by the neoplastic process. Neuro-neoplastic
functional studies are required in order to find out if
these nervous elements found in advanced gradings
of colorectal adenocarcinoma secrete adrenaline and
noradrenaline, and in this case, the regulation of B2A
receptors examined in our study would be paracrine;
however, the source of catecholamines could only be
represented by the medulla, which seems to be least
plausible if we take into account the short half-life of
[22]
the catecholamines that activate B2A receptors .
We showed here that B2A area of expression in
the tumor epithelium shows a moderate to strong
inverse correlation with the areas of the Auerbach and
Meissner plexuses. Although these are components
of the stroma, there was no significant correlation
between stromal or total B2A area and the number
of nervous plexuses. There are too few elements
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to judge a functional association between these
factors, but this is to our knowledge the first report
of such a correlation for colon cancer. However, there
are studies on breast tumors showing that stressinduced neuroendocrine activation leads to a massive
increase of metastasis, and treatment of stressed
animals with the β-antagonist propranolol reversed the
stress-induced inflammatory infiltrate and inhibited
[32]
tumor metastasis ; all these suggesting that the
sympathetic nervous system might act as a regulator
for tumor spreading and metastasis.
In conclusion, B2A receptors have a high ex
pression level in the neoplastic cells from colorec
tal adenocarcinoma, and we found a significant
association between the expression of B2A receptors
and tumor grading. This shows that B2A receptors
may play an important role in antineoplastic therapy
or that they can be utilized as a prognostic factor.
On the other hand, besides the functional changes
caused by B2A receptors, structural changes of the
ENS caused by the neoplastic process and the upward
trend of the relative area of the nerves in colorectal
adenocarcinoma might suggest that studies to develop
targeted molecular therapies could be aimed not only
at angiogenesis but also at neurogenesis in colorectal
cancer; this might represent an important treatment
pathway.
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Colorectal cancer still remains one of the major health problems worldwide. In
this article, the authors wanted to compare the morphological changes of the
enteric nervous system (ENS) and to evaluate the changes in expression of the
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Research frontiers

The mechanisms that drive the pathogenesis and the evolution of neoplasms
are far from being understood. Translational studies that identify new colorectal
cancer prognostic markers, molecular changes that appear at the initiation of
carcinogenesis and during cancer’s progression, as well as treatment targets
such as nervous elements, are thus needed.
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The authors provide the first description of B2A receptors found in/on the
nuclear membrane of colon adenocarcinoma cells. B2A receptors have a high
level of expression in the neoplastic cells from colorectal adenocarcinoma, and
a significant association was found between the expression of B2A receptors
and tumor grading. Until now, many intracellular signaling pathways have
been discovered via this type of receptor, which are involved in the initiation,
progression and cancer metastasis. On the other hand, in colorectal neoplasm,
nervous system elements from the tumor microenvironment seem to play an
important role.

Applications

The present study looks into B2A receptors and morphological changes of
the ENS in primary colorectal cancer. B2A receptors may play an important
role in antineoplastic therapy, and they can be utilized as a critical prognostic
factor. On the other hand, the structural changes of the ENS in colorectal
adenocarcinoma may lead to targeted molecular therapies not only regarding
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angiogenesis, but also concerning neurogenesis in colorectal cancer.
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B2A receptors are G protein-coupled receptors and their activation may
trigger complex intracellular signaling involved in the carcinogenesis process.
Neurotransmitters which act on this type of receptor are mainly adrenaline and
noradrenaline.
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serve as a prognostic factor in colorectal cancer.
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Abstract

Institutional review board statement: Based on the
Declaration of Helsinki, Asan Medical Center Institutional
Review Board approved the retrospective use of the clinical,
biochemical, and radiographic data for the present study.

AIM
To identify early predictive markers of poor outcomes
in patients with acute liver injury from wild mushroom
intoxication.

Informed consent statement: The requirements for informed
consent were waived due to the retrospective design.

METHODS
This observational, retrospective record review involved
adults aged ≥ 18 years admitted to emergency
department with mushroom intoxication from January
2005 to December 2015. The diagnosis of mushroom
intoxication was based on the following: (1) a positive
history of recent wild mushroom intake (either raw or
cooked); (2) the onset of gastrointestinal symptoms,
such as watery diarrhea, vomiting, and/or abdominal
pain, after ingestion; and (3) the exclusion of other
possible causes of acute liver injury. Acute liver injury
was defined by a > 5-fold elevation of liver enzymes
or moderate coagulopathy [international normalized
ratio (INR) > 2.0]. Clinical and laboratory findings were
compared in survivors and non-survivors.
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RESULTS
Of 93 patients with mushroom intoxication, 23, 11
men (47.8%) and 12 women (52.2%), of median age
61 years, developed acute liver injury. The overall inhospital mortality rate was 43.5% (10/23). Among the
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multi-organ failure resulting in deterioration while
[3-5]
awaiting liver transplantation . Early and precise
determination of patients who will not survive without
liver transplantation is crucial for improving survival
[1]
rates , indicating the importance of identifying
[5]
suitable candidates as quickly as possible . Despite
several proposed sets of criteria for emergency liver
transplantation in patients with ALF, the criteria for
emergency liver transplantation in patients with
wild mushroom-induced ALF have not been clearly
[3,6]
determined . This study was therefore designed to
identify early predictive markers of poor outcomes
in patients with acute liver injury resulting from wild
mushroom intoxication.

laboratory variables, mean serum alkaline phosphatase
(73.38 ± 10.89 mg/dL vs 180.40 ± 65.39 mg/dL, P <
0.01), total bilirubin (2.312 ± 1.16 mg/dL vs 7.16 ± 2.94
mg/dL, P < 0.01) concentrations and indirect/direct
bilirubin (2.45 ± 1.39 mg/dL vs 0.99 ± 0.45 mg/dL, P
< 0.01) ratio as well as prothrombin time (1.88 ± 0.83
mg/dL vs 10.43 ± 4.81 mg/dL, P < 0.01), and activated
partial thromboplastin time (aPTT; 32.48 ± 7.64 s vs
72.58 ± 41.29 s, P = 0.01), were significantly higher
in non-survivors than in survivors. Logistic regression
analysis showed that total bilirubin concentration (OR =
3.58, 95%CI: 1.25-10.22), indirect/direct bilirubin ratio
(OR = 0.14, 95%CI: 0.02-0.94) and aPTT (OR = 1.30,
95%CI: 1.04-1.63) were significantly associated with
mortality. All patients with total bilirubin > 5 mg/dL or
aPTT > 50 s on day 3 died.

MATERIALS AND METHODS

CONCLUSION
Monitoring of bilirubin concentrations and aPTT may
help in predicting clinical outcomes in patients with
acute liver injury from wild mushroom intoxication.

Study design and data collection

This retrospective single-center study was performed
at a 2800-bed, university-affiliated, tertiary referral
center in Seoul, South Korea. The electronic charts
of all adults, aged ≥ 18 years, with wild mushroom
intoxication admitted to the emergency department
(ED) from January 2005 to December 2015 were
retrospectively reviewed. The diagnosis of mushroom
intoxication was based on the following: (1) a positive
history of recent intake of wild mushrooms, either raw
or cooked; (2) the onset of gastrointestinal symptoms,
such as watery diarrhea, vomiting, and/or abdominal
pain, after ingestion; and (3) the exclusion of other
possible causes of acute liver injury. This study was
approved by the ethics committee of our institution,
which waived informed consent because of the
retrospective design of this study.
Baseline data on patients, including age, gender,
medical history, and initial vital signs in the ED, were
obtained, as were laboratory data obtained between
the time of ED admission (day 1) and hospital day 7.
Acute liver injury was defined as a > 5-fold elevation
in liver enzymes or moderate coagulopathy (INR >
2.0). The primary outcome was in-hospital mortality,
and clinical and laboratory findings were compared in
survivors and non-survivors.

Key words: Mushroom; Liver; Outcome; Intoxication;
Bilirubin
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Wild mushroom-induced acute liver failure is
potentially fatal. Many candidates for liver transplantation
progress to multi-organ failure resulting in deterioration
while awaiting liver transplantation. Identifying early
predictive markers of poor outcomes in patients
with acute liver injury resulting from wild mushroom
intoxication is critical for improving survival rates. Total
bilirubin and activated partial thromboplastin time
(aPTT) levels were associated with in-hospital mortality
in patients with acute liver injury from wild mushroom
intoxication. Monitoring total bilirubin and aPTT as
predictors of survival outcomes may determines the need
for advanced intervention such as liver transplantation.
Kim T, Lee D, Lee JH, Lee YS, Oh BJ, Lim KS, Kim WY.
Predictors of poor outcomes Predictors of poor outcomes in
patients with wild mushroom-induced acute liver injury. World
J Gastroenterol 2017; 23(7): 1262-1267 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i7/1262.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i7.1262

Statistical analysis

Continuous variables are presented as median and
interquartile range (IQR), and categorical variables as
absolute or relative frequencies. Continuous variables
were compared in groups of survivors and non-survivors
by Mann-Whitney U tests, and categorical variables by
Fisher’s exact tests. Logistic regression analysis was
performed to identify factors associated with in-hospital
mortality, with the results of logistic regression analyses
summarized as odds ratios (ORs) and 95% confidence
intervals (CIs). Because total bilirubin concentrations
and activated partial thromboplastin time (aPTT) are
numerical data, receiver operating characteristic (ROC)
curves were constructed and areas under the curves

INTRODUCTION
Although mushroom poisoning is associated with
[1]
high morbidity and mortality rates , little is known
about the in-hospital prognosis of these patients
during treatment. Wild mushroom-induced acute liver
failure (ALF) is potentially fatal, with selected patients
[2,3]
requiring liver transplantation
. Unfortunately,
many candidates for transplantation progress to
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Table 1 Baseline demographic and clinical characteristics of study patients n (%)

Age, yr
Male
Comorbidities
Hypertension
Diabetes mellitus
Chronic kidney disease
Chronic liver disease
Time from ingestion to hospitalization, d
Vital signs, initial
SBP, mmHg
DBP, mmHg
Heart rate, min
Respiratory rate, min
Temperature, ℃
SpO2, %
Laboratory data
WBC, × 103/mL
Hemoglobin, g/dL
Platelet, × 103/mL
BUN, mg/dL
Cr, mg/dL
AST, IU/L
ALT, IU/L
γ-GT, IU/L
ALP, IU/L
Total bilirubin, mg/dL
Indirect/direct bilirubin ratio
PT-INR, s
aPTT, s
Management
Vasopressor
Mechanical ventilation
CRRT

P value

Total patients

Survivors

Non-survivors

(n = 23)

(n = 13)

(n = 10)

61.0 (51.0-66.0)
11 (48)

61.0 (53.0-69.0)
6 (46)

52.0 (38.0-62.0)
5 (50)

0.74
0.86

6 (26)
2 (9)
0 (0)
0 (0)
3.0 (3.0-3.0)

5 (38)
2 (17)
0 (0)
0 (0)
3.0 (3.0-3.0)

1 (10)
0 (0)
0 (0)
0 (0)
3.0 (3.0-3.0)

0.11
0.17

126.0 (112.0-134.0)
71.0 (66.0-89.0)
78.0 (65.0-89.0)
20.0 (18.0-20.0)
36.6 (36.1-37.1)
98.0 (97.0-99.0)

122.0 (116.0-133.0)
78.0 (67.0-90.0)
70.0 (63.0-87.0)
20.0 (18.0-20.0)
36.6 (36.2-36.1)
98.0 (97.0-99.0)

128.5 (112.0-146.0)
69.5 (66.5-77.5)
94.5 (78.5-116.2)
20.0 (20.0-20.0)
36.6 (36.1-37.0)
98.0 (97.0-99.0)

0.47
0.59
0.03
0.24
0.56
0.36

7.5 (5.8-12.2)
14.1 (13.0-15.4)
172.0 (115.0-223.0)
21.0 (9.0-33.0)
0.90 (0.60-1.30)
4568.0 (863.0-6933.0)
4750.0 (1561.0-5543.0)
38.0 (23.0-71.0)
85.0 (71.0-162.0)
3.50 (1.70-6.40)
1.79 (0.5-3.08)
2.90 (1.40-8.80)
41.4 (28.9-54.3)

7.0 (6.0-8.3)
14.2 (13.4-15.4)
197.0 (156.0- 223.0)
15.0 (10.0-29.0)
0.70 (0.60-0.90)
4568.0 (702.0-5471.0)
4436.0 (1561.0-5543.0)
26.0 (13.0-53.0)
71.0 (69.0-81.0)
1.80 (1.60-3.00)
2.45 (1.06-3.84)
1.60 (1.20-2.60)
29.1 (28.9-35.3)

11.3 (6.0-15.6)
12.8 (10.6-15.0)
125.5 (87.3-181.3)
23.0 (10.3-31.5)
1.70 (1.00-1.80)
5650.0 (2065.3-8155.8)
5002.0 (2235.5-6584.3)
55.50 (39.0-85.0)
165.0 (151.0-208.0)
6.80 (6.00-8.80)
0.99 (0.54-1.44)
9.70 (7.60-14.30)
54.6 (52.6-71.4)

0.11
0.12
0.06
0.66
0.23
0.19
0.31
0.35
< 0.01
< 0.01
< 0.01
< 0.01
0.01

7 (30)
6 (26)
5 (22)

0 (0)
0 (0)
0 (0)

7 (70)
6 (60)
5 (50)

< 0.01
< 0.05
< 0.01

0.26

Values are expressed as median with interquartile range and n (%). SBP: Systolic blood pressure; DBP: Diastolic blood pressure; SpO2: Peripheral
capillary oxygen saturation; WBC: White blood cell count; BUN: Blood urea nitrogen; Cr: Creatinine; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; γ-GT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; PT: Prothrombin time; aPTT: Activated partial thromboplastin time;
CRRT: Continuous renal replacement therapy.

(AUCs) were evaluated. The cutoff values of total
bilirubin and aPTT predicting death were estimated
by ROC analyses. A two-sided p value < 0.05 was
considered statistically significant. All statistical analyses
were performed using SPSS for Windows, version 21.0
(IBM Corp, Armonk, NY, United States).

(2.31 ± 1.16 mg/dL vs 7.16 ± 2.94 mg/dL, P < 0.01)
concentrations and indirect/direct bilirubin (2.45 ± 1.39
vs 0.99 ± 0.45, P < 0.01) ratio as well as prothrombin
time (PT)-INR (1.88 ± 0.83 s vs 10.43 ± 4.81 s, P <
0.01) and activated partial thromboplastin time (aPTT;
32.48 ± 7.64 s vs 72.58 ± 41.29 s, p = 0.01), were
significantly higher in the non-survivor than in the
survivor group. However, other variables, including
white blood cell (WBC) and platelet counts and
concentrations of hemoglobin (Hb), blood urea nitrogen
(BUN), creatinine (Cr), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and gammaglutamyl transferase (γ-GT), did not differ significantly
in the survivor and non-survivor groups. Logistic
regression analysis showed that elevated total bilirubin
concentration (OR = 3.579, 95%CI: 1.253-10.221),
indirect/direct bilirubin ratio (OR = 0.14, 95%CI:
0.02-0.94) and prolonged aPTT (OR = 1.301, 95%CI:
1.037-1.634) were significantly associated with patient
mortality (Table 2). Figure 1 shows static serum total
bilirubin, aPTT, PT INR, and ALP levels in survivors and
non-survivors. All patients with total bilirubin > 5 mg/dL

RESULTS
During the study period, 93 patients with wild
mushroom intoxication were admitted to the ED, with
23 of these patients developing acute liver injury.
These 23 patients consisted of 11 men (47.8%) and
12 women (52.2%), of median age 61 years (IQR,
51-66 years). The median time between mushroom
ingestion and hospital admission was 3.0 d. The overall
in-hospital mortality rate was 43.5% (10/23).
Table 1 summarizes the demographic characteristics,
comorbidities, initial vital signs, and laboratory values
of the survivor and non-survivor groups. Mean serum
alkaline phosphate (ALP; 73.38 ± 10.89 mg/dL vs
180.40 ± 65.39 mg/dL, P < 0.01), total bilirubin
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Figure 1 Static ALP (A), aPTT (B), PT INR (C), and total bilirubin (D) levels in survivors and non-survivors from day 1 to day 7 after wild mushroom
ingestion. ALP: Alkaline phosphatase; aPTT: Activated partial thromboplastin time; PT: Prothrombin time; INR: International normalized ratio.

or aPTT > 50 s on day 3 died in-hospital of ALF.

Table 2 Odds ratios for poor outcomes in patients

DISCUSSION

Alkaline phosphatase
Total bilirubin
Indirect/direct bilirubin ratio
Prothrombin time
Activated partial
thromboplastin time

Poisoning of toxic mushrooms can be divided into
seven main categories: amatoxin, gyromitrin, coprine,
muscarine, ibotenic acid-muscimol, psilocybin-psilocin
[7,8]
and gastrointestinal irritants . In South Korea, the
vast majority of toxic mushroom ingestions were the
amatoxin-containing mushrooms such as Amanita
abrupta Peck, Amanita castanopsidis Hongo, Amanita
subjunquillea S. Imai, Amanita verna (Bull.) Lam.,
Amanita virosa (Fr.) Bertill., Conocybe filaris (Fr.)
Kühner, Galerina calyptrata P.D. Orton, Galerina
[8,9]
helvoliceps (Berk. and M.A. Curtis) Singer .
This study showed that total bilirubin and aPTT
levels were associated with in-hospital mortality in
patients with acute liver injury from wild mushroom
intoxication. Indeed, all patients with total bilirubin > 5
mg/dL or aPTT > 50 s on day 3 died in-hospital. These
results emphasize the critical need for monitoring
total bilirubin and aPTT as predictors of survival
outcomes and for determining the need for advanced
intervention such as liver transplantation.
Although the precise incidence of mushroom
poisoning cannot be estimated, the mortality rate in

WJG|www.wjgnet.com

OR

95%CI

P value

1.21
3.58
0.13
789.00
1.30

(0.91, 1.60)
(1.25, 10.22)
(0.02, 0.94)
(1.04, 1.63)

0.20
0.02
0.04
0.98
0.02

15 studies involving more than 20 patients from 1980
[10]
to 1999 ranges from 4.8% to 34.5% . However,
more recent studies report mortality rates of around
[11-13]
10%
. This is consistent with the results of the
present study, which found that 10 (10.8%) of the
93 patients with mushroom poisoning died. These 10
patients constituted 43.5% of the 23 patients with
acute liver injury.
Mushroom-induced acute liver injury is potentially
fatal, with the definitive treatment being liver
[2,3]
transplantation . Laboratory studies showed that
urea, AST, ALT, LDH, and total bilirubin concentrations,
as well as PT and aPTT, were significantly higher in
[11]
patients who died than in those who survived .
Similarly, patients with ALT or AST concentrations
> 2000 IU/mL, or PT > 50 s, were at serious risk of

1265

February 21, 2017|Volume 23|Issue 7|

Kim T et al . Predictors of outcomes of mushroom intoxication
[14]

death . By contrast, we found that AST and ALT
levels at admission were not associated with patient
mortality. This was not surprising, as AST and ALT
levels were shown not to reflect hepatocellular necrosis
[15,16]
and hepatotoxicity in patients with ALF
. Similarly,
although serum Cr concentration has been associated
[6]
with unfavorable outcome , we found that serum Cr
concentrations did not differ significantly in our groups
of survivors and non-survivors. Moreover, in contrast
to findings that PT levels were prognostic in patients
[17]
with liver dysfunction , the present study found that
PT was not associated with mortality, perhaps because
elevated PT may have been masked by the transfusion
of coagulation factors into patients hospitalized for
mushroom-induced acute liver injury.
Total bilirubin concentration may be a better
indicator of the severity of acute liver injury than ALT
[18]
concentration . High bilirubin concentrations can
not only predict short-term mortality, but can also
constitute a biochemical marker to improve triage of
patients with acute-on-chronic liver failure, especially
selecting patients for emerging interventions, such
as extracorporeal liver assist devices and possibly
[19]
improved early phase pharmacological therapies .
aPTT measures coagulation via the intrinsic (i.e.,
[17]
contact-activated) pathway . Recent studies show
that aPTT reflects failure of coagulation as a multiorgan dysfunction in critically ill patients with ALF.
[20]
Stravitz et al
noted monitoring the reaction time
by thromboelastography or the aPTT might be more
appropriate to assess bleeding risks in patients with
ALI and ALF than the INR. Although aPTT is often less
valuable than INR for diagnosing liver dysfunction,
it may be more suitable for monitoring mushroom[21]
induced liver injury .
Deciding whether to transplant livers into patients
with wild mushroom-induced ALF continues to be
challenging. Although liver transplantation was shown
to dramatically increase the survival rate of patients
[1]
with amatoxin-induced ALF , the specific criteria and
optimal timing of emergency transplantation remain
[3,6]
to be determined . Traditionally, transplant decisions
[22,23]
[24]
are based on King’s College
or Clichy
criteria.
Other, more specific, criteria have been developed to
assess the need for transplantation in patients with
amatoxin-induced acute liver injury. Ganzert’s criteria
suggest that patients with amatoxin poisoning be listed
for urgent LT, regardless of the presence of hepatic
encephalopathy, if their prothrombin index is < 25%
and their serum Cr is > 106 µmol/L on the third day
[6]
after ingestion . Escudie’s criteria suggest that urgent
LT be considered in patients showing a reduction in
prothrombin index below 10% of normal (INR > 6) 4
[25]
or more days after ingestion . Our study showed that
both total bilirubin concentration and aPTT level were
factors associated with in-hospital mortality in patients
with acute liver injury arising from wild mushroom
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intoxication.

Limitations

This study had several major limitations. First, we
enrolled patients from a single institution who ingested
wild mushrooms; therefore, caution should be used
when applying our results to other populations,
including those in other countries. Second, the
retrospective observational design of this study
suggests that undetected bias may have been present.
Third, because kits that measure amatoxin levels in
serum and urine are not commercially available in
South Korea, serum alpha-amanitin levels were not
analyzed in this study.
This study showed that total bilirubin concentration
and aPTT were useful in predicting outcomes in
patients with acute liver injury caused by wild
mushroom intoxication. Moreover, total bilirubin > 5
mg/dL or aPTT > 50 s on day 3 were prognostic of
impending death.
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patients requiring liver transplantation. Many candidates for transplantation
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Abstract
AIM
To evaluate the effects of hydrotalcite combined with
esomeprazole on gastric ulcer healing quality.

Informed consent statement: All patients gave written
informed consent.
Clinical trial registration statement: This study is registered
at http://www.chictr.org.cn/usercenter.aspx. The registration
identification number is ChiCTR-IPR-16008317.

METHODS
Forty-eight patients diagnosed with gastric ulcer
between June 2014 and February 2016 were randomly
allocated to the combination therapy group or
monotherapy group. The former received hydrotalcite
combined with esomeprazole, and the latter received
esomeprazole alone, for 8 wk. Twenty-four healthy
volunteers were recruited and acted as the healthy
control group. Endoscopic ulcer healing was observed
using white light endoscopy and narrow band imaging
magnifying endoscopy. The composition of collagen
fibers, amount of collagen deposition, expression of
factor Ⅷ and TGF-β1, and hydroxyproline content were
analyzed by Masson staining, immunohistochemistry,
immunofluorescent imaging and ELISA.
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underlying the findings are fully available without restriction. All
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files.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Following treatment, changes in the gastric microvascular
network were statistically different between the
combination therapy group and the monotherapy group

Manuscript source: Unsolicited manuscript
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(P < 0.05). There were significant differences (P <
0.05) in collagen deposition, expression level of Factor
Ⅷ and TGF-β1, and hydroxyproline content in the two
treatment groups compared with the healthy control
group. These parameters in the combination therapy
group were significantly higher than in the monotherapy
group (P < 0.05). The ratio of collagen Ⅰ to collagen
Ⅲ was statistically different among the three groups,
and was significantly higher in the combination therapy
group than in the monotherapy group (P < 0.05).

on whether the structure and function of mucosal and
submucosal tissue have been completely regenerated
in addition to endoscopic examination and evaluation
of ulcer size. It has been shown that ulcer recurrence is
+
+
closely related to QOUH. Esomeprazole is an H -K -ATP
enzyme inhibitor, which can effectively inhibit acid, and
thereby promotes ulcer repair. However, excessive acid
suppression may cause indigestion, gastrointestinal
bacterial infection and induce atrophic gastritis or even
gastric cancer. Ulcers frequently recur following anti[2,3]
acid drug treatment alone . Therefore, combination
therapies for gastric ulcer are favorable. To this end,
[4]
hydrotalcite , a gastric mucosal protective agent, in
which the mechanism of action includes the formation
of a protective membrane at the ulcer site, provides an
HCO3 reservoir and repairs the mucous bicarbonate
barrier. Moreover, it upregulates various protective and
repair factors in the gastric tissue such as promoting
the formation of prostaglandins, improving mucosal
blood flow and metabolism at the ulcer site, thereby
enhancing mucosal functional repair. However, pre
vious studies comparing the efficacy of hydrotalcite
combined with esomeprazole vs esomeprazole therapy
alone for the treatment of gastric ulcer did not lead to
conclusive results, as these studies merely evaluated
the endoscopic morphology of gastric mucosa and
not the histologic and ultrastructural changes in the
mucosal and submucosal layers. In addition, most
[3,5-7]
studies were conducted using rat models
. Irregular
punctate and linear gastric pits are usually abundant
in normal gastric mucosa, surrounded by a rich and
[8]
irregular microvascular network . The morphology
of gastric pits and the microvascular network may
change corresponding to pathological changes in the
[9,10]
gastric mucosa
. However, these changes cannot be
observed under white light endoscopy, but are clearly
visible under narrow band imaging (NBI) magnifying
[11]
endoscopy . Thus, in the present study, we used
NBI magnifying endoscopy to observe morphological
changes in the gastric pits and microvascular network
of regenerated mucosa. The efficacy of hydrotalcite
combined with esomeprazole in improving QOUH of
adult gastric ulcers was assessed by the maturity of
regenerated mucosal tissue. Eradication therapy was
also administered to patients with a positive H. pylori
test.

CONCLUSION
Hydrotalcite combined with esomeprazole is superior
to esomeprazole alone in improving gastric ulcer
healing quality in terms of improving microvascular
morphology, degree of structure maturity and function
of regenerated mucosa.
Key words: Hydrotalcite; Esomeprazole; Gastric ulcer;
Quality of ulcer healing
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric ulcer is mainly caused by an imbalance
in defense mechanisms and injurious factors at the
gastric mucosa, and has a high recurrence rate. Previous
studies comparing the efficacy of hydrotalcite combined
with esomeprazole vs esomeprazole therapy alone
for the treatment of gastric ulcer have shown unclear
results. In the present study, we conducted a clinical
observation study involving 48 patients diagnosed with
gastric ulcer treated with either hydrotalcite combined
with esomeprazole or esomeprazole alone. The results
showed that hydrotalcite combined with esomeprazole
was superior to esomeprazole alone in improving gastric
ulcer healing quality.
Yang RQ, Mao H, Huang LY, Su PZ, Lu M. Effects of
hydrotalcite combined with esomeprazole on gastric ulcer healing
quality: A clinical observation study. World J Gastroenterol
2017; 23(7): 1268-1277 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1268.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1268

INTRODUCTION

MATERIALS AND METHODS

Gastric ulcer is mainly caused by an imbalance in
defense mechanisms and injurious factors at the
gastric mucosa. The use of Helicobacter pylori (H.
pylori) eradication therapy and the wide application of
proton pump inhibitors (PPI) have improved the clinical
healing rate of gastric ulcer, but its recurrence rate
[1]
remains high. Tarnawski et al proposed the concept
of quality of ulcer healing (QOUH) in 1991 for the first
time, which considers the fact that tissue regeneration
is often incomplete within ulcer scars. QOUH suggests
that the evaluation of gastric ulcer healing should focus

WJG|www.wjgnet.com

Patient selection

[12]

Forty-eight patients diagnosed with gastric ulcer
who received treatment in our hospital between June
2014 and December 2015 were randomly divided into
the combination therapy group and the monotherapy
group. Twenty-four healthy volunteers were recruited
into the healthy control group. Exclusion criteria were
as follows: (1) patients with bleeding, obstruction,
perforation and cancer or other related complications
of gastric ulcer; (2) complications such as heart, brain,
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Table 1 Comparison of general parameters, Helicobacter pylori positive rate, endoscopic ulcer healing, morphological changes at
gastric pits and microvascular networks among the three groups
Group

No.

Gender

M/F
Healthy control
Combination therapy
Monotherapy

24
24
24

14/10
13/114
9/154

H. pylori

H. pylori

positive rate
(BT)

positive rate
(AT)

n (%)2
16 (66.7%)4
14 (58.3%)

Age (yr)

(mean ± SD)
55.5 ± 12.3
54.5 ± 11.14
53.6 ± 11.24

1

Total effective
rate (AT)

Gastric pits
(AT)

n (%)2

n (%)2

A + B (%)

2 (8.3%)4
3 (12.5%)

23 (95.8)4
22 (91.7)

2

23 (95.8%)
22 (91.7%)4
21 (87.5%)

Microvascular
network changes
(AT)
Regular (%)

2

11 (45.8%)
20 (83.3%)3
13 (54.2%)

1

ANOVA test was conducted because these data obey normal distributions; 2χ 2 test was conducted because these data obey χ 2 distributions; 3P values of
post hoc comparison between groups were all lower than 0.05; 4P values between groups were higher than 0.05. BT: Before treatment; AT: After treatment; H.
pylori: Helicobacter pylori.

comparisons by pairwise methods. Enumeration data
were compared using the χ 2 test. P values less than
0.05 were considered statistically significant. All data
were analyzed using SPSS20.0 (SPSS Inc. United
States).

kidney, lung and other major diseases; (3) recent
treatment for gastric ulcer; and (4) contraindications
to hydrotalcite or esomeprazole. All subjects were
tested for H. pylori using the rapid urease test (CLO
test; Delta West Pty Ltd., Western Australia). The
study was approved by the ethics committee of our
hospital (2014-XHNK-003) and registered in the
Chinese Clinical Trial Registry (ChiCTR-IPR-16008317).
Informed consent was obtained from all patients or
their family members.

RESULTS
Basic clinical characteristics and H. pylori eradication
rate

No significant differences in gender and age were
observed among the three groups (P > 0.05). H. pylori
positive rates were similar between the combination
therapy and monotherapy groups before and after
treatment (P > 0.05) (Table 1).

Treatment protocol

The combination group received oral hydrotalcite (1.0
g three times a day) combined with oral esomeprazole
(20 mg twice a day), and the monotherapy group
received oral esomeprazole alone (20 mg twice a day).
Treatment duration was eight weeks. H. pylori-positive
patients also received amoxicillin, clarithromycin and
colloidal pectin bismuth for 10-14 d. The healthy
control group received no treatment.

Endoscopic ulcer healing

The standards of Japanese gastroscopy diagnosis and
[13]
staging criteria were used . A high total effective rate
represents high endoscopic ulcer healing quality. The
results are shown in Table 1 and Figure 1. The total
effective rate was not significantly different between
the combination therapy group (95.8%) and the
monotherapy group (91.7%) after treatment (P >
0.05).

Examinations

Endoscopic ulcer healing was observed first under
white light endoscopy, and then gastric pits and
microvascular morphology were observed using NBI
magnifying endoscopy by the same experienced
endoscopist. Following endoscopy, gastric mucosal
tissues from patients were biopsied before and after
treatment at the same location. Tissues were similarly
biopsied from healthy volunteers. Part of the specimen
was embedded in paraffin, sectioned and used for
Masson, immunofluorescent and immunohistochemical
staining. The remainder was preserved at -80 ℃ for
subsequent determination of hydroxyproline content
by ELISA.

Morphological changes in gastric pits and mucosal
microvascular network

The results are shown in Table 1 and Figure 2. Based
[14]
on the Sakak standards , most gastric pits in the
normal gastric mucosa group were classified as
type A and B, surrounded by a rich and irregular
microvascular network, classified according to the
[15]
Yao criteria . In the combination therapy and
monotherapy groups before treatment, gastric pits in
the gastric ulcer mucosa were mostly type C and D,
surrounded by a small microvascular network. The
types of gastric pits and microvascular networks were
not significantly different between the combination
therapy and monotherapy groups before treatment
(P > 0.05). After treatment, the percentage of type
A and B gastric pits in the gastric mucosa was not
significantly different between the combination
therapy and monotherapy groups (PA+B > 0.05), but

Statistical analysis

Measurement data following normal distribution were
expressed as mean ± SD. These data were compared
by analysis of variance (ANOVA) followed by multiple
comparisons using the LSD or Dunnett’s T3 method
based on their determined homogeneity of variance.
For data which were not normally distributed, the
Kruskal-Wallis test was used followed by multiple
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A

B

C

Figure 1 White light endoscopic assessment of ulcer healing quality. A: Combination therapy before and after treatment; B: Monotherapy before and after
treatment; C: Healthy control group. Both the combination therapy and monotherapy groups had high quality ulcer healing.

A

B

C

Figure 2 Gastric pits and microvascular morphology by narrow band imaging magnifying endoscopy. A: Combination therapy before and after treatment; B:
Monotherapy before and after treatment; C: Healthy control group. With regeneration of the gastric mucosal epithelium, the gastric pits and microvascular network
were reconstructed. Both the combination therapy and monotherapy groups had improved gastric pit morphology after treatment, which was similar to normal mucosal
tissue. However, the percentage of regular microvascular network was much higher.

cumstances, collagen fibers are usually distributed in
the gastric mucosal and submucosal layers. The area
of collagen fiber deposition was evaluated by Masson’
s trichrome staining, which stains fibrotic tissues blue.
Five randomly-chosen fields (× 200 times) of each
specimen were imaged. All images were analyzed
using Plus6.0 Image-Pro software. Collagen deposition
area was measured using integral area and the

the percentage of regular microvascular network was
significantly different between the two groups (P <
0.05), and was significantly higher in the combination
therapy group than in the monotherapy group and
normal control group.

Maturity of regenerated mucosa

Collagen deposition area: Under normal cir
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A

B

C

Figure 3 Gastric mucosal fibrosis was evaluated by Masson’s trichrome staining in a 200 × field. Blue-stained signals represent fibrosis. A: Combination
therapy before and after treatment; B: Monotherapy before and after treatment; C: Healthy control group. The area of collagen fiber deposition in the combination
therapy group was significantly larger than that in the monotherapy group after treatment, and was similar to that in normal mucosal tissue.

Table 2 Comparison of collagen fiber area, collagen Ⅰ to collagen Ⅲ ratio, hydroxyproline content, FactorⅧ-positive cells and
TGF-β1 expression among the three groups by Masson staining, immunohistochemistry, ELISA assay and immunofluorescent imaging
Group

No.

1

mean ± SD
Healthy control

24

Combination
therapy (AT)
Monotherapy
(AT)

24
24

Collagen Ⅰ to collagen Hydroxyproline content
Ⅲ ratio
(ng/mL)

Collagen fiber
area
244679.38 ±
210075.674
260909.51 ±
164713.88
135700.75 ±
94175.383

P value
0.020

3

mean rank
38.85

4

2

P value
3

0.031

39.42
25.963

1

mean ± SD
1693.72 ±
419.254
1909.53 ±
828.78
1235.32 ±
551.073

P value
0.013

3

FactorⅧ-positive
cells
1

mean ± SD

3

23.25 ± 8.24

33.54 ± 8.72
28.58 ± 6.943

TGF-β1
expression

P value
0.000

3

1

mean ± SD

P value

93984.12 ±
42066.644
101163.85 ±
38130.24
72321.44 ±
20030.293

0.0163

1

ANOVA test was conducted because these data obey normal distributions; 2Kruskal-Wallis test was conducted because these data did not obey normal
distributions; 3P values of post hoc comparison between groups were all lower than 0.05; 4P values between combination group and control group were
higher than 0.05. AT: After treatment.

collagen Ⅰ to collagen Ⅲ in the healthy control group
was significantly higher than that in the combination
therapy and monotherapy groups before treatment
(P < 0.05). The ratio of collagen Ⅰ to collagen Ⅲ was
not significantly different between the combination
therapy and monotherapy groups (P > 0.05, P =
0.553). In contrast, the ratio of collagen Ⅰ to collagen
Ⅲ in the combination therapy (mean rank = 39.42)
and monotherapy groups (mean rank = 25.96) after
treatment were significantly different compared with
the healthy control group (mean rank = 38.85) (P
< 0.05, P = 0.031). The ratio in the combination
therapy group was significantly higher than that in
the monotherapy group (P < 0.05), but there was
no statistically significant difference between the
combination therapy group and the healthy control
group (P > 0.05, P = 0.746), (Table 2, Figure 4).

average value was calculated. The area of collagen
fiber deposition in the healthy control group was
significantly larger than that in the combination therapy
and monotherapy groups before treatment (P < 0.05).
Areas of collagen fiber deposition were not significantly
different between the combination therapy and
monotherapy groups before treatment (P > 0.05, P =
0.951), but were significantly different after treatment (P
< 0.05). Following treatment, the area of collagen fiber
deposition in the combination therapy group (260909.51
± 164713.88) was significantly higher than that in the
monotherapy group (135700.75 ± 94175.38) (P <
0.05), but was not statistically significant compared with
the healthy control group (244679.38 ± 210075.67) (P
> 0.05) (Table 2, Figure 3).
Ratio of collagen Ⅰ to collagen Ⅲ: The ratio of
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A

B

C

Figure 4 Expression of collagen Ⅰ and Ⅲ was analyzed using immunofluorescent staining in a 200 × field. Nuclei were stained blue, collagen Ⅰ stained red,
collagen Ⅲ stained green, and the overlap of collagen Ⅰ and collagen Ⅲ stained yellow. A: Results of combination therapy before and after treatment; B: Results
of monotherapy before and after treatment; C: Results in the healthy control group. The deposition area of collagen Ⅰ and Ⅲ in the combination therapy group after
treatment was similar to that in the normal control group.

Hydroxyproline content in gastric mucosa:
Hydroxyproline content in the healthy control group
was significantly higher than that in the combination
therapy group and monotherapy group before
treatment (P < 0.05). The difference in hydroxyproline
content was not statistically significant between
the combination therapy and monotherapy groups
before treatment (P > 0.05, P = 0.996), but was
significantly different after treatment (P < 0.05).
Following treatment, hydroxyproline content in the
combination therapy group (1909.53 ± 828.78 ng/mL)
was significantly higher than that in the monotherapy
group (1235.32 ± 551.07 ng/mL) (P < 0.05), but was
not significantly different compared to the healthy
control group (1693.72 ± 419.25 ng/mL), (P > 0.05, P
= 0.592) (Table 2).

Expression of TGF-β1: The integrated optical density
(IOD) of TGF-β1 staining in the healthy control group
was significantly higher than that in the combination
therapy and monotherapy groups before treatment
(P < 0.05). The IOD of TGF-β1 staining was not
significantly different between the combination therapy
and monotherapy groups (P > 0.05, P = 0.992), but
was significantly different after treatment (P < 0.05).
TGF-β1 expression in the combination therapy group
(IOD = 101163.85 ± 38130.24) and the monotherapy
group (IOD = 72321.44 ± 20030.29) after treatment
was significantly different compared with the healthy
control group (IOD = 93984.12 ± 42066.64) (P <
0.05). TGF-β1 in the combination therapy group was
significantly higher than that in the monotherapy
group (P < 0.05), but there was no statistically
significant difference when compared with the healthy
control group (P < 0.05), (Table 2, Figure 6).

Expression of Factor Ⅷ: The number of Factor
Ⅷ-positive cells in the healthy control group was
significantly higher than that in the combination
therapy and monotherapy groups before and after
treatment (P < 0.05). The number of Factor Ⅷ-positive
cells was not significantly different between the
combination therapy and monotherapy groups before
treatment (P > 0.05, P = 0.947), while that in the
combination therapy group (33.54 ± 8.72) was
significantly higher than that in the monotherapy
group (28.58 ± 6.94) and the healthy control group
(23.25 ± 8.24) after treatment (P < 0.05), (Table 2,
Figure 5).
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DISCUSSION
The gastric ulcer healing process includes the
clearance of necrotic debris, growth of granulation
tissues, angiogenesis, collagen fiber deposition,
scar tissue formation, and epithelial reconstruction
with reestablishment of the mucosal microvascular
[16,17]
network
. H. pylori eradication therapy and the
wide application of PPIs have improved the clinical
cure rate of gastric ulcer, but its high recurrence rate
remains a clinical challenge. Gastric ulcer mainly
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A

B

C

Figure 5 Expression of FactorⅧ was analyzed using immunohistochemical staining in a 200 × field. Yellow-stained signals in the cytoplasm and (or) cell
membrane represent positive cells. A: Results of combination therapy before and after treatment; B: Results of monotherapy before and after treatment; C: Results in
healthy control group. The expression of FactorⅧ in the combination therapy group after treatment was significantly higher than that in the monotherapy and healthy
control groups.

A

B

C

Figure 6 Expression of TGF-β1 was analyzed using immunohistochemical staining in a 200 × field. Yellow-stained signals in the cytoplasm and (or) cell
membrane represent positive cells. A: Results of combination therapy before and after treatment; B: Results of monotherapy before and after treatment; C: Results in
the healthy control group. The expression of TGF-β1 in the combination therapy group was significantly higher than that in the monotherapy group, and similar to that
in the healthy control group.

the function of mucosal defense, accounting for the
[5]
pathological basis of ulcer recurrence . In the present
study, we observed morphological changes in gastric
pits and the microvascular network of regenerated
mucosa using NBI magnifying endoscopy, and

recurs in situ or at areas adjacent to the healed
[1]
ulcer. Tarnawski et al showed that the recurrence
of gastric ulcer was closely related to QOUH. These
authors believe that compromised histological and
ultrastructural healing of gastric mucosa impairs

WJG|www.wjgnet.com

1274

February 21, 2017|Volume 23|Issue 7|

Yang RQ et al . Healing quality of gastric ulcer
evaluated the effects of hydrotalcite combined with
esomeprazole on the healing quality of gastric ulcer
following H. pylori eradication therapy. The results
showed that hydrotalcite combined with esomeprazole
improved the maturity of regenerated mucosal tissue
both structurally and functionally.
This study also showed that the H. pylori-positive
rate and endoscopic ulcer healing were similar between
the combination therapy group and the monotherapy
group after treatment. In addition, morphology of
the gastric pits under the NBI magnifying endoscope
was similar to the normal gastric mucosa in the
combination therapy and monotherapy groups. This
indicates that both treatments promoted superficial
mucosal healing and improved gastric pit morphology.
Previous research[18,19] confirmed that collagen
fibers in gastric tissue were mainly composed of
collagen Ⅰ and collagen Ⅲ. Type Ⅰ collagen accounts
for approximately 80% of collagen fibers and
strong expression of collagen Ⅰ is found in newborn
granulation tissue. Collagen Ⅰ plays a supportive role
in wound healing and excessive deposition can result
in scar tissue formation. Collagen Ⅲ accounts for the
remaining 20% and strong expression of collagen Ⅲ
is found in the active capillary proliferation period,
which determines the diameter and elasticity of
collagen fibers. In contrast to collagen Ⅰ, deposition
of collagen Ⅲ inhibits scar formation and regulates
cell proliferation, growth and differentiation. However,
over-deposition of collagen fibers in general leads
to scar tissue formation and impaired physiological
function. Under normal circumstances, the formation
and degradation of collagen fibers are in dynamic
[20]
equilibrium. Research has confirmed that the ratio of
collagen Ⅰ to collagen Ⅲ is maintained at 2:1 to 4:1 in
normal tissues, which is directly related to the quality
of tissue repair. Amino acids in collagen fibers consist
[21]
mainly of glycine, proline and hydroxyproline .
Hydroxyproline is a non-essential amino acid, with
[22,23]
just 1%
distributed in elastic proteins and almost
all of the remainder found in collagen. Hydroxyproline
accounts for approximately 13.4% of all amino acids in
[24]
collagen . It is believed that hydroxyproline is unique
to collagen fibers, as hydroxyproline content is often
used as a quantitative index of collagen deposition in
[25]
ulcer healing .
This study showed that the collagen deposition area,
ratio of collagen Ⅰ to collagen Ⅲ and hydroxyproline
content in the combination therapy group were
significantly higher than those in the monotherapy
group after treatment. The levels of these factors in
the combination therapy group after treatment were
similar to those in healthy control tissues. Therefore,
hydrotalcite combined with esomeprazole for the
treatment of gastric ulcer promotes deposition of
collagen fibers, maintains the ratio of collagen Ⅰ to
collagen Ⅲ, and improves the histological structure of
regenerated gastric tissues similar to that in normal
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mucosa tissues, which is consistent with the findings
[26]
of Griffin et al . In conclusion, hydrotalcite combined
with esomeprazole was superior to esomeprazole alone
in improving ulcer healing quality.
Immunohistochemical staining of factor Ⅷ was
performed to measure the number of newly generated
[27,28]
microvessels
. We found that the combination
therapy group had higher factor Ⅷ expression and
the percentage of regular microvascular network was
much higher than that in the monotherapy group after
treatment, according to NBI magnifying endoscopy.
This may be attributed to the fact that hydrotalcite
promotes the expression of various growth factors
and stimulates angiogenesis, thus increasing oxygen
and nutrient supply to the ulcer site to accelerate ulcer
[4,29]
healing
.
Studies have shown that the gastric ulcer healing
process is regulated by various growth factors and
[3,30]
receptors
. As a multifunctional growth factor, TGF-β1
plays an important role in tissue remodeling, extracellular
matrix formation and angiogenesis, ultimately
[31,32]
. This study demonstrated
promoting ulcer repair
that the expression level of TGF-β1 in the combination
therapy group was significantly higher than that in the
monotherapy group after treatment, which was similar
to the level in normal control tissues. This may be due to
induced expression of TGF-β1 by hydrotalcite, consistent
[29]
with the study by Chen et al .
In conclusion, hydrotalcite combined with eso
meprazole is superior to esomeprazole alone in
improving the healing quality of gastric ulcer. Spe
cifically, combination therapy improved morphology
of the microvascular network, promoted collagen fiber
formation, angiogenesis, and the expression of TGF-β1,
thereby improving the maturity of regenerated mucosal
tissue as well as structure and function of the mucosa.
This combination therapy is worthy of wider clinical
application. We did not observe the recurrence of gastric
ulcer due to our small sample size and short followup period. In future, a larger sample size and longer
follow-up time will be included to determine whether
hydrotalcite combined with esomeprazole can also
reduce the recurrence rate of gastric ulcer.
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Background

Gastric ulcer is mainly caused by an imbalance in defense mechanisms
and injurious factors in the gastric mucosa. The use of Helicobacter pylori
eradication therapy and the wide application of proton pump inhibitors have
improved the clinical healing rate of gastric ulcer, but its high recurrence rate
remains a clinical challenge.

Research frontiers

Gastric ulcers represent a public health problem. However, there are very
few studies on human gastric ulcer, and most have focused on endoscopic
morphology. A research hot spot is to investigate the effects of hydrotalcite
combined with esomeprazole on the healing quality of human gastric ulcer in
order to understand the background and trends in the treatment of gastric ulcer.
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Innovations and breakthroughs

Previous studies of quality of ulcer healing (QOUH) concentrated on
endoscopic morphology and not on histologic and ultrastructural changes. In
addition, most studies were conducted using rat models. In the present study,
the authors determined the effects of hydrotalcite combined with esomeprazole
on the healing quality of gastric ulcer by observing morphological changes,
and the degree of structure maturity and function of regenerated mucosa. The
results showed that hydrotalcite combined with esomeprazole was superior to
esomeprazole alone in improving the healing quality of gastric ulcer, specifically,
the morphology of the microvascular network, collagen fiber formation,
angiogenesis, and high expression of TGF-β1.

8

9

Applications

10

The findings of this study suggest that hydrotalcite combined with esomeprazole
was superior to esomeprazole alone in improving the healing quality of gastric
ulcer. Furthermore, this study also provides readers with important information
regarding the best treatment for gastric ulcer. This combination therapy is
worthy of wider clinical application.

11

Terminology

Gastric ulcer is a common disease in the department of gastroenterology,
and is related to acid secretion. Mucosal injury in gastric ulcer is found in the
muscularis mucosa layer, which is a characteristic of chronic ulcer formation.
Clinical symptoms are mainly a repeated periodic rhythm of upper abdominal
pain, accompanied by belching, bloating discomfort, bleeding, perforation, and
even cancer, all of which can seriously harm human health.

12

13

Peer-review

Available studies on QOUH of human are rare. The authors in this study
analyzed the healing quality of gastric ulcer, specifically, the morphology of the
microvascular network, collagen fiber formation, angiogenesis, and expression
of TGF-β1. This study showed that hydrotalcite combined with esomeprazole
was superior to esomeprazole alone in improving the QOUH. The results were
meaningful and provided important information concerning the background and
trends of treatments for gastric ulcer.

14
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Abstract
AIM
To perform a systematic review and meta-analysis on
clinical outcomes of photodynamic therapy (PDT) in
non-resectable cholangiocarcinoma.
METHODS
Included studies compared outcomes with photody
namic therapy and biliary stenting (PDT group) vs biliary
stenting only (BS group) in palliation of non-resectable
cholangiocarcinoma. Articles were searched in MEDLINE,
PubMed, and EMBASE. Pooled proportions were calculated
using fixed and random effects model. Heterogeneity
2
among studies was assessed using the I statistic.
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RESULTS
Ten studies (n = 402) that met inclusion criteria were
2
included in this analysis. The P for χ heterogeneity for
all the pooled accuracy estimates was > 0.10. Pooled
odds ratio for successful biliary drainage (decrease
in bilirubin level > 50% within 7days after stenting)
in PDT vs BS group was 4.39 (95%CI: 2.35-8.19).
Survival period in PDT and BS groups were 413.04
d (95%CI: 349.54-476.54) and 183.41 (95%CI:
136.81-230.02) respectively. The change in Karnofsky
performance scores after intervention in PDT and BS
groups were +6.99 (95%CI: 4.15-9.82) and -3.93
(95%CI: -8.63-0.77) respectively. Odds ratio for postintervention cholangitis in PDT vs BS group was 0.57
(95%CI: 0.35-0.94). In PDT group, 10.51% (95%CI:
6.94-14.72) had photosensitivity reactions that were
self-limiting. Subgroup analysis of prospective studies
showed similar results, except the incidence of
cholangitis was comparable in both groups.

rare cancer comprising less than 2% of all cancers but
[1]
the incidence has been increasing in the past decade .
Approximately 60%-70% of these tumors are located
within 2 cm from the bifurcation of the common bile
duct (hilar cholangiocarcinoma, also called Klatskin
tumor), extrahepatic cholangiocarcinoma occur in
approximately 20%-30% and intrahepatic in the
remaining 5%-10%.
Bismuth-Corelette system is used to classify hilar
cholangiocarcinoma into four types (Type Ⅰ-Ⅳ).
Bismuth Type Ⅰ is limited to the common hepatic duct
below the confluence of the right and left hepatic duct,
Type Ⅱ involves tumor infiltration at the confluence
without communication between left and right hepatic
ducts, Type Ⅲ involves tumor extension into one
main hepatic duct and the secondary bile ducts, Type
Ⅳ involves bilateral hepatic ducts and the secondary
intrahepatic ducts. It is asymptomatic in the early
stages and difficult to diagnose.
Complete tumor resection with negative margins
(R0) is the only curative option but only 20%-30% of
[2,3]
patients are candidates for curative resection . Five
year survival rates after curative R0 resection is about
[2-7]
30%-50% . The remaining 70%-80% present at an
advanced stage and are nonresectable due to locally
advanced disease (Involvement of vessels or bilateral
extension beyond secondary radicals) or presence of
[3,8,9]
distant metastases
.
Palliation is the primary management option in
these patients. Chemotherapy and radiotherapy
have limited role and do not prolong life in advanced
[10]
cholangiocarcinoma . Palliative biliary decompression
by transpapillary or percutaneous insertion of biliary
stent alleviates obstructive cholestasis and is currently
11-17]
the standard of care[
. However, stent patency rates
[18-22]
are limited by tumor ingrowth or overgrowth
.
Most patients die from complications of obstructive
cholestasis such as cholangitis, biliary sepsis or liver
failure.
Photodynamic therapy (PDT) is a new localablative, tumor-specific treatment that has shown
promising results and is now the standard of care
[23-26]
for nonresectable cholangiocarcinoma
. PDT
involves administration of a photosensitizing drug with
affinity for neoplastic tissue and subsequent selective
irradiation with light of a defined wavelength. The
resulting interaction between light and photosensitizing
agent causes death of tumor cells, and neovascular
[27-29]
cells by formation of oxygen free radicals
.
The first case of successful PDT for non resectable
cholangiocarcinoma was described by McCaughan et
[30]
al
in 1991. Many studies have since then confirmed
the significant advantage of using PDT in patients with
nonresectable Cholangiocarcinoma. Most of these
studies included patients that additionally received
other palliative treatments (surgery, radiotherapy,
[23,24]
chemotherapy)
. The aim of this study is to evaluate
the success of photodynamic therapy exclusively,

CONCLUSION
In palliation of unresectable cholangiocarcinoma, PDT
seems to be significantly superior to BS alone. PDT
should be used as an adjunct to biliary stenting in these
patients.
Key words: Photodynamic therapy; Biliary stenting;
Unresectable cholangiocarcinoma; Outcome; Systematic
review; Meta-analysis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Role of photodynamic therapy (PDT) in
unresectable cholangiocarcinoma has been scarcely
described in the past. However most of these studies
included patients who also underwent additional
palliative measures simultaneously. Hence, overall
safety and efficacy of photodynamic therapy is not
clear. This is the first systematic review and metaanalysis evaluating exclusively the role of PDT in these
patients. PDT with biliary stenting was compared to
biliary stenting (BS) alone. PDT seems to be relatively
safe and significantly superior to BS alone in this
patient population.
Moole H, Tathireddy H, Dharmapuri S, Moole V, Boddireddy
R, Yedama P, Dharmapuri S, Uppu A, Bondalapati N, Duvvuri
A. Success of photodynamic therapy in palliating patients with
nonresectable cholangiocarcinoma: A systematic review and
meta-analysis. World J Gastroenterol 2017; 23(7): 1278-1288
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i7/1278.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1278

INTRODUCTION
Cholangiocarcinoma is the primary cancer of bile ducts.
It is an aggressive disease with dismal prognosis. It is a
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and its impact on survival, morbidity, biliary drainage
and quality of life in patients with nonresectable
cholangiocarcinoma through a systematic review and
meta-analysis of the literature.

selected studies and entered into a standardized data
collection form. The following variables were recorded:
name and year of study; type of study; median age;
male/female distribution; total number of patient
included; number of patients that had PDT along with
biliary stenting; number of patients that underwent
biliary stenting only; PDT agent, PDT route, stent type
- metal vs plastic, post treatment survival in PDT plus
stenting group (in days), post treatment survival in
biliary stenting group, over all adverse events (hepatic
abscess/cholangitis/perihepatic abscess/drain site
infection, photosensitivity) in both groups, cholangitis
in both groups, photosensitivity in PDT group,
Karnofsky performance scores (pre-treatment, post
treatment and change in score after treatment) in both
groups, median number of PDT sessions per patient in
each study, bilirubin levels scores (pre-treatment, post
treatment and change in score after treatment) in both
groups.

MATERIALS AND METHODS
Study selection criteria

Studies evaluating the role of PDT as a palliative
option in patients with advanced non-resectable
cholangiocarcinoma, were included in this metaanalysis. Prospective studies, retrospective studies
and randomized controlled trials (RCTs) were included.
Subgroup analysis was performed on prospective
studies to negate the heterogeneity introduced by
retrospective studies. Studies that used PDT as a
neo-adjuvant therapy in patients with resectable
cholangiocarcinoma were excluded. Studies that
used chemotherapy or radiation therapy along with
PDT in patients with resectable or unresectable
cholangiocarcinoma were excluded. Studies without
original data, perspective articles review articles, and
expert opinions were excluded from this meta-analysis.
Only full text articles, peer reviewed and published in
international journals were included in this analysis. If
there were duplicate studies, the most complete and
latest study was included in this meta-analysis.

Definitions

Successful biliary drainage was defined as a reduction
in serum total bilirubin > 50 % at 2 wk and to a
value below 3.0 mg/dL at 4 wk follow up. Technical
success was defined as successfully placed stent in the
appropriate location, confirmed radiographically and/
or endoscopically. Stent patency is defined as time
interval between biliary stent insertion and the need
for an un-anticipated re-interventions.

Data collection and extraction

The study design was written in accordance to
PRISMA (Preferred Reporting Items for Systematic
[31]
Reviews and Meta-Analyses) statement . Articles
were systematically searched in Medline, PubMed,
Ovid journals, EMABSE, Cumulative Index for Nursing
and Allied Health Literature, ACP journal club, DARE,
International Pharmaceutical Abstracts, old Medline,
Medline nonindexed citations, OVID Healthstar,
and Cochrane Central Register of Controlled Trials
(CENTRAL). The search was performed for the years
1966 to May 2016. Abstracts were manually searched
in the major gastroenterology journals for the past 3
years. Study authors for the abstracts included in this
analysis were contacted when the required data for
the outcome measures could not be determined from
the publications. The MeSH search headings used were
“photodynamic therapy”, “PDT”, “cholangiocarcinoma”,
“hilar malignancy”, “percutaneous trans-hepatic biliary
drainage”, “malignant biliary obstruction”, “biliary
drainage”, “endoscopic biliary drainage”. The reference
lists of the included studies were manually searched for
any relevant publications. Two authors (HM and VM)
independently searched and extracted the data into
an abstraction form. Any differences were resolved by
mutual agreement. If the disagreement persisted, the
final decision was made by a third author (AD) after
reviewing the relevant information. The agreement
between reviewers for the collected data was quantified
[32]
using the Cohen’s κ . Data was extracted from the

WJG|www.wjgnet.com

Quality of studies

Clinical trials designed with a control and treatment
arms can be assessed for quality of the study. A
number of criteria have been used to assess this
quality of a study (e.g., randomization, selection bias
of the arms in the study, concealment of allocation,
and blinding of outcome). Jadad score was used to
evaluate the quality of randomized studies. Cochrane
Collaborations and the Quality of Reporting of Metaanalysis guidelines were followed to assess the quality
[33,34]
of studies
. Quality of retrospective studies were
[35]
assessed using Newcastle-Ottawa Scale .

Statistical analysis

This meta-analysis was performed by calculating pooled
proportions. First the individual study proportion of
survival (in days), adverse events, Karnofsky scores
etc., were transformed into a quantity using FreemanTukey variant of the arcsine square root transformed
proportion. The pooled proportion is calculated as
the back-transform of the weighted mean of the
transformed proportions, using inverse arcsine variance
weights for the fixed effects model and DerSimonian[36,37]
Laird weights for the random effects model
.
Random effects model was used if the heterogeneity
was significant, and fixed effects model was used if
heterogeneity was non-significant. Forest plots were
drawn to show the point estimates in each study in
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Table 1 Characteristics of included studies
Study

Type

n

PDT, n

BS, n

M/F

Age

Cancer type

PDT agent

PDT route

Stenting route

Stent type

PDT
sessions per
patient

Non resectable
CCA
Non resectable
CCA

Photofrin 2
mg/kg
Photofrin 2
mg/kg

Endoscopic

EBD or PTBD Double stenting
EBD or PTBD

Plastic

2
NA

Non resectable
CCA
Non resectable
CCA
Non resectable
CCA
Non resectable
CCA
Non resectable
CCA
Non resectable
CCA
Non resectable
CCA
Non resectable
CCA

Photogem

Endoscopic

Photofrin 2
mg/kg
Photofrin 2
mg/kg
Photosan-3

Endoscopic

PTBD in PDT,
EBD in other
EBD or PTBD

Plastic
followed by
metal 4 wk
later
Plastic

3

Percutaneous

PTBD

Plastic or
Metal
Plastic

Endoscopic or
percutaneous
Endoscopic

EBD or PTBD

Plastic

2

EBD or PTBD

Plastic

2

Endoscopic or
percutaneous
Endoscopic or
percutaneous
Endoscopic

PTBD

Plastic

1

EBD or PTBD

Metal

1

EBD or PTBD

Plastic

1

Ortner et al[43], RCT
2003
Dumoulin
P
et al[44], 2003

39

20

19

NA

66

44

24

20

19/25

77

Cheon et al[45],
R
2004
Wiedmann
P
et al[46], 2004
Shim et al[47],
P
2005
Zoepf et al[48], RCT
2005
Witzigmann
P
et al[49], 2006
Prasad et al[50], R
2007
Lee et al[51],
R
2012
Wagner
P
et al[52], 2013

47

27

20

38/9

63

23

23

NA

15/8

68

24

24

NA

NA

58

32

16

16

20/12

68

124

68

56

59/65

69

25

25

NA

20/5

64

33

18

15

24/9

66

11

11

NA

8/3

76

Photofrin 2
mg/kg
Photofrin 2
mg/kg
Photofrin 2
mg/kg
Temoporfin

Endoscopic

2

2

PDT: Photodynamic therapy; BS: Biliary stenting group; EBD: Endoscopic biliary drainage; PTBD: Percutaneous transhepatic biliary drainage; CCA:
Cholangiocarcinoma; RCT: Randomized controlled trial; P: Prospective study; R: Retrospective study; NA: Not available.

Initial search gave 162
potential articles

89 articles did not look
at PDT in non-resectable
cholangiocarcinoma

Refining search gave 73
relevant articles

10 studies met the
inclusion criteria

10 studies were included in
qualitative and quantitative
synthesis

meta-analysis. Subgroup analysis was performed on
only prospective studies.

RESULTS
Study selection

51 did not meet inclusion
criteria
19 studies did not have data
for extraction
3 studies were abstracts
without full manuscript

Initial search identified 162 reference articles, in which
73 articles were selected and reviewed. Data was
[43-52]
extracted from 10 studies
(n = 402) which met
the inclusion criterion. All the studies are published as
full text articles. Figure 1 shows the flow diagram of
search results. Among the 10 studies included in this
[43,48]
[45,50,51]
analysis, only two were RCTs
. Three studies
out of the 10 studies were retrospective studies and
[44,46,47,49,52]
the rest were prospective studies
. Subgroup
analysis was performed on all prospective trials.
The total number of patients included in this metaanalysis is 402, with a predominantly male population
(65%). Median age of the patients was 68 years. Table
1 shows the baseline characteristics of the studies.
2
The P for χ heterogeneity for all the pooled accuracy
estimates was > 0.10. The agreement between
reviewers for the collected data gave a Cohen's κ value
of 1.0.
Studies evaluating survival of patients followed
up with the patients till death. Studies describing the
adverse events and quality of life had a median follow
up period of three months. All except three studies
[45]
used Photofrin 2 mg/kg as the PDT agent. Photogem ,
[48]
[52]
Photosan-3 , and Temoporfin
were the three other
PDT agents used. PDT was administered via endoscopic

Figure 1 Study selection. PDT: Photodynamic therapy.

relation to the summary pooled estimate. The width
of the point estimates in the Forest plots indicates the
assigned weight to that study. The heterogeneity among
2
studies was tested using I statistic and Cochran’s
[38]
2
Q test based upon inverse variance weights . I of
0%-39% was considered as non-significant hetero
geneity, 40%-75% as moderate heterogeneity, and
76%-100% as considerable heterogeneity. If P value
is > 0.10, it rejects the null hypothesis that the studies
are heterogeneous. The effect of publication and
selection bias on the summary estimates was tested
[39]
by both Harbord-Egger bias indicator
and Begg bias
[40]
indicator . Also, funnel plots were constructed to
[41,42]
evaluate potential publication bias
. Microsoft Excel
2013 software was used to perform statistics for this
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Figure 2 Forest plot - individual study proportions and the pooled estimate of survival period in photodynamic therapy group.

to calculate survival period. In the pooled patient
population, the survival periods in PDT group (patient
received PDT along with biliary stenting) and biliary
stenting only group (BS group) were 413.04 d (95%CI:
349.54-476.54) and 183.41 days (95%CI: 136.81
to 230.02) respectively. I² (inconsistency) = 85.1%
(95%CI: 73.5%-90.2%). Egger: bias = 5.09 (95%CI:
2.12-8.07), P = 0.0043. Figures 2 and 3 are forest
plot and funnel plot representing the survival in PDT
[43,46-49,52]
group. Six out of ten studies
included data
regarding Karnofsky performance scores. The change
in Karnofsky performance scores after intervention in
PDT and BS groups were +6.99 (95%CI: 4.15-9.82)
and -3.93 (95%CI: -8.63-0.77) respectively. I²
(inconsistency) = 97.6% (95%CI: 96.7%-98.1%).
Egger: bias = 7.66 (95%CI: -0.22-15.53) P = 0.054.
Figure 4 is a forest plot representing the change in
Karnofsky scores in PDT group.

Bias assessment plot
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Figure 3 Funnel plot: Survival in photodynamic therapy group.
[43-46,49,52]

route in six studies
, percutaneous route in
[47]
one study , and endoscopic or percutaneous route in
[48,50,51]
three studies
. Biliary stenting was performed by
endoscopic route (EBD) or percutaneous tranhepatic
[43-46,48,49,51,52]
route (PTBD) in eight studies
. Two studies
[47,50]
exclusively used PTBD for biliary drainage
. Seven
studies used plastic biliary stents, one study used
[43,45,47-50,52]
only metal stents
, one study used metal
[46]
and plastic stents , and one study used plastic stent
[44]
followed by metal stent . Median number of PDT
sessions per patient was two.

Biliary drainage outcomes with photodynamic therapy
[43,49,51]

Three studies
had data that compared successful
biliary drainage in PDT group vs BS group. Pooled odds
ratio for successful biliary drainage in PDT group vs BS
group was 4.39 (95%CI: 2.35-8.19). I² (inconsistency)
= 28.8% (95%CI: 0%-79.9%). Horbold-Egger: bias =
-1.19 (92.5%CI: -20.32-17.94) P = 0.69. Figure 5 is a
forest plot of odds ratio for successful biliary drainage.
Figure 6 is an L’Abbe plot for the same variable. Bilirubin
levels were assessed in all ten studies that evaluated
photodynamic therapy. In the pooled study population,
pre-treatment bilirubin levels (mg/dL) in PDT and
BS group were 6.36 (95%CI: 5.86-6.87) and 7.83

Survival benefit and Quality of life with photodynamic
therapy

Data was available in all the ten included studies,
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Figure 4 Forest plot - individual study proportions and the pooled estimate of change in Karnofsky performance scores in photodynamic therapy group.
Odds ratio meta-analysis plot (fixed effects)
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Figure 5 Forest plot - individual study proportions and the pooled estimate of odds ratio - successful biliary drainage in photodynamic therapy group vs
biliary stenting group.
[45]

(95%CI: 7.08-8.58) respectively. After the intervention
(at median follow up period of 3months), the bilirubin
levels decreased by 4.23 (95%CI: 3.86-4.60) and 2.45
(95%CI: 2.08-2.81) in PDT and BS group respectively.
I² (inconsistency) = 97.1% (95%CI: 96.4%-97.7%).
Egger: bias = 11.38 (95%CI: 5.28-17.48), P = 0.0026.

nine studies. One out of ten studies
did not have
information on photosensitivity reactions. In the pooled
proportion of patients in PDT group, 10.51% (95%CI:
6.94-14.72) had photosensitivity reactions that were
self-limiting. I² (inconsistency) = 61.2% (95%CI:
0%-79.5%). Egger: bias = 2.81 (95%CI: 0.38-5.23)
P = 0.02. Figure 9 is a forest plot for photosensitivity
reactions in PDT group. Due to paucity of data from
the individual studies, we were unable to derive
at meaningful outcomes regarding overall adverse
outcomes and other individual adverse events.

Adverse events with PDT

Pooled odds ratio for post-intervention cholangitis
episodes in PDT group vs BS group was 0.57 (95%CI:
0.35-0.94). I² (inconsistency) = 48.3% (95%CI:
0%-73.4%). Egger: bias = -0.70 (95%CI: -2.44-1.03),
P = 0.38. Figure 7 is a forest plot of odds ratio for
cholangitis in PDT group vs BS group. Figure 8 is the
funnel plot for the same variable. Data regarding
photosensitivity secondary to PDT was available in
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Subgroup analysis of prospective studies
[43,44,46-49,52]

Seven studies
with 297 patients that met
the inclusion criteria were included in this analysis.
Median age of the patients was 68years, with 50%
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cholangiocarcinoma has a median survival time of 3
[53]
mo without intervention
and 4-10 mo with biliary
[3,6,7,19,21,22,53,54]
drainage
. The current systematic review
and meta-analysis shows that PDT combined with
biliary stenting improves the success of biliary drainage
and improves the survival and quality of life in patients
with nonresectable cholangiocarcinoma. For treatment
of non resectable cholangiocarcinoma, photosensitizers
with the ability to penetrate deep tissue are better
compared to those with superficial effect. Chlorine
derivatives and hematoporphyrin derivatives usually
have a deep tissue penetration.
[43]
In the first RCT by Ortner et al , median survival
time after PDT was 493 d compared to 98 d in patients
receiving biliary stent alone. Another RCT by Zoepf et
[48]
al
showed similar survival benefit in the PDT group
630 days compared to 210 d in the stent only group.
Quality of life (Karnofsky index) significantly improved
[43]
in the study by Ortner et al
but not in the study by
[48]
Zoepf et al
due to the higher performance status of
enrolled patients at study entry.
[51]
Lee et al
stated that the duration of metal stent
patency was significantly longer after one session of
PDT than in the stent-only group. Longer patency of
metal stent by PDT translated to better quality of life
by decreasing the number of procedures like stent
[49]
revision or percutaneous drainage. Witzigmann et al
compared outcomes after palliative PDT and resection
therapy. Their study showed that palliative PDT was
inferior to complete curative (R0) resection. However,
patients with palliative PDT showed similar survival
time to that of patients with incomplete resection (R1/
[50]
R2). Prasad et al
looked at factors associated with
increased survival after PDT and found that presence
of visible mass on imaging, low serum albumin and
prolonged time period between diagnosis and treatment
with PDT to be the predicting factors for early mortality.
In non-resectable cholangiocarcinoma patients, the
option of liver transplant (with eventual neo-adjuvant
therapy) should be considered on a individualized basis,
since this option has been studied even in patients with
initially non resectable cholangiocarcinoma.
PDT was relatively well tolerated with minimal
side effects in most studies. Cholangitis was the most
common side effect followed by phototoxicity. All
patients who had PDT also had biliary stenting. Hence
cholangitis, could be a potential complication of biliary
stenting as well. It is difficult to ascertain if cholangitis
is a complication of PDT alone.
Strengths of this meta-analysis include the high
quality methodology of statistical analysis, high quality
methodology used in individual studies. This is an
updated meta-analysis to pool the evidence for the
utility of PDT plus biliary stenting in palliation of non
[55]
resectable cholangiocarcinoma. Lu et al
was the
previous meta-analysis on the topic, however several
new studies were published after the first meta-

L'Abbe plot (symbol size represents sample size)
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Figure 6 L’Abbe plot for odds ratio - successful biliary drainage in
photodynamic therapy group vs biliary stenting group.
2

females. The P for χ heterogeneity for all the pooled
accuracy estimates was > 0.10. Pooled odds ratio for
successful biliary drainage in PDT group vs BS group
was 5.33 (95%CI: 2.71-10.50). In the pooled study
population, pre-treatment bilirubin levels (mg/dL) in
PDT and BS group were 5.92 (95%CI: 5.35-6.50)
and 7.18 (95%CI: 6.38-7.99) respectively. After the
intervention (at median follow up period of 3months),
the bilirubin levels decreased by 4.35 (95%CI:
3.90-4.81) and 2.08 (95%CI: 1.70-2.45) in PDT and BS
group respectively. I² (inconsistency) = 97.6% (95%CI:
96.8%-98.1%). In the pooled patient population,
the survival period in PDT group and BS group were
420.29 (95%CI: 338.69-501.89) and 153.43 (95%CI:
109.09-197.77) respectively. I² (inconsistency) = 87%
(95%CI: 74.2%-91.9%). The change in Karnofsky
performance scores after intervention in PDT and BS
groups were +7.08 (95%CI: 4.23-9.93) and -2.39
(95%CI: -2.89 to-1.89) respectively. I² (inconsistency)
= 97.6% (95%CI: 96.7%-98.1%). Pooled odds ratio
for cholangitis to be 0.78 (95%CI: 0.45-1.35) in PDT
vs BS group. I² (inconsistency) = 45.2% (95%CI:
0%-75.3%). Photosensitivity was present in 11.59%
(95%CI: 7.47-16.47) of this PDT subgroup. I²
(inconsistency) = 69% (95%CI: 5.9%-84.1%).

DISCUSSION
Cholangiocarcinoma is a rare cancer with poor
prognosis. About 80% of cholangiocarcinoma
present at an advanced stage and are nonresectable.
Chemotherapy and radiotherapy, alone do not
add any benefit to patient survival and quality of
life. Effective palliation by biliary decompression
to alleviate symptoms of cholestasis and prevent
sepsis is the fundamental goal for most patients with
nonresectable cholangiocarcinoma. PDT is a promising
and evolving therapy in the management of patients
with nonresectable cholangiocarcinoma. Nonresectable
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Figure 7 Forest plot - individual study proportions and the pooled estimate of odds ratio - cholangitis in photodynamic therapy group vs biliary stenting
group.

performed a sub-group analysis on prospective studies
only.
Studies with statistically significant positive results
tend to be published and cited. Additionally, smaller
studies may show larger treatment effects compared
to larger studies. This publication and selection bias
may affect the summary estimates. The bias can
be estimated using Egger bias indicators and the
construction of funnel plots, whose shape can be
affected by bias. In the present meta-analysis and
[39]
systematic review, bias calculations both Egger
and
[40]
Begg et al
bias indicators showed no statistically
significant bias. Furthermore, funnel plots were used
to evaluate for publication bias among the studies
included in the present analysis.
Granted there is availability of operator expertise
and infrastructure availability, we believe that PDT
along with biliary stenting is an excellent palliative
option for non-resectable cholangiocarcinoma. Based
on systematic review of literature, it is evident that in
patients with resectable cholangiocarcinoma, surgery
would still be the best option. The utility of PDT in this
patient population (resectable cholangiocarcinoma)
has not shown any additional benefit compared to
surgery.
Overall, PDT combined with biliary stenting im
proves the success of biliary drainage and has a signi
ficant benefit in improving the survival period and
quality of life. PDT is beneficial, minimally invasive, and
well tolerated with a favorable side effect profile. We
conclude that PDT with biliary stenting could be offered
to all patients with nonresectable cholangiocarcinoma
as a palliative option.

Bias assessment plot
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Figure 8 Funnel plot - odds ratio for cholangitis in photodynamic therapy
group vs biliary stenting group.

analysis, that necessitated this updated analysis.
Combining chemotherapy with PDT has shown survival
benefit compared to PDT alone, in patients with hilar
[56]
non resectable cholangiocarcinoma .
Limitations of this study are: most of the data
is synthesized from studies with relatively small
sample sizes. Studies differed in the method of PDT
(Percutaneous or endoscopic), and the number of
sessions of PDT which might have influenced the
outcomes. Different types of stents (plastic vs metal)
were used and route of stenting varied (endoscopic
vs percutaneous transhepatic approach) among the
studies, which could have all affected the outcomes.
Retrospective studies were included in this metaanalysis. In order to mitigate this issue, we have
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Figure 9 Forest plot - individual study proportions and the pooled estimate of photosensitivity reactions in photodynamic therapy group.
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Esophagogastric junction distensibility assessed using the
functional lumen imaging probe
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Abstract

Joan W Chen, Joel H Rubenstein, Department of Gastro
enterology and Hepatology, University of Michigan Health
Systems, Ann Arbor, MI 48109, United States

AIM
To assess reference values in the literature for eso
phageal distensibility and cross-sectional area in healthy
and diseased subjects measured by the functional
lumen imaging probe (FLIP).
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METHODS
Systematic search and review of articles in Medline and
Embase pertaining to the use of FLIP in the esophagus
was conducted in accordance with the PRISMA
guidelines. Cross-sectional area and distensibility at
the esophagogastric junction (EGJ) were abstracted
for normal subjects, achalasia, and gastroesophageal
reflux disease (GERD) patients, stratified by balloon
length and volume of inflation.
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RESULTS
Six achalasia studies (n = 154), 3 GERD (n = 52), and
5 studies including healthy controls (n = 98) were
included in the systematic review. Normative data
varied widely amongst studies of healthy volunteers.
In contrast, studies in achalasia patients uniformly
demonstrated low point estimates in distensibility ≤ 1.6
2
mm /mmHg prior to treatment that increased to ≥ 3.4
2
mm /mmHg following treatment at 40mL bag volume.
In GERD patients, distensibility fell to the range of
2
untreated achalasia (≤ 2.85 mm /mmHg) following
fundoplication.
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CONCLUSION
FLIP may be a useful tool in assessment of treat
ment efficacy in achalasia. The drastic drop in EGJ
distensibility after fundoplication suggests that FLIP
measurements need to be interpreted in the context of
esophageal body motility and highlights the importance
of pre-operative screening for dysmotility. Future
studies using standardized FLIP protocol and balloon
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pressures. They found that distensibility of the EGJ
was significantly increased in GERD patients with hiatal
hernia, likely contributing to GERD pathophysiology.
[3]
In 2004, McMahon et al were among the first to
use impedance planimetry for measurement of EGJ
competence. The investigators used a catheter with
multiple electrodes and a bag mounted at the distal
end that was placed at the level of the EGJ to generate
cross-sectional area (CSA) and pressure data. The
data was used to calculate wall tension and EGJ
distensibility. Their work demonstrated the feasibility of
impedance planimetry in assessing EGJ distensibility.
The concept of functional luminal imaging probe (FLIP),
involving identifying the narrowest region during
distension plotted against bag pressure to provide a
graph of compliance, was created.
In the recent years, a new imaging device,
EndoFLIP (endolumenal functional lumen imaging
probe, Crospon Ltd, Galway, Ireland), has become
commercially available. The device consists of a
long catheter with several electrodes and a bag
mounted distally. Excitation current is generated
between adjacent electrodes through a standardized
concentration of saline injected into the bag; using
impedance planimetry, CSA data are determined at
the level of each pair of electrodes along the catheter.
In addition, two sensors in the bag measure the
intrabag pressure. The CSA-pressure data allows
2
for calculation of distensibility (mm /mmHg). This
device has facilitated assessment of esophageal wall
and EGJ distensibility, including studies in healthy
volunteers and in patients with GERD, eosinophilic
esophagitis, and achalasia. FLIP has also been
used intraoperatively for measurements of EGJ dis
tensibility before and after fundoplication for GERD
or myotomy for achalasia. However, a major limiting
factor for widespread clinical use of FLIP is the lack
of a standardized protocol and reference values.
A systematic review on this topic has never been
performed previously. The aim of our study was to
systematically assess reference values in the literature
for esophageal distensibility and CSA in healthy and
diseased subjects as measured by FLIP.

size are needed.
Key words: Impedance planimetry; Gastroesophageal
reflux disease; Esophageal distensibility; Achalasia
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Functional lumen imaging probe (FLIP) uses
impedance planimetry to calculate the distensibility of
a hollow organ. In this systematic review, we aimed
to assess FLIP reference values for gastroesophageal
junction distensibility in healthy and diseased states.
We found available normative data to vary widely.
In achalasia, patients uniformly demonstrated low
distensibility that improved after treatment, highlighting
the role of FLIP in assessment of achalasia treatment
efficacy. In gastroesophageal reflux disease, dis
tensibility fell to the range of untreated achalasia
following fundoplication, emphasizing the importance
of pre-operative screening for esophageal body
dysmotililty. Future studies using a standardized FLIP
protocol and balloon size are needed.
Chen JW, Rubenstein JH. Esophagogastric junction distensibility
assessed using the functional lumen imaging probe. World J
Gastroenterol 2017; 23(7): 1289-1297 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i7/1289.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i7.1289

INTRODUCTION
The role of the esophagus is to transport ingested
material from the mouth into the stomach via
complex neuromuscular activities during peristalsis.
Esophageal manometry, considered the gold standard
tool used to characterize esophageal motor activity,
measures pressures in the form of radial squeeze
amplitude at defined intervals within the esophageal
body and at the lower esophageal sphincter. The
technique lacks the ability to measure esophageal wall
stiffness and luminal narrowing, which are important
properties affecting bolus transit. At the level of the
esophagogastric junction (EGJ), where flow is directly
related to its ability to open in response to pressure,
the biomechanical properties of the esophagus in
terms of pressure-geometric data cannot be fully
assessed using esophageal manometry.
[1]
Over 40 years ago, Harris et al introduced the
concept of measuring sphincter competence by
evaluating resistance to distention rather than focusing
on squeeze or tonic contraction. In 2002, Pandolfino et
[2]
al measured EGJ distensibility in GERD patients with
hiatal hernia using a combined barostatic/fluoroscopy
technique that allowed for measurement of intraluminal
diameter at predetermined intraluminal distension

WJG|www.wjgnet.com

MATERIALS AND METHODS
We performed a systematic literature search in PubMed
(National Library of Medicine) and EMBASE, including
all studies published through December of 2014 that
used EndoFLIP impedance planimetry to measure
esophageal body or EGJ distensibility or compliance.
The search terms used were (Esophagus or GERD or
gastroesophageal reflux or achalasia or eosinophilic
esophagitis or myotomy or dilation or hiatal hernia or
fundoplication) and (FLIP or endoflip or impedance
planimetry), and also using the alternative spelling
“oesophagus”.
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and count, subject age/sex, parameters used to
describe distension and diameter, the bag volume
at which measurements were taken, location where
measurements were taken, length of the FLIP balloon,
and any interventions done between measurements
taken. Quantitative FLIP data in terms of distension
and luminal area/diameter data were recorded in the
database.

Records identified
through database
search (n = 247)
Duplicate and
abstract-only
articles excluded
(n = 170)
Full-text records
screened after
duplicates
removed
(n = 77)

Study quality criteria

The quality of each included study was assessed based
on the Newcastle-Ottawa Scale. This scale measures
the quality of studies on a scale of 0-9 via the
assessment of three main domains: selection of study
groups, comparability of groups, and comparability of
groups and ascertainment of exposure. Study quality
was assessed independently by both investigators and
discrepancies were resolved by consensus. Studies
with NOS score of 6 or above indicate good quality
studies.

Full-text articles
excluded (n = 58)

Studies included
in analysis
(n = 19)

Figure 1 Flow chart of records identified through literature search
and those excluded and included for analysis. Initial literature search
identified 247 citations. After elimination of duplicate citations and abstractonly articles, 77 articles remained. The full-text articles of these 77 citations
were reviewed and 19 studies met eligibility requirements for inclusion.

Statistical analysis

Included studies were separated into subject type healthy, GERD, achalasia, and eosinophilic esophagitis
(EoE) subjects. Due to the variability of study protocol
in terms of balloon length and volume distension at
the time of distensibility measurement, which can
affect measurement values, we focused our report on
the most commonly used balloon sizes and distension
volumes in our analysis: EndoFLIP balloon sizes
between 7 cm and 10 cm, and volume distension of
30 mL and 40 mL. Given the insufficient number of
studies reporting data as mean ± SD, meta-analysis
was not possible.

Study selection and data extraction

The studies met inclusion criteria if the following were
satisfied: (1) EndoFLIP device was used; (2) EGJ or
esophageal body was included in the measurement;
and (3) values for distensibility/compliance, diameter,
or cross-sectional area were provided. Studies invol
ving healthy controls, GERD (pre- and post-antireflux
procedures), hiatal hernia, eosinophilic esophagitis,
and achalasia (pre-and post-myotomy, pneumatic
dilation, or Botox) patients were included in our review.
Excluded studies were those written in a language other
than English, FLIP studies performed in the pediatric
population or animal studies, or those done on the
anorectum, small intestine, or upper esophageal
sphincter. Scientific abstracts were excluded due to
the lack of detailed EndoFLIP equipment and protocol
information.
Study references and citations were collected in
EndNote software application (Thomson Reuters, NY,
United States) with duplicate publications deleted. Two
investigators (Chen JW and Rubenstein JH) reviewed all
titles and abstracts independently to assess eligibility.
A data collection form was generated in Microsoft Excel
(Microsoft, Redmond, WA, United States). For abstracts
that appeared eligible on first review, both investigators
independently abstracted data from the full articles.
After all the data were abstracted, both investigators
then compared and confirmed by consensus to account
for entry error. Any discrepancies between the reviewers
were resolved by joint re-review of the studies.
The database included the primary and secondary
aims of the studies, study design, subject types

WJG|www.wjgnet.com

RESULTS
Our initial literature search identified a combined
247 citations in PubMed and Embase (Figure 1).
After elimination of duplicate citations and abstractonly articles, 77 articles remained. The full-text
articles of these 77 citations were reviewed and 19
studies met eligibility requirements for inclusion
(Table 1). Of the 19 included studies, 8 studies were
in patients with achalasia, 5 in GERD patients, 3 in
eosinophilic esophagitis patients, and 11 included FLIP
measurements in healthy controls. After restricting
the data to balloon length (7-10 cm) and 30-40 mL
volume distension, remaining were 5 studies including
[4-8]
healthy volunteers (n = 98) , 6 including achalasia
[8-13]
patients (n = 154)
, and 3 included GERD patients
[6,14,15]
(n = 52)
. Due to the nature of EndoFLIP as a
diagnostic tool currently, studies included were nonrandomized observational/cross-sectional studies. The
Newcastle-Ottawa Scale (NOS) score for each study
is included in Table 1. All included studies had NOS
sore between 6 and 8. Four studies including healthy
volunteers, two including achalasia patients, and two
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Table 1 Summary of all eligible studies
Ref.

Quality Score

n (preintervention)

n (post-intervention)

Bag length
(cm)

Bag volume(s) (mL)

7
6
7
7
7
8
6
6
5

9
10
4
15
50
15
20
10
8

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

8
16
8
14
8
10
7
12
10

20, 40, 50
30, 40, 50, 60
30, 40
50
30
20, 30, 40
10, 20, 30, 40
30, 40, 50, 60
60

8
7
8
8
8
8
7
7

56
23
31
25
10
23
4
30

LHM (20), POEM (36)
POEM (21)
LHM (12), POEM (19)
LHM (11), POEM (14)
POEM (8)
treated (31)
POEM (4)
Treated (30)

8
8
8
8
14
10
8
14

40
30
30, 40
30, 40, 50
20, 30, 40, 50
20, 30, 40
30, 40
50

7
8
6
6
5

15
17
20
10
7

TIF (15)
Nissen (17)
N/A
Fundoplicstoin (10)
RFA (7)

8
8
7
12
10

30
30, 40
10, 20, 30, 40
30, 40, 50, 60
60

Healthy
Fukazawa et al[4], 2014
Lin et al[18], 2013
Rieder et al[8], 2013
Rohof et al[19], 2012
Nathanson et al[7], 2012
Kwiatek et al[5], 2011
Kwiatek et al[6], 2010
Kwiatek et al[17], 2010
Beaumont et al[16], 2009
Achalasia
Teitelbaum et al[13], 2014
Familiari et al[9], 2014
Teitelbaum et al[12], 2014
Teitelbaum et al[11], 2013
Verlaan et al[20], 2013
Pandolfino et al[10], 2013
Rieder et al[8], 2013
Rohof et al[19], 2012
GERD
Rinsma et al[15], 2014
Ilczyszyn et al[14], 2014
Kwiatek et al[6], 2010
Kwiatek et al[17], 2010
Beaumont et al[16], 2009

including GERD patients were excluded due to use of
[16-20]
uncommon balloon length and distension volume
.
FLIP studies including EoE subjects were also excluded
as these 3 studies measured FLIP parameters in the
esophageal body; in addition, it was unclear if FLIP
measurements were taken in the distal, proximal
esophagus, or both.

patients; three of these included FLIP values measured
at 30 mL volume using balloon size 7-10 cm (n =
52). Studies originated from the Netherlands, the
United Kingdom, and the United States. Two of the
three studies defined GERD patients using clinical
symptoms as well as objective studies (endoscopy
[14,15]
and/or pH studies)
and one study defined GERD
[6]
based on clinical symptoms alone . One study
assessed EGJ distensibility before and after Transoral
Incisionless Fundoplication (TIF) and one study
assessed EGJ properties during Nissen fundoplication.
Mean and Median values, standard deviation, and
ranges of distensibility and CSA in GERD subjects
are summarized in Table 3. Baseline/pretreatment
distensibility and CSA did not appear to vary greatly
compared to healthy volunteers; however, following
either TIF or Nissen fundoplication, there is a reduction
in distensibility. Prior to treatment, the point estimate
2
for distensibility ranged from 2.4 to 8 mm /mmHg at
2
30-40 mL bag volume. This dropped to 0.97-1.6 mm /
mmHg after fundoplication (Figure 2B).

Healthy subjects

Table 2 summarizes results from studies that reported
FLIP values in healthy subjects. A total of 98 healthy
subjects were included in 5 studies originating from
Japan, Australia, and the United States. Healthy
volunteers were recruited in each individual study for
the purpose of (1) assessing the effects of mosapride
[4]
on EGJ compliance ; (2) comparing EGJ distensibility
with achalasia patients undergoing Per-oral Endoscopic
[8]
Myotomy (POEM) ; (3) comparing EGJ distensibility
[5]
with EoE patients ; (4) exploring EGJ distensibility
[7]
during general anesthesia ; and (5) comparing EGJ
[6]
distensibility with GERD patients . Mean and median
values for distensibility and CSA according to endoFLIP
bag volume varied amongst studies, and these were
included in Table 2. Median distensibility ranged from
2
2
0.8 mm /mmHg to 5.7 mm /mmHg at 30 and 40 mL
balloon volumes. The wide variability in distensibility in
healthy subjects is demonstrated in Figure 2A. At 40 mL
volume using a 7-10 cm length balloon, the lower limit
2
of distensibility in healthy subjects was 2.4 mm /mmHg.

Achalasia subjects

EndoFLIP balloon size 7-10 cm at 30-40 mL was
used in 6 of 8 studies (n = 154) to assess treatment
[8-13,19,20]
response in achalasia patients
. Treatment
for achalasia included laparoscopic Heller myotomy
(LHM), POEM, and unspecified (including LHM, POEM,
and pneumatic dilation). Distensibility and CSA before
and after treatment are listed in Table 4. At 30 mL
volume distension, the point estimates for distensibility
2
in achalasia pre-treatment (0.8-2.2 mm /mmHg)

GERD subjects

Five studies included FLIP measurements in GERD
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Table 2 Healthy subjects
1

Healthy
20 mL bag volume
Kwiatek et al[17], 2010
Fukazawa et al[4], 2014
Kwiatek et al[5], 2011
30 mL bag volume
Kwiatek et al[17], 2010
Reider et al[8], 2013
Nathanson et al[7], 2012
Kwiatek et al[5], 2011
Kwiatek et al[17], 2010
Lin et al[18], 2013
40 mL bag volume
Kwiatek et al[17], 2010
Fukazawa et al[4], 2014
Rieder et al[8], 2013
Kwiatek et al[6], 2010
Lin et al[18], 2013
50 mL bag volume
Fukazawa et al[4], 2014
Kwiatek et al[17], 2010
Rohof et al[19], 2012
Lin et al[18], 2013
60 mL bag volume
Beaumont et al[16], 2009
Kwiatek et al[17], 2010
Lin et al[18], 2013

2

1

2

Distensibility (mm /mmHg)

CSA (mm )

Median 2 (5%-95% 1-9)
2.9 ± 0.6
Median 0.9 (5%-95% 0.3-1.4)

Median 38 (5%-95% 13-94)
25.2 ± 2.5
Median 15 (5%-95% 9-23)

Median 4 (5%-95% 1-14)
Median 2.5 (range 2.0-6.3)
Median 1.4
Median 0.8 (5%-95% 0.4-2.8)
N/A
Median 3.2 (5%-95% 1-11.6)

Median 94 (5%-95% 27-225)
Median 64 (range 44-91)
Median 31
Median 22 (5%-95% 9-62)
Median 502 (5%-95% 50-68)
N/A

N/A
7.1 ± 0.9
Median 2.7 (range 2.4-8.3)
N/A
Median 5.7 (5%-95% 1.4-15.8)

Median 264 (5-95% 99-496)
163 ± 5.9
Median 122 (range 73-171)
Median 502 (5%-95% 50-50)
N/A

8.2 ± 0.8
N/A
6.3 ± 0.7
Median 5.9 (5-95% 1.6-9.3)

259.6 ± 12
Median 502 (5%-95% 50-52)
N/A
N/A

3.7 ± 0.93
N/A
Median 6.3 (5%-95% 2.1-9.5)

N/A
Median 93 (5%-95% 50-182)
N/A

1

Values given in mean unless specified otherwise; 2The minimal detectable CSA was 50 mm2; 3Values indicate compliance (cm2/cmH2O).

Table 3 Gastroesophageal reflux disease subjects
Intervention (n )

Intra-Op
(Y/N)

Pre-treatment
1
Distensibility
2
(mm /mmHg)

Post-treatment
1
Distensibility
2
(mm /mmHg)

Pre-Treatment
1
2
CSA (mm )

Post-treatment
1
2
CSA (mm )

20 mL bag volume
Kwiatek et al[5], 2010

N/A

N

Median 7
(5%-95% 1-32)

N/A

Median 36
(5%-95% 13-201)

N/A

30 mL bag volume
Kwiatek et al[6], 2010

N/A

N

N/A

TIF (15)
Nissen (17)

Y
Y

Kwiatek et al[17], 2010

Fundoplication (10)

N

1.6 ± 0.2
Median 0.972
(IQR 0.715-1.72)
N/A

Median 116
(5%-95% 33-344)
40.6 ± 5.4
Median 75.1

N/A

Rinsma et al[15], 2014
Ilczyszyn et al[14], 2014

Median 8
(5%-95% 1-46)
2.4 ± 0.3
Median 4.23
(IQR 1.60-6.58)
N/A

N/A

N

N/A

N/A

Ilczyszyn et al[14], 2014

Nissen (17)

Y

Kwiatek et al[17], 2010

Fundoplication (10)

N

Median 3.75
(IQR 2.43-7.21)
N/A

Median 1.36
(IQR 0.537-2.85)
N/A

50 mL bag volume
Kwiatek et al[17], 2010

Fundoplication (10)

N

N/A

Radiofrequency
ablation
Fundoplication (10)

N
N

GERD

40 mL bag volume
Kwiatek et al[17], 2010

60 mL bag volume
Beaumont et al[16], 2009
Kwiatek et al[17], 2010

33.6 ± 4.1

N/A

Median 51
(5%-95% 50-60)

Median 180
(5%-95% 86-409)
Median 124.2

N/A
N/A

N/A

Median 51
(5%-95% 50-56)

N/A

N/A

Median 61
(5%-95% 52-88)

6.5 ± 0.92

7.3 ± 1.32

N/A

N/A

N/A

N/A

N/A

Median 159
(5%-95% 68-245)

1

Values given in mean unless specified otherwise; 2Values indicate compliance (cm2/cmH2O). GERD: Gastroesophageal reflux disease.
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A
10

th

volunteers). However, at 40 mL volume, there was
a clear difference in distensibility between achalasia
2
(point estimates ≤ 1.6 mm /mmHg) and healthy
volunteers (point estimates 2.7 to 7.1 in 3 studies) and
2
2
for CSA (≤ 41.5 mm for achalasia vs ≥ 122.3 mm
for healthy volunteers). Comparing to pre-treatment,
all but one small study (n = 4) demonstrated post2
treatment distensibility of 2.2 mm /mmHg or higher
2
(point estimate of ≥ 3.4 mm /mmHg), and CSA of 86
2
mm or higher regardless of the treatment modality.
Figure 2C illustrates the rise in EGJ distensibility postachalasia treatment at 40mL bag volume using balloon
length 7-10 cm.

th

Mean

SD or 5 -95 %

Median

Range

8

2

Distensibility (mm /mmHg)

12

6
4
2
0

30 mL

40 mL

50 mL

B

Mean
Median
th
th
SD or 5 -95 %,
or IQR

10

DISCUSSION
It has become increasing clear that a clinical tool
measuring distensibility (essentially resistance to
distension), rather than pressure, is useful in assessing
[21]
the function of EGJ . FLIP offers information on
distensibility in the esophagus and can potentially
provide information on sphincter dynamics during
distension to help distinguish between normal
sphincters, patients with reflux disease, and patients
[22]
with achalasia . This tool has recently become
commercially available and has been used to study
the biomechanics of esophageal body and sphincter in
healthy subjects and in patients with GERD, achalasia,
eosinophilic esophagitis, and others. One major factor
limiting its widespread use is the lack of reference
values for differentiation of normal and diseased
conditions. To date, there has not been a systematic
review on FLIP measurements in healthy and diseased
states. Our study aimed to summarize the currently
available FLIP data on healthy subjects and the patient
population.
We found that normative data varied widely
amongst studies of healthy volunteers. This is
potentially due to the variability in balloon sizes and
FLIP protocols used, as well as the variable definition
[23]
of normal subjects. Additionally, Tucker et al
have
demonstrated an inverse association between FLIP
measurements (CSA and distensibility) and Body Mass
Index (BMI). BMI information was not available and
therefore was not controlled in the studies included in
this review and may have contributed to the variability
of the normative data.
The available data suggests that use of an 8cm
balloon (marketed as the 325N catheter) at 40
mL volume is the ideal protocol for assessing EGJ
distensibility. In that protocol, healthy patients had
2
distensibility greater than 2.4 mm /mmHg, and
patients with untreated achalasia typically had
2
distensibility less than 3.0 mm /mmHg with a median
2
of 1.3 mm /mmHg. Following treatment for achalasia,
those patients typically had distensibility greater than
2
2
3.0 mm /mmHg with a median of 7.6 mm /mmHg.
This suggests that FLIP may be a useful tool in

8

2

Distensibility (mm /mmHg)

12

6
4
2
0

Pre-treatment

Post-fundoplication

C

Mean

th

SD (if mean) or 5 th
95 % (if median)

Median

10

Range

8

2

Distensibility (mm /mmHg)

12

6
4
2
0

Pre-treatment

Post-treatment

Figure 2 Healthy subjects. A: Mean values (open circles) with standard
deviations (vertical boxes around means) and median values (closed circles)
with 5th to 95th percentile (vertical boxes around medians), and ranges (vertical
lines) for distensibility (mm2/mmHg) at FLIP bag volume of 30, 40, and 50 mL
in healthy volunteers are shown in this plot; B: Mean values (open circles) with
standard deviations (vertical boxes around means) and median values (closed
circles) with 5th to 95th percentile (vertical boxes around medians), and ranges
(vertical lines) for distensibility (mm2/mmHg) in GERD subjects before and after
fundoplication are shown in this plot; C: Mean values (open circles) with standard
deviations (vertical boxes around means) and median values (closed circles)
with 5th to 95th percentile (vertical boxes around medians), and ranges (vertical
lines) for distensibility (mm2/mmHg) in achalasia patients pre- and post-treatment
using balloon length 7-10 cm at 40 mL bag volume are shown in this plot. The
increase in EGJ distensibility post-achalasia treatment is illustrated here.

overlapped with that in healthy volunteers (0.8-4.0
2
mm /mmHg), as did the point estimates for CSA
2
(22 and 32.9 mm for achalasia vs 22-94 for healthy
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Table 4 Achalasia subjects
Achalasia

20 mL bag volume
Pandolfino et al[10], 2013
Verlaan et al[20], 2013
30 mL bag volume
Familiari et al[9], 2014
Teitelbaum et al[11], 2014
Teitelbaum et al[12], 20133
Rieder et al[8], 2013
Pandolfino et al[10], 2013
Verlaan et al[20], 2013
40 mL bag volume
Rieder et al[8], 2013
Teitelbaum et al[11], 2014
Teitelbaum et al[12], 2014
Teitelbaum et al[13], 20133
Pandolfino et al[10], 2013
Verlaan et al[20], 2013
50 mL bag volume
Teitelbaum et al[11], 20133
Rohof et al[19], 2012
Verlaan et al[20], 2013

1

1

Intervention (n )

Pre-treatment
1
Distensibility
2
(mm /mmHg)

Post-treatment
1
Distensibility
2
(mm /mmHg)

Pre-treatment CSA
2
(mm )

Post-treatment CSA
2
(mm )

Untreated (23)
Treated2 (17)
10

Median 1.1
(5%-95% 0.9-1.6)
Median 1.4
(IQR 1.1-2.4)

Median 1.8
(5%-95% 1.2-2.2)
POEM: Median 3.0
(IQR 1.4-9.4)

N/A

N/A

N/A

N/A

POEM (21)
LHM (12)
POEM (19)
LHM (11)
POEM (14)
POEM (4)

N/A
LHM: 2.2 ± 1.7
POEM: 1.8 ± 1.4
LHM: 1.7 ± 1.5
POEM: 1.8 ± 1.1
Median 0.8
(range 0.7-1.0)
Median 1.0
(5%-95% 0.8-1.2)
Median 1.0
(IQR 0.8-1.5)

N/A
LHM: 6.9 ± 3.3
POEM: 9.3 ± 4.1
LHM: 6.7 ± 4.4
POEM: 8.2 ± 3.0
Median 3.1
(range 1.7-3.4)
Median 2.5
(5%-95% 1.3-3.4)
POEM: Median 2.9
(IQR 1.3-19.6)

32.9 ± 23.1
N/A

102.38 ± 28.2
N/A

N/A

N/A

Median 22
(range 20-32)
N/A

Median 71.5
(range 30-106)
N/A

N/A

N/A

Median 1.0
(range 0.5-1.4)
LHM: 1.6 ± 1.0
POEM: 1.3 ± 1.0
LHM: 1.5 ± 1.2
POEM: 1.3 ± 1.4
LHM: 1.4 ± 1.3
POEM: 1.4 ± 1.9
Median 0.7
(5%-95% 0.5-1.1)
Median 1.1
(IQR 0.55-2.0)

Median 2.4
(range 1.1-3.0)
LHM: 6.3 ± 3.4
POEM: 9.2 ± 3.9
LHM 6.6 ± 3.1
POEM 8.3 ± 3.4
LHM: 7.6 ± 4.4
POEM: 7.9 ± 2.7
Median 3.4
(5%-95% 2.2-4.9)
POEM: Median 4.0
(IQR 2.9-12.7)

Median 41.5
(range 20-49)
N/A

Median 86
(range 41-137)
N/A

N/A

N/A

LHM 33.5
POEM 38.8
N/A

LHM 163.6
POEM 163.3
N/A

N/A

N/A

LHM: 1.1 ± 0.9
POEM: 1.4 ± 2.1
0.7 ± 0.9
Median 1.0
(IQR 0.4-2.3)

LHM: 5.7 ± 3.1
POEM: 6 ± 1.5
4.4 ± 0.5
POEM: Median 6.7
(IQR 3.8-16.6)

N/A

N/A

N/A
N/A

N/A
N/A

Untreated (23)
Treated2 (17)
10

POEM (4)
LHM (12)
POEM (19)
LHM (20)
POEM (36)
LHM (11)
POEM (14)
Untreated (23)
Treated (17)
10

LHM (11)
POEM (14)
7 Treated (6 PD, 1 LHM)
10

1

Values given in mean unless specified otherwise; 2Treated included patients that underwent pneumatic dilation, Heller myotomy with partial
fundoplication, and POEM with good response; 3Subjects were included in the more recent Teitelbaum study (2014). CSA: Cross-sectional area; LHM:
Laparoscopic Heller Myotomy; POEM: Peroral endoscopic myotomy; PD: Pneumatic dilation.

assessment of treatment adequacy intra-operatively
or on follow-up of achalasia patients. The role of
intra-operative FLIP measurement was highlighted
in a study that showed that an extended proximal
myotomy was required to normalize distensibility
[12]
during LHM .
CSA and distensibility in GERD patients prior
to treatment did not appear to differ from healthy
volunteers; however, following anti-reflux procedures,
distensibility fell to the range of untreated achalasia (≤
2
1.6 mm /mmHg). The drastic drop in EGJ distensibility
in GERD patients after antireflux procedures suggests
that FLIP EGJ measures should not be interpreted in
isolation from data on esophageal body motility, as
most of these post-antireflux surgery patients do not
exhibit impaired esophageal emptying to the degree of
achalasia. This finding also highlights the importance
of screening for esophageal motility disorders prior
to fundoplication to avoid the heightened risk of

WJG|www.wjgnet.com

pseudoachalasia.
Our systematic review was limited by the overall
small number of studies using FLIP to assess
distensibility of the esophagus in a heterogeneous
population of subjects. There is also a wide variability
in the size/length of balloon used and FLIP protocol
from study to study. Data comparison was also
made difficult due to the variable FLIP parameters
reported (e.g., CSA, distensibility, distensibility
index, distensibility plateau, etc.). Interpretation
of distensibility was also made difficult due to the
likelihood of non-normally distributed data, as evident
by standard deviation larger than mean in several
of the studies. Since some studies reporting data as
mean ± SD and others reporting median (range),
meta-analysis could not be performed.
FLIP provides valuable information regarding
esophageal wall compliance and lower esophageal
sphincter competency that complement other
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diagnostic tools such as esophageal manometry and
barium esophagram. From our systematic review
of the literature, FLIP may especially have a role in
assessment of treatment response in patients with
achalasia or GERD patients undergoing intervention.
However, future studies in larger number normal
subjects and patients using standardized FLIP protocol
and balloon size are needed for reliable interpretation
of FLIP data. In the meantime, use of an 8 cm balloon
at 40 mL volume is the most likely clinically relevant
protocol for distinguishing achalasia from normal
esophagus, and assessing response to therapy.

3

4

5

6

COMMENTS
COMMENTS
7

Background

The functional lumen imaging probe (FLIP) has been used to assess
esophagogastric junction (EGJ) distensibility; however, its routine use in clinical
practice is limited by the lack of established reference values.
8

Research frontiers

FLIP has been used in research studies to assess the distensibility of
esophageal wall and gastroesophageal junction in healthy volunteers and in
patients with GERD, eosinophilic esophagitis, and achalasia. However, the
clinical role of FLIP is currently still being investigated. Prospective outcome
studies using FLIP technology are needed.

9

Innovations and breakthroughs

A systematic review of the currently available FLIP data in the literature had not
been done prior to this study.

10

Applications

This study demonstrated the potential utility of FLIP in assessment of achalasia
treatment efficacy. It also highlighted the importance of future studies using a
standardized FLIP protocol and balloon size.

11

Terminology

Impedance planimetry: an imaging technique involving a conductive fluidfilled bag on a catheter with multiple impedance and pressure sensors. When
the catheter-bag device is placed in a hollow tube, impedance measurements
between pairs of electrodes are used to estimate the cross-sectional area of
the tube. With simultaneous measurement of intrabag pressure, distensibility
(smallest cross sectional area/bag pressure) is calculated. EndoFLIP
(endolumenal functional lumen imaging probe): A new technology that uses
impedance planimetry to measure the cross sectional area and pressure in a
hollow organ to determine its distensibility.

12

13

Peer-review

Chen and Rubenstein wrote a systematic review of literature concerning the
use of FLIP system to evaluate EGJ in achalasia, GERD patients undergoing
surgical procedure and healthy controls. The review is well written and it
addresses a novel field with possible evolution in the future. The research
strategy is adequate and adherent to the standard of quality.
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Abstract
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AIM
To systematically review literature addressing three key
psychologically-oriented controversies associated with
gastroparesis.
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performed the literature search; Woodhouse S and Knowles SR
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METHODS
A comprehensive search of PubMed, CINAHL, and
PsycINFO databases was performed to identify literature
addressing the relationship between gastroparesis and
psychological factors. Two researchers independently
screened all references. Inclusion criteria were: an
adult sample of gastroparesis patients, a quantitative
methodology, and at least one of the following: (1)
evaluation of the prevalence of psychopathology; (2)
an outcome measure of anxiety, depression, or quality
of life; and (3) evidence of a psychological intervention.
Case studies, review articles, and publications in
languages other than English were excluded from the
current review.
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RESULTS
Prevalence of psychopathology was evaluated by three
studies (n = 378), which found that combined anxiety/
depression was present in 24% of the gastroparesis
cohort, severe anxiety in 12.4%, depression in
21.8%-23%, and somatization in 50%. Level of anxiety
and depression was included as an outcome measure
in six studies (n = 1408), and while limited research
made it difficult to determine the level of anxiety and
depression in the cohort, a clear positive relationship
with gastroparesis symptom severity was evident.
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provided an estimate that 120000 Australians
[13]
suffered from severe gastroparesis . The only
study to investigate the prevalence of gastroparesis
was conducted using medical records in Minnesota
[14]
(United States) from 1996 to 2006. Jung et al
found that after adjusting for age and gender (to
2000 US Caucasians), the incidence of definite
gastroparesis per 100000 person years was 9.8 in
women, and 2.4 in men. In patients over the age of
60 years, the incidence peaked at 10.5 per 100000.
It has been estimated that approximately one third of
gastroparesis patients will be admitted to hospital for
[5]
the condition , with a disease burden likened to that
[14]
of Inflammatory Bowel Disease . In terms of financial
[15]
burden, Wang and colleagues
reported that in 1995
the costs of gastroparesis in the United States were
47.7 million dollars (primary diagnosis) and 863.3
million dollars (secondary diagnosis), while in 2004
costs were significantly higher at 208.3 million dollars
(primary diagnosis) and 3.3 billion dollars (secondary
diagnosis).
Individuals living with chronic gastrointestinal
illness must make considerable physical, psychological,
and social adjustments in order to manage their often
[16,17]
debilitating symptoms
. Not surprisingly, patients
suffering from chronic gastrointestinal conditions
frequently report psychological symptoms, such
as anxiety, depression, and impaired quality of life
[17-26]
(QoL)
. With limited treatment options available for
gastroparesis, the importance of psychological support
or intervention has been repeatedly emphasized
[8,27,28]
in the literature
. A systematic review of the
gastroparesis literature exploring relationships between
psychological distress, psychological processes, and
gastroparesis has not yet been conducted.
The current systematic review will explore three
key questions in relation to psychological features
and processes associated with gastroparesis: (1)
what is the prevalence of psychopathology in gas
troparesis cohorts and how does it compare to other
gastroenterological conditions? (2) what are the levels
of anxiety, depression, and QoL in gastroparesis
cohorts and do they differ with respect to gastroparesis
symptom severity, etiology, degree of gastric retention,
and duration of symptoms/disease? And (3) do
psychological interventions for gastroparesis patients
reduce gastroparesis symptoms, anxiety, depression,
and improve QoL?

Quality of life was included as an outcome measure
in 11 studies (n = 2076), with gastroparesis patients
reporting lower quality of life than population norms,
and a negative relationship between quality of life and
symptom severity. One study assessed the use of a
psychological intervention for gastroparesis patients (n
= 120) and found that depression and gastric function
were improved in patients who received psychological
intervention, however the study had considerable
methodological limitations.
CONCLUSION
Gastroparesis is associated with significant psychological
distress and poor quality of life. Recommendations for
future studies and the development of psychological
interventions are provided.
Key words: Anxiety; Depression; Gastroparesis; Quality
of life; Psychological distress
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastroparesis is associated with significant
psychological distress and poor quality of life. Literature
indicates that quality of life is lower in gastroparesis
patients than population norms. Further, gastroparesis
symptoms are adversely associated with increased
anxiety and depression and impaired quality of
life. Rates of psychopathology in gastroparesis
cohorts range between 21.8% to 50%. Although a
psychological intervention for gastroparesis has found
improvements in depression and gastric function, it
has not been replicated. Further research into potential
mediating factors and the development of psychological
interventions for individuals with gastroparesis is
warranted.
Woodhouse S, Hebbard G, Knowles SR. Psychological
controversies in gastroparesis: A systematic review. World J
Gastroenterol 2017; 23(7): 1298-1309 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i7/1298.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i7.1298

INTRODUCTION
Gastroparesis is a gastrointestinal disorder involving
delayed gastric emptying in the absence of a
[1]
mechanical obstruction of the stomach . Patients
living with gastroparesis typically experience chronic
nausea, vomiting, early satiety, postprandial fullness,
[2-6]
and in some cases abdominal pain and fatigue
.
The mean age of diagnosis ranges between 40-45.5
years, with 67%-88% of gastroparesis patients being
[5-12]
female
.
In Australia, the prevalence of gastroparesis is
unknown, however in 2006 the Australian government
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MATERIALS AND METHODS
For this review, a comprehensive search of PubMed,
CINAHL, and PsycINFO databases was performed.
Search criteria used were: (“gastroparesis” OR
“gastric delay” OR “gastric emptying” OR “gastric
motility” OR “gastric timing”) AND (“anxiety” OR
“affective state” OR “cognition” OR “control” OR
“coping” OR “depression” OR “distress” OR “emotion”
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Records identified through
database searching
(n = 2459)

Additional records identified
through other sources
(n = 2)

Screening

Records after duplicates removed
(n = 2388)

Records screened
(n = 2388)

Records excluded
(n = 2372)

Eligibility

Full-text articles assessed for
eligibility
(n = 16)

Included

Studies included in
qualitative synthesis
Controversy 1 (n = 3)
Controversy 2 (n =13)
Controversy 3 (n = 1)

Full-text articles excluded, with
reasons
Controversy 1 (n = 13)
Did not assess prevalence of
psychological comorbidity (13)
Controversy 2 (n = 3)
Did not measure level of
anxiety, depression, or quality
of life (1)
No data reported from
depression scale and
unidentified measure of QoL (1)
Only comparative data given (1)
Controversy 3 (n = 15)
Did not include a psychological
intervention (15)

Figure 1 PRISMA flow diagram, from Moher et al[45]. For more information, visit www.prisma-statement.org.

OR “helplessness” OR “illness perception” OR “life
events” OR “mastery” OR “mental” OR “mood” OR
“neuropsychological” OR “panic” OR “personality” OR
“psycholog” OR “psychosocial” OR “quality of life” OR
“self-efficacy” OR “stress”). Research papers retrieved
through the search were also reviewed for further
relevant references.
Inclusion criteria were: an adult sample of gas
troparesis patients, a quantitative methodology,
and at least one of the following: (1) evaluation of
the prevalence of psychopathology; (2) an outcome
measure of anxiety, depression, or QoL; and (3)
evidence of a psychological intervention. Case studies,
review articles, and publications in languages other than
English were excluded from the current review.
Two researchers (Woodhouse S, Knowles SR)
independently screened all references retrieved through
the search and categorized them according to the
inclusion and exclusion criteria. The researchers also
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extracted data from the papers independently, including
participant information, methodology, assessment tools,
and study outcomes.

RESULTS
After 73 duplicates were removed, a total of 2388
citations were identified through database searches
and review of other relevant references. Of these,
2372 were excluded due to: (1) not meeting the
inclusion criteria; or (2) lack of information (Figure
1 for PRISMA diagram). This resulted in a total of 16
research reports which are summarized in Table 1.
Of these reports, three (18.75%) identified the
prevalence of psychopathology in a gastroparesis
[6,12,14]
cohort
, 13 (81.25%) assessed levels of anxiety,
[2,7,8,10,12,26,29-35]
depression, or QoL
, and one (6.25%)
involved a psychologically-based intervention for
[36]
gastroparesis patients . A summary of the studies’
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Table 1 Summary of papers reviewed
Ref.

Study
characteristics

Soykan et
al[6]

Cohort study
using six-years of
hospital records.
Demographic
and clinical data
evaluated at entry
to the hospital
and most recent
follow-up
Harrell et
Cross-sectional
al[31]
study with
an interview,
patients classified
into a clinical
subgroup based
on predominant
symptoms
Bielefeldt et Cross-sectional
al[8]
study with
a qualitative
interview

Jung et al[14]

Hasler et al[7]

Participant details

Psychological
measures
used

n = 146 (120 females, 26
males). Mean age: 45.0
yr. Etiology: 42 DG, 52
IG, 19 post-surgical, 11
Parkinson’s disease,
7 collagen vascular
disorders, 6 intestinal
pseudo-obstruction, 9
other
n = 100 (87 females, 13
males). Mean age: 48.0 yr.
Etiology: unspecified

CES-D,
SCL-90

SF-12

Relevant findings

23% of IG patients were thought to be depressed, and Psychological status
50% displayed significant elevations on gastrointestinal may be predictive of
psychosomatic susceptibility
response to prokinetic
therapy

QoL (subscales and mental/physical component
summaries) was significantly diminished in all
gastroparesis patients when compared to population
norms, but did not differ between groups based on
predominant gastroparesis symptoms. QoL negatively
correlated with physical symptom scores

n = 55 (44 females, 11
HADS, SF-12, Patients had moderately elevated scores for anxiety and
males). Mean age: 42.4 yr. open-ended depression, 74% met screening criteria for anxiety or
Etiology: 11 DG, 29 IG, 8
interview depression, 29% were above the threshold for clinically
connective tissue disease,
questions
relevant affective spectrum disorders, and eighteen
4 post-surgery or trauma,
patients were receiving chronic anti-depressant
1 osteogenesis imperfect, 1
medication. Patients demonstrated impaired QoL
mitochondrial myopathy,
compared to population norm, with no differences
1 Marfan syndrome
between etiologies. Physical symptoms were inversely
related to the physical component score on SF-12.
Symptom severity was positively correlated with
depression scores, but not anxiety, symptom duration
or degree of gastric delay. Qualitative data: patients
were asked to describe the impact of gastroparesis
on their lives and three main topics were identified:
1) eating out/social functions, 2) fatigue, 3) strain on
relationships. Nausea and vomiting were the most
troublesome symptoms, and patients also reported
a fear of unrelenting disease, as well as frustration/
dissatisfaction with healthcare providers
Cohort study
Definite gastroparesis =
None
Of 83 patients with definite gastroparesis, 25 had
using medical
83 (68 female, 15 males).
reported.
evidence of comorbid psychiatric illness in their
records
Mean age at onset: 44.0
Evidence
medical records. Twenty patients had "anxiety/
yr. Etiology: 21 DG, 41 IG,
obtained
depression" and five had "other"
connective tissue disease from medical
9, hypothyroidism 1,
records.
malignancy 2, abdominal
surgery 6, provocation
drugs 19, end-stage renal
disease 4
Cross-sectional
n = 299 (245 females, 54
BDI, STAI
Depression and anxiety scores increased with greater
study. Data
males). Mean age: 43.0 yr.
physician-rated, and patient-rated, symptom severity.
obtained from
Etiology: 100 DG, 199 IG
Nausea and vomiting were greater in patients with
the Gastroparesis
more severe depressive symptoms. Bloating and
Registry
postprandial fullness were greater in patients with
more severe depressive symptoms, state and trait
anxiety. Higher depression scores were associated
with prokinetic or antiemetic drug use, and increased
hospitalizations. Higher state anxiety was associated
with anxiolytic use, while higher trait anxiety was
associated with antidepressant use and increased
hospitalizations. Depression and anxiety scores did
not differ across etiology or degree of gastric retention.
Higher symptom severity score was predictive of
higher depression and state anxiety score. Use of
anxiolytics was predictive of state anxiety, use of antidepressants was predictive of greater trait anxiety
score, and male gender was predictive of higher state
anxiety
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Conclusion

1301

Predominantsymptom
classification may
be useful in the
management of
gastroparesis

Gastroparesis
treatment must
focus on improving
QoL. The results of
this study provide
support for the use
of psychologically
based interventions in
gastroparesis

Gastroparesis is
difficult to manage
and represents a
major disease burden

The physical and
psychological features
of gastroparesis both
need to be considered
in the development
of individualized
patient treatment
plans. Longitudinal
studies must be
conducted to evaluate
the relationship
between psychology
and gastroparesis, and
whether psychological
treatment can
affect the physical
symptoms of
gastroparesis
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Cherian et
al[10]

Cross-sectional
study

n = 68 (58 females, 10
males). Mean age: 42.6 yr.
Etiology: 18 DG, 50 IG.
52 Functional Dyspepsia
patients also studied

PAGI-QOL

Hasler et
al[32]

Cross-sectional
n = 243 (214 females, 29 PAGI-QOL,
study. Data
males). Mean age: 41.0 yr.
SF-36
obtained from
Etiology: 116 DG, 219 IG
the Gastroparesis
Registry

Parkman et
al[12]

Cross-sectional
n = 243 (214 females, 29
study. Data
males). Mean age: 41.0 yr.
obtained from
Etiology: 243 IG
the Gastroparesis
Registry

BDI, STAI

Jaffe et al[33]

Cross-sectional
study

n = 59 (52 females, 7
PAGI-QOL,
males). Mean age: 43.0 yr.
SF-36
Etiology: 20 DG, 39 IG

Cherian et
al[2]

Cross-sectional
study

n = 156 (126 females, 30
HADS,
males). Mean age: 41.1 yr. PAGI-QOL
Etiology: 42 DG, 114 IG. 52
FD patients also studied

Hasler et
al[29]

Friedenberg
et al[30]

Cross-sectional
n = 393 (327 females, 66
BDI, STAI,
study. Data
males). Mean age: 42.9 yr. PAGI-QOL,
obtained from
Etiology: 137 DG, 256, IG
SF-36
the Gastroparesis
Registry
Cross-sectional
study

n = 255 (212 females, 43
males). Mean age: 42.0 yr.
Etiology: 180 IG, 64 DG, 4
post-surgical, 7 other

PAGI-QOL

Liu et al[36]

Randomized
n = 120 (70 females, 50
controlled trial males). Mean age: 60.5 yr.
with follow-up at Etiology: 120 post-surgical
3, 7, 10, and 17 d
post intervention

Pasricha et
al[26]

Cross-sectional
n = 262 (215 females, 47 PAGI-QOL,
study. Data
males). Mean age: 44.0 yr. BDI, STAI
obtained from
Etiology: 177 IG, 85 DG
the Gastroparesis
Registry
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CES-D

DG patients scored significantly higher than IG
Abdominal pain is an
patients on the following PAGI-QOL subscales: diet,
important symptom
daily activities, relationships. When pain severity was of gastroparesis and
correlated with QOL subscales, there was a moderate
is associated with
correlation with avoiding physical activity, taking
decreased QoL
longer to perform daily activities, worry about having
stomach problems in public, and depending on others
to perform activities
Patients had moderately impaired QoL, with inverse
Bloating is a
correlation to bloating severity
prevalent symptom
in gastroparesis and
is associated with
impaired physical and
mental QoL
36% of participants demonstrated severe state anxiety,
Symptoms, gastric
35% demonstrated severe trait anxiety, and 18%
retention, current
demonstrated severe depression. Overweight IG
treatment, and
patients were more likely to have an anxiety disorder. psychosocial factors
Major depressive disorder was associated with greater all play a role in the
symptom severity. Anxiety and depression scores
severity of IG
tended to be higher in patients with more severely
delayed gastric emptying
Nausea/vomiting subscale of PAGI-SYM correlated
Nausea is a
with lower scores on the PAGI-QOL. SF-36 scores
predominant
were significantly decreased in gastroparesis patients
symptom of
compared to population norms
gastroparesis that
is associated with
impaired QoL
Increased fatigue was associated with decreased QoL,
Fatigue is a
increased depression, and decreased anxiety. All but significant symptom
one patient met criteria for depression, and the same
in gastroparesis
was found for anxiety
and is associated
with decreased
QoL. Psychiatric
interventions may
help in fatigue
management
Depression and anxiety were higher in those with
The influence of
greater symptom severity. Impaired PAGI- QOL and
predominant pain/
SF–36 physical component scores related to increased discomfort on disease
pain and/or discomfort severity
severity is at least as
great as predominant
nausea/vomiting
African American and Hispanic patients had lower
Future populationscores on clothing and psychological PAGI-QOL
based studies into the
subscales than Caucasian patients resulting in lower
influence of race on
QoL overall. PAGI-SYM and PAGI-QOL had a negative symptoms and QoL
correlation and 30% of the variation in QoL could be
in gastroparesis are
explained by symptom severity
warranted
A group that underwent a mental intervention had
Mental intervention
faster recovery from post-surgical gastroparesis
is important in post(e.g., extubation time, eating recovery) compared
surgical recovery, and
to a control group. Depression was comparable in
primary nurses should
groups at baseline, but mental intervention group had be trained to care for
lower scores than control at 3, 7, 10, and 17 d postpatients physically
intervention
and psychologically
post-surgery
Mild improvement in QoL from baseline to followLess than a third
up at 48 weeks (PAGI-QOL and SF-36 physical
of patients with
and mental component scores), with no significant
gastroparesis
difference in QoL improvement across etiologies. No
experience
significant changes in depression or anxiety levels over
symptomatic
the 48-week follow-up period. Moderate to severe
improvement over
depression and the use of anxiolytics at baseline were
time and QoL
negative predictors of symptomatic improvement at
remains impaired.
follow-up, while anti-depressant use was a positive
Depression is an
predictor
important predictor
of symptomatic
improvement
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Cutts et al[34]

Cross-sectional
study

n = 235 (186 females, 49
males). Mean age: 47.0
yr. Etiology: 125 IG, 68
DG, 28 post-surgical, 14
unspecified

SF-36

Lacy et al[35]

Cross-sectional
study

n = 250 (196 females, 54
males). Mean age: 46.8
yr. Etiology: 126 IG, 37
DG, 34 post-viral, 17 postsurgical, 11 connective
tissue disorder, 10
neurologic, 5 postvaccination, 3 hollow
visceral myopathy, 3
vascular, 4 miscellaneous

SF-36

Reports correlations between SF-36 subscales and
Generic and global
gastroparesis symptoms. Negative correlations
QoL tools may not
with Physical Function subscale: bloating severity,
accurately reflect
bloating frequency, epigastric pain severity. Negative
the experience of
correlations with Bodily Pain subscale: bloating
gastroparesis patients
severity, bloating frequency, epigastric pain severity,
epigastric pain frequency, epigastric burn frequency.
Negative correlations with Social Functioning subscale:
epigastric pain frequency, vomiting severity. Negative
correlations with Role Emotional subscale: bloating
severity, bloating frequency. Negative correlation with
mental health subscale: bloating severity. The only
positive correlation was between the Role Emotional
subscale and epigastric pain severity
IG patients had higher physical functioning, mental
It is important
health, and role-physical scores compared to DG
that gastroparesis
patients. Patients with DG had lower physical
interventions aim
component summary scores than patients with IG or
to lessen pain and
other etiologies. Patients with IG had higher mental
improve QoL in
component summary scores than patients with DG or
patients
other etiologies

DG: Diabetic gastroparesis; IG: Idiopathic gastroparesis; QoL: Quality of life.

records. Twenty of these patients had evidence of
anxiety or depression, and five had other psychiatric
illness. This study did not compare the prevalence
of psychopathology in gastroparesis to other
gastroenterological cohorts.
In a larger sample of 243 IG patients, Parkman
[12]
et al
identify comorbid major depression in 21.8%
of patients, and severe anxiety in 12.4% of patients
through face-to-face interviews between patients
and study physicians or coordinators. This study did
not compare the prevalence of psychopathology in
gastroparesis to other gastroenterological cohorts,
however it was shown that females were more likely
to report comorbid anxiety disorder than males, and
patients with severe symptom severity or severe
gastric retention were more likely to report major
depression than those with milder symptoms.
Participants in this study were mainly recruited from
tertiary referral centers and therefore may not be
representative of the general gastroparesis community.

Table 2 Summary of participant characteristics
n
Number of studies included in this review
Number of participants identified in the studies
Disease etiology
Unspecified
Idiopathic
Diabetic
Post-surgical
Other (e.g., connective tissue disorder, Parkinson’s disease)
Gender
Female
Male
Mean age

16
2967
118
1850
761
198
151
2434
533
44.6

participant characteristics is presented in Table 2.

What is the prevalence of psychopathology in
gastroparesis cohorts and how does it compare to other
gastroenterological conditions?

Three studies reported on the prevalence of psycho
pathology in a gastroparesis cohort (n = 378). Using
the Center for Epidemiologic Studies Depression Scale
(CES-D) and the hospital records of 52 idiopathic
[6]
gastroparesis (IG) patients, Soykan et al note that
23% had a history of depression or antidepressant
therapy, and 50% displayed clinically significant
somatization using the SCL-90. The authors state that
somatization was higher in the IG population than in
the gastrointestinal population, however the difference
was not significant.
In an exploration of the epidemiology of gas
[14]
troparesis, Jung et al
identified that 25 out of
83 patients with definite gastroparesis (30%) had
evidence of psychiatric comorbidity in their medical
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What are the levels of anxiety, depression, and QoL in
gastroparesis cohorts and do they differ with respect
to gastroparesis symptom severity, etiology, degree of
gastric retention, and duration of symptoms/disease?
Studies measuring anxiety and/or depression
in gastroparesis cohorts: A total of six studies
measured the level of anxiety and/or depression in
[2,7,8,12,26,29]
gastroparesis cohorts (n = 1408)
. Of these
studies, two used the Hospital Anxiety and Depression
[2,8]
[8]
Scale (HADS) . Bielefeldt et al used a cut-off score
of > 8 and found that of the 55 participants, 74% met
the criteria for either anxiety or depression, and 29%
met the criteria for both conditions. No differences
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across etiology, gastric retention, or duration of
symptoms/disease were reported, however symptom
severity did correlate positively with depression score.
[2]
Cherian et al used a cutoff score of > 10 and found
that of 156 participants, 99% met the criteria for
depression and anxiety. Differences across etiology,
symptom severity, gastric retention, and duration of
symptoms/disease were not reported in the study.
A further four studies measured depression
[7,12,26,29]
using the Beck Depression Inventory (BDI)
.
[12]
Parkman et al
found that the average BDI score
was 18.6 and 18% of the 243 IG participants fell into
the range of 29-63 to indicate severe depression.
Depression levels increased across mild to moderate
symptom severity, however no difference was found
in depression levels across degree of gastric retention.
In a study of 299 gastroparesis patients by Hasler et
[7]
al , BDI scores of ≥ 20 were present in 41.5% of
participants. Higher BDI scores were associated with
increased gastroparesis severity, nausea and vomiting,
bloating, and postprandial fullness. The BDI scores
were similar across diabetic gastroparesis (DG) and IG
etiology, and degree of gastric retention. Self-reported
gastroparesis severity and use of antiemetic/prokinetic
medications were predictive of a BDI score ≥ 20.
[29]
Another study by Hasler et al
did not report overall
BDI scores, but compared scores across pain severity,
[29]
etiology, and symptom predominance. Hasler et al
found that in a study of 393 gastroparesis patients,
increased BDI scores were associated with greater
pain severity in both DG and IG patients. The most
[26]
recent study by Pasricha et al
identified that 41.6%
of 262 gastroparesis patients had BDI scores greater
than 20, indicating moderate to severe depression.
Unlike the aforementioned studies, this study also
examined the impact of duration of disease on
gastroparesis outcomes, finding no significant change
in depression levels after 48 wk of standard medical
care for gastroparesis. However, depression level at
baseline was a significant predictor of symptomatic
improvement at 48 wk.
Finally, four studies used the State-Trait Anxiety
[7,12,26,29]
Inventory (STAI) to measure anxiety
. Parkman
[12]
et al
found that the average state anxiety score
was 45.2 while trait anxiety was 43.9. Using an STAI
score of ≥ 50 to denote severe anxiety, Parkman et
[12]
al
identified that 36% of 243 IG patients reported
severe state anxiety, while 35% reported severe
trait anxiety. State anxiety levels increased across
mild to moderate symptom severity, however no
difference was found in state or trait anxiety levels
[7]
across degree of gastric retention. Hasler et al noted
that 50.2% of participants reported state anxiety ≥
46, and 51.5% reported trait anxiety ≥ 44. Higher
state and trait anxiety was associated with increased
gastroparesis severity, bloating, and postprandial
fullness. Increased self-reported gastroparesis severity
and use of anxiolytic medications were predictive
of higher state anxiety, while use of antidepressant
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medications was predictive of higher trait anxiety.
State and trait anxiety were similar across DG and
IG etiology, and degree of gastric retention. Hasler et
[29]
al
found that increased STAI state and trait scores
were associated with greater pain severity in both DG
[26]
and IG patients. Finally, Pasricha et al identified that
32.8% of participants reported state anxiety ≥ 50 at
baseline, and 30.5% reported trait anxiety ≥ 50 with
no significant change in state or trait anxiety levels
after 48 wk of standard medical care for gastroparesis.
However, use of anxiolytics at baseline was a negative
predictor of symptomatic improvement at follow-up.
Studies measuring QoL in gastroparesis cohorts:
Eleven studies included an outcome measure of QoL (n
[2,8,10,26,29-35]
= 2076)
. The two earliest studies to measure
[31]
QoL in gastroparesis used the SF-12. Harrell et al
found that in a sample of 100 gastroparesis patients,
SF-12 subscale scores and component summary
scores were significantly lower in gastroparesis patients
when compared to population norms, with a negative
relationship to upper GI symptom severity. Similarly, in
[8]
a study of 55 gastroparesis patients, Bielefeldt et al
found that both the physical and mental component
scores of the SF-12 were lower than population norms,
with no significant difference between DG and IG
groups. Symptom severity was negatively correlated
with the physical component score. The authors also
identified that nausea and bloating severity, combined
with the HADS score for depression, best predicted
the physical health component score of the SF-12. The
influence of gastric retention and duration of symptoms/
disease on QoL was not assessed in either study.
Of the five studies that used the SF-36, Jaffe
[33]
et al
found that both the mental and physical
component scores were impaired in a sample of 59
gastroparesis patients compared to population norms.
The study indicated that nausea and vomiting severity
was inversely related to QoL, with no significant
difference in QoL between DG and IG patients, or
across degree of gastric retention. In a larger study of
[32]
335 patients, Hasler et al
noted that physical and
mental component scores were negatively correlated
to bloating severity, with higher mental component
scores predicting greater bloating severity. Another
[29]
study by Hasler et al
identified that physical and
mental component scores were lower in both DG and
IG patients with increased pain/discomfort scores.
Additionally, when comparing between pain/discomfort
predominant versus nausea/vomiting predominant
symptoms, pain predominance was associated with
greater impairment in the physical component score.
[26]
More recently, Pasricha et al
identified mild
improvement in SF-36 scores (physical and mental
components) after 48 wk of standard medical care for
[34]
gastroparesis. A 2016 study by Cutts et al
explored
the relationships between symptom severity and
the SF-36 subscales in a cohort of 235 gastroparesis
patients, finding primarily negative correlations

1304

February 21, 2017|Volume 23|Issue 7|

Woodhouse S et al . Psychological controversies in gastroparesis
between symptom severity and Physical Functioning,
Bodily Pain, Social Functioning, Role Emotional and
Mental Health subscales (Table 1 for details). The only
positive correlation was between Role Emotional and
epigastric pain severity. Finally, the most recent study
[35]
using the SF-36 was conducted by Lacy et al
and
identified that in 250 gastroparesis patients, those
with IG had better physical functioning, mental health,
and role-physical than patients with DG. Similarly
DG patients had lower physical component summary
scores than patients with IG or gastroparesis from
other causes, while DG patients and patients with
gastroparesis from other causes also had lower mental
component summary scores than those with IG.
Seven studies used the Patient Assessment of Upper
Gastrointestinal Disorders Quality of Life (PAGI-QOL) to
[32]
measure QoL. Using this assessment tool, Hasler et al
reported impaired QoL in individuals with gastroparesis.
[10]
Cherian et al
assessed QoL across etiologies and
found that, in their sample of 68 patients, IG patients
scored significantly lower than DG patients on PAGIQOL measures of diet, daily activities, and relationships.
In addition, significant negative correlations have been
identified between the PAGI-QOL and total upper GI
[30]
[10,29]
symptom severity , pain/discomfort severity
,
[2]
[32]
fatigue , bloating severity , and nausea/vomiting
[33]
severity . Similar to their findings using the SF-36,
[26]
Pasricha et al
identified mild improvement in PAGIQOL scores after 48 wk of standard medical care for
gastroparesis. Despite these improvements in QoL over
time, the authors note that QoL remained impaired in
relation to the general population.

questions of the systematic review. This is followed
by a discussion of the strengths and limitations of the
literature, and suggestions for future research in the
area.

Prevalence of psychopathology in gastroparesis

This review found three studies that investigated the
prevalence of psychopathology in gastroparesis patients.
The reported prevalence of these psychopathologies
[14]
were: combined anxiety/depression 24% , severe
[12]
[6,12]
anxiety 12.4% , depression 21.8%-23%
,
[6]
[14]
[12]
somatization 50% , other 5% . Parkman et al
reported that females were more likely to report
comorbid anxiety disorder, and patients with greater
symptom severity and gastric delay were more likely
[6]
to report major depression. Soykan et al identified
a non-significant difference in the prevalence of
somatization in the gastroparesis cohort compared to
other gastroenterological cohorts, while Parkman et
[12]
[14]
al and Jung et al did not make such comparisons.
It must be acknowledged that in addition to
[6]
using the CES-D, Soykan et al assessed whether
patients had a medical history of either depression
or anti-depressant use, which does not necessarily
[12]
indicate prevalence of depression. Parkman et al
only reported on severe anxiety, which is likely to
underestimate the prevalence of anxiety in the cohort,
[6,12]
and two studies
only assessed psychopathology
in IG patients so findings may not be representative
of approximately two-thirds of gastroparesis patients.
Finally, all three studies lacked clarity around how
[6,12]
patients obtained a psychiatric diagnosis, and two
limited the psychopathologies that were included
in the study. Based on these findings, it can be
concluded that while there is psychopathology in
gastroparesis patients, there has not been enough
research conducted to provide a reliable prevalence
rate. Further, no conclusion to date can be made with
regard to whether rates of psychopathology are higher
or lower in gastroparesis compared to cohorts that are
healthy, chronically ill, or have other gastrointestinal
conditions.

Do psychological interventions involving gastroparesis
patients reduce gastroparesis symptoms, anxiety,
depression, and improve QoL?
[36]

Only one study
involved a psychological intervention
[36]
for gastroparesis patients. Liu et al
conducted a
randomized controlled trial (RCT) with 120 post-surgical
gastroparesis patients. Sixty patients were allocated to a
control group that received conventional therapy (gastric
tube, fasting, parenteral and enteral nutrition, routine
nursing care, health guidance), while another 60 were
allocated to a “comprehensive mental intervention”
group that received conventional therapy in addition to:
supportive mental consultation, bedside symptomatic
mental intervention, music and abdominal massage,
and mental intervention for patients’ families. While
the groups had comparable CES-D scores at baseline,
the mental intervention group scored significantly
lower than the control group on days 3, 7, 10, and 17
after the intervention. The intervention group also had
significantly improved gastric function following the
intervention compared to the control group. The study
did not include measures of anxiety or QoL.

Level of anxiety and/or depression in gastroparesis

Overall, it is difficult to be definitive regarding the level
of anxiety and depression in gastroparesis cohorts
given the limited research conducted to date. Based
[12]
on one study , 18% of gastroparesis patients have
severe depression, 36% have severe state anxiety,
and 35% have severe trait anxiety. Another study
reported that 41.6% of patients had moderate to
severe levels of depression at baseline, and identified
that the percentage of patients scoring equal to or
greater than 50 on the STAI at baseline was 32.8%
[26]
for state anxiety, and 30.5% for trait anxiety .
While other studies also measured and reported on
anxiety and depression, they did not identify levels
[7,12,29]
of severity. Three studies
indicated that anxiety
was positively associated with gastroparesis symptom

DISCUSSION
Conclusions are presented according to the key
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[8]

[7,8,12,29]

severity , and one did not , while four
indicated
that depression increased with gastroparesis symptom
severity. Two studies reported on the influence of
gender on anxiety and depression levels, with one
stating that females displayed less clinically severe
[12]
depression , and the other indicating that male
[7]
gender was associated with higher state anxiety .
One study demonstrated that depression and anxiety
[7]
levels were similar across DG and IG etiologies ,
and two showed consistency across degree of gastric
[7,12]
[26]
retention
. Only one study assessed the influence
of duration of symptoms/disease, finding no significant
improvement in anxiety or depression levels from
baseline to follow-up at 48 wk. However, depression
level and use of anxiolytics at baseline were significant
predictors of symptomatic improvement at 48 wk.
The six studies that measured anxiety and/or
depression in a gastroparesis cohort used a variety
of assessment tools and cut-off scores, which makes
it difficult to interpret the results as a whole. For
example, the two studies employing the HADS each
used a different cut-off score and did not give enough
information to compare results across the studies.
Similarly, of the four studies using the BDI and STAI
only two reported the level of anxiety and depression
in the sample, while the other two primarily used
the scores for correlation analyses. Thus, although
studies have been conducted on the severity of
anxiety and depression in gastroparesis patients, the
lack of consistency and scoring information limits
the conclusions that can be made. With this being
said, there is evidence to indicate that levels of
psychopathology and gastroparesis symptom severity
were positively correlated, and that this relationship
tends to be consistent across the different forms of
gastroparesis.

that QoL is lower in the gastroparesis cohort than
the general population, and greater gastroparesis
symptom severity is associated with lower QoL. At
this point, there is not enough evidence to make
conclusions about the influence of etiology, gastric
retention, or duration of symptoms/disease on QoL.

Psychological intervention in gastroparesis

Only one study has reported on a psychological inter
[36]
vention for gastroparesis patients. Liu et al
found
that depression scores and gastric function were
significantly improved in patients who received a
psychological intervention compared to those who
received standard care, however the study had
considerable methodological limitations. Firstly, the
study was conducted only on post-surgical patients,
making the results difficult to generalize to other
etiologies. The study also utilized a number of different
factors in the intervention condition (e.g., supportive
mental consultation, abdominal massage, music)
making it impossible to ascertain the impact of any one
component of the intervention. Additionally, the study
did not utilize long-term follow-up. While the results
of this study are promising, there is currently limited
evidence for the use of psychological intervention
in gastroparesis, and measures of other important
psychological factors such as anxiety and QoL have yet
to be assessed in this context.

Summary of findings and limitations

Currently the literature indicates that QoL is lower in
gastroparesis patients than population norms, and that
as gastroparesis symptom severity increases, anxiety
and depression also increase while QoL decreases.
The studies are few in number, with variability in the
assessments used and etiologies studied, making it
difficult to form further conclusions. It also appears
[7,12,26,29,32]
that five of the 15 studies
have used over
lapping samples as they were all recruited via the
Gastroparesis Registry. Consequently, findings may not
be reflected across different samples. The evidence for
the use of psychological intervention in gastroparesis
is minimal and is further weakened by significant
methodological limitations in the single relevant study.
Inconsistency in the assessment of gastroparesis
must also be considered when interpreting these
findings. While the majority of studies used self-report
in conjunction with a scintigraphic study where > 60%
retention at two hours, and/or > 10% retention at
four hours indicated gastroparesis, there was some
[6,8,31,34]
variation in assessment
.

Level of QoL in gastroparesis

The eleven studies investigating QoL in gastroparesis
demonstrated that QoL was lower in gastroparesis
[8,31,33]
patients than population norms
, and that there
was generally a negative relationship between QoL and
[2,8,10,29-34]
gastroparesis symptom severity
, although one
study found a weak positive relationship between the
Role Emotional subscale of the SF-36 and epigastric
[34]
pain severity . Two studies found no significant
[8,33]
difference in QoL between DG and IG patients
,
however one found that IG scored lower than DG on
[10]
measures of diet, daily activities, and relationships ,
and conversely, another found IG scored higher than
[35]
DG on both physical and mental components of QoL .
Only one study assessed the relationship between
degree of gastric retention and QoL, with no significant
[33]
relationship demonstrated . One study assessed the
impact of duration of symptoms/disease, finding a mild
improvement in QoL after 48 wk of standard medical
[26]
care for gastroparesis .
Based on these results, it can be concluded
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Future directions

In order to move forward in understanding this area,
future research would benefit from undertaking
the following recommendations. When assessing
the prevalence of psychopathology in gastroparesis
cohorts, studies should consider the broad range of
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Table 3 General recommendations and questions for future research
General recommendations:
Identify prevalence of psychological conditions based upon standardized and validated assessment tools (e.g., SCID[37], MINI[38])
Use standardized assessment of gastroparesis (e.g., gastric emptying scintigraphy, PAGI-SYM[39])
Use validated psychological scales to assess, anxiety, depression, stress (e.g., BDI[40], BAI[41], STAI[42], DASS[43]) and QoL measures relevant to individuals
with upper gastrointestinal disorders (e.g., PAGI-QoL[44])
Use and provide clear scoring information
Report assessment results in a manner that allows comparison across studies (e.g., standardized cut-off scores)
Psychological interventions:
Randomized control trial design
Prior to intervention, power analyses conducted
Clear details of intervention content made fully available to allow other researchers to review and undertake accurate replication
Gastroparesis-focused interventions
Include measures that assess a cost/benefit analysis, engagement of medical services
Where possible, patients, assessors, and statistician blinded
Independent evaluation of intervention session recordings to ensure protocol/treatment consistency
Psychological interventions need to be clearly identified and undertaken by trained and appropriately qualified individuals (i.e., psychologists,
psychiatrists)
Identify clear inclusion and exclusion criteria
Identifying if (and where possible control for) participants have/have not received or are currently receiving psychotherapy (including type, duration
etc.), using psychotropic medication, are on specialized diets for their gastroparesis
Utilize valid measures which can be accurately compared to other intervention studies
Evaluate participant engagement in therapy (e.g., % attendance to sessions, completion of homework)
Evaluate differences between completers versus non-completers
Include long-term post-therapy efficacy review time points (i.e., 1 and 2 yr post-intervention)
Future research questions:
What is the prevalence of psychopathology in gastroparesis compared to other gastroenterological cohorts?
What psychological processes act as moderating/mediating factors between gastroparesis symptom activity and outcome variables such as QoL,
anxiety, and depression (e.g., personality, coping style, self-efficacy)?
How may gender impact upon the presentation and course of gastroparesis and associated psychological distress?
How may historical and current stressors and/or traumas impact upon the presentation and course of gastroparesis?
To what extent does duration of symptoms/disease influence the relationship between gastroparesis and psychological distress?
QoL: Quality of life.

psychopathologies, which should be diagnosed by an
appropriately qualified individual. To gain greater insight
into the relationship between psychological factors
and gastroparesis, studies should use standardized
assessment tools and cut off scores, and provide
clear scoring information. Studies are also invited to
look beyond basic correlation analyses, and explore
possible mediating factors. Information regarding
mediating factors would be especially useful in designing
individualized psychological interventions for gastroparesis
patients. To promote consistency and future comparison,
recommendations for studies are summarized in Table
3, along with suggestions for the development of
psychological interventions and future research questions.
In conclusion, increased levels of psychopathology
are evident in patients suffering from gastroparesis,
with associations between the severity of psychological
factors and the severity of gastroparesis symptoms.
Although only one study has utilized a psychologicallybased intervention for gastroparesis patients to date,
the intervention was associated with improvement in
both gastroparesis symptoms and levels of depression.
The results of this systematic review indicate the
importance of further research into the relationship
between psychological factors and gastroparesis,
especially given that current medical treatments
for gastroparesis are limited. In particular, further
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exploration of the prevalence of psychopathology
in gastroparesis compared to other conditions is
warranted, as well as an assessment of the factors
that may mediate an individual’s ability to adapt to,
and manage, gastroparesis.
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provided to encourage progress in this important research area.
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The results of this systematic review indicate that further exploration of the
prevalence of psychopathology in gastroparesis is warranted, as well as an
assessment of the factors that may mediate an individual’s ability to adapt
to, and manage, gastroparesis. Better understanding of these factors will
assist in the development of targeted psychological support programs for the
gastroparesis cohort.
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This paper conducted for systematic review of psychological aspects of
gastroparesis. Authors concluded that “gastroparesis is associated with
significant psychological distress and poor quality of life. Recommendations
for future studies and the development of psychological interventions are
provided”.
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Abstract
AIM
To perform a meta-analysis of the related studies to
assess whether circulating tumor cells (CTCs) can be
used as a prognostic marker of esophageal cancer.
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METHODS
PubMed, Embase, Cochrane Library and references in
relevant studies were searched to assess the prognostic
relevance of CTCs in patients with esophageal cancer.
The primary outcome assessed was overall survival
(OS). The meta-analysis was performed using the
random effects model, with hazard ratio (HR), risk ratio
(RR) and 95% confidence intervals (95%CIs) as effect
measures.
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RESULTS
Nine eligible studies were included involving a total
of 911 esophageal cancer patients. Overall analyses
revealed that CTCs-positivity predicted disease
progression (HR = 2.77, 95%CI: 1.75-4.40, P < 0.0001)
and reduced OS (HR = 2.67, 95%CI: 1.99-3.58, P <
0.00001). Further subgroup analyses demonstrated
that CTCs-positive patients also had poor OS in
different subsets. Moreover, CTCs-positivity was also
significantly associated with TNM stage (RR = 1.48,
95%CI: 1.07-2.06, P = 0.02) and T stage (RR = 1.44,
95%CI: 1.13-1.84, P = 0.003) in esophageal cancer.
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CONCLUSION
Detection of CTCs at baseline indicates poor prognosis
in patients with esophageal cancer. However, this
finding relies on data from observational studies and is
potentially subject to selection bias. Prospective trials
are warranted.
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Core tip: The clinical validity of circulating tumor cells
(CTCs) is still controversial and inconclusive in patients
with esophageal cancer. Our meta-analysis provides
strong evidence that detection of CTCs in peripheral
blood at baseline is an independent prognosticator of
poor survival outcomes in esophageal cancer patients.
Xu HT, Miao J, Liu JW, Zhang LG, Zhang QG. Prognostic
value of circulating tumor cells in esophageal cancer. World J
Gastroenterol 2017; 23(7): 1310-1318 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i7/1310.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i7.1310

MATERIALS AND METHODS
Literature search and selection criteria

A literature search of related studies was conducted
using the PubMed, Embase, and Cochrane Library
databases. The following search terms were used: (1)
“circulating tumor cells” or “CTCs”; (2) “esophageal
cancer” using MeSH or free words; and (3) a
combination of (1) and (2). The last search was
conducted on November 17, 2016.
Two authors, Xu HT and Miao J, independently
retrieved the titles and abstracts of the primary
studies identified in the electronic search. In addition,
references of potentially relevant studies were
examined. Duplicate studies were excluded.
The inclusion criteria were as follows: (1) population:
patients with esophageal cancer; (2) intervention:
CTCs-positivity; (3) comparison: CTCs-negativity; (4)
outcome: the primary outcome assessed was overall
survival (OS), and clinicopathological characteristics and
other prognostic outcomes were assessed as secondary
outcomes; (5) design: randomized controlled trials
(RCTs) or observational studies; (6) samples used in
these studies should be collected from peripheral blood
(PB) and at baseline; and (7) sufficient data to calculate
hazard ratio (HR) or risk ratio (RR) with 95% confidence
intervals (95%CIs) as comparable effect estimates.
Exclusion criteria included the following: (1) review
articles, letters, comments and case reports; and (2)
studies where it was impossible to retrieve or calculate
data of interest.

INTRODUCTION
Esophageal cancer (EC) is the eighth most common
[1]
malignant tumor worldwide and is the sixth leading
[2]
cause of cancer death . However, the early diagnosis
of EC is difficult due to the lack of specific symptoms
in the early stages. In most cases, the disease is
already at an advanced stage at presentation. EC
[3]
ranks fourth among cancer-related deaths in China .
Surgical resection is the main treatment for EC,
with a postoperative 5-year survival rate of only
[2]
34%-36% . New treatment strategies including
[4,5]
neoadjuvant radiochemotherapy
, preoperative
[6,7]
neoadjuvant chemotherapy , and three-field lymph
[8]
node dissection are helpful for improving the 5-year
survival rate of EC patients. However, the outcomes
are still unsatisfactory, and many patients die of
[9]
local recurrence and distant metastasis . Therefore,
biomarkers which can be used to identify the recur
rence or metastasis of EC are needed to facilitate
timely diagnosis and treatment strategies and thus
improve the prognosis of EC patients.
In the early stage of EC metastasis or recurrence,
the clinical manifestations are occult and cannot be
effectively predicted by routine laboratory tests. In
recent years, circulating tumor cells (CTCs) have
been recognized as the cause of tumor metastasis
[10,11]
or recurrence
. CTCs are the cells that are
shed from a primary or metastatic tumor into the
peripheral circulation. Most CTCs will be cleared by
the human immune system, whereas a small number
of surviving CTCs can reach other parts of the body
[12]
via the bloodstream, resulting in tumor metastasis .
CTCs can remain non-proliferative for a long period
of time and can resist the anti-tumor effect of
[13,14]
chemotherapy drugs
. At present, many studies
on the correlations between CTC positivity and the
[15]
[16]
prognoses of breast cancer , colorectal cancer ,
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[18]

gastric cancer , and lung cancer
have shown that
CTCs-positivity can indicate poor prognosis.
Although many studies have demonstrated the
relationship between CTCs and the prognosis and
clinicopathological features of EC, their findings had
certain limitations due to differences in CTC detection
methods and EC treatment strategies. In addition, the
role of CTC detection before surgical or non-surgical
treatment in EC patients remains unclear. Therefore,
in this meta-analysis, we summarized and analyzed
the prognostic value of CTCs in EC patients before and
after treatment in a quantitative and comprehensive
manner.

Data extraction and quality assessment

Data extraction was performed by Xu HT and Miao
J independently. The following information was
extracted from each study: (1) first author, year of
publication, country and study type; (2) number and
characteristics of patients in both the CTCs positivity
and negativity groups; and (3) outcome data including
follow-up period, OS and other prognostic outcomes
such as disease-free survival (DFS) or progression-free
survival (PFS) or relapse-free survival (RFS).
All relevant texts, tables and figures were reviewed
for data extraction, and entered into an Excel file.
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RRs and 95%CIs.
Moreover, a sensitivity analysis was conducted by
deleting each study individually to evaluate the quality
and consistency of the results. Visual inspection of the
funnel plot was carried out to assess publication bias.
In addition, subgroup analyses of the studies
were conducted according to region (Asia vs nonAsia), curative method (surgery vs non-surgery),
and method used to detect CTCs (CellSearch vs RTPCR vs other methods). The subgroup analyses were
performed only for OS.

Records identified through database searching
(n = 306)

Records after duplicates removed
(n = 249)

Records screened
(n = 249)

Records excluded
(n = 230)

RESULTS
Study selection

Full-text articles
assessed for eligibility
(n = 19)

A total of 306 studies were identified from the initial
database search. Fifty-seven studies were excluded
due to duplicates, and 230 studies were excluded
for various reasons based on the titles and abstracts
(reviews, case reports, or clearly irrelevant to the
analysis). Ten studies were excluded due to reviews or
the lack of an outcome of interest. In total, 9 studies
[25-33]
were included in the meta-analysis
. The selection
process is shown in Figure 1.

Full-text articles
excluded (n = 10)
Not relevant data
or on sufficient
data (n = 9)
Reviews (n = 1)

Studies included in qualitative synthesis
(n = 9)

Study characteristics

The main characteristics of the included studies are
shown in Table 1. The studies were conducted in three
countries (China, Japan and Germany) and published
between 2009 and 2016. Of the included studies, none
[25,27-29,31]
were RCTs, 5 were prospective cohort studies
,
[25,30,32,33]
and 4 were cohort studies
. The sample size
ranged from 38 to 244 (CTCs-positive group, n = 336;
CTCs-negative group, n = 575). All studies assessed
CTCs at baseline. Of the 9 studies, 7 studies contained
[26-31,33]
data on clinicopathological characteristics
, 8 had
[25-29,31-33]
[25,30]
HRs for OS
, 2 had HRs for PFS
, 2 had HRs
[26,31]
[27,33]
for DFS
, and 2 had HRs for RFS
.

Studies included in quantitative
synthesis (meta-analysis)
(n = 9)

Figure 1 Selection process for studies included in the meta-analysis.

Furthermore, we included only the most recent or
complete studies to avoid duplication of information.
Discrepancies between the two reviewers were
resolved by discussion and consensus.
The Cochrane risk of bias tool was adopted to
[19]
assess the risk of bias in RCTs . Observational studies
[20]
were evaluated using the Newcastle-Ottawa Scale .

Quality assessment

Assessment of risk of bias in the studies is shown
in Table 2. Based on the Newcastle-Ottawa Scale to
assess the risk of bias in cohort studies, 7 studies
[25-29,31,32]
were rated as having a total score of > 5
, and
2 as having a score of ≤ 5, indicating a high risk of
[30,33]
bias
.

Statistical analysis

Analyses were performed using Cochrane RevMan
5.3. For time-to-event data, HR and 95%CIs were
obtained directly or indirectly from studies according
[21]
to the method described by Tierney . RR was used
to compare dichotomous variables. Heterogeneity was
2
2
tested using the I statistic. Studies with an I statistic
of 0%, 25%, 50% and 75% represented no, low,
[22,23]
moderate and high heterogeneity
. The random
effect models were used for the analysis, as this model
can obtain more conservative results and better fit the
multi-center clinical studies due to the existence of
[24]
heterogeneity . The Generic Inverse Variance method
was used to calculate pooled HRs and 95%CIs. The
Mantel-Haenszel method was used to calculate pooled
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Correlation between CTCs and OS

[25-29,31-33]

The HRs for OS were available in 8 studies
,
including 779 EC patients. The pooled results showed
that CTCs-positive EC patients had significantly poorer
OS than CTCs-negative patients (HR = 2.67, 95%CI:
1.99-3.58, P < 0.00001), and heterogeneity was
2
statistically nonsignificant (I = 14%, P = 0.32) (Figure 2).
We performed subgroup analyses to further assess
whether CTCs status had prognostic value in different
subsets (Table 3). We first evaluated the effects of
CTCs status on OS regarding region and found that
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Gao et al[33], 20092

China

Cohort

Cohort

Prospective cohort

Cohort

Prospective cohort

Prospective cohort
Prospective cohort
Prospective cohort

Cohort

Study design

108 (85/23)

62 (53/9)

244 (212/32)

72 (54/18)

38 (30/8)

57 (55/2)
100 (77/23)
90 (78/12)

140 (117/23)

Number (M/F)

58.9 (36-82)

61 (NR)

64 (NR)

63 (46-83)

63 (43-87)

62.8 ± 8.5
(36-78)
54 (36-78)
66 (32-85)
65 (46-98)

Age, yr
(range)

ESCC

EC

ESCC

ESCC

EC

EC
EC
ESCC

ESCC

Population

RT-PCR

RT-PCR

RT-PCR

RT-PCR

CellSearch

Flow cytometry
CellSearch
CellSearch

Fluorescent IHC

Detection
method

Baseline

Baseline and
after treatment
Baseline

Baseline
Baseline
Baseline and
after treatment
Baseline and
after treatment
Baseline and
after treatment

Baseline

Sample time

47 (51/108)

77 (48/62)

13 (34/244)

69 (50/72)

50 (19/38)

50 (29/57)
18 (18/100)
27 (25/90)

44 (62/140)

Rate% (n/N)

1

Expression of any
one of CEA, CK19,
survivin
Expression of any
one of CEA, SCCA
Expression of
survivin
Expression of
survivin

≥ 2/7.5 mL

≥ 1/7.5 mL

≥ 1/7.5 mL

≥ 21/mL

> 2/5 mL

Cut-off criteria
3 yr

Follow-up
OS, DFS

Outcome

Surgery

Surgery

Surgery

OS

OS, DFS

19.5 mo (median), OS, RFS
range, 1-33 mo

3 yr (median)

24.3 mo (median)

CCRT
3 yr
OS, PFS
Surgery
37.5 mo (median) OS, RFS
Chemotherapy 10.3 mo (median),
OS
or CRT
range 0.3-36.4 mo
Chemotherapy 19 mo (median)
OS
or CRT
Radiotherapy
2 yr
PFS

Surgery

Curative method

1313
[25-27,30,31,33]

[26,27,29-31,33]

Six studies reported the relationship between CTCs status and TNM stage
. Pooled analysis showed that CTCs-positivity in stage Ⅲ and Ⅳ was greater than
2
that in Ⅰ and Ⅱ (RR = 1.48, 95%CI: 1.07-2.06, I = 47%, P = 0.02) as shown in Figure 5A. Studies assessed by pooled analysis showed a significant association

Correlation between CTCs and clinicopathological characteristics

The HRs for disease progression (DFS, RFS and PFS) were available in 6 studies
, involving 661 EC patients. The overall analysis revealed that compared
2
with CTCs-negative EC patients, the CTCs-positive patients had a higher risk of disease progression (HR = 2.77, 95%CI: 1.75-4.40, I = 55%, P < 0.0001) (Figure 4).
Sensitivity analyses confirmed the stability of our results, and indicated that our results were not obviously affected or dominated by a single study.

Correlation between CTCs and disease progression (DFS, RFS and PFS)

for both Asians and non-Asians, detection of CTCs predicted a poor prognosis (Asian: HR = 2.46, 95%CI: 1.77-3.40, I = 14%, P < 0.00001; non-Asian: HR = 3.74,
2
95%CI: 1.98-7.05, I = 0%, P < 0.0001). We then determined the effects of CTCs status on OS with regard to curative method and discovered that for both surgery
2
and non-surgery, detection of CTCs at baseline indicated an increased risk of poor prognosis (surgery: HR = 2.81, 95%CI: 1.72-4.58, I = 50%, P < 0.0001; non2
surgery: HR = 2.70, 95%CI: 1.70-4.30, I = 0%, P < 0.0001). We also assessed the effects of CTCs status on OS with regard to detection method and found that CTCs
2
detection by CellSearch or RT-PCR or other methods indicated a worse prognosis (CellSearch: HR = 2.91, 95%CI: 1.78-4.74, I = 0%, P < 0.0001; RT-PCR: HR = 3.44,
2
2
95%CI: 1.42-8.34, I = 70%, P = 0.006; other methods: HR = 2.22, 95%CI: 1.38-3.58, I = 0%, P = 0.001). In addition, the stratified results showed that compared
to CTCs-negative patients, CTCs-positive patients had a higher risk for poor OS in these subgroups.
The funnel plot did not show obvious asymmetry (Figure 3). Therefore, no significant publication bias was observed.

2

Positive CTCs at baseline; 2Only 48 patients were available for follow-up. M/F: Male/Female; ESCC: Esophageal squamous cell carcinoma; EC: Esophageal cancer; IHC: Immunohistochemistry; CCRT: Concurrent
chemoradiotherapy; CRT: Chemoradiotherapy; OS: Overall survival; DFS: Disease-free survival; PFS: Progression-free survival; RFS: Relapse-free survival; CEA: Carcinoembryonic antigen; CK19: Cytokeratin 19; SCCA:
Squamous cell carcinoma antigen.

1

Japan

Tanaka et al[31], 2010

Germany

China

Yin et al[30], 2012

Hoffmann et al[32], 2010

Japan

China
Germany
Japan

China

Country

Tanaka et al[29], 2015

Su et al[25], 2016
Reeh et al[27], 2015
Matsushita et al[28], 2015

Li et al[26], 2016

Ref.

Table 1 Characteristics of the included studies

Xu HT et al . Prognostic value of CTCs in EC

February 21, 2017|Volume 23|Issue 7|

Xu HT et al . Prognostic value of CTCs in EC
Table 2 Assessment of the risk of bias in each cohort study using the Newcastle-Ottawa scale
Study

Selection
Exposed
cohort

Li et al[26], 2016
Su et al[25], 2016
Reeh et al[27], 2015
Matsushita et al[28], 2015
Tanaka et al[29], 2015
Yin et al[30], 2012
Tanaka et al[31], 2010
Hoffmann et al[32], 2010
Gao et al[33], 2009

NS
S
S
NS
S
NS
NS
S
NS

Comparability

Non-exposed Ascertainment Outcome of
cohort
of exposure
interest
S
S
S
S
S
S
S
S
S

S
S
S
S
S
S
S
S
S

Outcome
Assessment
of outcome

S
S
S
S
S
S
S
S
S

NS
NS
NS
NS
NS
NS
NS
NS
NS

S
S
S
S
S
S
S
S
S

Length of Adequacy of
follow-up
follow-up
S
S
S
S
NS
NS
S
S
NS

Total
score

S
S
S
S
S
S
S
S
NS

6
7
7
6
6
5
6
7
4

A higher overall score corresponds to a lower risk of bias; a score of ≤ 5 (out of 9) indicates a high risk of bias. S: The study is satisfied the item; NS: The
study is not satisfied the item.

Table 3 Subgroup analyses of the effects of circulating tumor cells on overall survival in esophageal cancer patients
No. of studies No. of patients
Region
Asia
Non-Asia
Curative method
Surgery
Non-surgery
Detection method
CellSearch
RT-PCR
Other methods

Heterogeneity

I2

P value

6
2

637
162

2.46 (1.77-3.40)
3.74 (1.98-7.05)

< 0.00001
< 0.0001

14%
0%

0.33
0.36

5
3

594
185

2.81 (1.72-4.58)
2.70 (1.70-4.30)

< 0.0001
< 0.0001

50%
0%

0.09
0.95

3
3
2

228
354
197

2.91 (1.78-4.74)
3.44 (1.42-8.34)
2.22 (1.38-3.58)

< 0.0001
0.006
0.001

0%
70%
0%

0.93
0.04
0.44

Study or subgroup log(hazard ratio)
Gao 2009
Hoffmann 2010
Li 2016
Matsushita 2015
Reeh 2015
Su 2016
Tanaka K 2010
Tanaka M 2015

P value

HR (95%CI)

1.6429
1.8132
0.5988
0.9400
1.1404
0.9787
0.5188
1.1506

Hazard ratio

Hazard ratio

SE

Weight

IV, random, 95%CI

IV, random, 95%CI

0.4133
0.6281
0.3537
0.4083
0.3777
0.3369
0.3017
0.5769

11.6%
5.4%
15.2%
11.9%
13.6%
16.4%
19.6%
6.3%

5.17 (2.30, 11.62)
6.13 (1.79, 20.99)
1.82 (0.91, 3.64)
2.56 (1.15, 5.70)
3.13 (1.49, 6.56)
2.66 (1.37, 5.15)
1.68 (0.93, 3.03)
3.16 (1.02, 9.79)

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.02, χ = 8.10, df = 7 (P = 0.32); I = 14%
Test for overall effect: Z = 6.52 (P < 0.00001)

2.67 (1.99, 3.58)
0.01

0.1
1
10
Favours (prolonged OS) Favours (shortened OS)

100

Figure 2 Forest plots of the hazard ratios for overall survival. OS: Overall survival; IV: Inverse variance; df: Degrees of freedom.

between CTCs-positivity and T stage (RR = 1.44,
2
95%CI: 1.13-1.84, I = 0%, P = 0.003) (Figure
[26-29,31,33]
5B)
, but a non-significant association between
CTCs-positivity and histological differentiation (RR =
2
1.01, 95%CI: 0.79-1.30, I = 0%, P = 0.93) (Figure
[26,27,30,31]
5C)
. Six studies assessed the relationship
between CTCs-positivity and N stage (RR = 1.47,
2
[26-28,30,31,33]
95%CI: 1.09-1.98, I = 36%, P = 0.01)
.
However, when the Yin 2012 study was removed, no
statistical significance in the five remaining studies was
2
observed (RR = 1.51, 95%CI: 0.98-2.32, I = 48%, P
= 0.06).
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DISCUSSION
Although radical surgery and neoadjuvant radioche
motherapy have been widely used in EC patients,
metastasis or recurrence of EC still poses a significant
challenge for doctors and patients. Therefore,
biomarkers which can be used to identify the
recurrence or metastasis of EC are needed to facilitate
the timely diagnosis and treatment strategies for
EC patients. CTCs, released by primary tumors, are
[34]
regarded as a key stage of tumorigenesis ; their
further development leads to metastatic lesions, which
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in the relationship between CTC status and disease
progression. The sensitivity analysis showed that
the exclusion of any of the articles did not affect the
outcome, and the heterogeneity was generated from
the difference in the clinical observation time points
among different studies. Also, different studies came
to different conclusions regarding the relationship
between CTC status and clinicopathological factors.
[26]
[28]
Li et al
and Matsushita et al
concluded that
positive CTC expression was correlated with TNM
stage, but not with T stage, N stage, and the degree
[27]
[31]
of differentiation; Reeh et al
and Tanaka et al
found that the CTC status was not correlated with TNM
stage, T stage, and lymph node metastasis; and other
[33,38]
studies
found that CTC positivity was correlated
with N stage. In the present study, we found that CTC
status was associated with TNM stage and T stage,
but not with lymph node metastasis or degree of
differentiation. Because different TNM staging methods
were used among studies, and the clinical stages
and pathological stages also differed, heterogeneity
was inevitable in the present study. The results were
unstable during the pooled analysis of the relationship
between N stage and CTC status. However, when one
[30]
article by Yin et al
2012 was removed, the research
outcome changed, which may be explained by the fact
[26-28,31,33]
that the N stage in five other articles
was the
[30]
pathological stage, whereas Yin et al
used clinical N
stage.
Our meta-analysis had some limitations. First,
potential biases such as gender, age, and race could
not be avoided or controlled during the pooled
analysis,which contains females are less susceptive to
this type of cancer,white man in certain countries are
more susceptible and in Asia(specifically in China) the
squamous esophageal cancer is detected more than
esophageal adenocarcinoma etc. Second, although
no publication bias was found during analysis of the
relationship between CTC positivity and the survival rate
of EC patients, all the included articles were published
in the English literature, which may have led to the
omission of some non-English literature with negative
results. In addition, most studies were conducted
in Asian countries and areas and hence were less
representative. Third, some of the included literature
did not explicitly provide HR and 95%CI values,
which had to be extracted from the relevant data
and curves in the literature. Fourth, the differences in
CTC detection methods, EC therapeutic approaches,
and EC staging methods could also have affected the
judgment of prognosis. Despite these limitations, we
still demonstrated the relationships between CTCs and
the prognosis and clinicopathological factors of EC.
In conclusion, CTC detection may be a valuable
tool for improving the prognosis of EC patients, and
it may be possible to carry out individualized therapy
based on the results of CTC detection in the future.
For postoperative EC patients, CTCs monitoring can
provide individualized clinical information during the

SE [log(hazard ratio)]

0.0
0.2
0.4
0.6
0.8
1.0
0.01

0.1

1
Hazard ratio

10

100

Figure 3 Funnel plot of the studies on overall survival.
[35]

can be explained by the “seed and soil” theory .
It is generally believed that lymph node metastasis
occurs prior to blood-borne metastasis; however, the
detection of CTCs in early tumors indicates that bloodborne metastasis can occur even in the early stage of
tumorigenesis, i.e., before the occurrence of lymph
[36]
[31]
node metastasis . In one study , peripheral venous
blood CTCs were detected before and after the surgical
treatment of EC; it was found that the preoperative
positive expression of CTCs was not correlated
with prognosis, whereas the postoperative positive
expression of CTCs was significantly correlated with
[27]
prognosis. However, in another study , positive CTCs
in peripheral venous blood before treatment were
thought to be correlated with prognosis. Thus, the
value of CTC detection before surgical or non-surgical
treatment in EC patients requires further investigation.
In this meta-analysis, we conducted a com
prehensive literature search and demonstrated that
detection of peripheral venous blood CTCs in EC
patients can predict disease progression and poor
[37]
prognosis. Compared with a previous study , in
the present study, we included most recent literature
and restricted the CTCs detection time to “before
treatment”. It is well known that EC patients who
have received surgical treatment or non-surgical
treatment had different prognoses. Our subgroup
analysis of EC treatment further showed that detection
of CTCs before treatment is valuable for predicting the
prognosis of EC patients, and the expression of CTCs
was not significantly correlated with treatment mode.
In addition, considering the differences in treatment
mode and observation time, we combined DFS, RFS,
and PFS as “disease progression” and carried out a
subgroup analysis accordingly.
Regional differences and differences in treatment
modes and CTCs examination methods can also result
in clinical heterogeneity; in this regard, we also carried
out a subgroup analysis. As shown in our study, there
was no significant heterogeneity when the relationship
between CTCs status and the OS of EC patients
was analyzed, and subgroup analysis also showed
stable results. However, heterogeneity was found
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Figure 4 Forest plots of the hazard ratios for disease progression. HRs: Hazard Ratios; DFS: Disease-Free Survival; PFS: Progression-Free Survival; RFS:
Relapse-Free Survival; IV: Inverse variance; df: degrees of freedom.
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follow-up. For EC patients requiring radiochemotherapy,
CTCs monitoring may help identify the risk of tumor
progression and enable some patients to benefit from
second-line therapy. However, some problems still
need to be addressed before CTC detection is applied
in clinical settings. First, a variety of methods have
[39]
been developed for detecting CTCs ; therefore,
multi-center studies are required to standardize the
CTC detection techniques and define CTCs reference
values. Second, the CTC detection results may be
negative in peripheral blood samples in some EC
[40,41]
patients with dominant metastasis
, which may be
because the detection markers for metastatic lesions
are not expressed or because the expression levels
of these markers are below the detection thresholds.
Therefore, efforts should be made to optimize the
detection platforms for CTCs to improve the sensitivity
of CTC detection. Finally, the value of CTC detection
in predicting prognosis and the risk of EC recurrence/
metastasis still need to be validated in large multicenter clinical trials.

4

5

6
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Abstract
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One to six percent of patients with microscopic colitis
are refractory to medical treatment. The effect of
faecal microbiota transplantation (fmt) in active
collagenous colitis (CC) has, to the best of our
knowledge, never been reported before. Here, we
report the effect of repeated fmt in a patient with CC.
The patient presented with severe symptoms including
profuse diarrhea and profound weight loss. Although
she responded to budesonide in the beginning, she
became gradually refractory to medical treatment,
and was therefore treated with fmt. The patient
remained in remission for 11 mo after the third faecal
transplantation. The immunomodulatory effect of the
therapy was evaluated using flow cytometry, which
showed alterations in the profile of intraepithelial and
lamina propria lymphocyte subsets after the second
transplantation. Our observations indicate that fmt can
have an effect in CC, which support the hypothesis that
luminal factors, influencing the intestinal microbiota,
are involved in the pathogenesis of CC.
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[9]

medical treatment , and surgery with an ileostomy
has hitherto been the only option in severe medically
[10]
refractory cases .
Faecal microbiota transplantation (FMT) is a
method to modify microbiota dysbiosis, and studies
have shown that it can have effect in patients with
ulcerative colitis, resulting in maintained clinical as
[11-14]
well as endoscopic and histopathologic remission
.
For recurrent Clostridium difficile infection, FMT has
for some decades, been established as an effective
[15-18]
treatment
. Despite microbiota showing dysbiosis
[19,20]
in CC patients
, FMT as a possible treatment for CC
has not been reported before. We here present a case
with medically refractory CC, who responded to FMT.

collagenous colitis; flow cytometry; lymphocytes
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: collagenous colitis (CC) is characterized by
chronic watery diarrhea and inflammation in the colonic
mucosa. The treatment is based on budesonide or
immunomodulatory treatment in moderate to severe
cases. However, some patients do not respond to
the treatment. The aim of this article is to report the
effect of repeated faecal microbiota transplantation in
a CC patient who remained in remission 11 mo after
the repeated transplantations, which also caused
alterations in the lymphocyte subsets.

CASE REPORT

Günaltay S, Rademacher L, Hultgren Hörnquist E, Bohr
J. Clinical and immunologic effects of faecal microbiota
transplantation in a patient with collagenous colitis. World J
Gastroenterol 2017; 23(7): 1319-1324 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i7/1319.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i7.1319

Patient and donor characteristics, procedures and
clinical results of FMT

The patient was a 72 year old female who suffered
from frequent watery diarrhea and was diagnosed
with CC six months after debut of symptoms in
2008. The diagnosis was based on clinical findings
and histopathological evaluation which showed an
increased number of lymphocytes in the lamina
propria, in the epithelium and in a few crypts. There
was a thickened collagenous band subepithelially.
The findings were diffusely distributed in the whole
[2,7]
colon . She had normal biochemical and hematologic
parameters, whereas faecal calprotectin levels were
increased from 160 mg/kg in 2009 to 500 mg/kg
when the CC deteriorated in 2013. Stool cultures
were tested for Clostridium difficile at diagnosis,
before the first and before the second FMT, and
were also negative for Salmonella species, Shigella
dysenteriae, Campylobacter jejuni, and Yersinia
enterocolitica. Based on histopathologic examination of
duodenal biopsies, celiac disease was excluded. Initial
treatment with loperamide had only little effect, and
cholestyramine, had no effect. The patient responded
well to budesonide, and was in remission for 2 years.
Gradually, however, the effect of budesonide declined
during 2013, and her symptoms worsened with
profuse watery diarrhea, severe fecal incontinence,
fatigue, and a weight loss of totally 15 kg, though,
without biochemical signs of malabsorption. She tried
mesalazine without effect, and azathioprine, but did
not tolerate it. She had doxycycline in November 2013,
100 mg per day for 10 d as treatment for olecranon
bursitis, which resulted in decreased numbers of daily
stools, but the effect only lasted one week after the
cessation of the antibiotic. She had one additional
doxycycline cure in 2014, also with good but temporary
antidiarrheal effect. The details for treatments are
summarized in Table 1. The patient then learned
about the possible effect of FMT in ulcerative colitis,
and was interested in trying this treatment. As FMT
has not been documented in CC, she was offered this

INTRODUCTION
Microscopic colitis (MC) is a chronic inflammatory
disease of the colon, characterized clinically by
chronic watery diarrhea, abdominal pain and weight
[1]
loss . Based on histopathological features in the
colon mucosa, MC comprises primarily two entities;
collagenous colitis (CC) and lymphocytic colitis (LC).
Both CC and LC are characterized by inflammation in
the lamina propria of the colon mucosa. CC, however,
is distinguished from LC by a colonic subepithelial
collagen band of 10 μm or more in thickness, whereas
LC has a more pronounced lymphocyte infiltration in
[2]
the colonic epithelium . The pathogenesis of MC is not
known, but it is thought to be multifactorial, involving
a mucosal immune response to luminal factors in
genetically predisposed individuals. Defects in the
epithelial barrier function may lead to transmucosal
passage of antigens and bacteria, and consequently
[3-5]
leading to inflammation as seen in MC . A role for
the colonic microbiota or an invasive microorganism
in the disease pathogenesis is supported by the
observation that some CC patients clinically improve
after treatment with antibiotics of different categories
[6]
for concurrent infections .
The treatment of MC was earlier based on
retrospective studies: loperamide, cholestyramine,
sulphasalazine and 5-aminosalicylic acid were the
[6]
standard alternatives . During the last decades,
it has become evident that budesonide is a very
efficient drug and the drug of choice for MC with a
moderate to severe course, alternatively azathioprine
[7,8]
in steroid refractory cases . However, one to six
percent of MC patients are refractory to conventional
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done. Routine biopsy specimens were obtained
from the proximal, transverse, and distal colon for
histopathologic confirmation of the diagnosis. The third
FMT, also with cecal instillation, was performed in May
2015.
The patient felt generally better for 2 wk after the
first FMT in November 2014, without any change in
the number of daily stools. After the second FMT in
March 2015, the patient felt an improvement with
loose rather than watery stools for one month. The
histopathology before the first transplant and after
the second transplant showed typical and unaltered
features of CC. After the third FMT in May 2015,
[21]
remission, as defined by Hjortswang et al , was
achieved for 11 mo, with 2 normal stools daily, and
a weight gain from 48 till 55 kg. After 11 mo, the
patient gradually relapsed, but has been in remission
with a medication of budesonide, which did not have
any effect before the FMTs. The patient have had no
adverse effects from any of the FMTs. The course is
summarized in Table 1.

Table 1 Summary of the treatment and results in a collagenous
colitis patient
Treatment

Result of the treatment

Loperamide 2-4 mg per day
Cholestyramine, 4 g, three times
per day
Mesalazine 800 mg twice per day
for 4 mo
Budesonide capsules 3 mg 1-3
times per day
Azathioprine
Doxycycline, 100 mg per day for
10 d, given twice
First FMT, November 2014
200 mL filtrate infused as an
enema in the rectum for five
consecutive mornings
Second FMT, March 2015
300 mL filtrate instilled in cecum
Third FMT, May 2015
300 mL filtrate instilled in cecum

Little effect
No effect
No effect
Good but declining effect after 2 yr
of treatment
Side effects (liver toxicity)
Good but temporary effect
General improvement for 2 wk
Not fulfilling the criteria for
remission[21]
General improvement for 4 wk
Not fulfilling the criteria for
remission
Remission with normalized stools
and normal BMI achieved for 11 mo

Histopathologic findings before the first transplant and after the second
transplant showed typical and similar features of CC. CC: Collagenous
colitis; BMI: Body mass index; FMT: Faecal microbiota transplantation.

Analysis of immunomodulatory effect of FMT using flow
cytometry

The isolation of intraepithelial lymphocytes (IELs) and
lamina propria lymphocytes (LPLs) were performed as
[22]
described in our previous study . 200000 cells/ml
were stained with fluorochrome-conjugated antibodies,
and corresponding fluorochrome-conjugated isotype
[22]
controls were used to eliminate non-specific staining .
Surface labeled cells were fixed and permeabilized
using the Nuclear Factor Fixation and Permeabilization
Buffer Set according to the manufacturer’s instructions
(Biolegend, San Diego, CA, United States) and
[22]
thereafter stained with anti-Ki67-PE , anti-FoxP3PE (clone 259D/C7; BD Biosciences) or isotype control
(IgG1κ-PE, BD Biosciences). A minimum of 100,000
events was collected on a Coulter Epics Altra flow
cytometer (Beckman Coulter, Danvers, MA, United
States) and analyzed using Kaluza software v1.3
+
(Beckman Coulter) based on gated CD3 lymphocytes.
IEL samples were only analyzed for CD3, CD4, and
CD8 markers as the number of events obtained were
[22]
less than 1000 for the rest of the markers .
The immunomodulatory effect of FMT was assessed
according to immunophenotypes of colonic mucosal T
cells before the first and after the second FMTs (Table
2). Although no major changes were observed in the
+
+
+
+
proportions of CD3 CD4 and CD3 CD8 LPLs after
+
+
the second FMT, the proportion of CD4 and CD8
+
activated/memory CD45RO LPLs were decreased,
+
+
whereas the proportion of CD4 and CD8 naïve
+
CD45RA T cells was increased and unchanged,
+
respectively. The proportion of proliferating CD4
+
+
and CD8 Ki67 LPLs were increased after the second
+
+
FMT. The proportion of CD4 FoxP3 lamina propria
regulatory T cells (Treg) was increased 3.5 times
after the second FMT, whereas the proportion of
+
+
CD8 Foxp3 T cells was decreased. The proportion

treatment after thorough information about possible
side effects. The patient was informed of the study
protocol before treatment and colonoscopy, and gave
her written consent to donate tissue samples for
research purposes and undergo treatment with FMT.
The patient’s husband was selected as the donor of
faecal microbiota. His feces were screened and found
negative for Salmonella species, Shigella dysenteriae,
Campylobacter jejuni, Yersinia enterocolitica and
Clostridium difficile by culture. Furthermore, tests for
haematology and liver enzymes were negative, as well
as blood tests for hepatitis A, B and C and varicella
zoster virus. The presence of serum antibodies against
Epstein-Barr virus and cytomegalovirus indicated
earlier, but no ongoing, infections.
The faecal sample from the donor was obtained
2-3 h before transplantation. Two tablespoons of
feces were diluted and mixed in 500 ml 0.9% NaCl.
The homogenized solution was filtered twice through
a pre-sterilized metal sieve. At the first instillation
procedure, 200 ml of the filtrate was infused over
1 h as an enema into the rectum of the patient, for
five consecutive mornings according to our standard
procedure for C. difficile treatment. Since the first FMT
did not improve the clinical status of the patient, at the
second and third instillation procedures, 300 ml filtrate
was infused via a colonoscope into the cecum over 10
[1]
min (Table 1) .
Colonic mucosal biopsies were collected before
the first FMT in November 2014 and 1 mo after the
second FMT in March 2015. Colonic biopsy specimens
for immunological studies were taken from the hepatic
flexure, and stored in PBS on ice for a maximum of
20 h until lymphocyte isolation and analysis were
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ameliorate the ongoing inflammation, whereas the role
+
+
of Foxp3 CD8 T cells in CC pathology remains elusive.
+
+
Increased proportions of proliferating Ki67 CD4 LPLs
after the second FMT may be due to the increased
+
proportions of Foxp3 regulatory T cells.
According to the T lymphocyte subset profile,
the immune response in the mucosa was likely still
activated, which may partly explain why the patient
relapsed and required a third FMT to reach a long-term
clinical remission. We did not collect new biopsies after
the last FMT due to the risk of cleansing the colon, as
the biopsies were collected from the right flexure.
In conclusion, this case study may represent a
novelty in the clinical management of MC. We used
FMT with a good clinical effect, and it suggests a
new indication for the microbiota-related therapeutic
concept. Although this is only a case-report, we believe
that FMT in MC should be further studied to explore
the potential of this approach.

Table 2 Percentages of lamina propria and intraepithelial T
cell subsets expressing different markers detected by flow
cytometry before and after faecal microbiota transplantation
Cell phenotype

Before first After second
FMT
FMT

Percentages of lamina propria T cell subsets
CD3+CD4+
CD3+CD4+CD45RO+
CD3+CD4+CD45RA+
CD3+CD4+Ki67+
CD3+CD4+Foxp3+
CD3+CD8+
CD3+CD8+CD45RO+
CD3+CD8+CD45RA+
CD3+CD8+ Ki67+
CD3+CD8+ Foxp3+
Percentages of intraepithelial T cell subsets
CD3+CD4+
CD3+CD8+

53.0
37.2
4.0
1.2
2.9
40.7
18.8
19.5
1.2
2.9

51.1
29.2
8.4
2.9
10.2
38.9
7.4
18.1
2.9
1.4

13.3
77.9

22.1
62.4

FMT: Faecal microbiota transplantation.
+

COMMENTS
COMMENTS

+

of CD3 CD8 IELs was decreased after the second
+
+
FMT, whereas the proportion of CD3 CD4 IELs was
increased.

Case characteristics

A 72-year-old female who suffered from frequent watery diarrhea and was
diagnosed with collagenous colitis (CC) six months after debut of symptoms in
2008.

DISCUSSION

Laboratory diagnosis

In an earlier study, we showed that diversion of
the faecal stream in CC patients led to clinical and
histopathological remission indicating a possible
role of luminal factors in initiating the inflammation
[10]
in CC . Our observation showing that FMT can
result in clinical improvement of CC, supports the
hypothesis that luminal factors, including or influen
cing the intestinal microbiota, are involved in the
pathogenesis of CC. Efficacy of FMT has been shown
[11-14]
in ulcerative colitis
and in recurrent infections
[15-17]
with Clostridium difficile in the colon
. Although the
pathophysiological mechanisms of FMT are not known
in detail, it is shown that FMT can restore a dysbiosis
[23]
in the gut . The colonic microbiota in CC are reported
[19,20]
to be disturbed
, and thus a potential target for
modification by FMT. To the best of our knowledge, this
is the first work demonstrating beneficial effects of
FMT in the clinical management of CC.
+
+
The recorded increased proportion of CD3 CD8
IELs compared to controls in the patient before FMT
is in accordance with our previous studies in CC
[22,24]
patients
. This cell type was decreased after the
second FMT indicating a reduction in the excessive
[4,25,26]
cytotoxic activity against microbes
. The increased
+
+
proportions of CD3 CD4 IELs after two FMTs indicate
[27,28]
improved tissue repair
, which in turn may con
tribute to remission. The decreased proportions of
+
+
+
CD4 and CD8 activated/memory CD45RO cells after
the second FMT suggest reduced immune responses
[29]
due to the altered microbiota . The increase in
+
+
regulatory Foxp3 CD4 cells, similarly to our and
[24,30]
others’ previous studies
, is likely important to
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She had normal biochemical and hematologic parameters, whereas faecal
calprotectin levels were increased from 160 mg/kg in 2009 to 500 mg/kg when
the CC deteriorated in 2013. All stool cultures were negative for Salmonella
species, Shigella dysenteriae, Campylobacter jejuni, Yersinia enterocolitica and
Clostridium difficile.

Imaging diagnosis

The colonoscopy was normal.

Pathological diagnosis

Histopathological evaluation showed an increased number of lymphocytes in
the lamina propria, in the epithelium and in a few crypts. There was a thickened
collagenous band subepithelially. The findings were diffusely distributed in the
whole colon.

Treatment

The patient responded only temporarily to medical treatment. Accordingly, she
had repeated fecal microbiota transplantations.

Related reports

Fecal microbiota transplantation (FMT) was reported for the first time in
1958. Since then, FMT has been performed for various indications, such as
Clostridium difficile-infection (CDI), inflammatory bowel disease, irritable bowel
syndrome, and metabolic syndrome. FMT for CDI has been established as
an effective therapy when compared to treatment with antibiotics. Despite
dysbiosis in CC patients, FMT as a possible treatment for CC has not been
reported before.

Term explanation

FMT is a process of transplantation of fecal bacteria from a healthy individual
into a recipient to modify microbiota dysbiosis.

Experiences and lessons

FMT is apparently a potential treatment for refractory severe CC.
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The manuscript from Günaltay et al. presents a case of a patient with
collagenous colitis receiving faecal microbiota transplantation. The case is
interesting and describes a novel application of a procedure already established
in other conditions.
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EDITORIAL

Hepatitis C infected patients need vitamin D3
supplementation in the era of direct acting antivirals
treatment
Yasuteru Kondo
several mechanisms for the favorable effects of VitD3
supplementation were reported, the total effect of
VitD3 supplementation remains unclear. Previously,
we reported that supplementation with 1(OH)VitD3
could enhance the Th1 response inducing not only a
favorable immune response for viral eradication but
also HCC control. Recently, the main treatment of CH-C
should be direct acting antivirals (DAAs) without PegIFN. Peg-IFN is a strong immune-modulator. There
fore, an immunological analysis should be carried out
to understand the effect of VitD3 after treatment of
DAAs without Peg-IFN. The induction of a favorable
immune response by adding VitD3 might be able to
suppress the hepatocarcinogenesis after achieving SVR,
especially in children and elderly patients with severe
fibrosis lacking sufficient amounts of VitD3.
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Core tip: Although several mechanisms for the favorable
effects of vitamin D3 (VitD3) supplementation were
reported, the total effect of VitD3 supplementation
remains unclear. Recently, the main treatment of
chronic hepatitis C should be direct acting antivirals
(DAAs) without pegylated interferon (Peg-IFN). Peg-IFN
is a strong immune-modulator. Therefore, an immuno
logical analysis should be carried out to understand the
effect of VitD3 after treatment of DAAs without PegIFN. The induction of a favorable immune response
by adding VitD3 might be able to suppress the hepa
tocarcinogenesis after achieving SVR, especially in
children and elderly patients with severe fibrosis lacking
sufficient amounts of VitD3.
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Abstract
It has been reported that the serum level of vitamin
D3 (VitD3) could affect the natural course of chronic
hepatitis C (CH-C) and the response to treatment with
pegylated interferon (Peg-IFN) and ribavirin. Although
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old and have severe fibrosis. Especially, CH-C patients
with severe fibrosis might not have sufficient VitD3
since hepatocytes are necessary to metabolize VitD3.
Moreover, it has been reported that there might be a
relationship between carcinogenesis and insufficient
[6,9]
VitD3 . Therefore, we should analyze the effect of
VitD3 supplementation on hepatocarcinogenesis after
[7]
achieving SVR . Additionally, the immunological effect
of VitD3 might differ between DAAs with and without
Peg-IFN.

supplementation in the era of direct acting antivirals treatment.
World J Gastroenterol 2017; 23(8): 1325-1327 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i8/1325.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i8.1325

INTRODUCTION
It has been reported that the serum level of vitamin
D3 (VitD3) could affect the natural course of chronic
hepatitis C (CH-C) and the response to treatment with
[1,2]
pegylated interferon (Peg-IFN) and ribavirin (RBV) .
Although several mechanisms for the favorable effects
of VitD3 supplementation were reported, the total
effect of VitD3 supplementation remains unclear. It has
been reported that VitD3, as synthesized in the skin by
photolysis from 7-dehydrocholesterol, is transported
in the blood to the liver where it is hydroxylated at the
C-25-position. Then, it is hydroxylated at the C-1αposition to form the active metabolite 1,25(OH)2VitD3
in the kidney. 1,25(OH)2VitD3 is known to regulate
calcium and phosphorus metabolism in skeletal homeo
stasis. Moreover, 1,25(OH)2VitD3 could affect various
[3,4]
kinds of immune cells via vitamin D receptor . Several
groups reported that the amount of 25(OH)VitD3
affects the progression of CH-C and response to PegIFN/RBV treatment. Moreover several mechanisms
for the favorable effects of VitD3 supplementation in
[5]
CH-C patients have been reported . Dr. Azza reported
that the serum level of 25(OH)VitD3 in CH-C children
was significantly lower than that in healthy children. In
addition to the treatment response, the deficiency of
VitD3 could affect bone density. Therefore, we should
consider supplementation with VitD3 for CH-C patients
even in the era of direct acting antivirals (DAAs).

CONCLUSION
Recently, the main treatment of CH-C should be
DAAs without Peg-IFN. Peg-IFN is a strong immunemodulator. Therefore, an immunological analysis should
be carried out to understand the effect of VitD3 after
treatment of DAAs without Peg-IFN.
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hepatocarcinogenesis remains. Previously, we reported
that supplementation with 1(OH)VitD3 could enhance
the Th1 response inducing not only a favorable immune
[5]
response for viral eradication but also HCC control .
The induction of a favorable immune response by
adding VitD3 might be able to suppress the hepato
carcinogenesis after achieving SVR, especially in
children and elderly patients lacking sufficient amounts
of VitD3. Another group reported that 1,25(OH)2VitD3
could inhibit HCC development through reducing
secretion of inflammatory cytokines from immune[6]
related cells . Moreover, it has been reported that
reduced 25(OH)VitD3 serum levels were found to be
[7]
associated with HCV-related HCC . In addition to the
risk of HCC development, 25(OH)VitD3 deficiency
could be associated with advanced stages of HCC and
[8]
it could be a prognostic indicator for a poor outcome .
In Japan, hepatocarcinogenesis after achieving SVR
is an important issue since many CH-C patients are

WJG|www.wjgnet.com

6

7

8

9

1326

Petta S, Cammà C, Scazzone C, Tripodo C, Di Marco V, Bono
A, Cabibi D, Licata G, Porcasi R, Marchesini G, Craxí A. Low
vitamin D serum level is related to severe fibrosis and low
responsiveness to interferon-based therapy in genotype 1 chronic
hepatitis C. Hepatology 2010; 51: 1158-1167 [PMID: 20162613
DOI: 10.1002/hep.23489]
Abu-Mouch S, Fireman Z, Jarchovsky J, Zeina AR, Assy
N. Vitamin D supplementation improves sustained virologic
response in chronic hepatitis C (genotype 1)-naïve patients. World
J Gastroenterol 2011; 17: 5184-5190 [PMID: 22215943 DOI:
10.3748/wjg.v17.i47.5184]
Chun RF, Liu PT, Modlin RL, Adams JS, Hewison M. Impact
of vitamin D on immune function: lessons learned from genomewide analysis. Front Physiol 2014; 5: 151 [PMID: 24795646 DOI:
10.3389/fphys.2014.00151]
Ryynänen J, Carlberg C. Primary 1,25-dihydroxyvitamin D3
response of the interleukin 8 gene cluster in human monocyteand macrophage-like cells. PLoS One 2013; 8: e78170 [PMID:
24250750 DOI: 10.1371/journal.pone.0078170]
Kondo Y, Kato T, Kimura O, Iwata T, Ninomiya M, Kakazu E,
Miura M, Akahane T, Miyazaki Y, Kobayashi T, Ishii M, Kisara N,
Sasaki K, Nakayama H, Igarashi T, Obara N, Ueno Y, Morosawa T,
Shimosegawa T. 1(OH) vitamin D3 supplementation improves the
sensitivity of the immune-response during Peg-IFN/RBV therapy in
chronic hepatitis C patients-case controlled trial. PLoS One 2013; 8:
e63672 [PMID: 23717463 DOI: 10.1371/journal.pone.0063672]
Guo J, Ma Z, Ma Q, Wu Z, Fan P, Zhou X, Chen L, Zhou S,
Goltzman D, Miao D, Wu E. 1, 25(OH)2D3 inhibits hepatocellular
carcinoma development through reducing secretion of
inflammatory cytokines from immunocytes. Curr Med Chem 2013;
20: 4131-4141 [PMID: 23992309]
Lange CM, Miki D, Ochi H, Nischalke HD, Bojunga J, Bibert
S, Morikawa K, Gouttenoire J, Cerny A, Dufour JF, GorgievskiHrisoho M, Heim MH, Malinverni R, Müllhaupt B, Negro F,
Semela D, Kutalik Z, Müller T, Spengler U, Berg T, Chayama
K, Moradpour D, Bochud PY. Genetic analyses reveal a role
for vitamin D insufficiency in HCV-associated hepatocellular
carcinoma development. PLoS One 2013; 8: e64053 [PMID:
23734184 DOI: 10.1371/journal.pone.0064053]
Finkelmeier F, Kronenberger B, Köberle V, Bojunga J, Zeuzem
S, Trojan J, Piiper A, Waidmann O. Severe 25-hydroxyvitamin D
deficiency identifies a poor prognosis in patients with hepatocellular
carcinoma - a prospective cohort study. Aliment Pharmacol Ther
2014; 39: 1204-1212 [PMID: 24684435 DOI: 10.1111/apt.12731]
Fedirko V, Duarte-Salles T, Bamia C, Trichopoulou A,

February 28, 2017|Volume 23|Issue 8|

Kondo Y. Supplementation of vitamin D3 in DAAs treatment
Aleksandrova K, Trichopoulos D, Trepo E, Tjønneland A, Olsen A,
Overvad K, Boutron-Ruault MC, Clavel-Chapelon F, Kvaskoff M,
Kühn T, Lukanova A, Boeing H, Buijsse B, Klinaki E, Tsimakidi
C, Naccarati A, Tagliabue G, Panico S, Tumino R, Palli D, Buenode-Mesquita HB, Siersema PD, Peters PH, Lund E, Brustad M,
Olsen KS, Weiderpass E, Zamora-Ros R, Sánchez MJ, Ardanaz E,

Amiano P, Navarro C, Quirós JR, Werner M, Sund M, Lindkvist
B, Malm J, Travis RC, Khaw KT, Stepien M, Scalbert A, Romieu
I, Lagiou P, Riboli E, Jenab M. Prediagnostic circulating vitamin
D levels and risk of hepatocellular carcinoma in European
populations: a nested case-control study. Hepatology 2014; 60:
1222-1230 [PMID: 24644045 DOI: 10.1002/hep.27079]
P- Reviewer: Skaaby T, Stokes CS

WJG|www.wjgnet.com

1327

S- Editor: Yu J L- Editor: A
E- Editor: Zhang FF

February 28, 2017|Volume 23|Issue 8|

World J Gastroenterol 2017 February 28; 23(8): 1328-1337

Submit a Manuscript: http://www.wjgnet.com/esps/
DOI: 10.3748/wjg.v23.i8.1328

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Pediatric gastrointestinal bleeding: Perspectives from the
Italian Society of Pediatric Gastroenterology
Claudio Romano, Salvatore Oliva, Stefano Martellossi, Erasmo Miele, Serena Arrigo, Maria Giovanna Graziani,
Sabrina Cardile, Federica Gaiani, Gian Luigi de’Angelis, Filippo Torroni
Claudio Romano, Unit of Pediatrics, Department of Human
Pathology in Adulthood and Childhood “G. Barresi”, University
of Messina, 98125 Messina, Italy

made and the views expressed are solely the responsibility of the
authors.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Salvatore Oliva, Department of Pediatrics and Infantile
Neuropsychiatry, Pediatric Gastroenterology and Liver Unit,
Sapienza University of Rome, 00161 Rome, Italy
Stefano Martellossi, Institute for Maternal and Child Health
IRCCS ‘Burlo Garofalo’, 34137 Trieste, Italy
Erasmo Miele, Department of Translational Medical Science,
Section of Pediatrics, University of Naples “Federico II”, 80131
Naples, Italy

Manuscript source: Invited manuscript

Serena Arrigo, Gastroenterology and Endoscopy Unit, G.
Gaslini Children’s Hospital-IRCCS, 16147 Genoa, Italy

Correspondence to: Claudio Romano, MD, Unit of Pediatrics,
Department of Human Pathology in Adulthood and Childhood “G.
Barresi”, University of Messina, Viale Consolare Valeria, 98125
Messina, Italy. romanoc@unime.it
Telephone: + 39-90-2212918
Fax: + 39-90-2212117

Maria Giovanna Graziani, Gastroenterology and Endoscopy
Unit, “San Giovanni Addolorata” Hospital, 00184 Rome, Italy
Sabrina Cardile, Hepatology, Gastroenterology and Nutrition
Unit, Bambino Gesù Children’s Hospital, 00165 Rome, Italy

Received: September 18, 2016
Peer-review started: September 19, 2016
First decision: December 19, 2016
Revised: January 1, 2017
Accepted: January 17, 2017
Article in press: January 17, 2017
Published online: February 28, 2017

Federica Gaiani, Gian Luigi de’Angelis, Gastroenterology and
Endoscopy Unit, University of Parma, 43126 Parma, Italy
Filippo Torroni, Department of Surgery and Transplantation,
Digestive Surgery and Endoscopy Unit, Bambino Gesù Children’s
Hospital, IRCCS, 00165 Rome, Italy
Author contributions: Romano C and Torroni F contributed
substantially to the study conception and design; Oliva S,
Martellossi S, Miele E, Arrigo S, Graziani MG, Cardile S and
de’Angelis GL conducted the literature search and drafted the
manuscript; all the authors approved the final manuscript and
agree to be accountable for all aspects of the work.

Abstract
There are many causes of gastrointestinal bleeding
(GIB) in children, and this condition is not rare, having
a reported incidence of 6.4%. Causes vary with age,
but show considerable overlap; moreover, while
many of the causes in the pediatric population are
similar to those in adults, some lesions are unique to
children. The diagnostic approach for pediatric GIB
includes definition of the etiology, localization of the
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intestinal tract, from the mouth to the anus. Fortunately,
mortality for acute gastrointestinal bleeding (AGIB) is
low in the pediatric population.
Over the last 10 years, there have been a number
of improvements in diagnosis and management of GIB
in general. Increased involvement has been seen in
the management of AGIB and resuscitation and in the
correct usage of diagnostic and therapeutic endoscopy.
In addition, GIB cases have benefited from advances
in diagnostic and therapeutic radiology techniques and
equipment, as well as development of more selective
and less invasive surgical approaches and of more
efficacious, tolerable and safe ulcer-healing drugs.
These changes have modified the diagnostic and
treatment strategies for patients presenting with nonvariceal and variceal upper GIB (UGIB) and those with
colonic bleeding.
The major objectives of GIB management are
to reduce mortality and the need for major surgery.
A secondary objective is to prevent unnecessary
hospital admission for patients presenting with minor
or self-limited bleeding. This position paper provides
recommendations based on current evidence for
best practice in the management of acute UGIB and
lower GIB (LGIB) in children; management of patients
over the age of 18 is not covered by this statement.
This statement will be of interest for generalist and
specialized pediatricians, as well as general medical
professionals who may encounter pediatric patients
among their patient population, such as acute phy
sicians, gastroenterologists, gastrointestinal surgeons,
endoscopists, pharmacists, anesthesiologists and
nurses.
The statement presented herein resulted from a
first-phase systematic literature search and review
by experts comprising the “Gastro-Ped Bleed Team”
of the Italian Society of Pediatric Gastroenterology,
Hepatology and Nutrition (SIGENP). The preliminary
draft was first circulated among the panel and a
subsequent meeting was held, in which a consensus
was reached on the points touched, resulting in the
final statement that is presented herein. It is important
to note that this position paper is not intended to be
construed or to serve as a standard of care. Standards
of care are determined on the basis of all clinical
data available for an individual case and are subject
to change as scientific knowledge and technology
advances and patterns of care evolve.

bleeding site and determination of the severity of
bleeding; timely and accurate diagnosis is necessary to
reduce morbidity and mortality. To assist medical care
providers in the evaluation and management of children
with GIB, the “Gastro-Ped Bleed Team” of the Italian
Society of Pediatric Gastroenterology, Hepatology and
Nutrition (SIGENP) carried out a systematic search on
MEDLINE via PubMed (http://www.ncbi.nlm.nih.gov/
pubmed/) to identify all articles published in English
from January 1990 to 2016; the following key words
were used to conduct the electronic search: “upper
GIB” and “pediatric” [all fields]; “lower GIB” and
“pediatric” [all fields]; “obscure GIB” and “pediatric”
[all fields]; “GIB” and “endoscopy” [all fields]; “GIB”
and “therapy” [all fields]. The identified publications
included articles describing randomized controlled
trials, reviews, case reports, cohort studies, casecontrol studies and observational studies. References
from the pertinent articles were also reviewed. This
paper expresses a position statement of SIGENP that
can have an immediate impact on clinical practice
and for which sufficient evidence is not available in
literature. The experts participating in this effort were
selected according to their expertise and professional
qualifications.
Key words: Gastrointestinal bleeding; Endoscopy;
Lower gastrointestinal bleeding; Upper gastrointestinal
bleeding; Pediatric
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review provides a practical diagnostic
guide for clinicians for the diagnosis and management
of gastrointestinal bleeding (GIB) in children. Clinical
presentation can be variable and bleeding can occur in
any area of the gastrointestinal tract. The differential
diagnosis is important to define the sequence of
management. Upper endoscopy and colonoscopy are
the mainstay of initial investigations. Best outcomes
are possible by a multidisciplinary approach including
clinicians with skills in pediatric gastroenterology,
radiology and surgery. For cases of major GIB, sta
bilization of the patient’s condition precludes any
diagnostic examination.
Romano C, Oliva S, Martellossi S, Miele E, Arrigo S, Graziani
MG, Cardile S, Gaiani F, de’Angelis GL, Torroni F. Pediatric
gastrointestinal bleeding: Perspectives from the Italian Society
of Pediatric Gastroenterology. World J Gastroenterol 2017;
23(8): 1328-1337 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i8/1328.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1328

DEFINITIONS
UGIB is that originating proximal to the ligament of
Treitz, and, in practice, from the esophagus, stomach
and duodenum. LGIB is defined as bleeding distal
to the ligament of Treitz. Hematemesis (and coffeeground vomitus) is vomiting of blood from the upper
gastrointestinal tract or, occasionally, after swallowing
[1]
blood from a source in the nasopharynx . Bright red
hematemesis usually implies active hemorrhage from

INTRODUCTION
Gastrointestinal bleeding (GIB) is a common condition
in children and can occur in any area of the gastro
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Table 1 Definitions
Upper gastrointestinal bleeding
Lower gastrointestinal bleeding
Occult gastrointestinal bleeding

GI bleeding originating proximal to the ligament of Treitz (esophagus, stomach and duodenum)
GI bleeding originating distal to the ligament of Treitz (small bowel and colon)
GI bleeding that is not visible to the patient or physician, resulting in either a positive fecal occult blood test or
iron-deficiency anemia
Vomiting of blood or coffee-ground-like material
Passage of fresh blood per anus
Passage of black, tarry stools per anus

Hematemesis
Hematochezia
Melena
GI: Gastrointestinal.

Table 2 Causes of upper gastrointestinal bleeding based on age
Infants
Esophagus

Stomach

Gastritis from stress

Duodenum
Variable location

Vitamin K deficiency
Sepsis
Trauma (NG tubes)
CMPA

2-5 years

Older

Esophagitis
Esophageal varices
Mallory-Weiss syndrome
Gastritis
Gastric ulcer
Gastric varices
Duodenitis
Duodenal ulcer
Caustic ingestions
Foreign bodies
NSAIDs use

Esophagitis
Mallory-Weiss syndrome
Esophageal varices
Dieulafoy lesion
PHG
Hemobilia

Polyps
Crohn’s disease
Telangiectasia
Aortoenteric fistula
Coagulation disorders
Caustic ingestions
Foreign bodies
NSAIDs use

NG: Nasogastric; CMPA: Cow's milk protein allergy; NSAIDs: Non-steroidal anti-inflammatory drugs; PHG: Portal hypertensive gastropathy.

the esophagus, stomach or duodenum. Coffee-ground
vomitus refers to the vomiting of black material, which
is assumed to be blood. Melena is the passage of black
tarry stools, usually due to acute UGIB but occasionally
from bleeding within the small bowel or right side
of the colon. Hematochezia is the passage of fresh
or altered blood via rectum, usually due to colonic
[2]
bleeding .
Shock is circulatory insufficiency, resulting in
inadequate oxygen delivery that leads to global
hypoperfusion and tissue hypoxia; in the context
of GIB, shock is most likely to be hypovolemic (due
to the inadequate circulating volume resulting from
acute blood loss). Varices are abnormal distended
veins, most frequently occurring in the esophagus
(esophageal varices) and less frequently in the
stomach (gastric varices) or other sites (ectopic
varices), and usually occurring as a consequence of
liver disease; variceal bleeding is characteristically
[3]
severe and may be life-threatening . Endoscopy is the
visualization of the inside of the gastrointestinal tract
accomplished by means of videoscope. Examination of
the upper gastrointestinal tract (esophagus, stomach
and duodenum) is known as gastroscopy or upper
gastrointestinal endoscopy. Examination of the colon
(large bowel) is referred to as colonoscopy. A list of
definitions is provided in Table 1.

WJG|www.wjgnet.com

UGIB
In children, UGIB is an uncommon but potentially
serious, life-threatening clinical condition. From an
anatomical perspective, the UGIB tract encompasses
the gastrointestinal region from the esophagus to
[4]
[5]
the ligament of Treitz . A study by Cleveland et al ,
involving 167 patients, showed the common signs and
symptoms of UGIB at presentation to be hematemesis
(73%), melena (21%) and coffee-ground emesis (6%);
however, patients may also experience epigastric pain,
abdominal tenderness or dizziness.
The worldwide mortality rate for UGIB in children
can range from 5% to 15%, reflecting the diverse
populations that differentially experience conditions
associated with UGIB, such as acute variceal hemorr
[4,6]
hage . The causes of UGIB have been classified
based upon variceal bleeding and non-variceal bleeding
[7]
(Table 2) . Case series reported from Asia and
developing countries show a higher incidence of variceal
[8]
bleeding .
The etiology of UGIB can be categorized by age
groups, but causative disorders overlap considerably
[4]
between these . In newborns, the predominant
causes include coagulation disorders, such as vitamin
[9]
K deficiency, cow’s milk protein allergy (CMPA) ,
stress-related gastritis, sepsis, and trauma from
placement of nasogastric tubes. In infants (1 mo to
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endoscopy in UGIB are to identify the site of bleeding
and to facilitate initiation of an appropriate therapeutic
[5]
approach when indicated .
A flowchart of the diagnostic approach of UGIB
is provided in Figure 1. In summary, UGIB refers to
bleeding above the ligament of Treitz and the priority
of achieving a differential diagnosis addresses both the
clinical presentation and the age of the patient.

History
Signs/symptoms
Evaluate vital signs
Ensure vascular access
Perform baseline tests
NG lavage
Minor bleeding
Stable/well-looking child
Monitor of life-parameters
Monitor hemoglobin

Major/ongoing bleeding
Resuscitation if necessary
Consider EGD within 24 h
after admission

LGIB
LGIB in children is a common clinical problem; indeed, it
is reportedly the presenting complaint for approximately
[18]
0.3% of children in the emergency department .
In most cases, the bleeding is self-limiting, with the
majority (80%) of LGIB cases in the emergency de
[19]
partment undergoing routine discharge . However,
conditions such as Meckel’s diverticulum, melena by
variceal hemorrhages, acute intestinal obstruction or
severe attack of ulcerative colitis often present with lifethreatening GIB.
The etiology of LGIB is very different between
children and adults, and its incidence is age-dependent.
The main causes of LGIB in adults are colorectal
cancer, colorectal polyps, anorectal disease and
inflammatory bowel diseases (IBDs); in children,
colorectal polyps, chronic colitis and perianal lesions
[20]
are the main causes . In infants, allergic colitis and
anorectal fissures represent the most common causes,
while infectious enteritis and anorectal fissures are
[21]
the most common causes in older children
(Table
3). In young infants (< 1 year of age), the most likely
cause of hematochezia with or (more often) without
diarrhea is the so-called allergic colitis; although CMPA
is usually suspected, the etiology is often uncertain.
In breastfed infants, without anemia, who are growing
well, hematochezia is usually a benign self-limiting
disorder, and a maternal milk-free diet is not necessarily
[22]
indicated .
A valid approach to investigate the causes of LGIB
is to classify it according to the child’s age, general
appearance (ill or well), bleeding rate, and stool charac
[23]
teristics . Meckel’s diverticulum should strongly be
suspected, at any age, if bleeding is massive and
accompanied by both bright and dark red stools. In
ill infants, ischemic/surgical causes, such as mid-gut
volvulus and intussusception, should be suspected. In
older children, other serious medical causes, such as
severe attack of ulcerative colitis, Henoch-Schonlein
purpura or hemolytic-uremic syndrome, might be the
[24]
cause of bleeding .
In cases of severe LGIB, especially when melena
is present or the patient is hemodynamically unstable,
the source of bleeding may include the upper
[25]
gastrointestinal region . In cases with bloody diarrhea
that is persistent (> 7 d), recurrent or severe (> 7
bloody stools/d), the child should be seen by a pediatric
gastroenterologist with indication to endoscopy. Rectal
bleeding with normal stool pattern is suggestive of

Figure 1 Diagnostic approach of upper gastrointestinal bleeding in
infants and children. NG: Nasogastric; EGD: Upper endoscopy.

1 year of age), the most prevalent causes are caustic
ingestions, duplication cysts, foreign body ingestion,
and medication-induced. In toddlers and young
children (1 year to 5 years of age), causes include
erosive esophagitis, gastritis, caustic ingestions,
peptic ulcer bleeding, varices, and vomiting-induced
bleeding (e.g., from a Mallory-Weiss tear). In children
and adolescents (ages 5 years to 18 years), bleeding
can arise from coagulation disorders, gastritis,
Dieulafoy lesions (angiodysplasia), erosive esophagitis,
peptic ulcer disease, caustic ingestions, and vomiting[10]
induced bleeding .
Crohn’s disease is an uncommon cause of UGIB in
[11]
the pediatric population . Certain foods may create
confusion by mimicking the appearance of blood
in vomitus [e.g., artificial (red) food-coloring, fruitflavored drinks, fruit juices, and beets]. All findings
suspicious of blood in vomitus should be clinically inves
[12]
tigated further .
The current diagnostic approach for pediatric
UGIB has been mostly extrapolated from studies of
adults; the key points are extensive history-taking and
examination, laboratory evaluations, and diagnostic
[13]
procedures . Maternal sources of blood include
ingestion of blood during the delivery or from cracked
nipples during breastfeeding; infants who ingest
maternal blood may present with hematemesis or
[4]
melena . Historical information includes the presence
of abdominal pain, coffee-ground-like emesis, dys
phagia, black and tarry stools, bright red blood via
rectum, hematemesis, and chest pain. In addition,
drug use should be elicited, especially any previous
use of non-steroidal anti-inflammatory drugs (NSAIDs),
[14]
aspirin and/or corticosteroids . The physician should
also ascertain a history of peptic ulcer bleeding or
surgery, as well as any previous episodes of UGIB and
[15]
previous history of umbilical catheterization .
In newborns with suspected UGIB, an alkali
denaturation test (i.e., the Apt-Downey test) can
differentiate neonatal blood from maternal blood.
Gastric lavage via nasogastric tube can improve the
[16,17]
accuracy of endoscopy
. Upper endoscopy is the
test of choice for evaluating hematemesis. The goals of
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Table 3 Causes of lower gastrointestinal bleeding based on age
Infants
Non-specific colitis
Anal fissure
Milk allergy
Duplication of bowel
Volvulus
Hirschsprung’s disease
Necrotizing enterocolitis
Bleeding diathesis

2-5 years

Older

Polyps
Anal fissure
Infectious enterocolitis
Intussusception
Meckel’s diverticulum
Henoch-Schonlein purpura
Hemolytic-uremic syndrome
Lymphonodular hyperplasia
Angiodysplasia

Anal fissure
Infectious Enterocolitis
Polyps
Inflammatory bowel disease
Lymphonodular hyperplasia
Henoch-Schonlein purpura
Angiodysplasia
Hemolytic-uremic syndrome
Bleeding diathesis

the presence of juvenile polyp, nodular lymphoid
hyperplasia or eosinophilic colitis, as well as IBD and,
rarely, vascular malformations.
In a retrospective cross-sectional study, de Ridder
[26]
et al
reported data of 137 children undergoing
colonoscopy for rectal bleeding (mean duration of 28
wk). The diagnosis rate for first colonoscopy (IBD and
colonic polyps) was 80%. No abnormalities were found
in 20.4% of the patients, either by colonoscopy or
histopathology, and the final diagnosis for these cases
was self-limited GIB.
Constipation is commonly associated with the pre
sence of anal fissure and pain on defecation. Visual
inspection of the perianal area as well as digital rectal
examination are mandatory to detect the possibility
of anal fissure, streptococcal cryptitis or rectal polyp.
Endoscopy within 6 h after the first evaluation is rarely
needed; in cases of severe colitis, a rapid diagnosis
and histological evaluation may necessitate a procto
[23]
sigmoidoscopy without bowel cleansing .
In conclusion, the main priority for the physician
in evaluating a patient with LGIB is to identify those
patients in whom bleeding is secondary to intestinal
obstruction or surgical causes. An algorithm of the
diagnostic approach of LGIB is presented in Figure 2.

count and group, liver and kidney function, blood
coagulation) as well as a pre-anesthesia examination.
For cases of UGIB, nasogastric aspiration and saline
lavage are indicated to confirm the presence of
[27]
intragastric blood , to determine the rate of gross
bleeding, to check for ongoing or recurrent bleeding,
to clear the gastric field for subsequent endoscopic
visualization, to prevent aspiration of gastric contents
and to prevent hepatic encephalopathy in patients
with cirrhosis. Parenteral vitamin K (1-2 mg/dose)
should be administered empirically to infants, even
when results of coagulation are pending. The finding of
coagulopathy with an international normalized ratio >
1.5 or abnormal partial thromboplastin time should be
corrected by administration of fresh frozen plasma (10
mL/kg initially); cryoprecipitate administration may be
tried in the presence of severe coagulopathy, especially
if the volume of fluid has to be restricted.
In conclusion, supportive measures with stabilization
of hemodynamic status, correction of any coagulation or
platelet abnormalities are necessary before diagnostic
procedures are undertaken.

PRIMARY CLINICAL MANAGEMENT

Obscure gastrointestinal bleeding (OGIB) is defined
as bleeding of unknown origin that persists or recurs
after negative findings on initial evaluation using
[28]
bidirectional endoscopy . It can be classified as
overt or occult, based on presence or absence of
clinically-evident bleeding. Obscure-occult bleeding is
generally determined by a positive fecal occult blood
[29]
test result and/or iron-deficiency anemia . Chronic
occult GIB may occur anywhere in the gastrointestinal
tract-from the oral cavity to the anorectum. In most
cases, the site is identified by upper endoscopy and
ileocolonoscopy. Causes depend on age of presentation
(i.e., infants, children, adolescents) and location of
gastrointestinal tract bleeding. OGIB may be active, as
with melena, hematochezia or hematemesis, or it may
be inactive, showing intermittent bleeding.
[30]
Similar to data from adult patients , OGIB
accounts for 5% of all pediatric cases of GIB, including
both acute overt and chronic occult types of blood loss.
In approximately 75% of OGIB cases, the lesions are

OBSCURE GASTROINTESTINAL
BLEEDING

Stabilization of general conditions should precede any
instrumental investigation (usually endoscopy) for
children with GIB. The best clinical indicator of blood
loss is orthostatic changes in heart rate and blood
pressure; defined as an increase in pulse rate by 20
beats/min or a decrease in systolic blood pressure
of 10 mmHg or more upon moving the patient from
supine to sitting position. For any other emergency
situation, the first priority should be to assess the
[5]
airways, breathing and circulation of the patient .
The most important aspect of the initial GIB
evaluation is to determine the degree and rapidity of
blood loss, and any risk factors (i.e., coagulopathy,
sepsis, trauma) or associated signs (i.e., purpuric
lesions, hepatosplenomegaly, jaundice, cutaneous
[7]
hemangiomas, eczema) . In the case of a child
with no clinical impairment, it is sufficient to ensure
vascular access and perform baseline tests (i.e., blood
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Lower gastrointestinal bleeding

Symptoms/signs
of acute abdomen

Severe and/or
ongoing GI bleeding

Hemodinamic
stabilization

Urgent
referral to
pediatric
surgery

X-ray and/or
ultrasound

Look for
Meckel’s
diverticulium
or UGIB

Scintigraphy
EGDS
Laparoscopy

Signs of colitis
(bloody diarrhoea)

Persistent
(> 7 d)

Rectal bleeding

Acute
(< 6 d)

Evaluate
anorectal
area and/or
constipation

Observe

Stool culture

Constipation or
perianal lesion
absent

Colonoscopy

Figure 2 Diagnostic approach of lower gastrointestinal bleeding in infants and children. UGIB: Upper gastrointestinal bleeding; GI: Gastrointestinal.

detected in the small bowel (mid-GIB) distal to Vater’s
papilla and reaching as far as the terminal ileum.
The source of mid-GIB is related to age, with children
showing a greater likeliness of having small intestinal
polyps, Meckel’s diverticulum, vascular malformations,
Crohn’s disease, anastomotic ulcers and intestinal
[31]
duplications .
Diagnostic approaches for OGIB, after negative
endoscopy and colonoscopy, can require small bowel
endoscopic investigation by video capsule endoscopy
(VCE). Balloon-assisted enteroscopy (BAE), with single
or double-balloon enteroscopy (DBE), is the secondline technique, having the advantage of therapeutic
as well as diagnostic properties. The diagnostic yield
is very good (70%-100%), and is significantly higher
when BAE is performed after a positive VCE. In a
recent pediatric study of 117 children treated with DBE
[32]
(total of 257 procedures), Yokoyama et al
found
the greatest indication to be OGIB (61.9%) and a low
incidence of complications (5.4%), regardless of the
associated therapeutic procedures.
Intraoperative enteroscopy, involving insertion of
an endoscope through an incision in the mid-small
intestine, is currently reserved as a last option, or
if small intestinal endoscopy cannot be successfully
performed. Laparoscopy and exploratory laparotomy
remain important alternative diagnostic tools, for when
other measures cannot identify a bleeding source in
[33]
selected patients .
In conclusion, it is reasonable to perform both upper
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endoscopy and colonoscopy in a patient with OGIB
(overt or occult) to identify pathological processes that
can explain symptoms or iron-deficiency anemia.

IMAGING STUDIES
Radiological imaging has played an increasingly
important role in the diagnosis and management of GIB
over the past 30 years. Magnetic resonance imaging has
emerged as key pediatric imaging modality, preferred
for its lack of ionizing radiation; it is particularly suitable
for studying small bowel pathologies, and is currently
the first-line modality for such. The exact source of GIB
may be localized by means of nuclear scintigraphy, as
well as selective angiography. In general, examination
by imaging is most commonly requested after negative
endoscopy results, or for indeterminate causes or
locations of bleeding.
The role of interventional radiology has also in
creased over the past years for the treatment of
gastrointestinal hemorrhage, especially in very ill
patients who are poor surgical candidates. Nuclear
scintigraphy is a sensitive method for detecting GIB
(used at a rate of 0.1 mL/min) and the method is
[34]
more sensitive, but less specific, than angiography .
Although arteriographic diagnosis and therapy have
been reviewed extensively in the literature describing
adult cases, few experiences in children have been
reported. In one published pediatric study, which
involved 27 children, arteriography had an overall
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[41,42]

positive diagnostic rate of 64% and a false-negative
rate of 36%. In AGIB, the diagnosis was correct in
71% and falsely negative in 29%, while in chronic
or recurrent GIB, it was correct in 55% and falsely
[35]
negative in 45% .
The only angiographic sign that is 100% diagnostic
for AGIB is contrast extravasation in the intestinal
lumen. However, other angiographic signs can be useful
in evaluation of some of the more common pediatric
pathologies that cause GIB. One of the main advantages
of angiographic diagnosis of GIB is the ability to perform
transcatheter treatment after the bleeding site has
been located. The two main transcatheter therapies
are intraarterial vasopressin infusion and embolization.
The most serious complication related to the technique
[36]
is bowel infarction. Hongsakul et al
reported the
risk factors as being failure to achieve hemostasis,
hemoglobin concentration, coagulopathy, UGIB, contrast
extravasation, and > 1 embolized vessel.

and portal pressure
.
Terlipressin has an important systemic vaso
constrictor effect, which is more noticeable on the
splanchnic arteries, causing an increase in systemic
vascular resistance and arterial pressure as well as
a significant (approximately 20%) and sustained
(up to 4 h) decrease in portal vein pressure and
[43,44]
flux
. Several randomized trials and meta-analyses
have suggested that terlipressin provides a survival
benefit, compared to placebo, to patients with variceal
[45,46]
bleeding
. In adults, terlipressin can be considered
as the first choice, with somatostatin or octreotide as
the second choice. However, many studies that have
compared the clinical efficacies of different types of
vasoactive drugs, each administered as monotherapy,
have found no differences in mortality rates. Studies
in pediatric populations have yet to show the potential
superiority of terlipressin over other vasoactive
[47]
agents; however, Erkek et al
reported a single-child
experience of its use for successful management of
severe non-variceal UGIB. Studies have shown that
terlipressin has a very good safety profile, compared
to vasopressin, although adverse events such as
hyponatremia and seizure have been described in
children (thus, necessitating monitoring of sodium
[48]
levels) .
Octeotride is a synthetic derivative of somatostatin.
It produces selective splanchnic vasoconstriction and
decreases portal inflow, thereby indirectly reducing
variceal blood flow. In children, intravenously-admi
nistered octreotide is effective in decreasing AGIB.
Studies of pediatric populations have demonstrated
octeotride to be effective at dosages of 2-5 mcg/kg
[49]
per hour administered by continuous infusion , and
that initiation with a 1-h bolus may be needed, and
to continue the infusion for at least 5 d in patients at
risk of rebleeding seems an appropriate and rational
[50]
choice . However, there is limited evidence regarding
the efficacy and safety of octreotide for chronic GIB in
children.

THERAPY
The pharmacological treatment approach to UGIB
and LGIB currently includes 3 classes of drugs: acid
suppression drugs, vasoactive drugs, and non-selective
β-blockers (NSBBs).

Acid suppression drugs

The proton pump inhibitors (PPIs) have shown benefit
in treatment of ulcer-bleeding or UGIB patients and
to be superior to the H2-antagonist. There are no
differences between the 5 available PPIs: esome
prazole, lansoprazole, omeprazole, pantoprazole and
rabeprazole. The recommended administration route is
intravenous, as a 1-h infusion at a dose of 1-3 mg/kg
to maintain 24-h gastric pH > 6 in active bleeding.
Dosing in children has been extrapolated from the
adult literature; although, the available data suggest
faster drug clearance and significant interindividual
variability in pediatric patients. A meta-analysis of an
adult population showed that PPI treatment, with or
without endoscopic therapy, compared with placebo
or an H2 receptor antagonist, reduced the risk of
rebleeding and the need for surgery, but did not
[37]
affect mortality . Several studies showed that the
rate of rebleeding, requirement of blood transfusion,
and duration of hospital stay were less in PPI-treated
[38]
patients . Moreover, PPIs were shown to be effective
in the treatment of GIB in children that had developed
[39]
due to NSAIDs administration .

NSBBs

NSBBs, such as propranolol, nadolol and carvedilol, have
been widely studied in adults with portal hypertension
and have been shown to reduce portal pressures
by decreasing cardiac output and vasoconstricting
the splanchnic vessels via blockade of ß-1 and ß-2
receptors; moreover, carvedilol seems to be more
effective than the traditional NSBBs in reducing hepatic
[51]
venous pressure gradient .
The pediatric experience described in the literature
is limited to primary and secondary prophylaxis of
variceal bleeding. No formal randomized controlled
trials evaluating safety and efficacy of NSBBs in
children have been published. In addition, appropriate
dosing of β-blockers has not been established (currently
ranging from 2 mg/kg per day to 8 mg/kg per day)
and it is unknown whether targeting a change in heart
rate of 25% is effective in reducing portal pressures

Vasoactive drugs

Vasoactive treatment should be administered as soon
as possible when portal hypertension is the suspected
cause of GIB. These medications are reported to stop
[40]
bleeding in 75%-80% of cases . Three vasoactive
drugs (terlipressin, somatostatin, and octreotide)
control variceal bleeding by reducing portal blood flow
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and the related risk of variceal bleeding in children.
Pediatric clinical data supporting use of NSBBs in
preventing a first variceal bleed are also limited, likely
because there is no indication to use β-blockers to
prevent the formation of varices. NSBBs or endoscopic
band ligation are recommended, according to the
Baveno VI Consensus Workshop, for the prevention of
[52]
first variceal bleeding of medium or large varices .

evaluations and application of the available and most
appropriate diagnostic procedures. Endoscopy is the
method of choice for evaluating UGIB and LGIB, after
stabilization and resuscitation, and within 24 h of
presentation. The goals of endoscopy are to identify
the site and etiology of the GIB, as well as to facilitate
adequate treatment. Visual inspection of the perianal
area and digital rectal examination should always be
considered if a bright red blood coating is present on
normal or hard stool.
In children, persistent or recurrent iron-deficiency
anemia could be considered as a sign of OGIB, for
which VCE is the first-line endoscopic investigation.
Three vasoactive drugs (terlipressin, somatostatin,
and octreotide) play a role in the control of variceal
bleeding and all act by reducing portal blood flow and
portal pressure. Endoscopy has a therapeutic role for
polyps, ulcers, erosions, blue nevi, angiodysplasia,
varices, strictures and scalloping.

THERAPEUTIC ENDOSCOPY
The aim of therapeutic endoscopy is to stop bleeding
and prevent rebleeding. Endoscopy-based diagnostic
and therapeutic management is a goal of physicians
treating GIB and should be performed when the
patient has been stabilized, and preferably within 24
[4,53]
h of bleeding presentation
. Several techniques,
including injection therapy, ablative therapy and
mechanical therapy, have been recommended for
AGIB, each of these depending on the bleeding charac
teristics, such as active, oozing or no visible bleeding
vessel. In addition, each of these techniques have
been adapted to upper and lower endoscopy, as well
as to deep endoscopy.
Common therapies for GIB in adults and children
include injection therapy with dilute epinephrine
and sclerosants, ablation therapy (contact methods,
such as thermocoagulation heater probe and elec
trocoagulation; non-contact methods, such as argon
plasma coagulation) and mechanical therapy (such as
[54,55]
with hemoclips and band ligation)
. Epinephrine
injection arrests about 80% of non-variceal bleeding.
Multiple adult meta-analyses have demonstrated
that combination therapy (epinephrine injection in
conjunction with clipping or ablation therapy) is superior
to epinephrine alone in reducing the risk of rebleeding
[56,57]
to about 10%
. The endoscopy laser and argon
plasma coagulation methods can be effective therapies
for GIB due to vascular abnormalities; indeed, using
these, most bleeding from Mallory-Weiss tears stops
spontaneously. For Dieulafoy lesions, which are very
rare in children, endoscopy therapy is the first choice,
using clipping, electrocautery, sclerosant injection,
banding methods or laser. Endoclips are currently the
preferred mechanical therapy for non-variceal GIB.
In management of acute variceal bleeding, endo
scopic variceal ligation (EVL) is the treatment of
choice; a meta-analysis confirmed the superiority of
EVL compared with endoscopic sclerotherapy for major
outcomes, such as recurrent bleeding, ulceration and
[58-60]
stricture
. For therapeutic colonoscopy, adequate
fasting time and appropriate bowel preparation is
recommended to facilitate the visualization of mucosal
lesions.
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Abstract
AIM
To examined the bile acid receptor TGR5 expression
in squamous mucosa, Barrett’s mucosa, dysplasia and
esophageal adenocarcinoma (EA).
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METHODS
Slides were stained with TGR5 antibody. The staining
intensity was scored as 1+, 2+ and 3+. The extent of
staining (percentage of cells staining) was scored as
follows: 1+, 1%-10%, 2+, 11%-50%, 3+, 51%-100%.
A combined score of intensity and extent was calculated
and categorized as negative, weak, moderate and
strong staining. TGR5 mRNA was measured by real
time PCR.
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RESULTS
We found that levels of TGR5 mRNA were significantly
increased in Barrett’s dysplastic cell line CP-D and
EA cell line SK-GT-4, when compared with Barrett’s
cell line CP-A. Moderate to strong TGR5 staining was
significantly higher in high-grade dysplasia and EA
cases than in Barrett’s esophagus (BE) or in low-grade
dysplasia. Moderate to strong staining was slightly
higher in low-grade dysplasia than in BE mucosa, but
there is no statistical significance. TGR5 staining had
no significant difference between high-grade dysplasia
and EA. In addition, TGR5 staining intensity was not
associated with the clinical stage, the pathological
stage and the status of lymph node metastasis.
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CONCLUSION
We conclude that TGR5 immunostaining was much
stronger in high-grade dysplasia and EA than in BE
mucosa or low-grade dysplasia and that its staining
intensity was not associated with the clinical stage,
the pathological stage and the status of lymph node
metastasis. TGR5 might be a potential marker for the
progression from BE to high-grade dysplasia and EA.

become tumorigenic after long-term exposure to acid
[23]
and bile acid in vitro .
A G protein-coupled receptor TGR5 has been
shown to mediate bile acids’ effects as a cell-surface
[24]
receptor . The TGR5 receptor is abundantly expressed
in human monocytes and macrophages, and par
[25,26]
ticipates in the regulation of cell metabolism
.
Primary bile acids (cholic acid, taurocholic acid and
glycocholic acid) and secondary bile acids (deoxycholic
acid, taurodeoxycholic acid, glycodeoxycholic acid
and taurolithocholic acid) have been shown to bind
[24]
to TGR5 receptors . Primary bile acids are much
weaker at inducing cyclic AMP production via activation
of TGR5 than secondary bile acids. Deoxycholic acid,
taurodeoxycholic acid, and glycodeoxycholic acid have
[24]
similar strengths at inducing cyclic AMP production .
TGR5 has been reported to be expressed in human
gastric cancers, to promote epithelial-mesenchymal
[27]
transition in gastric cancer cell lines , and to mediate
bile acid-induced cholangiocyte proliferation in vivo
[28]
and in vitro .
We have previously shown that TGR5 receptors are
present in EA cells and that TGR5 receptors mediate
[29]
bile acid-induced increase in cell proliferation . The
expression of TGR5 in EA tissues is not well understood.
In this study, we examined the bile acid receptor TGR5
expression in squamous mucosa, Barrett’s mucosa,
dysplasia and EA by immunohistochemistry. We found
that TGR5 immunostaining was much stronger in
high grade and EA than in BE mucosa or low-grade
dysplasia.

Key words: TGR5; Esophageal adenocarcinoma; Bile
acid
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of a bile acid receptor TGR5 at
moderate to strong intensity was significantly higher in
high-grade dysplasia and esophageal adenocarcinoma
(EA) cases than in BE or in low-grade dysplasia,
suggesting that TGR5 may play an important role in
the progression from Barrett’s esophagus to high-grade
dysplasia and EA. TGR5 might be a potential marker
for this progression. TGR5 staining intensity was not
associated with the clinical stage, the pathological stage
and the status of lymph node metastasis, indicating
that TGR5 may not be a marker for the prognosis of
EA.
Marketkar S, Li D, Yang D, Cao W. TGR5 expression in
benign, preneoplastic and neoplastic lesions of Barrett’s
esophagus: Case series and findings. World J Gastroenterol
2017; 23(8): 1338-1344 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i8/1338.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1338

MATERIALS AND METHODS
Patients and specimens

Archival cases of BE, low grade dysplasia, high grade
dysplasia and EA from 34 patients (18 cases with
squamous mucosa, 15 cases with BE, 8 cases with
low grade dysplasia, 9 cases with high grade dysplasia
and 16 cases with adenocarcinoma) were collected
between the years of 2005 and 2013 from the archives
of the Department of Pathology at the Rhode Island
Hospital (RIH). BE was made based on the histological
finding of intestinal metaplasia and the endoscopic
finding of column-type mucosa. Patients with previous
history of chemoradiation therapy were excluded from
the study. Stage was defined according to American
[30]
Joint Committee on Cancer criteria . This study was
approved by the Institutional Review Board at the RIH.
All tissue samples were formalin-fixed and paraffinembedded. The corresponding hematoxylin-eosin
slides were reviewed for confirmation of diagnosis
and adequacy of material by Dr. Cao W. The detailed
clinicopathological features of the study population are
given in Table 1.

INTRODUCTION
Esophageal adenocarcinoma (EA) is a deadly cancer
[1-3]
with an increasing incidence . It has a poor prognosis
[4,5]
with a median survival of less than one year
and
[6,7]
a five-year survival rate of 12.5%-20% . Gastro
esophageal reflux disease (GERD) complicated by
[8-10]
Barrett’s esophagus (BE)
is a major risk factor for
EA. BE carries nearly a 30-125-fold increased risk for
the development of EA, with best estimates of cancer
[2,10-14]
incidence of 0.12%-0.8% per year
. However,
mechanisms of the progression from BE (intestinal
metaplasia) to EA are not fully understood.
Bile acids may play an important role in the pro
[15,16]
gression from BE to EA
since (1) exposure of the
lower esophagus to duodenal juice in animal models
[17-19]
leads to EA
; (2) bile acid causes the production
of reactive oxygen species and DNA damage in a non[20]
neoplastic Barrett’s cell line BAR-T ; (3) bile salts may
activate the mitogen-activated protein kinase and NF[21,22]
thereby enhancing cell proliferation
κB pathways
and preventing cell apoptosis; and (4) Barrett’s cells
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Figure 1 TGR5 mRNA levels in different cell lines. A: TGR5 mRNA level was significantly higher in Barrett’s cell line CP-A than in squamous cell line HET-1A; B:
Levels of TGR5 mRNA were significantly increased in Barrett’s dysplastic cell line CP-D and EA cell line SK-GT-4, when compared with CP-A cells. In addition, TGR5
mRNA was significantly higher in SK-GT-4 cells than in CP-D cells. These data suggest that TGR5 may play an important role in the progression from BE to EA. n = 3,
t test, aP < 0.02; ANOVA, bP < 0.01 vs CP-A.

medium (BEGM BulletKit, Cambrex, East Rutherford,
NJ). Human Barrett’s cell line CP-A and Barrett’s
dysplastic cell line CP-D were bought from ATCC
(Manassas, VA) and cultured in Barrett’s medium con
taining keratinocyte medium-2 (Cambrex, Rockland,
ME), 1.8 mmol/L CaCl2, 5% fetal bovine serum, 400
ng/mL hydrocortisone, 20 ng/ml epidermal growth
factor, 0.1 nmol/L cholera toxin, 20 μg/mL adenine, 5
μg/mL insulin, 70 μg/mL bovine pituitary extract, and
antibiotics. EA cell line SK-GT-4 was purchased from
Sigma and cultured in the Barrett’s medium.

Table 1 Clinical features of the study group
Number

34

Age (yr)
Range
Median
Sex, n (%)
Male
Female

48-91
65.5
28 (82.4)
6 (17.6)

on 4-μm paraffin sections. Slides were stained with
TGR5 antibody (1:1000, Sigma-Aldrich Co., St. Louis,
MO) using the DAKO Envision + Dual Link System
and the DAKO Liquid 3,3’-diaminobenzidine (DAB+)
Substrate Chromagen System (DAKO North America,
Inc., Carpinteria, CA). Bile ducts from liver tissue were
used as positive controls. Negative controls included
replacement of the primary antibody with non-reacting
antibodies of the same species. The specificity of TGR5
antibody has been confirmed by Western Blot analysis
[31]
in our lab .

Statistical analysis

For immunohistochemical data, statistical differences
2
were determined by χ test. For TGR5 mRNA data, data
was expressed as mean ± SE. Statistical differences
between two groups were determined by Student’s t
test. Differences among multiple groups were tested
using analysis of variance and checked for significance
using Fisher’s protected least significant difference test.
P values of 0.05 or less were considered statistically
significant.

Immunohistochemistry assessment

Cancers and non-neoplastic mucosa that displayed a
strong, well-localized, strong staining pattern for TGR5
were scored as +3, moderately intense staining as
+2, and weak staining as +1. The extent of staining
(percentage of cells staining) was scored as follows:
1+ 1%-10%, 2+ 11%-50%, 3+ 51%-100%. A
combined score of intensity and extent was calculated
and categorized as follows: weak staining 1-2,
moderate staining 3-4, strong staining 5-6. All sections
were scored independently by WC and SM without
knowledge of the clinicopathologic features or clinical
outcome.

RESULTS
Expression of TGR5 in different cell lines

We have previously shown that the levels of TGR5
mRNA and protein expression are significantly in
creased in Barrett’s mucosal tissue, when compared
with normal esophageal mucosa. TGR5 mRNA and
protein levels are significantly higher in EA tissue
than in normal esophageal mucosa or in Barrett’s
[29]
mucosa . Consistent with our previous findings,
TGR5 mRNA level was significantly higher in Barrett’s
cell line CP-A than in squamous cell line HET-1A (Figure
1A). Levels of TGR5 mRNA were significantly increased
in Barrett’s dysplastic cell line CP-D and EA cell line
SK-GT-4, when compared with CP-A cells. In addition,
TGR5 mRNA was significantly higher in SK-GT-4 cells
than in CP-D cells (Figure 1B). These data suggest that
TGR5 may play an important role in the progression

Cell culture

Cell culture was similar to those we described pre
[29,32,33]
viously
. Briefly, human esophageal squamous
HET-1A cells were purchased from ATCC, Manassas,
VA in 2011 and cultured in the bronchial epithelial cell
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Squamous mucosa

Barrett’s mucosa

Low-grade dysplasia

High-grade dysplasia

EA

Figure 2 Representative images of squamous mucosa, Barrett’s esophagus mucosa, low-grade dysplasia, high-grade dysplasia and esophageal
adenocarcinoma. Upper panel: Hematoxylin-eosin staining stain, Lower panel: TGR5 immunostaining, magnification × 200. EA: Esophageal adenocarcinoma.

Table 2 TGR5 expression in squamous mucosa, Barrett’s esophagus, low-grade dysplasia, high-grade dysplasia and esophageal
adenocarcinoma n (%)

Squamous mucosa, n = 18
Barrett’s esophagus, n = 15
Low grade dysplasia, n = 8
High grade dysplasia, n = 9
EA, n = 16

Negative

Weak

Moderate

Strong

13 (72)
1 (6.7)
0
1 (11.1)

5 (28)
12 (80)
5 (62.5)
0

0
2 (13.3)
2 (25)
2 (22.2)

0
0
1 (12.5)
6 (66.7)

0

0

7 (43.7)

9 (56.3)

P < 0.001, compared with squamous mucosa
P > 0.05, compared with BE
P < 0.001, compared with BE
P < 0.05, compared with low grade dysplasia
P < 0.001, compared with BE
P < 0.01, compared with low grade dysplasia

EA: Esophageal adenocarcinoma; BE: Barrett’s esophagus.

from BE to EA.

high-grade dysplasia and EA.

Expression of TGR5 in squamous mucosa, BE mucosa,
low grade dysplasia and EA

Expression of TGR5 in different stages of EA

Next, we compared the expression of TGR5 in di
fferent clinical and pathological stages of EA tissues.
We found that 100% stage Ⅲ and Ⅳ cases showed
moderate to strong staining, which was the same as
stage Ⅰ and Ⅱ cases (100%; Table 3), indicating that
the degree of TGR5 expression might not be associated
with clinical stages. T3 and T4 cancers had 63.6%
strong TGR5 staining, which was not different from T1
and T2 cancers (P > 0.05; Table 4). In addition, TGR5
expression had no significant difference between tumors
with and without lymph node metastasis (Table 5).

We have previously shown that TGR5 antibody is
relatively specific since only one band was detectable
[31]
by using TGR5 antibody . The expression of TGR5 in
squamous mucosa, BE mucosa, low-grade dysplasia
and EA was further examined by immunohistochemistry.
We found that 93.3% Barrett’s mucosa showed weak to
moderate TGR5 staining, which was significantly higher
than squamous mucosa (27.8%) (Figure 2 and Table
2). Moderate to strong TGR5 staining was significantly
higher in EA cases (100%) than in BE (13.3%, P <
0.001) or in low-grade dysplasia (37.5%, P < 0.01)
(Figure 2 and Table 2). Similarly, moderate to strong
TGR5 staining was significantly higher in high-grade
dysplasia cases (88.9%) than in BE (13.3%, P < 0.001)
or in low-grade dysplasia (37.5%, P < 0.05) (Figure 2
and Table 2). Moderate to strong staining was slightly
higher in low-grade dysplasia (37.5%) than in BE
mucosa (13.3%), but there is no statistical significance.
TGR5 staining had no significant difference between
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DISCUSSION
[8-10]

GERD complicated by BE
is a major risk factor for
EA. There is a progression from BE, to dysplasia and
to EA. The mechanisms of progression from BE to EA
are not fully understood. Many genetic and epigenetic
alterations, chromosomal gains and losses, and
hypermethylation of gene promoters may be involved
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bile acid-induced activation of cyclic AMP response
element binding protein (CREB) and NADPH oxidase
NOX5-S, which produces reactive oxygen species and
[35]
causes DNA damage . TGR5 is present in human
gastric cancers and promotes epithelial-mesenchymal
[27]
transition in gastric cancer cell lines . It also me
diates bile acid-induced cholangiocyte proliferation
[28]
in vivo and in vitro . Therefore, we speculate that
in Barrett’s patients bile acids may activate TGR5
receptors, which activate CREB and NOX5-S. NOX5-Sderived ROS may increase cell proliferation and cause
DNA damage, thereby contributing to the progression
from BE to EA. TGR5 might be a potential marker for
the progression from BE to high-grade dysplasia and
EA. In addition, we compared the expression of TGR5
in different clinical stages of EA tissues. We found that
100% stage Ⅲ and Ⅳ cases showed moderate to strong
staining, which was the same as stage Ⅰ and Ⅱ cases,
indicating that the degree of TGR5 expression might
not be associated with clinical stages. Moreover, TGR5
expression had no significant difference between
tumors with and without lymph node metastasis, in
dicating that the degree of TGR5 expression may not
be related to the status of lymph node metastasis.
These data suggest that TGR5 may not be a marker
for the prognosis of EA.
In conclusion, TGR5 immunostaining was much
stronger in high-grade dysplasia and EA than in BE
mucosa or low-grade dysplasia. Its staining intensity
was not associated with the clinical stage, pathological
stage and the status of lymph node metastasis.

Table 3 TGR5 expression in different clinical stages of
esophageal adenocarcinoma n (%)
Clinical stage

Negative

Weak

Moderate

Strong

0
0

0
0

4 (44.4)
3 (42.9)

5 (55.6)
4 (57.1)

Ⅰ and Ⅱ, n = 9
Ⅲ and Ⅳ, n = 7

P > 0.05

Table 4 TGR5 expression in different pathological stages of
esophageal adenocarcinoma n (%)
Pathological stage

Negative

Weak

0
0

0
0

T1 and T2
T3 and T4

Moderate
2 (40)
4 (36.4)

Strong
3 (60)
7 (63.6) P > 0.05

Table 5 TGR5 expression in patients with or without lymph
node metastasis of esophageal adenocarcinoma n (%)
Lymph node
metastasis
Positive
Negative

Negative

Weak

0
0

0
0

Moderate
2 (33.3)
5 (50)

Strong
4 (66.7)
5 (50)

P > 0.05

[13,34]

in this progression
. Bile acids have also been
[15,16]
indicated to be involved in this progression
.
We have previously shown that TGR5 receptors are
present in EA cells and that TGR5 mediates bile-acidinduced increase in cell proliferation, suggesting that
[29]
TGR5 may be important in the development of EA .
We have also reported that moderate to strong TGR5
staining is associated with decreased patient survival in
all gastric adenocarcinomas, suggesting that TGR5 may
[31]
be a negative prognostic marker in gastric cancer .
The histological expression of TGR5 in EA has not been
reported.
In this study, we examined TGR5 mRNA expression
in different cell lines and found that Barrett’s cells
CP-A had significantly higher levels of TGR5 mRNA
than squamous cells HET-1A. Moreover, Barrett’s
dysplastic cells CP-D had significantly higher levels
of TGR5 mRNA than CP-A cells. EA cells SK-GT-4 had
much higher levels of TGR5 mRNA than CP-A or CP-D.
These data suggest that TGR5 may be involved in the
progression from BE to EA.
Next, we examined the TGR5 expression in squa
mous mucosa, Barrett’s mucosa, dysplasia and EA.
We found that moderate to strong TGR5 staining
was significantly higher in high-grade dysplasia
and EA cases than in BE or in low-grade dysplasia.
Moderate to strong staining was slightly higher in lowgrade dysplasia than in BE mucosa, but there is no
statistical significance. TGR5 staining had no significant
difference between high-grade dysplasia and EA. These
data further support our above results that TGR5
may play an important role in the progression from
BE to EA. How TGR5 is involved in this progression
is not clear. Recently we found that TGR5 mediates

WJG|www.wjgnet.com
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Abstract

Supported by Bror Hjerpstedts Foundation, Sweden.

AIM
To determine how the auto-antibodies (Abs) profiles
overlap in chronic hepatitis C infection (CHC) and
autoimmune hepatitis (AIH) and correlate to liver
disease.

Institutional review board statement: Approval of the study
was received from the Ethics board and the Office of the vice
president for scientific affairs and postgraduate studies at the
Sulimani University.
Conflict-of-interest statement: The authors declare no conflict
to interest.

METHODS
Levels of antinuclear Ab, smooth muscle antibody (SMA)
and liver/kidney microsomal-1 (LKM-1) Ab and markers
of liver damage were determined in the sera of 50

Data sharing statement: If they received a written request,
for scientific purposes, the authors would be able to share the
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susceptible individuals. A number of auto-Abs with
different specificities have been identified. As some
auto-Abs occurrence in plasma is disease specific,
they can be used in the diagnosis and classification of
[1-3]
autoimmune diseases . The hepatitis C virus (HCV)
infection causes liver damage by inducing cirrhosis
and can also lead to hepatocellular carcinoma. Recent
studies have demonstrated that the virus may be
involved in loss of tolerance to self-antigens and thereby
[4-6]
promotion of auto-Ab production . In particular, nonorgan-specific auto-Abs (NOSAs) including smooth
muscle ab (SMA), anti-nuclear ab (ANA) and liver/
kidney microsomal-1 (LKM-1) ab are common and
frequently found in sera of patients with chronic HCV
[7,8]
(CHC) . NOSA in HCV-infected patients correlate
with the severity of necro-inflammation, fibrosis
development, markers of liver damage: aspartate
transaminase (AST) and alanine transaminase (ALT),
[9]
alkaline phosphatase (AP) and levels of IgG .
Clinical and laboratory features of CHC can some
times lead to a mistaken diagnosis of autoimmune
hepatitis (AIH). AIH is characterized by a liver-specific
autoimmune response, infiltrating immune cells, autoAbs in circulation, elevated immunoglobulin and serum
transaminase level, and a favourable response to
[10,11]
immunosuppression
. In AIH, ANA, SMA, and LKM-1
Abs can differentiate the severity of the disease. The
existence of detectable hepatitis C viral load with or
without circulating antibodies specific to HCV can often
[12]
be used to differentiate CHC from AIH . These two
conditions, CHC and AIH involve different management
strategies; chronic HCV infection has until recently
often been treated with interferon-α (IFN-α) which can
provoke liver auto-immunity. The HCV infection can, in
a few cases, develop into AIH, suggesting that the liver
cells are damaged not only by the infection but also by
[13,14]
an immune reaction to self
. AIH on the other hand
requires immunosuppression, a treatment that could
[11,14]
induce viral replication in cases of co-infection
.
In this study, we have assessed the prevalence of
ANA, SMA and LKM-1 Abs in CHC and AIH patients
and correlated this with markers of liver disease to
determine any overlapping features. In the study,
disease severity, immunoglobulin levels and disease
duration were assessed. We found that the auto-Ab
profile was directly associated with severity of disease
in both groups of patients and that subgroups within
the patients showed a significant overlap in respect to
the laboratory markers assessed.

patients with CHC infection, 20 AIH patients and 20
healthy controls using enzyme linked immunosorbent
assay and other immune assays.
RESULTS
We found that AIH patients had more severe liver
disease as determined by elevation of total IgG,
alkaline phosphatase, total serum bilirubin and serum
transaminases and significantly higher prevalence of
the three non-organ-specific autoantibodies (auto-Abs)
than CHC patients. Antinuclear Ab, SMA and LKM-1 Ab
were also present in 36% of CHC patients and related
to disease severity. CHC cases positive for auto-Abs
were directly comparable to AIH in respect of most
markers of liver damage and total IgG. These cases
had longer disease duration compared with auto-Ab
negative cases, but there was no difference in gender,
+
age or viral load. KLM-1 Ab CHC cases showed best
overlap with AIH.
CONCLUSION
Auto-Ab levels in CHC may be important markers of
disease severity and positive cases have a disease
similar to AIH. Auto-Abs might have a pathogenic role
as indicated by elevated markers of liver damage.
Future studies will unravel any novel associations
between these two diseases, whether genetic or other.
Key words: Autoantibody; Inflammatory diseases;
Immune system; Hepatitis C virus; Smooth muscle
antibody; Liver/kidney microsomal-1 autoantibody;
Anti-nuclear antibody
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper aims to determine what patients
with chronic hepatitis C (CHC) and autoimmune hepatitis
(AIH) produce autoantibodies. Disease duration in CHC
is linked to disease severity and autoantibodies. Patients
with severe CHC resemble AIH.
Amin K, Rasool AH, Hattem A, Al-Karboly TAM, Taher TE,
Bystrom J. Autoantibody profiles in autoimmune hepatitis and
chronic hepatitis C identifies similarities in patients with severe
disease. World J Gastroenterol 2017; 23(8): 1345-1352 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i8/1345.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i8.1345

INTRODUCTION

MATERIALS AND METHODS

Antibodies are a vital part of the immune response
for recognition and elimination of invading organisms.
However, when the immune system is dysfunctional,
it can develop antibodies that react to self. The
development of autoantibodies (auto-Abs) generally
occurs during auto-immune disease, but their induction
can also be a consequence of a chronic infection in

WJG|www.wjgnet.com

A total of 70 patients and 20 healthy controls were
recruited during the duration of this study (Table
1). These included 50 patients diagnosed with CHC
and 20 patients with AIH. Approval of the study was
received from the Ethics board and the Office of the
Vice President for Scientific Affairs and Postgraduate
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Table 1 Distribution of study group according to age and
gender

Table 2 Distribution and comparison of autoantibodies
between the chronic hepatitis C and the autoimmune hepatitis
patient group n (%)

CHC (n = 50) AIH (n = 20) HC (n = 20)

Parameter
Age (yr), mean ± SD
Range
mean ± SD
Gender, n (%)
Female
Male
Age (yr), mean ± SD
Female
Male

Autoantibodies
10-65
33 ± 2.38

16-69
37 ± 3.22

16-69
37 ± 3.22

24 (48)
26 (52)

15 (75)
5 (25)

15 (75)
5 (25)

34 ± 2.28
33 ± 2.38

35 ± 3.42
47 ± 3.12

35 ± 3.42
47 ± 3.12

SMA
LKM-1
ANA
Total

AIH

HC

HCV-AIH

(n = 20)

(n = 20)

P value

4 (8)
11 (22)
16 (32)
31 (36)

0 (0)
9 (45)
13 (65)
23 (75)

0 (0)
0 (0)
4 (20)
4 (20)

0.00311

1

Indicates significant difference on the 0.01 level. Statistically significant
differences were determined using analysis of variance followed by
Duncan’s test. CHC: Chronic hepatitis C; AIH: Autoimmune hepatitis;
HC: Hepatitis virus; HCV: Hepatitis C virus.

CHC: Chronic hepatitis C; AIH: Autoimmune hepatitis; HC: Hepatitis
virus.

respectively, were considered statistically significant at
the different levels.

Studies at the Sulimani University. CHC patients
were diagnosed based on anti-HCV antibody po
sitivity and by assessment of their HCV RNA viral
load. Patients with liver damage due to excessive
alcohol consumption, hepatotoxic drugs, or human
immunodeficiency virus infections were excluded from
the study. Patients diagnosed positive for hepatitis
B surface antigen were also excluded. The diagnosis
of AIH was based on the criteria established by the
international AIH group. This includes predominant
elevation of serum aminotransferase and IgG, exclusion
of viral hepatitis, toxic or alcoholic liver injury and
with a liver biopsy confirming lymphocyte infiltration
[15]
indicative of autoimmune disease . Some patients
were diagnosed for the first time when enrolled in the
study while others had been undergoing treatment for
between two and 11 years. Information of age and
gender was recorded for each patient. Twenty healthy
gender- and age-matched blood donors served as
controls.

RESULTS
In the aim of discovering overlapping features com
paring CHC and AIH cases such patients were recruited
and sera gathered for analysis of auto-Ab levels and
levels of markers of liver damage. Table 1 shows the
demographics of the CHC-, the AIH- and the healthy
control-group (HC). The CHC group included 50 pa
tients (48% female) and the mean age were 33.4 ±
2.4 years. In agreement with other studies, AIH was
more common among females (gender ratio 3:1) with
males being older when diagnosed (47.0 ± 3.1 years).
There were no significant differences in age or gender
comparing patients and HC.
One or more of the auto-Abs was detected in 36%
of CHC patients’ serum (9 male, 9 female, Table 2).
Reactivity for ANA was the most frequent (32%, 7
male, 9 female) while LKM-1 Ab was detectable in
22% (4 male, 7 female) and SMA in 8% (1 male, 3
female) of the cases. Also 20% of the healthy controls
were positive for ANA (2 male, 2 female) but not for
LKM-1 or SMA. A statistical analysis using the Chisquare test showed that there was no significant
difference in the level of ANA comparing the control
group and the CHC group. In AIH patients, 75% (3
male, 12 female) had at least one type of auto-Ab.
ANA was also the most frequently detected, 65% (3
male, 10 female). LKM-1 Ab was identified in 9 cases
(45%) all of which were female. SMA was not detected
in any of the AIH patient’s serum. A statistical analysis
showed significant differences between the AIH and
CHC groups of patients regarding auto-Ab prevalence
(AIH patients were more often positive for the autoAbs, P = 0.0031, Table 2). The level of ANA and
LKM-1, however, tended to be highest in CHC patients
plasma (for ANA level in CHC: 4.6 ± 2.7 pg/mL and in
AIH, 3.3 ± 1.8 pg/mL, for LKM-1, level in CHC: 4.9 ±
2.8 and in AIH: 4.0 ± 1.4 pg/mL).
Next, we assessed the level of IgG in the patients’
serum. As expected, the highest level was found in
the serum from the AIH patients (Table 3). There was

Enzyme linked immunosorbent assay and other assays

SMA, ANA and LKM-1 Ab in serum were assayed
by enzyme linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions (CUSABIO,
Wuhan, China). Total IgG and IgM was estimated
quantitatively using a biochemical assay according to
the manufacturer’s instructions (VITAL Diagnostics,
Puteaux, France). Serum AP, ALT, AST, serum albumin
and total serum bilirubin (TSB) was quantitatively
determined using a biochemical assay (BIOLABO,
Maizy, France).

Statistical analysis

Analysis of data was performed by using software
package SPSS (Statistical Package for Social Science)
version 21. Normal distribution of the data was
determined using D’Agostino & Pearson omnibus
normality test. Results are expressed as mean ± SD.
Statistical differences were determined by Duncan’s
test for multiple comparisons after analysis of variance.
Significant differences between groups were determined
2
using the χ test. A P value less than 0.05, 0.01 or 0.001
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was the concentration of IgM (Table 7).

Table 3 Estimation of IgG and IgM and comparison between
study groups (mean ± SD)
Groups

IgG (mg/dL)

IgM (mg/dL)

CHC
AIH
HC

1841 ± 66.44
2054 ± 152.62
1098 ± 57.691

176 ± 5.561
228 ± 5.561
127 ± 4.801

DISCUSSION
In this study, we have shown that certain patients with
chronic hepatitis C (CHC) infection develop an autoAb profile similar to that of AIH. This group of patients
had longer disease duration and more extensive liver
damage, thereby sharing many features of AIH. The
comparison of LKM-1 Ab positive patient emphasised
the similarity between severe cases of CHC and the
AIH group. Only IgM levels discriminated these two
groups of patients. Such knowledge is important when
interpreting biomarker results from patients with
liver disease. Furthermore, the findings suggest an
underlying similarity in disease aetiology in these cases
of auto-Ab positive CHC and AIH patients.
It is important to differentiate between CHC and
[18]
AIH as their treatment is completely different . Thus
although auto-Abs and elevated liver enzymes might
suggest a diagnosis of AIH, patients require further
investigation to exclude CHC. When comparing NOSA
production from the CHC and AIH patients in our study
there was a significant difference, underscoring the
overall more severe progression of the disease in the
patients with autoimmune disease. In other studies
of CHC 6%-41% was positive for ANA, 5%-66% for
[12,19-22]
SMA, and up to 86% for LKM-1 Abs
. There are
several reasons to explain why such a variation in
levels of auto-Abs has been observed. ANA measured
by indirect immune-fluorescence of Hep-2 cells or by
different ELISAs produce variable results dependent on
[23]
the method used . Regional differences in prevalence
of autoimmune manifestations in HCV might influence
[5,24]
the results
. Furthermore, differences in auto-Ab
levels might be due to the local ethnic background.
Hence, in HCV infected patients from Crete or Sweden,
[25,26]
very few showed positivity for LKM-1
.
It is not known why 36% of the CHC infected
patients in our study develop auto-Abs. Liver damage
in CHC cases results in release of auto-antigens to
[27]
which the immune system can react . As stated
above, infection duration might be one factor in
the development of auto-Abs. Other studies have,
however, failed to identify an association between
[9,28]
infection duration and NOSA levels
. Other factors
such as presence of the HLR-DR3 genotype might be
[29]
more important for auto-Ab development .
[11]
AIH is known to induce liver damage . CHC
patients with auto-Abs and long-standing disease
had liver damage at the same level as the AIH cases.
The appearance of auto-Ab positive CHC patients can
show such high similarity to AIH that they can be
misdiagnosed. This is especially the case for patients
[10,11]
with extrahepatic symptoms
. The presence of
circulating antibodies specific to HCV is chief for correct
[12]
diagnosis . The liver damage experienced during AIH
is induced by infiltrated inflammatory cells which can

1

Denotes significant difference comparing with the other two groups, P <
0.05. Statistically significant differences were determined using analysis
of variance followed by Duncan’s test. CHC: Chronic hepatitis C; AIH:
Autoimmune hepatitis; HC: Hepatitis virus.

no significant difference in IgG level comparing CHC
and AIH, but the levels were significantly higher than
the healthy controls (Table 3). In contrast, although
significantly higher than the healthy controls, the
mean concentration of IgM remained within the normal
range in the CHC and AIH groups. The AIH patients
IgM level was significantly higher than the CHCs’ and
the HCs’.
All of the markers of liver damage (AP, ALT AST,
and TSB) except serum albumin assessed in the serum
were elevated above the level of the HC’s for both the
AIH patients and the CHC patients (Table 4). However,
in the AIH group, the levels of these markers were
significantly higher than in the CHC group (Duncan’s
test, P < 0.05). Only the level of TSB was at a similar
level in both patient groups.
To determine whether the presence of auto-Abs
in the CHC group was associated with worse disease
progression we compared the level of liver damage
markers from patients with and without auto-Abs.
We found that the duration of infection was twice as
long for patients with auto-Abs compared to without.
Furthermore, patients with auto-Abs had significantly
higher levels of IgG, AP, AST, ALT and TSB (Table 5).
This finding is in agreement with that of a previous
[9]
study . The age and gender of the patients, viral load,
IgM, and serum albumin did, however, not differ in the
two CHC subgroups.
The CHC patients with auto-Abs, the longest
duration of infection and the highest level of markers
of liver damage were directly comparable with the AIH
patients (Table 5). These two groups were remarkably
similar in respect to IgG levels and most markers of
liver injury (Table 6). Only the levels of IgM and TSB
were higher in the AIH patients (P < 0.05).
Further, we found that the LKM-1 Abs present only
in sera of female patients in the AIH group. LKM-1
Ab positive AIH patients are often young females
[16,17]
with worse prognosis
. In our study, 22% of the
CHC patients were positive for LKM-1 Ab. However,
such positivity was found among both male and
female subjects (5 male, 6 female). Importantly, our
immunological and biochemical analysis revealed that
there were no significant differences between these
+
two subgroups of LKM-1 CHC and AIH in respect of
IgG, AP, AST, ALT, albumin or TSB. The only difference
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Table 4 Comparison of the markers of liver injury among study groups (mean ± SD)
Groups

AP (UI/L)

ALT (UI/L)

AST (UI/L)

ALB (g/dL)

TSB (mg/dL)

CHC
AIH
HC

296 ± 19.901
373 ± 32.101
171 ± 8.301

30 ± 1.321
37 ± 3.201
19 ± 1.001

45 ± 1.711
56 ± 4.101
28 ± 1.281

3.8 ± 0.112
3.3 ± 0.151
4.0 ± 0.062

1.0 ± 0.272
4.0 ± 1.571
0.6 ± 0.052

1

Denotes significant difference comparing with the other two groups, P < 0.05; 2Indicate significant difference comparing with the group indicated with
an 1only. Statistically significant differences were determined using analysis of variance followed by Duncan’s test. CHC: Chronic hepatitis C; AIH:
Autoimmune hepatitis; HC: Hepatitis virus; ALB: Albumin; AP: Alkaline phosphatase; AST: Aspartate transaminase; TSB: Total serum bilirubin; ALT:
Alanine transaminase.

Table 5 Comparison of different parameters in chronic
hepatitis C with and without autoantibodies (mean ± SD)
Parameters

Mean age (yr)
Viral load
(copy/mL)
Duration of
infection (mo)
IgG (mg/dL)
IgM (mg/dL)
AP (U/L)
AST (U/L)
ALT (U/L)
S. Albumin
(g/dL)
TSB (mg/dL)

CHC with
autoantibodies
M/F (9/9)
33 ± 16
8.3 × 105 ± 10.4 × 106

CHC without
autoantibodies
M/F (17/15)
34 ± 14.3
3 × 106 ± 19 × 105

P value

21.3 ± 12.3

11 ± 7.3

0.0022

2109 ± 462.4
190 ± 25
428 ± 91.5
52 ± 12.7
36 ± 9.7
3.8 ± 0.87

1630 ± 323
172 ± 45.3
221 ± 104
41 ± 9.81
27 ± 7.2
3.9 ± 0.72

0.0011
0.3 NS
0.0011
0.0071
0.0071
0.47 NS

1.5 ± 3.1

0.8 ± 0.58

Table 7 Comparison between liver/kidney microsomal-1
positive patients in chronic hepatitis C and autoimmune
hepatitis groups (mean ± SD)
Parameters

0.36 NS
0.52 NS

Mean age (yr)
IgG (mg/dL)
IgM (mg/dL)
AP (U/mL)
AST (U/mL)
ALT (U/mL)
S. Albumin (g/dL)
TSB (mg/dL)

Indicate significant difference on the 0.01 and the 0.001 level respectively,
NS indicates non-significance. Statistically significant differences were
determined using analysis of variance followed by Duncan’s test.
CHC: Chronic hepatitis C; AIH: Autoimmune hepatitis; AP: Alkaline
phosphatase; AST: Aspartate transaminase; TSB: Total serum bilirubin;
ALT: Alanine transaminase.

We speculate that the severe disease seen in AIH and
CHC with auto-Abs is mediated by similar mechanisms
and that the auto-Abs can contribute to liver damage
in these cases.
Sixty-five percent of the AIH patients had any
of the three auto-Abs investigated in this study. As
previously reported, ANA was the most prevalent
[9]
auto-Ab . LKM-1 Ab is a serological marker for one
subtype of the autoimmune disease, AIH-2 which is
more prevalent among adolescent women and young
[16,17]
girls
. In this study LKM-1 Ab was detected in 45%
of samples which is an unusually high proportion.
This might be explained by that the study contained
many young women. It is also possible that the
genotype associated with the development of LKM-1
antibodies is more prevalent in the area from where
[31]
patients were recruited . LKM-1 has been shown to
recognize CYP2D7 which is expressed on the surface of
hepatocytes. Such self-recognition, unique for LKM-1
among NOSA, could explain the worse disease in these
[32]
patients . Possibly of importance, epitopes within
[33]
CYP2D7 share homology with HCV proteins . CYP2D6
epitopes can induce both poly-reactive B cells and T
[34]
cells . It has been proposed that polymorphisms in
the CYP2D6 gene lead to altered amino acids sequences
[35]
and more immunogenic epitopes . It is not known
whether CYP2D6 polymorphisms could differentiate

Table 6 Autoantibody positive chronic hepatitis C and
autoimmune hepatitis, comparison of different parameters
(mean ± SD)

IgG (mg/dL)
IgM (mg/dL)
AP (U/L)
AST (U/L)
ALT (U/L)
TSB (mg/dL)
Albumin (g/L)

Autoantibody
positive AIH
(n = 20)

P value

2109 ± 249
190 ± 26.8
428 ± 37.9
52 ± 8.42
36 ± 5.5
1.5 ± 4.1
3.8 ± 0.78

2053 ± 710.5
227 ± 63.1
373 ± 166.1
57 ± 18.64
37 ± 15.6
4.0 ± 7.0
3.3 ± 0.69

0.42 NS
0.0271
0.33 NS
0.42 NS
0.81 NS
0.00332
0.12 NS

1,2

Indicate significant difference on the 0.05 and the 0.01 level respectively,
NS indicates non-significance. Statistically significant differences were
determined using analysis of variance followed by Duncan’s test.
CHC: Chronic hepatitis C; AIH: Autoimmune hepatitis; AP: Alkaline
phosphatase; AST: Aspartate transaminase; TSB: Total serum bilirubin;
ALT: Alanine transaminase.
[11]

be visualized by a liver biopsy . Indeed a liver biopsy
is necessary for confirmation of AIH. Immune cells are,
however, present in the liver albeit to a lesser extent
[30]
also in CHC patients with serum auto-antibodies .
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0.51 NS
0.34 NS
0.0011
0.57 NS
0.22 NS
0.45 NS
0.5 NS
0.06 NS

Indicates significant difference on the 0.01 level, NS indicates nonsignificance. Statistically significant differences were determined using
analysis of variance followed by Duncan’s test. CHC: Chronic hepatitis C;
AIH: Autoimmune hepatitis; AP: Alkaline phosphatase; AST: Aspartate
transaminase; TSB: Total serum bilirubin; ALT: Alanine transaminase;
LKM-1: Liver/kidney microsomal-1.

0.0011

Autoantibody
positive CHC
(n = 18)

P value

1

1,2

Parameters

Groups
+
+
LKM-1 in AIH
LKM-1 in CHC
M/F (0/9)
M/F (5/6)
31 ± 10
35 ± 19
2205 ± 566.1
2522 ± 295.6
262 ± 41.21
185 ± 26.26
404 ± 146.7
472 ± 3
64 ± 12.71
57 ± 37.92
41 ± 9.64
40 ± 5.41
3.4 ± 0.8
3.9 ± 0.9
3.4 ± 4.97
1.9 ± 3.90
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AIH-1 and AIH-2. There are, however, other diffe
rences between the AIH subtypes; AIH-2 share an
antibody profile with autoimmune polyendocrine
syndrome type 1 which is caused by a mutation in the
[31]
AIRE gene, leading to a break in tolerance . In this
study the levels of both ANA and LKM-1 tended to be
higher in CHC than in AIH. Other studies have detected
[36]
higher level of LKM-1 in AIH-2, than in CHC . Further
studies are required to explain why LKM-1 and ANA is
higher in sera from the CHC patients than from AIH
patients in this study. High level of LKM-1 Ab in CHC
[37]
has previously been reported in paediatric cohorts .
Similar to our findings, LKM-1 Ab have previously
been reported in HCV where the titre is associated
[38]
with disease severity . It is not known whether there
is any relationship between patients with CHC, AIH
and LKM-1 Ab or whether these CHC cases are more
prone to develop AIH. Although no longer commonly
used, it has been proposed that IFNα therapy for
+
CHC, can induce autoimmune symptoms in LKM-1
[39]
individuals .
SMA was detected in none of the patients in the
AIH group, which is in disagreement with previous
studies. As many as 70% to 80% of AIH cases have
[40]
been described as SMA positive . The successful
treatment of our patients might be one explanation for
+
the lack of SMA patients as this is this is associated
[41]
with the disappearance of serum ANA and SMA .
It should be pointed out that seronegativity in AIH
have been described in 1%-34% of cases (in our
study 25%) underscoring the heterogeneity of this
[42]
autoimmune disease .
[43-45]
High IgG levels are a distinctive feature of AIH
.
In our study, however, there was no significant diffe
rence in levels comparing AIH and CHC. Other studies
have reported elevated levels of IgG in both AIH and
[38]
CHC patients . The level of IgG has previously been
associated with severity of disease among chronic
HCV infected patients which is in line with our findings.
Both diseases are characterized by activation of B cells
[6]
and a large number of plasma cells . We speculate
that many of these released auto-Abs are of the
IgG subclass which can explain the elevated level of
these Abs in serum from both patient groups. This
polyclonal activation is likely taking place either as a
consequence of chronic antigen stimulation or due to
[46,47]
loss of immune regulation
. Our interest is in Th17
cells that have an established pathogenic function in
[48]
autoimmune diseases . Th17 cells are present in the
[30]
liver of both AIH and CHC patients . Further studies
will determine whether these cells could contribute
to B cell activation or generation of an inflammatory
[49,50]
environment that promotes auto-Ab production
.
In conclusion, we found AIH-related auto-Abs
associated with HCV infection. The emergence of autoAbs in CHC might be infection duration dependent,
but it is not related to gender, the age of patients and
serum viral load. Auto-Abs, especially LKM-1, in CHC
cases might have pathogenic role leading to more
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severe disease which is indicated by an alteration
of liver function tests and elevation of total IgG. It
is not known whether auto-Ab prevalence is due to
prolonged disease or whether certain patients are
more susceptible for their development. We conclude
that auto-Ab levels in CHC may be important markers
of disease severity and that these patients have a
disease similar to AIH. Future studies will unravel
any further associations between these two diseases,
whether genetic or other.

COMMENTS
COMMENTS
Background

Worldwide, 130-200 million individuals are infected with hepatitis C. Although
current therapies control the disease rather well, 80% of the infected patients
develop chronic hepatitis C (CHC). It is not known why some of the patients
develop more severe disease. Autoimmune hepatitis (AIH) is a disease of the
liver that has a prevalence of 10-20/100000 individuals. This disease can be
controlled by using immunosuppressive therapies. In this paper the authors
show that the presence of non-organ specific autoantibodies (NOSA) in both
CHC and AIH is associated with severe disease. Although overall CHC is less
damaging to the liver than AIH cases, a subgroup can be defined with more
severe pathology. This CHC subgroup is defined by liver/kidney microsomal-1
(LKM-1) positivity.

Research frontiers

In the field of autoimmunity, novel therapies have recently been developed as
well as better understanding of the aetiology of disease. Recent discoveries of
novel immune cells and their dysregulation in the autoimmunity have increased
the knowledge of disease aetiology and provided prospect for development of
novel therapies. Novel genome-, transcriptome- and epigenome-sequencing
techniques have given important insight of autoimmune associations to certain
genomic regions genomic and the immunological heterogeneity underlying
disease. As some subpopulations of CHC patients have antibodies that react
to self, we speculate that the analysis of novel immune cells and comparison of
immune cells from CHC patients with AIH using novel genomic and epigenomic
tools can provide disease related knowledge useful for novel future treatmentstrategies of these patients.

Innovations and breakthroughs

Th17 cells have recently been implicated in the development of AIH and
response to hepatitis C virus infection in the liver. Although it is not known how
these cells confer pathology, studies from other autoimmune diseases has
suggested that the cells support B cell germinal centre formation and production
of auto-antibodies. This can be both through IL-21 production by Th17 cells
and through transdifferentiation of Th17 cells to follicular T cells. Studies have
shown that polymorphisms in the TNFα gene are associated with development
of AIH. We are currently analysing how TNFα is suppressing Th17 cell
expansion in rheumatoid arthritis patients. Future studies by authors would aim
to determine the role of Th17 cells and possibly TNFα in the development of
autoantibodies (auto-Abs) in AIH and LKM-1+ CHC.

Applications

The current study has characterized the immune response in CHC and AIH
in homogenous patient cohorts. The findings differentiated CHC and AIH
patients into different subgroups. These findings open the way for future
studies of immune cell mediated induction of autoimmunity in CHC and AIH.
We aim to characterize immune cells present in the liver and the peripheral
blood of the patient cohorts. Further, genome wide association studies,
analysis for expression quantitative trait loci and whole genome epigenome
will be undertaken to gain better understanding of the autoimmune disease
process which is regulating the immune cells. Findings from these studies
will be correlated to disease severity, auto-Ab levels and other markers of
liver disease. Importantly the knowledge gained will provide the possibility
to discover overlapping genomic/epigenomic features between AIH and the

1350

February 28, 2017|Volume 23|Issue 8|

Amin K et al . Autoantibodies in CHC and AIH
subgroup of LKM-1 positive CHC patients with severe disease.
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AIM
To evaluate the anti-inflammatory intestinal effect of
the ethanolic extract (EtOHE) and hexane phase (HexP)
obtained from the leaves of Combretum duarteanum
(Cd ).

INTRODUCTION

METHODS
Inflammatory bowel disease was induced using
trinitrobenzenesulfonic acid in acute and relapsed
ulcerative colitis in rat models. Damage scores, and
biochemical, histological and immunohistochemical
parameters were evaluated.

The inflammatory bowel diseases (IBDs) are chronic
disorders of the gastrointestinal (GI) tract characterized
[1]
by alternating periods of remission and relapse . These
diseases represent a large group of inflammatory
disorders, the most common being Crohn’s disease (CD)
[2,3]
and ulcerative colitis (UC) .
CD can affect any part of the GI tract and has the
classic symptoms of fatigue, prolonged diarrhea (with
or without bleeding), abdominal pain, weight loss, and
[4,5]
fever . UC is a type of chronic inflammation restricted
to the colon; however, the entire large intestine may be
[6]
affected . Affected patients show symptoms such as
rectal bleeding, frequent bowel movements, tenesmus,
[5]
rectal mucus discharge, and abdominal pain .
The etiology of IBDs is still not fully understood;
however, it is believed that environmental, genetic
and immunologic factors have important roles in their
[4,7]
occurrence and progression .
Emerging models in the study of IBD pathogenesis
suggest three key disease development factors: (1)
breaking the intestinal barrier function; (2) lamina
immune cell exposure to luminal contents; and (3)
exacerbation of immune response. However, the
factors responsible for initiation and perpetuation of
the cycle leading to exacerbation of the disease are
[8,9]
still unclear .
A combination of genetic and environmental factors
may foment changes in the intestinal mucosal barrier
function; this allows translocation of luminal antigens
(commensal bacteria or microbial products) into the
intestinal wall, and consequent immune cell activation
and excessive production of cytokines, causing the
acute phase of inflammation. If the acute inflamma
tory process is not resolved by anti-inflammatory
mechanisms and suppression of pro-inflammatory
cytokines, chronic intestinal inflammation develops.
This can lead to tissue destruction and complications of
[10]
the disease .
Conventional treatments are aimed at reducing
inflammation and consequent abnormal symptom relief.
Patients with UC are treated with amino-salicylates,
[11]
corticosteroids, and immunomodulatory drugs .
Natural products have become the most attractive
source of new drugs for the treatment and prevention
of diseases and their use is constantly expanding
worldwide. A variety of herbal medicines have been
shown to produce promising results in the treatment
[11-14]
of peptic ulcer and IBD
.
Combretum duarteanum (C. duarteanum, Cd)
Cambess., the species selected for this study, is
popularly known as “mufumbo, cipiúba, cipaúba”. This

RESULTS
Both Cd -EtOHE and Cd -HexP caused significant
reductions in macroscopic lesion scores and ulcerative
lesion areas. The vegetable samples inhibited
myeloperoxidase increase, as well as pro-inflammatory
cytokines TNF-α and IL-1β. Anti-inflammatory cytokine
IL-10 also increased in animals treated with the tested
plant samples. The anti-inflammatory intestinal effect is
related to decreased expression of cyclooxygenase-2,
proliferating cell nuclear antigen, and an increase in
superoxide dismutase.
CONCLUSION
The data indicate anti-inflammatory intestinal activity.
The effects may also involve participation of the
antioxidant system and principal cytokines relating to
inflammatory bowel disease.
Key words: Combretum duarteanum ; Medicinal plants;
Combretaceae; Inflammatory bowel disease; Antiinflammatory intestinal activity
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel diseases are chronic
inflammatory disorders that include Crohn’s disease
and ulcerative colitis (UC). Genetic, immunologic
and environmental factors are postulated as possible
etiologic agents. Their conventional treatment is
centered in reducing inflammation and abnormal
symptom relief. A variety of herbal medicines have
been demonstrated to produce promising results in the
treatment of those diseases. Combretum duarteanum
is a species popularly used in folk medicine to treat
inflammation. Thus, the present study was designed
to evaluate the intestinal anti-inflammatory effect in
an UC rat model, contributing to the safe use and
collaborating with the scientific knowledge of natural
products.
de Morais Lima GR, Machado FDF, Périco LL, de Faria FM,
Luiz-Ferreira A, Souza Brito ARM, Pellizzon CH, HirumaLima CA, Tavares JF, Barbosa Filho JM, Batista LM. Antiinflammatory intestinal activity of Combretum duarteanum
Cambess. in trinitrobenzene sulfonic acid colitis model. World

WJG|www.wjgnet.com

1354

February 28, 2017|Volume 23|Issue 8|

de Morais Lima GR et al. Combretum duarteanum
shrubby species is exclusive to South America with
registrations in Bolivia, Paraguay, and Brazil. It occurs
in the northern and northeastern regions of Brazil,
[15,16]
being associated with the “caatinga” biome
.
In folk medicine, C. duarteanum is used to treat
pain, inflammation and GI tract disorders, which justifies
its selection, using ethno-pharmacological indication as
the criterion of choice. Phytochemical studies suggest
the presence of flavonoids and triterpenes, whose
[16-18]
pharmacological effects have been attributed
.
C. duarteanum has presented in vitro and in vivo
anti-inflammatory, anti-nociceptive, and antioxidant
[15]
[17]
capacities . Quintans et al
demonstrated orofacial
nociceptive activity as promoted by the hexane phase
and Fridelin terpenes, isolated from the species
studied.
[16,19]
de Morais Lima et al
demonstrated gastroprotective and antiulcer activity in C. duarteanum in
different models of acute ulcer induction (acidified
ethanol, ethanol, nonsteroidal anti-inflammatory drugs
(commonly known as NSAIDs), stress, pylorus ligature,
acetic acid) in animals. Previous studies demonstrated
low toxicity and no change of liver enzymes in animals
treated with the tested plant sample for 15 d in acid
[19]
acetic-induced gastric ulcer model .
Given the need for new IBD therapies, this study
aimed to evaluate the intestinal anti-inflammatory
activity promoted by the species C. duarteanum,
validating its popular use and contributing to the
search for new therapies for diseases that affect the GI
tract.

with ethanol, stirred, and macerated at room tem
perature for approximately 48 h, with the procedure
being repeated three times. The solvent was fully
evaporated under reduced pressure, and the extract
(yield of 200 g) was concentrated. The Cd-EtOHE was
subjected to liquid-liquid partition with the following
solvents: hexane, chloroform (CHCl3), and ethyl acetate
(EtOAc), obtaining their respective phases. This step
was repeated to secure the required quantity for the
study.

Pharmacological assays

Investigation of Cd-EtOHE and Cd-HexP effects
on acute phase intestinal inflammation (TNBS)induced in rats: The intestinal anti-inflammatory
activity of Cd-EtOHE and Cd-HexP was assessed in rats
[20]
using the Morris et al
method. Male Wistar rats (n
= 5-8) fasted for 24 h were divided into four groups:
non-colitic, colitic, Cd-EtOHE and Cd-HexP. The
animals were anesthetized for rectal administration
of TNBS (2,4,6-trinitro-benzene sulfonic acid) - 10
mg solubilized in 0.25 ml of 50% v/v ethanol. The
induction of inflammation was performed with the
aid of a probe (2-mm diameter), which was inserted
about 8 cm into the rectum of the animal. After TNBS
administration, animals were maintained upside
down for 15 min to enable total absorption of the
administered inducing agent. The non-colitic group
underwent the same procedures but they did not
receive TNBS.
Each group of rats was pretreated with vehicle (12%
Tween 80), Cd-EtOHE (31.25, 62.5, 125, 250 mg/kg)
or Cd-HexP (31.25, 62.5, 125, 250 mg/kg), at 48, 24
and 1 h prior to administration of TNBS/50% ethanol,
and at 24 h after colitis induction. At 48 h after
inducing inflammation, the animals were euthanized
and colonic segments were removed, opened, washed,
and photographed for quantification of ulcerative
lesion area (ULA) and macroscopic score evaluation
of the intestinal inflammatory process. Analysis of the
extent of intestinal injury was performed according to
[21]
the scale described previously by Bell et al . General
parameters such as diarrhea and the colon weight/
length ratio were also evaluated. The most effective
doses obtained in this model were used in the chronic
model with relapse of UC in rats.

MATERIALS AND METHODS
Reagents

The drugs and reagents were prepared immediately
before use. The following drugs were used: trinitro
benzenesulfonic acid (TNBS) (Sigma-Aldrich), ketamine
5% (Vetanarcol), xilazine 2% (Dorcipec), ethanol
®
®
(Merck ), Tween 80 (Merck ), sodium chloride (SigmaAldrich). TNF-α, IL-1β and IL-10 in enzyme-linked
immunosorbent assay (ELISA) kits were provided by
R&D Systems Inc.

Plant material

Plant samples used in intestinal anti-inflammatory
activity research experiments in rats were obtained
from the leaves of C. duarteanum Cambess., collected
at Serra Branca City, Paraíba State, Brazil, in 2010.
The species was identified by Dr. Maria Fatima Agra
and a voucher specimen (No. 6767) was deposited
in the Herbarium Prof. Lauro Pires Xavier (JPB) at the
Universidade Federal da Paraíba.
The ethanolic extract (Cd-EtOHE) and the hexane
phase (Cd-HexP) obtained from the leaves of C.
duarteanum Cambess. were provided by Dr. Josean
Fechine Tavares and his group, all of PgPNSB/UFPB.
The dried leaves (5 kg) were powdered, extracted

WJG|www.wjgnet.com

Investigation of Cd-EtOHE and Cd-HexP effects
in the chronic phase with intestinal inflammation
relapse induced by TNBS in rats: Male Wistar rats (n
= 7-9) were divided into non-colitic, colitic, Cd-EtOHE
and Cd-Hexp groups. After 24 h of fasting, induction of
intestinal inflammation was performed with TNBS (10
[20]
mg/0.25 ml ethanol 50% v/v, rectally) . At 24 h after
initial induction, the animal groups were treated orally
with 12% Tween 80 solution (non-colitic and colitic), CdEtOHE (125 mg/kg) or Cd-HexP (62.5 mg/kg). On day
14 after the first induction, the second administration
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®

(relapse) was performed with TNBS (10 mg/0.25 ml
ethanol 50% v/v, rectally) to mimic recurrent relapses
in IBDs in humans.
General parameters such as diarrhea, water and
food intake, and body weight were recorded daily
throughout the treatment period. At day 21 all animals
were euthanized, the colon removed, opened, and
washed for macroscopic lesion analysis and evaluation
[21]
of the intestinal inflammatory process . Collection of
material for biochemical and histological analysis was
also performed. The samples were stored at -80 ℃ for
evaluation of myeloperoxidase (MPO) and cytokines
involved in intestinal inflammation.

using ELISA assay kits (DuoSet ; R & D Systems Inc.).
The concentrations of the cytokines in relation to the
amount of total protein was quantified by bicinchoninic
[24]
acid method .

Immunohistochemical analysis cyclooxygenase-2,
proliferating cell nuclear antigen, and superoxide
dismutase expression

Histological samples were incubated with anti-cyclo
oxygenase-2 (COX-2) secondary antibody (marker for
assessing anti-inflammatory effect), anti-proliferating
cell nuclear antigen (PCNA) (cell division marker to
assess potential for regeneration), and anti-superoxide
dismutase (SOD) (marker to evaluate the antioxidant
effect). The positively stained cells were counted for
the various immunohistochemical reactions in a fixed
number of fields by means of an image analyzer (Q-Win
Standard Version 3.1.0; Leica) coupled to the Leica DM
microscope. They were photographed and analyzed by
AVSoft program Bioview Spectra and Seeker 4.0.

Histological analysis

Colonic segments intended for light microscopy were
collected. For this, the tissues were fixed in Alfac
solution for 24 h at room temperature. Afterwards,
the pieces were kept in 80% alcohol until the block
assembly time. The pieces were dehydrated and
embedded in paraplast forming blocks, and then cut to
10-mm thickness for mounting on slides. These were
stained with hematoxylin and eosin for morphological
[22]
analysis .

Animal care and use statement

The experimental protocols were approved by the
Committee for Ethics in Animal Experimentation (CEPA/
LTF/UFPB) under number 1112/10. Male Wistar albino
rats (180-250 g) from the “Prof. Thomas George
®
Vivarium” of LTF/UFPB were fed a certified Presence
diet, with free access to water under fixed conditions of
illumination (12/12 h light/dark cycle), humidity (60%
± 1.0%), and temperature (21.5 ± 1.0 ℃). Fasting
was used prior to all assays since standard drugs were
administered orally (by gavage) or by intra-rectal
route, using a 12% solution of Tween 80 (10 ml/kg)
as the vehicle. The animals were kept in cages with
raised, wide-mesh floors to prevent coprophagy.

Quantification of MPO activity

Colon segments, stored at -80 ℃ were used with
dosages of MPO and pro-inflammatory and antiinflammatory cytokines. The samples were homo
genized in hexadecyltrimethylammonium bromide
buffer (HTAB) (0.5% in 50 mmol/L sodium phosphate
buffer, pH 6.0) that acts as a detergent, lysing granules
of neutrophils containing MPO, which is released.
The sample was centrifuged for 10 min at 4 ℃. The
homogenate was subjected to a three-fold freezing
and thawing process to facilitate the rupturing of cell
structures and the consequent release of the enzyme.
On ELISA plates were placed 50 μL of supernatant
[23]
from each sample and 150 μL of reaction buffer .
The results were expressed as MPO units per gram
of tissue, where 1 U of MPO activity is defined as that
degrading 1 µmol of hydrogen peroxide per min at
25 ℃.

Statistical analysis

Results with parameter values (inflammatory bowel
lesion area and weight/length ratio) were subjected
to analysis of variance (ANOVA) followed by Dunnett’s
or Tukey test, and expressed as mean ± SD of the
average. In quantitation assays of antioxidant enzymes,
cytokines and MPO values obtained were presented as
mean ± standard error of mean (SEM).
For nonparametric values (score of intestinal
inflammation), the Kruskal-Wallis test (ANOVA, Dunn's
post-test) was used. The results were expressed as
median (minimum-maximum). Data were analyzed
using the software GraphPad Prism 6.0, and the
significance level was set at p < 0.05.

Assessment of the involvement of pro-inflammatory
(TNF-α and IL-1β ) and anti-inflammatory cytokines
(IL-10)

TNF-α, IL-1β and IL-10 levels were determined from
colonic specimens, frozen in -80 ℃, and collected in the
UC relapse model. For this, we used PBS buffer pH 7.4
(1:5) to homogenize the samples. The homogenate
tubes were centrifuged at 12000 rpm for 10 min.
The supernatants were frozen at -80 ℃ until assay.
Subsequently, the samples were shaken in water bath
at 37 ℃ for 20 min and then centrifuged at 10000 rpm
for 5 min at 4 ℃. The supernatant was collected and
the cytokines TNF-α, IL-1β and IL-10 were quantitated

WJG|www.wjgnet.com
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Investigation of Cd-EtOHE and Cd-HexP effect on
induced acute phase intestinal inflammation (TNBS) in
rats

A significant reduction in the intestinal ULA for rats
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Table 1 Effects of oral administration of Cd -EtOHE or Cd -HexP in acute phase of intestinal inflammation in trinitrobenzenesulfonic
acid-induced ulcerative colitis in rats
Group
Non-colitics
Colitics
Cd-EtOHE

Non-colitics
Colitics
Cd-HexP

2

Dose (mg/kg)

ULA (mm )

Inhibition (%)

Lesion score

Weight/length (mg/cm)

Diarrhea (%)

31.25
62.5
125
250
31.25
62.5
125
250

107 ± 38
79 ± 31
46 ± 12b
19 ± 8c
76 ± 23
101 ± 45
52 ± 18b
21 ± 7c
95 ± 33
80 ± 12

100
26
57
82
29
49
79
7
22

6.0 (5-7)
5.0 (3-7)
4.0 (1-5)a
3.0 (2-5)b
6.0 (4-7)
7.0 (5-8)
5.0 (1-6)a
5.0 (4-5)b
6.0 (5-6)
5.0 (4-7)

110 ± 7.7
148 ± 17f
152 ± 19f
146 ± 19f
134 ± 5d
152 ± 14f
102 ± 14
154 ± 27f
142 ± 20e
129 ± 20a
154 ± 10f
155 ± 16f

0
100
100
57
14b
86
0
87
87
29a
71
86

Results expressed as mean ± SD or median (minimum-maximum) of the parameters analyzed (n = 5-8). For the parametric data, mean ± SD was used, with
ANOVA and a posteriori Dunnett’s test. For the non-parametric data, median (minimum-maximum) was used, with Kruskal-Wallis test and a posteriori
Dunn. aP < 0.05, bP < 0.01 and cP < 0.001 vs colitic group; dP < 0.05, eP < 0.01 and fP < 0.001 vs non-colitic group. Cd: Combretum duarteanum; EtOHE: Ethanolic
extract; HexP: Hexane phase.

Investigation of Cd-EtOHE and Cd-HexP effects in
chronic phase intestinal inflammation with induced
relapse using TNBS in rats

treated with Cd-EtOHE at doses of 62.5 and 125
mg/kg (46 ± 12, p < 0.01 and 19 ± 8, p < 0.001
respectively) was observed compared to the colitic
group (107 ± 38). In the experimental evaluation
of the effect of Cd-HexP, a significant reduction was
observed at doses of 31.25 and 62.5 mg/kg (52 ± 18,
p < 0.01 and 21 ± 7, p < 0.001 respectively), when
compared to the colitic animals (101 ± 45) (Table 1).
For the lesion score, Cd-EtOHE at doses of 62.5
and 125 mg/kg significantly reduced the amounts of
lesion to 4.0 (1-5) (p < 0.05) and 3.0 (2-5) (p < 0.01)
respectively, compared to the colitic control of 6 (5-7).
Cd-HexP 31.25 and 62.5 mg/kg significantly reduced
lesion to 5.0 (1-6) (p < 0.05) and 5.0 (4-5) (p < 0.01)
respectively, compared to the colitic group of 7 (5-8)
(Table 1).
A significant increase in weight/length for the colitic
group (148 ± 17, p < 0.001, 154 ± 27, p < 0.001)
was also observed when compared to the non-colitic
group (110 ± 8, 102 ± 14 respectively). Treatment
with different doses of Cd-EtOHE (31.25, 62.5, 125 and
250 mg/kg) did not reduce the weight/length ratio (152
± 19, 146 ± 19, 134 ± 5 and 152 ± 14 respectively)
for the parameter compared to the colitic group (148
± 17). However, treatment with Cd-HexP at a dose of
62.5 mg/kg significantly reduced the ratio to 129 ± 20
(p < 0.05), compared to their respective colitic group
(154 ± 27) (Table 1).
The administration of TNBS resulted in a diarrhea
rate of 100% in the colitic animals. Cd-EtOHE at a
dose of 125 mg/kg significantly reduced the diarrhea
involvement to 14%. For Cd-HexP, treatment at dose
of 62.5 mg/kg significantly reduced diarrhea to 29%
(p < 0.05) when compared to their respective colitic
control (87%) (Table 1).
Intestines of colitic, non-colitic and treated rats with
different tested doses of Cd-EtOHE or Cd-HexP in the
model can be seen in Figures 1 and 2 respectively.
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A significant reduction in macroscopic damage scores
was observed for both Cd-EtOHE (125 mg/kg) and CdHexP (62.5 mg/kg), to 1.0 (1-4) (p < 0.05) and 1.0 (1-4)
(p < 0.01) respectively, compared to the colitic control
4 (3-6). Moreover, the tested plant sample reduced
the onset of diarrhea by 56% when compared to colitic
animals (94%) (see Table 2).
The weight/length ratio significantly increased in
the colitic, Cd-EtOHE and Cd-HexP groups (143 ± 14,
p < 0.001; 132 ± 11, p < 0.001; 122 ± 12, p < 0.01,
respectively) compared to the non-colitic group (97 ±
9). However, Cd-HexP 62.5 mg/kg caused a significant
reduction (122 ± 12, p < 0.01), compared to the
colitic group (143 ± 14). These results are shown in
Table 2, and can be seen best in Figure 3.
A significant decrease in water (28 ± 3, p < 0.01)
and food (19 ± 2, p < 0.01) intake was observed in
the colitic group, compared to the non-colitic animals
(31 ± 4 and 22 ± 2 respectively). Only treatment with
Cd-HexP increased water (31 ± 2, p < 0.05) and food
(22 ± 3, p < 0.01) intake, compared to colitic animals
(28 ± 3, p < 0.01 and 19 ± 2, p < 0.01 respectively)
(Table 3).
As an additional parameter to the data described
above, we evaluated the effect of repeated admini
strations of Cd-EtOHE (125 mg/kg) and Cd-HexP (62.5
mg/kg) on the body weights of animals affected with
intestinal inflammation. At the end of the experiment,
there was a significant reduction in mean body
weight for the colitic group (215 ± 21, p < 0.001)
when compared to the non-colitic group (261 ± 35).
However, when the treatments were performed with
Cd-HexP (62.5 mg/kg), a significant increase in mean
body weight (239 ± 17, p < 0 05) was observed
compared to the colitic animals (215 ± 21) (Table 4).
A significant increase was observed in spleen weight
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Figure 1 Representative macroscopic images of rat colonic mucosa in non-colitics (A), colitics (B), Cd-EtOHE at 31.25 mg/kg (C), Cd-EtOHE at 62.50 mg/kg
(D), Cd-EtOHE at 125 mg/kg (E), and Cd-EtOHE at 250 mg/kg (F). Cd: Combretum duarteanum; EtOHE: Ethanolic extract.

in the colitic group (2.8 ± 0.5, p < 0.05) compared
to the non-colitic group (2.1 ± 0.2). Analyzing the
organs of animals treated with Cd-EtOHE or Cd-HexP, a
significant increase in spleen weight for animals treated
with Cd-EtOHE as compared to the non-colitic group
was demonstrated (Table 5). In other evaluations (heart,
liver and kidneys) no significant changes, compared to
the non-colitic group, were observed.

highlighting neutrophilic and lymphocytic infiltration,
was also observed.
Treatment with Cd-EtOHE (125 mg/kg) or Cd-HexP
(62.5 mg/kg) maintained some areas of the mucosal
structure and epithelium intact, reducing the reducing
the Inflammatories cells in lamina propria as compared
to the colitic group, suggesting the re-epithelialization
of the animals treated with the vegetable samples
(Figure 4).

Histological analysis

Quantification of MPO activity

Histological examination of the colon of non-colitic
rats showed normal histological structure, highlighting
the structure of the mucosal straight intestinal glands
with large numbers of goblet cells and lamina propria
classical (or normal). The animals belonging to the
colitic group had transmural inflammation, necrosis
of the mucosa with disruption of glands, and loss of
goblet and epithelial cells. The presence of granulation,

WJG|www.wjgnet.com

According to the results obtained, there was a significant
increase in MPO to 40.270 ± 3.077 (p < 0.001) in the
colitic group when compared to non-colitics (10.120 ±
1.672). When compared to the colitic controls (40.270
± 3.077), treatments with Cd-EtOHE (15.187 ± 1.158,
p < 0.001) or Cd-HexP (17.620 ± 2.395, p < 0.001)
significantly reduced MPO (Figure 5).
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Figure 2 Representative macroscopic images of rat colonic mucosa in non-colitics (A), colitics (B), Cd-HexP at 31.25 mg/kg (C), Cd-HexP at 62.50 mg/kg (D),
Cd-HexP at 125 mg/kg (E), and Cd-HexP at 250 mg/kg (F). Cd: Combretum duarteanum; HexP: Hexane phase.

Assessment of the involvement of pro-inflammatory
(TNF-α and IL-1β ) and anti-inflammatory cytokines
(IL-10)

respectively) when compared to the colitic group (3 2 ±
0.3) (Figure 5).

Immunohistochemical analysis (COX-2, PCNA and SOD
expression)

The results showed a significant increase in TNF-α
levels in colitic animals (2.0 ± 0.2, p < 0.01) compared
to non-colitics (1.3 ± 0.1). However, the treatment
of Cd-EtOHE (125 mg/kg) or Cd-HexP (62.5 mg/kg)
resulted in TNF-α level reduction (1.2 ± 0.2 and 1.4
± 0.1, P < 0.01) respectively, compared to the colitic
group (2.0 ± 0.2) (Figure 5).
IL-1β levels increased in colitic animals (63 ± 6,
p < 0.001) when compared to the non-colitic group
(32 ± 4.0). Treatment with Cd-EtOHE significantly
reduced to 41 ± 5 (p < 0.01) IL-1-β, compared to
the colitic group (63 ± 6.2). Cd-HexP did not cause
significant change when compared to the negative
control (Figure 5).
The results showed significant reduction of IL-10
in intestinal tissues, comparing the colitic group 3.2
± 0.3 (p < 0.05) to the non-colitic group (5.1 ± 0.8).
Treatment with Cd-EtOHE or Cd-HexP caused significant
increases (5.0 ± 0.4, P < 0.05, 5.8 ± 0.3, p < 0.01,
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In analyzing the results of COX-2 expression shown
in Table 6 and Figure 6, we observed a significant
increase in COX-2 expression in the colitic group
animals to 505 (100-1450) (p < 0.05) when compared
the non-colitic group of 230 (110-700). However, treat
ment with Cd-EtOHE (125 mg/kg) or Cd-HexP (62.5
mg/kg) significantly reduced the expression of COX-2
to 90 (10-2590) (p < 0.001) and 205 (20-790) (p <
0.001) respectively, compared to the colitic group of
505 (100-1450).
A significant increase in PCNA expression was
observed in the animals of the colitic group of 5380
(850-15960) (p < 0.001) when compared to the
non-colitic group of 1425 (60-7890). However, treat
ment with Cd-EtOHE (125 mg/kg) or Cd-HexP (62.5
mg/kg) significantly reduced PCNA expression to 1.630
(90-14790) (P < 0.001) and 1.570 (250-9500) (p <
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Table 2 Effects of oral administration of Cd -EtOHE or Cd HexP in chronic phase with relapse of intestinal inflammation
in trinitrobenzenesulfonic acid-induced ulcerative colitis in
rats

Table 4 Effect of oral administration of Cd -EtOHE or Cd HexP for 21 d on body weight on trinitrobenzenesulfonic
acid-induced ulcerative colitis in rats
Group

Group
Non-colitics
Colitics
Cd-EtOHE
Cd-HexP

Dose
(mg/kg)
125
62.5

Lesion score

Weight/length
(mg/cm)
97 ± 9
143 ± 14f
132 ± 11f
122 ± 12b,e

4.0 (3-6)
1.0 (1-4)a
1.0 (1-4)b

Diarrhea (%)

Non-colitics
Colitics
Cd-EtOHE
Cd-HexP

0
94
56a
56a

Dose (mg/kg)
125
62.5

Water intake (mL)

Food intake (g)

31 ± 4
28 ± 3e
30 ± 4
31 ± 2a

22 ± 2
19 ± 2e
20 ± 3d
22 ± 3b

Group
Non-colitics
Colitics
Cd-EtOHE
Cd-HexP

51 ± 10
35 ± 12d
43 ± 6
48 ± 10a

Heart

Liver

Kidneys

Spleen

4.0 ± 0.2
4.0 ± 0.5
4.0 ± 0.3
4.0 ± 0.3

41 ± 1.5
43 ± 5.3
43 ± 3.1
44 ± 1.2

8.6 ± 0.6
8.6 ± 1.0
8.6 ± 0.2
8.4 ± 0.5

2.1 ± 0.2
2.8 ± 0.5d
2.8 ± 0.4e
2.4 ± 0.2

Values are expressed as mean ± SD (n = 7-9). One-way ANOVA, followed
by Dunnett's test, dP < 0.05 and eP < 0.01 vs non-colitic group. Cd: Combretum
duarteanum; EtOHE: Ethanolic extract; HexP: Hexane phase.
[26,27]

immune system
.
CD and UC are immunologically different diseases.
CD is characterized by an exaggerated cellular Th1
response (CD4+) and Th17, characterized by high levels
of INF-γ/IL-17 and IL-12/IL-23. UC is characterized by
a heightened Th2 response, and excessive IL-5 and
[28-30]
.
IL-13
TNBS is a hapten, administered by enema in
rats in combination with 50% ethanol to break the
mucus barrier and facilitate penetration of the hapten
into the intestinal epithelium. TNBS reacts with
autologous proteins and stimulates the development
of hypersensitivity, leading to the activation of antigenspecific T cells. The immune response induced by
the hapten causes severe ulceration of the mucosal
and epithelial barrier, characterized by trans-mural
[20]
infiltration of mononuclear cells .
Preventive treatment with Cd-EtOHE (62.5 to
125 mg/kg) or Cd-HexP (31.25 and 62.5 mg/kg)
caused a significant reduction in the severity and
extent of injury as reflected in the macroscopic lesion
score. The macroscopic/microscopic damage scores
and colon weight/length ratio can be considered as
sensitive and reliable markers to estimate the severity
of the disease, and thus the anti-inflammatory effect
[31]
promoted by the test drug .
A low incidence of diarrhea in animals treated with
Cd-EtOHE and Cd-HexP was also observed. Diarrhea
is a major symptom of disease in both animals and
humans and indicates loss of the absorptive capacity
of the colon, which is impaired in intestinal infla

Values are expressed as mean ± SD (n = 7-9). One-way ANOVA, followed
by Dunnett's test, aP < 0.05 and bP < 0.01 vs colitic group; dP < 0.05 and eP
< 0.01 vs non-colitic group. Cd: Combretum duarteanum; EtOHE: Ethanolic
extract; HexP: Hexane phase.

0.001) respectively, compared to 5.380 of the colitic
group (850-15960) (p < 0.001) (Table 6 and Figure 6).
The results of this analysis demonstrated a sig
nificant decrease in the expression of SOD in colitic
controls to 165 (10-1000) (p < 0.001) when compared
to the non-colitic group of 400 (80-1115). The treat
ment of the animals with Cd-EtOHE (125 mg/kg) or
Cd-HexP (62.5 mg/kg) increased the expression of
SOD to 400 (50-1480) (p < 0.05) and 435 (20-1650) (p
< 0.001) respectively, compared to the colitic control
(Table 6 and Figure 6).

DISCUSSION
A promising area for research, many plant species and
their chemical constituents exert therapeutic actions.
This has led to the development of new, effective and
safe drugs for the treatment of various pathological
processes. There is also an interest in targeted therapy
for diseases derived from oxidative stress, such as
[11,25]
IBD
.
IBDs are progressive and destructive chronic
disorders of the GI tract, the most common being
CD or UC. There is evidence that the pathogenesis of
IBD is related to a dysfunctional interaction between
the bacteria of the intestinal microflora and mucosal
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261 ± 35
215 ± 21f
230 ± 7
239 ± 17a

Table 5 Effect of oral administration of Cd -EtOHE or Cd HexP for 21 d on weight organs in trinitrobenzenesulfonic
acid-induced ulcerative colitis in rats

Table 3 Effect of oral administration of Cd -EtOHE or
Cd -HexP for 21 d on water and food consumption in
trinitrobenzenesulfonic acid-induced ulcerative colitis in rats

Non-colitics
Colitics
Cd-EtOHE
Cd-HexP

202 ± 32
189 ± 19
178 ± 13
184 ± 14

Values are expressed as mean ± SD (n = 7-9). One-way ANOVA, followed
by Dunnett's test, aP < 0.05 vs colitic group; dP < 0.05, fP < 0.001, vs noncolitic group. Cd: Combretum duarteanum; EtOHE: Ethanolic extract; HexP:
Hexane phase.

Results expressed as mean ± SD or median (minimum-maximum) of the
parameters analyzed (n = 7-9). For the parametric data, mean ± SD was
used, with ANOVA and a posteriori Dunnett’s test. For non-parametric
data, median (minimum-maximum) was used, with Kruskal-Wallis test
and a posteriori Dunn. aP < 0.05, bP < 0.01 vs colitic group; eP < 0.01 and fP
< 0.001 vs non-colitic group. Cd: Combretum duarteanum; EtOHE: Ethanolic
extract; HexP: Hexane phase.

Group

Initial weight (g) Final weight (g) Average increase (g)
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Figure 3 Representative macroscopic images of rat colonic mucosa in non-colitics (A), colitics (B), Cd-EtOHE at 125 mg/kg (C), and Cd-HexP at 62.5 mg/kg (D).
Cd: Combretum duarteanum; HexP: Hexane phase; EtOHE: Ethanolic extract.
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Figure 4 Representative histological appearance of rat colonic mucosa in the non-colitic group (A), colitic group (B), Cd-EtOHE (C), and Cd-HexP (D).
Aumento magnification × 40 (*goblet cells; → ulceration region; 50 μm). Colonic tissue sections were stained with hematoxylin and eosin, and observed under light
microscope (magnification × 40). Cd: Combretum duarteanum; HexP: Hexane phase; EtOHE: Ethanolic extract.
[32]

mmation . The results suggest that treatment with
the plant samples restored the intestinal absorptive
capacity.
Cd-HexP at 62.5 mg/kg significantly reduced the
weight/length ratio. This effect is possibly related to
the scavenging capacity of free radicals caused by
[33]
treatment at this dose . These results demonstrate,
for the first time, anti-inflammatory intestinal activity
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for a species belonging to the genus Combretum.
The more effective doses of Cd-EtOHE (125 mg/kg)
or Cd-HexP (62.5 mg/kg) were selected to investigate
their effects in the chronic phase with relapse in TNBSinduced UC in rats. This model mimics the disease in
humans and can be used to evaluate new treatments
[31]
potentially applicable in IBD .
Cd-EtOHE at 125 mg/kg or Cd-HexP at 62.5 mg/kg
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Figure 5 Effect of acute administration of Cd-EtOHE at 125 mg/kg and Cd-HexP at 62.5 mg/kg on myeloperoxidase activity (MPO, U/mg protein) (A), tumor
necrosis factor-alpha (TNF-α, pg/mg protein) (B), interleukin-1β (IL-1β, pg/mg protein) (C), interleukin-10 (IL-10, pg/mg protein) (D) in trinitrobenzene
sulfonic acid-induced colitis model with relapse in rats (TNBS, 10 mg/animal). Data are expressed as the mean ± SEM. aP < 0.05, bP < 0.01 and cP < 0.001 vs
colitic group. dP < 0.05, eP < 0.01 and fP < 0.001 vs non-colitic group. Cd: Combretum duarteanum; HexP: Hexane phase; EtOHE: Ethanolic extract.

Table 6 Effect of oral administration of Cd -EtOHE or Cd -HexP for 21 d on the expression of cyclooxygenase-2, proliferating cell
nuclear antigen and superoxide dismutase in trinitrobenzenesulfonic acid-induced ulcerative colitis in rats
Group
Non-colitics
Colitics
Cd-EtOHE
Cd-HexP

Dose (mg/kg)
125
62.5

2

2

COX-2 (µm )

2

PCNA (µm )

230 (110-700)
505 (100-1.450)d
90 (10-2.590)c
205 (20-790)c

SOD (µm )

1425 (60-7890)
5380 (850-15.960)f
1630 (90-14.790)c
1570 (250-9.500)c

400 (80-1.115)
165 (10-1.000)f
400 (50-1.480)c
435 (20-1.650)c

Results are expressed as median (minimum-maximum) of the analyzed parameters (n = 7-9). For nonparametric data, median (minimum-maximum) was
used, with Kruskal-Wallis and Dunn’s test a posteriori. cP < 0.001 vs colitic group; dP < 0.05 and fP < 0.001 vs non-colitic group. COX-2: Cyclooxygenase-2;
PCNA: Proliferating cell nuclear antigen; SOD: Superoxide dismutase; Cd: Combretum duarteanum; EtOHE: Ethanolic extract; HexP: Hexane phase.
[35]

significantly decreased signs of disease, such as macro
scopic lesion (lesion area and score), weight/length
ratio and diarrhea, showing the anti-inflammatory
effect at 21 d of treatment.
Intestinal inflammation in the TNBS-induced model
promoted the loss of 8% to 10% of body weight
notably at 1 wk after induction, this is related to
reduction in food intake due to abdominal pain and
[34]
diarrhea during the active phase of the disease .
Treatment with Cd-HexP at 62.5 mg/kg reversed low
water and food intake (and body weight loss) caused
by disease.
The spleen recycles and acts as a reserve of
red blood cells. The organ is the center of reticulo
endothelial system activity, and is an essential part of
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the immune system . A significant increase in spleen
weight of colitic animals when compared to non-colitic
animals was demonstrated. UC and CD are mentioned
in lists of factors that can cause increased spleen size,
which can occur through lymphoid cell accumulation in
[35,36]
immune functions
.
MPO is an enzyme found in neutrophils and has
been used as a quantitative index of neutrophil influx
into inflamed intestines. The recruitment and activation
of neutrophils results in a significant increase in free
radical production, capable of overcoming antioxidant
protections, and resulting in oxidative stress and
[37,38]
inflammation
. Cd-EtOHE at 125 mg/kg and CdHexP at 62.5 mg/kg significantly decreased MPO
activity when compared to colitic animals. This may
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Figure 6 Photomicrograph of colonic samples from rats submitted to trinitrobenzene sulfonic acid-induced colitis model with relapse in rats after 21 d of
treatment. A: Non-colitic group; B: Colitic group; C: Cd-EtOHE at 125 mg/kg; D: Cd-HexP at 62.5 mg/kg. Immunohistochemical localization of Line Ⅰ: COX-2; Line Ⅱ:
PCNA; Line Ⅲ: SOD (→ COX-2, PCNA and SOD respectively). COX-2: Cyclooxygenase-2; PCNA: Proliferating cell nuclear antigen; SOD: Superoxide dismutase;
Cd: Combretum duarteanum; HexP: Hexane phase; EtOHE: Ethanolic extract.

was demonstrated. This increase is attributable to
compensatory mechanisms against colonic injury,
possibly playing a role in reducing mucosal inflammation
and preventing it from becoming uncontrolled. IL-10
down-regulates antigen presentation, and thereafter the
release of pro-inflammatory cytokines such as TNF-α,
[46,47]
IL-1β and IL-6
.
Studies have shown that COX-2 is expressed
predominantly in experimental colitis. Colotic humans
and animals show considerable improvement in the
inflammatory process when COX-2 inhibitors are
[48]
used . The vegetable samples tested prevented the
increase in expression of this enzyme, and suggest
that the intestinal anti-inflammatory effect promoted
by Cd-EtOHE at 125 mg/kg or Cd-HexP at 62.5 mg/kg
is mediated by a reduction in COX-2 expression.
PCNA is an intra-nuclear protein, whose expression
is related to cell proliferation and DNA repair. It
is highly expressed during the S phase of the cell
[49]
cycle . Studies show that PCNA expression is upregulated during chronic inflammation, inducing the
proliferation of epithelial cells to repair the mucous
[50,51]
tissue
.
The positive expression of PCNA was increased
in colitic animals in this study, while Cd-EtOHE at
125 mg/kg or Cd-HexP at 62.5 mg/kg treatment
significantly decreased expression of this protein.
Treatment with the plant samples studied protected
against intestinal epithelial cell damage induced by
TNBS and the effect was mediated via regulation of
PCNA.

be interpreted as a manifestation of anti-inflammatory
effect for C. duarteanum species.
The inflammation in the TNBS-induced colitis model
is characterized by a Th1 pathway immune response,
in which there is an increase in TNF-α, IL-1β, IL-12,
[39-41]
.
IL-17, IL-18 and IL-6
Up-regulation of the inflammatory state with
increased TNF-α and IL-1β levels in colitic rats was
[42]
observed, which corroborates the literature findings .
The treatment with Cd-EtOHE at 125 mg/kg or
Cd-HexP at 62.5 mg/kg was able to significantly
reduce TNF-α levels when compared to the colitic
controls, suggesting that TNF-α suppression is related
to the anti-inflammatory effect promoted by the
vegetable samples studied. Cd-EtOHE at 125 mg/kg
was able to decrease IL-1β levels, suggesting that
compounds of this plant sample may interfere with the
synthesis machinery of IL-1β activation by inhibiting
[10,43,44]
production
.
IL-10 suppresses production of pro-inflammatory
cytokines, such as IL-12, IL-6, IL-1 and TNF-α, in
activated macrophages in vitro, and blocks the
ability of macrophages stimulating the production
of interferon by Th1 cells. IL-10 is produced in
large amounts by TCD4+ regulatory cells subtype
(Tregs). Tregs maintain homeostasis by suppressing
the adaptive response of T cells and preventing
[45]
autoimmunity .
A significant elevation in IL-10 levels in animals
treated with Cd-EtOHE at 125 mg/kg or Cd-HexP
at 62.5 mg/kg, compared to the colitic group,
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SOD is a key enzyme that converts superoxide
to H2O2, a more stable metabolite. During oxidative
stress and inflammation, SOD activity is decreased
in inflamed tissues as compared to non-inflamed
tissues. The decreased SOD activity allows superoxide
accumulation and subsequent oxidative effects in the
intestinal tissue, as well as increased expression of
[52]
adhesion molecules .
Treatment with Cd-EtOHE at 125 mg/kg or Cd-HexP
at 62.5 mg/kg significantly increased the expression
of this enzyme when compared to colitic animals,
suggesting involvement of an antioxidant effect in the
intestinal anti-inflammatory activity promoted by the
vegetable samples.
In conclusion, C. duarteanum presents promising
anti-inflammatory intestinal effects that are related
to reduced levels of the pro-inflammatory cytokines
(TNF-α and IL-1β) and increased anti-inflammatory
cytokine (IL-10), which feature regulatory effects on
the immune response, with reduction in the expression
of COX-2, PCNA, and an increase in the antioxidant
enzyme SOD.

The authors demonstrated that Cd-EtOHE and Cd-HexP obtained from leaves
of C. duarteanum displays anti-inflammatory effect in trinitrobenzenesulfonic
acid colitis model in rats. These results are promising. The vegetal samples
may have a role in antioxidant activity and mucosal healing in ulcerative colitis.
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Abstract
AIM
To explore the pharmacokinetics and pharmacodynamics
of Da-Cheng-Qi decoction (DCQD) in the liver of rats
with severe acute pancreatitis (SAP) based on an herbal
recipe tissue pharmacology hypothesis.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Animal Ethics Committee of the Animal Facility of the West
China Hospital (protocol number: 2016001A, Chengdu, China)
according to the Guide for the Care and Use of Laboratory
Animals of Sichuan University.

METHODS
Healthy male Sprague-Dawley rats were randomly
divided into a sham operation group (SOG); a model
group (MG); and low-, median- and high-dose treat
ment groups (LDG, MDG, and HDG, respectively).
Different dosages (6, 12 and 24 g/kg for the LDG, MDG,
and HDG, respectively) of DCQD were administered to
the rats with SAP. The tissue concentrations of aloeemodin, rhein, emodin, chrysophanol, honokiol, rheo
chrysophanol, magnolol, hesperidin, naringenin and
naringin in the liver of the treated rats were detected
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have no conflicts of interest to this work.
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inflammatory response syndrome (SIRS) and multiple
organ dysfunction syndrome (MODS), which can
[1,2]
affect the lung, kidney, intestine, liver and heart .
One retrospective study showed that hepatic failure
associated with a high mortality rate was present
in 83% of patients with severe acute pancreatitis
(SAP) (among the 178 consecutive patients with SAP
admitted to the surgical department from 1994 to
1998, 113 treated in the general intensive care unit
[3]
were included in the study) . The liver triggering
massive inflammatory response during AP was first
[4]
described in 1996 . Inflammatory mediators from
the pancreas can directly injure liver cells via the
portal vein and can also stimulate Kupffer cells to
express tumor necrosis factor-α (TNF-α), interleukin
1 (IL-1), interleukin 6 (IL-6) and other cytokines
that are involved in the development of local and
systemic inflammatory responses associated with
[5]
SAP . Additionally, the activation of Kupffer cells
mediates lung injury in acute hemorrhagic necrotizing
[6,7]
pancreatitis . Inhibitors of Kupffer cell activation,
such as gadolinium chloride (GdCl3), can decrease
serum TNF-α levels and relieve remote organ injury
[6]
in AP . In the early stage of SAP, the liver stimulates
TNF-α generation. However, with the progression of
the disease, excessive TNF-α was released into the
blood circulation, which led to remote organ damages;
this indicated that liver injury plays a central role in
[8]
the development of MODS in SAP . Therefore, it
is important to improve therapies for liver injury to
decrease the severity of SAP.
Da-Cheng-Qi decoction (DCQD), a famous traditional
Chinese medicine (TCM) prescription, has been widely
used for the treatment of AP for over 30 years in
[9]
China . DCQD is composed of Rheum palmatum L.
(Dahuang, dried marshmallow root or rhizome, bitter),
Magnolia henryi Dunn (Houpu, tree bark, bitter),
Citrus aurantium L. (Zhishi, dried immature fruit,
bitter), and Natrii Sulfas (Mangxiao, Na2SO4·10H2O,
[9]
salty) . It has been reported that DCQD can promote
gastrointestinal motility, inhibit cytokine activity and
inflammatory response, and relieve acute lung injury
[10]
in AP . Furthermore, our previous study confirmed
that the effects of DCQD on the pancreas, intestine and
lung were associated with the tissue distribution of its
[11]
potential target components .
We hypothesized that the tissue pharmacology of
the herbal recipe is related to its target tissue distribution
or the concentration of its effective components in
[12]
target tissues . This study aimed to explore the
relationship between the effects of DCQD and the
distribution/concentration of its absorbed components
in the liver of rats with SAP.

by high-performance liquid chromatography tandem
mass spectrometry. Alanine transaminase (ALT) and
aspartate transaminase (AST) in serum, inflammatory
mediators in the liver and pathological scores were
evaluated.
RESULTS
The major components of DCQD were detected in
the liver, and their concentrations increased dosedependently. The high dose of DCQD showed a maxi
mal effect in ameliorating the pathological damages,
decreasing the pro-inflammatory mediators tumor
necrosis factor-α and interleukin (IL)-6 and increasing
anti-inflammatory mediators IL-4 and IL-10 in the liver.
The pathological scores in the pancreas for the MG
were significantly higher than those for the SOG (P <
0.05). DCQD could reduce the pathological scores in
the pancreas and liver of the rats with SAP, especially
in the HDG. Compared to the SOG, the ALT and AST
levels in serum were higher in the MG (P < 0.05), while
there was no statistical difference in the MG and HDG.
CONCLUSION
DCQD could alleviate liver damage by altering the
inflammatory response in rats with SAP based on the
liver distribution of its components.
Key words: Pharmacokinetics; Pharmacodynamics; DaCheng-Qi decoction; Acute pancreatitis; Acute liver
injury
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study group had raised the herbal recipe
tissue pharmacology hypothesis, which assumed
that the effect of herb formula is related to its target
tissue distributions or concentrations of the effective
components in target tissues. This study was to
investigate the mechanism by which Da-ChengQi decoction (DCQD) ameliorates acute liver injury
complicated with severe acute pancreatitis in rats by
detecting the tissue distributions of the components
from DCQD in the liver and the inflammatory mediators
as well as the pathological scores.
Zhang YM, Ren HY, Zhao XL, Li J, Li JY, Wu FS, Su H, Tang
WF. Pharmacokinetics and pharmacodynamics of Da-Cheng-Qi
decoction in the liver of rats with severe acute pancreatitis. World
J Gastroenterol 2017; 23(8): 1367-1374 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i8/1367.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i8.1367

INTRODUCTION

MATERIALS AND METHODS

Acute pancreatitis (AP) is a sudden inflammation of
the pancreas and remote tissues. Approximately 20%
of AP patients develop a severe form with systemic
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Male Sprague-Dawley rats (n = 30) weighing 220 ±
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15 g were purchased from the Experimental Animal
Center of West China Hospital (Chengdu, China). All
of the animals were fed and handled according to the
Guide for the Care and Use of Laboratory Animals of
Sichuan University (Chengdu, China) and the Animal
Ethics Committee Guidelines of the Animal Facility of
the West China Hospital (protocol number: 2016001A,
Chengdu, China). After one week of acclimation, the
rats were fasted for 24 h before the induction of SAP
and were kept under food-free conditions throughout
the experiment.

cut into sections and stained with hematoxylin and
eosin. All of the pathological sections were scored in a
blinded fashion by two independent pathologists using
a scoring system for the extent and severity of tissue
injury (0-4, representing edema, neutrophil infiltration,
[11,13]
necrosis, and hemorrhage)
.

Measurement of inflammatory mediator levels in the
liver and ALT and AST levels in serum

The homogenate tissue levels of inflammatory me
diators, including TNF-α, IL-6, IL-4 and IL-10, were
measured using a Milliplex MAP Rat Cytokine/Chemokine
magnetic bead immunoassay kit (Millipore Corporation,
[11]
Billerica, MA) . The values were read with a MAGPIX
Luminex xMAP instrument (Luminex Corp, Austin, TX)
and analyzed with the MILLIPLEX Analysis software
[11]
version 3 (Millipore Corporation, Billerica, MA) . Blood
samples (5 mL) were collected for centrifugation at
3000 rpm for 7 min at low temperature, and then,
the supernatants were obtained for the alanine tran
saminase (ALT) and aspartate transaminase (AST)
detection with an Automatic Biochemical Analyzer
(AU5400, SIEMENS, Munich, Germany).

DCQD preparation

The Dahuang, Houpu, Zhishi and Mangxiao spray-dried
drug powders were purchased from Chengdu Green
Herbal Pharmaceutical Co. Ltd. (Chengdu, China). The
crude formula components were extracted twice by
refluxing with boiling distilled water (1:12, g/mL) for
1 h, and the obtained solution was concentrated and
spray-dried. The dry powder was stored at 4 ℃ until
use. DCQD comes from Shang-Han-Lun, a classic TCM
book in China, in which the described dosages are 12 g,
24 g, 12 g and 9 g, respectively, and 57 g of DCQD per
person (60 kg body weight) is suggested. According
to the Method of Pharmacology, the dosage for rats is
adjusted to 1/6-1/20 of the human dosage. We chose
1/6.3 to 1/18.9, meaning that the lowest dosage
was 6 g/kg body weight (0.6 g/100 g). As previously
[11]
described , the spray-dried powders were mixed and
reconstituted with sterile distilled water according to a
standard ratio (12:24:12:9) at different concentrations
for the crude drug, giving 0.6 g/mL, 1.2 g/mL and 2.4
g/mL of DCQD.

Measurement of DCQD component concentrations in
the liver

The concentrations of the 10 major components of
DCQD (aloe-emodin, rhein, emodin, chrysophanol,
honokiol, rheo chrysophanol, magnolol, hesperidin,
naringenin and naringin) in liver tissue homogenates
(10%) were measured by high-performance liquid
chromatography tandem mass spectrometry (HPLC[11]
MS/MS) for the tissue distribution analysis . The
HPLC-MS/MS system consists of an SIL-HTc auto
sampler (Shimadzu, Kyoto, Japan), an LC-10ADvp
pump (Shimadzu, Kyoto, Japan), and an API3000
triple-quadrupole LC-MS system (Applied Biosystems,
Foster City, CA, United States). The conditions for this
[11,14]
system were described previously
. The mean
contents of the components of DCQD, which were
detected three times in our previous study, were
as follows: rhein, 0.86 mg/g; emodin, 2.48 mg/g;
aloe-emodin, 1.73 mg/g; chrysophanol 0.55 mg/g;
rheochrysidin, 2.61 mg/g; naringin, 3.83 mg/g;
naringenin 4.16 mg/g; hesperidin, 11.06 mg/g;
[15]
honokiol, 1.26 mg/g; and magnolol, 1.11 mg/g .

Induction of AP and intervention
[11]

As previously described , the rats were randomly
divided into a sham operation group (SOG), a model
group (MG), a low-dose treatment group (LDG, 6 g/
kg BW), a medium-dose treatment group (MDG, 12
g/kg BW) and a high-dose treatment group (HDG,
24 g/kg BW). After anesthetization with 10% chloral
hydrate injected into the abdominal cavity at 3 mL/kg
body weight, SAP in rats was induced by retrograde
injection of 3.5% sodium taurocholate (Sigma, St.
Louis, MO, United States) into the biliopancreatic
duct (1 mL/kg body weight) at a rate of 0.2 mL/min
[11]
with a micro-infusion pump . The SOG received
a similar injection procedure but with saline. After
the rats recovered from the anesthesia, DCQD was
administered intragastrically to rats 2 h after operation
at the corresponding dosages. Rats in the SOG and MG
were given equal volumes of saline.

Preparation of standard and quality control samples

Our study group had detected the ten components in a
[14]
previous study by HPLC-MS/MS . Quality control (QC)
samples were prepared to obtain the following plasma
concentrations for the examined components: (1)
3750, 625, 156.25 and 39.06 ng/mL for rhein; (2) 100,
25 and 6.25 ng/mL for emodin; (3) 600, 100, 25 and
6.25 ng/mL for aloe-emodin, chrysophanol, naringin,
naringenin, hesperidin, magnolol and honokiol; and
(4) 120, 20, 5 and 1.25 ng/mL for rheochrysidin. The
spiked plasma samples (standard and QC samples)

Pancreatic and hepatic histopathology

At 24 h after operation, the rats were sacrificed
and pancreas and liver samples were collected for
pathological analysis. These tissue samples were fixed
with 10% neutral formalin, embedded in paraffin,
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the Student-Neuman-Keuls procedure, was used to
detect differences among the groups. P < 0.05 was
considered significantly different.

Drug conentrations (ng/mL)

Liver tissue drug concentrations
400
300
200
100
0

0.6

1.2

1.8

2.4

DCQD (g/mL)

Chrysophanol
Emodin
Aloe-emodin
Rhein
Rheo chrysophanol
Naringin
Naringenin
Hesperidin
Magnolol
Honokiol

RESULTS
Major components of DCQD distributed in liver tissues

The ten major components of DCQD were measured in
liver tissues. Chrysophanol, emodin, magnolol, rhein,
aloe-emodin and rheo chrysophanol increased dosedependently with the DCQD dosage. The concentration
of naringenin was the highest (Figure 1).
In hepatic tissue, the pro-inflammatory cytokines
(IL-6 and TNF-α) and anti-inflammatory cytokines
(IL-4 and IL-10) displayed a significant increase in the
MG compared with the SOG (P < 0.05). Compared to
the MG, the expression of pro-inflammatory cytokines
in the liver tissues decreased in the DCQD-treated
groups with the lowest levels (P < 0.05), while the
levels of anti-inflammatory cytokines were significantly
increased and their levels were the highest in the HDG
(P < 0.05) (Figure 2).

Inflammatory mediators (pg/mL)

Figure 1 Liver distribution of the ten major components of Da-Cheng-Qi
decoction in rats with severe acute pancreatitis. Rats (n = 6 per group) were
orally administered with different dosages of Da-Cheng-Qi decoction (DCQD)
(0.6 g/mL for the low-dose group, 1.2 g/mL for the medium-dose group, and 2.4
g/mL for the high-dose group) 2 h after operation. After 24 h, the livers were
collected to examine the DCQD component concentrations using a sensitive
HPLC-MS/MS method. The results are represented as the mean ± SD.
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Inflammatory mediators in liver tissues
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The pancreas of rats in the SOG was slightly edematous
without obvious acinar tissue hemorrhage and necrosis
and the liver had no obvious changes. However, the
pancreas of rats in the MG showed distinct necrosis,
interstitial edema, infiltration of neutrophil and
mononuclear cells, and hemorrhage in the tissues. The
liver tissues of rats in the MG showed mainly edema
and infiltration of neutrophil without necrosis. After
treatment with DCQD, we found a significant reduction
in inflammatory cell infiltration, hemorrhage, necrosis
and interstitial edema in the tissues, and the effects
were the best in the HDG. DCQD could reduce the
pathological scores in the pancreas and liver of rats with
SAP, especially in the HDG (Figure 3).

a

a
IL-4

DCQD alleviates the pathological damage in the
pancreas and liver of rats with AP

b

b

bb
IL-6

b

TNF-α

Figure 2 Effect of different dosages of Da-Cheng-Qi decoction on
inflammatory mediators in liver tissues from rats with severe acute
pancreatitis. Rats (n = 6 per group) were orally administered with different
doses of Da-Cheng-Qi decoction (DCQD) (6 g/kg for the LDG, 12 g/kg for the
MDG, and 24 g/kg for the HDG) 2 h after operation. After 24 h, the livers were
collected to examine pro-inflammatory cytokine (IL-6 and TNF-α) and antiinflammatory cytokine (IL-4 and IL-10) levels. The inflammatory cytokines were
measured by ELISA. The results are represented as the mean ± SD. aP < 0.05
vs SOG and bP < 0.05 vs MG. SOG: Sham operation group; MG: Model group;
LDG: Low-dose group; MDG: Medium-dose group; HDG: High-dose group.

were pretreated and detected in each analytical batch
[14]
along with the unknown samples . The detected
DCQD samples were stored in the Public Experiment
Platform at West China Hospital (Chengdu, China).
Data collection, peak integration, and calibration
were all calculated with the Analyst 1.4.2 software.
Calibration curves were plotted according to the
peak ratios of the analytes to the internal standards
(ibuprofen), and the linear regression between the
tissue concentration and the peak area ratio was
2
determined by 1/χ . The concentrations of QC and
unknown samples were measured by interpolation
[14]
from the calibration curves .

DCQD has no obvious influence on the ALT and AST
levels in serum

Based on the highest distribution in the liver tissues
of the major components of DCQD in the HDG, the
ALT and AST levels were detected in the SOG, MG and
HDG. Compared to the SOG, the ALT and AST levels in
serum were higher in the MG (P < 0.05), while there
was no statistical difference between the MG and HDG
(Figure 4).

DISCUSSION
In our study, we found that the components of DCQD
in liver tissues were similar to those in plasma and
pancreas or intestine tissues as detected by HPLC[11,14]
MS/MS
. As shown above, the concentration of
naringenin in the liver was the highest of the com
[11]
ponents, which was also true in the intestine . How

Statistical analysis

All of the data were processed with statistical software
PEMS 3.1. All of the values are expressed as the
mean ± SD. One-way repeated-measure ANOVA,
followed by multiple pair-wise comparisons using

WJG|www.wjgnet.com

1370

February 28, 2017|Volume 23|Issue 8|

Zhang YM et al . PK-PD of Da-Cheng-Qi decoction in the liver
SOG

MG

LDG

Histopathology score

B

SOG

MDG

15

HDG

6

10

0

MDG

Histopathology score of pancreas
a

b

5

SOG

MG

LDG

MDG

MG

LDG

Histopathology score

A

b

Histopathology score of liver
a

4

b
2

0

HDG

  HDG

b

SOG

MG

LDG

MDG

HDG

Figure 3 Da-Cheng-Qi decoction alleviates pancreas and liver damages in rats with severe acute pancreatitis. Rats (n = 6 per group) were orally administered
with different doses of Da-Cheng-Qi decoction (DCQD) (6 g/kg for the LDG, 12 g/kg for the MDG, and 24 g/kg for the HDG) 2 h after operation. At 24 h after operation,
pancreas and liver samples were collected for pathological analysis and stained with hematoxylin and eosin (HE); A: Pathological pictures of the pancreas (the left)
and liver tissues (the right, HE, × 200); B: Pathological scores for the pancreas and liver damages. The results are represented as the mean ± SD. aP < 0.05 vs SOG
and bP < 0.05 vs MG. SOG: Sham operation group; MG: Model group; LDG: Low-dose group; MDG: Medium-dose group; HDG: High-dose group.
400
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Figure 4 Da-Cheng-Qi decoction has no obvious effect on the alanine transaminase and aspartate transaminase levels in serum in rats with severe acute
pancreatitis. Rats (n = 6 per group) were orally administered with different doses of Da-Cheng-Qi decoction (DCQD) (24 g/kg for the HDG) 2 h after operation. At
24 h after administration, blood samples were collected for detection. The results are represented as the mean ± SD. aP < 0.05 vs SOG. SOG: The sham operation
group; MG: Model group; HDG: High-dose group; ALT: Alanine transaminase; AST: Aspartate transaminase.

ever, there were still differences in the distribution of
these components in the liver. In the pancreas, the
[11]
concentration of rhein was the highest in the HDG ,
while naringenin had the highest concentration in the
liver, followed by aloe-emodin at 24 h after induction
of AP (Figure 1), indicating that naringenin and aloeemodin might be the major target components of
DCQD associated with liver damage in SAP. As des
cribed previously, the target tissues of aloe-emodin
[16]
might be the liver and kidney . In combination
[11,14]
with our studies
, the distribution of these DCQD
components includes different target tissues, which
is consistent with the hypothesis regarding the tissue
[12]
pharmacology in the herb recipe . For example, the
concentration of rhein was highest in the pancreas, the
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concentration of emodin was highest in the lung, and
that of naringenin was highest in the intestine and liver
[11]
at 24 h after induction of AP . Blood-tissue barriers
[11]
may contribute to these phenomena . To date, most
studies mainly focused on the blood-brain barrier and
gut barrier, with research on the blood-pancreas juice
barrier (BPJB) and the liver barrier being rare. It has
been reported that the BPJB might lead to the selective
excretion of some antibiotics, such as chloramphenicol
[17]
in dogs with chronic pancreatic fistula and anti-tumor
drugs including 5-fluorouracil and mitomycin (MMC)
[18]
during pancreatic adenocarcinoma chemotherapy .
We know that the liver barrier consists of a cell-cell
barrier, a hepatic cell-blood barrier (the liver sinusoidal
cell populations (LSECs) of the reticulo-endothelial
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system) and a blood-gall barrier. The LSECs of the
reticulo-endothelial system could clear the proinflammatory molecules derived from the gut, such as
lipopolysaccharide (LPS), in the absence of any signs
[19,20]
of inflammation
. Future research could pay more
attention to the BPJB and liver barrier, which may play
important roles in the treatment of AP with herbal
[3]
medicine .
AP is a potentially lethal acute inflammatory
disease mediated by pro- and anti-inflammatory
mediators released from the pancreas and other
[21,22]
sources
. During SAP, the pro- and anti-infla
mmatory responses occurred early and persisted
[23]
in the systemic circulation for several days . Their
main sources are tissue macrophages, and they
attract neutrophils and additional macrophages and
induce the production of proteases, elastases, and
[24]
phospholipases, which can cause tissue damage .
The pro-inflammatory serum mediator IL-6 increased
early and sensitively predicts severity in patients with
[25]
AP . The release of IL-6 in inflamed pancreatic tissue
is associated with the development of remote organ
[26]
dysfunction . Furthermore, the induction of the
hepatic production of acute phase proteins contributes
to the pathophysiological roles of IL-6 in the acute
[27]
phase response . TNF-α is the most important factor
involved in inflammatory response and shock, not only
inducing apoptosis and necrosis but also entering blood
circulation to induce the expression of interleukins,
such as IL-6, which can cause inflammatory response
[28]
waterfall cascades and lead to SIRS . However, the
anti-inflammatory cytokines IL-4 and IL-10 can inhibit
[29]
macrophage function . IL-10 is a marker of Th2
[30]
lymphocyte activity
and shows a positive effect on
the proliferation and differentiation of B lymphocytes,
[22]
which promote the production of immunoglobulins .
IL-10 can reduce the free oxygen radicals affecting
[22]
macrophages and T-helper lymphocytes
and lower
[31]
necrosis and mortality in AP . IL-10 can also inhibit
the secretion of pro-inflammatory cytokines, including
[29]
TNF-a, IL-1β, IL-6, and IL-8 . It appears that balancing
pro-inflammatory and anti-inflammatory cytokines is
[32]
crucial in the progression of inflammation in AP .
In this study, we examined the levels of IL-4,
IL-6, IL-10 and TNF-α as predictors of inflammatory
changes in AP. Our results showed that IL-6 levels
were higher than those of other inflammatory me
diators, while TNF-α levels were lowest in the liver.
The role of pro-inflammatory IL-6 in the prediction of
AP severity seems more valuable than TNF-α, which
[11,25]
is in line with other studies
. We found that the
pro-inflammatory cytokines IL-6 and TNF-α and the
anti-inflammatory cytokines IL-4 and IL-10 displayed
a relative balance (Figure 2). DCQD treatment could
increase the expression of IL-4 and IL-10 and inhibit
the expression of TNF-α and IL-6, which ameliorated
SAP-associated liver damages; better effects were
observed at higher DCQD dosages (Figure 2). These
data provided evidence for the regulatory effect of
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DCQD on the balance of pro-inflammatory and antiinflammatory mediators to ameliorate liver damages
and reduce AP severity. This effect was similar to
the effects of DCQD on lung, pancreas and intestine
[11]
damages . Similar results can be found in other
studies. It has been reported that DCQD could
alleviate liver injury by decreasing the levels of TNF-α,
[33]
IL-6 and NO . DCQD might promote the synthesis
of hepatic cell RNA to maintain the structure and
[34]
function of hepatic cells . Purgative therapy with
DCQD improved hepatocyte apoptosis in rats with
acute hepatic injury induced by LPS/D-galactosamine
by down-regulating the caspase-2 and BAX protein
expression, up-regulating BCL-2 expression and
[35]
adjusting the BCL-2/BAX balance . As mentioned
above, naringenin might be the major DCQD target
component in the liver of rats with SAP. It has been
reported that naringenin increases resistance to
oxidative stress and inflammation and protects against
[36]
multiple organ injury in various animal models .
Furthermore, naringenin reduces macrophage in
filtration by significantly decreasing hepatic proinflammatory mediators and the expression of relevant
genes including TNF-α, IL-6, IL-1β, inducible nitric
oxide synthase, matrix metalloproteinases (MMP-2
and -9), and EGF-like module-containing mucin[36]
like hormone receptor-like 1 . Our study found
that aloe-emodin might be another effective target
[37]
component of DCQD in the liver. Hu et al
showed
that aloe-emodin conferred anti-inflammatory effects
through a likely mechanism involving a decrease in
pro-inflammatory cytokine production via inhibition
of the nuclear factor κB (NF-κB), MAPK, and PI3K
pathways. Of course, other components could also
cause anti-inflammatory effects. For example,
rhein could inhibit NF-κB activation and sequentially
suppress its downstream targets, including inducible
nitric oxide synthase, IL-6, and TNF-α, by inhibiting
[38]
IKKβ in LPS-activated macrophages . Emodin could
enhance peritoneal macrophage (pMΦ) phagocytosis
and apoptotic cell clearance by altering intercellular
[39]
adhesion molecule-3 expression in SAP or SIRS .
Based on the close relationship between DCQD or
its components and inflammatory mediators, future
studies should focus on the molecular mechanism of
the components and their target tissues.
According to our results, the effect of DCDD on
the liver damages was mainly dose-dependently im
[11]
proving the inflammatory injuries . As early as 1998,
[40]
Zhao et al
had determined that the inhibitory effect
of DCQD on acute phase protein levels was dosedependent in MODS. It was recently reported that
DCQD improved the pathological scores and decreased
serum amylase and lipase dose-dependently in a
study showing that DCQD attenuates inflammatory
responses by inhibiting the high mobility group box
1 -mediated NF-x03BA, B and P38 MAPK signaling
[41]
pathways in SAP . Additionally, the concentrations
of nine major components of DCQD, all except for

1372

February 28, 2017|Volume 23|Issue 8|

Zhang YM et al . PK-PD of Da-Cheng-Qi decoction in the liver
naringenin, were increased in a dose-dependent
manner (Figure 1). The concentrations of the ten major
components of DCQD increased dose-dependently in
[11]
the intestine . Therefore, a DCQD dose-concentration
effect may exist for the treatment of AP, which would
support the tissue pharmacology herbal recipe. How
ever, studies substantiating these results remain
rare. In this study, DCDD showed no obvious effect in
ameliorating the ALT and AST levels. We considered that
the action time of the single dose of DCQD might be too
short or the dosage of DCQD and the concentrations
of the components in the tissues was not enough to
reduce the ALT and AST levels. This issue needs to
clarify in further studies.
In conclusion, most of the DCQD components could
be absorbed into the liver of rats with SAP. Additionally,
DCQD may ameliorate histopathological damages and
inflammatory responses by increasing the expression
of anti-inflammatory cytokines and inhibiting the
expression of pro-inflammatory cytokines, which may
be associated with the DCQD intake dosages.
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Abstract

Institutional animal care and use committee statement:
All procedures involving animals were reviewed and approved
by the Institutional Animal Care and Use Committee of The
First Affiliated Hospital of Xi’an Jiaotong University (IACUC
protocol number: XJTULAC2014-207).

AIM
To investigate the therapeutic effect of hydrogen-rich
water (HRW) on inﬂammatory bowel disease (IBD) and
to explore the potential mechanisms involved.

Conflict-of-interest statement: We declare that there is no
conflict of interest regarding the publication of this article.

METHODS
Male mice were randomly divided into the following
four groups: control group, in which the mice re
ceived equivalent volumes of normal saline (NS)
intraperitoneally (ip); dextran sulfate sodium (DSS)
group, in which the mice received NS ip (5 mL/kg
body weight, twice per day at 8 am and 5 pm) for 7
consecutive days after IBD modeling; DSS + HRW
group, in which the mice received HRW (in the same
volume as the NS treatment) for 7 consecutive days
after IBD modeling; and DSS + HRW + ZnPP group,
in which the mice received HRW (in the same volume

Data sharing statement: The authors declare no competing
financial interests.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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as the NS treatment) and ZnPP [a heme oxygenase-1
(HO-1) inhibitor, 25 mg/kg] for 7 consecutive days
after IBD modeling. IBD was induced by feeding DSS
to the mice, and blood and colon tissues were collected
th
on the 7 d after IBD modeling to determine clinical
symptoms, colonic inﬂammation and the potential
mechanisms involved.

water (HRW) on IBD in mice. The present study found
that HRW has a significant therapeutic potential in IBD
by inhibiting inflammatory factors, oxidative stress and
endoplasmic reticulum stress and by up-regulating
heme oxygenase-1 expression.
Shen NY, Bi JB, Zhang JY, Zhang SM, Gu JX, Qu K, Liu C.
Hydrogen-rich water protects against inﬂammatory bowel
disease in mice by inhibiting endoplasmic reticulum stress and
promoting heme oxygenase-1 expression. World J Gastroenterol
2017; 23(8): 1375-1386 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i8/1375.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1375

RESULTS
The DSS + HRW group exhibited significantly
attenuated weight loss and a lower extent of disease
th
activity index compared with the DSS group on the 7
d (P < 0.05). HRW exerted protective effects against
colon shortening and colonic wall thickening in contrast
to the DSS group (P < 0.05). The histological study
demonstrated milder inflammation in the DSS + HRW
group, which was similar to normal inflammatory levels,
and the macroscopic and microcosmic damage scores
were lower in this group than in the DSS group (P <
0.05). The oxidative stress parameters, including MDA
and MPO in the colon, were significantly decreased in
the DSS + HRW group compared with the DSS group
(P < 0.05). Simultaneously, the protective indicators,
superoxide dismutase and glutathione, were markedly
increased with the use of HRW. Inflammatory factors
were assessed, and the results showed that the DSS
+ HRW group exhibited significantly reduced levels of
TNF-α, IL-6 and IL-1β compared with the DSS group
(P < 0.05). In addition, the pivotal proteins involved in
endoplasmic reticulum (ER) stress, including p-eIF2α,
ATF4, XBP1s and CHOP, were dramatically reduced
after HRW treatment in contrast to the control group
(P < 0.05). Furthermore, HRW treatment markedly
up-regulated HO-1 expression, and the use of ZnPP
obviously reversed the protective role of HRW. In
the DSS + HRW + ZnPP group, colon shortening and
colonic wall thickening were significantly aggravated,
and the macroscopic damage scores were similar
to those of the DSS + HRW group (P < 0.05). The
histological study also showed more serious colonic
damage that was similar to the DSS group.

INTRODUCTION
Inﬂammatory bowel disease (IBD), including ulcerative
colitis (UC) and Crohn’s disease (CD), is a chronic and
relapsing disease primarily caused by the production of
pro-inﬂammatory cytokines and leukocyte inﬁltration,
resulting in structural and functional damage to the
bowel. It is associated with environmental factors,
[1-3]
genetics, microbial factors and so on . The major
symptoms of IBD include inﬂammation of the colon,
abdominal pain, altered visceral sensation, diarrhea,
[4]
rectal bleeding, weakness and weight loss . CD is
often located in the terminal ileum and/or the colon
and characterized by formation of non-caseating
granulomas, which are involved in transmural and
discontinuous inﬂammation in the mucosa. In
contrast, UC is a colon disorder in which inﬂammation
is restricted to the mucosal and submucosal areas,
initially affecting the rectum, but it may extend
[5]
continuously and diffusely throughout the colon .
The major therapeutic goals in IBD patients are
the alleviation of inﬂammation and the attenuation of
IBD symptoms, mainly abdominal pain and altered
bowel movements. The current range of treatments
for IBD covers both conventional and biological the
rapies. Conventional therapy includes the use of antiinﬂammatory drugs, immunosuppressive agents,
antibiotics, and probiotics; biological therapy mainly
includes the use of different anti-TNF-α agents, and
[6]
a plethora of other novel biological agents . Dextran
sulfate sodium (DSS)-induced IBD in mice is a classical
mouse IBD model that is accepted worldwide. The
mechanism of DSS-induced colitis is mainly due to the
direct toxicity to the colonic epithelial cells, subsequently
increasing the permeability of the intestinal mucosa and
allowing the transport of luminal bacterial products from
[7,8]
the bowel lumen to the submucosal tissue .
Molecular hydrogen, which has been explored as
a new medical gas over the last ten years, is a potent
anti-oxidative, anti-apoptotic, and anti-inﬂammatory
[9]
agent and an ideal therapy for many diseases . The
benefit of hydrogen as a novel anti-oxidant is that it
can penetrate cell membrane, diffuse into the cytosol

CONCLUSION
HRW has a significant therapeutic potential in IBD by
inhibiting inflammatory factors, oxidative stress and ER
stress and by up-regulating HO-1 expression.
Key words: Hydrogen; Inﬂammatory bowel disease;
Oxidative stress; Endoplasmic reticulum stress; Heme
oxygenase-1
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inﬂammatory bowel disease (IBD) is a
chronic and relapsing disease primarily caused by the
production of pro-inﬂammatory cytokines and leukocyte
inﬁltration, resulting in structural and functional
damage to the bowel. Hydrogen has obvious antioxidative and anti-inflammatory effects. We launched a
study to investigate the protective role of hydrogen-rich
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Study design

and target organelles easily, and selectively reduce
hydroxide radicals and peroxynitrite without affecting
physiological reactive oxygen species (ROS) involved
[10]
in normal cell signaling . Moreover, hydrogen therapy
has been proven to be safe and effective in many
[11,12]
clinical trials
. With respect to intestinal diseases,
previous studies have shown that hydrogen may
alleviate intestinal ischemia-reperfusion injury, UC,
[13-15]
and colon inﬂammation
. However, the detailed
mechanism responsible for this effect is not yet well
illustrated. Hydrogen-rich water (HRW) is an effective,
convenient way to deliver molecular hydrogen, which
has the same effectiveness as inhaled hydrogen gas
and is more suitable for clinical applications. Therefore,
the main aim of our study was to assess the protective
effect of HRW on IBD in mice and explore the detailed
mechanisms involved.

Mice in the present study were divided into the
following four groups: (1) control group, in which the
mice received equivalent volumes of normal saline
(NS) intraperitoneally (ip); (2) DSS group, in which
the mice received NS i.p (5 mL/kg body weight, twice
per day at 8 a.m. and 5 p.m.) for 7 consecutive days
after IBD modeling; (3) DSS + HRW group, in which
the mice received HRW (in the same volume as the NS
treatment) for 7 consecutive days after IBD modeling;
and (4) DSS + HRW + ZnPP group, in which the
mice received HRW (in the same volume as the NS
treatment) and ZnPP [a heme oxygenase-1 (HO-1)
inhibitor, 25 mg/kg] for 7 consecutive days after IBD
modeling. Six mice were used per group in this study.
The weight, presence of blood in stool, and gross stool
consistency of all mice were monitored daily. Each
score was determined as follows: (1) change in weight
(0: < 1%, 1: 1%-5%, 2: 5%-10%, 3: 10%-15%,
4: > 15%); (2) blood in stool (0-1: negative; 2-3:
hemoccult positive; 4: gross bleeding); and (3)
stool consistency (0: normal; 1-2: loose stools; 3-4:
diarrhea). The disease activity index was determined
by combining the scores from these three categories
and dividing that number by three (Supplementary
[19]
Table 1) .

MATERIALS AND METHODS
Experimental animals and preparation of HRW

This study was conducted using male C57BL/6J mice
(4-5 wk old, 21-26 g) (Animal Feeding Center of
Xi’an Jiaotong University Medical School). The animals
were acclimatized to laboratory conditions (23 ℃,
12 h/12 h light/dark cycle, 50% humidity, and ad
libitum access to food and water) for one week prior to
experimentation. All mice were housed (5 per cage) in
clear, pathogen-free polycarbonate cages in the animal
care facility, and they were fed a standard animal diet
(No. 120161128007, Jiangsu Xietong Pharmaceutical
Bio-technology Co., Ltd.) and water ad libitum under
controlled temperature conditions with 12-h lightdark cycles. They were cared in accordance with the
Ethical Committee, Xi’an Jiaotong University Health
Science Center. The study was reviewed and approved
by the Xi’an Jiaotong University Health Science
Center Institutional Review Board. All procedures
involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of the
Xi’an Jiaotong University Health Science Center. The
animal protocol was designed to minimize pain and
discomfort to the animals. All animals were euthanized
with isoflurane gas for tissue collection. HRW was
produced by Naturally Plus Japan International Co.,
Ltd. and was stored under atmospheric pressure at
4 ℃ in an aluminum bag with no dead volume, as
[16-18]
performed in our previous studies
.

Euthanasia

Mice were sacrificed after being anesthetized with
th
isoflurane gas on the 7 d after IBD modeling, and
blood samples were collected from the periorbital
plexus. The serum was separated by centrifugation
at 3000 g for 15 min at 4 ℃. The colon without the
cecum was removed immediately from each mouse
and stored at -80 ℃ until further analysis.

Macroscopic and microscopic scoring and histological
studies

After the mice in all groups were sacriﬁced, the colon
from each mouse was rapidly isolated and weighed
with fecal content. The colon was then opened along
the mesenteric border, and the fecal material removed.
The total macroscopic damage score was calculated for
each animal based on the following parameters: fecal
blood (0: absence; 1: presence), presence of diarrhea
(0: no diarrhea; 1: loosely shaped moist pellets; 2:
amorphous, moist, sticky pellets; 3: diarrhea), the
extent of colon damage (0: no inﬂammation; 1:
reddening, mild inﬂammation; 2: moderate or widely
distributed inﬂammation; 3: severe and/or extensively
distributed inﬂammation), colon length (0: < 5%
shortening; 1: 5%-14%; 2: 15%-24%; 3: 25%-35%;
4: > 35%) and weight (0: < 5% weight loss; 1:
5%-14%; 2: 15%-24%; 3: 25%-35%; 4: > 35%)
[20]
(Supplementary Table 2) .
Samples from the distal colon were fixed in 10%
formalin solution for 24 h, dehydrated and embedded
in paraffin. Serial sections of 5-μm thickness were

Induction of IBD

IBD was induced by DSS feeding. Male C57BL/6J mice
were provided with drinking water containing 5%
(wt/vol) DSS (35-50 kDa, Sigma-Aldrich, Steinheim,
Germany) ad libitum from day 0 to day 5. On days 6
to 7, the animals received tap water (without DSS).
Control animals received tap water throughout the
entire experiment.
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obtained and stained with hematoxylin and eosin to
evaluate the morphology. Two researchers examined
the results in a blinded fashion. The microscopic
total damage score was assessed using the following
parameters: the depletion of goblet cells (0: absence;
1: presence), crypt abscesses (0: absence; 1:
presence), the destruction of mucosal architecture
(1: normal; 2: moderate; 3: extensive), the extent
of muscle thickening (1: normal; 2: moderate; 3:
extensive), and the presence and degree of cellular
inﬁltration (1: normal; 2: moderate; 3: transmural)
[21]
(Supplementary Table 3) .

proteins. Equal amounts of protein were loaded
and separated by 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis. Then the proteins
were transferred onto poly-vinylidene difluoride
(PVDF) membranes, which were immunoblotted with
the appropriate primary antibody at 4 ℃ overnight.
Then the membranes were incubated with secondary
antibodies. The anti-p-eIF2α, ATF4, XBP1s, CHOP,
HO-1 and β-actin monoclonal antibodies were
purchased from Beijing Biosynthesis Biotechnology
Co., Ltd. The protein concentration was determined by
the BCA method. Western blot analysis was performed
[22]
as previously described .

Measurements of cytokines in murine serum

Statistical analysis

The levels of serum TNF-α, IL-6 and IL-1β were
measured with commercial ELISA kits according to
the instructions from the manufacturer (Dakewe,
Shenzhen, China).

Measurement data are expressed as the mean ±
standard error of mean (SEM). Differences between
the experimental and control groups were assessed by
either the analysis of variance or t test, as applicable,
using SPSS 18.0 (SPSS, 165 Inc.). A P value less than
0.05 was considered statistically signiﬁcant.

Measurement of colonic oxidative stress

The concentrations of malonaldehyde (MDA), supero
xide dismutase (SOD) and glutathione (GSH) in colon
tissue were measured as markers of oxidative stress
of colon tissue. Colon tissues were homogenized on
ice in 10 volumes (w/v) of NS. The homogenates were
centrifuged at 4000 rpm at 4 ℃ for 15 min for MDA,
SOD and GSH detection by using assay kits purchased
from Nanjing Jiancheng Corp., China. MDA levels in
the supernatants were determined by measurement
of thiobarbituric acid (TBA)-reactive substance levels
using an MDA assay kit according to the manufac
turer’s instructions. The samples were heated with
TBA under acidic conditions and the pink color formed
was read at 532 nm. The results are calculated as
nmol/mg protein. SOD activity in the supernatants of
colon tissue was evaluated by inhibition of nitroblue
tetrazolium (NBT) reduction by O2 generated by the
xanthine/xanthine oxidase system in accordance
with the manufacturer’s instructions. The rate of
NBT reduction was measured at 560 nm. The results
were expressed as U/mg protein. For GSH assay,
5,5’-Dithiobis-2-nitrobenzoicacid (DTNB) was used
to develop color. The development of yellow color
was monitored at 412 nm on a spectrophotometer.
The results are expressed as mg/g protein. For MPO
assay, colon samples were homogenized in 5 volumes
(w/v) of phosphate buffered saline containing 0.5%
hexadecyltrimethylammonium hydroxide. Samples
were measured on a spectrophotometry at 460 nm
absorbance. One unit of MPO activity is defined as
degrading 1 μmol of hydrogen peroxide at 37 ℃, and
MPO activity of tissue is expressed as U/g protein.

RESULTS
Treatment with HRW significantly alleviates the
symptoms of DSS-induced IBD in mice

To investigate the effect of HRW treatment on IBD,
the weight change and disease activity index were
th
assessed on the 7 d after IBD modeling (Figure 1).
The results showed that the weight of the mice showed
a downward trend on day 7 after IBD induction.
However, the DSS + HRW group had significantly less
th
weight loss compared with the DSS group on the 7 d
(P < 0.05). Considering the change in weight, blood in
stool, and stool consistency, the disease activity index
was calculated. The disease activity index observably
increased after DSS treatment, and the DSS + HRW
group exhibited a lower extent of disease than the
DSS group (P < 0.05).

Treatment with HRW markedly ameliorates colonic
damage in DSS-induced IBD

Mice were sacrificed, and the colons were assessed on
th
the 7 d after IBD modeling. We discovered that the
average length of the colons exhibited a significant
reduction after DSS administration. More importantly,
HRW exerted a protective effect against the shortening
of the colon in the DSS + HRW group, in which the
colon was markedly longer than that in the DSS group
(P < 0.05). In addition, the colonic wall thickening was
alleviated in the DSS + HRW group in comparison to
the DSS group (P < 0.05). The macroscopic damage
score assessed by diarrhea, colon damage and colon
length showed that the DSS + HRW group also
received a lower score than the DSS group (P < 0.05)
(Figure 2).
For the further study of the alterations of the colon,

Western blot analysis

Proteins were extracted from the colon according to
the manufacturer’s instructions. BCA protein assay
kit was used to detect the concentration of extracted
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Figure 1 Hydrogen-rich water decreases the weight loss and achieves a lower disease activity index score in dextran sulfate sodium-induced inﬂammatory
bowel disease. The changes in weight and disease activity index were assessed on the 7th d after inﬂammatory bowel disease (IBD) modeling. n = 6, mean ± SEM,
a
P < 0.05 vs control group; bP < 0.05 vs dextran sulfate sodium (DSS) group. HRW: Hydrogen-rich water.
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Figure 2 Hydrogen-rich water alleviates the changes in colon length, thickness and macroscopic score in dextran sulfate sodium-induced inﬂammatory
bowel disease. Mice were sacrificed, and the colons were rapidly removed and processed for analysis on the 7th d after inﬂammatory bowel disease (IBD) modeling.
A: The representative pictures of the colons in each group; B-D: The macroscopic score, length, and the thickness of the colons from each group. n = 6, mean ± SEM,
a
P < 0.05 vs control group; bP < 0.05 vs dextran sulfate sodium (DSS) group. HRW: Hydrogen-rich water.

HRW inhibits oxidative stress and inflammatory factors
in DSS-induced IBD

we conducted the experiments in microcosmic aspect.
The histological study revealed that the mice in the
DSS group developed severe colonic inflammation
including mucosal hyperemia, inflammatory cell
infiltration, formation of crypt abscesses, destruction of
the mucosal architecture, and the depletion of goblet
cells. Conversely, the DSS + HRW group exhibited
mild inflammation that was much closer to normal.
The microcosmic scores based on the goblet cell
depletion, crypt abscesses, destruction of the mucosal
architecture, muscle thickening, and cellular inﬁltration
in the DSS + HRW group were also lower than those
in the DSS group (P < 0.05) (Figure 3). This evidence
indicated that HRW could improve colonic damage in
DSS-induced IBD.

WJG|www.wjgnet.com

Oxidative stress and inflammation play an initial
and crucial role in the process of IBD. The oxidative
stress parameters in the colon, including MDA and
MPO, were significantly decreased in the DSS + HRW
group compared with the DSS group (P < 0.05). The
protective indicator, SOD, was markedly increased with
the use of HRW. Additionally, HRW also reversed the
depletion of GSH caused by DSS administration (Figure
4). These facts demonstrated that HRW could indeed
inhibit oxidative stress.
To explore the anti-inflammatory mechanism of
HRW, inflammatory factors were assessed on the
th
7 d after IBD modeling by determining the plasma
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disease. Mice were sacrificed, and the colons were rapidly removed and processed for analysis on the 7th d after inﬂammatory bowel disease (IBD) modeling. A:
Hematoxylin-eosin staining of colon tissues (magnification × 100, 200); B: The microscopic score of the colon in each group. n = 6, mean ± SEM, aP < 0.05 vs control
group; bP < 0.05 vs dextran sulfate sodium (DSS) group. HRW: Hydrogen-rich water.
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Figure 5 Hydrogen-rich water decreases inflammatory factors in dextran sulfate sodium-induced inﬂammatory bowel disease. On the 7th d after inﬂammatory
bowel disease (IBD) modeling, the blood samples were harvested to evaluate the oxidative stress. HRW reduced the serum TNF-α, IL-6 and IL-1β concentrations (A-C).
n = 6, mean ± SEM, aP < 0.05 vs control group; bP < 0.05 vs dextran sulfate sodium (DSS) group. HRW: Hydrogen-rich water.
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Figure 6 Hydrogen-rich water inhibits endoplasmic reticulum stress in DSS-induced inﬂammatory bowel disease. On the 7th d after inﬂammatory bowel
disease (IBD) modeling, the colon tissues were harvested to evaluate the endoplasmic reticulum stress. Western blot analysis was conducted to evaluate the protein
contents of p-eIF2α, ATF4, XBP1s and CHOP. β-actin was used as an internal control. n = 6, mean ± SEM, aP < 0.05 vs control group; bP < 0.05 vs dextran sulfate
sodium (DSS) group. HRW: Hydrogen-rich water.

levels of TNF-α, IL-6 and IL-1β. A marked increase in
TNF-α, IL-6 and IL-1β secretion was observed after
DSS treatment. Moreover, the DSS + HRW group had
significantly reduced levels of TNF-α, IL-6 and IL-1β
compared with the DSS group (P < 0.05) (Figure 5).

these proteins was significantly increased after DSS
administration. Moreover, the p-eIF2α, ATF4, XBP1s
and CHOP proteins were dramatically reduced after
HRW treatment in contrast to the control group.
These findings indicated that HRW may ameliorate the
manifestation of IBD by inhibiting the process of ER
stress.

HRW inhibits endoplasmic reticulum stress in DSSinduced IBD

HRW up-regulates HO-1 expression to alleviate IBD

Endoplasmic reticulum (ER) stress participating in a
cellular process triggered by a variety of conditions
that disturb the folding of proteins in the ER also
aggravates the progress of IBD. The pivotal proteins
involved in ER stress, including p-eIF2α, ATF4, XBP1s
and CHOP, were detected to assess the effect of
HRW on ER stress in DSS-induced IBD (Figure 6).
The results demonstrated that the expression of
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HO-1 has anti-inflammatory and anti-oxidative effects
th
protecting against many diseases. On the 7 d after
IBD modeling, the mice were sacriﬁced, and the colon
tissues were obtained to detect the HO-1 expression
(Figure 7). The results revealed that HRW treatment
markedly accelerated HO-1 expression compared with
the DSS group. For the further study of the role that
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Figure 7 Hydrogen-rich water up-regulates expression of heme oxygenase-1 in dextran sulfate sodium-induced inﬂammatory bowel disease. On the
7th d after inﬂammatory bowel disease (IBD) modeling, the colon tissues were harvested and Western blot analysis was conducted to evaluate the level of heme
oxygenase-1 (HO-1). n = 6, mean ± SEM, aP < 0.05 vs control group; bP < 0.05 vs dextran sulfate sodium (DSS) group. HRW: Hydrogen-rich water.

HO-1 played in IBD, ZnPP, an HO-1 inhibitor, was used.
We discovered that colon length was visibly reduced
in the DSS + HRW + ZnPP group compared with the
DSS + HRW group (P < 0.05). The colonic wall in the
DSS + HRW + ZnPP group was also thicker than that
in the DSS + HRW group (P < 0.05). In addition, the
DSS + HRW + ZnPP group got a higher macroscopic
damage score in comparison to the DSS + HRW group
(P < 0.05). The histological study showed that the
DSS + HRW + ZnPP group exhibited more serious
colonic damage that was similar to that observed in
the DSS group (Figure 8). Based on these findings,
we confirmed that HO-1 plays a key role in the
mechanisms for HRW to alleviate IBD.

creasing the expression of p-eIF2α, ATF4, XBP1s and
CHOP; and (4) up-regulating HO-1 expression to ease
oxidative stress and decrease inflammation. All the
evidence revealed that HRW is a potential new method
for the treatment of IBD.
IBD is an enteric disorder characterized by acute
and chronic intestinal inflammation. The etiology and
precise pathogenesis of IBD are still unclear. However,
several possible causes, including genetic, infectious,
immunological factors and dysfunction of the adaptive
and innate immune systems in response to the fecal
[27-30]
microbiome, have been recognized
. DSS is a
physical agent with an intrinsic capacity to disrupt
the epithelial barrier and activate macrophages,
[8]
causing inflammation and tissue damage . The
related histological changes include ulceration and
inflammation of the intestinal mucosa with leukocyte
infiltration. The clinical presentation includes weight
loss, blood in stool, and diarrhea. In the present study,
we chose to evaluate changes in weight, the disease
activity index, colon shortening, colonic wall thickening,
histological study, and macroscopic and microcosmic
scores to assess the severity of the DSS-induced IBD.
Oxidative stress is an imbalance of oxidation
and anti-oxidation systems in the body and may be
caused by excessive detrimental ROS, depletion of
GSH, etc. In IBD, the production of ROS and MPO
exceeds anti-oxidant defenses and leads to a state of
oxidative stress that fuels inflammation and causes
[31,32]
direct mitochondrial damage
. Hydrogen selectively
quenches detrimental ROS, such as hydroxyl radicals
and peroxynitrite, but it does not damage physiological
ROS, such as superoxide anion radicals, hydrogen
[33]
peroxide, and nitric oxide . In this study, we found

DISCUSSION
Hydrogen has anti-oxidant, anti-inflammatory, antiapoptotic and other protective effects, and great
progress has been achieved in the research of
hydrogen therapy for diseases such as metabolic
disorders, tissue ischemia reperfusion injury, myo
[23-26]
cardial injury, and hepatic injury
. In this study, a
model of IBD was established in mice by DSS feeding,
and the therapeutic role of HRW was assessed. We
demonstrated that treatment with HRW significantly
alleviated the symptoms and colonic damage in
DSS-induced IBD. The mechanisms by which HRW
alleviates DSS-induced IBD may include the following:
(1) inhibiting the secretion of inflammatory factors,
such as TNF-α, IL-6 and IL-1β, to ameliorate the
inflammatory response; (2) inhibiting oxidative stress,
such as reducing MPO and ROS as well as increasing
SOD and GSH; (3) inhibiting ER stress such as de
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Figure 8 Lack of heme oxygenase-1 reverses the protective role of hydrogen-rich water in dextran sulfate sodium-induced inﬂammatory bowel disease.
Mice were sacrificed, and the colons were rapidly removed and processed for analysis on the 7 th d after inﬂammatory bowel disease (IBD) modeling. A: The
representative pictures of the colon in each group; B: The macroscopic score of the colon in each group; C: The length of the colon in each group; D: The thickness of
the colon in each group; E: Hematoxylin-eosin staining of colon tissues (magnification ×100). n = 6, mean ± SEM, aP < 0.05 vs dextran sulfate sodium (DSS) group;
b
P < 0.05 vs DSS + HRW group. HO-1: Heme oxygenase-1; HRW: Hydrogen-rich water; HE: Hematoxylin and eosin.

that HRW significantly reduced the levels of MDA
and MPO and facilitated the protective indicators
SOD and GSH. Furthermore, we measured the levels
of inflammatory factors, and the results revealed
that HRW markedly inhibited the release of TNF-α,
IL-6 and IL-1β. TNF-α is one of the most important
pro-inflammatory cytokines, and it stimulates the
production of downstream cytokines such as IL-6
and IL-8 and plays a significant role in activating the
[34,35]
cytokine cascade
. The researchers reported that
anti-TNF-α monoclonal antibodies and other drugs had
[36,37]
dramatically improved the treatment of IBD
. In
summary, our study revealed that HRW could quench
detrimental oxidative stress and exert an anti-TNF-α
role to alleviate IBD.
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ER stress participates in a cellular process triggered
by a variety of conditions that disturb the folding
of proteins in the ER. ER stress further triggers the
unfolded protein response (UPR) by activating the PKR
and PERK signals and phosphorylating eIF2α, which is
required by the initiation phase of polypeptide chain
[38,39]
synthesis
. ATF4 is a UPR-dependent transcriptional
factor, and its sustained expression may up-regulate
[40]
CHOP expression and induce apoptosis . XBP1s is
also a UPR-dependent transcriptional factor induced
[41]
by AFT6 . ER stress exerts important roles in many
diseases such as ischemia/reperfusion injury in the
[42-44]
liver, diabetes, and cardiac myocyte injury
. A
previous study also proved that epithelial ER stress
[45]
participated in CD and UC . Moreover, studies have
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therapeutic goals include controlling inﬂammation and ameliorating clinical
symptoms. Hydrogen-rich water (HRW) is a potent anti-oxidative, anti-apoptotic,
and anti-inﬂammatory agent and an ideal therapy for many diseases.

found that hydrogen has anti-apoptotic and anti[46,47]
. In this study, we discovered
inflammatory functions
that HRW dramatically reduced the expression of
p-eIF2α, ATF4, XBP1s and CHOP proteins and conclude
that HRW protects against IBD by inhibiting ER stress.
To determine the deeper mechanism of the
protective effect of HRW against IBD, we focused on
the effect of hydrogen on HO-1 expression. Heme
oxygenases (HOs) catalyze the rate-limiting step
in heme degradation, which can produce bilirubin,
iron, and carbon monoxide (CO). HO-1, increased
by stimuli that induce cellular stress, reduces the
secretion of inflammatory cytokines in many diseases,
[48,49]
such as sepsis and LPS-stimulated macrophages
.
Additionally, HO-1 conferred its cytoprotective effects
by increasing anti-oxidative capacity and inhibiting
[50,51]
oxidative stress
. In addition, recent studies have
shown that HO-1 was involved in the downstream effect
[52]
of Treg cells . Based on these facts, we speculated
that hydrogen may confer its cytoprotective role by upregulating HO-1. We measured the level of HO-1 and
used ZnPP, an HO-1 inhibitor, for the further study. Not
surprisingly, HRW treatment markedly up-regulated
HO-1 expression, and the use of ZnPP clearly reversed
the protective role of HRW. We verified that HO-1
indeed plays a key role in the mechanisms by which
HRW alleviates IBD. The detailed mechanism may
be that HO-1 inhibits the secretion of inflammatory
cytokines and oxidative stress to alleviate IBD.
In this study, we have proven that HRW has a
significant therapeutic potential in the treatment of
IBD by inhibiting inflammatory factors and oxidative
stress. More importantly, we discovered that HRW
could inhibit ER stress to prevent apoptosis and upregulate HO-1 expression. The high level of HO-1
further exerted anti-oxidative and anti-inﬂammatory
functions in the process of IBD. Additionally, due to its
advantageous distribution characteristics, hydrogen
can penetrate biomembranes and diffuse into the
cytosol, mitochondria, and nucleus, successfully tar
geting the organelles. All of these effects make HRW
a potential new treatment method against DSSinduced IBD. However, our study is based on animal
experiments, and prospective clinical studies are
needed to evaluate whether HRW is fit for the clinical
treatment of IBD.
In conclusion, the results of the present study
demonstrate that HRW can alleviate the symptoms
and colonic damage in DSS-induced IBD, most likely
due to its unique cytoprotective properties such as its
anti-oxidant and anti-inflammatory activities. More
importantly, HRW can inhibit ER stress and up-regulate
HO-1 expression. All of these ﬁndings indicate that
HRW can be a potential therapy for DSS-induced IBD.

Research frontiers

Effective therapeutic schemes for IBD are lacking. Research of mechanisms
and new therapeutic approaches for IBD has received increasing attention from
scientists and clinicians. Hydrogen therapy is a new medical approach that has
recently gained much appreciation. HRW exerts considerable anti-oxidative,
anti-apoptotic, and anti-inﬂammatory effects. More importantly, drinking HRW
is very convenient in the course of daily life. To explore the effect of HRW
on different types of diseases and promote its clinical usage is currently an
important goal in hydrogen medicine.

Innovations and breakthroughs

The present study concluded that HRW can significantly prevent IBD in mice
by inhibiting inflammatory factors, oxidative stress, and endoplasmic reticulum
stress and by up-regulating HO-1 expression. Moreover, based on the use of
the pharmaceutical inhibition of HO-1, we can conclude that HO-1 may be a
key effective protein in HRW function.

Applications

Hydrogen therapy may be a safe and effective treatment for IBD. Moreover, the
application of drinking HRW is very convenient and acceptable for usage.

Terminology

Hydrogen is the lightest gas in nature, which has powerful anti-oxidant and
anti-inflammatory effects. It has therapeutic effects in many diseases, which
is proven by many basic research and clinical studies. HRW is produced by
forcing hydrogen gas into water by a specific device under high pressure.

Peer-review

Congratulations. It is a very well designed work with very interesting results.
Some suggestions: Was there any examination or histological study of the
puncture site? It would have been interesting to know if there is any reaction in
that place.
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Abstract

Institutional review board statement: The study was reviewed
and approved by our institutional review board (No. of approval
RMC 0644-13).

AIM
To characterize colorectal cancer (CRC) in octogenarians
as compared with younger patients.

Informed consent statement: As this was a retrospective
study, informed consent was not required.

METHODS
A single-center, retrospective cohort study which
included patients diagnosed with CRC at the age
of 80 years or older between 2008-2013. A control
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group included consecutive patients younger than 80
years diagnosed with CRC during the same period.
Clinicopathological characteristics, treatment and
outcome were compared between the groups. Fisher’s
2
exact test was used for dichotomous variables and χ
was used for variables with more than two categories.
Overall survival was assessed by Kaplan-Meier survival
analysis, with the log-rank test. Cancer specific survival
(CSS) and disease-free survival were assessed by the
Cox proportional hazards model, with the Fine and Gray
correction for non-cancer death as a competing risk.

Goldvaser H, Katz Shroitman N, Ben-Aharon I, Purim O,
Kundel Y, Shepshelovich D, Shochat T, Sulkes A, Brenner B.
Octogenarian patients with colorectal cancer: Characterizing
an emerging clinical entity. World J Gastroenterol 2017;
23(8): 1387-1396 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i8/1387.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1387

RESULTS
The study included 350 patients, 175 patients in
each group. Median follow-up was 40.2 mo (range
1.8-97.5). Several significant differences were noted.
Octogenarians had a higher proportion of Ashkenazi
ethnicity (64.8% vs 47.9%, p < 0.001), a higher rate
of personal history of other malignancies (22.4%
vs 13.7%, p = 0.035) and lower rates of family
history of any cancer (36.6% vs 64.6%, p < 0.001)
and family history of CRC (14.4% vs 27.3%, p =
0.006). CRC diagnosis by screening was less frequent
in octogenarians (5.7% vs 20%, p < 0.001) and
presentation with performance status (PS) of 0-1 was
less common in octogenarians (71% vs 93.9%, p <
0.001). Octogenarians were more likely to have tumors
located in the right colon (45.7% vs 34.3%, p = 0.029)
and had a lower prevalence of well differentiated
histology (10.4% vs 19.3%, p = 0.025). They received
less treatment and treatment was less aggressive, both
in patients with metastatic and non-metastatic disease,
regardless of PS. Their 5-year CSS was worse (63.4%
vs 77.6%, p = 0.009), both for metastatic (21% vs
43%, p = 0.03) and for non-metastatic disease (76%
vs 88%, p = 0.028).

Colorectal cancer (CRC) is the fourth most common
cancer and the third leading cause of cancer death
[1]
globally . CRC carries an approximately 4.4% lifetime
[2]
risk and accounts for 8% of all new cancer cases . It
is classified according to local invasion depth (T stage),
lymph node involvement (N stage), and presence of
distant metastases (M stage). These classification are
[3]
combined into an overall stage scoring from 1 to 4 ,
which provides the basis for therapeutic decisions and
[1]
prognosis .
CRC is predominantly associated with the elderly,
with an increasing incidence with age. The median
age for CRC diagnosis is 68 years, with about 35% of
[2]
the patients diagnosed above the age of 75 years .
Since the elderly population in Western countries con
stantly grows, the incidence of CRC in octogenarians
[4]
is expected to increase in the coming years . Clearly,
octogenarians are becoming a substantial population
among CRC patients.
Currently, the impact of older age on tumor biology
and outcome remains unclear. While some studies
imply that elderly patients with CRC might have unique
[5-7]
[7-9]
features
as well as worse outcome , these findings
[10-13]
are not consistent
.
Elderly patients are considerably underrepresented
[14,15]
[15]
in clinical trials
. Hutchins et al
reported that
CRC patients who were older than 65 and 70 years
accounted for only 40% and 14% of patients in clinical
trials, respectively. Furthermore, the cut-off for “elderly”
patients with CRC in not consistent across different
studies, starting from 65 years of age. Studies
[5,6,16]
evaluating octogenarians are scarce
. At present,
as octogenarians are rarely included in clinical trials,
their optimal management is not clearly defined.
The aim of this study was therefore to better
define this growing entity of elderly patients with
[2]
CRC. As the median age at diagnosis of CRC is 68 ,
[5,6,16]
similar to some recent studies
we chose a cutoff of 80 years old in order to emphasize age-related
characteristics.

INTRODUCTION

CONCLUSION
Octogenarians presented with several distinct charac
teristics and had worse outcome. Further research is
warranted to better define this growing population.
Key words: Colon; Rectum; Elderly; Octogenarian; Age
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data regarding octogenarians with colorectal
cancer (CRC) are scarce. We compared octogenarians
with CRC to younger patients. Octogenarians had a
predominance of Ashkenazi ethnicity, a higher rate
of personal history of other malignancies and a lower
rate of family history of any cancer or of CRC. Their
performance status (PS) at presentation was worse
and their tumors were more likely to be located in
the right colon and to have a poorer differentiation.
Octogenarians received less treatment and treatment
was less aggressive, regardless of PS. This might
contribute to the worse outcome which was found
among the octogenarians.

WJG|www.wjgnet.com

MATERIALS AND METHODS
This was a retrospective, single center cohort study.
The study population included all patients who were
80 years old or older at diagnosis of CRC during the
years 2008-2013 and were treated at our institute,
a large academic tertiary medical center. This group
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Table 1 Patient characteristics n (%)

Median age (range)
Male gender
Ethnicity
Ashkenazi
Sephardic
Arab
Other
2nd malignancy
Family history of cancer
Family history of CRC
IBD
Polyps2
HNPCC/FAP
Smoking history
Diagnosis d/t screening
Performance status3 of 0-1

P value

Study cohort

Older (age ≥ 80 yr)

Younger (age < 80 yr)

(n = 350)

(n = 175)

(n = 175)

80 (20-99)
155 (44.3)

83 (80-99)
84 (48)

63 (20-79)
71 (40.6)

0.162

193 (56.4)
120 (35.1)
12 (3.5)
17 (5)
63 (18.1)
157 (51.1)
65 (21.2)
1 (0.3)
122 (35.4)
9 (2.7)
104 (34.9)
45 (12.9)
268 (82.5)

112 (64.8)
58 (33.5)
0 (0)
3 (1.7)
39 (22.4)
53 (36.3)
21 (14.4)
1 (0.6)
55 (33.2)
5 (3)
41 (24.6)
10 (5.7)
115 (71)

81 (47.9)
62 (36.7)
12 (7.1)
14 (8.3)
24 (13.7)
104 (64.6)
44 (27.3)
0 (0)
67 (38.5)
4 (2.4)
74 (44.3)
35 (20)
153 (93.9)

< 0.001

0.035
< 0.001
0.006
0.335
0.233
0.695
< 0.001
< 0.001
< 0.001

Valid percentages. Missing data as follows: ethnicity (n = 8); 2nd malignancy (n = 1); family history of malignancy (n = 43); family history of CRC (n = 43);
IBD (n = 5), polyps (n = 5); HNPCC/FAP (n = 14); smoking history (n = 16), performance status (n = 25); 2Polyps- diagnosis of polyps before or during CRC
diagnosis; 3Performance status was determined according to the Eastern Cooperative Oncology Group score during the first encounter with the oncologist.
CRC: Colorectal cancer; IBD: Inflammatory bowel disease; FAP: Familial adenomatous polyposis; HNPCC: Hereditary non-polyposis colorectal cancer; d/t:
Due to.
1

was matched by year of diagnosis with a control
group of consecutive patients younger than 80 years
at diagnosis. We assumed this population to be
representative of the average CRC population.
The medical records of all patients were reviewed
and detailed data on patient demographics, risk
factors for CRC, clinical-pathological parameters,
treatment, adverse events and outcome were retrieved.
Patients’ performance status (PS) at presentation
was determined according to the Eastern Cooperative
Oncology Group scale. Staging was defined according
th
to the American Joint Committee on Cancer Staging, 7
[3]
edition . Grade of toxicity was determined according to
the Common Terminology Criteria for Adverse Events
[17]
version 3.0 . The study protocol was approved by the
institutional ethics committee.

in the study, 175 patients in each group. The clinical
characteristics of the two groups are detailed in Table
1. Several significant differences were noted. There
were more Ashkenazi Jews (64.8% vs 47.9%) in the
octogenarians group and less Arab patients (0% vs
7.1%) or other (1.7% vs 8.3%) ethnicities (p < 0.001).
Octogenarians had a higher incidence of second
malignancies (22.4% vs 13.7%, p = 0.035) but had
lower rates of family history of any cancer (36.3%
vs 64.6%, p < 0.001) or CRC (14.4% vs 27.3% p =
0.006). Smoking was less prevalent in octogenarians
(24.6% vs 44.3%, p < 0.001), while the incidence
of other risk factors, including inflammatory bowel
disease, history of polyps and familial CRC syndromes,
were comparable between both groups.
As expected, there was a remarkable difference
in CRC diagnosis following screening, with only 5.7%
octogenarians diagnosed by screening compared to
20% in the control group (p < 0.001). In addition,
octogenarians were less likely to have a PS of 0 or 1 at
presentation (71% vs 93.9%, p < 0.001).

Statistical analysis

The statistical analysis was generated using SAS
software, version 9.4. Fisher’s exact test was used for
2
dichotomous variables and χ was used for variables
with more than two categories. Overall survival (OS)
was assessed by Kaplan-Meier survival analysis, with
the log-rank test. Cancer specific survival (CSS) and
disease-free survival (DFS) were assessed by the Cox
proportional hazards model, with the Fine and Gray
correction for non-cancer death as a competing risk.
Cox proportional hazard models were also applied for
multivariate analysis and hazard ratios estimations.
Two-sided P values less than 0.05 were considered
statistically significant.

Tumor characteristics

Tumor characteristics are depicted in Table 2. Primary
tumor location differed between the groups: tumors
were located in the right colon in 45.7% of the
octogenarians, compared with 34.3% patients in
the control group (p = 0.029). At presentation, octo
genarians had a higher perforation rate (5.7% vs 1.1%,
p = 0.019), while obstruction rates were similar.
Well differentiated histology (grade 1) was less
prevalent in octogenarians (10.4% vs 19.4%, p =
0.025), while other histological characteristics, as well
as tumor stage at presentation, were comparable
between the groups. With limited genomic data, no

RESULTS
Patient characteristics

Three hundred fifty patients with CRC were included
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Table 2 Tumor characteristics n (%)

Tumor location2
Right colon
Left colon/rectum
Histology
NOS
Mucinous
Signet ring cell
Other
Grade3
1
2-3
T
T1
T2
T3
T4
N
N0
N1
N2
M1
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

LVI
VVI
Obstruction4
Perforation4
Synchronous CRC
Metachronous CRC
RAS mutated
BRAF mutated
MSI-H

Study cohort

Older (age ≥ 80 yr)

Younger (age < 80 yr)

(n = 350)

(n = 175)

(n = 175)

140 (40)
210 (60)

80 (45.7)
95 (54.3)

60 (34.3)
115 (65.7)

260 (76.5)
64 (18.8)
11 (3.2)
5 (1.5)

124 (74.2)
38 (22.8)
3 (1.8)
2 (1.2)

136 (78.6)
26 (15)
8 (4.6)
3 (1.78)

48 (14.8)
276 (85.2)

17 (10.4)
146 (89.3)

31 (19.3)
130 (80.7)

17 (5.2)
57 (17.6)
237 (73.2)
13 (4)

5 (3.1)
28 (17.4)
123 (76.4)
5 (3.1)

12 (7.4)
29 (17.8)
114 (69.9)
8 (4.9)

179 (67)
56 (21)
32 (12)
72 (20.7)

94 (71.2)
24 (18.2)
14 (10.6)
34 (19.8)

85 (63)
32 (23.7)
18 (13.3)
38 (21.7)

65 (19)
116 (33.8)
90 (26.2)
72 (21)
18 (6)
36 (11.9)
36 (10.3)
12 (3.4)
11 (3.1)
2 (0.6)
8 (22.2)
1 (3.7)
6 (25)

30 (17.7)
66 (38.8)
40 (23.5)
34 (20)
11 (7.5)
15 (10.1)
22 (12.6)
10 (5.7)
4 (2.3)
1 (0.6)
2 (15.4)
0 (0)
3 (100)

35 (20.2)
50 (28.9)
50 (28.9 )
38 (22)
7 (4.6)
21 (13.6)
14 (8)
2 (1.1)
7 (4)
1 (0.6)
6 (26.1)
1 (7.7)
3 (14.3)

P value

0.029
0.201

0.025

0.27

0.357

0.655
0.259

0.296
0.348
0.159
0.019
0.358
0.997
0.458
0.29
0.001

1

Valid percentages. Missing data as follows: histology (n = 10); grade (n = 26); T stage (n = 26); N status (n = 83); M status (n = 3); TNM stage (n = 7);
lymphatic invasion (n = 51); vascular invasion (n = 48); metachronous tumor (n = 1); KRAS (n = 314); BRAF (n = 323); MSI-H (n = 326); 2Right colon =
appendix, ascending colon and transverse colon, Left colon = descending colon and sigma; 3Grade 1 = well differentiated, grade 2 moderately differentiated,
poorly differentiated; 4Obstruction or perforation at presentation. CRC: Colorectal cancer; NOS: Not otherwise specified; LVI: Lymphovascular invasion;
VVI: Venovascular invasion; MSI-H: Microsatellite instability- high.

apparent differences in RAS and BRAF mutation status
were noted. Octogenarians were more likely to have
MSI-H (Microsatellite instability- high) status (p =
0.001), but such information was available for only 24
(6.9%) patients.

with fewer chemotherapy lines: 34.6% did not receive
any treatment, 42.3% received one line and 23.1%
received at least two lines, compared with 8.8%, 38.2%
and 53%, respectively, in the control group (p = 0.016).
This difference persisted for patients with metastatic
disease with PS 0-1: 23.5% octogenarians did not
receive any chemotherapy compared to only 7.7% in
the control group (p = 0.045). Moreover, octogenarians
with metastatic disease underwent local treatment to
metastatic sites (including surgery, chemoembolization,
stereotactic body irradiation and radiofrequency
ablation) less frequently (9.7% vs 65.5%, p < 0.0001).
Chemotherapy in both the adjuvant setting and
in patients with metastatic disease had comparable
rates of grade 3-5 hematologic and non-hematologic
adverse events (Table 3).

Treatment

Significant differences were identified in treatment
approach (Table 3). Octogenarians with non-metastatic
disease were less likely to receive adjuvant or neo
adjuvant treatment (27.5% vs 60.9%, p < 0.0001).
Even a subset analysis for patients with PS 0-1
demonstrated a lower use of adjuvant/neoadjuvant
treatment: 32.6% compared to 61.7% (p < 0.0001).
Of all patients treated with chemotherapy, the
percentage of octogenarians treated with oxaliplatinbased regimes was also lower compared with younger
patients (29.7% vs 59.5%, p = 0.002).
Octogenarians with metastatic disease were treated

WJG|www.wjgnet.com

Outcome

The median follow-up time was 40.2 mo (range 1.8-97.5
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Table 3 Treatment

1

2

No. of LN dissected, mean (SD)
Adjuvant/neoadjuvant Tx2
Oxaliplatin-based adjuvant chemotherapy2
No. of chemotherapy lines in stage Ⅳ3
0
1
≥2
Type of chemotherapy in stage Ⅳ, 1st line3,4
Fluoropyrimidine
Fluoropyrimidine+oxaliplatin/irinotecan
Local interventions to metastatic sites5
None
Surgery ± other local intervention
Other local intervention
Hematological toxicity, grade ≥ 3
Non-hematological toxicity, grade ≥ 3

Study cohort

Older (age ≥ 80 yr)

Younger (age < 80 yr)

P value

14.4 (6.1)
119/271 (43.9)
58/116 (50)

14.3 (5.4)
38/138 (27.5)
11/37 (29.7)

14.4 (6.8)
81/133 (60.9)
47 (59.5)

0.893
< 0.0001
0.002

12 (20)
24 (40)
24 (40)

9 (34.6)
11 (42.3)
6 (23.1)

3 (8.8)
13 (38.2)
18 (53)

0.016

11 (21.6)
40 (78.4)

6 (30)
14 (70)

5 (16.1)
26 (80.9)

45 (57)
31 (39.2)
3 (3.8)
17 (11)
37 (23.6)

28 (90.3)
2 (6.5)
1 (3.2)
4 (8)
9 (18)

17 (35.4)
29 (60.4)
2 (4.2)
13 (12.5)
28 (26.7)

0.239

< 0.001

0.404
0.261

1

Valid percentages. Missing data as follows: adjuvant/neoadjuvant treatment (n = 4); no. of lymph nodes dissected (n = 20); type of chemotherapy (n = 7);
No. of chemotherapy lines (n = 12); local intervention to a metastatic site (n = 4), hematological toxicity (n = 19); non-hematological toxicity (n = 19); 2Data
regarding patients who presented with non-metastatic disease; 3Data regarding patients who presented with metastatic disease; 4Chemotherapy was given
with or without a biological agent including bevacizumab, cetuximab or panitumumab; 5Local intervention to a metastatic site included: radiofrequency
ablation, chemoembolization, intra-arterial chemotherapy, stereotactic body irradiation, and radiotherapy. LN: Lymph nodes; Tx: Treatment.

mo). During this period, 120 patients died of CRC
and 230 remained alive or died of other causes. Octo
genarians achieved a status of no evidence of disease
(NED) less frequently: 88.8% patients with nonmetastatic disease and 5.9% of those with metastatic
disease achieved NED, compared to 97.8% and 38.9%
in the younger patient group (p = 0.003 and p = 0.001,
non-metastatic and metastatic disease, respectively).
Among patients with non-metastatic disease 5-year
DFS rates were 68.7% for octogenarians and 78.7%
for younger patients, without reaching statistical
significance (p = 0.154). The 5-year OS and CSS rates
were worse for octogenarians (5-year OS: 38.5% vs
74.8%, p < 0.0001, 5-year CSS: 63.4% vs 77.6%, p
= 0.009) (Figures 1 and 2). Octogenarians had a lower
5-year CSS rate even when the analysis was limited
to patients with non-metastatic disease: 76% vs 88%
(HR = 2.23, 95%CI: 1.09-4.58, p = 0.028). However,
patients with non-metastatic disease who received
adjuvant or neoadjuvant treatment had comparable
5-year CSS rates (80% vs 88% for the octogenarians
and the control group respectively, p = 0.327). Octo
genarians with metastatic disease had a worse 5-year
CSS rate: 21% vs 43% (HR = 1.86, 95%CI: 1.06-3.25,
p = 0.03).
Most “classical” CRC prognostic factors were found
to correlate with CSS and DFS on univariate analysis,
including T, N, TNM stage, histological subtype of signet
ring cell carcinoma, and presentation with obstruction
(Table 4). Diagnosis through screening, perforation,
PS 0-1 at presentation and grade were associated with
CSS, but not DFS. In addition, family history of CRC
was associated with better DFS and CSS rates. Patients
with metastatic disease who underwent local treatment
to metastatic sites also had a better CSS. We performed

WJG|www.wjgnet.com

multivariate analysis for DFS and CSS including age,
gender and variables which were found significant in the
univariate analysis. TNM stage, histology, family history
of CRC and presentation with perforation retained
statistical significance on multivariate analysis for CSS
(Table 4). TNM stage, histology, family history of CRC
and presentation with obstruction were associated with
DFS on multivariate analysis. Age was not associated
with neither CSS nor with DFS on these multivariate
analyses.

DISCUSSION
While the burden of elderly patients with CRC is in
[2,4]
creasing , current literature regarding characteristics
and optimal management of this subpopulation is
unclear. Data are even more limited on the very
elderly patients, octogenarians with CRC. In this study,
we elected a cut-off of 80 for several reasons. First,
the growing number of octogenarians emphasizes
the need to explore this population. Second, the
cut-off for elderly patients in current literature is
inconsistent, starting from 65 years of age, which
is clearly not well representative of the nowadays
elderly population. Lastly, using a relatively high cutoff may better emphasize the differentiation between
the two populations and may elucidate age-dependent
differences that might have been masked using a lower
cut-off.
In this study, we found a variety of significant
differences between octogenarians with CRC and
younger patients (“average” patients). Octogenarians
had a predominance of Ashkenazi ethnicity, a higher
rate of personal history of other malignancies and a
lower rate of family history of any cancer or of CRC.
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patients with family history of CRC might be related
to better adherence to screening or higher incidence
of MMR (mismatch repair) deficiency, which are both
[22-24]
associated with better outcome
. Octogenarians had
a higher incidence of secondary malignancies, probably
reflecting the increasing incidence of malignancies in
[2]
the older population . Indeed, most of the other cancer
identified in our older group represented other common
non-CRC cancers.
As expected, the screening rate was considerably
lower among the octogenarians with only 5.7% diag
nosed by screening in this group. The higher perforation
rate in this population might be related to a lower
screening rate. Although the current United States
Preventive Services Task Force recommends against
routine screening for average risk individuals older
[22]
than 75 , current literature regarding the optimal age
to discontinue screening is unclear, and it seems that
at least some patients might benefit form screening
[23,25]
after this age
. Our findings of low screening
rate and worse CSS in octogenarians might further
support the need to consider screening for CRC in the
elderly, taking into account their life expectancy and
comorbidities.
[5-7]
In agreement with previous reports , we found
that octogenarians had clear predilection for right
colon tumors. This finding might suggest a distinct
pathogenesis of CRC among older patients, such
as a higher rate of MMR deficiency or its phenotype,
MSI-H tumors. Indeed, we noted, for the first time,
that octogenarians had a significantly higher rate of
MSI-H tumors. However, as data regarding MSI status
were scarce, conclusions from this specific analysis
are limited. Since patients with MMR deficiency might
[26]
benefit from immune check point blockade , a routine
evaluation of MSI-H status in elderly patients should be
considered.
[16,27,28]
Similarly to earlier studies
, octogenarians in
the current study were less likely to receive treatment
and treatment was less aggressive, both for metastatic
and non-metastatic disease. This difference remained
statistically significant after adjusting for PS. We could
not determine the reason for this finding due to the
retrospective nature of this study. As the benefit of
both surgery and chemotherapy are well established
[29,30]
in CRC
, the worse CSS in the octogenarians in
our cohort might be related to the demonstrated
avoidance of treatment. Comparable CSS in patients
who received adjuvant or neoadjuvant treatment
further supports this postulation. Current literature
regarding treatment decisions for elderly patients
with CRC is conflicting. Alongside reports on the
benefit of chemotherapy and surgery in elderly CRC
[31-38]
patients
, there are data implying a minimal benefit
[27,39]
for oxaliplatin in the adjuvant setting
and a higher
[28,40]
treatment complication rate
in older patients. In
this cohort, there was no difference in chemotherapy
associated toxicity. These findings bolster the need
for prospective trials aiming to establish the optimal
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In addition, they were less frequently diagnosed by
screening; their PS at presentation was worse and
their tumors likely to be located in the right colon
and to have a poorer differentiation. Moreover, they
received less treatment and treatment was less
aggressive, both for metastatic and non-metastatic
disease, regardless of PS. Not surprisingly, their CSS
was worse, both for metastatic and for non-metastatic
disease. Some of these findings were described before,
and some are novel.
[5,6]
In contrast to other studies , CRC among octo
genarians had no female predominance. The ethnic
composition was considerably different between the two
groups. There were no Arabs in the octogenarians group
as opposed to 7.1% in the control group. This finding
is consistent with previous studies which reported a
high proportion of Arabs in the young CRC population
[18-20]
in Israel
. The reason for the higher prevalence of
Ashkenazi Jews in the elderly group is unclear, although
it may at least in part reflect the ethnic distribution in
[21]
Israel in this age group .
Younger patients had a higher prevalence of family
history of CRC, a well-established risk factor. In addition,
a higher rate of family history of other malignancies in
the younger population might represent the presence
of other risk factors (for example a family history of
endometrial cancer) or even undiagnosed actual cancerrelated syndromes. Our finding of better outcome in
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Table 4 Univariate and multivariate analyses of cancer specific survival and disease free survival
Univariate analysis CSS
5-yr CSS
Age (yr)
≥ 80
< 80
Gender
Male
Female
Ethnicity
Ashkenazi
Sephardic
Arab
Other
Second malignancies
Yes
No
Family hx of cancer
Yes
No
Family hx of CRC
Yes
No
Performance status
0-1
2-4
Mode of Diagnosis
Symptoms
Screening
Tumor location
Right colon
Left colon/rectum
Histology
NOS/mucinous/other
Signet ring cell
Grade
1
2-3
T
T1
T2
T3
T4
N
N0
N1
N2
M
M0
M1
TNM stage

63%
78%

1

Ⅱ
Ⅲ
Ⅳ

LVI
Yes
No
VVI
Yes
No
Obstruction
Yes
No
Perforation
Yes
No
Adjuvant/neoadjuvant tx
Yes
No

1,2

Hazard ratio

P value

0.009

1.7 (0.8-3.6)

0.155

0.274

0.9 (0.5-1.6)

0.762

68%
73%
0.293

-

3

Multivariate analysis DFS

2,3

P value

Hazard ratio

P value

71%
79%

0.226

1.2 (0.5-2.9)

0.668

0.682

1.1 (0.5-2.2)

0.865

0.608

-

-

0.429

-

-

0.096

-

-

0.048

0. 2 (0.1-0.8)

0.016

0.068

2.1 (0.7-6.3)

0.175

0.235

-

-

0.723

-

-

< 0.0001

6.9 (1.7-28)

0.007

0.561

-

-

-

-

0.001

-

-

-

-

-

0.848

1
3.5 (0.8-15.6)
8.4 (1.9-36.4)
-

0.107
0.004
-

0.791

-

-

0.001

2.95 (1.1-7.9)

0.03

0.262

-

-

-

-

-

73%
65%
88%
79%

73%
78%
69%
93%
0.497

-

-

75%
70%

81%
74%
0.068

-

-

78%
68%

82%
71%
0.024

0.3 (0.1-0.8)

0.015

86%
70%

91%
73%
0.0003

1.2 (0.5-3)

0.62

77%
53%

78%
60%
0.024

1 (0.3-3.4)

0.973

68%
90%

74%
85%
0.102

-

-

66%
75%

77%
75%
< 0.0001

5.7 (1.5-21.1)

0.009

74%
33%

77%
48%
0.05

-

-

87%
69%

71%
76%
-

92%
90%
73%
39%

Univariate analysis DFS
5-yr DFS

77%
74%

-

< 0.0001

0.0003

100%
82%
72%
76%
-

-

89%
79%
56%
< 0.0001

-

-

81%
72%
57%
-

< 0.0001

85%
26%
< 0.0001
94%
90%
73%
26%

Ⅰ

Multivariate analysis CSS

P value

0.073

1
1.9 (0.4-8.7)
6.7 (1.5-30.1)
20 (4.6-87.6)
-

0.433
0.013
< 0.0001
-

57%
75%

79%
75%
0.272

-

-

65%
75%

72%
76%
0.001

2.3 (0.99-5.4)

0.052

49%
74%

49%
79%
0.0001

3.5 (1.1-10.9)

0.028

28%
73%

64%
76%
-

87%
78%
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0.014
90%
77%
63%
-

-

0.137

72%
80%
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Local Tx to metastatic sites
Yes
No

41%
20%

-

-

-

-

-

0.007

1

Univariate and multivariate analysis for CSS were performed for patients with stage Ⅰ-Ⅳ; 2Multivariate analysis was calculated for the entire followup period. The column of multivariate analysis depicts only factors that were included in the model; 3Univariate and multivariate analysis for DFS were
performed for patients with stage Ⅰ-Ⅲ. DFS: Disease free survival; CRC: Colorectal cancer; CSS: Cancer specific survival; LVI: Lymphovascular invasion;
NA: Not applicable; NOS: Not otherwise specified; Tx: Treatment; VVI: Venovascular invasion.

treatment for octogenarians.
[7-9]
Consistent with earlier studies , octogenarians in
our cohort had worse outcome. Nonetheless, as other
studies have indicated similar outcomes across different
[10-13]
age groups
, the actual impact of age on the
outcome of the disease still remains to be established.
Limitations of this study include the retrospective
methodology that may cause bias due to unknown
or unrecorded confounders. As this is a single center
study, it is more vulnerable to such bias. In addition,
patients with CRC treated at our tertiary center might
not represent the average population with CRC. An
additional possible limitation might be a selection
bias. Octogenarians included in our study were those
referred to an oncologist. Therefore, our cohort might
represent more “fit” octogenarians, as other frail
octogenarians might have been undiagnosed or were
not referred to an oncologist due to their poor clinical
status. Nonetheless, the octogenarians in this cohort,
who were potentially more “fit” than the average
ones, were considerably under-treated compared
with younger patients, thus bolstering the validity
of this observation. Moreover, data regarding dose
reductions were not documented. Therefore, although
toxicity rates were comparable between both groups,
prospective randomized trials are needed to determine
whether toxicity in the older and younger populations
is indeed similar. Last, as octogenarians were more
likely to have comorbidities and their life expectancy
is shorter, conclusions that can be drawn from the
difference in survival are limited. However, the di
fference in CSS was also substantial, implying that
octogenarians may indeed have worse outcome.
This study has several strengths. First, it includes
a relatively large patient cohort, with a highly re
presentative control group. We found correlations
between outcome and most known prognostic factors
of CRC, adding to the reliability and validity of the
results. Second, as opposed to some large registrybased studies, which might lack important data,
we extracted very detailed clinical data from the
patients’ individual medical files. Third, in contrast
to other studies evaluating elderly patients with CRC
[9,10,12,13,19,27,34,38]
which included much lower age cut-off
,
this study’s cut-off probably might highlighted the
differences between older and the younger population
better.
Our study indicates that octogenarians with CRC
display several differences in clinical and tumor
characteristics, supporting the hypothesis of a unique
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clinical entity in this population, possibly with a dis
tinct pathogenesis. They were less likely to receive
treatment despite adequate PS and their outcome
was worse. In light of these findings tailoring the
management of octogenarians according to their PS
and comorbidities should be further studied. Further
research is warranted to better clarify the role of
screening for the aging population and to determine
well defined treatment guidelines for octogenarians
with CRC.
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Abstract
AIM
To analyzed the correlation between smoking status
and surgical outcomes in patients with non-B non-C
hepatocellular carcinoma (NBNC-HCC), and we investi
gated the patients’ clinicopathological characteristics
according to smoking status.

Conflict-of-interest statement: The authors declare that they
have no conflicts of interest.
Data sharing statement: The clinical dataset is available from
the corresponding author at email: kaikeit@cc.saga-u.ac.jp.
Participant consent for data sharing was not obtained, but the
presented data are anonymized and the risk of identification is
low.

METHODS
We retrospectively analyzed the consecutive cases
of 83 NBNC-HCC patients who underwent curative
surgical treatment for the primary lesion at Saga
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more than 90% of countries around the world have
now introduced the HBV vaccine into their national
infant immunization schedules, the incidence of HBV[1]
related HCC has been decreasing dramatically . The
development of antivirus therapy can also reduce the
[2]
incidence of HCV-related HCC . The number of HCC
patients who are negative for both hepatitis B surface
antigen (HBsAg) and hepatitis C antibody (HCVAb),
i.e., those who have so-called “non-B non-C (NBNC)
HCC” has rapidly increased in recent years. NBNC HCC
patients were reported to account for 24.1% of all HCC
[3]
patients in a 2010 Japanese survey . It is thus very
important, toward the prevention of HCC, to establish
all of the etiologies of NBNC-HCC and to devise
countermeasures for it.
The known etiologies of NBNC-HCC are alcoholic
[4]
liver disease (ALD) , non-alcoholic fatty liver disease
[5,6]
(NAFLD)/non-alcoholic steatohepatitis (NASH)
,
[7]
[8]
hemochromatosis , and Budd-Chiari syndrome ;
other known etiologies include primary biliary cirrhosis,
autoimmune hepatitis, metabolic disease, congestive
[9]
disease, parasitic disease and unknown etiology .
Emerging epidemiologic data suggest that cigarette
[10-12]
smoking may increase the risk of developing HCC
,
but a smoking habit is generally less recognized as
a risk factor of developing HCC compared to other
etiologies such as ALD and NASH/NAFLD.
Surgery is one of the most important therapeutic
measures for HCC. The correlations between surgical
outcomes and each etiology of HCC are very important
because knowing these correlations will provide the
motivation and strategies for the prevention of each
specific etiology. The clinicopathological characteristics
and surgical outcomes of patients with HBV-HCC and
[13-15]
HCV-HCC have been well investigated
. There are
also many studies comparing the surgical outcomes
or clinicopathological characteristics of patients with
NBNC-HCC and those with viral-associated HCC or
[16-29]
between each etiology of NBNC-HCC
. However, no
study has addressed the impact of smoking habit on
surgical outcomes or clinicopathological characteristics
according to smoking habits in patients with NBNCHCC, to our knowledge.
In the present study we analyzed the correlation
between smoking status and surgical outcomes in
patients with NBNC-HCC, and we investigated the
patients’ clinicopathological characteristics according to
smoking status.

University Hospital between 1984 and December 2012.
We collected information about possibly carcinogenic
factors such as alcohol abuse, diabetes mellitus, obesity
and smoking habit from medical records. Smoking
habits were subcategorized as never, ex- and current
smoker at the time of surgery. The diagnosis of nonalcoholic steatohepatitis (NASH) was based on both
clinical information and pathological confirmation.
RESULTS
Alcohol abuse, diabetes mellitus, obesity and NASH
had no significant effect on the surgical outcomes.
Current smoking status was strongly correlated with
both overall survival (P = 0.0058) and disease-specific
survival (P = 0.0105) by multivariate analyses. Subset
analyses revealed that the current smokers were
significantly younger at the time of surgery (P = 0.0002)
and more likely to abuse alcohol (P = 0.0188) and to
have multiple tumors (P = 0.023).
CONCLUSION
Current smoking habit at the time of surgical treatment
is a risk factor for poor long-term survival in NBNC-HCC
patients. Current smokers tend to have multiple HCCs
at a younger age than other patients.
Key words: Hepatocellular carcinoma; Non-B Non-C;
Smoking; Surgery; Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively analyzed the surgical
outcomes and clinicopathological characteristics
according to smoking habits in consecutive 83 cases
with non-B non-C hepatocellular carcinoma (NBNC-HCC)
patients who underwent curative surgical treatment for
the primary lesion. Current smoking status was strongly
correlated with both overall survival and diseasespecific survival by multivariate analyses. Subset
analyses revealed that current smokers tended to have
multiple HCCs at a younger age than other patients. To
our knowledge, this is the first report regarding surgical
outcomes of NBNC-HCC patients in relation to their
smoking status.
Kai K, Koga H, Aishima S, Kawaguchi A, Yamaji K, Ide T, Ueda
J, Noshiro H. Impact of smoking habit on surgical outcomes in
non-B non-C patients with curative resection for hepatocellular
carcinoma. World J Gastroenterol 2017; 23(8): 1397-1405
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i8/1397.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i8.1397

MATERIALS AND METHODS
Patients

The study protocol was approved by the Ethics Co
mmittee of the Faculty of Medicine at Saga University
(approval no. 28-23). The initial enrollees in the
study were 477 consecutive patients with HCC who
underwent curative surgical treatment for the primary
lesion at Saga University Hospital between 1984 and

INTRODUCTION
Infections with hepatitis B virus (HBV) and hepatitis
C virus (HCV) are well known risk factors for the
development of hepatocellular carcinoma (HCC). As

WJG|www.wjgnet.com

1398

February 28, 2017|Volume 23|Issue 8|

Kai K et al . Smoking and surgical outcomes of NBNC-HCC
S). The degree of fibrosis in noncancerous liver
tissues was assessed according to the new Inuyama
classiﬁcation system which is widely used in Japan, as
follows: F0, no ﬁbrosis; F1, portal ﬁbrosis widening;
F2, portal ﬁbrosis widening with bridging ﬁbrosis;
F3, bridging ﬁbrosis plus lobular distortion; and F4,
[31]
liver cirrhosis . In one case the fibrosis could not be
assessed because of an insufficiency of noncancerous
liver tissue. The diagnoses of NASH were based on
both clinical information and pathological confirmation.

Table 1 Clinicopathologic features of the patients with non-B
non-C hepatocellular carcinoma (n = 83)
n (%)

Characteristic
Age, yr (mean ± SD)
Gender
Alcohol abuse
Smoking habit

Diabetes mellitus

Male
Female
(+)
(-)
Never
Ex
Current
(+)
(-)
(+)
(-)

66.4 ± 11.6
66 (79.5)
17 (20.5)
19 (22.9)
64 (77.1)
36 (43.4)
23 (27.7)
24 (28.9)
29 (34.9)
54 (65.1)
26 (31.3)
57 (68.7)
22.8 ± 4.50
65.2 ± 41.4
52 (62.7)
31 (37.3)
32 (38.6)
51 (61.4)
16 (19.5)
21 (25.6)
10 (12.2)
18 (22.0)
17 (20.7)
10 (12.2)
72 (87.8)

Statistical analyses

December 2012. Of these patients, we retrospectively
examined the cases of the 83 patients who were both
non-B (HBsAg-negative) and non-C (HCVAb-negative)
in serological tests. One patient with Budd-Chiari
syndrome and another patient with Dubin-Johnson
syndrome were included. Written informed consent was
obtained from all patients for the use of their clinical
information.

We used JMP ver. 12.2 software and SAS software ver.
9.4 (SAS Institute, Cary, NC, United States) for the
statistical analyses. The comparisons of pairs of groups
2
were performed using Student’s t-test, the χ test
and Fisher’s exact test, as appropriate. Disease-free
survival (DFS) was determined as the length of time
after surgery that the patient survived without new
lesions of HCC. Overall survival (OS) was determined
from the time of surgery to the time of death or the
most recent follow-up. Disease-specific survival (DSS)
was determined from the time of surgery to the time
of cancer-related death or most recent follow-up.
Cox proportional hazards modeling was applied
for uni- and multivariate analyses. The purpose of the
multivariate analysis was to adjust potential covariates
for the comparison of smoking status; then, age,
gender, portal vein invasion, T factor and multiple
tumors were always kept in the model and others were
selected by the stepwise procedure with the P value
threshold of 0.2. Postoperative survival curves were
calculated using the Kaplan-Meier method. Differences
in survival curves were compared using the log-rank
test. Values of P < 0.05 were considered significant. All
statistical analyses were supervised by the statistician
co-author (Kawaguchi A).

Analyses of alcohol abuse, obesity, diabetes mellitus
and smoking status

RESULTS

Obesity
BMI (mean ± SD)
Tumor size (mean ± SD mm)
Solitary/Multiple
Vp
Background liver fibrosis1

NASH1

Solitary
Multiple
(+)
(-)
F0
F1
F2
F3
F4
(+)
(-)

1

Noncancerous liver tissue was not available in one case (n = 82). NASH:
Non-alcoholic steatohepatitis. Vp: Portal vein invasion.

Clinicopathological features and risk factors of NBNCHCC

Alcohol abuse was defined as a daily ethanol intake
> 40 g for men and > 20 g for women. Obesity was
2
defined as a body mass index (BMI) > 25 kg/m in
both genders. Smoking status was categorized as
never smoker, ex-smoker and current smoker at the
time of surgery. A current smoker was defined as
an individual who regularly smoked and continued
to smoke within 1 year prior to the surgery. An exsmoker was defined as an individual who quit smoking
[30]
at least 1 year before his or her surgery . Only
patients who were clinically diagnosed as having
diabetes mellitus were categorized as being in the
present diabetes mellitus group. All of this information
was collected from medical records.

The clinicopathological features of the 83 cases of
NBNC-HCC are summarized in Table 1. The patients
were 66 men and 17 women with a mean age at
the time of surgery of 66.4 years. Nineteen patients
(22.9%) were etiologically categorized into the alcohol
abuse group; 29 patients (34.9%) had diabetes
mellitus, and 26 patients (31.3%) were judged to
be obese. Ten patients (12.2%) were pathologically
confirmed as having NASH. Thirty-six patients (43.4%)
were categorized into the never-smoker group and 23
(27.7%) into the ex-smoker group and the remaining
24 patients (28.9%) were currently smoking at the
time of their surgery. The smoking cessation periods
of the ex-smokers were as follows: 1-5 years, two
patients; 5-10 years, four patients; and > 10 years, 17
patients.

Histopathological analysis

The histopathological diagnosis and classification were
performed by two pathologists (Kai K and Aishima
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Figure 1 Survival curves of disease-free survival, overall survival and disease-specific survival according to smoking habit (never, Ex and current) or
current smoking habit (current and other). A-C: Kaplan-Meier curves according to smoking habit (current, Ex and never) for disease-free survival (DFS), overall
survival (OS) and disease-specific survival (DSS); D-F: Kaplan-Meier curves according to smoking habit (current and other) for DFS, OS and DSS.

Univariate analyses for DFS, OS and DSS

0.0092)], smoking (current vs other; P = 0.0025), T
factor (P = 0.0364) and multiple tumors at the time of
surgery (P = 0.0065). The survival curves of DFS, OS
and DSS according to smoking habit (never, Ex and
current) or current smoking habit (current and other)
are provided as Figure 1. The current-smoking group
showed significantly poor survival curves compared
to all other patient groups in each analysis of DFS, OS
and DSS.

The results of the univariate analyses for DFS, OS
and DSS by Cox’s proportional hazards model are
summarized in Table 2. The factors significantly co
rrelated with DFS were smoking (Ex vs current, P =
0.0271), smoking (current vs other, P = 0.035), portal
vein invasion (P = 0.0035), T factor (P = 0.0004), and
multiple tumors at the time of surgery (P = 0.0001).
No patient had received adjuvant therapy after
curative surgery until recurrence.
The factors significantly correlated with OS were
smoking (Ex vs current, P = 0.0349), smoking (current
vs never, P = 0.0034), smoking (Ex + current vs never,
P = 0.0436), smoking (current vs other, P = 0.0024),
portal vein invasion (P = 0.0362), and multiple tumors
at the time of surgery (P = 0.0211). The factors
significantly correlated with DSS were smoking [Ex vs
current, P = 0.0155, smoking (current vs never, P =

WJG|www.wjgnet.com

Multivariate analyses for DFS, OS and DSS

The results of the multivariate analyses for DFS, OS
and DSS by Cox’s proportional hazards model are
summarized in Table 3. The only factor that was
significantly correlated with DFS was portal vein invasion
(P = 0.0229). The factors significantly correlated with
OS were smoking (current vs other) and portal vein
invasion (P = 0.0058 and P = 0.0061, respectively). The
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Table 2 Univariate analyses for disease-free survival, overall survival and disease-specific survival after hepatic resection
DFS
HR (95%CI)
Age (≤ 70 yr)
Gender (male)
Occult HBV infection
Alcohol abuse
Smoking (Ex vs current)
Smoking (Ex vs never)
Smoking (current vs never)
Smoking (Ex + current vs never)
Smoking (current vs other)
Diabetes mellitus
Pathological NASH
Obesity
Fibrosis
Vp
T factor (T3/4 vs T1/2)
Multiple tumors

0.777 (0.434-1.389)
0.742 (0.382-1.443)
1.052 (0.564-1.961)
0.700 (0.326-1.503)
0.405 (0.182-0.903)
0.680 (0.319-1.453)
1.680 (0.874-3.230)
1.078 (0.606-1.920)
1.926 (1.047-3.544)
0.894 (0.474-1.685)
1.222 (0.516-2.892)
0.989 (0.535-1.828)
1.163 (0.699-1.936)
2.428 (1.338-4.407)
3.220 (1.680-6.169)
3.275 (1.784-6.014)

OS

P value
0.3948
0.3796
0.8736
0.3605
0.0271
0.3197
0.1199
0.7976
0.035
0.7285
0.649
0.9714
0.5608
0.0035
0.0004
0.0001

DSS

HR (95%CI)

P value

HR (95%CI)

0.959 (0.529-1.739)
1.466 (0.653-3.291)
1.184 (0.628-2.232)
1.492 (0.749-2.969)
0.451 (0.215-0.945)
1.295 (0.597-2.807)
2.869 (1.417-5.807)
1.926 (1.019-3.640)
2.569 (1.397-4.724)
1.715 (0.941-3.126)
1.076 (0.423-2.736)
1.049 (0.556-1.981)
1.004 (0.583-1.729)
1.892 (1.042-3.436)
1.793 (0.984-3.268)
2.009 (1.110-3.636)

0.8915
0.3537
0.6009
0.2549
0.0349
0.5132
0.0034
0.0436
0.0024
0.0779
0.8781
0.8827
0.9883
0.0362
0.0565
0.0211

0.757 (0.360-1.591)
1.351 (0.515-3.545)
1.328 (0.625-2.821)
1.489 (0.631-3.514)
0.299 (0.113-0.795)
0.905 (0.328-2.501)
3.026 (1.315-6.968)
1.735 (0.804-3.745)
3.144 (1.497-6.604)
1.414 (0.665-3.008)
1.342 (0.465-3.873)
1.183 (0.549-2.549)
1.407 (0.742-2.670)
1.918 (0.919-4.002)
2.222 (1.052-4.693)
2.767 (1.329-5.761)

P value
0.4622
0.5404
0.4604
0.3639
0.0155
0.848
0.0092
0.1604
0.0025
0.3681
0.5863
0.6673
0.2956
0.0828
0.0364
0.0065

Vp: Portal vein invasion; DFS: Disease-free survival; DSS: Disease-specific survival; HBV: Hepatitis B virus; NASH: Non-alcoholic steatohepatitis; OS:
Overall survival.

surgery. The current smokers group had significantly
greater incidences of alcohol abuse (P = 0.0188) and
multiple tumors (P = 0.023). No significant difference
was observed in gender, diabetes mellitus, obesity,
indocyanine green retention rate at 15 min (ICG R15),
tumor size, portal vein invasion, T factor, serum AFP
level or liver fibrosis.
Thirteen of the 24 patients (54.2%) in the Current
smoking group died of HCC, whereas 17 of the 59
patients (28.8%) in the Never + Ex patient group died
of HCC (P = 0.0293). Five of the 24 patients (20.8%)
in the Current smoking group died of other causes:
cerebral hemorrhage, surgical complication for gastric
cancer, pneumoniae (two cases) and sepsis due to
pseudomembranous colitis.
In the Never + Ex group, 11 of the 59 patients
(18.6%) died of other causes: other malignancy,
four patients (two cases of bile duct cancer, prostatic
cancer, malignant lymphoma); cerebral infarction, two
patients; liver failure, two patients; pneumonia, one
patient; sudden cardiac death, one patient and renal
failure, one patient.

Table 3 Multivariate analyses for current smokers vs other
(age, gender, Vp, T factor in, P = 0.2)
Type

Label

HR (95%CI)

P value

DFS

Smoking (current vs other)
Age (≤ 70 yr)
Gender (male)
Vp
T factor (T3/4 vs T1/2)
Multiple tumors
Alcohol abuse
Smoking (current vs other)
Age (≤ 70 yr)
Gender (male)
Vp
T factor (T3/4 vs T1/2)
Multiple tumors
Smoking (current vs other)
Age (≤ 70 yr)
Gender (male)
Vp
T factor (T3/4 vs T1/2)
Multiple tumors
Pathological NASH

1.897 (0.888-4.054)
0.627 (0.330-1.191)
0.611 (0.279-1.337)
2.656 (1.145-6.165)
1.574 (0.537-4.609)
1.930 (0.807-4.614)
0.547 (0.228-1.310)
2.807 (1.349-5.840)
1.189 (0.603-2.346)
1.362 (0.555-3.343)
3.069 (1.377-6.839)
0.532 (0.187-1.512)
1.830 (0.760-4.405)
3.133 (1.307-7.512)
0.988 (0.424-2.302)
1.406 (0.463-4.271)
2.756 (1.095-6.935)
0.610 (0.167-2.233)
2.476 (0.797-7.693)
2.320 (0.689-7.811)

0.0985
0.1535
0.2176
0.0229
0.4083
0.1394
0.1755
0.0058
0.6177
0.4999
0.0061
0.2364
0.1774
0.0105
0.9775
0.5478
0.0313
0.4555
0.1169
0.1741

OS

DSS

DFS: Disease-free survival; DSS: Disease-specific survival; OS: Overall
survival; Vp: Portal vein invasion.

DISCUSSION
factors significantly correlated with DSS were smoking
(current vs other) and portal vein invasion (P = 0.0105
and P = 0.0313, respectively).

To determine the influence of etiological differences
on the outcomes of the surgical treatment for HCC,
many studies have compared surgical outcomes
between patients with NBNC-HCC and those with viralassociated HCC, but the results are controversial. Some
studies showed that surgical outcomes in patients with
NBNC-HCC were not significantly different compared
to those of patients with hepatitis virus-related
[17,20,23,29]
HCC
. Other studies reported that NBNC-HCC
patients had significantly better surgical outcomes
[18,24,26]
than HCV-HCC patients
. In a recent Japanese
nationwide study of 2738 NBNC-HCC patients, the

Subset analysis between the current smokers and the
other patients

To clarify the characteristics of the current smokers,
we further performed subset analyses regarding the
clinicopathological factors, treatment and causes of
death (Table 4). The current smokers were significantly
younger than the Never + Ex patient group (mean
age 59.4 year vs 69.3 year, P = 0.0002) at the time of
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The major finding of the present study is the
strong correlation between smoking habit and surgical
outcomes. Although emerging epidemiologic data
suggest that cigarette smoking may increase the risk
[10-12]
of HCC
, the influence of cigarette smoking on HCC
survival has not been well documented. We were able
to find 10 studies in the English literature that analyzed
[33-42]
the correlation of smoking and HCC mortality
. Large
cohort studies indicating an impact of smoking habit
[33,34]
on HCC mortality have been reported form Japan
,
[35]
[36]
[37-39]
the United Kingdom , China
and Taiwan
. In
contrast, several studies reported a negative correlation
between HCC mortality and smoking habit, although
those studies analyzed relatively small numbers of HCC
[40-42]
cases (262-552 cases)
.
Most of the previous studies regarding HCC mortality
and smoking habit did not focus on the surgical
outcomes of HCC patients or distinguish surgical cases
versus nonsurgical cases. We were able to identify
only two reports from China that focused on surgical
[30]
outcomes of HCC patients: Zhang et al
analyzed
the outcomes of 302 patients with HBV infection who
had undergone surgical resection for HCC, and their
findings revealed a significant influence of smoking
[43]
status on both recurrence and mortality. Lv et al
investigated the outcomes of 425 patients with a
predominant population (74%) of HBV infection who
were undergoing hepatectomy for HCC, and those
authors’ analysis revealed that cigarette smoking is an
independent risk factor for the development of liverrelated and infectious complications. We were unable to
find any other study reporting the surgical outcomes of
NBNC-HCC patients in relation to their smoking status.
In the present study, the survival of the current
smokers was significantly poorer than that of the
never-smokers, and no significant difference in the
survival of the ex-smokers and never-smokers was
revealed. We speculate that the reason for the latter
finding is due to the long cessation period (> 10 years)
for most of the ex-smokers. Our subset analyses
comparing the current smokers and the other patients
revealed that the current smokers were significantly
younger and were more likely to have multiple
tumors at the time of surgery. These findings suggest
that a smoking habit may affect multicentric liver
carcinogenesis. The underlying mechanism of liver
carcinogenesis induced by smoking is as yet unclear
and should be investigated in further studies.
Generally, alcoholic abuse is known as a poorprognosis risk factor in surgical treatment for HCC
because of the poor liver function of individuals who
abuse alcohol. Indeed, in the present study the
proportion of alcohol-abusing patients was higher in
the current smoking group, but no significant betweengroup difference was observed in liver function as
represented by the ICG R15 or liver fibrosis. Notably,
over half of our study’s current-smoker patients died
of HCC, and only five of the current smokers died of
other causes. Thus, the causes of death in the current-

Table 4 Comparison of current smoking status and
clinicopathological factors (n = 83)

Age, yr (mean ± SD)
Gender (male/female)
Alcohol abuse (+/-)
Diabetes mellitus (+/-)
Obesity (+/-)
ICG R15 (%)
Tumor size (mean ± SD
mm)
Solitary/Multiple
Vp (+/-)
T factor (T12/T34)
AFP (mean ± SD)
Fibrosis (F12/F34,
n = 82)
Recurrence (+/-)
Therapy for recurrent
tumor (+/-)1
TAE only
Surgical resection
Ablation
Chemotherapy
Multiple therapy2
Tumor-related death (%)
Other cause of death (%)

Current
(n = 24)

Never + Ex
(n = 59)

P value

59.4 ± 12.0
22/2
10/14
8/16
6/18
11.7 ± 1.8
68.4 ± 44.0

69.3 ± 10.2
44/15
9/50
21/38
20/39
14.8 ± 1.2
63.9 ± 40.6

0.0002
0.0803
0.0188
0.8448
0.6024
0.1235
0.6724

10/14
9/15
10/24
4450 ± 14563.6
11/13

42/17
23/36
33/26
3235 ± 13042
36/22

0.023
0.8998
0.3329
0.6442
0.2224

16/8
14/2

32/27
27/5

0.3362
0.7724

11
1
1
1
0
13 (54.2)
5 (20.8)

14
5
2
3
3
17 (28.8)
11 (18.6)

0.0293
0.8187

1

Comparison restricted in recurrent case; 2Two cases of TAE + operation
and one case of TAE + ablation. ICG R15: Indocyanine green retention rate
at 15 min; TAE: Transcatheter arteriography embolization; Vp: Portal vein
invasion.

DFS of the NBNC-HCC group was significantly better
[16]
than those of the HBV-HCC and HCV-HCC groups .
For the purpose of clarifying the association between
smoking status and surgical outcomes, we focused on
NBNC-HCC in the present study because the surgical
outcomes of viral-associated HCC may be influenced
by cirrhosis due to viral-associated hepatitis.
Many studies have been reported regarding surgical
outcomes and etiologies of NBNC-HCC. The rela
tionships between the surgical outcomes of NBNCHCC and metabolic diseases such as obesity, diabetes
mellitus and NAFLD/NASH have been extensively
investigated. Several investigations indicated favorable
surgical outcomes of NBNC-HCC associated with
NAFLD/NASH compared to those of viral-associated
[21-32]
HCC
. It was reported that obesity did not affect
survival in patients with NBNC-HCC after curative
[29]
therapy . In contrast, a large retrospective Japanese
multicenter cohort study of 5326 patients with NBNCHCC indicated that patients with BMI values > 22 and
≤ 25 kg/m2 showed the best prognoses compared
to other BMI categories, after adjusting for age,
[3]
gender, tumor-related factors, and Child-Pugh score .
However, these previous studies regarding the surgical
results of NBNC-HCC patients did not involve an
analysis of smoking habit despite the recognition of
smoking as risk factor for NBNC-HCC. We therefore
focused on the smoking habit in the present study.
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in both genders. A current smoker was defined as an individual who regularly
smoked and continued to smoke within 1 year prior to the surgery. An exsmoker was defined as an individual who quit smoking at least 1 year before
his or her surgery.

smoker group were significantly different from those of
the other patient groups.
Although current smoking was significantly co
rrelated with DFS in our univariate analysis, no such
significance was observed in the multivariate analyses,
whereas current smoking showed significant correlations
with the OS and DSS in the multivariate analyses. One
possible reason for this is our study’s small sample
size. Another possible reason is that the malignant
potential of the recurrent tumors in the current-smoker
group may be different from those of the other groups,
because the survival after recurrence was significantly
different despite the lack of a significant difference in
the recurrence rate and the treatments for the recurrent
tumors between the current-smoker group and the
other groups.
The limitations of the present study are its re
trospective design, the relatively small number of
patients, and the long study period for enrollment. In
addition, information about our patients’ post-surgery
smoking status was not available, and thus the effects
on survival of a smoking habit after surgery and a
smoking habit after recurrence could not be examined.
It remains quite regrettable that the previous large
case series and multicenter studies did not investigate
the HCC patients’ smoking status. We hope a larger
prospective study verifies the precise influence of
smoking on the survival of patients with NBNC-HCC,
as its results can be expected to provide further
motivation for smoking cessation.
In conclusion, the results of our single-institute
retrospective study indicate that current smoking habit
is significantly correlated with the surgical outcomes of
patients with NBNC-HCC. Our analyses also revealed
that the current smokers were significantly younger
than the other patient groups and had significantly
greater incidences of alcohol abuse and multiple tumors
at the time of surgery.
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Abstract
AIM
To evaluate the efficiency and safety of hepatic
artery infusion chemotherapy (HAIC) using raltitrexed
or 5-fluorouracil for colorectal cancer (CRC) liver
metastasis (CRCLM).

Supported by Capital Medical Development and Scientific
Research Fund, China, No. 2014-2-2154.
Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Beijing Cancer
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METHODS
A retrospective analysis of patients with unresectable
CRCLM who failed systemic chemotherapy and were
subsequently treated with HAIC at our institute from
May 2013 to April 2015 was performed. A total of 24
patients were treated with 5-fluorouracil, and 18 patients
were treated with raltitrexed.

Informed consent statement: Informed consent was waived.
Conflict-of-interest statement: The authors declare no conflict
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The median survival time (MST) from diagnosis of CRC
was 40.8 mo in the oxaliplatin plus raltitrexed (TOMOX)
arm and 33.5 mo in the oxaliplatin plus 5-fluorouracil
(FOLFOX) arm (P = 0.802). MST from first HAIC
was 20.6 mo in the TOMOX arm and 15.4 mo in the
FOLFOX arm (P = 0.734). Median progression-free
survival (PFS) from first HAIC was 4.9 mo and 6.6 mo,
respectively, in the TOMOX arm and FOLFOX arm (P
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= 0.215). Leukopenia (P = 0.026) was more common
in the FOLFOX arm, and hepatic disorder (P = 0.039)
was more common in the TOMOX arm. There were no
treatment-related deaths in the TOMOX arm and one
treatment-related death in the FOLFOX arm. Analysis of
prognostic factors indicated that response to HAIC was
a significant factor related to survival.

chemoembolization (TACE) and hepatic artery infusion
chemotherapy (HAIC), are greatly needed.
HAIC with FOLFOX [oxaliplatin plus 5-fluorouracil
(5-Fu)] in patients with CRCLM has also been demons
trated as a feasible and low-toxicity treatment, with a
[11,12]
local overall disease control rate of 50%-79.2%
.
However, 5-Fu should be administered intra-arterially
for approximately 44 h, and a higher incidence of
catheter thrombosis and catheter-associated infection
[13]
is reported . As a specific inhibitor of thymidylate
synthase, raltitrexed has been used in CRC patients
and could be infused in approximately 1 h. Several
previous studies have shown that TOMOX (oxaliplatin
plus raltitrexed) showed efficiency similar to other
traditional first-line treatments in CRC patients and was
associated with less neutropenia and gastrointestinal
[14-16]
toxicity and uncommon cardiotoxicity
. However,
studies concerning HAIC with TOMOX are rare. Khouri
[3]
et al examined 17 patients who underwent HAIC
with TOMOX, and the treatment was demonstrated as
a safe alternative choice. The goal of this retrospective
study was to report a head-to-head study comparing
the TOMOX and FOLFOX arms in CRCLM patients
treated at our center.

CONCLUSION
No significant difference in survival was observed
between the TOMOX and FOLFOX arms. HAIC treatment
with either TOMOX or FOLFOX was demonstrated as an
efficient and safe alternative choice.
Key words: Liver metastasis; Hepatic artery infusion
chemotherapy; Raltitrexed; Colorectal cancer; FOLFOX
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study shows that hepatic artery infusion
chemotherapy (HAIC) with either TOMOX (oxaliplatin plus
raltitrexed) or FOLFOX (oxaliplatin plus 5-fluorouracil) was
proven to be an efficient and safe alternative choice
for patients with chemotherapy refractory colorectal
cancer liver metastasis and no significant difference in
survival was found between these two treatments. Cox
univariate analysis shows that response to HAIC was a
significant predictive factor.

MATERIALS AND METHODS
Study design and patient population

From May 2013 to April 2015, 42 patients were treated
with oxaliplatin-based HAIC at our center. All of the
patients were histologically confirmed with colorectal
adenocarcinoma with unresectable liver metastasis
and failed two lines of systemic chemotherapy. The
treatment criteria for HAIC were: ECOG performance
status no more than 2 points; life expectancy ≥ 3 mo;
tumor involvement less than 70% of liver volume; and
adequate liver and renal dysfunction (total bilirubin
serum levels < 3 mg/dL, serum albumin level > 20 g/L,
and serum creatinine level < 2 mg/dL). Patients with
extrahepatic metastases were included if their main
lesion remained in the liver.

Guo JH, Zhang HY, Gao S, Zhang PJ, Li XT, Chen H, Wang XD,
Zhu X. Hepatic artery infusion with raltitrexed or 5-fluorouracil
for colorectal cancer liver metastasis. World J Gastroenterol
2017; 23(8): 1406-1411 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i8/1406.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1406

INTRODUCTION
Colorectal cancer is the third leading cause of cancer
death and has the third leading incidence of new
[1]
cases in Western countries . The situation in China
is similar; there were 376.3 thousand new colorectal
cancer cases in 2015, and colorectal cancer was the
[2]
fifth leading cause of cancer death . Approximately
30%-50% of patients develop liver metastasis, and
no more than 20% of liver metastasis patients are
[3,4]
candidates for liver resection
. Chemotherapy
is the primary treatment for advanced colorectal
cancer. The efficiency and survival benefit of standard
first- or second-line systemic therapy have been
[5,6]
improved by the combination of targeted therapy ,
and the overall survival (OS) after effective first-line
[7-9]
therapy is nearly 30 mo . However, the survival of
chemotherapy refractory patients, who failed previous
systemic treatment, is expected to improve. Thirdline chemotherapy could result in an OS period of 9.3
[10]
mo . Alternative treatments, such as transarterial
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Operative technique

The Seldinger technique was used to access the femoral
artery after the achievement of local anesthesia.
Then, arteriography was routinely performed prior
to chemoembolization to gather information for the
abdominal aorta and celiac trunk. Subsequently, a
coaxial catheter (Renegade Hi Flo, Boston Scientific,
United States/Stride ASAHI INTECC, Japan) was
inserted into the hepatic artery and subsegmental
arteries. According to tumor stain, Spongostan
particles (Jinling, Nanjing, China) and iodized oil
(Lipiodol; Laboratoire Andre Guerbet, AulnaysousBois, France) mixed with 20-40 mg epirubicin hy
drochloride (Main Luck Pharmaceutical, Shenzhen,
China) were injected. The temporary indwelling
catheter was inserted into the hepatic artery until the
end of HAIC. HAIC was performed via the catheter
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Table 2 Response evaluation n (%)

Table 1 Summary of patient baseline characteristics
Overall cohort TOMOX FOLFOX P value
(n = 42) (n = 18) (n = 24)
Gender
Male
Female
Age at first TACE (yr)
Primary tumor site
Right hemicolon
Left hemicolon
Time to liver metastasis
Synchronous
Metachronous
Primary tumor grade
Poor
Well to moderate
Genetic condition
KRAS mutation
KRAS wild type
Unknown
Extrahepatic metastasis
Present
Absent
Combined with other
local treatments
Yes
No

Response

Treatment group

0.700
29
13
59 ± 10.7

13
5
60 ± 9.1

16
8
58 ± 11.8

10
32

5
19

5
13

Partial response
Stable disease
Progressive disease

0.473
0.601

11
7

17
7

6
36

3
15

3
21

8
21
13

5
8
5

3
13
8

27
15

12
6

15
9

0.639

0.459

0.927

0.209
10
32

6
12

TOMOX
(n = 18)

7 (29.2)
14 (58.3)
3 (12.5)

2 (11.1)
11 (61.1)
5 (27.8)

P value

0.158
0.856
0.734

analyses. GraphPad Prism 6 (GraphPad Software, Inc.,
La Jolla, CA) was used to generate the charts. For all
tests, a P value < 0.05 was defined as significant.
Student’s t-test was used to analyze continuous
variables. These variables were reported as the means
± SD if normally distributed or as a median and range
2
if skewed. The χ test was used to analyze categorical
variables. These variables were reported as a
proportion (%) of the overall cohort. The Kaplan-Meier
method was used to approximate the PFS and OS, and
the significance of survival differences between the
TOMOX and FOLFOX arms was determined using the
log-rank test.

0.508
28
14

FOLFOX
(n = 24)

4
20

RESULTS
Patient characteristics

with oxaliplatin (Hengrui Medicine Co., Ltd., Jiangsu,
2
China) administered at 85 mg/m in 4 h, 5-Fu (Jinyao
aminoacid Co., Ltd., Tianjing, China) administered
2
at 2000 mg/m in approximately 44 h, CF (Hengrui
Medicine Co., Ltd. Jiangsu China) administered at 200
2
mg/m in 2-4 h via the peripheral vein, and raltitrexed
(Tianqing Pharmaceutical Co., Ltd., Nanjing, China)
2
administered at 3 mg/m in approximately 1 h. At the
end of perfusion, the catheter was removed every
cycle.
HAIC was regularly applied every 3 wk, until the
patient died or liver function was Child-Pugh C or
disease progressed. Enhanced computed tomography
or magnetic resonance imaging and laboratory tests
were regularly performed, and all patients were
followed until death or loss to follow-up. Objective
response rate (ORR) was evaluated using Response
Evaluation Criteria in Solid Tumor (RECIST) version 1.1,
and adverse reactions were evaluated using Common
Terminology Criteria for Adverse Events (CTCAE) 2.0.
Peripheral neuropathy was graded according to a
modified Levi Scale.

There were 18 patients in the TOMOX arm and 24
patients in the FOLFOX arm. The baseline characteristics
of the patients are shown in Table 1. The baseline
demographics were similar between the two treatment
groups, with no significant imbalances in sex, age,
primary tumor site, time of liver metastasis, KRAS
mutation rate, extrahepatic metastasis, or additional
radiofrequency ablation. Patients in the TOMOX arm
received a median of 2.2 cycles of treatment, and those
in the FOLFOX arm received a median of 2.1 cycles of
treatment.

Efficacy and toxicity

With a median follow-up period of 18 mo, the OS after
the first HAIC in the FOLFOX and TOMOX arms was
15.4 and 20.6 mo (P = 0.734), respectively. The PFS
in the FOLFOX and TOMOX arms was 6.6 and 4.0 mo
(P = 0.215), respectively (Figure 1). The response
rates of the two different treatment groups are shown
in the Table 2. The overall response rate was 29.2% in
the FOLFOX arm and 11.1% in the TOMOX arm, and
no significant difference was observed between the
FOLFOX and TOMOX groups (P = 0.158).
Cox univariate analysis (Table 3) showed that the
response to HAIC was a predictive factor for prognosis.
However, age, histology grade, primary tumor site,
serum tumor markers, and extrahepatic metastasis
showed no significance as predictive factors.
All patients were evaluated for toxicity. The toxicity
of the two groups is shown in Table 4. The most
common adverse events were transient elevation
of serum liver enzymes and bilirubin and abdominal

Statistical analysis

OS after diagnosis was calculated from the date of
diagnosis of CRC to the date of death or last follow-up
time, OS after first HAIC was calculated from the date
of first HAIC to the date of death or last follow-up time,
and PFS was calculated from the date of the initiation
of therapy to the date of disease progression. A
biomedical statistician conducted the statistical review
in the present study. The SPSS software program
(version 19; SPSS, Chicago, Illinois) was used for the
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Table 3 Predictors of overall survival
Factor

Table 4 Observed toxicity according to common terminology
criteria for adverse events grading n (%)
Univariate analysis

TOMOX/FOLFOX
Male sex
Age (> 60/60 yr)
Histology (poor/well and
moderate)
Primary tumor site (left/right
hemicolon)
Serum CA19-9 (high/normal)
Serum CA72-4 (high/normal)
Serum CEA (high/normal)
Extrahepatic metastasis
(present/absent)
Time to liver metastasis
(synchronous/metachronous)
Response to TACE
PD
SD
PR

HR

95%CI

P value

0.877
0.915
0.758
1.768

0.410-1.876
0.411-2.035
0.353-1.627
0.686-4.554

0.736
0.827
0.477
0.238

0.715

0.285-1.797

0.476

1.725
1.325
1.339
1.220

0.803-3.706
0.536-3.278
0.463-3.873
0.550-2.706

0.162
0.542
0.590
0.624

1.281

0.560-2.932

0.558

Adverse event

All grade
Hematological
Anemia
Leucopenia
Neutropenia
Thrombocytopenia
Nonhematological
Elevation of
liver enzymes
Elevation of bilirubin
Nausea/vomiting
Asthenia
Neuropathy
Pain
Fever

0.047
1.000
0.275
0.272

1.000
0.081-0.931
0.095-0.783

Survival rate

80
60
B

20
0

A

0

10

20
Survival time (mo)

30

40

Figure 1 Kaplan-Meier curves showing the survival data after hepatic
artery infusion chemotherapy. The median survival time of the TOMOX arm
was 20.6 mo (curve A), and that of the FOLFOX arm was 15.4 mo (curve B).

pain. The transient elevation of serum liver enzymes
was more frequent in the TOMOX arm than in the
FOLFOX arm (100% vs 79%, P = 0.039). Hematologic
adverse events were more frequent in the FOLFOX
arm than in the TOMOX arm (leukopenia: 16% vs
50%, P = 0.026; anemia: 39% vs 46%, P = 0.212;
and thrombocytopenia: 44% vs 54%, P = 0.533). No
significant differences were observed in fever, asthe
nia, nausea and vomiting and neuropathy between
these two treatment groups. Treatment associated
cardiotoxicity was not observed in either group. One
treatment-related death, diagnosed as neutropenic
sepsis, occurred in the FOLFOX arm. No treatmentrelated death was observed in the TOMOX arm.

DISCUSSION
Without an efficient treatment, systemic chemotherapy
[17]
refractory patients show a median OS of 3.5 mo .
HAIC has been demonstrated as an alternative choice
for advanced CRC patients. Most studies report the
efficiency and survival data of HAI with FOLFOX,

WJG|www.wjgnet.com

Severe

7 (39)
3 (16)
1 (5)
8 (44)

All grade

Severe

11 (46)
12 (50)
6 (25)
13 (54)

1 (4)
1 (4)
3 (12)

0.212
0.026
0.094
0.533

18 (100)

9 (50)

19 (79)

7 (29)

0.039

17 (94)
14 (78)
13 (72)
5 (28)
14 (78)
6 (33)

3 (17)

23 (95)
17 (71)
12 (50)
7 (29)
19 (79)
11 (46)

4 (17)

0.834
0.839
0.414
0.921
0.914
0.558

7 (39)

1 (4)
13 (54)

while reports concerning HAI with TOMOX are rare.
Raltitrexed has been demonstrated as a considerable
first-line treatment for patients with advanced CRC.
Herein, we present the first head-to-head study
comparing HAI with TOMOX or FOLFOX in systemic
chemotherapy refractory CRC patients.
The median OS after first HAIC in the present
study was 15.4 mo in the FOLFOX arm and 20.6 mo in
the TOMOX arm, which was favorable compared with
that of the third-line systemic chemotherapy, which
[10]
achieved a median OS of 9.3 mo . When TOMOX
was used as a first-line treatment, the ORR was
[18-20]
16%-50%, and the median PFS was 5-11 mo
.
Among all patients in the present study who failed in
previous systemic chemotherapy, the ORR (11.1%)
and median PFS (4.9 mo) were relatively low. The ORR
in the FOLFOX arm was 29.2% with a median PFS of
[11,21,22]
6.6 mo, consistent previous studies
. Similarly,
the median OS of 15.4 mo in the present study is
consistent with the 11 and 18.3 mo reported in two
[11,21]
previous studies
.
The most common adverse events were the tran
sient elevation of serum liver enzymes and bilirubin
and abdominal pain. These common adverse events
could be sufficiently controlled by efficient treatments.
Similar to previous studies, the incidence of leukopenia
grade was significantly higher in the FOLFOX arm,
and the elevation of transient hepatic enzymes was
significantly higher in the TOMOX arm. The TOMOX
arm had no treatment- related deaths, while the
FOLFOX arm had one case of neutropenic sepsis.
These findings suggest that HAIC with TOMOX could
represent tolerable treatments for refractory CRC
patients. Survival predictor analysis suggested that
early tumor response is a meaningful predictor for
patients receiving oxaliplatin-based HAIC. Other
factors, including age, primary tumor site, and serum
tumor markers, did not show significant difference,
partly reflecting the limited sample size in the present
study.

100

40

TOMOX (n = 18) FOLFOX (n = 24) P value
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The limitation of the present study is a singlecenter retrospective study with a limited sample size.
We could not avoid some bias for the evaluation of
clinical outcome and the incomplete patient data.
However, the present study was the first to compare
the efficiency, survival data, and toxicity of HAIC
with TOMOX and FOLFOX in advanced CRC patients,
and the results will provide new directions for clinical
practice.

4

5
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Abstract
AIM
To clarify which factors may influence pathological
tumor response and affect clinical outcomes in patients
with locally advanced rectal carcinoma treated with
neo-adjuvant chemoradiotherapy and surgery.

Institutional review board statement: Ethical issues were
discussed with the local ethics committee. Since the study was
retrospective, no approval was needed to revise the histological
slides.
Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
Tumor regression grade (TRG) according to the Dworak
system and yTNM stage were assessed and correlated
with pre-treatment clinico-pathological variables in
215 clinically locally advanced (cTNM stage Ⅱ and Ⅲ)
rectal carcinomas. Prognostic value of all pathological
and clinical factors on disease free survival (DFS) and
cancer specific survival (CSS) was analyzed by Kaplan
Meier and Cox-regression analyses.
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RESULTS
cN+ status, mucinous histotype or poor differentiation
in the pre-treatment biopsy were significantly associated
with lower pathological response (low Dworak grade
and TNM remaining unchanged/upstaging). Cases
showing acellular mucin pools in surgical specimens
all had unremarkable clinical courses with no deaths
or recurrences during follow-up. Dworak grade had
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tumor response to CRT is highly heterogeneous and
[5]
governed by unclear mechanisms . Post-treatment
Tumor Node Metastasis (yTNM) stage and Tumor
Regression Grade (TRG) are currently used to measure
tumor response in surgical specimens obtained after
CRT. According to several studies, TRG seems to have
prognostic relevance on both disease-free survival
(DFS) and overall survival in patients with rectal
[6-9]
cancer . Several systems have been proposed to
score TRG, and all are based on the proportion of
residual tumor to stromal fibrosis in the primary tumor
[10-13]
site
. However, none of the systems currently
in use is universally accepted, and all may have fair
interobserver concordance due to the lack of precise
[14]
and objective criteria for scoring . Of note, several
authors reported on the presence of mucin pools devoid
of neoplastic cells in surgical rectal carcinomas pretreated with CRT with an incidence ranging between
[15-19]
4.8% and 31%
. One issue in the assessment
of TRG of rectal cancer relates to the interpretation
[15-19]
of acellular mucin pools
. Indeed, only the TRG
proposed by the Royal College of Pathologists clearly
states that acellular mucin pools should be regarded
[20]
as complete tumor regression , while the other
grading systems do not give a precise indication on this
topic. Additionally, only a few papers addressed the
prognostic significance of acellular mucin pools in rectal
cancer treated with neo-adjuvant therapy and these
[15-19]
studies reported controversial findings
. Further,
some authors suggest that acellular mucin deposits are
associated with higher biological aggressiveness of the
[16]
tumor , while others do not find any association with
[15,17-19]
patient prognosis
. Finally, whether development
of acellular mucin pools is associated with any of the
clinico-pathological characteristics present in the tumor
prior to CRT is still to be determined.
In this study, we analyzed a cohort of rectal
carcinomas submitted to neo-adjuvant CRT with the
aim to investigate: (1) the reproducibility and prognostic
[11]
significance of Dworak TRG ; (2) the prognostic
significance of acellular mucin pools; and (3) the
possible correlation between TRG, acellular mucin pools
or TNM stage variation after therapy and the various
clinico-pathological characteristics present in the tumor
before treatment.

prognostic significance for DFS and CSS. However,
compared to the 5-tiered system, a simplified twotiered grading system, in which grades 0, 1 and 2 were
grouped as absent/partial regression and grades 3 and
4 were grouped as total/subtotal regression, was more
reproducible and prognostically informative. The twotiered Dworak system, yN stage, craniocaudal extension
of the tumor and radial margin status were significant
independent prognostic variables.
CONCLUSION
Our data suggest that caution should be applied in
using a conservative approach in rectal carcinomas
with cN+ status, extensive/lower involvement of the
rectum and mucinous histotype or poor differentiation.
Although Dworak TRG is prognostically significant,
a simplified two-tiered system could be preferable.
Finally, cases with acellular mucin pools should be
carefully evaluated to definitely exclude residual
mucinous carcinoma.
Key words: Rectal carcinoma; Dworak; Acellular mucin
pools; Downstaging; Mucinous
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluates the prognostic signi
ficance of clinico-pathological variables in patients with
locally advanced rectal carcinoma treated with neoadjuvant chemo-radiotherapy (CRT) and surgery. Our
data show that tumors with cN+ status, extensive/
lower involvement of the rectum, mucinous histotype
and poor differentiation have a lower response to preoperative CRT. Dworak tumor regression grade was
prognostically informative; however, a simplified twotiered system was more reproducible and prognostically
significant. Acellular mucin pools were found in a
percentage of cases with excellent outcomes. Although
acellular mucin pools should be considered as complete
pathological responses, careful histological examination
is mandatory to exclude residual mucinous carcinoma.
Reggiani Bonetti L, Lionti S, Domati F, Barresi V. Do
pathological variables have prognostic significance in rectal
adenocarcinoma treated with neoadjuvant chemoradiotherapy
and surgery? World J Gastroenterol 2017; 23(8): 1412-1423
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i8/1412.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i8.1412

MATERIALS AND METHODS
A total of 238 rectal adenocarcinomas, treated by
neoadjuvant CRT and surgical resection with mesorectal
excision, were identified in the Tumor Registry of
Colorectal Cancer of the University of Modena and
Reggio Emilia, Italy, in the period between 2001 and
2012.
Twenty-three patients were excluded from this
study because they had clinical TNM (cTNM) stage Ⅳ.
Thus, the final cohort in this analysis was composed
of 215 patients (141 males, 74 females; mean age:
66.3 years; age range: 30-85 years) with cT3/T4

INTRODUCTION
Neo-adjuvant chemo-radiotherapy (CRT) currently
represents the standard of care for locally advanced
[1,2]
(clinical T stage 3/4 or N+) rectal cancer . Indeed,
CRT improves resectability and sphincter preservation
and decreases the probability of local recurrence in
[3,4]
patients affected by rectal carcinoma . However,
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or cN+ rectal cancer. cTNM staging workup had
been performed by using digital rectal examination,
chest radiography, total-body computed tomography
(CT), magnetic resonance imaging, endorectal
ultrasonography and coloscopy with biopsy.
Clinical records were reviewed to retrieve information
on the localization in the rectum (upper, medium, lower
or extensive), the circumferential involvement of the
rectal wall (one-third, middle or complete), distance
from the anal verge (more or less than 1 cm) and
craniocaudal extension (more or less than 3 cm) of the
tumor. The histological grade and histotype of the tumor
were assessed using endoscopic biopsy and according
[21,22]
to World Health Organization criteria
.
After the histological diagnosis on endoscopic
biopsy, all patients received a total dose of 50 Gy
radiotherapy, which was administered in 28 fractions
of 1.8 Gy each for five consecutive days per week, and
a daily continuous infusion of 225 mg 5-fluorouracil
per day and per square meter of body surface for the
duration of radiotherapy.
Then, patients were submitted to surgical resection.
Data on cancer-specific survival (CSS) and DFS were
available for all patients. After surgery, patients were
monitored for disease progression by using totalbody CT scan, coloscopy and blood tests (including
measurement of CEA and CA 19-9). Patients who
died of diseases independent of rectal cancer were
censored. Both local and distant recurrences were
considered in the assessment of DFS. Information
on eventual adjuvant therapy was available for 127
patients.

changes with few neoplastic cells or groups (easy to
find); grade 3, evidence of very few neoplastic cells in
fibrotic tissue; and grade 4, no tumor cells (pathological
[11]
complete response) . Cases showing acellular mucin
pools were initially considered separately and then
categorized as grade 4 because of the absence of tumor
cells.
yTNM staging was established using the criteria of
th
Union for International Cancer Control (UICC) (TNM 7
[23]
edition) .
We also evaluated the status of the radial (circum
ferential resection) margin, which was defined as
positive when normal tissue from the edge of the
[24]
tumor measured 1 mm or less .
In the comparison between cTNM and yTNM, we
were able to establish the variation rate of T, N and
TNM staging after neoadjuvant CRT and define three
groups of tumors, as follows: (1) rectal cancer with
no change in TNM staging; (2) rectal cancers with
downstaging after therapy; and (3) rectal carcinomas
with upstaging after therapy.

Statistical analysis

Fleiss-Cohen weighted κ statistics were used to establish
interobserver variability in the assessment of TRG.
2
The χ test was applied to analyze the statistical
correlations between Dworak TRG and the various
clinico-pathological parameters and to investigate the
statistical association between acellular mucin pools
and clinico-pathological variables in the subgroup of
Dworak grade 4 tumors.
2
We also used the χ test to establish the statistical
correlation between T, N, or TNM stage changing and
the other clinico-pathological parameters.
DFS and CSS were assessed by the Kaplan-Meier
method, using the date of primary surgery as the
entry date. The end point for the DFS analysis was
the length of survival to disease progression (either
local or distant). CSS was characterized as the length
of survival to death from rectal cancer or to the last
follow-up date. For DFS and CSS analyses, Dworak
grades 0, 1 and 2 were grouped and defined as
absent/partial regression, while grades 3 and 4 were
grouped together and considered as total/subtotal
regression.
The Mantel-Cox log-rank test was applied to assess
the strength of the association between DFS or CSS and
each of the parameters (age and gender of the patient
as well as site, circumferential spread, distance from the
anal verge, craniocaudal extension, histological grade,
histotype, cT, cN, yT, yN, yM, yTNM stage, T stage
variation, N stage variation, TNM stage variation, radial
margin, Dworak regression grade, tumor regression,
and adjuvant chemotherapy) as a single variable.
Subsequently, a stepwise multivariate analysis
(Cox regression model) was utilized to determine the
independent effect of each variable on survival. TNM
stage variation (and not single T or N stage variation)

Pathological examination

Surgical specimens were fixed in formalin for 24 h
at room temperature and were grossly examined for
obvious or presumable tumor remains as a mass,
ulcer or fibrotic lesion. At least 3 samples were taken
for paraffin embedding from specimens showing
an obvious tumor mass. On the other hand, lesions
with questionable residual tumors were completely
embedded, and if no tumor cells were detected on
first paraffin sections, three additional leveled sections
were examined from each paraffin block. The total
number of paraffin blocks from the primary tumor
region ranged between 3 and 25; the average number
was 6.4. In each case, at least 12 lymph nodes were
retrieved from perirectal fat.
The histological slides of each case were retrieved
from the archive of the Unit of Anatomic Pathology
of the University of Modena and Reggio Emilia and
reviewed by two independent pathologists (L.R.B. and
V.B.) to assess the TRG and yTNM staging.
TRG was assessed in the primary tumor, but not
[11]
in nodal metastases, according to Dworak scale .
In detail, cases were defined as follows: grade 0, no
regression; grade 1, dominant tumor mass with obvious
fibrosis and⁄or vasculopathy; grade 2, dominant fibrotic
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Figure 2 Distribution of Dworak regression score according to clinical
Tumor Node Metastasis stage. Rectal cancers with cTNM stage II had a high
proportion of Dworak grade 4 cases while tumors with cTNM stage III mainly
had Dworak grade 1 regression.

The Dworak grade could be assessed in all 215
cases. Interobserver concordance in the assessment
of Dworak TRG was good (K: 0,74) and increased to
very good (K: 0.82) when cases were subdivided into
total/subtotal regression (Dworak grades 3 and 4) and
absent/partial regression (Dworak grades 0, 1 and 2).
In detail, 34 (16%) rectal carcinomas were classi
fied as Dworak grade 0, 76 (35%) as grade 1, 50 (23%)
as grade 2 (Figure 1A), 21 (10%) as grade 3 and
34 (16%) as grade 4 (Figure 1B and Table 1). Lower
Dworak grade (0/1/2) was significantly more frequent
among cN+ tumors (cTNM stage Ⅲ) (P = 0.0008)
(Figure 2) and was also significantly associated with
death from rectal cancer (P = 0.0047) and recurrence
(P = 0.0254) (Table 2).
A total of 15 cases in our cohort were classified
as mucinous on the endoscopic biopsy; 11 (73%)
were classified as Dworak grade 0 or 1; 1 (7%) was
classified as Dworak grade 2; 1 (7%) was classified
as Dworak grade 3 and 2 (13%) were classified as
Dworak grade 4 on the surgical specimen (Table 2).
A low Dworak grade (0-1-2) was more frequently
observed in rectal carcinomas with mucinous histotype
or high histological grade on the endoscopic biopsy,
although statistical significance was not achieved (Table
2). Among the patients with mucinous carcinoma,
5 (33%) died of disease, and 6 (40%) experienced
disease recurrence (Table 1).
Among the cases with Dworak grade 4, 7 (21%) had
acellular mucin pools (Figure 1C); 5 (72%) originated
from cTNM stageⅡcases; and 2 (28%) originated from
cTNM stageⅢtumors. All of these cases were classified
as yT0N0M0 stage and having an uneventful clinical
course (no evidence of recurrence or death from rectal
cancer in a median follow-up period of 71 mo; followup ranged between 71 and 183 mo). The presence of
acellular mucin pools in Dworak 4 rectal cancer was
significantly associated with mucinous histotype (P =
0.004) (Table 3). Indeed, 2/34 cases had been classified
as mucinous on endoscopic biopsy, and both had
acellular mucin pools in the surgical specimen (Table 3).

C

Figure 1 Tumor regression in rectal surgical specimens after neoadjuvant chemo-radiotherapy. A: Dworak grade 2, corresponding to dominant
fibrosis with few neoplastic cells or groups; B: Dworak grade 4, showing no
tumor cells (pathological complete response); C: Acellular mucin pools.

and tumor regression (not Dworak regression grade)
were included in the multivariate analyses. Adjuvant
chemotherapy was not considered in the multivariate
analyses because data were available in only a pro
portion of patients.
A probability (P) value less than 0.05 was considered
significant. Statistical analysis was performed using
MedCalc 12.1.4.0 statistical software (MedCalc Software,
Mariakerke, Belgium).

RESULTS
The clinico-pathological characteristics of rectal cancer
in the study are summarized in Table 1. The median
follow-up period of the patients was 70 mo (range:
3-183 mo). During the follow-up 73 (34%) patients
developed recurrences, and 58 died of disease.
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Table 1 Clinico-pathological features of 215 rectal carcinomas treated with neo-adjuvant chemo-radiotherapy n (%)
Variables
Sex
Age
Site

Circumferential spread

Craniocaudal extension
Distance from the anal verge
Histological grade

Histotype
cT

cN
yT

yN
yM
y stage

TNM Stage variation

T stage variation

N stage variation

Dworak Regression grade

Regression
Radial margin
Adjuvant chemotherapy

Category

n

Death due to disease

Recurrence

M
F
≤ 67 yr
> 67 yr
Upper
Medium
Lower
Extensive
One-third
One middle
Complete
< 3 cm
≥ 3 cm
≥ 1 cm
< 1 cm
1
2
3
NOS
Mucinous
cT2
cT3
cT4
cN0
cN+
yT0
yT1
yT2
yT3
yT4
yN0
yN+
yM0
yM+
T0N0M0
1
2
3
4
None
Downstaging
Upstaging
None
Downstaging
Upstaging
None
Downstaging
Upstaging
0
1
2
3
4
Absent/partial
Total/subtotal
Negative
Positive
No
Yes

141
74
106
109
93
32
77
13
94
62
59
51
164
204
11
6
179
30
200
15
12
170
33
98
117
35
19
61
83
17
146
69
212
3
33
63
50
66
3
80
119
16
86
122
7
141
61
13
34
76
50
21
34
160
55
201
14
47
80

35 (25)
23 (31)
24 (23)
34 (31)
23 (25)
10 (31)
21 (27)
4 (31)
24 (26)
17 (27)
17 (29)
7 (14)
51 (31)
56 (27)
2 (18)
0 (0)
47 (26)
11 (37)
53 (26)
5 (33)
1 (8)
43 (25)
14 (42)
21 (21)
37 (32)
3 (9)
1 (5)
13 (21)
32 (39)
9 (53)
28 (91)
30 (43)
56 (20)
2 (67)
3 (9)
10 (16)
15 (30)
28 (42)
2 (67)
33 (41)
19 (16)
6 (38)
34 (40)
22 (18)
2 (29)
43 (31)
11 (18)
4 (31)
16 (47)
20 (26)
16 (32)
3 (14)
3 (9)
52 (33)
6 (11)
51 (25)
7 (50)
16 (34)
24 (30)

43 (30)
30 (40)
32 (30)
41 (38)
30 (32)
13 (41)
26 (34)
4 (31)
32 (34)
21 (34)
20 (34)
10 (20)
63 (38)
2 (18)
71 (35)
0 (0)
61 (34)
12 (40)
67 (33)
6 (40)
2 (17)
54 (32)
17 (51)
28 (28)
45 (38)
8 (23)
1 (5)
16 (26)
36 (43)
12 (70)
38 (26)
35 (51)
70 (33)
3 (100)
8 (24)
13 (21)
17 (34)
32 (48)
3 (100)
38 (47)
28 (23)
7 (44)
41 (48)
29 (24)
3 (43)
55 (39)
14 (23)
4 (31)
19 (56)
26 (24)
16 (32)
4 (19)
8 (23)
61 (38)
12 (22)
65 (32)
8 (57)
18 (38)
31 (39)

However, the remaining five cases with acellular mucin
pools showed no evidence of mucin in the endoscopic
sample taken prior to CRT and surgery.
In the comparison between cT and yT staging,
we noticed that 86 (40%) cases showed no variation
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of T stage after CRT, 122 (57%) tumors underwent
T downstaging, while 3% had T upstaging (Table 2).
T remaining unchanged/upstaging was significantly
more frequent in female patients (P = 0.001) and in
tumors with mucinous histotype (P = 0.01), cN+ stage
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Table 2 Statistical correlations between Dworak regression grade and clinico-pathological variables
Variable

P value

Dworak regression grade

Sex
M
F
Age
≤ 67 yr
> 67 yr
Site
Upper
Medium
Lower
Extensive
Circumferential spread
One-third
Middle
Complete
Craniocaudal extension
< 3 cm
≥ 3 cm
Distance from the anal verge
≥ 1 cm
< 1 cm
Histological grade
1
2
3
Histotype
NOS
Mucinous
cT
2
3
4
cN
cN0
cN+
Death due to disease
No
Yes
Recurrence
No
Yes

0

1

2

3

4

23
11

52
24

29
21

11
10

26
8

14
20

35
41

32
18

9
12

16
18

0.202

9
7
13
5

37
11
23
5

22
7
19
2

8
1
11
1

17
6
11
0

0.2506

14
12
8

30
19
27

28
10
12

8
9
4

14
12
8

0.31

8
26

15
61

13
37

6
15

9
25

0.873

2
32

4
72

2
48

2
19

1
33

0.853

1
28
5

3
61
12

2
36
12

0
20
1

0
34
0

0.0732

28
6

71
5

49
1

20
1

32
2

0.0875

2
23
9

2
63
11

5
37
8

18
3

3
29
2

0.219

14
20

28
48

21
29

10
11

25
9

0.008

18
16

56
20

34
16

18
3

31
3

0.0047

15
19

50
26

34
16

17
4

26
8

0.0254

(P = 0.014), high histological grade (P < 0.0001)
and low Dworak grade (0-1-2) (P < 0.0001) and was
significantly associated with death from rectal cancer (P
= 0.002) and development of recurrence (P = 0.002)
(Table 4).
Furthermore, 56 (48%) cases with cN+ status
showed no change in N stage after CRT, while 61
(52%) had N downstaging. On the other hand, 13
cN0 (13%) rectal carcinomas underwent N upstaging
after CRT (Table 3). N remaining unchanged/upstaging
was significantly more frequent in female patients (P
= 0.0347) and in tumors with extensive involvement
of the rectum or localization in the lower rectum (P =
0.0183), and low Dworak grade (0-1-2) (P = 0.0013)
and was significantly associated with death from rectal
cancer (P = 0.0043) and development of recurrence (P
= 0.0013) (Table 5).
On the whole, 80 (37%) cases showed no change in
TNM stage, and 119 (55%) exhibited TNM downstaging,
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0.285

while 16 (8%) underwent TNM upstaging (Figure 3). In
13 cases, upstaging was due to development of nodal
metastases, while, in 3 cases, upstaging was related
to development of liver (2 cases) and peritoneal (1
case) metastases. Unchanged/increased TNM stage
was significantly more frequent in cases showing
extensive involvement of the rectum (P = 0.036),
mucinous histotype (P = 0.04), cN+ stage (P = 0.001),
and low Dworak grade (0-1-2) (P < 0.0001) and was
significantly associated with death from rectal cancer (P
< 0.0001) and development of recurrence (P = 0.001)
(Table 6).
Univariate analyses showed that craniocaudal
extension (P = 0.0225; P = 0.022) (Figure 4), cT (P =
0.0215; P = 0.021), yT (P < 0.0001; P = 0.0001), yN (P
< 0.0001; P < 0.0001) (Figure 5), yM (P = 0.0164; P
= 0.005), ystage (P < 0.0001; P = 0.0001), TNM stage
variation (P < 0.0001; P = 0.0005), T stage variation
(P < 0.0001; P = 0.001), Dworak regression grade (P
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Table 4 Statistical correlations between T stage variation and
clinico-pathological variables

Table 3 Statistical correlations between the presence of
acellular mucin pools grade and clinico-pathological variables
in Dworak 4 rectal carcinomas

Variable
Variable

Acellular mucin pools

Sex
M

P value

Absent

Present

20
7

6
1

13
14

3
4

14
4
9
0

3
2
2
0

11
10
6

3
2
2

0.898

7
20

2
5

0.889

Sex
M
F
Age

0.523

≤ 67 yr

Age
≤ 67 yr

> 67 yr
Site
Upper
Medium
Lower
Extensive
Circumferential spread
One-third
Middle
Complete
Craniocaudal extension
< 3 cm
≥ 3 cm
Distance from the anal
verge
≥ 1 cm
< 1 cm
Histotype
NOS
Mucinous
cT
2
3
4
cN
cN0
cN+
Death due to disease
No
Yes
Recurrence
No
Yes

> 67 yr
Site
Upper
Medium
Lower
Extensive
Circumferential
spread
One-third
Middle
Complete
Craniocaudal
extension
< 3 cm
≥ 3 cm
Distance from
the anal verge
≥ 1 cm
< 1 cm
Histotype
NOS
Mucinous
cN
cN0
cN+
Histological
grade
1
2
3
Dworak grade
0
1
2
3
4
Death due to
disease
No
Yes
Recurrence
No
Yes

0.805

0.695

1
26

0
7

27
0

5
2

2
23
2

1
6
0

0.664

20
7

5
2

0.889

24
3

7
0

0.362

19
8

7
0

0.61

0.004

0.1047

= 0.0023; P = 0.023) (Figure 6), tumor regression (P
= 0.0006; P = 0.01) (Figure 7) and radial margin (P =
0.0069; P = 0.025) were significant prognostic factors
for CSS and DFS, respectively. Craniocaudal extension,
yN status, radial margin status and tumor regression
were independent variables in the multivariate analyses
for CSS. On the other hand, craniocaudal extension (P
= 0.0189), yT stage (P = 0.0327) and yN stage (P =
0.001) were significant prognostic parameters for DFS.

Downstaging

Upstaging

58
28

83
39

0
7

0.001

40
46

64
58

2
5

0.375

33
12
35
6

56
19
41
6

4
1
1
1

0.692

41
22
23

51
37
34

2
3
2

0.792

21
65

29
93

1
6

0.832

5
81

6
116

0
7

0.789

77
9

118
4

5
2

0.01

29
57

66
56

3
4

0.0145

0
68
18

4
107
11

2
4
1

< 0.0001

23
38
23
2
0

7
35
27
19
34

0
7
0
0
0

< 0.0001

52
34

100
22

5
2

0.0027

45
41

93
29

4
3

0.0014

adverse outcome. However, the comparison of KaplanMeier curves showed that DFS and CSS were only
slightly different between cases classified as Dworak 4
and 3 and among Dworak 0, 1 and 2 rectal carcinomas.
These results suggested that a two-tiered rather than
a five-tiered system could be used to grade tumor
regression in surgical specimens. Accordingly, the use
of a simplified dichotomized system, in which Dworak
0, 1 and 2 were considered as absent/partial regression
and Dworak 3 and 4 as total/subtotal regression not
only raised the inter-observer reproducibility but also
increased the prognostic relevance of TRG; furthermore,
two-tiered TRG was an independent and significant

DISCUSSION
In this study, we aimed to identify clinico-pathological
variables, which may have significance for predicting
recurrence risk and outcome in patients with rectal
cancer submitted to neo-adjuvant CRT. Our findings
can be summarized as follows. First, we confirmed
[7-9]
previous evidence
that Dworak TRG is a reproducible
histological parameter able to discriminate rectal
carcinomas at the increased risk of recurrence or
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Figure 5 Kaplan Meier curves showing cancer specific survival according
to yN status. Compared to tumors with the presence of nodal metastases,
rectal carcinomas with the absence of nodal metastases at histological
examination of surgical specimen after chemo-radiotherapy (CRT) had
significantly longer cancer specific survival (CSS).

prognostic variable for CSS in the multivariate analysis.
Moreover, the advantages of a simplified Dworak
system were already demonstrated by Elezkurtaj
[25]
et al
who showed that compared to Dworak’s five
tier system, dichotomized TRG has higher correlations
with nodal disease and UICC stage. Finally, grouping
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Dworak grades 3 and 4 together would avoid the need
to determine complete pathological response by using
step sections, which is highly time consuming and
[26]
whose benefits appear to be questionable . Of note, a
lower response to CRT (corresponding to Dworak TRG
0, 1 or 2) was observed in tumors showing mucinous
histotype or poor differentiation in pre-treatment
biopsy. Some authors recently suggested a “watch and
wait” approach to avoid the side-effects of surgery in
patients with rectal cancer showing complete clinical
[27]
tumor regression after CRT . Our findings indicate that
caution should be used when applying a “watch and
wait” policy to rectal cancer with mucinous or poorly
differentiated histology, as these features are associated
with a higher possibility of absent /incomplete tumor
regression and T/TNM remaining unchanged/upstaging
after CRT.
Seven (3.2%) rectal surgical specimens in our
cohort showed acellular mucin pools upon histological
examination. Two of those cases were derived from
tumors with a mucinous histotype in the pre-treatment
endoscopic biopsy. In those cases, acellular mucin
deposits could be interpreted as a complete tumor
response of mucinous rectal carcinoma. However, in
5 cases we could not find extracellular mucin in the

yN

90

  50

Tumor regression
Absent/partial (dworak 0, 1 and 2)
Subtotal/total (dworak 3 and 4)

Figure 7 Kaplan Meier curves showing ancer specific survival according
to tumor regression. Compared to tumors with absent/partial regression
(Dworak 0, 1 and 2), rectal carcinomas with subtotal/total regression (Dworak 3
and 4) had significantly longer cancer specific survival (CSS).

Figure 4 Kaplan Meier curves showing cancer specific survival according
to craniocaudal extension. Compared to tumors with craniocaudal extension
lower than 3 cm rectal carcinomas with craniocaudal extension with higher cms
had significantly shorter cancer specific survival (CSS).
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Figure 6 Kaplan Meier curves showing cancer specific survival according
to Dworak grade. Compared to tumors with Dworak grades 0, 1 or 2, rectal
carcinomas with Dworak grades 3 and 4 had significantly longer cancer specific
survival (CSS).
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upstaging to yTNM stage Ⅳ after therapy.

CSS probability (%)

Dworak grade
0
1
2
3

1419

February 28, 2017|Volume 23|Issue 8|

Reggiani Bonetti L et al . Prognosis of rectal cancer after CRT
cases scored as Dworak 4. Hence, although acellular
[11]
mucin pools are not mentioned in Dworak TRG , we
may presume that due to the absence of neoplastic
cells, they should be considered as complete tumor
regression (Dworak 4). Our results are in line with
[15,17-19]
those reported by other authors
. However,
some of the previous analyses could be flawed by the
short follow-up of the patients, which was limited to
[16-18,30]
3 or 5 years
, or by sampling restricted to the
[16]
macroscopically abnormal areas in the rectum .
In our cases with acellular mucin pools, the median
follow-up time was 71 mo. Additionally, we overcame
the possibility of the incorrect assessment of tumor
response by embedding the entire surgical specimen
and by cutting three additional leveled sections
from each paraffin block in cases with questionable
residual tumor. In our opinion, cutting step levels is
mandatory when seeing acellular mucin pools after
CRT. Indeed, this histological feature might represent
either a treatment effect or residual tumor. Only careful
histological examination of the entire surgical specimen
with leveled sections allows for the exclusion of residual
tumor. Moreover, a pre-treatment biopsy might not
be representative of the entire tumor and may not
show mucinous histology. Additionally, mucinous
adenocarcinoma may show only rare foci of neoplastic
cells that can be hard to identify.
Our results also showed that yN status is an
independent predictor of shorter DFS and CSS in
patients with rectal cancer submitted to neo-adjuvant
CRT. Interestingly, 13% of patients with cN0 status
had yN+ after therapy. This result highlights the
importance of pathological examination after CRT to
ensure appropriate staging and therapy of patients,
[31]
as was already underscored . Since N remaining
unchanged/upstaging was significantly more frequent
in tumors showing extensive involvement of the
rectum or localization in the lower rectum, surgical
resection and follow-up histological examination might
have particular relevance in rectal carcinomas showing
those features.
Tumor craniocaudal extension higher than 3
cm was an additional significant and independent
prognostic parameter associated with worse DFS
and CSS in our analyses. Since this feature was not
associated with TNM variation or with tumor regression
after therapy, we may speculate that cancers with
higher craniocaudal extension might have had occult
metastases undetectable at the moment of yTNM
staging. However, our data suggest that particular
attention should be given in the treatment and follow
up of tumors existing at a higher extent in the rectum.
Finally, T and N remaining unchanged/upstaging
was significantly more frequent in female patients.
Although we are not able to explain this phenomenon,
the role of hormones in the biological aggressiveness
of rectal cancer should be better investigated in the
future.
In conclusion, we confirmed the reproducibility

Table 5 Statistical correlations between N stage variation and
clinico-pathological variables
Variable

P value

N stage variation

Sex
M
F
Age
≤ 67 yr

> 67 yr
Site
Upper
Medium
Lower
Extensive
Circumferential
spread
One-third
Middle
Complete
Craniocaudal
extension
< 3 cm
≥ 3 cm
Distance from
the anal verge
≥ 1 cm
< 1 cm
Histotype
NOS
Mucinous
cT
2
3
4
Histological
grade
1
2
3
Dworak grade
0
1
2
3
4
Death due to
disease
No
Yes
Recurrence
No
Yes

None

Downstaging

Upstaging

19
37

35
26

7
6

0.0347

27
29

34
27

5
7

0.565

16
10
25
5

33
11
16
1

7
3
1
2

0.0183

25
17
14

28
17
16

8
1
4

0.582

10
46

14
47

5
8

0.27

1
55

4
57

1
12

0.402

49
7

59
2

13
0

0.0851

4
38
14

8
42
11

0
12
1

0.265

3
39
14

2
50
9

0
11
2

0.512

14
25
16
0
1

6
23
13
11
8

3
8
2
0
0

0.0013

30
26

50
11

9
4

0.0043

25
31

47
14

9
4

0.0013

pre-treatment sample, and this finding suggests that
acellular mucin deposits in surgical specimens after
CRT may represent a radiation effect, as was already
[28]
hypothesized . Of note, all 7 patients with acellular
mucin pools had an unremarkable clinical course,
with no recurrence or death from rectal cancer. This
outcome supports the College of American Pathologists’
consensus recommendation that acellular mucin pools
should not be regarded as residual disease in rectal
[29]
cancer treated with neo-adjuvant CRT . Accordingly,
we did not observe any significant difference in CSS
and DFS between cases with acellular mucin pools and
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differentiation and extensive/lower involvement of the
rectum due to the higher probability of absent/partial
regression and TNM remaining unchanged/upstaging
in those cases.

Table 6 Statistical correlations between Tumor Node
Metastasis stage variation and clinico-pathological variables
P value

pTNM stage variation
Variable
Sex
M
F
Age
≤ 67 yr

> 67 yr
Site
Upper
Medium
Lower
Extensive
Circumferential
spread
One-third
Middle
Complete
Craniocaudal
extension
< 3 cm
≥ 3 cm
Distance from the
anal verge
≥ 1 cm
< 1 cm
Histotype
NOS
Mucinous
Histological
grade
1
2
3
cT
2
3
4
cN
cN0
cN+
Dworak grade
0
1
2
3
4
Death due to
disease
No
Yes
Recurrence
No
Yes

None

Downstaging

Upstaging

53
27

81
41

7
6

0.655

36
44

65
57

5
8

0.372

26
11
35
8

60
18
41
3

7
3
1
2

0.0194

31
25
24

55
36
31

8
1
4

0.396

17
63

29
93

5
8

0.4

3
77

7
115

1
12

0.747

70
10

117
5

13
0

0.043

4
60
16

2
108
12

0
11
2

0.135

4
58
18

8
100
14

0
12
1

0.185

27
53

58
64

13
0

< 0.0001

20
35
22
2
1

11
33
26
19
33

3
8
3
0
0

< 0.0001

47
33

101
11

9
4

< 0.0001

42
38

91
31

9
4
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preservation and to decrease the probability of local recurrence. Post-treatment
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A major issue in the interpretation of tumor histological response to CRT is
related to the presence of acellular mucin pools. It is not clear whether these
pools should be interpreted as complete regression. Finally, the value of clinicopathological factors in predicting tumor regression after neo-adjuvant CRT
remains to be determined.
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This article shows that, compared to the currently used four-tiered system a
simplified two-tiered, Dworak TRG is preferable for determining score response
to CRT because of its higher reproducibility and prognostic significance.
Mucinous histotype and poor differentiation are significantly associated with
lower response to neo-adjuvant CRT, as highlighted by higher frequency of
absent/limited histological regression and TNM remaining unchanged/upstaging
in those tumors.

Applications

A simplified two-tiered, Dworak TRG could be used in routine practice to
increase reproducibility and prognostic relevance of TRG. A watch and wait
approach should be used with caution in rectal carcinomas showing mucinous
histotype and poor differentiation in endoscopic pre-treatment biopsy due to
their significant association with low response to pre-operative CRT.

Terminology

TRG: measure of the histological response to neo-adjuvant chemoradiotherapy,
and it can be assessed by using different systems, such as that proposed by
Dworak and colleagues in 1997, which is based on the presence of tumor cells
and fibrosis in a surgical specimen. Acellular mucin pools: the presence of
mucin deposits devoid of neoplastic cells in rectal surgical specimen after neoadjuvant CRT that need to be differentiated from residual mucinous carcinoma.
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Abstract
AIM
To evaluate the clinical and prognostic significance of
preoperative and postoperative cytokeratin 19 (CK19)
and carcinoembryonic antigen (CEA) mRNA levels in
peripheral blood of patients with gastric cardia cancer
(GCC).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: We have no financial
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this manuscript.

METHODS
We detected the preoperative and postoperative mRNA
levels of CK19 and CEA in peripheral blood of 129 GCC
patients by using reverse transcription-polymerase chain
reaction and evaluated their clinical and prognostic
significance by univariate Kaplan-Meier survival analysis
and multivariate Cox proportional hazard analysis. A
new prognostic model which stratified patients into
three different risk groups was established based on the
independent prognostic factors.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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[2,3]

RESULTS
Elevated preoperative and postoperative CK19 and CEA
mRNA levels in peripheral blood of GCC patients were
associated with lymph node metastasis. Univariate
analysis showed that tumor size, histological grade,
depth of tumor invasion, lymph node metastasis,
preoperative CK19 mRNA, and preoperative and
postoperative CEA mRNA levels were correlated
with the prognosis of GCC patients. The multivariate
analysis showed that lymph node status (P = 0.018),
preoperative CK19 (P = 0.035) and CEA (P = 0.011)
mRNA levels were independent prognostic factors
for overall survival (OS). The 5-year OS rates for the
low-, intermediate-, and high-risk groups were 48.3%,
22.6%, and 4.6%, respectively (P < 0.001).

the world . The prognosis of patients with GCC was
[4]
worse than that of patients with non-cardiac GC .
Although the important advances in surgical techni
ques and adjuvant chemotherapies have improved
patient outcomes, the 5-year survival rate remains
[5]
low (10%-30%) . Metastasis and recurrence after
surgery are the main causes of treatment failure and
[6]
poor prognosis . Therefore, it is of great significance to
establish molecular biomarkers for GCC to detect early
metastasis and improve survival.
Carcinoembryonic antigen (CEA), one of the
most commonly used serum tumor markers in GC,
plays an important role in tumor metastasis and
[7]
may be partially associated with prognosis in GC .
Cytokeratin 19 (CK19), which originates from epi
thelial cells, is a reliable tissue-specific marker
for epithelial tumor micrometastasis and is highly
expressed in the gastrointestinal tract but not in
normal lymph node tissue or blood. The detection of
CEA and CK19 expression has been used to examine
tumor micrometastasis and predict the prognosis
[8,9]
in GC and esophageal squamous cell carcinoma .
Nevertheless, there is no valid marker to predict the
lymph node metastasis and prognosis in patients with
GCC. Recently, quantitative real-time polymerase
chain reaction (qRT-PCR) technology, a sensitive,
specific and rapid method, has been widely used
to detect the presence of circulating cancer cells in
peripheral blood, the expression of tumor markers,
[10]
and micrometastases, as well as predict prognoses .
However, there are few reports on the detection and
clinical significance of CEA and CK19 mRNAs in the
peripheral blood of GCC patients. With the decrease
in tumor burden after surgery, the levels of tumor
marker expression will change. Some studies have
supported the use of preoperative (pre-) CEA levels as
[11,12]
prognostic markers in GC
, whereas other studies
have reported the prognostic value of postoperative
[13]
(post-) CEA levels . There are limited data regarding
the prognostic significance of pre- and post-CK19
levels in GCC.
In the present study, we detected the pre- and
post-CEA and CK19 mRNA levels in peripheral blood
of patients with GCC by using qRT-PCR and estimated
the clinical and prognostic value of these biomarkers in
patients with GCC.

CONCLUSION
Elevated preoperative CK19 and CEA mRNA levels may
be regarded as promising biomarkers for predicting
lymph node metastasis and poor prognosis in patients
with GCC. This new prognostic model may help us
identify the subpopulations of GCC patients with the
highest risk.
Key words: Gastric cardia cancer; Cytokeratin 19;
Carcinoembryonic antigen; Clinicopathological factor;
Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study that evaluated the
clinical and prognostic significance of the preoperative
(pre-) and postoperative (post-) mRNA levels of
cytokeratin 19 (CK19) and carcinoembryonic antigen
(CEA) in peripheral blood of patients with gastric
cardia cancer. Increased pre- and post-CK19 and CEA
mRNA levels were associated with positive lymph node
metastasis. Elevated pre- but not post-CK19 and CEA
mRNA levels were independent prognostic factors for
overall survival (OS). A new prognostic model was
established based on independent prognostic factors
(lymph node status, pre-CK19 and pre-CEA mRNA
levels), and there was a significant difference in OS
among the three different risk groups.
Qiao YF, Chen CG, Yue J, Ma MQ, Ma Z, Yu ZT. Prognostic
significance of preoperative and postoperative CK19 and CEA
mRNA levels in peripheral blood of patients with gastric cardia
cancer. World J Gastroenterol 2017; 23(8): 1424-1433 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i8/1424.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i8.1424

MATERIALS AND METHODS
Patients and peripheral blood sample collection

A total of 129 patients who were diagnosed with GCC
and underwent curative surgery between January
2009 and December 2011 at Tianjin Medical University
Cancer Institute and Hospital were recruited for the
study. The inclusion criteria of the study were as
follows: (1) complete clinicopathological and follow-up
data; (2) no neoadjuvant chemotherapy, radiotherapy
or chemoradiotherapy; (3) radical gastrectomy for the

INTRODUCTION
Gastric cancer (GC) is the third leading cause of cancer[1]
related death worldwide . Recently, the incidence
of gastric cardia cancer (GCC) has increased around
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primary tumor and D2 lymph node dissection following
the Japanese Research Society for Gastric Cancer
[14]
guidelines ; (4) no gross or microscopic residual or
recurrent gastric tumor; (5) no distant metastases
prior to surgery; and (6) no other synchronous malig
nancies. The histological diagnosis and tumor-nodeth
metastasis (TNM) staging were based on 7 edition of
the American Joint Committee on Cancer (AJCC)/Union
for International Cancer Control (UICC) TNM staging
[15]
system . The study and acquisition of blood specimens
were approved by the Research Ethics Committee of
Tianjin Medical University Cancer Institute and Hospital.
In addition, all of the patients provided written informed
consent.

gene expression were calculated with the equation
-ΔCT
2 , in which ΔCT = CT gene- CT control. All of
the reactions were run in triplicate. The primers
targeting CK19, CEA and GAPDH were as follows:
5’-ATGAAAGCTGCCTTGGAAGA-3’ (CK19, forward) and
5’-TGATTCTGC- CGCTCACTATCAG-3’ (CK19, reverse);
5’-AACTGGTGT- CCCGGATATCA-3’ (CEA, forward)
and 5’-ATATTCTTTGCTCCTTGCCA-3’ (CEA, reverse);
5′-AGAAGGCTGGGGCTCATTTG-3′ (GAPDH, forward)
and 5′-AGGGGCCATCCACAGTCTTC-3′ (GAPDH,
reverse). The following thermocycling conditions were
used under the standard mode according to the manu
facturer’s recommendations: 30 s at 95 ℃ followed by
40 cycles of 95 ℃ for 5 s and 60 ℃ for 34 s.

Total RNA isolation and cDNA synthesis

Follow-up

Three to five millilambert peripheral blood samples
were obtained through a catheter inserted into a
peripheral vessel and collected into EDTA tubes from
each GCC patient before and after surgical resection.
Sample processing was performed within 2 h after
blood collection. Karyocytes were isolated from the
blood samples using a lymphocyte separation me
dium according to the manufacturer’s instructions
(Solarbio, Beijing, China). Briefly, blood samples were
subjected to Ficoll-sodium diatrizoate density gradient
centrifugation. Then, after discarding the plasma layer,
the samples were mixed with a wash buffer and cen
trifuged at 200 g for 10 min. The pelleted cells were
resuspended in red blood cell lysis buffer (Solarbio)
and centrifuged another two times. The remaining
cells, which are karyocytes in PB, were washed with
PBS, and the total cellular RNA isolation and cDNA
[9]
synthesis were performed as previously described .
Total RNA was extracted from the cell lysate using
TRIzol reagent (Invitrogen, Gaithersburg, MD, United
States) according to the manufacturer’s instructions.
The concentration and purity of RNA were determined
by using a NanoDrop spectrophotometer (Thermo
Scientific, Wilmington, DE, United States). A260/A280
ratios in the range of 1.8 to 2.0 were considered
satisfactory for purity standards in this study. Firststrand cDNA was synthesized using the SuperScript
First-Strand cDNA Synthesis kit (Invitrogen) according
to the manufacturer’s instructions and then stored at
-20 ℃ for subsequent quantitative polymerase chain
reaction experiments.

After curative resection, all patients were followed
regularly every 3 mo during the first two years,
every 6 mo during the third to fifth years, and every
1 year thereafter until death or the last follow-up.
Postoperative follow-up observations involved physical
examinations, laboratory blood tests, tumor markers,
chest radiography, abdominal computed tomography
scan, and endoscopy examinations. The final follow-up
date was December 2015. Overall survival (OS) was
calculated from the date of surgery to death or the
final follow-up date.

Statistical analysis

All statistical analyses were performed using SPSS
17.0 statistical software (SPSS Inc, Chicago, IL, United
States). The receiver operating characteristic (ROC)
curves were plotted to determine the optimal cutoff
points for pre- and post-CK19 and CEA mRNA levels in
predicting 5-year survival. Interdependence between
the CK19 mRNA levels, CEA mRNA levels, and clinical
2
data were calculated using the χ test and are displayed
in cross-tables. Survival analysis was performed using
the Kaplan-Meier method and compared by the logrank test. The variables significantly affecting OS were
investigated by multivariate analysis according to the
Cox proportional hazard model. P values < 0.05 were
considered statistically significant.

RESULTS
Patients and characteristics

A total of 129 patients with GCC were included in our
study. There were 27 (20.9%) females and 102 (79.1%)
males, and the median age was 61 years (range,
38-84 years). All patients were histologically confirmed
with adenocarcinoma after surgery. According to
the histopathological grading, well and moderately
differentiated tumors were observed in 99 (76.7%)
patients, and 30 (23.3%) patients presented poorly
differentiated or undifferentiated tumors. Based on
th
the criteria of the 7 edition of the UICC/AJCC TNM
staging system, 34 (26.4%) and 95 (73.6%) patients

Real-time PCR

The mRNA expression levels of CK19 and CEA
were detected by real-time PCR using the ABI
7500 Real-Time PCR system (Applied Biosystems,
Foster City, CA, United States). Glyceraldehyde-3phosphatedehydrogenase (GADPH) was amplified
as an internal control to correct for differences in the
amount of total RNA per sample by normalizing the
mRNA levels of CK19 and CEA to the corresponding
GAPDH levels. The relative levels of the normalized
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Figure 1 Receiver operating characteristic curves for preoperative and postoperative cytokeratin 19 and carcinoembryonic antigen mRNA levels in
patients with gastric cardia cancer according to overall survival. A: Preoperative CK19 mRNA level; B: Postoperative CK19 mRNA level; C: Preoperative CEA
mRNA level; D: Postoperative CEA mRNA level. AUC: Area under the curve; CK19: Cytokeratin 19; CEA: Carcinoembryonic antigen; ROC: Receiver operating
characteristic.

had T1-T2 and T3-4 disease, respectively. Postoperative
histological examinations confirmed that lymph node
metastasis was present in 51 (39.5%) cases. With
regard to the TNM stage, 11 (8.5%) cases were sub
sequently diagnosed with stage Ⅰ, 75 (58.1%) with
stageⅡ, and 43 (33.3%) with stageⅢ.

other measured clinicopathological characteristics (P
> 0.05 for all). Furthermore, the post-CK19 mRNA
levels were only correlated with lymph node status (P
= 0.048) and not with any other clinicopathological
characteristics measured (P > 0.05 for all).

Correlation between the pre- and post-CEA mRNA levels
and clinicopathological factors

Correlation between the pre- and post-CK19 mRNA
levels and clinicopathological factors

According to the plotted ROC curves (Figure 1C and
D), the optimal cutoff values of the pre- and post-CEA
mRNA levels were set at 9.3 and 8.8, respectively.
Based on these cutoff values in predicting 5-year
survival, the sensitivity and specificity were 72.4% and
59.7%, respectively, for pre-CEA mRNA, and 67.1%
and 54.7%, respectively, for post-CEA mRNA. The
AUCs were 0.753 and 0.666, respectively. Thus, we
divided the patients into “low pre-CEA” (< 9.3, n = 52)
and “high pre-CEA” (> 9.3, n = 77) groups as well as
“low post-CEA” (< 8.8, n = 69) and “high post-CEA” (>
8.8, n = 70) groups.
The associations between the pre- and post CEA
mRNA levels and the clinicopathological characteristics
are shown in Table 2. Pre-CEA mRNA levels were
closely correlated with tumor size (P = 0.031), lymph
node status (P = 0.002), and TNM stage (P = 0.048).
However, no statistical significance was observed in
the correlation between pre- CEA mRNA levels and the
other measured clinicopathological features (P > 0.05

According to the ROC curve shown in Figure 1, the
cutoff values of the pre- and post-CK19 mRNA levels
were set at 55.0 and 53.6, respectively. Based on
these cutoff values in predicting 5-year survival, the
sensitivity and specificity were 69.7% and 69.8%,
respectively, for pre-CK19 mRNA, and 57.9% and
58.5%, respectively, for post-CK19 mRNA. The
corresponding areas under the curve (AUCs) were
0.712 and 0.610, respectively. Thus, we divided the
patients into “low pre-CK19” (< 55.0, n = 63) and “high
pre-CK19” (> 55.0, n = 66) groups as well as “low
post-CK19” (< 53.6, n = 67) and “high post-CK19” (>
53.6, n = 62) groups.
The correlations between the pre- and post-CK19
mRNA levels and the clinicopathological characteristics
are shown in Table 1. The pre-CK19 mRNA levels were
significantly correlated with tumor size (P = 0.008),
lymph node status (P = 0.033), and TNM stage (P =
0.012), but showed no significant correlations with
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Table 1 Correlation between the preoperative and postoperative cytokeratin 19 mRNA levels and the clinicopathological features
of 129 patients with gastric cardia cancer n (%)
Clinicopathological
feature
Gender
Male
Female
Age (yr)
≤ 60
> 60
Tumor size (cm)
≤4
>4
Histological grade
Well/moderately
differentiated
Poorly
differentiated/
undifferentiated
Depth of tumor
invasion
T1-T2
T3-T4
Lymph node status
Negative
Positive
TNM stage
Ⅰ
Ⅱ
Ⅲ

Cases

χ 2 test

CK19 mRNA level (pre-)
Low

High

102
27

47 (46.1)
16 (59.3)

55 (53.9)
11 (40.7)

59
70

27 (45.8)
36 (51.4)

32 (54.2)
34 (48.6)

75
54

44 (58.7)
19 (35.2)

31 (41.3)
35 (64.8)

99

50 (50.5)

30

13 (43.3)

CK19 mRNA level (post-)

χ2

P value

1.484

0.223

Low

High

50 (49.0)
17 (63.0)

52 (51.0)
10 (37.0)

30 (50.8)
37 (52.9)

29 (49.2)
33 (47.1)

44 (58.7)
23 (42.6)

31 (41.3)
31 (57.4)

49 (49.5)

51 (51.5)

48 (48.5)

17 (6.7)

16 (53.3)

14 (46.7)

0.411

6.928

0.474

3.088
34
95

21 (61.8)
42 (44.2)

13 (38.2)
53 (55.8)

78
51

44 (56.4)
19 (37.3)

34 (43.6)
32 (62.7)

11
75
43

9 (81.8)
39 (52.0)
15 (34.9)

2 (18.2)
36 (48.0)
28 (65.1)

4.528

8.861

0.521

0.008

0.491

0.079
22 (64.7)
45 (47.4)

12 (35.3)
50 (52.6)

46 (59.0)
21 (41.2)

32 (41.0)
30 (58.8)

7 (63.6)
42 (56.0)
18 (41.9)

4 (36.4)
33 (44.0)
25 (58.1)

0.033

0.012

χ2

χ 2 test
P value

1.663

0.197

0.052

0.820

3.250

0.071

0.030

0.861

3.015

0.082

3.913

0.048

2.848

0.241

CK19: Cytokeratin 19.

for all). Furthermore, there was a significant correlation
between post-CEA mRNA levels and tumor size (P
= 0.016), lymph node status (P = 0.008), and TNM
stage (P = 0.025), but no statistical significance was
observed in the correlation between post-CEA mRNA
levels and the other measured clinicopathological
features (P > 0.05 for all).

tumor size (P = 0.015), histological grade (P = 0.039),
depth of tumor invasion (P = 0.010), lymph node
status (P < 0.001), pre-CK19 mRNA level (P = 0.002),
pre-CEA mRNA level (P < 0.001), and post-CEA mRNA
level (P = 0.030) significantly affected the prognosis of
patients with GCC (Table 3).
The seven factors with prognostic potential for OS
were subsequently subjected to multivariate analysis
using the Cox proportional hazards model. As shown in
the Table 3, the multivariate survival analysis indicated
that lymph node status (P = 0.018), pre-CK19 mRNA
levels (P = 0.035), and pre-CEA mRNA levels (P
= 0.011) were independent prognostic factors for
patients with GCC.

Univariate and multivariate survival analyses of
clinicopathological characteristics for OS of patients
with GCC

The median follow-up period for the entire cohort was
42 mo (range, 6-84 mo). The 5-year OS rate for all
the patients was 31.7% with a median survival time of
39 mo.
The 5-year OS curves of patients based on the preand post-CK19 mRNA and CEA mRNA levels are shown
in Figure 2. The 5-year OS rates for the low pre-CK19
and high pre-CK19 groups were 42.1% and 21.5%,
2
respectively (χ = 9.183, P = 0.002; Figure 2A). The
5-year OS rates for low post-CK19 and high post2
CK19 groups were 36.5% and 27.4%, respectively (χ
= 2.773, P = 0.096; Figure 2B). The 5-year OS rates
for low pre-CEA and high pre-CEA groups were 52.2%
2
and 19.5%, respectively (χ = 12.890, P = 0.000,
Figure 2C). The 5-year OS rates for low post-CEA
and high post-CEA groups were 39.5% and 25.4%,
2
respectively (χ = 4.721, P = 0.030; Figure 2D).
Univariate Kaplan-Meier analysis showed that
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Prognostic model and risk groups

To better identify GCC patients at high risk for lymph
node metastasis and poor OS, we proposed a new
prognostic model by combining the three identified
independent prognostic factors and stratified patients
into three groups as follows: the low-risk group,
comprising patients with 0 or 1 risk factor; the
intermediate-risk group, comprising patients with 2
factors; and the high-risk group, comprising patients
with all 3 factors. Finally, there were 57, 34, and 26
patients in the low-, intermediate-, and high-risk
groups, respectively. The 5-year OS rates for the low-,
intermediate-, and high-risk groups were 48.3%,
22.6%, and 4.6%, respectively, and a statistically
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Table 2 Correlation between the preoperative and postoperative carcinoembryonic antigen mRNA levels and clinicopathological
features in 129 patients with gastric cardia cancer n (%)
Clinicopathological
feature

Cases

Gender
Male
Female
Age (yr)
≤ 60
> 60
Tumor size (cm)
≤4
>4
Histological grade
Well/moderately
differentiated
Poorly
differentiated/
undifferentiated
Depth of tumor
invasion
T1-T2
T3-T4
Lymph node status
Negative
Positive
TNM stage
Ⅰ
Ⅱ
Ⅲ

χ 2 test

CEA mRNA level (pre-)
Low

χ

High

2

P value

1.891
102
27

38 (37.3)
14 (51.9)

64 (62.7)
13 (48.1)

59
70

22 (37.3)
30 (42.9)

37 (62.7)
40 (57.1)

75
54

31 (41.3)
21 (38.9)

44 (58.7)
33 (61.1)

99

44 (44.4)

30

8 (26.7)

Low

High

0.169
44 (43.1)
15 (55.6)

58 (56.9)
12 (44.4)

24 (40.7)
35 (50.0)

35 (59.3)
35 (50.0)

41 (54.7)
18 (33.3)

34 (45.3)
36 (66.7)

55 (55.6)

49 (49.5)

50 (50.5)

22 (73.3)

10 (33.3)

20 (66.7)

0.413

0.521

0.078

0.780

3.024

0.082

4.653
34
95

19 (55.9)
33 (34.7)

15 (44.1)
62 (65.3)

78
51

40 (51.3)
12 (23.5)

38 (48.7)
39 (76.5)

11
75
43

6 (54.5)
35 (46.7)
11 (25.6)

5 (45.5)
40 (53.3)
32 (74.4)

χ 2 test
P value

CEA mRNA level (post-)

0.031

9.871

18 (52.9)
41 (43.2)

16 (47.1)
54 (56.8)

43 (55.1)
16 (31.4)

35 (44.9)
35 (68.6)

9 (81.8)
34 (45.3)
16 (37.2)

2 (18.2)
41 (54.7)
27 (62.8)

0.002

6.063

0.048

χ

2

1.327

0.249

1.121

0.290

5.757

0.016

2.423

0.12

0.966

0.326

7.012

0.008

7.379

0.025

CK19: Cytokeratin 19; CEA: Carcinoembryonic antigen; TNM: Tumor-node-metastasis.

Table 3 Univariate and multivariate analyses of the clinicopathological variables for overall survival in 129 patients with gastric
cardia cancer
Clinicopathological feature
Gender
Age (yr)
Tumor size(cm)
Histological grade
Depth of tumor invasion
Lymph node status
Pre-CK19 mRNA
Post-CK19 mRNA
Pre-CEA mRNA
Post-CEA mRNA

Univariate analysis

Multivariate analysis

HR (95%CI)

P value

1.377 (0.797-2.377)
0.812 (0.529-1.247)
1.688 (1.097-2.596)
1.277 (1.008-1.619)
1.985 (1.162-3.393)
2.894 (1.864-4.492)
1.932 (1.247-2.992)
1.431 (0.932-2.197)
2.337 (1.443-3.784)
1.609 (1.039-2.492)

0.245
0.336
0.015
0.039
0.010
0.000
0.002
0.096
0.000
0.030

HR (95%CI)

P value

1.305 (0.816-2.089)
1.104 (0.860-1.418)
1.191 (0.660-2.151)
1.848 (1.109-3.079)
1.625 (1.035-2.553)

0.267
0.436
0.562
0.018
0.035

1.918 (1.162-3.166)
1.213 (0.753-1.955)

0.011
0.427

CK19: Cytokeratin 19; CEA: Carcinoembryonic antigen; HR: Hazard ratio.

2

significant difference was observed (χ = 28.319, P <
0.001; Figure 3).

metastasis and a poorer prognosis than non-cardiac
[17,18]
GC
. Therefore, identifying one method or marker
to determine the potential of cancer cell spreading
and disease progression in patients with GCC will
certainly help to tailor postoperative adjuvant therapies
and improve clinical outcomes. However, there are
no markers available that can predict lymph node
metastasis and evaluate the prognosis of patients with
GCC.
Numerous factors are associated with patient
prognosis, including the expression of growth factors
and their receptors, cell cycle regulators, cell adhesion

DISCUSSION
Invasion and distant metastasis are the leading
factors influencing the clinical outcome of patients
[16]
with GC . Many GC patients with resectable tumors
died of postoperative distant metastasis and had
a poor prognosis. GCC has been reported to be a
distinct clinical entity based on its pathogenesis and
risk factors and has a higher incidence of lymph node
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Figure 2 Kaplan-Meier survival curves according to preoperative and postoperative cytokeratin 19 and carcinoembryonic antigen mRNA levels in patients
with gastric cardia cancer. A: Preoperative CK19 mRNA level; B: Postoperative CK19 mRNA level; C: Preoperative CEA mRNA level; D: Postoperative CEA mRNA
level. P values were calculated by the log-rank test and P < 0.05 denoted significance. OS: Overall survival; CK19: Cytokeratin 19; CEA: Carcinoembryonic antigen.
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OS (%)

reliable method for detecting circulating tumor cells,
measuring the mRNA expression of tumor markers,
[10]
and predicting patient prognosis . In addition,
compared with the acquisition of bone marrow, lymph
nodes or tumor tissues, peripheral blood collection is
a minimally invasive procedure and can be collected
[6]
throughout the entire disease process . All these
data have garnered increasing attention in this field of
research to analyze the clinical and prognostic value of
CEA and CK19 mRNAs in the peripheral blood of GCC
patients by using qRT-PCR.
In the present study, we detected the CK19 and
CEA mRNA levels in peripheral blood of GCC patients by
using qRT-PCR and analyzed the correlation between
CK19 and CEA mRNA levels with clinicopathological
variables. Our results showed significant correlations
between the pre-CK19 mRNA levels and tumor size,
lymph node status, and TNM stage as well as between
the pre-CEA mRNA levels and T status, lymph node
status, and TNM stage. Furthermore, a significant
association could be found between post-CEA mRNA
levels and tumor size, lymph node status, and TNM
stage. However, the post-CK19 mRNA levels were
only correlated with lymph node status. These results
indicated that pre- and post-CEA mRNA and CK19
mRNA levels had different clinical values in GCC, and
it seems that pre-CEA and CK19 mRNA levels may
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High-risk
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Figure 3 Cumulative survival curves for 129 patients with gastric cardia
cancer according to risk groups by Kaplan-Meier survival analysis. The
5-year OS rates for the low-, intermediate-, and high-risk groups were 48.3%,
22.6% and 4.6%, respectively (P < 0.001). OS: Overall survival.

molecules and matrix-degrading enzymes, all of
which play important roles in tumor cell proliferation,
[19]
invasion, and metastasis . For GC, several tumorspecific markers, including CEA and CK19 in either
serum or tumor tissue (as evaluated by either
enzyme immunoassay kit or immunohistochemistry,
respectively), have been used to detect metastasis
[8,11]
and predict prognosis
. Recently, qRT-PCR has been
shown to have a sensitivity 10- to 100-fold higher
than the routine immunological methods and to be a
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have a stronger prognostic role than post-CEA and
CK19 mRNA levels. During disease progression, tumor
cells lose their intercellular adhesion molecules, and
unpredictable lymphatic spread can occur. Lymph node
metastasis is one of the most important prognostic
factors for GCC. However, it is difficult to detect
lymph node micrometastasis by routine pathological
[8]
examination . In the present study, our results showed
that both pre- and post-CEA mRNA levels as well as
pre- and post-CK19 mRNA levels were associated
with positive lymph node metastasis. Our results was
[20]
similar to the reports by Yanagita et al
and Kochi
[11]
et al , who demonstrated that CK19 and CEA mRNA
levels in peripheral blood were correlated with lymph
node metastasis in GC. CK19, a cytoskeletal protein,
is exclusively expressed in epithelial tissues and any
tumor tissues derived from the epithelium. If the CK19
transcript is detected in lymph nodes of patients with
epithelial tumors, the presence of disseminated cancer
[21]
cells could be considered . Therefore, our results
indicated that both CEA mRNA and CK19 mRNA levels
may serve as potential markers to detect lymph node
metastasis in GCC.
Previous studies have suggested the potential role
of CEA in monitoring disease recurrence and treatment
response as well as in predicting the prognosis of
[22-24]
many malignancies
. Cytokeratins are components
of epithelial cells and the intermediate filaments of
epithelial cancer cells; these proteins are involved in
the dynamic remodeling of tumor cells during invasion
and metastasis. CK19, a tissue-specific marker for
epithelial tumor micrometastasis, has been reported
[9]
to be a prognostic marker in esophageal cancer ,
[25]
[21]
hepatocellular carcinoma , and lung cancer .
Based on the previously published data of CEA and
CK19 in other malignancies, we further explored
the relationships between pre- and post-CEA and
CK19 mRNA levels with OS in patients with GCC. To
analyze the prognostic value of pre- and post-CEA
and CK19 mRNA levels in GCC, Kaplan-Meier survival
analysis and multivariate analysis were performed
in the following analysis. The Kaplan-Meier survival
analysis showed that both pre- and post-CEA mRNA
levels as well as elevated pre-CK19 mRNA levels (but
not post-CK19 mRNA levels) were correlated with a
poor prognosis in GCC. In addition, the current study
showed that the rate of elevated pre-CEA mRNA
expression was 59.6%, which was higher than the rate
of increased pre-CK19 mRNA expression (51.2%).
These results indicated that CEA mRNA levels in
peripheral blood of GCC patients may have a stronger
prognostic prediction power than CK19 mRNA and
that CEA mRNA levels seem to be a potential marker
with a high sensitivity for prognostic prediction. Our
observation was similar to that from a study by
[26]
Ikeguchi et al , who proposed that CEA was more
reliable than cytokeratins in detecting disseminated
tumor cells. Multivariate analysis further showed that

WJG|www.wjgnet.com

lymph node status, pre-CK19 mRNA levels and preCEA mRNA levels negatively affected the prognosis
of GCC patients. These data indicate that pre-CK19
and CEA mRNA levels in peripheral blood of GCC
patients who underwent a radical gastrectomy are
more accurate indicators of prognosis than post-CK19
and CEA mRNA levels. One reason may be because
the levels of CK19 and CEA mRNAs are proportional
to the tumor load and TNM stage, and the CK19 and
CEA mRNA levels will inevitably decrease after tumor
removal. Thus, the pre-CK19 and CEA mRNA levels
may have a stronger power to reflect the entire status
of disease and predict prognosis compared with postCK19 and CEA mRNA levels.
In clinical practice, we noticed that GCC patients
with three independent risk factors (positive lymph
node metastasis, elevated pre-CK19 and CEA mRNA
levels) tended to have a poorer prognosis. Therefore,
we proposed a prognostic model based on these
three risk factors and classified GCC patients into
low-, intermediate- and high-risk groups. We further
compared the survival curves of the three groups and
found that there was a significant difference in OS
among the three different risk groups. This prognostic
model can be easily constructed and may potentially
help clinicians make a more accurate judgment for
prognosis and individual therapeutic treatment to
improve survival and quality of life based on the risk
stratification. GCC patients with a high-risk score may
benefit from closer monitoring or more aggressive
postoperative adjuvant therapy.
In conclusion, to the best of our knowledge, this is
the first report showing that both elevated CK19 and
CEA mRNA levels are correlated with positive lymph
node metastasis in GCC. Elevated pre-CK19 and CEA
mRNA levels were independently associated with poor
prognosis in GCC patients undergoing curative surgery.
Additionally, the new proposed prognostic model may
help clinicians provide better individual therapeutic
approaches and improve the outcome of patients with
GCC based on the TNM stage.
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Abstract

detected in adult and fetal normal esophageal tissues,
precancerous lesions, and esophageal cancer. With
the progression of esophageal lesions, PRX6 protein
expression showed a declining trend. In epithelium
from fetuses at gestational age 3-6 mo, PRX6 ex
pression showed a declining trend with age. PRX6
protein expression was significantly higher in welldifferentiated than poorly differentiated esophageal
cancer tissues. PRX6 protein is associated with fetal
esophageal development and esophageal cancer
differentiation.

AIM
To understand the molecular mechanism of esophageal
cancer development and provide molecular markers for
screening high-risk populations and early diagnosis.
METHODS
Two-dimensional electrophoresis combined with mass
spectrometry were adopted to screen differentially
expressed proteins in nine cases of fetal esophageal
epithelium, eight cases of esophageal cancer, and eight
cases of tumor-adjacent normal esophageal epithelium
collected from fetuses of different gestational age, or
esophageal cancer patients from a high-risk area of
esophageal cancer in China. Immunohistochemistry
(avidin-biotin-horseradish peroxidase complex method)
was used to detect the expression of peroxiredoxin
(PRX)6 in 91 cases of esophageal cancer, tumoradjacent normal esophageal tissue, basal cell hyper
plasia, dysplasia, and carcinoma in situ , as well as
65 cases of esophageal epithelium from fetuses at a
gestational age of 3-9 mo.

Guo JH, Xing GL, Fang XH, Wu HF, Zhang B, Yu JZ, Fan ZM,
Wang LD. Proteomic profiling of fetal esophageal epithelium,
esophageal cancer, and tumor-adjacent esophageal epithelium
and immunohistochemical characterization of a representative
differential protein, PRX6. World J Gastroenterol 2017;
23(8): 1434-1442 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i8/1434.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1434

RESULTS
After peptide mass fingerprint analysis and search
of protein databases, 21 differential proteins were
identified; some of which represent a protein isoform.
Varying degrees of expression of PRX6 protein, which
was localized mainly in the cytoplasm, were detected
in adult and fetal normal esophageal tissues, pre
cancerous lesions, and esophageal cancer. With the
progression of esophageal lesions, PRX6 protein
expression showed a declining trend (P < 0.05). In
fetal epithelium from fetuses at gestational age 3-6
mo, PRX6 protein expression showed a declining trend
with age (P < 0.05). PRX6 protein expression was
significantly higher in well-differentiated esophageal
cancer tissues than in poorly differentiated esophageal
cancer tissues (P < 0.05).

INTRODUCTION
Esophageal cancer is one of the most common thoracic
malignancies that pose a serious threat to human
health. There are about 400000 newly diagnosed cases
of esophageal cancer and about 300000 related deaths
worldwide each year, with the majority of patients
diagnosed in developing countries. China is one of
the countries or regions with a high incidence and
mortality rates of esophageal cancer. Since the 1990s,
the overall incidence and mortality rates of esophageal
cancer have declined in China; however, esophageal
cancer is still the leading cause of cancer-related death
in Northern Henan Province and Chaoshan Region
of Guangdong Province; both of which are high-risk
areas for esophageal cancer. Squamous cell carcinoma
(SCC) is the most important histological subtype
of esophageal cancer in China. Esophageal cancer,
especially esophageal SCC, is still a key research field
for thoracic surgical research in China. Although China
has a high incidence of esophageal cancer, > 90% of
patients are diagnosed at a middle or late stage. As a
result, the 5-year survival rate for Chinese esophageal
cancer patients has not obviously declined over recent
decades. In patients with early esophageal cancer
who have undergone surgical or minimally invasive
endoscopic treatment, the 5-year survival rate can
reach > 90%. Therefore, early diagnosis is important
for its prognosis. Clarifying the molecular mechanisms
underlying the development and progression of eso
phageal cancer and identifying biological markers
for screening high-risk populations are therefore
of great clinical importance for early diagnosis. In
the present study, we collected fetal esophageal
tissues, esophageal cancer tissues, different degrees

CONCLUSION
Development and progression of esophageal cancer
result from interactions of genetic changes (accu
mulation or superposition). PRX6 protein is associated
with fetal esophageal development and cancer diffe
rentiation.
Key words: Fetal esophageal epithelium; Esophageal
squamous cell carcinoma; Tumor-adjacent esophageal
epithelium; Proteomics
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This was a retrospective study to identify
21 significantly differentially expressed proteins that
may be related to the development and growth of
fetal esophageal epithelium or the development and
progression of esophageal cancer. Peroxiredoxin (PRX)6
protein was localized mainly in the cytoplasm, and

WJG|www.wjgnet.com

1435

February 28, 2017|Volume 23|Issue 8|

Guo JH et al . Proteomic profiling of PRX6

Control cell

Extraction
proteins

2

4

2-Dimensional gel
electrophoresis

pH   7   10

-

   +

-

   +

Preduction
and alkylation

Isoelectric focusing

SDS-PAGE

Drug treated cell

Visualize protein
profile by silver
staining

Analysis
200
100
70
45
20

In-gel digestion
MALDI-TOF
Mass Spec

Excision of
interested proteins

Database
search

Drug treated cell

Control cell

Image analysis

Protein ID

MS/MS analysis
Western blot

MS analysis

Figure 1 Flow chart of proteomic analysis.

of precancerous lesions, and tumor-adjacent normal
esophageal epithelial tissues from fetuses of different
gestational age, or esophageal cancer patients in a
high-risk area for esophageal cancer in China. We
utilized proteomic technology to analyze the differential
protein expression profiles in the development and
growth of fetal esophageal epithelium and the de
velopment and progression of esophageal cancer,
with the aim of clarifying the molecular mechanism of
esophageal cancer development.

The age of fetuses was determined based on the date
of the last menstrual period, the crown-heal length,
[1,2]
and morphology of the hand and foot .

Equipment and reagents

WK600 nitric oxide laser gas analyzer (Weck, United
States), Voyager DE Pro MALDI-TOF mass spec
trometer (Applied Biosystems, United States), and
GS-800 Calibrated Densitometer (Bio-Rad, United
States) were used. Mouse anti-peroxiredoxin (PRX)6
monoclonal antibody was purchased from Chemicon
(United States); ABC kit was purchased from Vector
Laboratories (United States); DAB substrate kit was
purchased from Beijing Zhong Shan-Golden Bridge
Biological Technology Co. Ltd. (China); and lyophilized
bovine serum albumin was purchased from Sigma
(United States).

MATERIALS AND METHODS
Specimens

Esophageal cancer specimens were collected from
91 patients who underwent surgery at the Yaocun
Esophageal Cancer Hospital (Linzhou, Henan Province,
China) from 2000 to 2005. No patients underwent
chemotherapy or radiotherapy. There were 51 men
and 40 women, with a median age of 58 years (range,
35-78 years).
Tumor-adjacent normal esophageal mucosal epi
thelial tissues were collected under a microscope. A
solitary lesion was considered only when the lesion
was separated from other lesions by ≥ 1 cm of
morphologically normal esophageal epithelium. Tumoradjacent esophageal epithelium was regarded as
normal regardless of whether it was completely or only
partially normal.
Fetal esophageal tissue specimens were collected
from 65 fetuses (30 male and 35 female), and they
had a gestational age of 3 (n = 7), 4 (n = 13), 5 (n = 9),
6 (n = 10), 7 (n = 10), 8 (n = 10), or 9 (n = 6) mo.
All fetuses were legally aborted fetuses or fetuses
induced with misoprostol in the Family Planning Service
Center of Hui County (Henan Province, China). Their
parents had no prior history of usage of special drugs.

WJG|www.wjgnet.com

Proteomic analysis

Proteomic analysis was performed based on the study
flow chart presented in Figure 1.
Solid-phase isoelectric focusing electrophoresis:
Following removal of cover film, dried immobilized
pH gradient (IPG, pH 3-10) strips (17 cm long) were
plated in a fixed-length strip holder with the gel side
down. After dispelling the air, 2 mL cover fluid (mineral
oil) was applied to minimize evaporation. The holder
was covered and placed on the IPG electrode platform,
and isoelectric focusing electrophoresis was performed
according to the protocol described in Table III-1.
After electrophoresis was completed, Milli-Q waterwetted filter paper was used to wipe the mineral
oil, and the strips were placed in a rehydration tray
with the gel side up. Eight milliliters of equilibrium
buffer Ⅰ consisting of 6 mol/L urea, 2% SDS, 0.375
mol/L Tris-HCl (pH 8.8), 20% glycerol and 2%
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dithiothreitol was added. After shaking on a horizontal
rotator at 15 rpm for 15 min, the strips were taken
out and put into equilibrium buffer Ⅱ consisting of 6
mol/L urea, 2% SDS, 0.375 mol/L Tris-HCl (pH 8.8),
20% glycerol and 2.5% iodoacetamide for 15 min.
The strips were finally dried and used for the second
dimension electrophoresis.

saturated solution, and 1 μL of the solution was mixed
with 1 μL tryptic-digested fragments. The mixture (1
μL) was loaded onto the mass spectrometer. Positiveion mass spectra were measured. Two peaks of selfdigested trypsin (842.51 and 2211.1046) were used
as internal standards.

SDS-PAGE: SDS-PAGE was performed using Trisglycine-SDS buffer (5 × : Tris 15.1 g, glycine 94 g, and
SDS 5 g, dissolved in 1000 mL Milli-Q water). SDSPAGE gels were prepared according to Table III-2. The
gel was poured and allowed to polymerize. Pre-stained
2
protein markers (10-15 μL) were spotted on 0.25 cm
Whatman filter paper (3 mm), which was subsequently
placed on the “+” end of the IPG strip. IPG strips
were imbedded in the second dimension and sealed
using 0.5% agarose sealing solution (low melting
point agarose 0.5 g and 10 μL 1% bromophenol
blue, dissolved in 100 mL 1 × electrophoresis buffer).
Electrophoresis was carried out at a constant current
of 10 mA per gel for 30 min, which was then raised to
40 mA. After electrophoresis was completed, gels were
removed and stained.

The avidin-biotin-horseradish peroxidase complex
(ABC) method was used. Paraffin embedded sections
were dewaxed, rehydrated through graded ethanol
solutions, and washed three times with PBS. After
endogenous peroxidase activity was blocked with 0.3%
H2O2, sections were incubated with normal horse/
goat serum (1:50) for 20 min, followed by incubation
with a primary antibody diluted with 2% BSA (sPLA2,
1:200; PRX6, 1:500) at 4 ℃ overnight. Sections were
then incubated with a secondary antibody diluted with
2% BSA (1:200) for 45 min and ABC (1:1:50) for 30
min at room temperature. Following diaminobenzi
dine coloration, sections were counterstained with
hematoxylin for 15-30 s and mounted. A negative
control was run by replacing the primary antibody
with PBS, and p53-positive esophageal cancer tissue
[5]
was used as a positive control . Staining intensity
was scored as follows: 0 (no staining); 1 (light yellow
granules on the membrane or in the cytoplasm);
2 (yellow granules); and 3 (brown granules). Five
hundred cells were counted in five microscopic fields
per slide to calculate the percentage of stained cells,
which was scored as follows: 0 (< 5%); 1 (5%-25%);
2 (25%-75%); and 3 (> 75%). Negative, positive and
strongly positive staining was considered when the
sum of the score of staining intensity score and the
score of the percentage of stained cells was 0, 1-4,
and > 4, respectively.

Immunohistochemistry

Silver nitrate staining and coomassie blue
staining: Silver nitrate staining was performed as
[3]
described previously . For Coomassie blue staining,
SDS-PAGE gels were placed in Coomassie blue solution
(Coomassie blue R-250 1.16 g, absolute ethanol 500
mL, and glacial acetic acid 100 mL, dissolved in 1000
mL Milli-Q water) and incubated at room temperature
for 2 h. The gels were then put into a destaing solution
(30% absolute ethanol and 10% glacial acetic acid)
until the background staining was removed.
Image scanning and analysis: Stained SDSPAGE gels were scanned using a GS-800 calibrated
densitometer at an optical resolution of 300 dpi and
pixel of 8 bits. Images were analyzed with PDQuest
7.1.1 software. Image analysis included detecting
spots on gels, editing spot and editing match, and
correction of molecular weight (Mr) and isoelectric
point (pI) of protein spots.

Quality control

Differential protein spots that were present on 2-D
gels for esophageal cancer and fetal esophageal
tissues but not on gels for normal esophageal epithelial
tissues were chosen for further analysis. To ensure its
reproducibility, 2-D gel electrophresis for each sample
was repeated at least twice.

Tryptic digestion of in-gel proteins: For 2-D
gels used for mass spectrometry (MS) analysis, the
loading amount of protein was raised to 1 mg. 2-D gel
electrophoresis was performed as described above. To
ensure the integrity and purity of protein spots, they
were cut and subjected to tryptic digestion at 2 wk
[4]
after staining .

Statistical analysis

MALDI-TOF-MS analysis: MALDI-TOF-MS analysis
of tryptic-digested fragments was performed by the
Mass Spectrometry Laboratory of Shanghai Jikang
Biochemical Technology Co. Ltd. (China). α-Cyano-4hydroxycinnamic acid was dissolved in 50% acetoni
trile containing 0.1% trifluoroacetic acid to prepare a

Selection of landmark protein spots on 2-D gel images

WJG|www.wjgnet.com

Statistical analyses were performed using SPSS version
10.0 software. Kruskal-Wallis and Mann-Whitney tests
were used for comparing intergroup differences, with
statistical significance set at α = 0.05.

RESULTS
By comparing different 2-D gel images for different
samples, four landmark protein spots (A-D) that
were present on all gel images were selected (Figures
2 and 3). Comparison of these spots with protein
markers showed that their Mr was 40.2, 14.2, 16.8
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Figure 2 2-D gel images for tumor-adjacent normal esophageal epithelial tissue, esophageal squamous cell carcinoma tissue, and fetal esophageal tissue.
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Figure 3 A typical differential protein spot in tumor-adjacent normal esophageal epithelial tissue, esophageal squamous cell carcinoma tissue, and fetal
esophageal tissue. The spot was rarely detected in normal esophageal epithelial tissue, but was overexpressed in esophageal squamous cell carcinoma and fetal
esophageal tissues.

observed. With the progression of esophageal lesions,
the positive rate of PRX6 protein expression showed a
declining trend, especially prominent in dysplasia (DYS)
and carcinoma in situ (CIS) (Figure 4), in which weak
staining of PRX6 protein predominated. In tumoradjacent esophageal epithelial tissues, the rate of
strongly positive staining (≥ 4 points) decreased from
43% in normal epithelium (NOR) to 35% in basal cell
hyperplasia. In DYS, moderately or weakly positive
staining of PRX6 protein (< 4 points) predominated.
The majority of CIS lesions (79%) showed no staining
for PRX6 protein, with weak staining predominating.
Interestingly, cancer cells in SCC showed varying
degrees of PRX6 staining, with strongly positive
staining (≥ 4 points) predominating. In seven cases
of well-differentiated SCC, varying degrees of PRX6
staining were observed. With the decrease in the
differentiation degree of SCC, PRX6 protein expression
gradually declined (P < 0.05) (Table 2).
In fetal esophageal epithelial tissues, the positive
rate of PRX6 protein was 87%. In esophageal epithelial
tissues from fetuses at a gestational age of 4-6
mo, strongly positive staining of PRX6 protein (≥ 4
points) predominated. In esophageal epithelial tissues
from fetuses at a gestational age of 3, 7 or 8 mo,
moderately or weakly positive staining (< 4 points)
predominated. In esophageal epithelial tissues from

and 28 kD, respectively, and PDQuest version 7.1.1
software determined their PI as 5.9, 7.1, 3.4 and 4.2,
respectively.

Peptide mass fingerprint analysis and search of protein
databases

Protein spots that were significantly differentially
expressed on 2-D gel images were cut and then
subjected to in-gel tryptic digestion and MALDI-TOF
analysis to obtain the peptide mass fingerprint (PMF).
PMF analysis and search of protein databases were
then performed to identify differentially expressed
protein spots. Table 1 lists the names of proteins,
their theoretical and observed pI and Mr, number of
matched peptide fragments, sequence coverage and
MOWSE score. When searching protein databases,
we restricted the above parameters to improve the
accuracy of the search. After PMF analysis and search
of protein databases, 21 differential proteins were
identified; some of which represent a protein isoform.

Immunohistochemical staining for PRX6

PRX6 protein was stained brown and mainly localized
on the cell membrane, and occasionally in the
cytoplasm and nucleus (Figures 4 and 5).
In morphologically normal adult esophageal epi
thelial tissues, moderate staining of PRX6 protein was

WJG|www.wjgnet.com
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NOR

BCH

DYS

CIS

Figure 4 Peroxiredoxin 6 expression in different types of esophageal lesions (DAB, magnification × 200). NOR: Normal epithelium; BCH: Basal cell
hyperplasia; DYS: Dysplasia; CIS: Carcinoma in situ.

Table 1 Identification of differentially expressed proteins in tumor-adjacent normal esophageal epithelial tissue, esophageal
squamous cell carcinoma tissue, and fetal esophageal tissue
Spot
2
4
5
6
7
10
11
12
13
14
15
16
17
18
19
21
22
23
24
25
26

Protein name and theoretical pI and Mr

Observed pI and Mr

No. of matched
peptide fragments

Sequence
coverage

MOWSE score

USP30 6.87/45546
Thyroid hormone receptor interactor 4.56/11 8489
Cardiac muscle 5.34/22563
Chain A, crystal structure of a recombinant glutathione
transferase 5.09/23202
Dermatopontin precursor 4.7/23989
Heat shock protein 27 7.83/22313
S100 calcium-binding protein A9 5.71/13234
G-gamma-hemoglobin 6.17/11033
MB protein 9.24/10863
Immunoglobulin heavy chain variable region 9.78/13026
PREDICTED: hypothetical protein 5.27/6706
Immunoglobulin heavy chain variable region 9.04/13053
Heat shock 27kDa protein 1 5.98/22768
hCG1659706 10.28/5287
Smooth muscle protein 8.56/22461
hCG1997574 9.07/29453
Heat shock 27 kDa protein 1 5.98/22768
Disabled homolog 1 (Drosophila) 9.40/22903
Phosphoglycerate mutase 1 (brain), 6.40/24669
Peroxiredoxin 6 6.00/25019
Chain A, human triosephosphate isomerase of new crystal
form 6.50/26666

9.3/32
7.8/31
6.25/29
6.2/24

2
3
5
5

4
56
24
43

21
51
66
85

5
5
5
3
3
3
2
2
6
2
6
7
6
6
8
8
10

29
29
40
45
32
34
44
26
33
64
26
31
35
26
40
41
38

82
79
74
65
65
70
52
49
80
37
86
93
84
66
117
116
160

5.3/21.5
7.1/20.5
6.3/15
7.5/16
8.4/15.5
8.6/14
8.1/12
7.1/11
9.2/16
9.5/21
9.4/19
7.3/32
6.8/32
7.15/31
7.3/31
7.1/27.8
7.3/30

fetuses at a gestational age of 8 mo, both strongly
positive staining and negative staining were observed
(Figure 5). Statistical analysis showed that PRX6
protein expression in esophageal epithelial tissues
from fetuses at a gestational age of 4 or 7 mo differed
significantly compared with that from fetuses of other

WJG|www.wjgnet.com

gestation age groups (P < 0.05, Table 3).

DISCUSSION
The development and progression of esophageal
cancer is a multistage process involving many
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Figure 5 Peroxiredoxin 6 expression in esophageal tissues from fetuses at a gestational age of 3-8 mo (DAB, magnification × 200).

Table 2 Expression of PRX6 protein in different types of
esophageal lesions n (%)

Table 3 Expression of PRX6 expression in esophageal tissues
from fetuses of different gestational age n (%)

Tissue

Age (mo)

PRX6
No. of cases

Tumor-adjacent
NOR
BCH
DYS
CIS
Esophageal cancer
W-SCC
M-SCC
P-SCC

Negative

Positive

37
37
29
28

3 (8)
3 (8)
18 (62)
22 (79)

34 (92)
34 (92)
11 (38)
6 (21)

7
16
6

0
3 (19)
5 (83)

7 (100)
13 (81)
1 (17)

3
4
5
6
7
8
9

Negative

Positive

6
4
6
6
5
6
6

0
0
1 (17)
0
1 (20)
1 (17)
2 (33)

6 (100)
4 (100)
5 (83)
6 (100)
4 (80)
5 (83)
4 (67)

P < 0.05, 3 mo vs 4 mo, 4 mo vs 7 mo, or 6 mo vs 7 mo.

P < 0.05, NOR vs DYS, CIS, M-SCC or P-SCC; BCH vs CIS, DYS, M-SCC
or P-SCC; DYS vs W-SCC or M-SCC; CIS vs W-SCC or M-SCC; P-SCC
vs W-SCC or M-SCC. NOR: Normal; BCH: Basal cell hyperplasia; DYS:
Dysplasia; CIS: Carcinoma in situ; W-SCC: Well differentiated squamous
cell carcinoma; M-SCC: Moderately differentiated; P-SCC: Poorly
differentiated.

differentially expressed proteins were identified, which
may be related to the development and growth of
fetal esophageal epithelium or the development and
progression of esophageal cancer.
PRX6 protein belongs to the antioxidant PRX family,
which is ubiquitously expressed in prokaryotes and
[10]
[11]
eukaryotes
and has six mammalian members .
[12]
Chevallet et al
found that PRX6 expression con
tinued to rise within 1-24 h after oxidative stress.
Besides antioxidant properties, PRXs can also be
radiation protective, stimulate cell proliferation, and
participate in cell signal transduction. This study found
that PRX6 expression was elevated in esophageal
cancer tissues where cell metabolism and proliferation
are active, suggesting that increased PRX6 may
inhibit the excessive production of reactive oxygen
species and maintain cell homeostasis to protect cells
from damage. Similar to our results, PRX protein
expression was also found to be elevated in malignant

[6-9]

genes . Proteomics is the study of the entire set
of proteins expressed by a single cell or tissue. With
the aid of proteomics, changes in protein molecules
directly related to tumor development and progression
can be identified, thus allowing to find markers for
early diagnosis of tumors and monitoring of curative
effects. This study utilized the 2-DE-based proteomic
technology to identify differentially expressed proteins
in fetal esophageal tissues, esophageal cancer tissues,
and tumor-adjacent normal esophageal epithelial
tissues from fetuses of different gestational age, or
esophageal cancer patients from a high-risk area for
esophageal cancer in China. Twenty-one significantly
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mesothelioma, lung cancer, and oral cancer
. In
our previous proteomic study of esophageal SCC,
PRX1 protein expression was upregulated, but PRX2
[16]
expression was downregulated , indicating that the
development and progression of esophageal SCC
involves changes in a variety of antioxidant proteins,
and different antioxidant proteins or protein isoforms
may have different functions in the development and
progression of esophageal cancer. Further studies
should be performed to clarify the exact mechanisms
of these antioxidant proteins.
The most important finding of this study is that
expression of PRX6 protein decreased with progression
of esophageal lesions. In tumor-adjacent normal
esophageal epithelial tissues, PRX6 protein was highly
expressed; however, PRX6 protein expression was
significantly reduced in CIS. PRX6 protein expression
was positively correlated with the degree of tumor
differentiation in esophageal SCC. With the decrease
in tumor differentiation, PRX6 protein expression
decreased. In the fetal esophageal epithelium, PRX6
protein expression showed a fluctuating pattern with
the increase of gestational age. The intensity of PRX6
protein expression was positively correlated with the
degree of differentiation of epithelial cells. PRX6 protein
expression was highly expressed in well-differentiated
epithelial cells, but lowly expressed or not expressed in
lowly differentiated epithelial cells.
Both fetal esophageal epithelium and carcinoma
tissues have active cell proliferation and metabolism,
which may result in increased peroxide generation.
PRX6 protein in fetal esophageal epithelium and
carcinoma tissues may have antioxidant effects by
eliminating peroxides produced by the cell metabolism,
thus protecting cells from damage. Loss of expression
of PRX6 protein in CIS may promote cell proliferation
and facilitate the progression of precancerous lesions.
However, the dynamic expression pattern of PRX6
protein in esophageal precancerous lesions and fetal
esophageal epithelium suggests that PRX6 protein is
associated with the multistage evolution of esophageal
cancer and may inhibit cell proliferation and promote
the differentiation of esophageal epithelial cells.
Loss of expression of PRX6 protein in CIS is likely to
promote cell proliferation and facilitate the progression
of precancerous lesions. In poorly differentiated
carcinoma tissue, loss of PRX6 protein may lead
to rapid cell proliferation. Under certain conditions,
PRX6 protein may also be involved in the induction
of differentiation of cancer cells, thus resulting in
the formation of highly differentiated carcinoma
tissue. In fetal esophageal epithelium, PRX6 protein
expression showed no significant correlation with
gestational age, but was, to some extent, associated
with the morphology of epithelial cells. In the base
layer where cells are arranged neatly, the level of
PRX6 protein expression was high. In contrast, when
the arrangement of epithelial cells was disorderly,
PRX6 protein exhibited low expression. These findings
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suggest that PRX6 protein plays an important role
in the process of differentiation of fetal esophageal
epithelial cells. We speculate that PRX6 protein may
promote the trans-differentiation from precancerous
lesions to normal esophageal epithelium. However,
the precise role of PRX6 protein in cell differentiation
requires further research.
This study utilized the 2-DE based proteomic
technology to analyze the differential protein expression
profiles in fetal esophageal tissues, esophageal cancer
tissues, and tumor-adjacent normal esophageal
epithelial tissues from fetuses of different gestational
age, or esophageal cancer patients from a high-risk
area for esophageal cancer in China. We identified
21 significantly differentially expressed proteins that
may be related to the development and growth of
fetal esophageal epithelium or the development
and progression of esophageal cancer, such as
dermatopontin, S100A9, HSP27, and PRX6. Our results
suggest that the development and progression of
esophageal cancer are a result of interactions of many
genetic changes (accumulation or superposition). These
proteins are related not only to esophageal cancer,
but also to other tumors. The identification of proteins
associated with esophageal cancer and fetal esophageal
development can improve the understanding of the
molecular mechanism of esophageal cancer develop
ment, and may help provide a fetal esophageal model
for esophageal cancer. PRX6 protein plays an important
role in the induction of differentiation of esophageal
epithelial cells, and PRX6 protein expression level
may be used as an important marker for evaluating
cell differentiation. In this regard, further research of
molecular mechanism of PRX6 is of great significance.

COMMENTS
COMMENTS
Background

The fetal esophageal epithelium is developed from unmatured monolayer
columnar epithelium gradually into a matured stratified squamous epithelium,
differentiated from immature gradually to mature, epithelial cells differentiated
from the active division and proliferation epithelial stem cells gradually matured
into stratified squamous epithelium; Adult esophageal epithelial carcinogenesis
is the differentiation of mature epithelial tissue in the role of carcinogenic
factors, the emergence of hyperplasia and abnormal differentiation eventually
developed into cancer. Obviously, the two have the opposite differentiation
process. The aims of this study were to: (1) find the protein molecules that
are differentially or identically expressed in the process of maturation and
differentiation of fetal esophageal epithelium and carcinogenesis of adult
esophageal epithelium; and (2) to strengthen the understanding of the
molecular mechanism of esophageal carcinogenesis, so as to provide an
important theoretical basis for the screening and detection of early molecular
markers in high-risk population.

Research frontiers

Clarifying the molecular mechanisms underlying the development and
progression of esophageal cancer and identifying biological markers for
screening high-risk populations are of clinical importance for early diagnosis.
Utilize the proteomic technology to analyze the differential protein expression
profiles in the development and growth of fetal esophageal epithelium and the
development and progression of esophageal cancer, with an aim to clarify the
molecular mechanism of esophageal cancer development.
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Innovations and breakthroughs

The authors identified 21 differentially expressed proteins by peptide mass
fingerprinting and database analysis in the study, and some proteins contained
different isoforms.

9

Applications

Peroxiredoxin (PRX)6 protein expression level may be used as an important
marker for evaluating cell differentiation. In this regard, further research of
molecular mechanism of PRX6 is of great significance.

Terminology

MALDI-TOF-MS: matrix-assisted laser desorption/ionization time of flight mass
spectrometry.

Peer-review

This is an excellent study. In this study, the authors analyzed the differential
protein expression profiles in fetal.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board and the Ethics
Committee of The First Affiliated Hospital of Wenzhou Medical
University.

AIM
To explore the association between Helicobacter pylori
(H. pylori ) infection status, intestinal metaplasia (IM),
and colorectal adenomas.

Informed consent statement: The requirement for informed
consent was waived because we retrospectively accessed deidentified data only.

METHODS
We retrospectively reviewed 1641 individuals aged
≥ 40 years who underwent physical examination,
13
laboratory testing, C-urea breath testing, gastroscopy,
colonoscopy, and an interview to ascertain baseline
characteristics and general state of health. Histo
pathological results were obtained by gastric and
colorectal biopsies.
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RESULTS
The prevalence of H. pylori infection and adenomas was
51.5% (845/1641) and 18.1% (297/1641), respectively.
H. pylori infection was significantly correlated with an
increased risk of colorectal adenomas (crude OR =
1.535, 95%CI: 1.044-1.753, P = 0.022; adjusted OR
= 1.359, 95%CI: 1.035-1.785, P = 0.028). Individuals
with IM had an elevated risk of colorectal adenomas
(crude OR = 1.664, 95%CI: 1.216-2.277, P = 0.001;
adjusted OR = 1.381, 95%CI: 0.998-1.929, P = 0.059).
Stratification based on H. pylori infection stage and IM
revealed that IM accompanied by H. pylori infection
was significantly associated with an increased risk of
adenomas (crude OR = 2.109, 95%CI: 1.383-3.216, P
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= 0.001; adjusted OR = 1.765, 95%CI: 1.130-2.757, P
= 0.012).

duals from an asymptomatic healthy population under
went health check-ups at the Medical and Health Care
Center of The First Affiliated Hospital of Wenzhou
Medical University. All individuals underwent physical
examination, laboratory testing, and an interview to
ascertain baseline characteristics and general state of
health. Among this large study group, 1720 individuals
13
aged ≥ 40 years underwent the C-urea breath test,
gastroscopy, and colonoscopy. Individuals with a
previous history of H. pylori eradication therapy or polyp
resection were excluded from the study. In addition,
individuals were excluded if they had inflammatory
bowel disease, gastric dysplasia, or malignancies,
including gastrointestinal cancer. Ultimately, the data of
1641 individuals were included in our analysis.

CONCLUSION

H. pylori -related IM is associated with a high risk of
colorectal adenomas in Chinese individuals.

Key words: Helicobacter pylori ; Chinese population;
Colorectal neoplasms; Intestinal metaplasia; Chronic
gastritis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective study revealed Helicobacter
pylori (H. pylori )-related intestinal metaplasia (IM) to

be an independent risk factor for colorectal adenomas
in Chinese individuals aged ≥ 40 years. Clinically, it
may be useful for patients with H. pylori infection and
IM to undergo colonoscopy screening and surveillance.

Diagnostic criteria

The following baseline characteristics were obtained
from self-report questionnaires for analysis: age, body
mass index (BMI), family history, personal medical
history, smoking, and alcohol consumption. Among
the 1641 individuals included in the study group,
1550 (94%) had antrum biopsies, 498 (30%) had
corpus biopsies, 120 (7%) had cardia biopsies, and
337 (21%) had biopsies at multiple sites. According
to the histopathological results of the gastric mucosa,
individuals were divided into two groups: IM (+) group
and IM (-) group (including normal mucosa, chronic
non-atrophic gastritis, and chronic atrophic gastritis).
According to results of colorectal biopsies, individuals
were divided into three groups: non-polyp group, nonadenomatous polyp group (including hyperplastic
polyps and inflammatory polyps), and adenoma
group. Polyps located in the cecum, ascending, and
transverse colon were classified as “proximal lesions”,
those located in the descending colon, sigmoid, and
rectum were classified as “distal lesions”, and those
located on both sides were classified as “bilateral
lesions”. Polyps were grouped based on number: one,
two or more. Polyps were also grouped based on size:
0-9 mm and ≥ 10 mm. Gastroscopy and colonoscopy
were performed with a GIF-H260 gastroscope and a
CF-H260AI colonoscope (OLYMPUS, Tokyo, Japan),
13
respectively. The C-urea breath test was used to
identify H. pylori infection and was performed with
an infrared spectrometer with a sensitivity of 97.8%,
[19]
specificity of 96.8%, and accuracy of 97.5% . All
examinations were performed on the same day.

Yan Y, Chen YN, Zhao Q, Chen C, Lin CJ, Jin Y, Pan S, Wu
JS. Helicobacter pylori infection with intestinal metaplasia:
An independent risk factor for colorectal adenomas. World J
Gastroenterol 2017; 23(8): 1443-1449 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i8/1443.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i8.1443

INTRODUCTION
Colorectal cancer (CRC) is the fifth most common cancer
and the fifth most common cause of cancer death in
[1]
China . CRC mostly arises from colorectal adenomas
[2]
through the adenoma-to-carcinoma sequence .
Common risk factors, such as age, family history,
smoking, alcohol consumption, diet, and lifestyle,
[3]
contribute to colorectal neoplasm development .
It is well known that Helicobacter pylori (H. pylori)
is classified as a class 1 carcinogen, as it infects the
gastric mucosa and causes inflammation that drives
the progression of the gastritis-atrophy-metaplasia[4]
dysplasia-cancer sequence . H. pylori infection was
first recognized as a risk factor for colorectal neoplasm
[5]
in the 1990s . Some reports have indicated a positive
association between H. pylori infection and colorectal
[5-13]
[14-18]
neoplasm
, but this has been disputed by others
.
The pathophysiological mechanism of how H. pylori
induces colorectal neoplasm is still unclear. A recent
study associated the presence of H. pylori infection and
intestinal metaplasia (IM) with a significantly elevated
[9]
risk of colorectal adenomas . Therefore, we aimed to
conduct a further analysis to evaluate the relationship
between H. pylori-related IM and colorectal adenomas.

Statistical analysis

Statistical analyses were performed using SPSS version
19 (Armonk, NY). Data for continuous variables are
expressed as the mean ± SD, and between-group
differences were evaluated using the t test. Categorical
2
variables were evaluated using a χ test. Odds ratios
(ORs) and 95%CIs were obtained by logistic regression
analysis. Statistical significance was established for twosided P values < 0.05.

MATERIALS AND METHODS
Patient selection

From September 2014 to January 2016, 15622 indivi
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Table 1 Baseline characteristics of subjects n (%)
Parameter
Age
Male/female
BMI
Smoker (+/-)
Alcohol (+/-)
TC
TG
HDL
LDL
FBG

Non-polyp

Adenoma

Non-adenomaous polyp

1058

297

286

49.72 (7.974)
625/433
23.95 (2.963)
211/847
140/918
5.457 (1.130)
1.879 (1.763)
1.325 (0.342)
3.269 (0.814)
5.060 (1.230)

53.17 (8.450)
241/56
24.50 (2.978)
118/179
78/219
5.481 (1.340)
2.025 (2.438)
1.285 (0.316)
3.259 (0.815)
5.118 (1.220)

51.91 (8.456)
221/65
24.9 (3.017)
120/166
67/219
5.427 (1.021)
2.111 (1.189)
1.246 (0.389)
3.271 (0.822)
5.316 (1.610)

1

P value

< 0.001
< 0.001
0.05
< 0.001
< 0.001
0.753
0.25
0.538
0.857
0.478

2

P value

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.682
0.052
0.001
0.967
0.004

Two-sided P values for the difference between the adenoma and non-polyp groups were based on the χ 2 test and t test; 2Two-sided P values for the
difference between the non-adenomatous polyp and non-polyp groups were based on the χ 2 test and t test. BMI: Body mass index; TC: Total cholesterol;
TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; FBG: Fasting blood glucose.
1

Based on H. pylori infection status, we divided
individuals into two groups. As reported in Table 2,
there were no significant differences in mean age
or sex between the H. pylori positive and H. pylori
negative groups. In addition, the incidence of adenomas
was higher in the H. pylori positive group than in the
H. pylori negative group, with a crude OR of 1.535
(95%CI: 1.044-1.753, P = 0.022) and an adjusted OR
of 1.359 (95%CI: 1.035-1.785, P = 0.028, Table 3).
Moreover, there was no significant association between
non-adenomatous polyps and H. pylori infection. The
association of polyps with H. pylori infection was highest
for single polyp (OR = 1.328, 95%CI: 1.032-1.708, P
= 0.027), polyp size of 0-9 mm (OR = 1.352, 95%CI:
1.098-1.666, P = 0.005), and proximally located polyps
(OR = 1.457, 95%CI: 1.062-1.998, P = 0.020).
Compared to the IM (-) group, individuals in the
IM (+) group were older (P < 0.001), with a higher
proportion of men (P = 0.009, Table 4). The frequency
of adenoma was more prevalent in the IM (+) group
than in the IM (+) group, with a crude OR of 1.664
(95%CI: 1.216-2.277, P = 0.001) and an adjusted
OR of 1.381 (95%CI: 0.998-1.929, P = 0.059;
Table 3). The frequency of non-adenomatous polyps
in the IM (+) group and IM (-) group was 20.3%
and 16.8%, respectively, with a crude OR of 1.436
(95%CI: 1.035-1.993, P = 0.030) and an adjusted
OR of 1.225 (95%CI: 0.930-1.612, P = 0.148, Table
3). The association of polyps with IM (+) was highest
for patients with more than one polyp (OR: 1.766,
95%CI: 1.278-2.441, P = 0.001), a polyp size of 0-9
mm (OR: 1.526, 95%CI: 1.176-1.981, P = 0.001),
and proximally located polyps (OR: 1.703, 95%CI:
1.171-2.475, P = 0.005).
The risk for adenoma was significantly higher in
the presence of both H. pylori infection and IM. Next,
we further classified all individuals into four groups
(Table 5): Group A: H. pylori (-) and IM (-); Group B:
H. pylori (+) and IM (-); Group C: H. pylori (+) and
IM (+); and Group D: H. pylori (-) and IM (+). The
risk of adenomas among the four groups of H. pylori-

RESULTS
The prevalence of H. pylori infection was 51.5%
(845/1641), and the prevalence rates of IM, nonadenomatous polyps, and adenomas were 18.3%
(300/1641), 17.4% (286/1641) and 18.1% (297/1641),
respectively. Baseline characteristics of patients with
colorectal adenomas and non-adenomatous polyps
and those without polyps are summarized in Table
1. No significant differences were observed in mean
serum triglyceride (TG), total cholesterol (TC), highdensity lipoprotein (HDL), low-density lipoprotein
(LDL), or fasting blood glucose (FBG) levels between
the adenoma and non-polyp groups. Additionally,
there were no significant differences in TG, TC or LDL
between the non-adenomatous polyp and non-polyp
groups. The patients’ mean age was 53.17 (8.450)
years for the colorectal adenoma group, 51.91 (8.456)
years for the non-adenomatous polyp group, and 49.72
(7.974) years for the non-polyp group, with patients in
the non-polyp group being significantly younger than
for patients in the colorectal adenoma group (P < 0.001)
and the non-adenomatous polyp group (P < 0.001).
The mean BMI was higher in the colorectal adenoma
group (P = 0.05) and non-adenomatous polyp group
(P < 0.001), compared to the non-polyp group. The
frequency of male sex in the colorectal adenoma
group, non-adenomatous polyp group, and non-polyp
group was 81.11% (241/297), 73.78% (221/286), and
59.07% (625/1058), respectively. Smoking (P < 0.001)
and alcohol consumption (P < 0.001) rates were both
higher in the adenoma and non-adenomatous polyp
groups than in the non-polyp group. Therefore, age,
sex, BMI, smoking, and alcohol consumption were
identified as risk factors in the adenoma group, and
used to control for confounding effects in the following
analyses. For the non-adenomatous polyp group, age,
sex, BMI, smoking, alcohol consumption, HDL level,
and FBG level were identified as risk factors, and used
to control for confounding effects in the following
analyses.
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Table 2 Correlation between Helicobacter pylori infection and colorectal neoplasms
Parameter
Age
Female
Male
Non-polyp
Non-adenomaous polyp
Adenoma
Polyp number
One
Two or more
Polyp size
0-9 mm
≥ 10 mm
Polyp location
Proximal
Bilateral
Distal

H. pylori (+)

H. pylori (-)

845

796

OR (95%CI)

P value

50.91 (8.315)
292
553
519
158
168

50.54 (8.208)
262
534
539
128
129

1.006 (0.994-1.017)
1
0.929 (0.757-1.140)
1
1.282 (0.986-1.667)
1.535 (1.044-1.753)

0.355

179
147

140
117

1.328 (1.032-1.708)
1.305 (0.995-1.711)

0.027
0.054

306
20

235
22

1.352 (1.098-1.666)
0.944 (0.509-1.751)

0.005
0.855

108
64
154

77
57
123

1.457 (1.062-1.998)
1.166 (0.800-1.700)
1.300 (0.997-1.696)

0.020
0.424
0.053

0.482
0.064
0.022

Correlation between Helicobacter pylori (H. pylori) (+) and H. pylori (-) by logistic regression analysis.

Table 3 Logistic regression model of the association between Helicobacter pylori infection, intestinal metaplasia, and colorectal
neoplasm after adjustments for confounding factors
Non-adenomaous polyp
a

Adjusted OR 95%CI
H. pylori (+)
IM

1.225 (0.930-1.612)
1.265 (0.896-1.787)

Adenomas
1

b

P value

Adjusted OR (95%CI)

0.148
0.173

1.359 (1.035-1.785)
1.381 (0.988-1.929)

2

P value
0.028
0.059

1

Adjusted for age, gender, body mass index (BMI), smoking habit, alcohol consumption, high-density lipoprotein level, and fasting blood glucose level by
logistic regression analysis; 2Adjusted for age, gender, BMI, smoking habit, and alcohol consumption by logistic regression analysis. H. pylori: Helicobacter
pylori.

Table 4 Correlation between gastric lesions and colorectal neoplasm
Parameter
Age
Female
Male
Non-polyp
Adenomas
Non-adenomaous polyps
Polyp number
One
Two or more
Polyp size
0-9 mm
≥ 10 mm
Polyp location
Proximal
Bilateral
Distal

OR (95%CI)

1

P value

IM (+)

IM (-)

300

1341

53.12 (8.490)
80
220
168
71
61

50.19 (8.118)
474
867
890
226
225

1.041 (1.026-1.056)
1
1.503 (1.137-1.988)
1
1.664 (1.216-2.277)
1.436 (1.035-1.993)

< 0.001

66
66

253
198

1.382 (1.006-1.898)
1.766 (1.278-2.441)

0.046
0.001

121
11

420
31

1.526 (1.176-1.981)
1.880 (0.927-3.813)

0.001
0.080

45
28
59

135
85
204

1.703 (1.171-2.475)
1.595 (1.013-2.510)
1.434 (1.029-1.997)

0.005
0.044
0.033

0.004
0.001
0.030

1

Correlation between IM (+) and IM (-) by logistic regression analysis. IM: Intestinal metaplasia.

related gastric lesions is reported in Table 5. No sig
nificant differences were noted between Group A and
Group B (crude OR: 1.214, 95%CI: 0.961-1.761, P
= 0.198). However, the presence of H. pylori-related
IM was significantly associated with an increased risk
for colorectal adenomas, with a crude OR of 2.109

WJG|www.wjgnet.com

(95%CI: 1.383-3.216, P = 0.001) and an adjusted
OR of 1.765 (95%CI: 1.130-2.757, P = 0.012). The
progression of non-H. pylori-related IM did not increase
the risk of adenomas, with a crude OR of 1.527 (95%CI:
0.954-2.444, P = 0.078) and an adjusted OR of 1.222
(95%CI: 0.741-2.012, P = 0.432).
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Table 5 Correlation between stage of H. pylori -related gastric lesions and adenoma
H. pylori
Group A
Group B
Group C
Group D

(-)
(+)
(+)
(-)

IM
(-)
(-)
(+)
(+)

Adenoma

Non-polyp

297

1018

113
113
42
29

488
402
86
82

B:A
C:A
D:A

1

Crude OR

P value

Adjusted OR

1.214 (0.906-1.626)
2.109 (1.383-3.216)
1.527 (0.954-2.444)

0.194
0.001
0.078

1.190 (0.876-1.617)
1.765 (1.130-2.757)
1.222 (0.741-2.015)

1

P value
0.262
0.012
0.432

1

Adjusted for age, gender, body mass index, smoking habit, and alcohol consumption by logistic regression analysis. IM: Intestinal metaplasia.

in prior history of H. pylori eradication therapy or
previous colorectal polyp removal among patients;
as well as other uncontrolled confounding factors. In
addition, our results revealed that the presence of H.
pylori infection was significantly associated with an
elevated risk of proximal polyps, as previously reported
[21]
by Hong et al
for proximal neoplasms. Conversely,
other studies have reported an association between H.
[15,22]
pylori and an elevated risk of distal neoplasms
.
Various interpretations have been proposed to
explain the mechanisms by which H. pylori infection
increases the risk for colorectal adenomas. According to
the most commonly described pathogenesis, persistent
H. pylori infection elicits hypergastrinemia, which has a
trophic effect on epithelial cell growth and proliferation,
[23]
contributing to colorectal carcinogenesis . Indeed,
gastrin and the cholecystokinin type B/gastrin receptor
are expressed in human colonic polyps, with activation
[24]
occurring early in the adenoma-carcinoma sequence .
Several epidemiological reports have confirmed a
positive relationship between hypergastrinemia and
[15,25,26]
an increased risk for colorectal neoplasm
,
[27-29]
although these findings have been disputed
. H.
pylori infection, aging, alcohol consumption, smoking,
excessive salt intake, and bile reflux are deemed as risk
[30,31]
factors correlated with IM
. Foci of IM tend to appear
first at the antrum-corpus junction, extending to both
the antrum and the corpus and replacing the normal
[32]
gastric parietal cells . Reduced gastric acid secretion
triggered by IM might cause hypergastrinemia. In
addition, hypochlorhydria hampers protein assimilation,
which may increase some metabolites and unab
sorbed nutrients, resulting in bacterial overgrowth
and colonic disorders and contributing to colorectal
[33,34]
carcinogenesis
. Therefore, H. pylori-related IM
might aggravate colorectal carcinogenesis.
Our study had several limitations that need to
be acknowledged. First, we did not measure the
serum gastrin level, which is the key mechanism
accounting for the contribution of H. pylori to colorectal
carcinogenesis. Second, biopsies were taken from
multiple (i.e., three or more) sites in only 21% of
patients, lowering the rate of gastric disease detection.
13
Third, we used the C-urea breath test to determine
13
the presence of an infection. However, the C-urea
breath test is less reliable than histological staining,
such as Giemsa staining, in evaluating H. pylori colo
nization in biopsy tissue. Fourth, this was a single

DISCUSSION
Our study, which included asymptomatic individuals
13
who underwent the C-urea breath test, gastroscopy,
and colonoscopy, identified H. pylori-related IM as an
independent risk factor for colorectal adenomas in
Chinese individuals aged ≥ 40 years. Age, sex, BMI,
smoking, and alcohol consumption were included
as confounders to adjust the correlation between
H. pylori-related IM and colorectal adenomas. H.
pylori infection was significantly associated with an
increased risk of colorectal adenomas. These results
are consistent with previous studies that reported a
positive correlation between H. pylori infection and
[5-10]
colorectal adenomas
. Additionally, individuals with
IM had an elevated risk of colorectal adenomas. A
large population based case-control study that enrolled
156000 individuals showed a positive association
between IM and colorectal adenomas (adjusted OR
= 1.24, 95%CI: 1.17-1.32), but without including an
analysis of the relationship between H. pylori-related
[9]
IM and colorectal adenomas . Furthermore, a recent
study showed that individuals with IM were more
likely to have adenomas with high-grade intraepithelial
[20]
lesions (OR = 3.218, 95%CI: 0.767-13.509) . To
our knowledge, no study has analyzed the relationship
between H. pylori-related IM and colorectal neoplasm.
Thus, we conducted an analysis that stratified in
dividuals based on H. pylori infection stage and IM.
Based on this stratification, we drew the following
conclusion: H. pylori infection without IM did not in
crease the risk of colorectal adenomas, whereas IM
accompanied by H. pylori infection did increase the
risk of colorectal adenomas. Therefore, longstanding
H. pylori infection may be crucial to the development
of colorectal adenomas because IM is usually a chronic
sequela of H. pylori infection. Our analysis may also
explain the inconsistencies in previous studies, with
some of studies having reported a positive correlation
between H. pylori infection and colorectal adenomas,
while other studies reported either a null or inverse
[14-17]
association
. This may be due to racial differences
or discrepancies in the prevalence of H. pylori infection
and IM in different regions. Differences among studies
could also be associated with: the dominant use of
hospital-based data, which may result in a patient
selection bias; small sample sizes; different diagnostic
tests used for H. pylori identification; differences
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center study with a small sample size. A multicenter
study with a large sample size should be conducted.
In conclusion, our research demonstrated that
Chinese people who have H. pylori-related IM do
have a high risk of colorectal adenomas. Given a high
prevalence of colorectal adenocarcinoma in China, it is
necessary for patients with H. pylori infection and IM
to undergo colonoscopy screening and surveillance.
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Abstract

Tao Li, Hong-Mei Zheng, Ying-Jian Jiang, Jiang Wang,
Dian-Liang Zhang, Center of Colon and Rectum, Qingdao
Municipal Hospital, Qingdao University, Qingdao 266011,
Shandong Province, China

AIM
To detect the expression of Arpin, and determine its
correlation with clinicopathological characteristics and
the prognosis of gastric cancer (GC) patients.

Institutional review board statement: The study was reviewed
and approved by the Affiliated Hospital of Qingdao University
Institutional Review Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
A total of 176 GC patients were enrolled as study
subjects and classified into groups according to different
clinicopathological variables. GC mucosal tissues were
obtained via surgery. Another 43 paraffin-embedded
tissue blocks of normal gastric epithelium (> 5 cm
away from the edge of the tumor) were included in
the control group. Immunohistochemistry (IHC) for the
Arpin and Arp3 proteins was performed on the formalinfixed, paraffin-embedded GC tissues. Additionally,
expression of the Arpin protein in 43 normal gastric
tissues was also determined using IHC.
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RESULTS
Expression of the Arpin protein in GC was lower than
that in normal gastric mucosa (30.68% vs 60.47%,
P < 0.001). A χ 2 test of the 176 GC samples used for
IHC showed that decreased Arpin expression was
associated with advanced TNM stage (P < 0.01) and the
presence or absence of lymph node metastasis (80.92%
vs 35.56%, P < 0.001). Additionally, a significant
correlation was observed between the expression of Arpin
and the presence of the Arp2/3 complex in GC tissues
2
(χ = 30.535, P < 0.001). Moreover, a multivariate Cox
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a multi-factor, multi-step, and multi-stage development
process that involves a variety of related genes.
Moreover, stages of GC development are affected by
different genes. Therefore, it is necessary to identify
novel markers that can accurately reflect the biological
characteristics of GC tumors, provide new therapeutic
strategies, and predict clinical outcomes.
Invasion and metastasis are the two main charac
teristics of malignant tumors. In general, invasion
and metastasis accompany the movement of cancer
cells from the primary focus in cancer tissues to other
normal tissues or organs, and actin polymerization is
necessary for this movement. Actin, a structural protein
composed of actin filaments, exists in two forms,
monomers and polymers. The actin polymerization
process can be divided into two distinct steps: actin
monomer polymerization in the nucleus, followed by
the addition of actin monomers to the formed nuclei
or fibers. Cell movement results from the mutual
cooperation of polymerization and depolymerization
of the cytoskeleton itself and adhesion and desorption
between different parts of the cell and extracellular
matrix. Moreover, the formation of lamellipodia is
closely associated with actin polymerization. Lame
llipodia play an important role in the process of
exploration of the external environment by cancer
cells and the formation of new adhesion contacts
with the extracellular matrix, which allow motility and
spreading. The process of lamellipodiaformation is
often driven by spatially and temporally regulated actin
[7]
polymerization at the leading edge . The molecular
mechanisms of cancer cell motility and migration are
more complicated than that expected, the movement
and migration of cancer cells is a result of multistep process initiated by the formation of membrane
protrusions in response to migratory and chemotactic
stimuli. It is generally believed that lamellipodia in
driving cancer cell migration plays a main role, and it is
caused by adhesion force to pull the cell body forward
in the basement membrane. However, many cytokines
can form new actin fibers, and each factor can form a
specific network. The actin-related protein 2/3 (Arp2/3)
complex, the most investigated molecule by far, is the
sole machine that generates branched actin networks,
and is also considered to be a key regulator of cell
[8]
motility . It has been reported to be involved in the
development and migration of some cancers, such as
[9-12]
pancreatic, gastric, colorectal, and breast cancer
.
By binding actin filaments to the side of an existing
filament and initiating branch formation, the Arp2/3
complex accomplishes its role of nucleating actin
[13]
filaments . Therefore, the Arp2/3 complex is thought
to be involved in cancer cell invasion and metastasis
and is controlled by the tumor-stromal interaction,
but the specific guiding mechanism of cell invasion in
tumors has not been extensively explored. Relevant
research results show that the Arp2/3 complex and its
activators, such as the WAVE complex, are deregulated

regression analysis revealed that Arpin expression
[hazard ratio (HR) = 0.551, P = 0.029] and TNM stage
(HR = 5.344, P = 0.001) were independent prognostic
markers for overall survival of GC patients. Regarding
the 3-year disease-free survival (DFS), the recurrence
rate of GC patients with low Arpin expression levels
(median DFS 19 mo) was higher than that in the highArpin-expression group (median DFS 34 mo, P = 0.022).
CONCLUSION
Low Arpin levels are associated with clinicopathological
variables and a poor prognosis in GC patients. Arpin
may be regarded as a potential prognostic indicator in
GC.
Key words: clinicopathological characteristics; Gastric
cancer; Arpin; Arp2/3 complex; prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Arpin, a newly found Arp2/3 complex inhibitor
reported in Nature, in 2013, was shown to restrict the
rate of actin polymerization and control cell migration.
However, little is known about whether the expression
of Arpin is altered in gastric cancer (GC) tissues, and
the detailed mechanisms for invasion and metastasis
of GC remain unknown. Our research shows that
expression level of Arpin is low in GC, and decreased
Arpin expression is associated with the characteristics
of clinical pathology and poor prognosis of GC patients.
It may be regarded as a potential prognosis indicator
for clinical outcomes in GC.
Li T, Zheng HM, Deng NM, Jiang YJ, Wang J, Zhang DL.
Clinicopathological and prognostic significance of aberrant
Arpin expression in gastric cancer. World J Gastroenterol 2017;
23(8): 1450-1457 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i8/1450.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1450

INTRODUCTION
Gastric cancer (GC) remains the fourth most common
malignancy and the third leading cause of cancerrelated death worldwide, despite its steadily decreasing
[1,2]
incidence and mortality since 1930s
. Although
the early detection rate of GC has increased, many
patients still suffer from distant metastasis, resulting
[3-6]
in a median survival of only 3-5 mo . At present,
understanding of the multidisciplinary treatment
of cancer is a concern of doctors and researchers.
However, surgery is still the treatment of choice for
most early solid tumors and even some advanced
malignant tumors. With the progress made in mole
cular biology research, accumulating evidence has
shown that the carcinogenesis of the gastric mucosa is
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in diverse cancers. The Arp2/3 complex plays an
important role in the invasion and metastasis of tumor
cells. However, it is worth noting that the Arp2/3
complex is also vital for the maintenance of normal cell
function.
[14]
In 2013, Dang et al
reported a new protein,
Arpin, which contains 220 amino acid residues that
are localized to the cell membrane. It is encoded by
the C15ORF38gene, which is present in multicellular
animals and unicellular amoebas. Interestingly, this
protein contains a carboxyl structure region but no
C-terminal end, helix, or single actin binding domain.
However, it does inhibit the Arp2/3 complex, resulting
in the inhibition of actin polymerization. Arpin contains
[14]
the putative binding site of the Arp2/3 complex ,
which has been reported to be closely related to the
development and migration of cancer cells due to its
[15,16]
key role in filopodia initiation
. Arpin can guide
the direction of cell movement, and it is also known
as “the steering factor”. However, this process is not
dependent on the formation of lamellipodia and is
not based on actin dynamics. Arpin acts in a dosedependent manner and induces the cell to move.
Arpin and its acidic motif can compete with nucleation
promoting factors for Arp2/3 binding, thereby inhibiting
[14,17]
the activation of the Arp2/3 complex
, resulting
in the inhibition of actin filament polymerization.
Related research has shown the significant relationship
between decreased Arpin, the clinical features of
breast cancer, and the poor prognosis of breast cancer
patients with low Arpin expression relative to the
[18]
5-year replase-free survival . However, little is known
about the expression of Arpin in GC tissue and its
relationship with the clinicopathological characteristics
and prognosis of GC patients. In this study, we investi
gated the issues mentioned above, preliminarily
determined the correlation between Arpin and GC
as well as between Arpin and the Arp2/3 complex,
and provided a theoretical and experimental basis for
further research of the specific signaling transduction
mechanism of Arpin and the Arp2/3 complex in ad
vanced gastric carcinoma.

or other malignancy; (3) no other gastric tumors such
as gastric stromal tumors; (4) availability of complete
clinicopathological and survival data; (5) patients had
not received neoadjuvant chemotherapy; and (6) no
distant metastasis. This study was approved by the
Human Subjects Institutional Committee of the Affiliated
Hospital of Qingdao University. All study participants or
their legal guardian provided informed written consent
prior to study enrollment.

Clinicopathological data

The clinicopathological data were recorded prospectively
for the retrospective analysis. The clinicopathological
data of the 176 GC patients included age, gender,
size of the primary tumor, depth of invasion, lymph
node metastasis, TNM stage, degree of differentiation,
and location of the primary tumor. The TNM stages of
the specimens subjected to immunohistochemistry
(IHC) assays were as follows: 70 (39.78%) in TNM
stageⅠ, 50 (28.41%) in stageⅡ, and 56 (31.81%) in
stage Ⅲ. Forty-five patients did not have lymph node
metastasis, while 131 patients exhibited metastasis.
Another 43 paraffin-embedded tissue blocks of normal
gastric epithelium (> 5 cm away from the edge of
the tumor) were included in the control group. The
clinicopathological factors of GC patients are shown in
Table 1.

IHC

IHC staining for Arpin was performed in the obtained
specimens, which consisted of serial 4-µm-thick
sections of 10% formalin-fixed, paraffin-embedded
tissue. After blocking endogenous peroxidase activity
to reduce nonspecific binding by boiling in a pressure
cooker for 3 min, the samples were placed in 3%
hydrogen peroxide (H2O2) for 10 min. Then the sam
ples washed with buffer and incubated with a goat
polyclonal antibody specific to Arpin (sc-242049; Santa
Cruz Biotechnology Inc., Bergheimer, Heidelberg,
Germany, final dilution 1:25) at 4 ℃ for 24 h, followed
by three washes in buffer. The secondary antibody
consisted of biotinylated anti-goat immunoglobulin.
Then, the slides were incubated with avidin-biotinconjugated peroxidase. After washing and staining with
3,3-diaminobenzidine tetrahydrochloride and H2O2,
a brown pigment was obtained after counterstaining
with hematoxylin.
Because Arp2 exhibits the same distribution as
Arp3 in tumorous tissue, we concluded that identical
expression of Arp2 and Arp3 indicates the formation
of Arp2/3 complex. Therefore, Arp3 IHC staining
(Figure 1) represented the distribution of the Arp2/3
[11]
complex . The sections were incubated with an
anti-Arp3 polyclonal antibody (diluted to 1:5000).
Sections of GC tissue, in which Arp3 was confirmed to
be expressed by immunoblot analysis, were used as
the positive control for Arp3 immunostaining. For the
negative control, normal rabbit serum was substituted

MATERIALS AND METHODS
Patients and specimens

The study cohort was composed of samples from 176
patients with gastric adenocarcinoma, including 110
men and 66 women (mean age 56.3 years) who had
undergone a gastrectomy at Qingdao Municipal Hospital
and the Affiliated Hospital of Qingdao University
between March 2013 and August 2013. Following
surgery, routine chemotherapy was administered
to patients with advanced disease, but no radiation
treatment was administered to any of the patients
included in the present study. The eligibility criteria
for this study included the following: (1) histologically
proven adenocarcinoma; (2) no history of gastrectomy
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Table 1 Association analysis of immunohistochemistry staining for Arpin vs clinicopathological factors of gastric cancer, n (%)
Clinicopathological features

Number of patients (n = 176)

Age (yr)
> 50
≤ 50
Gender
Male
Female
Tumer size (cm)
>5
≤5
Depth of invasion
T1 + T2
T3 + T4
Lymph node metastasis
Yes
No
TNM stage
Ⅰ
Ⅱ
Ⅲ

Histology
Well + moderate
Poor
Tumor site
Upper
Middle
Low

P value

Low (n = 122)

97 (55.11)
79 (44.89)

29 (29.90)
25 (31.65)

68 (70.10)
54 (68.35)

0.063

0.802

110 (62.50)
66 (37.50)

31 (28.18)
23 (34.85)

79 (71.82)
43 (65.15)

0.865

0.353

120 (68.18)
56 (31.82)

37 (30.83)
17 (30.36)

83 (69.17)
39 (69.64)

0.004

0.949

44 (25.00)
132 (75.00)

24 (54.55)
30 (22.73)

20 (45.45)
102 (77.27)

15.79

0.000

131 (74.43)
45 (25.57)

25 (19.08)
29 (64.44)

106 (80.92)
16 (35.56)

32.404

0.000

70 (39.77)
50 (28.41)
56 (31.82)

30 (42.86)
14 (28.00)
10 (17.86)

40 (57.14)
36 (72.00)
16 (82.14)

9.379

0.009

80 (45.45)
96 (54.55)

21 (26.25)
33 (34.38)

59 (73.75)
63 (65.62)

1.354

0.245

66 (37.50)
16 (9.09)
94 (53.41)

24 (36.36)
4 (25.00)
26 (27.66)

42 (63.64)
12 (75.00)
68 (72.34)

1.648

0.439

staining intensity, and 3 points represented strong
staining intensity. Additionally, we assessed the per
centage of stained tumor cells: 0% corresponded
to 0 points, less than 25% corresponded to 1 point,
25%-50% corresponded to 2 points, and more than
50% corresponded to 3 points. The final score for
Arpin expression was equal to the sum of the two
types of scores. A staining score ranging from 0 to
3 points represented low expression, and a score
more than 3 points was considered a high expression
[19]
level .
If more than 10% of the tumor cells expressed
Arp3, expression by the tumor cells was considered
positive. Otherwise, Arp3 expression was considered
negative.

Figure 1 Expression of Arp3 by tumor cells. Arp3 is expressed in the
invasive cancer cells. Immunohistochemistry of Arp3; original magnification ×
400.

Statistical analysis

for the primary antibody. Smooth muscle cells of small
blood vessels were used as endogenous-negative
controls in each section. The secondary antibody con
sisted of biotinylated anti-goat immunoglobulin.

SPSS 16.0 software (SPSS, Chicago Statistical IL,
United States) was used for the statistical analysis.
The differences in clinicopathological variables were
2
analyzed by the χ test. The McNemar test was applied
to determine the correlation between expression of
Arpin and the Arp2/3 complex. Survival curves for
3-year disease-free survival (DFS) were constructed
using the Kaplan-Meier method and compared by a
log-rank test. The significance of survival variables
was evaluated using a multivariate Cox proportional
hazard regression analysis, which further showed the
independent effect of Arpin expression on DFS. A value
of P < 0.05 represented a significant difference.

Immunohistochemical analysis and evaluation

Tumor cells in which the cytoplasm was stained dark
brown under light microscopy were considered positive
for Arpin IHC staining. Both the staining intensity and
the percentage of stained cells were evaluated for
the quantification of Arpin expression. Cells with no
staining were scored as 0 points, 1 point represented
weak staining intensity, 2 points represented moderate
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A

B

Figure 2 Representative photomicrographs of Arpin immunohistochemical staining. A: Indicates the high expression in normal gastric tissue; B: Indicates low
expression in gastric carcinoma. Original magnification × 200.

Table 2 Immunohistochemistry staining for Arpin in gastric cancer and normal gastric tissues, n (%)
Group

No. of patients

Normal
Cancer

Arpin expression

(n = 219)

High (n = 80)

Low (n = 139)

43
176

26 (60.47)
54 (30.68)

17 (39.53)
122 (69.32)

Table 3 Association analysis of expression of Arpin protein

Ⅰ
Ⅱ
Ⅲ

No. of
patients

Arpin expression
High (n = 54)

Low (n = 122)

70 (39.77)
50 (28.41)
56 (31.82)

30 (42.86)
14 (28.00)
10 (17.86)

40 (57.14)
36 (72.00)
46 (82.14)

P value

Arp2/3 complex

13.221

< 0.001

Arpin

χ2

P value

30.535

0.000

High (n = 54) Low (n = 122)
0.0961
0.2132
0.0033

Positive (n = 114)
Negative (n = 62)

27
27

87
35

McNemar χ 2 = 30.535, P = 0.000.

1

Stage Ⅰ vs Ⅱ; 2Stage Ⅱ vs Ⅲ; 3Stage Ⅰ vs Ⅲ.

Correlation between the expression of Arpin and the
Arp2/3 complex in GC tissues

RESULTS

The expression levels of Arpin and the Arp2/3 complex
in gastric carcinoma were significantly correlated
2
(McNemar χ = 30.535, P < 0.001, Table 4).

Expression of Arpin protein is decreased in GC tissues

The expression of Arpin in GC tissues was lower than
that in normal gastric mucosa (30.68% vs 60.47%, P
< 0.001, Figure 2 and Table 2).

Low Arpin expression is associated with a poor
prognosis in GC patients

Relationship between Arpin expression and
clinicopathological parameters

The effects of Arpin expression and clinicopathological
characteristics on DFS were evaluated by KaplanMeier analysis and log-rank tests. The results showed
that GC patients in the low Arpin expression group
had a higher recurrence rate (median DFS 19 mo)
than those in the high Arpin expression group (median
DFS 34 mo, P = 0.022, Figure 3). We found that the
3-year DFS was 31.00% in the low Arpin expression
group and 46.00% in the high Arpin expression group.
Univariate analyses of clinical variables considered as
potential predictors of survival are shown in Table 5.
Further analysis using a multivariate Cox proportional
hazards model showed that Arpin expression, together
with TNM stage, was strongly associated with DFS.
Arpin expression [hazard ratio (HR) = 0.551, P =
0.029] and TNM stage (HR = 5.344, P = 0.001)
were independent prognostic indicators of DFS in GC

Correlations between Arpin expression and clinico
pathological characteristics are shown in Table 1.
Analysis of the IHC results from 176 tumor samples
showed that Arpin protein expression was lower
in stage Ⅲ (82.14%) than in stage Ⅰ (57.14%)
or Ⅱ (72.00%). Low Arpin protein expression was
significantly associated with advanced TNM stage
(stage Ⅲ vs Ⅰ, P < 0.01, Table 3). The protein expre
ssion level of Arpin in tumor tissues was significantly
correlated with the presence or absence of lymph
node metastasis (80.92% vs 35.56%, P < 0.001). In
addition, we found no significant correlation between
the expression of Arpin protein and other clinical
parameters, such as tumor location and size, patient
age, gender, and histological type.
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Survival functions
1.0

Arpin
Arpin
Arpin
Arpin

Cum survival

0.8

Arpin
low
high
low-censored
high-censored

Table 5 Univariate and multivariate survival analysis of 3-year
DFS in 176 patients with gastric cancer
Variable

0.6

Age
Gender
tumor size
Depth of invasion
Lymph node metastasis
tumor site
TNM stage
Arpin expression

0.4
0.2
0.0
0

10

20

30

40

Univariate analysis

Multivariate analysis

HR

P value

HR

P value

1.14
1.373
1.411
1.818
2.498
1.336
4.985
0.494

0.488
0.098
0.08
0.017
0.035
0.612
< 0.001
0.005

1.117
1.413

0.732
0.225

5.344
0.551

0.001
0.029

Survival time (mo)

Figure 3 Kaplan-Meier analysis of disease-free survival based on Arpin
expression in all 176 patients.

whether loss of Arpin function is associated with
increased cell motility in the epithelial-mesenchymal
transition during the progression of cancer. Moreover,
the inhibitory effect of Arpin on cell migration could
potentially be used to control metastasis. However, the
tumor size had no significant effect on the test results.
Due to the characteristics of the samples and other
factors, our results may be different from previous
experimental results.
The expression of the Arp2/3 complex was detected
in gastric carcinoma tissue in our experiments. Some
observations suggest that stromal cells that express
Arp2/3 move and grow in advance of the cancer cells
to prepare an environment that facilitates cancer cell
invasion. Myofibroblasts, which are considered cancerinduced stromal cells, have been shown to affect the
[19]
adhesion and movement of cancer cells . Additionally,
Arpin inhibits the Arp2/3 complex at the lamellipodium
tip. Our research results showed that the expression
of Arpin and Arp2/3 complex expression in gastric
carcinoma were significantly correlated. Determination
of whether a negative correlation exists between these
two proteins and the specific mechanism concerning
how these proteins affect cell migration will require
further study with larger samples. Our experiments
may have also indirectly shown a decrease in Arpin
expression in GC tissues.
More significantly, in order to investigate the
effect of Arpin on the prognosis of GC patients, we
compared the 3-year DFS in the Arpin low expression
group and the high expression group. Consistently,
our study demonstrated that Arpin expression and the
TNM stage were independent prognostic indicators
of DFS. We propose that Arpin likely plays a role in
GC metastasis and the prognosis. However, the exact
molecular events leading to cancer metastasis and a
poor prognosis have not yet been well elucidated, and
further research is required.
The present study had some limitations. We could
not visualize the specific signal transduction and
regulation mechanism of Arpin and the Arp2/3 complex
in GC tissue due to technical difficulties. Arpin is a newly
discovered protein, its impact on GC patients and the
specific mechanism that it guides cell migration may

patients (Table 5).

DISCUSSION
To our knowledge, the present study is the first to
report the clinical significance of Arpin expression in
GC patients, although reduced expression of Arpin and
its influence on poor prognosis need to be confirmed in
further follow-up studies with larger samples.
In this study, all participants with GC were treated
surgically. The sections were obtained from posto
perative gastric specimens. In addition, the Arpin and
Arp3 IHC analysis was conducted using postoperative
gastric slides. The results showed that the Arpin
protein was significantly decreased in tumor samples
relative to the normal tissues in the control group.
Therefore, we speculate that due to the decreased
expression of Arpin, tumor cells acquire the ability
to invade and metastasize in GC, and the degree of
malignancy of tumors is closely related to the clinical
stage. We then assessed the correlation between
Arpin expression and tumor staging. We found that
low Arpin expression was significantly associated with
advanced TNM stage, and we concluded that Arpin
could play a significant role in tumor biology. In the
later stage, lower Arpin expression levels indicate
greater malignancy. Whether patients in TNM stage
Ⅳ, with liver metastasis and peritoneal metastasis
are correlated with the expression of Arpin deserves
intensive study. Further research may accompany
with the expression of Arpin with sensitivity of anticancer drug and the correlation of the expression of
Arpin with cadherin. Because tumor invasion depth,
lymph node metastasis, and distant metastasis are the
main pathological basis of malignant tumor staging,
we further analyzed the correlation between Arpin
expression and local invasion of regional lymph nodes.
The IHC results showed that low Arpin expression
was significantly associated with the depth of invasion
and local lymph node metastases. The results of this
research may provide new approaches for determining
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help us develop new therapeutic target. The study of
mechanism about signal path is the direction of our
future research. Thus, more work is required in the
future.
In summary, the present study showed that Arpin
was decreased in GC tissues. Additionally, this low
expression pattern was found to be significantly corre
lated with aggressive clinicopathological features.
In addition, the specific regulatory mechanisms of
Rac, WAVE, Arpin and the Arp2/3 complex in the
development of GC are still unclear. In recent years,
targeted therapeutics for key molecular drivers of
[20]
cancer progression have been developed . Arpin may
be used as a potential biomarker that could provide
important information about tumor progress and could
even be a possible target for GC therapy.
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Abstract

Institutional review board statement: The study was approved
by the local institutional Research Committees.

AIM
To characterize natural history of cryptogenic cirrhosis
(CC) and compare its clinical features and outcomes to
those of hepatitis C virus (HCV)-related cirrhosis.

Informed consent statement: The enrolled patients provide
informed written consent.

METHODS
A prospective cohort of 102 consecutive patients at their
first diagnosis of CC were enrolled in this study. The
clinical data and outcomes were compared to an age-

Conflict-of-interest statement: There is no conflict of interest
to report.
Data sharing statement: No additional data are available.
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and Child-Pugh class-matched cohort of 110 patients
with HCV-related cirrhosis. Diagnosis of cirrhosis
was based on compatible clinical and laboratory
parameters, ultrasound/endoscopic parameters and,
whenever possible, on histological grounds and tran
sient elastography. All cases of cirrhosis without a
definite etiology were enrolled in the CC group. The
parameters assessed were: (1) severity of liver disease
at the time of first diagnosis; (2) liver decompensation
during follow-up; (3) hepatocellular carcinoma (HCC);
(4) orthotopic liver transplantation; and (5) death.
The independent associated factors were evaluated by
multiple logistic regression analysis, and survival and its
determinants by the Kaplan-Meier model, log-rank test
and Cox regression.

death, an earlier development of HCC was observed
in CC. Age and Child-Pugh were predictors of death.
Most CC cases are the consequence of undiagnosed
nonalcoholic fatty liver disease.
Rinaldi L, Nascimbeni F, Giordano M, Masetti C, Guerrera B,
Amelia A, Fascione MC, Ballestri S, Romagnoli D, Zampino
R, Nevola R, Baldelli E, Iuliano N, Rosato V, Lonardo A,
Adinolfi LE. Clinical features and natural history of cryptogenic
cirrhosis compared to hepatitis C virus-related cirrhosis. World
J Gastroenterol 2017; 23(8): 1458-1468 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i8/1458.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i8.1458

RESULTS
At the first observation, median age was 66 and 65
years and male gender was 36% and 58% for CC and
HCV cirrhosis, respectively. CC showed Child-Pugh
class A/B/C of 47%/31%/22%, respectively. Compared
to HCV cirrhosis, CC exhibited a significantly higher
prevalence of metabolic syndrome (12% vs 54%,
respectively), overweight/obesity, high BMI, impaired
glucose tolerance, high blood pressure, dyslipidemia,
hyperuricemia, cardiovascular diseases, extrahepatic
cancer, and gallstones. Over a median period of 42 mo
of follow-up, liver decompensation, HCC development
and death for CC and HCV-related cirrhosis were 60.8%,
and 54.4%, 16.7% and 17.2%, 39.2% and 30%,
respectively. The median survival was 60 mo for CC.
Independent predictors of death were age and ChildPugh class at diagnosis. CC showed an approximately
twofold higher incidence of HCC in Child-Pugh class A.

INTRODUCTION
Liver cirrhosis is a major health burden worldwide
ranking among the top ten causes of years of life
[1]
lost in high-income countries . More than 1000000
of deaths worldwide were reported due to cirrhosis
[2]
in 2010 . The number of cirrhotic patients and the
[3]
related complications and mortality rates are rising .
Cirrhosis is the shared, end-stage result of etiologi
cally diverse chronic liver diseases, with a different
geographic distribution, which can follow an indolent
course and remains asymptomatic until complications
[4]
or be discovered incidentally at necropsy . In other
cases, asymptomatic cirrhosis is usually detected
incidentally with laboratory tests or imaging studies
[4]
performed for unrelated reasons . Although the
clinical manifestations of cirrhosis are stereotypic
irrespective of its etiology, the identification of the
causes is important to define specific therapeutic and
3
surveillance strategies. A substantial number of cases
of cirrhosis remain of unknown origin and are therefore
designated as “cryptogenic cirrhosis” (CC), which
accounts for up to 30% of cases of cirrhosis and about
[5,6]
10% of liver transplants .
There are no standardized diagnostic criteria for
CC and it is best defined by exclusion. Nevertheless,
a proportion of CC cases are deemed to result from
the progression of previously unrecognized non[7-9]
alcoholic steatohepatitis (NASH)
. Models of the
natural history of cirrhosis are based on findings in
[10,11]
individuals with viral or alcoholic cirrhosis
and the
outcome of CC is far less characterized than cirrhosis
with a definite etiology. This is of importance given
that the natural history of NASH-cirrhosis offers clues
to preventing cardiometabolic risk and hepatocellular
[12,13]
carcinoma (HCC)
.
On these grounds and given the paucity of published
data, we aimed at characterizing the clinical features
and long-term course of CC in a case series of Italian
patients consecutively observed at two Italian tertiary
liver units. To do so, the features and outcome of CC
were compared with those of matched hepatitis C virus
(HCV)-related cirrhosis cases.

CONCLUSION
Undiagnosed nonalcoholic fatty liver disease has an
etiologic role in CC that is associated with a poor
prognosis, early HCC development, high risk of cardio
vascular disease and extrahepatic cancer.
Key words: Liver cirrhosis; Hepatocellular carcinoma;
metabolic syndrome; Nonalcoholic fatty liver disease;
cardiovascular diseases
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated the features and outcomes of
cryptogenic cirrhosis (CC) compared to age- and ChildPugh class-matched hepatitis C virus-related cirrhosis
at baseline and over a 42-mo follow-up. At diagnosis,
the median age of CC was 66 years and Child-Pugh
classes A/B/C were 47%/31%/22%, respectively.
Among CC cases higher prevalences of metabolic
syndrome, overweight/obesity, high BMI, impaired
glucose metabolism, high blood pressure, dyslipidemia,
hyperuricemia, cardiovascular diseases, extrahepatic
cancer, and gallstones were observed. Although in the
two groups we detected a similar incidence of liver
decompensation, hepatocellular carcinoma (HCC) and
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such as chronic obstructive pulmonary disease, acute
pneumonia, type 2 diabetes (T2D), renal diseases].
Past coronary artery disease was diagnosed based
on clinical charts (laboratory analysis, ECG, cardiac
ultrasonography, coronary angiography).
All data were collected on the basis of “a priori”
codification of parameters on a computerized database
which was regularly updated during follow-up. The
Ethics Boards of the two participating hospitals
approved the study protocol.
The main metabolic features were defined as
follows: T2D from a previous diagnosis, use of antidiabetic medications, fasting glucose ≥ 126 mg/dl or
HbA1c ≥ 6.5%, impaired fasting glucose (IFG) with
blood glucose ≥ 100 mg/dl, central obesity with BMI
≥ 30 kg/m2 and/or waist circumference ≥ 94 cm in
men and ≥ 80 cm in women; overweight with BMI ≥
2
2
25 kg/m and < 30 kg/m , high blood pressure by a
previous diagnosis or blood pressure ≥ 130/85 mmHg
or anti-hypertensive medications. Dyslipidemia was
based on a previous diagnosis of dyslipidemia, use
of lipid-lowering drugs, triglycerides ≥ 150 mg/dl,
and/or serum total cholesterol ≥ 200 mg/dL, and/
or HDL < 50 mg/dl in women and < 40 mg/dl in
men. According to modified IDF criteria of the AHA/
[17]
NHBLI , metabolic syndrome was diagnosed in the
presence of at least 3 of these metabolic risk factors:
T2D/IFG, central obesity/overweight, hypertension and
dyslipidemia. Hyperuricemia was defined by serum
uric acid ≥ 6 mg/dl in women and ≥ 7 mg/dl in men.

MATERIALS AND METHODS
In this prospective cohort study we enrolled consecutive
patients receiving for the first time a diagnosis of
cirrhosis of unknown origin, defined as CC, at two Italian
tertiary hepatology centers, the University of Naples
and the University of Modena and Reggio Emilia, from
January 2008 to June 2015. During the same period,
we also enrolled, as control group, an age- and childPugh class matched cohort of patients with a diagnosis
of HCV-related cirrhosis.
The diagnosis of cirrhosis was based on compatible
clinic and laboratory parameters (hepatic encepha
3
lopathy, jaundice, ascites, platelet < 90000 mm ,
albumin < 2.5 g/dl), ultrasound/endoscopic parameters
(coarse-pattern, irregular liver surface, clear-cut
evidence of portal hypertension such as splenome
[5]
galy and esophago-gastric varices) and, whenever
possible, on histological ground. In addition, in a subset
of patients we performed transient elastography by
®
Fibroscan as a further diagnostic support, and cutoff values of liver stiffness > 12.5 kpa were considered
[14]
consistent with liver cirrhosis .
The criteria for the exclusion of diagnosis of CC
were: cases with histological clear-cut features of
fatty changes and cirrhosis with definite etiology such
as, excessive alcohol consumption (defined as ≥ 30
g of alcohol per day for men and 20 g per day for
women); chronic use of hepatotoxic drugs (based on
medical history); HCV antibody positivity; hepatitis
B surface antigen positivity; autoimmune hepatitis,
primary biliary cirrhosis, primary sclerosing cholangitis
or genetic liver diseases such as hemochromatosis,
alpha1-antitrypsin deficiency or Wilson’s disease (based
on clinical grounds, appropriate serum bio-markers or
[15]
imaging findings) .
For HCV-related cirrhosis the diagnosis was based
on the presence of serum HCV-Ab and HCV RNA.
The following outcomes were assessed: (1) se
verity of liver disease at the time of first diagnosis;
(2) liver decompensation (i.e., at least 1 episode of
ascites, encephalopathy, or variceal bleeding either at
presentation or during follow-up; (3) HCC, diagnosed
[16]
according to current guidelines ; (4) orthotopic liver
transplantation (OLT); and (5) death. At time of first
diagnosis, the cirrhosis stage was assessed by ChildPugh score. Death was considered to be liver-related
if resulting from liver decompensation/hepatorenal
syndrome and/or spontaneous bacterial peritonitis
and/or variceal bleeding and/or HCC and/or OLT
complications. Survival was calculated starting from the
first diagnosis of cirrhosis. Extra-hepatic malignancies
and cardiovascular events, particularly the presence
of coronary artery disease, were recorded. In order
to address a potential source of bias, we compared
the prevalence of coronary artery disease in the CC
cohorts with the HCV-related cirrhosis cohort and an
age-matched (1:3) pathological control [652 patients
hospitalized in the same period for non-liver conditions

WJG|www.wjgnet.com

Statistical analysis

Quantitative variables were expressed as mean ± sd
or median (range), as appropriate, and categorical
variables as percentage. Numerical variables were
2
compared using the Mann-Whitney U test. χ and
Fisher’s exact tests were used for qualitative data
when appropriate. Two-sided p values of less than 0.05
were considered statistically significant.
Multiple logistic regression analysis was performed to
determine the independent determinants of outcomes
variables (liver decompensation and HCC).
Overall survival was evaluated by Kaplan-Meier
model. The log-rank test was used to compare overall
survival and the Cox regression to identify factors
associated with overall survival. Statistical tests were
performed using SPSS 17.0 software (SPSS, Inc,
Chicago, IL, United States).

RESULTS
Demographic, laboratory and clinical features of
cirrhotic patients at time of diagnosis

Based on inclusion and exclusion criteria, 102 patients
with diagnosis of CC were enrolled in this study: 70
from Naples and 32 from Modena. They account
for approximately 4%-5% of all cases of cirrhosis
observed in the same period in our Units (Figure 1).
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2040 cirrhotic patients
observed from January 2008 to June 2015

Table 1 Demographic, clinical, and laboratory features of
patients included in the study with cryptogenic cirrhosis and
hepatitis C virus-related cirrhosis

1938 excluded for
definite diagnosis such as:
Excessive alcohol consumption
Chronic use of hepatotoxic drugs
HCV Ab positivity
HBs Ag positivity
NASH or NAFLD at biopsy
Autoimmune hepatitis
Primary biliary cirrhosis
Primary sclerosing cholangitis
Hemochromatosis
Alpha 1-antitrypsin deficiency
Wilson’s disease
Other genetic liver disease

102 cryptogenic
cirrhotic patients
enrolled in the
study group.

No. of patients
Age at diagnosis (yr),
median
Male sex (M:F ratio)
BMI (mean ± SD)
Low alcohol intake
Past and current smokers
AST (U/L), mean ± SD
ALT (U/L), mean ± SD
Υ-GT (U/L), mean ± SD
Alph (U/L), mean ± SD
Total bilirubin (mg/dL),
mean ± SD
Albumin (g/dL),
mean ± SD
INR, mean ± SD
Platelets (103/mm3),
mean ± SD
Creatininemia (mg/dL),
mean ± SD
Ferritin (ng/mL),
mean ± SD
α-fetoprotein (ng/mL),
median
Child-Pugh class A/B/C
(%)
HBsAb/HBcAb positive
Extrahepatic tumors

110 HCV cirrhotic
patients matched
for age and ChildPugh class enrolled as
control group.

Figure 1 Selection and enrollment of cirrhotic patients to the study. HCV:
Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease.
Cryptogenic cirrhosis

HCV cirrhosis
Metabolic syndrome
Overweight/obesity
IFG/diabetes
Hypertension

P value

Cryptogenic
cirrhosis

Hepatitis C
virus cirrhosis

102
66 (38-84)

110
65 (48-86)

NS

36 (1:1.8)
30 ± 5.7
11.8%
29.4%
47 ± 43
35 ± 25
126 ± 124
172 ± 181
2.8 ± 5.2

58 (3:1)
27.1 ± 3.9
12.8%
27.2%
122 ± 88
102 ± 63
82 ± 61
198 ± 180
2.6 ± 4.2

< 0.01
< 0.05
NS
NS
< 0.01
< 0.01
< 0.05
NS
NS

3.4 ± 0.8

3.4 ± 0.9

NS

1.3 ± 0.6
120 ± 80

1.4 ± 0.8
115 ± 60

NS
NS

1.1 ± 0.7

1.1 ± 0.6

NS

163 ± 153

186 ± 162

NS

3.4 (0.6-3300)

36 (2-600)

NS

47/31/22

48/29/23

NS

27.5%
12.6%

42.7%
4.4%

< 0.03
NS

NS: Not significant.

Dyslipidemia

there was a higher prevalence of male (F:M = 1:3).
Among CC patients, 14.1% were ex-smokers and
15.3% were active smokers. 11.8% consumed low
amount of alcohol (< 30 g of alcohol per day for men
and < 20 g per day for women); similar values were
observed for HCV cirrhotic patients (data not sowed).
Aminotransferases were normal or slightly elevated
in CC; mean ALT values were 1.5-fold higher than cutoff levels for both men and women, whereas, they
were significantly higher in HCV-related cirrhosis cases.
The majority of patients were overweight/obese
2
(82.3%) and the mean BMI was 30.0 ± 5.7 kg/m ;
70% had IFG/T2D, 55.9% had high blood pressure
and 50.0% had dyslipidemia 52.9% of patients had
full-blown MS. We found hyperuricemia in 29.2%,
14.4% had hypothyroidism and 58.7% had gallstones
or had previously undergone cholecystectomy for
gallstones. As showed in Figure 2 these metabolic
conditions were significantly lesser in HCV patients.
Cholelithiasis or cholecystectomy were present in
58.7% of CC and in 24.2% of HCV cirrhosis (p < 0.01).
Hypothyroidism was present in CC and HCV cirrhosis
in 14.4% and 5.6% (p < 0.01), respectively. There
was a history of extrahepatic tumors in 12.4% of CC
patients and in 5% of HCV patients; 43.3% of patients
had a positive history for cardiovascular complications,

Hyperuricemia
Cardiovascular complications
Coronary artery disease
0

10 20 30 40 50 60 70 80 90
%

Figure 2 Prevalence of metabolic factors and of cardiovascular
complications in cryptogenic cirrhosis and hepatitis C virus-related
cirrhosis. All factors are significantly higher in cryptogenic cirrhosis (P <
0.01 vs HCV-related cirrhosis). HCV: Hepatitis C virus; IFG: Impaired fasting
glucose.

Comparison of CC patients according to enrollment
center revealed no significant differences as far as
demographic, biochemical, and clinical characteristics
were concerned (data not shown). Accordingly, data
from these 2 cohorts were processed together. As a
control group, 110 matched patients with HCV-related
cirrhosis were enrolled.
The demographic, clinical, and laboratory charac
teristics of the studied subjects (CC and HCV cirrhosis)
are summarized in Table 1, and the prevalences of
metabolic features is shown in Figure 2. The mean age
at diagnosis of CC patients was 66 ± 11 years [median
(range): 66 (38-84) years]. There was a majority of
women (63.7%, F:M = 1.8:1), whereas, in HCV cohort
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Table 2 Characteristics and complications of the 102 patients with cryptogenic cirrhosis according to metabolic syndrome
components
With full metabolic syndrome,
n = 54 (52.9%)

Without full metabolic syndrome,
n = 36 (35.8%)

Without components of metabolic
syndrome, n = 12 (11.8%)

66 (48-84)
70.4%
69%
27%
81.8%
50%
20%
48%

66 (42-84)
58.3%
39%
55.5%
61%
61.3%
14%
41.6%

70 (38-81)
50%a
0%a
0%a
33%a
55%
18%
25%a

Age (yr), median
Female sex
Obesity
Overweight
IFG/T2D
Ascites
HCC
Cardiovascular diseases
a

P < 0.05. HCC: Hepatocellular carcinoma; IFG: Impaired fasting glucose.

syndrome, higher prevalences of female, obesity and
IFG or diabetes were present. A minority of patients
(11.8%) was lean and without component of metabolic
syndrome. The lean subgroup showed a significant
lower prevalence of cardiovascular diseases than the
overweight/obese patients.

Table 3 Outcome observed during follow up of the 102
patients with cryptogenic cirrhosis and 110 patients with
hepatitis C virus-related cirrhosis
Cryptogenic
cirrhosis

Hepatitis C
virus cirrhosis

42 (10-96)
60.8%
54.9%
25.5%
6.9%
16.7%
1.0%
39.2%
77.5%
10.0%
7.5%
5.0%
26 (1-96)

40.8 (10-95)
55.4%
51.8%
21.8%
6.3%
17.2%
3.6%
30.0%
78.8%
9.1%
3.0%
9.1%
28 (4-86)

Follow up, median, mo (range)
Liver decompensation
Ascites
Encephalopathy
Esophageal variceal bleeding
Hepatocellular carcinoma
Orthotopic liver transplantation
Death
Liver-related
Cardiovascular events
Non-liver-related cancer
Other causes
Time to death, median, mo (range)

Outcome observed during follow-up

The median follow-up period was of 42 mo (range
10-96 mo) for CC and 40.8 mo (range 10-95 mo) for
HCV-related cirrhosis (Table 3).
Liver decompensation: During follow up, 60.7%
of patients with CC developed liver decompensation:
ascites occurred in 54.9%, encephalopathy in 25.5%
and esophageal variceal bleeding in 6.9% (Table 3).
A similar incidence of ascites, encephalopathy and
variceal bleeding was observed in the HCV cohort (Table
3). A similar incidence of liver decompensation for
patients with a full metabolic syndrome, those with a
component of metabolic syndrome and lean.

in the majority of cases coronary artery disease.
Interestingly, the prevalence of coronary artery
disease in our CC cohort was significantly higher than
that found in two age-matched control groups (p =
0.002). Coronary artery disease was present in 33.3%
of CC patients vs 21.6% in the cohort of HCV cirrhotic
patients used as a control for liver disease vs 12.0%
in a heterogeneous cohort of 652 patients hospitalized
for reasons other than liver diseases [median age 66
(47-86), 48% men].
Twenty-eight patients (27.5%) had anti-HBV
antibodies: 21 were HBsAb positive and 7 only HBcAb
positive. All but one of these patients were serum
HBV DNA negative. The HBV DNA positive patient was
excluded from the study. A higher prevalence of antiHBV-Ab was observed in the HCV cohort (42, 7%).
At the first observation, 46.7% of patients had
Child-Pugh class A cirrhosis, 31.1% were ChildPugh B and 22.2% were Child-Pugh C; 67.7% of CC
had esophageal varices, a prevalence similar to that
observed in HCV-related cirrhosis.
Table 2 shows the metabolic characteristics of
patients with CC. More than 88% of patients were
overweight/obese and a full metabolic syndrome
was observed in 52.9%. In patients with metabolic
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Liver transplantation: Only 1 patient with CC and 4
(3.6%) HCV cirrhotic patients, underwent OLT (Table
3). The patient with CC died after liver transplantation.
HCC development: Overall, among CC, 18 patients
(17.6%) developed HCC, in 6 of them HCC and
cirrhosis were diagnosed at the same time and in
12 during follow up (Table 4). Of the HCV cirrhotic
patients, 19 (17.2%) had HCC, 4 of whom at en
rollment and 15 developing during follow up (Table 4).
The cumulative incidence of HCC developing during
follow up was 3.5% per year for CC and 4.5% per year
for HCV cirrhosis. The median age of patients with HCC
was 73 years for CC and 72 for HCV; the male:female
ratio was 1.5:1 and 3:1 for CC and HCV, respectively.
The Child-Pugh classification was: A, 39%; B, 39%;
C, 22% with a Child A:B/C ratio of 0.50 for CC, and A,
21%; B, 42%; C, 37% with a Child A:B/C ratio of 0.27
for HCV cirrhosis (Figure 3). The prevalence of HBV
markers (HBsAb/HBcAb) in CC and HCV was 55.5%
and 57,7%, respectively. Of the CC patients, HCC
was found in 16 patients (20.5%) with one or more

1462

February 28, 2017|Volume 23|Issue 8|

Rinaldi L et al . Natural history of cryptogenic cirrhosis
20

Number of patients with HCC

18

n = 19
n = 18

Table 4 Characteristics, prevalence and incidence of
hepatocellular carcinoma in 102 patients with cryptogenic
cirrhosis and in 110 patients with hepatitis C virus-related
cirrhosis

HCV cirrhosis
Cryptogenic cirrhosis

16
14
12
10

n =8

8

n =6

6

n =4

4

(21%)

2
0

(33%)

n =7
(42%)
(39%)

Overall

Child-Pugh A Child-Pugh B

HCC at first diagnosis
HCC during follow-up
HCC overall
Annual rate of incidence
Age, median, yr (range)
Male sex (M:F ratio)
Child-Pugh A/B/C (%)
Ratio Child-Pugh A:(B-C)
α-fetoprotein (ng/mL),
median (range)

n =7
(37%)n = 5
(28%)

Child-Pugh C

Figure 3 Occurrence of hepatocellular carcinoma among 102 patients
with cryptogenic cirrhosis and 110 patients with hepatitis C virus-related
cirrhosis and its distribution among Child-Pugh class. HCV: Hepatitis C
virus; HCC: Hepatocellular carcinoma.

HCV cirrhosis

6 (5.8%)
12 (12.5%)
17.6%
3.5%
73 (63-82)
52% (1.5:1)
39/39/22
0.5
48 (6-800)

4 (3.6%)
15 (14.1%)
17.2%
4.5%
72 (60-80)
58% (3:1)
21/42/37
0.27
66 (6-680)

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

Variables significantly associated with liver-related
outcomes are summarized in Table 6. Figure 4 shows
comparison of survival according to age, Child-Pugh
class at presentation and baseline serum sodium and
creatinine levels.

metabolic components, and in 2 lean patients (17%)
(Table 2).
Survival: Death in CC and HCV cirrhosis occurred
in 40 patients (39.2%) and 33 patients (30%),
respectively (Table 3). The vast majority of deaths in
both CC and HCV cirrhosis were liver-related (Table 3).
The mortality rate for CC patients with full
metabolic syndrome, with a component of metabolic
syndrome and the lean was 42.5%, 36.1% and
33.3%, respectively.
The median time to death after cirrhosis detection
was 26 mo for CC and 28 mo for HCV-related cirrhosis
(Table 3).
The median survival in CC was 60 mo (95%CI:
42-78); the calculated probability of overall survival
was 86%, 67% and 35% at 12, 36 and 120 mo,
respectively.

DISCUSSION
This study evaluated the features of CC and associated
factors in a cohort at their first diagnosis, as well as
developments during follow up. Five major characteristic
were identified: (1) CC cases had a high prevalence of
metabolic syndrome and oncologic/cardiovascular comorbidities; (2) CC patients without full-blown metabolic
syndrome had, in a high proportion, at least one or
more metabolic derangements and only a minority of
patients did not have any metabolic alterations; (3)
CC was associated with a poor prognosis, and with a
significant occurrence of liver decompensation and HCC;
(4) age, advanced liver damage and kidney impairment
were predictors of liver decompensation and death in
CC; and (5) a high proportion of HCC was observed in
an early stage of CC.
The CC cohort was compared to age- and childPugh-matched HCV-related cirrhosis cohort. CC showed
a higher prevalence of female sex, of metabolic features,
of cardiovascular diseases, extrahepatic malignancy,
and lower serum levels of aminotransferases. However,
during follow up, there were no differences in the
overall incidence of liver decompensation, development
of HCC and survival. Of concern, the incidence of HCC
in CC child-Pugh class A was 1.8 times higher than that
observed in patients with HCV cirrhosis.
Our series recapitulates the demographic and
clinical sketch of CC, a disease with a high prevalence
of females in their sixties, associated with slightly
elevated aminotransferases values and metabolic
[7-9,18-20]
derangements
. The prevalence of body wei
ght excess and IFG/T2D in our cohort, however,
ranks among the highest ever reported in a CC case
[8,9,18,19,21]
series
. It is important to highlight that T2D

Predictors of outcome in CC: Table 5 shows the
predictors of both cirrhosis decompensation and
development of HCC. By univariate analysis, the
predictors for liver decompensation were age and
Child-Pugh class at the first observation, and baseline
serum sodium and creatinine levels. Multivariate
analysis showed that Child-Pugh class at presentation
was the only independent factors associated with
liver decompensation. The only predictors for HCC
were baseline serum sodium and creatinine levels;
hyponatremia was found to be independently associated
with HCC also at multivariate analysis.
Age and Child-Pugh class at presentation, and the
baseline serum sodium and creatinine levels were
the variables significantly associated with survival.
Multivariate Cox regression analysis confirmed
that age and Child-Pugh class at presentation were
independent predictors of survival. Sex, BMI, T2D,
dyslipidemia and cardiovascular complications did not
emerge as significant predictors of any outcomes.
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Figure 4 Cumulative probability of overall survival after cirrhosis detection according to different significant predictors of mortality. A: Cumulative
probability of overall survival according to age at diagnosis; P = 0.002 by log-rank test; B: Cumulative probability of overall survival according to Child Class at
diagnosis; P < 0.001 by log-rank test; C: Cumulative probability of overall survival according to baseline sodium levels; P = 0.020 by log-rank test; D: Cumulative
probability of overall survival according to baseline creatinine levels; P = 0.017 by log-rank test.

Table 5 Predictors of outcomes of the 102 patients with cryptogenic cirrhosis
Outcome

P value

Univariate analysis, OR (95%CI)

Liver decompensation
Age at diagnosis
Male sex
Child B vs A
Child C vs A
Renal impairment1
Hyponatremia2
Hepatocellular carcinoma
Age at diagnosis
Male sex
Child B vs A
Child C vs A
Renal impairment1
Hyponatremia2

Multivariate analysis, OR (95%CI)

P value

1.06 (1.01-1.11)
1.00 (0.41-2.40)
40.0 (8.03-199)
60.8 (7.2-513)
3.75 (1.14-12.3)
4.45 (1.50-13.2)

< 0.01
NS
< 0.001
< 0.001
< 0.023
< 0.005

0.97 (0.90-1.05)
0.85 (0.18-4.12)
111 (11-1101)
102 (7-1480)
2.90 (0.40-21.1)
2.89 (0.48-17.4)

NS
NS
< 0.001
< 0.001
NS
NS

1.04 (0.99-1.10)
2.30 (0.79-6.70)
1.09 (0.31-3.84)
1.67 (0.46-6.10)
3.62 (1.18-11.0)
4.37 (1.18-13.15)

NS
NS
NS
NS
< 0.019
< 0.006

1.03 (0.95-1.12)
2.38 (0.67-8.44)
0.62 (0.13-2.86)
0.76 (0.14-4.04)
2.37 (0.52-10.9)
4.11 (1.14-14.9)

NS
NS
NS
NS
NS
< 0.031

1

Renal impairment: serum creatinine > 1.20 mg/dL; 2Hyponatremia: serum Na < 135 mE/L. In addition to the variables reported in the table, analysis
included also: ALT/AST, α-fetoprotein, metabolic syndrome, obesity, serum cholesterol, type 2 diabetes mellitus, cardiovascular events. NS: Not
significant.

often develops as complication of cirrhosis per se
and, therefore, it may be argued that it results from,
[22]
rather than precedes cirrhosis . Nevertheless,
the concurrence of either the full-blown metabolic
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syndrome (54%) or its individual features (in particular
overweight/obesity), which are not classically found
in cirrhosis due to other etiologies, and the high rate
of cardiovascular co-morbidities, are in agreement
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Table 6 Predictors of mortality of the 102 patients with cryptogenic cirrhosis
Outcome
Overall mortality
Age at diagnosis
Male sex
Child B vs A
Child C vs A
Renal impairment1
Hyponatremia2

Univariate analysis, HR (95%CI)

P value

Multivariate analysis, HR (95%CI)

P value

1.07 (1.03-1.10)
1.10 (0.55-2.20)
9.75 (2.85-33.32)
23.62 (6.64-84.05)
2.63 (1.31-5.30)
2.66 (1.34-27)

< 0.001
NS
< 0.001
< 0.005
< 0.007
< 0.005

1.11 (1.04-1.18)
1.07 (0.46-2.48)
8.35 (2.16-32.29)
34.64 (7.5-160.7)
0.65 (0.28-1.54)
0.84 (0.36-1.95)

0.001
NS
< 0.002
< 0.001
NS
NS

1

Renal impairment: serum creatinine > 1.20 mg/dL; 2Hyponatremia: serum Na < 135 mE/L. In addition to the variables reported in the table, analysis
included also: ALT/AST, α-fetoprotein, metabolic syndrome, obesity, serum cholesterol, type 2 diabetes mellitus, cardiovascular events. NS: Not
significant.
[21,35,36]

with a primarily metabolic etiology in a substantial
number of the cases of cirrhosis observed in our study.
Supporting this view, nearly one-third of our patients
had hyperuricemia, another cardio-metabolic risk factor
[23]
associated with a higher risk of cirrhosis , and with
development and progression of nonalcoholic fatty
[24,25]
liver disease (NAFLD)
, which is more common in
CC patients compared to cirrhosis due to identifiable
[19]
etiologies . Further suggesting a pathogenic link of
NAFLD with CC, a high proportion of our patients had
either hypothyroidism or gallstones/cholecystectomy,
which may be additional clues to NAFLD as a predis
[26-29]
posing factor to CC
such as first suggested by
[30]
Ludwig in 1980 . Thus, the overall clinic-pathologic
analysis of our cohort of patients at their first diagnosis
of CC seems to indicate that the leading cause include
previously unrecognized NAFLD.
We also found that only a small number of patients
with CC (about 12% of our population) were lean and
did not have any components of metabolic syndrome.
These patients were characterized by an older age and
lower prevalence of T2D and cardiovascular diseases
and thus had different features from those of other
dysmetabolic CC patients. It is not possible to clearly
establish the putative underlying etiology of cirrhosis in
this subset of patients, but occult alcohol consumption
or viral, autoimmune or genetic factors may account
for the development of CC. However, the clinical
outcome such as development of ascites, HCC and
death was similar for the overweight/obese patients
and the HCV-related cirrhosis groups, suggesting that,
irrespective of underlying mechanisms, once cirrhosis
is established it follows a similar natural course.
The natural history of CC, in term of morbidity
and mortality, has been explored only marginally,
[8,21,31,32]
and with conflicting results
. At variance with
previous studies that had suggested a mild course of
[31-35]
disease
, our cohort of CC patients had a high rate
of complications of cirrhosis such as liver failure and
HCC that were similar to those observed in the HCVrelated cirrhosis cases. In agreement with some of
[8,18,21]
the previous studies
, such complications may
arise as the inaugural manifestation of liver diseases.
Of concern, we confirm that the hepatocarcinogenic
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potential of CC is not negligible
. Indeed, the
cumulative incidence per year of HCC was 3.5%,
slightly higher than those reported in two previous
[32,36]
studies, 2.6% and 2.7%, respectively
; this
incidence was slightly lower than that observed (4.5%)
in HCV-related cirrhosis cohort. Overall, our results are
[18,37,38]
in agreement with other studies
, which reported
a substantial risk of HCC developing in CC.
The estimated long-term prognosis of our patients
was poor; the overall median survival was of about
5 years and only one-third of patients survived at
10 years. This prognosis is much more severe than
[29,34,35]
that reported for metabolic-cirrhosis
, and is
[34,39]
in agreement with two previous studies on CC
.
Although mortality was overwhelmingly liver-related,
our cohort had a high prevalence of cancer and
cardiovascular diseases. The prevalence of coronary
artery disease in our cohort was significantly higher
than that found in two age-matched groups of patients
at high cardiovascular risk owing to either traditional
(T2D, kidney and lung diseases) or emerging (HCV
[40]
cirrhotic patients) risk factors . Finally, in our study, a
single patient underwent OLT and died of complications
after surgery. Owing to age and co-morbidities,
patients with NASH-cirrhosis and CC are less likely to
[32]
receive OLT , have a high risk of NASH or cryptogenic
[41]
liver disease recurrence after OLT , and a higher
rate of postoperative complications and mortality than
[42]
other etiologies .
[21]
In accordance with a previous study on CC , our
study showed that age at presentation and severity of
liver and kidney tests predicted liver failure and death.
No association was found between BMI, T2D and/or
other metabolic features with liver-related outcomes.
This could be the result of the limited number of events
and/or of the high prevalence of metabolic factors.
Of interest, was the observation that no condition
predict the development of HCC and that a high
proportion was observed in the early phase of cirrhosis.
Previous, studies have shown consistently that HCC in
NAFLD patients may develop even without cirrhosis, is
[37,38]
diagnosed late and, therefore, has a poor prognosis
.
The role of genetic factors in the development of HCC
[43-45]
has consistently been suggested by several studies
.
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an etiologic role of undiagnosed nonalcoholic fatty liver disease in a high
percentage of cases of CC.

Our study has a number of points of strength in
that we have characterized the features of a cohort
of cirrhotic patients with a previously unknown liver
disease as well as the predictors of the outcomes.
Considering the scarcity of published data on such
population, we have reason to believe that our
findings may help to identify these patients earlier,
possibly before the development of cirrhosis, with the
aim of preventing and rapidly treating hepatic and
extrahepatic complications, thus improving survival
and quality of life for these individuals.
As our study was conducted at two tertiary centers,
this may have created a selection bias. In addition, it is
a cohort study including previously unknown cirrhotic
patients with an advanced stage of liver disease and,
therefore, so the natural history of CC might not have
been faithfully characterized. Moreover, this study
specifically identifies risk factors and natural history
of CC in the center and south of Italy and our findings
may not apply to other ethnicities or geographical
area. Finally, the number of patients may be relatively
too small to identify all predictors of the outcome.
However, we highlight that the size of our cohort was
not inferior to those previously published case-series
[8,21,31,32]
on CC
.
In conclusion, the data of this study confirm that
CC likely results from the progression of unrecognised
NASH in a large proportion of cases; hence it may
be better defined as “metabolic cirrhosis” in most
cases. The subset of lean patients with CC, however,
may suggest non-metabolic risk factors, and this
group therefore deserves further investigation. The
predictors of hepatic complications and death in
patients with CC are similar to those of cirrhosis due to
HCV. Patients with CC have a high risk of developing
severe liver complications and a poor prognosis
owing to liver-related death and cardiovascular and
oncologic co-morbidities. The risk of HCC developing
in CC, even in the early phase, is not negligible, and
thus warrants the setting up of surveillance programs
for early detection of NAFLD-NASH in patients with
dysmetabolic features.

Applications

The data are utilizing in the clinical setting to propose screening strategies for
early detection of liver impairment in dysmetabolic subjects and early screening
for HCC.

Terminology

CC is cirrhosis of unknown etiology, in particular with no history of alcoholism or
previous infective hepatitis. At present, in a large proportion of cases, CC may
be best-defined “metabolic cirrhosis”.
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of CC compared to hepatitis C virus-related cirrhosis. The manuscript is wellstructured, the methodology and the sample size seem appropriate, and overall
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Abstract
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AIM
To investigate death for liver failure and for tumor
recurrence as competing events after hepatectomy of
hepatocellular carcinoma.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent according to
Italian law.

METHODS
Data from 864 cirrhotic Child-Pugh class A consecu
tive patients, submitted to curative hepatectomy
(1997-2013) at two tertiary referral hospitals, were used
for competing-risk analysis through the Fine and Gray
method, aimed at assessing in which circumstances
the oncological benefit from tumour removal is greater
than the risk of dying from hepatic decompensation.
To accomplish this task, the average risk of these
two competing events, over 5 years of follow-up, was
calculated through the integral of each cumulative
incidence function, and represented the main com
parison parameter.
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RESULTS
Within a median follow-up of 5.6 years, death was
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tumour burden and functional reserve is essential in
order to select candidates that will most benefit from
[2]
surgery . The balance between tumour stage, hepatic
curtailment needed to curatively remove the tumour,
and the hepatic reserve is critical to obtain a survival
benefit, avoiding a pointless oncological outcome,
postoperative liver failure, progressive hepatic dete
rioration and, ultimately, patient premature death.
Having these aspects as determinants, hepatic resection
is typically indicated in patients able to achieve a
significant oncologic benefit from surgery, with low
or null probabilities of experiencing liver function
[3]
worsening . Cirrhotic patients resected for HCC mainly
die due to recurrence of the tumour consequences,
and/or complications of end-stage liver disease. This
means that when evaluating patients for surgery, the
competing risks of tumour-related death and of liver
failure have to be weighed against each other, and
considered from the point of view of available alternative
therapies. Having knowledge of these aspects can help
in identifying optimal surgical candidates as well as in
recognizing sub-optimal and/or non-optimal candidates
who will most benefit from other therapies.
Common statistical techniques for time-to-event
analysis, including cancer-specific survival, focus on
failure-time data with a single type of failure (even if
composite such as disease-free survival), are not able to
capture competing risks arising when a failure can result
from one of several causes and one cause precludes
[4,5]
the others
. Competing risk analysis can more
adequately capture the real cause-specific survivals
of HCC cirrhotic patients submitted to hepatectomy.
However, at present, no data are currently available on
the competing risk of these two main end-events. The
aim of the present study was to analyze the competingrisk of dying from tumour recurrence or liver failure in
a cohort of cirrhotic patients, belonging to Child-Pugh
class A, submitted to curative hepatic resection, and to
investigate prognostic factors, taking into consideration
the competing nature of these two events.

attributable to tumor recurrence in 63.5%, and to liver
failure in 21.2% of cases. In the first 16 mo, the risk
of dying due to liver failure exceeded that of dying due
to tumor relapse. Tumor stage only affects death from
recurrence; whereas hepatitis C infection, Model for
End-stage Liver Disease score, extent of hepatectomy
and portal hypertension influence death from liver
failure (p < 0.05 in all cases). The combination of these
clinical and tumoral features identifies those patients in
whom the risk of dying from liver failure did not exceed
the tumour-related mortality, representing optimal
surgical candidates. It also identifies those clinical
circumstances where the oncological benefit would be
borderline or even where the surgery would be harmful.
CONCLUSION
Having knowledge of these competing events can
be used to weigh the risks and benefits of hepatic
resection in each clinical circumstance, separating
optimal from non-optimal surgical candidates.
Key words: hepatocellular carcinoma; liver failure;
hepatic resection; survival; competing risk; tumour
recurrence
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Optimal candidates for hepatectomy should
benefit from the tumour removal that encompasses
the risk of dying from post-operative liver function
worsening and failure. This means that when evaluating
patients for surgery, the competing risks of tumourrelated death and of liver failure have to be weighed
against each other, and considered from the point of
view of available alternative therapies. In the present
study, a large cohort of Child-Pugh class A cirrhotic
patients submitted to curative (R0) hepatic resection
for hepatocellular carcinoma was analysed to provide a
competing-risk analysis of these two competing events.
Cucchetti A, Sposito C, Pinna AD, Citterio D, Cescon M,
Bongini M, Ercolani G, Cotsoglou C, Maroni L, Mazzaferro
V. Competing risk analysis on outcome after hepatic resection
of hepatocellular carcinoma in cirrhotic patients. World J
Gastroenterol 2017; 23(8): 1469-1476 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i8/1469.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i8.1469

MATERIALS AND METHODS
Study population

Prospectively collected data from two Western centres
with similar volumes, expertise and management
strategy for HCC (Fondazione IRCCS - Istituto Nazionale
Tumori, Milan, Italy and S.Orsola-Malpighi Hospital,
Bologna, Italy) were reviewed, and patients submitted
to curative resection (R0) of a pathologically proven
HCC between 1997 and 2013 were identified (patients
with R1 or R2 margin positive resection were excluded).
Approval for conducting the study was obtained from
the institutional review board at both centres. The study
population selection was focused on patients with wellpreserved liver function, since they commonly represent
typical candidates for hepatic resection. Consequently,
only patients belonging to Child-Pugh class A were

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1]
common cancers worldwide . It often arises on
the background of cirrhosis, making its treatment
completely different from other liver malignancies
because of the conflicting needs of being oncologically
appropriate and of preserving hepatic function. In
this regard, a careful preoperative evaluation of both
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retained for the analysis. None of the patients in the
study group was treated as an emergency; none had
macroscopic tumour portal vein invasion, invasion of
adjacent organs or spread to the lymph nodes of the
hepatic hilum. The final study population consisted
of 864 consecutive Child-Pugh class A cirrhotic
patients submitted to curative (R0) hepatectomy.
Presence of clinical signs of portal hypertension (PHT)
was not considered an absolute contraindication for
[6]
hepatectomy . Thus, the study cohort also includes
patients with total bilirubin > 1 mg/dL and/or with a
platelet count < 100000/ml and/or with oesophageal
varices at endoscopy, namely, when tumour resection
was judged to provide a greater benefit than other
available options such as liver transplantation, and locoregional or systemic therapies.
The following variables were recorded for each
patient: age, sex, aetiology of underlying liver disease,
presence of oesophageal varices, main serological
parameters (total bilirubin, creatinine, international
normalized ratio, albumin, platelets count), and main
tumour radiological characteristics (number and
size of lesions). Presence of PHT was defined as the
presence of oesophageal varices or a platelet count
[3]
< 100000/ml . The extent of the hepatectomy was
based on the International Hepato-Pancreato-Biliary
[7]
Association Classification . Tumours were staged
on the basis of preoperative imaging, according to
the United Network for Organ Sharing (UNOS)-TNM
[8]
classification .
Following discharge, all patients were observed
periodically at follow-up to exclude possible recurrence
of HCCs: biochemical liver function tests, serum
α-fetoprotein level measurement, and ultrasound
were conducted 3 and 6 mo after discharge and then
according to an annual or semi-annual surveillance
[9]
program in the more recent period . Recurrence was
diagnosed on the basis of HCC diagnosis guidelines
released during the study period. None of the patients
in this study group received adjuvant chemotherapy.
Patients presenting recurrence were managed with
various therapeutic modalities, including re-resection,
when possible, and salvage liver transplantation, for
selected patients with transplantable recurrence. The
patient selection criteria for second hepatic resection
were the same as for primary resection. Patients with
non-resectable recurrence, and not suitable for liver
transplant, were submitted to loco-regional therapies.
From the end of 2008, Sorafenib therapy was also
adopted, either alone or in combination with locoregional approaches.

that patients would have died because of the tumour
in the presence of a disseminated extra- and/or intrahepatic tumour recurrence, including also those cases
where liver function worsened as a consequence of
tumour spread (i.e., liver involvement > 50% and/or
development of tumour portal vein invasion). On the
contrary, patients would have likely died because of
liver failure (and/or its complications) in the absence
of tumour recurrence and in the presence of clinical
signs of end-stage liver disease, or, in cases where
recurrence was diagnosed, in all those cases where the
burden of tumour relapse did not justify liver failure
(i.e., progressive liver worsening in the presence of
small recurrences). Controversial cases were discussed
between authors Cucchetti A and Sposito C. Cases
not fulfilling these criteria were recorded as other
causes of death. Follow-up ended at June 2015.
Patients submitted to salvage transplantation were
censored the day prior to transplant. Survival rates,
observed after surgery, were obtained by plotting
Kaplan-Meier curves. Cumulative incidences of the
competing events of interest were calculated using
the Fine and Gray competing risks approach using
the STATA syntax stcrreg (StataCorp. Stata Statistical
[10]
Software: Release 12.) . Factors identified having a p
< 0.10 on simple (univariate) competing risk analysis
were entered into a multivariable regression model.
A backward stepwise variable-selection process was
adopted to identify independent predictors of death
for tumour recurrence or for liver failure. A p value
< 0.05 was considered statistically significant in all
the analyses. The cumulative incidence of death for
tumour relapse or hepatic failure was thus calculated
for each combination of independent variables. The
area under the curve of cumulative incidence over
time was then calculated using trapezoidal rule and
divided by time so it was expressed as average risk
within the first 5 years from surgery. Differences
between these incidences were compared through
standardized differences (d) calculation, a measure
[11]
of the effect size . In particular, d values < |0.1|
indicated very small differences between the means;
d values between |0.1| and |0.3| indicated small
differences, d values between |0.3| and |0.5| indicated
moderate differences, and d values > |0.5| indicated
[12]
considerable differences .

RESULTS
Baseline characteristics of the 864 cirrhotic patients,
all belonging to Child - Pugh class A forming the study
population, are reported in Table 1. The median age
was 66.7 years, ranging between 18 and 85 years,
most of the patients were hepatitis C positive (62.3%),
had a single tumour (78.2%), were within UNOS-T1/
T2 stage (70.6%), and were submitted to the removal
of one Couinaud segment or less (sub-segmentectomy)
(72.3%).

Statistical analysis

Continuous data are reported as median and inter
quartile ranges; categorical data as counts and percen
tages. Patient survival was measured from the date
of hepatic resection until death or the date of the last
follow-up. The cause of death was recorded considering
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cumulative incidence of death due to tumour recurrence
or due to liver failure are reported in Table 2. Tumour
stage and extension of hepatectomy were predictors
of death due to tumour relapse (p = 0.002 and 0.042,
respectively). Regarding the cumulative incidence of
death attributable to liver failure, hepatitis C infection
(p = 0.032), Model for End-stage Liver Disease
(MELD) score (p = 0.001) and PHT (p = 0.029) were
significantly related to the predicted risk of dying from
liver failure.
For completeness of results, the same analysis was
conducted for other causes of death but none of the
variables analysed was found to be significantly related
to death for causes other than tumour recurrence or
liver failure; thus, detailed results were omitted.

Table 1 Characteristics of the study population of cirrhotic
patients, belonging to Child - Pugh class A, submitted to
curative hepatectomy of hepatocellular carcinoma n (%)
n = 864
Age (yr)
≥ 67 yr
Gender male
Anti-HCV positive
HBsAg positive
Alcohol/other
Creatinine (mg/dL)
Albumin (g/L)
Bilirubin (mg/dL)
INR
Platelet count (× 103/mL)
< 100.000/mL
MELD score
<9
9-10
> 10
Oesophageal varices
Tumour size (cm)
Single nodule
UNOS Stage
T1
T2
T3
T4a
Extension of hepatectomy
Wedge/segmentectomy
Bisegmentectomy
Three or more segments

67 (61- 72)
432 (50.0)
678 (78.5)
538 (62.3)
197 (22.8)
120 (13.9)
0.90 (0.80-1.04)
4.0 (3.7-4.3)
0.85 (0.64-1.19)
1.13 (1.07-1.22)
142 (102-186)
202 (23.4)
9 (8-10)
428 (49.5)
298 (34.5)
138 (16.0)
216 (25.0)
3.5 (2.3-5.0)
676 (78.2)

Prediction of competing events incidences

Results from multivariable competing risk analysis
are reported in Table 3. Tumour stage only affects
death due to recurrence (p = 0.001) whereas hepatitis
C positivity (p = 0.046), MELD score (p = 0.001),
extension of hepatectomy (p = 0.019) and PHT (p =
0.024) influence death as a result of liver failure.
A summary of possible combinations of clinical and
tumoral variables is reported in the Figure 2. Results
are reported as average risk over 5 years of followup, predicted by the multivariable regression model
(the integer of the cumulative incidences over time
divided by time) and were adjusted for the distribution
of hepatitis C positive patients in the present study
population (62.3%). The threshold for positive
oncologic surgical benefit of liver resection (positive
d-values) widens as the T stage progresses, while
HCC resectability of HCC in cirrhosis becomes less
achievable with the progression of liver dysfunction.
Some examples can help to clarify this figure. A
patient with a T1 tumour has an average annual risk
of dying from cancer of 5.1% and a corresponding
risk of dying from liver failure of 1.8%, provided there
are no clinical signs of PHT, the patient has a MELD
score < 9 and the tumour is removable with a wedge
or a segmentectomy (d = 0.182: positive benefit). If
the removal of the tumour requires a more extended
hepatectomy and/or there are clinical signs of PHT, the
risk of dying from liver failure increases to 3.2/3.3%
(d < 0.10: borderline benefit), thus nullifying the
oncologic surgical benefit. A patient with a T2 tumour
has an annual average risk of dying from cancer of
7.9% and, in the presence of a MELD score > 10,
clinical signs of PHT and the need for a wedge or a
segmentectomy, a corresponding risk of dying of liver
failure of 14.6%; thus, the risk of dying from liver
failure exceeds the oncologic surgical benefit (d =
-0.213: negative effect size).

84 (9.7)
527 (61.0)
237 (27.4)
16 (1.9)
625 (72.3)
146 (16.9)
93 (10.8)

Continuous variables are reported as medians and interquartile ranges.
Tumour features are radiological: 610 patients were within Milan criteria
(70.6%). UNOS: United Network for Organ Sharing.

During a median follow-up of the whole cohort of 5.6
years (range: 1 d-13 years), 489 patients experienced
tumour recurrence (56.6%) and 334 patients died
(38.7%). Death was attributable to tumour recurrence
in 212 patients (63.5% of causes of death) and to
liver failure in 71 patients (21.2%). The median time
between tumor recurrence and death was 1.4 years.
In 51 patients, the cause of death was not attributable
to either of these two events (15.3%). The 30-d
and 90-d post-operative death rates were 1.0% and
2.4%, respectively. The 1-, 3-, 5- and 10-year patient
survival probabilities were 90.9%, 70.9%, 54.9% and
29.0%.

Competing risk analysis

Competing risk analysis on cause of death for the
entire study population is reported in Figure 1. As can
be noted, in the first 16 mo, the predicted risk of dying
due to liver failure exceeds that of dying because of
tumour recurrence. Afterwards, most deaths were
attributable to tumour relapse whereas liver failure
mortality remained roughly stable through subsequent
years, namely between 4.4% at 1 year and 9.1% at 5
years.
Relationships between clinical variables and the
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Despite the increasing incidence of HCC, the curative
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Table 2 Cumulative incidence of death from tumour recurrence and from liver failure resulting from competing risk analysis
Death from tumour recurrence
1-year (%)
Age (yr)
< 67
≥ 67
Gender
Male
Female
Hepatitis C infection
Positive
Negative
Portal hypertension1
Absent
Present
MELD score
<9
9-10
> 10
UNOS T-stage
T1
T2
T3-T4a
Hepatectomy extension
Wedge/segmentectomy
Two or more segments

3.8 (0.9)
3.2 (0.8)
3.6 (0.7)
3.4 (1.4)
3.7 (0.8)
3.2 (1.0)
3.6 (0.8)
3.3 (1.0)
4.2 (1.0)
2.5 (0.9)
3.6 (1.6)
1.0 (0.0)
3.0 (0.7)
5.8 (1.5)
3.2 (0.7)
4.4 (1.4)

3-year (%)

Death from liver failure

5-year (%)

P = 0.915
19.9 (2.2)
14.7 (1.9)
P = 0.738
17.7 (1.7)
15.4 (2.9)
P = 0.838
15.9 (1.8)
19.3 (2.5)
P = 0.515
17.6 (1.8)
16.5 (2.3)
P = 0.760
16.7 (2.0)
17.7 (2.5)
17.3 (3.6)
P = 0.002
7.6 (0.2)
15.4 (1.8)
26.3 (3.0)
P = 0.042
15.2 (1.6)
22.3 (2.9)

1-year (%)

28.1 (2.6)
28.1 (2.8)

4.5 (1.0)
4.3 (1.0)

27.7 (2.1)
28.2 (4.1)

4.2 (0.8)
5.0 (1.6)

27.4 (2.4)
28.3 (3.1)

5.3 (1.0)
2.8 (0.9)

27.2 (2.3)
28.8 (3.2)

3.3 (0.8)
6.2 (1.4)

27.7 (2.8)
27.8 (3.2)
27.7 (4.7)

1.9 (0.7)
4.7 (1.2)
11.0 (2.7)

14.5 (0.7)
25.0 (2.4)
34.6 (3.6)

1.2 (1.0)
4.1 (0.9)
6.0 (1.5)

26.7 (2.3)
30.7 (3.5)

3.0 (0.7)
8.1 (1.8)

3-year (%)

5-year (%)

P = 0.267
6.2 (1.2)
6.7 (1.3)
P = 0.287
6.6 (1.0)
7.2 (1.9)
P = 0.032
7.5 (1.2)
4.7 (1.2)
P = 0.029
5.1 (1.0)
8.9 (1.7)
P = 0.001
3.3 (0.9)
6.0 (1.4)
16.6 (3.2)
P = 0.597
3.2 (2.3)
6.7 (1.2)
7.8 (1.7)
P = 0.052
5.5 (1.0)
9.0 (1.9)

7.8 (1.4)
10.5 (1.8)
8.5 (1.2)
11.1 (2.8)
10.9 (1.6)
5.9 (1.5)
6.9 (1.2)
12.9 (2.2)
5.2 (1.3)
10.2 (2.1)
17.9 (3.4)
10.6 (4.6)
8.7 (1.4)
9.3 (2.0)
8.7 (1.4)
10.3 (2.1)

Standard errors are reported in parentheses. 1Defined as presence of oesophageal varices and/or platelet count < 100000/mL. MELD: Model for End-stage
Liver Disease; UNOS: United Network for Organ Sharing.

Table 3 Results from multivariable competing risk regression models

Death for tumour recurrence
UNOS T-stage (T1 vs T2 vs T3-4a)
Removal of more than one segment
Death for liver failure
Hepatitis C (positive vs negative)
Portal hypertension (present vs absent)
MELD class (< 9 vs 9-10 vs > 10)
Removal of more than one segment

Sub-Hazard ratio

95%CI

P value

1.59
1.08

1.21-2.09
0.76-1.51

0.001
0.667

1.79
1.84
2.21
1.89

1.01-3.17
1.08-3.12
1.59-3.07
1.11-3.21

0.046
0.024
0.001
0.019

The multivariable model included variables with a P < 0.10 of Table 2. A backward stepwise variable-selection process was selected to obtain estimates
of non-significant variables (Removal of more than one segment for death from tumour recurrence; P = 0.667). Sub-hazard ratios were used together with
the baseline cumulative sub-hazard function (data not reported) to predict individual risks of death for liver failure and for tumour recurrence reported in
Figure 2.

two distinct risks can help in daily clinical practice,
especially when comparing surgical and non-surgical
[2]
therapies . The present results can help in fill this gap
of knowledge.
The first result showed that the risk course of the
two competing end-events varies with the passage
of time (Figure 1). In the mid-term following liver
resection, namely in the first 16 mo, the risk of
death from tumour relapse was lower than that from
liver failure (that does not exceed 5%), confirming
the curative value of surgery. The surgical benefit
is clinically supported by the fact that diagnosis of
recurrence is not associated with dismal prognosis
as it used to be, since the improved ability to treat
recurrence (even curatively) can significantly prolong
[9]
survival . These aspects have to be weighed against

approach of hepatic resection remains underused
and at times ignored. Recent data from the American
College of Surgeons National Cancer Data Base
showed that even if hepatic resection was associated
with a significant increase in survival among patients
with AJCC stage Ⅰ/Ⅱ HCC, only less than 40% of such
[13]
patients were treated surgically . This proportion
increases when patients are managed in academic
centres, probably because of a better knowledge of
[13]
risks and benefits obtainable with hepatic resection .
The main concern in offering surgical resection to
cirrhotic patients is represented by the need to avoid
post-hepatectomy liver failure and persistent function
[2,3,6]
worsening
. Considering that the main causes of
death after hepatic resection are tumour relapse and
liver failure, a comprehensive knowledge of these
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Figure 1 Cumulative incidences of death from liver failure, tumour recurrence and other causes after curative hepatic resection for hepatocellular
carcinoma. Of note, in the first 16 mo, the risk of dying from liver failure exceeds that of dying because of tumour recurrence, confirming the curative value of surgery.

the risk of liver failure, which, in the absence of a liver
transplant, still represents a diagnosis of imminent
death. From the present results, it can be said that,
starting from the first year onwards, the healing ability
of surgery begins to decline and long-term risks and
benefits should be evaluated from this time point
onwards.
One main clinical indication that can be derived
from the present study regards the identification
of optimal and non-optimal candidates for liver
surgery, even beyond conventional recommendations
(Figure 2). It can be suggested that optimal surgical
candidates are those patients having a long-term
risk of dying due to tumour relapse constantly higher
than that of dying from liver failure. In cirrhotic
patients with a T1 tumour (single nodule < 2 cm), in
the absence of clinical signs of PHT, MELD < 9 and
limited extent of liver resection, namely a wedge or a
segmentectomy, the average annual risk of dying from
cancer is considerably higher (5.1%) than that of dying
of liver failure (1.8%). The magnitude of the effect size
(d = 0.182) supports the indication for surgery in this
kind of patient, who has a tumour that is superficially
located and easily removable with limited removal
of liver parenchyma. In cases in which the presence
of initial signs of liver function worsening (PHT or
increased MELD score) or where there is a need for
greater parenchymal removal, the risk of dying from
liver failure starts to increase, nullifying the oncological
benefit (effect size < 0.1) and becoming potentially
harmful in more advanced degrees of liver dysfunction
(negative effect size). In these cases, patients become
non-ideal candidates for surgery, supporting the role of
loco-regional treatments.
Patients with a T2 tumour (single nodule 2-3 cm
or 2-3 nodules all < 3 cm) represent the majority of
[14]
surgical candidates
and it is worthy of note that in
cases of multiple lesions these patients fall beyond
conventional recommendations built on the Barcelona
[3,15,16]
Clinic Liver Cancer (BCLC) staging system
. T2
patients are burdened by an average annual risk of
dying from tumour recurrence of 7.9%. From the
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comparison of the two competing risks, it can be noted
that the oncological benefit obtainable from surgery,
allows acceptance of a higher risk of liver failure
(Figure 2). That is, in the presence of a T2 tumour,
clinical signs of PHT should not represent an absolute
contraindication to surgery (effect size > 0.1), provided
there is a substantial normal liver function (MELD <
[6,16,17]
9-10)
. In these cases, the risk of tumour-related
death was permanently higher than that of death
due to liver failure, supporting the concept that the
benefit obtainable with surgery is considerably greater
than the risk of liver failure. Conversely, a more
advanced degree of liver dysfunction and/or the need
for more extensive hepatectomies may turn surgery
into a harmful treatment that can be justified by the
possibility of a subsequent salvage transplantation: a
resource-consuming alternative that, on top of poorly
predictable outcome, transforms an elective strategy
into an emergency procedure.
Tumours still of surgical interest while belonging
to UNOS-T3-T4a stages mostly fall within the interme
[3,15,18]
diate stage of BCLC algorithm
. Resectability in
these patients should be assessed by experienced
surgical groups before offering trans-arterial chemo[18]
embolization (TACE)
as a (non-curative) alternative
treatment option. These tumour stages are burdened
by the highest risk of dying from tumour relapse, thus
making it possible to prioritise the surgical indication,
including also patients with PHT and MELD scores
around 10. In fact, surgically-resectable T3-T4a pa
tients are non-ideal candidates for resection but, as
recently outlined in a large analysis, a patient who may
not be an ideal candidate for resection may still have a
better outcome than what is expected when alternative
modalities recommended by the current guidelines are
[2]
applied . Thus, the recommended treatment modality
[18]
for the intermediate stage represented by TACE
can be challenged by liver resection, not in all cases
but under the specific circumstances specified above.
Notably, in pertinent literature benchmarks, TACE has,
in the best-case scenario, a median survival of about
[3,15,18,19]
2 years
, corresponding to an average risk of
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related death will increase the benefit obtainable from
hepatic resection.
Some limitations of the present study deserve
appropriate discussion. First, it reports the experience
from a surgical series and a comparison with nonsurgical therapies would be the ultimate goal. Such
a comparison is advisable for future studies that
consider the competing risks of dying from cancer
or liver failure in relationship with other therapeutic
modalities. However, it is not strictly necessary in the
current analysis to have this control group: these
surgical results can be seen as a reference point for
other studies of TACE or ablation without all being
assessed in the same study. Nevertheless, future
comparative studies using a competing risk approach
are warranted. Second, the retrospective nature of
the present study and the policies adopted in our
centres may have determined a surgical population
selection not completely representative of all patients
suffering from resectable HCC. However, as previously
[13]
outlined , patients managed in academic centres are
more frequently offered such a potentially curative
treatment, and the present data can be considered
representative of a tertiary level hospital experience.
Finally, limitations of the multivariable competing risk
regression model have also to be taken into account.
Even if it comes from a relatively large sample size,
the risk of over-fitting the model cannot be excluded
and the present results require further external or
prospective validations to confirm their validity.
In conclusion, the present study provided a first
competing risk analysis of causes of death after
hepatic resection of HCC that could be used as a
reference for similar analyses conducted on alternative
treatments such as ablation or TACE. Ideal candidates
for hepatic resection should be represented by those
patients having a risk of dying from tumour cancer
that is significantly greater than the risk of dying from
liver failure.

Risk of dying from tumour
recurrence
Risk of dying from liver failure

T1

T2

PHT > 1 segment MELD

%

5.1

7.9

T3-T4a
12.2

No

No

<9

1.8

0.182

0.287

0.416
0.343

No

Yes

<9

3.2

0.095

0.206

Yes

No

<9

3.3

0.090

0.201

0.338

No

No

9-10

3.9

0.058

0.170

O.309

Yes

Yes

<9

5.7

-0.027

0.087

0.229

Yes

No

9-10

6.8

-0.072

0.042

0.185

No

Yes

9-10

7.1

-0.084

0.030

0.173

No

No

> 10

9.2

-0.160

-0.047

0.097

Yes

Yes

9-10

12.5

-0.263

-0.152

-0.009

Yes

No

> 10

14.6

-0.323

-0.213

-0.070

No

Yes

> 10

15.1

-0.337

-0.227

-0.085

Yes

Yes

> 10

25.4

-0.589

-0.483

-0.343

Positive oncologic benefit of resection
Borderline oncologic benefit of resection
Negative oncologic benefit of resection

Figure 2 Comparison between the predicted average risk of dying for
liver failure (rows) and for tumour recurrence (columns) within the first
5 years after surgery, resulting from the competing-risk regression
model. The average risks reported derive from: (1) the calculation of the area
under the curves (AUC) of the risk of dying from liver failure and from tumour
recurrence over time, predicted by the competing-risk model of Table 3; and
(2) the division of the obtained AUCs by the time-period considered (5 years).
Comparison between these two distinct risks is reported as effect size: values <
|0.1| indicated very small differences between the means; values between |0.1|
and |0.3| indicated small differences, values between |0.3| and |0.5| indicated
moderate differences, and values > |0.5| indicated considerable differences.
When the risk of dying of liver failure after resection is greater than that of dying
from tumour relapse, effect size returns negative values (dark grey cells).

dying during the first 5 years of about 48%, which
is always higher than present figures after resection
(Figure 2). In other words, the present results support
patients with intermediate stage HCC being offered
liver resection when this is judged technically feasible
in experienced centres and when the risk of dying from
liver cancer exceeds the risk of liver failure. In all other
instances, T3-T4a patients should remain with the
conventional approach and be considered for TACE.
In determining the risk of dying from liver failure,
hepatitis C infection deserves special consideration. The
present study population encompasses a time period
when direct antiviral agents (DAA) were not available,
and only a small proportion of the most recently
resected patients are currently receiving DAA. The low
probabilities of achieving a cure for hepatitis C infection
with standard interferon-based regimens of the past
decades, and consequently the low probabilities of
slowing down (or stopping) the progression of cirrhosis,
are the reasons for its strong impact in the liver failurerelated deaths observed in the present study. Although
somewhat optimistic, it is reasonable to think that DAA
can, in the future, achieve control of the progression
of cirrhosis: presuming an improvement in the pro
gression of cirrhosis, the competing role of tumour-
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Background

The main concern in offering surgical resection to cirrhotic patients with
hepatocellular carcinoma (HCC) is represented by the need to avoid posthepatectomy function worsening. Considering that the main causes of
death after surgery are represented by tumour relapse and liver failure, a
comprehensive knowledge of these two distinct competing risks can help in
clinical practice to distinguish optimal from non-optimal surgical candidates.

Research frontiers

Ideal candidates for hepatic resection should be represented by those patients
having a risk of dying from tumour cancer that is significantly greater than the
risk of dying from liver failure.

Innovations and breakthroughs

This study is the first one to provide a first competing risk analysis of causes
of death after hepatic resection of HCC. The combination of tumour size and
number, Model for End-stage Liver Disease score, extension of hepatectomy
required to curatively remove the tumour and the absence or presence of
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clinical signs of portal hypertension, identifies those patients in whom the risk of
dying from liver failure did not exceed the tumour-related mortality, representing
optimal surgical candidates.

8

Applications

9

Having knowledge of these competing events can be used to weigh risks
and benefits of hepatic resection in each clinical circumstance, providing a
benchmark to also assess the benefit achievable from non-surgical therapies,
such as ablation or embolization.

Terminology

10

Survival analysis is the analysis of data measured from a specific time of origin
until an event of interest or a specified endpoint occurs, where every patient
provides two pieces of information: follow-up time and status (i.e., event or
censored endpoint). However, a patient may experience an event different from
the event of interest. For example, a patient with HCC may die due to causes
unrelated to his/her cancer. Such events are termed competing risk events.

11
12
13

Peer-review

A very interesting observation study provided a first competing risk analysis of
causes of death after hepatic resection of HCC particular on the patients with
Child’ A functional class. This manuscript is well written and analyzing. It should
benefit to kind in mild that those patients having a risk of dying from cancer
resection that significantly overcome the risk of dying from liver failure.
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AIM
To evaluate the numbers of different subsets of
monocytes and their associations with the values of
clinical measures in mild acute pancreatitis (MAP)
patients.

Institutional review board statement: The study was reviewed
and approved by the Human Ethics Committee of the First
Hospital of Jilin University.

METHODS
The study included one group of 13 healthy controls
and another group of 24 patients with new-onset MAP.
The numbers of different subsets of monocytes were
examined in these two groups of subjects by flow
cytometry. The concentrations of plasma interleukin
(IL)-10 and IL-12 were determined by cytometric
bead array. The acute physiology and chronic health
evaluation (APACHE) II scores of individual patients
were evaluated, and the levels of plasma C-reactive
protein (CRP) as well as the activities of amylase and
lipase were measured.

Conflict-of-interest statement: The authors declare no financial
or commercial conflicts of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
In comparison with that in the controls, significantly
increased numbers of CD14+CD163-, CD14+CD163MAC387+ M1 monocytes, but significantly reduced
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pancreatitis, accounts for 80% of AP, and is mainly
[1]
caused by gallstones and alcohol abuse . Once
inflammation damages the pancreas, the inactive
digestive enzymes, such as trypsinogen, are activated,
leading to autodigestion of the pancreas and triggering
[2]
AP . Immunocompetent cells, including monocytes
and macrophages, participate in the development
[3-5]
and progression of AP . However, how monocytes
regulate the pathogenesis of AP has not been clarified.
Monocytes are circulating white blood cells (WBCs),
which differentiate into macrophages when they
[6]
enter the tissue . Macrophages can be classically
[7]
activated as M1 or alternatively activated as M2 cells .
The M1 macrophages can produce many types of
pro-inflammatory cytokines, including interleukin
(IL)-12, IL-1β and IL-6, and defense against infectious
pathogens and tumors. The M2 macrophages are
characterized by expressing anti-inflammatory
cytokines (e.g., IL-10) and many other factors that
regulate immune responses and tissue repair, but may
[7,8]
promote tumor growth and metastasis . Different
types of macrophage responses and their relative
IL-10 and IL-12 have been associated with different
types of inflammatory diseases and are valuable
[9,10]
for evaluating disease severity
. The M1 and M2
classification is initially proposed for macrophages,
and can be extended to human peripheral blood
[11]
monocytes . The expression of both M1 and M2
markers is detected in circulating peripheral blood
mononuclear cells (PBMCs), and the different types of
polarized monocytes in peripheral blood are associated
[11-13]
with different diseases
. However, little is known
on whether the numbers of peripheral blood different
types of polarized monocytes and the levels of plasma
IL-10 and IL-12 can be valuable for evaluating the
severity of MAP.
Peripheral blood monocytes and macrophages
express CD14, which is one of the pattern-recognition
[14,15]
receptors and a co-receptor of toll-like receptor
.
MAC387 antibody can recognize calprotectin, a complex
of intracellular myeloid-related proteins (MRPs) 8 and
MRP14. The blood-derived MAC387+ monocytes/
macrophages are recently infiltrating monocytes/
macrophages and are important inflammatory com
[16-18]
ponents
. CD163 is a hemoglobin scavenger
receptor expressed by peripheral blood monocytes
and macrophages, polarizes monocytes/macrophages
toward M2-phenotype and is crucial for the resolution
[19,20]
of inflammation
. CD115 is macrophage colonystimulating factor receptor (CSF-1R) and engagement
of CSF-1R by CSF-1 polarizes toward M2-type macro
[21]
phages and enhances their function . CD115 is
expressed by human monocytes. How different subsets
of M1 and M2 monocytes regulate the pathogenesis of
MAP has not been explored. Notably, anti-CD115 can
inhibit inflammatory osteolysis and has potential antitumor effect, suggesting that CD115+ M2 monocytes/

numbers of CD14+CD163+IL-10+ M2 monocytes
were detected in the MAP patients (P < 0.01 or P
< 0.05). Furthermore, significantly higher levels of
plasma IL-10 and IL-12 were observed in the MAP
patients (P < 0.01 for all). More importantly, the
levels of plasma CRP were positively correlated with
the numbers of CD14+CD163- (R = 0.5009, P =
0.0127) and CD14+CD163-MAC387+ (R = 0.5079, P =
0.0113) M1 monocytes and CD14+CD163+CD115+ M2
monocytes (R = 0.4565, P = 0.0249) in the patients.
The APACHE II scores correlated with the numbers
of CD14+CD163+CD115+ (R = 0.4581, P = 0.0244)
monocytes and the levels of plasma IL-10 (R = 0.4178,
P = 0.0422) in the MAP patients. However, there was
no significant association among other measures tested
in this population.
CONCLUSION
Increased numbers of CD14+CD163- and CD14+
CD163-MAC387+ monocytes may contribute to the
pathogenesis of MAP, and increased numbers of
CD14+CD163+CD115+ monocytes may be a biomarker
for evaluating the severity of MAP.
Key words: Mild acute pancreatitis; Monocyte; Cytokine;
Acute physiology and chronic health evaluation II
score; C-reactive protein
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study on the numbers of
different phenotypes of peripheral blood monocytes
in patients with new-onset mild acute pancreatitis
(MAP). Increased numbers of CD14+CD163- and
CD14+CD163-MAC387+ M1 monocytes were positively
correlated with the levels of plasma C-reactive protein
(CRP), which suggest that pro-inflammatory monocytes
may participate in the pathogenesis of MAP. The
increased numbers of CD14+CD163+CD115+ M2
monocytes were positively correlated with the plasma
CRP levels and the acute physiology and chronic health
evaluation II scores, suggesting that the numbers of
CD14+CD163+CD115+ monocytes may be a valuable
biomarker for evaluating the severity of MAP. Our
findings may provide new insights into the pathogenic
process and immunoregulation of MAP.
Zhang ML, Jiang YF, Wang XR, Ding LL, Wang HJ, Meng
QQ, Gao PJ. Different phenotypes of monocytes in patients
with new-onset mild acute pancreatitis. World J Gastroenterol
2017; 23(8): 1477-1488 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i8/1477.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1477

INTRODUCTION
Mild acute pancreatitis (MAP), the mild form of acute
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Table 1 Demographic and clinical characteristics of
participants

demographic and clinical characteristics of individual
participants are shown in Table 1.

Parameter

Clinical data

No.
Age (yr)
Sex, female/male
BMI
WBC (109/L)
Neutrophils (109/L)
Monocytes (109/L)
AMY (U/L)
LPS (U/L)
CRP (mg/L)
APACHE II score

MAP patients

Healthy controls

24
41 (25-60)
10/14
24.5
9.34 (5.46-16.34)1
6.92 (3.50-14.16)1
0.61 (0.23-1.94)
302.8 (30.8-1845)1
1135 (40.08-3200)1
16.62 (1.04-45.87)1
6 (4-9)

13
40 (26-59)
6/7
23.6
6.79 (4.87-9.3)
4.16 (3.01-6.15)
0.51 (0.37-0.61)
73.05 (24.5-158.3)
72.38 (6-150.4)
3.70 (0.43-7.25)
NA

The clinical data of each subject were collected from
the hospital records. These data included age, sex,
height, body weight, body mass index (BMI) and
laboratory tests. Individual subjects were subjected
to routine laboratory tests for full blood cell counts,
the concentrations of plasma CRP, amylase (AMY)
and lipase activities. The levels of plasma CRP
were determined by scatter turbidimetry using a
Siemens special protein analyzer (Siemens Healthcare
Diagnostics Products, GmbH, Munich, Germany).
The concentrations of plasma AMY and lipase were
determined by ADVIA 1650 biochemical analyzer
(Bayer, Pittsburg, PA, United States).

Data are median (range) or real case number. 1P < 0.05 vs the controls.
Normal values: WBC: 3.50-9.50 (10 9/L), Monocytes: 0.1-0.6 (10 9/L),
AMY: 8-220 (U/L), LPS: 0-190 (U/L), CRP: 0-10 (mg/L). MAP: Mild
acute pancreatitis; BMI: Body mass index; WBC: White blood cell counts;
AMY: Amylase; LPS: Lipase; CRP: C-reactive protein; APACHE: Acute
physiology and chronic health evaluation; NA: Not available.

Flow cytometry analysis

Heparinized fasting venous blood samples (6 millilitres,
mL) were collected from the median cubital vein
of individual MAP patients (within 72 h after upper
abdominal pain occurred) and control subjects, and
PBMCs were isolated by density-gradient centrifugation
using Ficoll-Paque Plus (Amersham Biosciences, Little
6
Chalfont, United Kingdom). PBMCs at 1 × 10 /tube
were stained in duplicate with BV510-anti-CD14,
PE-anti-CD115 (BD Biosciences, Franklin Lakes, NJ,
United States), PE/Cy7-anti-CD163 and APC/Cy7anti-206 (Biolegend, San Diego, CA, United States) in
the dark at 4 ℃ for 30 min. After being washed, the
cells were fixed and permeabilized using a fixation/
permeabilization kit (BD Biosciences), followed by
intracellular staining with FITC-anti-MAC387 (Abcam,
Cambridge, United Kingdom). The fluorescence- and
isotype-matched antibodies served as negative controls.
6
To detect the function, PBMCs (10 cells/well)
were stimulated in duplicate with 50 ng/mL of lipo
polysaccharide, phorbol myristate acetate and
1.0 µg/mL of ionomycin (Sigma-Aldrich, St. Louis,
United States) in 10% fetal bovine serum RPMI 1640
(complete medium) for 2 h at 37 ℃ in 5% CO2 and
exposed to Brefeldin A (GolgiPlug; BD Biosciences)
for 4 h, as described previously in a study from our
[15,25]
laboratory
. After being washed, the cells were
stained with BV510-anti-CD14 and PE/Cy7-anti-CD163,
fixed and permeabilized using the permeabilization
solution, followed by intracellular staining with BV421anti-IL-12 and PE-CF594-anti-IL-10 (BD Biosciences).
The real positive and negative cells were distinguished
by fluorescence minus one (FMO) and the cells were
stained with all of the fluorochromes, except for the
one that was being measured. The percentages of
different subsets of monocytes were characterized
on a FACSAria II (Becton, Dickinson and Company,
Franklin Lakes, NJ, United States) and the data
were analyzed by FlowJo software (v5.7.2; TreeStar,

macrophages are associated with inflammation and
[21-23]
tumor growth
. However, there is no report on the
numbers of CD115+ monocytes in MAP patients.
In this study, we characterized the numbers of
different subsets of monocytes and the levels of plasma
IL-10 and IL-12 in patients with newly diagnosed MAP
and health controls. Furthermore, we analyzed the
potential association of the numbers of different subsets
of monocytes and the levels of plasma IL-10 and IL-12
with the levels of plasma C-reactive protein (CRP) and
the acute physiology and chronic health evaluation
(APACHE) II scores in MAP patients.

MATERIALS AND METHODS
Patients and controls

A total of 24 patients with new-onset MAP were
recruited at the inpatient service of the Department
of Gastroenterology, the Second Part of the First
Hospital of Jilin University (Changchun, China) from
July 2015 to March 2016. All patients met the Atlanta
[24]
criteria of MAP . Another 13 sex-, age- and ethnicitymatched healthy subjects were recruited from the
Physical Examination Center of our hospital during
the same period, and served as the controls. These
controls had no history of autoimmune diseases,
chronic inflammatory diseases, or allergies. The
disease severity of individual patients was evaluated
by APACHE II score. Patients were excluded if she/
he had a history of malignant tumor, autoimmune
diseases, any of other chronic inflammatory diseases,
or had received immunosuppressive drugs within the
past 3 mo. Written informed consent was obtained
from individual subjects. The experimental protocol
was established according to the guidelines of the
Declaration of Helsinki and was approved by the
Human Ethics Committee of Jilin University. The
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Increased numbers of MAC387+ M1 monocytes in the
MAP patients

Ashland, OR, United States). Finally, the numbers of
different subsets of monocytes were calculated, based
on the numbers of monocytes in individual subjects
and expressed as the numbers of cells per mL.

The blood-derived MAC387+ monocytes/macrophages
are recently infiltrating monocytes/macrophages and
CD14+CD163-MAC387+ monocytes/macrophages
[16-18]
are important inflammatory components
. To
further understand the importance of monocytes, the
numbers of peripheral blood CD14+CD163-MAC387+
and CD14+CD163+MAC387+ cells in the MAP patients
and controls were characterized by flow cytometry
(Figure 2). The numbers of CD14+CD163-MAC387+
cells in the MAP patients were significantly higher than
that in the controls (P = 0.0091). However, there was
no statistically significant difference in the numbers
of CD14+CD163+MAC387+ cells between the MAP
patients and controls (P = 0.9619). Thus, increased
numbers of MAC387+ M1 monocytes were present in
the MAP patients.

Cytometric bead array analysis of plasma cytokines

The concentrations of plasma IL-10 and IL-12 were
determined by Cytometric bead array (CBA), according
to the manufacturer’s protocol (BD Biosciences) with
minor modification. Briefly, plasma samples (50 µL)
from individual subjects were subjected in duplicate to
analysis of the levels of plasma IL-10 and IL-12 using
the CBA kit on a FACSAria II (Beckton, Dickinson and
Company). The concentrations of plasma cytokines
were quantified using the CellQuestPro and CBA
software (Becton, Dickinson and Company). The
limitation of detection for IL-10 and IL-12 is 3.3 pg/mL
and 1.9 pg/mL, respectively.

Statistical analysis

Increased numbers of CD115+ M2 monocytes in the
MAP patients

Data are expressed as median and range. The
difference between two groups was analyzed by the
Mann-Whitney U nonparametric test. The relationship
between variables was evaluated using the Spearman
rank correlation test. All the statistical analyses were
performed by the SPSS version 19.0 software. A twosided P value of < 0.05 was considered statistically
significant.

Although there was no statistically significant difference
in the numbers of CD14+CD163+ M2 monocytes
between the MAP patients and controls, there are
different subsets of M2 monocytes with different
[15,26]
surface markers and varying functions
. M2 mono
cytes can express CD206 (the mannose receptor)
[15,27]
and/or CD115
. To understand the importance
of different subsets of M2 monocytes, the numbers
of peripheral blood CD206+ and/or CD115+ M2
monocytes in the MAP patients and controls were
further analyzed by flow cytometry. As shown in
Figure 3, the numbers of CD14+CD163+CD115+ and
CD14+CD163+CD115+CD206+ monocytes in the
MAP patients were significantly higher than those in the
controls (P = 0.0072 and P < 0.0001, respectively).
However, there was no statistically significant difference
in the numbers of CD14+CD163+CD206+ monocytes
between the MAP patients and controls (P = 0.9873).
Together, increased numbers of CD115+ M2 monocytes
were present in the MAP patients.

RESULTS
Increased numbers of M1 monocytes in MAP patients

To understand the importance of monocytes, 24 MAP
patients and 13 controls were recruited. Among all the
patients, 7 cases were induced by alcohol, 11 cases
by hypertriglyceridemia, and 6 by cholelithiasis, and
the length of hospital stay was 7-10 d. There was no
significant difference in the distribution of age, sex
and BMI as well as the number of PBMCs between
the MAP patients and controls (Table 1). The numbers
of peripheral blood WBCs and neutrophils were
significantly higher in the patients than those in the
controls (P < 0.05; Table 1). The values of AMY, lipase
and CRP were significantly higher in the MAP patients
than that in the controls. In addition, MAP patients
displayed variable values of APACHE II score.
The numbers of peripheral blood CD14+CD163- M1
and CD14+CD163+ M2 monocytes in the MAP patients
and controls were characterized by flow cytometry. As
shown in Figure 1, the numbers of CD14+CD163- M1
monocytes were significantly higher in the patients
than that in the controls (P = 0.0049). In contrast,
there was no significant difference in the numbers
of CD14+CD163+ M2 monocytes between the MAP
patients and controls (P = 0.8362). Collectively,
increased numbers of CD14+CD163- M1 monocytes
existed in MAP patients.

WJG|www.wjgnet.com

Increased cytokine production in the MAP patients

M1 monocytes can produce IL-12 and are critical for
inflammation. In contrast, M2 monocytes produce
IL-10, which controls inflammation and promotes
tumor growth. To understand the functions of M1 and
M2 monocytes in the pathogenic process of MAP, the
numbers of peripheral blood IL-12+ M1 monocytes
and IL-10+ M2 monocytes were characterized by flow
cytometry. There was no significant difference in the
fluorescent intensity of anti-IL-12 and anti-IL-10 signals
in monocytes between the MAP patients and controls
(data not shown). As shown in Figure 4, the numbers
of IL-12+ M1 monocytes were significantly higher
in the MAP patients than the controls (P = 0.0202).
Conversely, the numbers of IL-10+ M2 monocytes were
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Figure 1 Flow cytometry analysis of peripheral blood monocytes. Peripheral blood mononuclear cells (PBMCs) were obtained from individual subjects and
stained in duplicate with BV510-anti-CD14 and PE/Cy7-anti-CD163 or isotype control antibodies. The cells were gated initially on living mononuclear cells and then
on CD14+ monocytes. Subsequently, the frequency of CD14+CD163- M1 and CD14+CD163+ M2 monocytes were determined by flow cytometry and the numbers
of each subset of monocytes were calculated, based on total numbers of monocytes. Data are representative charts of flow cytometry and expressed as the mean
values of individual subjects (n = 13 for the healthy controls, n = 24 for the patients). A: Flow cytometry analysis; B: Quantitative analysis. The horizontal lines indicate
the median values for individual groups. FSC: Forward scatter; SSC: Side scatter; HC: Healthy control; MAP: Mild acute pancreatitis.

CD14+CD163-MAC387+ (R = 0.5079, P = 0.0113) M1
monocytes, and CD14+CD163+CD115+ (R = 0.4565, P
= 0.0249) M2 monocytes, but not with CD14+CD163+
M2 monocytes in this population. Furthermore, the
APACHE II scores were positively correlated with the
numbers of CD14+CD163+CD115+ (R = 0.4581, P =
0.0244) M2 monocytes, and the levels of plasma IL-10
(R = 0.4178, P = 0.0422) in this population of patients.
There was no other significant correlation among these
measures in this population. Collectively, increased
numbers of CD14+CD163- and CD14+CD163MAC387+ M1, and CD14+CD163+CD115+ M2 mo
nocytes and elevated levels of plasma IL-10 may
contribute to imbalance of pro-inflammatory and antiinflammatory responses during the process of MAP, and
the numbers of CD14+CD163+CD115+ monocytes
may serve as a biomarker for evaluating MAP severity.

significantly lower in the MAP patients than the controls
(P = 0.022). As a result, the ratios of the numbers
of CD14+CD163-IL-12+ to CD14+CD163+IL-10+
monocytes in the MAP patients were significantly higher
than that in the controls. Further CBA analysis indicated
that the concentrations of plasma IL-12 and IL-10 were
significantly higher in the MAP patients than that in the
controls (P = 0.0065 and P = 0.0001, respectively).
Hence, increased levels of plasma pro-inflammatory
IL-12 and anti-inflammatory IL-10 existed in the MAP
patients.

Correlation analysis of clinical parameters with different
subsets of monocytes and cytokines in the MAP
patients

Finally, the potential relationship between the values of
clinical parameters and the numbers of different subsets
of monocytes and the levels of cytokines was analyzed
in the MAP patients. As shown in Figure 5, the levels of
plasma CRP were positively correlated with the numbers
of CD14+CD163- (R = 0.5009, P = 0.0127) and
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Monocytes and macrophages are important in
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Figure 2 Flow cytometry analysis of peripheral blood MAC387+ monocytes. Peripheral blood mononuclear cells (PBMCs) were isolated from individual subjects
and stained in duplicate with BV510-anti-CD14 and PE/Cy7-anti-CD163 or isotype controls. After being washed, the cells were fixed and permeabilized using a
fixation/permeabilization kit, followed by intracellular staining with FITC-anti-MAC387. The numbers of peripheral blood CD14+CD163+MAC387+ and CD14+CD163MAC387+ monocytes were analyzed by flow cytometry. Data are representative FACS charts and expressed as the mean numbers of each type of cells in individual
subjects. The horizontal lines indicate the median values for each group. FSC: Forward scatter; SSC: Side scatter; HC: Healthy control; MAP: Mild acute pancreatitis.
[15]

flammatory cells and their activation is associated
[28]
with the severity of AP . In this study, the numbers
of different subsets of peripheral blood monocytes
and their potential association with disease severity
were analyzed in 24 MAP patients. In comparison
with healthy controls, significantly increased numbers
of CD14+CD163-, CD14+CD163-MAC387+ and
CD14+CD163-IL-12+ M1 monocytes and reduced
numbers of CD14+CD163+IL-10+ monocytes were
detected in the MAP patients. Furthermore, signi
ficantly higher levels of plasma IL-12 were observed
in the MAP patients. More importantly, the levels
of plasma CRP were positively correlated with the
numbers of CD14+CD163- and CD14+CD163MAC387+ M1 monocytes in the MAP patients. These
data were consistent with a previous report of M1polarized macrophages at the early stage in rats with
[29]
AP . Similarly, our previous study had found that
peripheral blood polarized M1 monocytes are present

WJG|www.wjgnet.com

in patients with tuberculous pleural effusion (TPE) .
Given that the levels of plasma CRP reflect the degrees
of systemic inflammation, these findings support the
notion that pro-inflammatory monocytes participate
[30,31]
in the pathogenesis of MAP
. Hence, targeting
pro-inflammatory M1 monocytes may be valuable for
control of MAP.
MAC387+ macrophages are recently recruiting
macrophages, and increased numbers of MAC387+
macrophages are associated with poor prognosis
[16-18,32-34]
in cancer patients
. In this study, we found
significantly increased numbers of circulating MAC387+
M1 monocytes in the MAP patients, similar to the
[16]
findings in patients with encephalitis . Furthermore,
the numbers of CD14+CD163-MAC387+ M1 mono
cytes were positively associated with the levels of
plasma CRP in the MAP patients. These data suggest
that during the pathogenic process of MAP, continual
differentiated M1 monocytes display in MAP patients,
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Figure 3 Flow cytometry analysis of peripheral blood CD206+ and CD115+ M2 monocytes. Peripheral blood mononuclear cells (PBMCs) were isolated from
individual subjects and stained in duplicate with BV510-anti-CD14, PE/Cy7-anti-CD163, PE-anti-CD115, and APC/Cy7-anti-206 or isotype controls. The numbers of
peripheral blood CD14+CD163+CD206+, CD14+CD163+CD115+ and CD14+CD163+CD206+CD115+ M2 monocytes were analyzed by flow cytometry. Data shown
are representative FACS charts and expressed as the mean numbers of each type of cells per mL of blood in individual subjects. The horizontal lines indicate the
median values for each group. FSC: Forward scatter; SSC: Side scatter; HC: Healthy control; MAP: Mild acute pancreatitis.
[36]

creating a positive feedback loop to strengthen proinflammatory responses. These novel findings may
provide new insights into the pathogenesis of MAP.
During the pathogenic process of MAP, inflammatory
stimuli damage the pancreatic acinar cells to release
many inflammatory cytokines and mediators, which
recruit leukocyte infiltrates, including M2 monocytes/
[28,35]
macrophages
. M2 monocytes/macrophages can
produce anti-inflammatory molecules that control

WJG|www.wjgnet.com

inflammation and promote tissue repair . In this
study, we found significantly increased numbers of
CD14+CD163+CD115+ M2 monocytes and signifi
cantly elevated levels of IL-10 in MAP patients. More
importantly, the numbers of CD14+CD163+CD115+
M2 monocytes were positively correlated with the
levels of plasma CRP and the APACHE II scores in
MAP patients. Furthermore, the levels of plasma IL-10
were positively correlated with the APACHE II scores
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Figure 4 Analysis of peripheral blood IL-12+ M1 and IL-10+ M2 monocytes and the concentrations of plasma IL-10 and IL-12. Peripheral blood mononuclear
cells (PBMCs) were isolated from individual subjects and stimulated with lipopolysaccharide /phorbol myristate acetate/ionomycin in vitro. The cells were stained in
duplicate with BV510-anti-CD14 and PE/Cy7-anti-CD163 or isotype controls. The cells were fixed, and permeabilized, followed by intracellular staining with BV421anti-IL-12 and PE-CF594-anti-IL-10. The numbers of peripheral blood CD14+CD163-IL-12+ M1 and CD14+CD163+IL-10+ M2 monocytes in individual subjects
were determined by flow cytometry. The concentrations of plasma IL-10 and IL-12 in individual subjects were determined by cytometric bead analysis. Data are
representative FACS charts or the mean numbers of each type of cells and the mean values of each type of cytokine in individual subjects. The horizontal lines
indicate the median values for each group. FSC: Forward scatter; SSC: Side scatter; HC: Healthy control; MAP: Mild acute pancreatitis.

in the MAP patients. However, our previous study
had shown a decreased number of peripheral blood
CD14+CD163+CD115+ M2 monocytes, which is not
significantly associated with the clinical measures in TPE
[15]
patients . We speculate the different results may stem
from the different diseases. Engagement of CD115
by CSF-1 is crucial for the survival, differentiation and
possible activation of monocytes/macrophages, and can
[21,23]
polarize macrophages toward M2-type
. Previous
studies have shown that anti-CD115 can enhance
anti-tumor immunity and ameliorate inflammation in
[22,23,37-39]
humans and rodents
. The increased numbers
of CD14+CD163+CD115+ M2 monocytes and elevated
levels of plasma IL-10 may reflect a compensative
[40,41]
response during the inflammatory process of MAP
.
Alternatively, CD14+CD163+CD115+ monocytes may
through unknown factors promote the pathogenesis
of MAP. Given that APACHE II scores and the levels of
plasma CRP are two standard measures for the severity
of inflammatory diseases, the positive correlations
suggest that the numbers of CD14+CD163+CD115+
monocytes and the levels of plasma IL-10 may be
valuable for evaluating the disease severity in patients
with MAP.
IL-10 is a key anti-inflammatory cytokine and
[42]
can control inflammation . IL-10 is associated with
[43]
immunosuppression in the late phase of severe AP .
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Previous studies have revealed elevated levels of
plasma IL-10 and IL-12 in AP patients and that the
levels of plasma IL-10 are biomarkers for evaluating
[9,10,41,44]
the severity of AP
. In this study, we also
observed significantly higher concentrations of plasma
IL-10 and IL-12 in MAP patients. The levels of plasma
IL-10 were positively correlated with the APACHE
II scores in the MAP patients. However, we found
significantly reduced numbers of CD14+CD163+IL-10+
M2 monocytes in the MAP patients. The contradictory
data suggest that the elevated levels of plasma IL-10
may stem from other anti-inflammatory cells, such
as bone marrow derived mesenchymal stem cells
(MSCs), regulatory T and B cells as well as some types
[45]
of dendritic cells . Indeed, infusion with human MSCs
inhibits pancreatitis and ameliorates tissue damage by
enhancing regulatory T cell responses in a rat model
[46]
of MAP
and restoration of regulatory B cells inhibits
[47]
pancreatitis in CD19-/- mice . Accordingly, it is
possible that the elevated levels of plasma IL-10 from
other anti-inflammatory cells may compensatively
limit inflammation during the pathogenic process of
MAP. We are interested in further investigating the
immunoregulation during the pathogenesis of MAP.
In conclusion, our data indicated significantly
increased numbers of pro-inflammatory CD14+
CD163-, CD14+CD163-MAC387+ and CD14+CD163-
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Figure 5 Correlation analysis. The potential correlations between the numbers of each subset of monocytes and APACHE II scores or CRP levels in those patients
were analyzed by the Spearman rank correlation test. Data shown are the values of individual patients (n = 24). CRP: C-reactive protein; APACHE: Acute physiology
and chronic health evaluation.

IL-12+ M1 monocytes and reduced numbers of
CD14+CD163+IL-10+ monocytes in the MAP patients.
Furthermore, the levels of plasma CRP were positively
correlated with the numbers of CD14+CD163- and
CD14+CD163-MAC387+ M1 monocytes in the MAP
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patients. In addition, we detected significantly increased
numbers of CD14+CD163+CD115+ monocytes and
levels of plasma IL-10 in MAP patients. These data
support the notion that pro-inflammatory monocytes
participate in the pathogenesis of MAP. Moreover, the
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numbers of CD14+CD163+CD115+ monocytes were
positively correlated with the levels of plasma CRP and
the APACHE II scores in MAP patients, suggesting that
the numbers of CD14+CD163+CD115+ monocytes
may be a valuable biomarker for evaluating the
severity of MAP. To the best of our knowledge, this
was the first study on the numbers of peripheral blood
different phenotypes of monocytes in patients with
new-onset MAP. Our findings may provide new insights
into the pathogenic process and immunoregulation
of MAP. We recognized that our study had limitations,
such as a relatively small sample size and the lack of
longitudinally functional study of monocytes during the
pathogenic process of MAP. We are interested in further
investigating the values of these subsets of monocytes
in a bigger population and in the moderate or severe
acute pancreatitis to understand their roles in the
pathogenesis of different types of AP.
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AIM
To investigate the clinical implications of infliximab
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trough levels (IFX-TLs) and antibodies to infliximab
(ATI) levels in Crohn’s disease (CD) patients in Asian
countries.

INTRODUCTION
Crohn’s disease (CD) is a chronic systemic inflammatory
[1]
disease that mainly affects the gastrointestinal tract .
It is relatively prevalent in developed countries in
North America and Europe, affecting up to 0.5% of
[2]
the general population . However, its prevalence has
doubled over the past decade in countries in East
[3,4]
Asia .
The introduction of biologic agents blocking tumor
necrosis factor (TNF)-α has greatly modified the
treatment strategies for CD and the effects of these
agents on remission induction and maintenance has
[5]
been clearly shown . However, the human body can
develop antibodies against infliximab (IFX), the first
and most widely used biologic agent for CD treatment.
Antibodies to infliximab (ATIs) are thought to be
associated with an infusion reaction and reduce the
[6,7]
effect of the drug by decreasing its serum level .
For these reasons, monitoring of the IFX trough levels
(IFX-TLs) and ATI levels has been recommended by
[8]
some experts . However, there are few data clearly
defining the relationship among IFX-TLs, ATI levels,
[9]
and the clinical activity, especially in Asian countries .
Besides, the clinical implications and applications of
the results in daily clinical practice are still a matter of
debate, although the value of the measurement of IFXTLs/ATI levels for therapy adjustment is undisputable
because of practical issues such as cost, the lack of
a universally valid assay, and the absence of a cutoff
[10]
level clearly related to clinical outcomes .
In this study, therefore, we analyzed the correlation
between IFX-TLs/ATI levels and the clinical activity in
South Korean patients with CD using a prospectively
collected samples to evaluate the usefulness of
therapeutic drug monitoring (TDM) in clinical practice.

METHODS
IFX-TL and ATI level were measured using prospectively
collected samples obtained with informed consent from
CD patients being treated at Asan Medical Center, South
Korea. We analyzed the correlations between IFX-TLs/
ATI levels and the clinical activity of CD (quiescent vs
active disease) based on the CD activity index, C-reactive
protein level, and physician’s judgment of patients’
clinical status at enrollment. The impact of concomitant
immunomodulators was also investigated.
RESULTS
This study enrolled 138 patients with CD (84 with
quiescent and 54 with active disease). In patients with
quiescent and active diseases, the median IFX-TLs
were 1.423 µg/mL and 0.163 µg/mL, respectively (P <
0.001) and the median ATI levels were 8.064 AU/mL
and 11.209 AU/mL, respectively (P < 0.001). In the
ATI-negative and -positive groups, the median IFXTLs were 1.415 µg/mL and 0.141 µg/mL, respectively
(P < 0.001). In patients with and without concomitant
immunomodulator use, there were no differences in
IFX-TLs (0.632 µg/mL and 1.150 µg/mL, respectively; P
= 0.274) or ATI levels (8.655 AU/mL and 9.017 AU/mL,
respectively; P = 0.083).
CONCLUSION
IFX-TL/ATI levels were well correlated with the clinical
activity in South Korean CD patients. Our findings
support the usefulness of IFX-TLs/ATI levels in treating
CD patients receiving IFX in clinical practice.
Key words: Infliximab; Drug effect; Antibody; Crohn’s
disease; Drug monitoring

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
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Study population

Between March and May 2015, we enrolled 138
CD patients, aged 17-50 years, receiving IFX as
maintenance therapy at the Inflammatory Bowel
Disease (IBD) center of Asan Medical Center, a tertiary
university hospital in Seoul, South Korea. They gave
informed consent prior to being enrolled in the study.
All patients unwilling to provide consent were excluded
from the study. Patients aged less than 17 years,
diagnosed with ulcerative colitis or any other IBD, and
on biologic agents other than IFX were also excluded.
IFX was administered at an 8-wk interval, mostly
at a dose of 5 mg/kg body weight as maintenance
[11]
therapy . Out of 138 patients, 27 (19.57%) were
receiving a double-dose of IFX (10 mg/kg) at the time
of enrollment because of a lack of response to the
usual maintenance dose. Interval shortening for dose
intensification is not reimbursed in South Korea.

Core tip: This study aimed to clarify the clinical impli
cations of infliximab trough levels (IFX-TLs) and
antibodies to infliximab (ATI) levels. They were
measured using prospectively collected samples in 138
Crohn’s disease (CD) patients being treated at Asan
Medical Center, South Korea. Correlations between
IFX-TLs/ATIs and the clinical activity (P < 0.001)
were verified in the study. Our findings support the
usefulness of IFX-TLs/ATI levels in treating CD patients
receiving IFX in clinical practices.
Oh EH, Ko DH, Seo H, Chang K, Kim GU, Song EM, Seo M,
Lee HS, Hwang SW, Yang DH, Ye BD, Byeon JS, Myung SJ,
Yang SK, Park SH. Clinical correlations of infliximab trough
levels and antibodies to infliximab in South Korean patients with
Crohn’s disease. World J Gastroenterol 2017; 23(8): 1489-1496
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i8/1489.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i8.1489

WJG|www.wjgnet.com

Data collection

During the study period, serum samples were
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Statistical analysis

obtained from every patient a few hours before IFX
administration. The samples were then stored at -20 ℃
until analysis. IFX-TLs and ATI levels were measured
with commercial enzyme-linked immunosorbent assay
®
(ELISA) kits (IDKmonitor - K9655, K9650; Immun
diagnostik AG, Bensheim, Germany).

Demographics and baseline characteristics were
summarized using descriptive statistics. Patients
were categorized into groups by their ATI status and
the clinical activity. Differences between the groups
were compared using the Student t test. Correlations
among IFX-TLs/ATI levels and the clinical activity
were analyzed with logistic regression analysis. The
diagnostic power of IFX-TLs was investigated using
area under the receiver-operator characteristic (ROC)
curve analysis to obtain the area under the curve
(AUC) and 95%CI. The cutoff value for the IFX-TLs
that identified disease activity was determined by
identifying the point closest to the 1.0 angle. Data
®
were evaluated with SPSS statistics version 23.0 for
Windows (SPSS Inc., Chicago, IL) and P < 0.05 was
considered statistically significant.

Measurement of IFX-TLs

Standards, controls, and samples were diluted 200
times and pipetted into wells in duplicate. They
were incubated with shaking for 1 h and then for
an additional 1 h with conjugate solution at room
temperature. After washes, they were mixed with
TMB (tetramethylbenzidine) substrate solution and
incubated in the dark. Finally, STOP solution was added
and the results were checked with an ELISA reader at
450 nm.

Measurement of ATI levels

RESULTS

Controls (negative, positive, and cutoff controls) and
samples were mixed with buffers and pretreated
with gentle shaking at room temperature for 30 min
to dissociate ATIs from IFX. After being washed and
pipetted into wells in duplicate, they were incubated
overnight at 4 ℃. Then, the samples were incubated
for 1 h at room temperature with diluted conjugate
solution and for an additional 10-20 min with TMB
substrate solution in the dark. Finally, STOP solution
was added and the results were checked with an
ELISA reader at 450 nm. The result was considered
negative if the optical density (OD) of the sample was
lower than that of the cutoff control. If the OD was
higher than that of the cutoff control, the result was
considered positive. The ATI level of the cutoff control
[9]
was set to 10 AU/mL and the ATI level of the sample
was calculated with the formula: ATI level of the
sample = mean of the sample ODs/mean of the cutoff
control ODs × 10 AU/mL.
Assessment of clinical activity was based on the
CD activity index (CDAI), serum C-reactive protein
(CRP) level, and physician’s judgment of the patients’
[12]
clinical status at the time of enrollment . If a pa
tient’s CDAI score was below 150, the serum CRP
was within the normal range (< 0.6 mg/dL), and the
physician considered that the effect of IFX had lasted
for 8 wk at the time of enrollment, the patient was
categorized into the quiescent group. However, if a
patient’s CDAI score was above 150, the serum CRP
was above the upper normal limit (≥ 0.6 mg/dL), or
the physician considered that the effect of IFX lasted
less than 8 wk, the patient was categorized into the
active group. In addition, we also investigated if con
comitant immunomodulators, such as azathioprine/6mercaptopurine or methotrexate, were administered
at the time of enrollment.
The study protocol was approved by the Insti
tutional Review Board of Asan Medical Center (IRB No.
2015-0173).
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Patient characteristics

The baseline characteristics of the patients are
presented in Table 1. Of the 138 patients with CD, 90
(65.2%) were male; the median age at diagnosis and
first infusion of IFX were 21 years [interquartile range
(IQR) 19-27 years] and 27 years (IQR 22-33 years),
respectively. The average duration from diagnosis to
first IFX administration was 52 mo (IQR 13-91 mo)
and the median follow-up duration with IFX was 47 mo
(IQR 30-73 mo) (Table 1).

Categorization of the patients into groups

Out of the 138 patients, 84 (60.9%) were categorized
into the quiescent group and 54 (39.1%) were cate
gorized into the active group based on our assessment
of clinical activity (Figure 1). The median IFX-TL of all
patients was 0.941 µg/mL (IQR 0.189-2.143 µg/mL).
The cutoff value for identifying quiescent disease by
ROC analysis was 0.68 µg/mL (AUC 0.90, 95%CI:
0.84-0.95, sensitivity 83%, specificity 84%). The
median ATI level of all patients was 8.846 AU/mL
(IQR 7.719-16.727 AU/mL). Finally, 91 patients
(65.9%; median 7.619 AU/mL; IQR 6.857-8.834)
were categorized as ATI negative and 47 patients
(34.1%; median 47.381; IQR 15.381-146.630) were
categorized as ATI positive (Figure 1).
Among all patients, 65 (47.1%) were taking
concomitant immunomodulators (64 patients with
azathioprine/6-mercaptopurine and 1 patient with
methotrexate) at the time of the study. By clinical
activity, 31 out of 84 patients in the quiescent group
(36.9%) and 34 out of 54 patients in the active group
(63.0%) were taking concomitant immunomodulators.
In addition, 44 out of 91 patients in the ATI-negative
group (48.4%) and 21 out of 47 patients in the ATIpositive group (44.7%) were taking concomitant
immunomodulators.
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Quiescent
Active

Table 2 Factors affecting the clinical activity of Crohn’s
disease: Results of logistic regression analysis of each factor

IFX-TL (μg/mL)

6
Overall predictability (%)
Quiescent group (%)
Active group (%)
P value
Odds ratio (95%CI)

4

2
1
0

IFX-TL (µg/mL)

ATI levels (AU/mL)

82.0
82.9
80.4
< 0.001
0.103 (0.045-0.236)

75.9
96.3
43.1
0.003
1.055 (1.018-1.093)

IFX-TL: Infliximab trough level; ATI: Antibody to infliximab.
010

100

200

300

400

was 1.260 µg/mL. The median ATI levels were 8.064
AU/mL (IQR 6.929-9.908) and 11.209 AU/mL (IQR
8.008-118.835) in patients with quiescent and active
disease, respectively (P < 0.001), and the difference
between the median values was 3.145 AU/mL (Figure
2). In the ATI-negative and -positive groups, the
median IFX-TLs were 1.415 µg/mL (IQR 0.570-2.495)
and 0.141 µg/mL (IQR 0.002-0.869), respectively
(P < 0.001), and the difference between the median
values was 1.274 µg/mL (Figure 3). In patients with
and without concomitant immunomodulator use, there
were no differences in IFX-TLs (0.632 µg/mL and 1.150
µg/mL, respectively; P = 0.274) or ATI levels (8.655
AU/mL and 9.017 AU/mL, respectively; P = 0.083)
(Figure 4).

ATI level (AU/mL)

Figure 1 Scatter diagram of the study patients. Of these 138 subjects, 84
(60.9%) had quiescent disease and 54 (39.1%) had active disease. The overall
median infliximab trough level (IFX-TL) value was 0.941 µg/mL. In total, 91
patients were antibodies to infliximab (ATI) negative (65.9%) and 47 patients
were ATI positive (34.1%), with an overall median ATI value of 8.846 (IQR
7.719-16.727) AU/mL.

Table 1 Demographics and baseline characteristics of the
138 South Korean patients in this study with Crohn’s disease
who received infliximab treatment n (%)
Variables

Value

Male/female
90/48 (65.2/34.8)
Median age at diagnosis (IQR) (yr)
21 (19-27)
Median age at first infusion (IQR) (yr)
27 (22-33)
Median duration of disease prior to first IFX (IQR)
52 (13-91)
(mo)
Indication for IFX treatment
Luminal
122 (88.4)
Perianal fistulizing
16 (11.6)
Median follow-up of IFX treatment (IQR) (mo)
47 (30-73)
Disease location at diagnosis
L1 (ileum)
19 (13.8)
L2 (colon)
9 (6.5)
L3 (ileocolon)
108 (78.3)
Not documented
2 (1.4)
Disease behavior at diagnosis
B1 (non-stricturing non-penetrating)
115 (83.3)
B2 (stricturing)
7 (5.1)
B3 (penetrating)
16 (11.6)
Perianal fistula at diagnosis
Active
36 (26.1)
Previous
26 (18.8)
Smoking status at diagnosis
Current smoker
26 (18.8)
Ex-smoker
9 (6.6)
Never smoker
103 (74.6)
Previous major abdominal surgery prior to first IFX
44 (31.9)
Concomitant immunomodulators
None
73 (52.9)
Azathioprine/6-mercaptopurine
64 (46.4)
Methotrexate
1 (0.7)

Correlation analysis of variables

After excluding 5 patients without the tendencies of
the other patients (3 active patients with high IFXTLs and low ATI levels and 2 quiescent patients with
low IFX-TLs and high ATI levels), we used logistic
regression analysis to analyze IFX-TLs and ATI levels
as independent factors affecting the clinical activity
of CD. The analysis found an explanation power of
54% and 37.4% and overall predictability of 82%
and 75.9% for IFX-TL and ATI, respectively (Table 2).
By analyzing these 2 factors (IFX-TLs and ATI levels)
together, 69 out of 82 patients in the quiescent group
(84.1%) and 38 out of 51 patients in the active group
(74.5%) were correctly predicted, with an overall
predictability of 80.5%. The odds ratios of IFX-TLs
and ATI levels were 0.150 (95%CI: 0.065-0.349, P <
0.001) and 1.028 (95%CI: 1.003-1.053, P = 0.014),
respectively (Table 3). Therefore, these factors were
verified to be significantly associated with the clinical
activity of CD.

DISCUSSION

IQR: Interquartile range; IFX: Infliximab.

The most important finding of our current study was
that the IFX-TL/ATI levels were well correlated with
the clinical activity of CD in South Korean patients.
Definite inverse correlations between IFX-TLs and the
clinical activity (P < 0.001) and between IFX-TLs and
ATI levels (P < 0.001) were verified in this analysis.
Additionally, we found a correlation between ATI levels

Comparison of differences by group

In patients with quiescent and active disease, the
median IFX-TLs were 1.423 µg/mL (IQR 0.877-2.483)
and 0.163 µg/mL (IQR 0.002-0.636), respectively (P <
0.001), and the difference between the median values

WJG|www.wjgnet.com
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B

P < 0.001

ATI level (AU/mL)

IFX-TL (μg/mL)

6
4
2
0

Quiescent

Active

400

P < 0.001

300
200
100
0

Quiescent

Disease activity

Active
Disease activity

Figure 2 Comparisons of the infliximab trough levels and antibody to infliximab levels between patients with quiescent or active disease. The median
infliximab trough levels (IFX-TLs) were 1.423 µg/mL (IQR 0.877-2.483) and 0.163 µg/mL (IQR 0.002-0.636), respectively (P < 0.001) (A) and the median antibodies
to infliximab (ATIs) levels were 8.064 AU/mL (IQR 6.929-9.908) and 11.209 AU/mL (IQR 8.008-118.835), respectively (P < 0.001) (B) in patients with quiescent and
active disease.

IFX-TL (μg/mL)

8

P < 0.001

Table 3 Factors affecting the clinical activity of Crohn’s
disease: Results of logistic regression analysis of the 2 factors
together

6

IFX-TL (µg/mL)

4

Overall predictability (%)
Quiescent group (%)
Active group (%)
P value
Odds ratio (95%CI)

2

0

Negative

Positive

80.5
84.1
74.5
< 0.001
0.150 (0.065-0.349)

0.027
1.028 (1.003-1.053)

IFX-TL: Infliximab trough level; ATI: Antibody to infliximab.

ATI

Figure 3 Comparison of the infliximab trough levels between patients
with/without antibody to infliximab. In the ATI-negative and -positive
groups, the median infliximab trough levels (IFX-TLs) were 1.415 µg/mL (IQR
0.570-2.495) and 0.141 µg/mL (IQR 0.002-0.869), respectively (P < 0.001). ATI:
Antibodies to infliximab.

[15]

the introduction of anti-TNF-α therapy . In Asian
countries, the incidence of CD has rapidly increased and
anti-TNF-α agents have been used increasingly earlier
[4,16]
and more frequently in recent decades
. However,
despite the clinical efficacy of this treatment, up to 40%
of patients do not respond to induction therapy with
[17-19]
anti-TNF-α agents
. Additionally, about 20% of initial
responders may lose responsiveness to anti-TNF-α
[5]
therapy each year . Because of this phenomenon,
the importance of TDM, such as that of drug and antidrug antibody levels, has been highlighted recently
for the establishment of appropriate strategies in
clinical practice. This TDM-based approach has been
especially emphasized in maintenance therapy, in
cases of a loss of response, persistent elevation of
[20-25]
CRP, and persistent mucosal lesions
. In addition,
this kind of strategy provides significant cost savings
compared with conventional IFX dose intensification
[26]
in CD patients with a loss of response . However,
in the TAXIT trial, which has taken a more proactive
approach than before, with TDM applied to patients still
responding to maintenance therapy, a TDM-based dose
adjustment was not superior to dose adjustment based
[27]
on symptoms alone . In other words, we should
selectively adjust TDM-based personalized treatment
strategies to improve the outcomes of IBD patients in
daily clinical practice. Additionally, the major limitation
of previous studies regarding ATI was an inability to
identify whether or not ATIs were neutralizing the
drug, because the presence of ATI in serum does not

and the clinical activity (P < 0.001). To the best of
our knowledge, this study is the first to evaluate and
define the correlations between IFX-TLs/ATI levels and
the clinical activity in South Korean CD patients. In
addition, the number of study subjects (138 patients)
was larger than that of previous Asian studies (less
than 100 patients). Thus far, only a few Asian studies
have evaluated the usefulness of IFX drug monitoring
[9,13,14]
in IBD patients
. In 2012, a study from Japan
evaluated the clinical utility of a novel methodology
to measure serum ATI levels in 58 patients with CD.
This study found that patients positive for ATIs had
significantly lower serum trough levels of infliximab (P
< 0.01) and significantly higher clinical activity scores
[9]
(P < 0.001) than patients negative for ATI . Another
Japanese study revealed a correlation between the
clinical efficacy of IFX and serum IFX-TLs in 57 patients
[14]
with CD (P < 0.01) .
In recent decades, anti-TNF-α agents have been
introduced and become widely used in the management
of CD. This change in the treatment paradigm for CD
may alter the natural history of CD. Several studies
have reported that the prognosis of CD, such as
the hospitalization or surgery rate, improved after

WJG|www.wjgnet.com
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Figure 4 Comparisons of infliximab trough levels and antibody to infliximab levels in patients with/without immunomodulators. There were no differences in
the median infliximab trough level (IFX-TL) (0.632 µg/mL and 1.150 µg/mL, respectively; P = 0.274) (A) and median antibodies to infliximab (ATIs) (8.655 AU/mL and
9.017 AU/mL, respectively; P = 0.083) (B) levels between the 2 groups according to the use of concomitant immunomodulators.
[28]

necessarily correlate with a loss of response .
Our optimal cutoff value for IFX-TLs for identifying
disease activity was 0.68 µg/mL, which is consistent
with previous studies. A study from Denmark found
an optimal cutoff value of IFX ≥ 0.5 µg/mL for the
[29]
prevention of a loss of response to IFX . A Japanese
study reported that more potent effects were achieved
at higher serum IFX trough levels and that the threshold
of the clinical responses was an IFX trough level of
[14]
1.0 µg/mL . Another study from Japan suggested
an optimal cutoff value of IFX-TLs of 0.6 µg/mL for
[13]
CRP . However, previous studies suggested various
cutoff values of IFX for predicting the efficacy of IFX
[10]
treatment from below 1 µg/mL to over 7 µg/mL . This
heterogeneity could be due to different methodologies,
different study designs and subject characteristics, and
different endpoints.
In our current analysis, IFX-TLs/ATI levels were
not significantly different between the groups treated
with and without concomitant immunomodulators. The
addition of immunomodulators to anti-TNF-α treatment
can improve the efficacy of anti-TNF-α treatment in
[30,31]
IBD
, especially in patients who are naïve to both
immunomodulators and IFX, and can decrease ATI
[32]
formation, even at suboptimal doses . However, we
did not observe any ability for immunomodulators such
as azathioprine/6-mercaptopurine or methotrexate to
increase IFX-TLs or decrease ATI formation, possibly
because of the heterogeneity of the study subjects and
the limitation of a study design. In general, patients
in the active group seemed more frequently to be in
a combination regimen to maximize the efficacy of
IFX than patients in the quiescent group. In our study,
34 out of the 54 patients in the active group received
concomitant immunomodulators and 31 out of the 84
patients in the quiescent group received concomitant
immunomodulators at the time of enrollment (63.0%
vs 36.9%, P = 0.003).
Among our study patients, we observed 5 patients
not following the tendencies of the other patients (3
active patients with high IFX-TLs and low ATI levels
and 2 quiescent patients with low IFX-TLs and high
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ATI levels). For the former 3 patients, there are 2
possible interpretations of this situation: (1) high
inflammatory burden of the disease; or (2) factors
other than TNF-α that play a major pathologic role in
[33]
these patients . In this situation, we should consider
dose intensification or switching to another class of
drugs such as anti-integrins. For the latter 2 patients,
their clinical activity is low despite low IFX-TLs and
high ATI levels. In other words, their clinical activity
is controlled regardless of anti-TNF-α therapy. In this
situation, we should consider stopping the anti-TNF-α
[33]
therapy if long-term deep remission is achieved .
The major potential limitation of this study was the
use of time-consuming and difficult-to-apply ELISAbased commercial kits to obtain IFX-TL/ATI values.
The usual turnaround time of ELISA-based kits for IFXTLs/ATI levels is at least 8 h, which would delay the
target dosage adjustment of the subsequent infusion.
However, recent efforts to replace commonly used
ELISA-based kits with a rapid, user-friendly, point-ofcare IFX assay would make immediate target dosage
[34]
adjustment possible in the near future . Another
limitation of our current study was the lack of analysis
of mucosal healing. In our institution, we routinely
check CDAI and perform blood tests, including CRP,
in CD patients on IFX maintenance therapy during
follow-up. Therefore, we used the CDAI, CRP and
the physician’s judgement of the duration of the IFX
effect to assess the clinical activity of CD in this study.
Likewise, previous studies used various outcomes to
evaluate the usefulness of IFX-TLs/ATI levels, including
clinician’s assessment, patient-reported outcomes such
as CDAI or the Harvey-Bradshaw index, or surrogate
[12]
markers such as CRP . A recent study from Japan
evaluating the relationship between serum IFX-TLs and
disease activities in 45 patients with CD showed that
endoscopic activity negatively correlated with serum
IFX-TLs and that mucosal healing requires a higher
IFX trough level than that required to achieve the
normalization of other clinical markers such as albumin
[13]
and CRP .
In conclusion, IFX-TL/ATI levels are well correlated
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with the clinical activity of South Korean CD patients.
Our findings confirm the usefulness of IFX-TLs/ATI
levels in treating CD patients receiving IFX in clinical
practice. Therefore, we can use IFX-TLs/ATI levels in
making decisions in patients with loss of response to
IFX therapy. Further larger prospective studies are
warranted to establish guidelines and to reveal the
ability of concomitant immunomodulators to decrease
the formation of ATIs.

3
4

COMMENTS
COMMENTS

5

Background

The prevalence of Crohn’s disease (CD) is rapidly increasing in Asian countries
and the use of infliximab (IFX) is also increasing because the drug is proved
to be effective in controlling disease activity. However, about 20% of initial
responders to induction therapy with IFX suffer from loss of responsiveness
(LOR) to the drug and antibodies to IFX (ATI) are thought to be a cause for the
problem. As limited data are available in Asian patients with CD, this study tried
to verify the correlations between IFX trough levels (IFX-TLs)/ATI levels and the
clinical activity of CD.

6
7

8

Research frontiers

LOR to IFX has become an important issue in treating CD patients and
alternative treatment strategies for patients suffering LOR should be raised.
Furthermore, there is no clear indication to discontinue IFX maintenance
therapy after clinical remission is retained for a long time. Along with clarifying
the correlations between IFX-TLs/ATI levels and the clinical activity of CD, this
study suggested the ways to making decisions using IFX-TLs and ATI levels in
those patients.

9

10

Innovations and breakthroughs

This was the first study analyzing relationship between IFX-TLs/ATI levels and
the clinical activity of CD in South Korea. Furthermore, our findings support the
usefulness of IFX-TLs/ATI levels in treating CD patients receiving IFX in clinical
practice.

11

Applications

Measuring IFX-TLs and ATI levels could be used in making decisions in patients
suffering LOR. If high IFX-TL and low ATI level were shown in the patients, we
should consider dose intensification or switching to another class of drugs such
as anti-integrins. On the other hand, it can be used in to decide discontinuation
of IFX maintenance therapy in patients with quiescent disease. If low IFX-TL
and high ATI level were shown in the patients, we should consider stopping
the anti-tumor necrosis factor (TNF)-α therapy if long-term deep remission is
achieved.

12

13

Terminology

Infliximab: A drug that works as monoclonal antibody blocking action of TNF-α
which is known to be playing a main role in pathogenesis of CD. Trough level:
The lowest level of a drug. If a drug is administered periodically, the trough level
should be measured just before the administration of the next doses.
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Peer-review

This was the first study analyzing and revealing definite correlations among
IFX-TLs/ATI levels and clinical activity in CD patients in South Korea. Clinical
implications and applications to practices are suggested well.
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Abstract
AIM
To investigate the prevalence and association of
Helicobacter pylori (H. pylori ) with end-stage renal
disease (ESRD).
METHODS
SA comprehensive literature search was completed
from inception until October 2016. Studies that reported
prevalence, relative risks, odd ratios, hazard ratios or
standardized incidence ratio of H. pylori among ESRD
patients were included. Participants without H. pylori
were used as comparators to assess the association
between H. pylori infection and ESRD. Pooled risk
ratios and 95%CI was calculated using a random-effect
model. Adjusted point estimates from each study were
combined by the generic inverse variance method of
DerSimonian and Laird.
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RESULTS
Of 4546 relevant studies, thirty-seven observational
studies met all inclusion criteria. Thirty-five crosssectional studies were included in the analyses to
assess the prevalence and association of H. pylori with
ESRD. The estimated prevalence of H. pylori among
ESRD patients was 44% (95%CI: 40%-49%). The
pooled RR of H. pylori in patients with ESRD was 0.77
(95%CI: 0.59-1.00) when compared with the patients
without ESRD. Subgroup analysis showed significantly
reduced risk of H. pylori in adult ESRD patients with
pooled RR of 0.71 (95%CI: 0.55-0.94). The data on
the risk of ESRD in patients with H. pylori were limited.
Two cohort studies were included to assess the risk
of ESRD in patients with H. pylori . The pooled risk RR
of ESRD in patients with H. pylori was 0.61 (95%CI:
0.03-12.20).

than 60 years old . Many studies demonstrated that
H. pylori infection is associated with a peptic and
[3,4]
duodenal ulcer, chronic gastritis, and gastric cancer .
Recently, epidemiologic studies have demonstrated
associations between H. pylori infection and extragastrointestinal organ involvements including coronary
artery disease, dyslipidemia, insulin resistance, and
[5-7]
hematologic disorders .
End-stage renal disease (ESRD) is a common and
serious chronic disease worldwide that continues to
increase in prevalence by approximately 21000 cases
[8]
per year in the United States . Although there is no
visible evidence demonstrated that H. pylori infection
is directly associated with renal disease, patients
with ESRD usually have gastrointestinal problems
[9-11]
such as gastritis, dyspeptic symptoms or ulcers
.
Interestingly, recent investigations have demons
trated an association between H. pylori infection and
[12-14]
ESRD
. In addition, an increase in renal resistance
index due to systemic inflammation state H. pylori
[15-18]
infection was also described
. However, many
studies reported the conflict data regarding the
association between H. pylori infection in ESRD and
also the prevalence of H. pylori infection in ESRD
[19-42]
patients
. Thus, we conducted the systematic
review and meta-analysis that summarized all available
evidence to determine the prevalence of H. pylori
infection among ESRD patients and the association
between H. pylori infection and ESRD.

CONCLUSION
The estimated prevalence of H. pylori in ESRD patients
is 44%. Our meta-analysis demonstrates a decreased
risk of H. pylori in adult ESRD patients.
Key words: Helicobacter pylori ; Kidney failure; Renal
disease; Renal insufficiency; End stage kidney disease;
Meta-analysis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Helicobacter pylori (H. pylori ) is the most
common chronic bacterial infection in gastrointestinal
tract of humans. The prevalence and association of H.
pylori with end-stage renal disease (ESRD), however,
are still unclear. To further investigate this potential
relationship, we conducted this systematic review and
meta-analysis of observational studies reporting the
association between H. pylori infection and ESRD and
prevalence in ESRD patients. We found an estimated
prevalence of H. pylori in ESRD patients of 44%. In
addition, our meta-analysis demonstrates a 0.71-fold
decreased risk of H. pylori in adult ESRD patients.

MATERIALS AND METHODS
Literature search

Three investigators (Wijarnpreecha K, Thongprayoon
C and Cheungpasitporn W) independently reviewed
published studies indexed in MEDLINE and EMBASE
database from their inception to October 2016 using
the search strategy that included the terms for “He
licobacter”, “hemodialysis”, and “renal disease” as
described in Item S1 in online supplementary data
1. A search for additional articles utilizing references
from included studies was also performed. There was
no confinement on language in the literature search.
We conducted this systematic review following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis statement.

Wijarnpreecha K, Thongprayoon C, Nissaisorakarn P, Lekuthai
N, Jaruvongvanich V, Nakkala K, Rajapakse R, Cheungpasitporn
W. Association between Helicobacter pylori and end-stage
renal disease: A meta-analysis. World J Gastroenterol 2017;
23(8): 1497-1506 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i8/1497.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i8.1497

Selection criteria

The inclusion criteria were: (1) observational studies
appraising the association between H. pylori and ESRD
and prevalence in hemodialysis; (2) prevalence, odds
ratios, relative risks, or hazard ratios with 95%CI were
presented; and (3) individuals without H. pylori were
used as comparators in cohort studies while individuals
without ESRD were used as comparators in the crosssectional and case-control studies. Wijarnpreecha K,
Thongprayoon C and Cheungpasitporn W individually
examined the titles and abstracts of the studies. After

INTRODUCTION
Helicobacter pylori (H. pylori) is the most common
chronic bacterial infection in the gastrointestinal tract of
[1]
humans . It has been estimated that the prevalence
of H. pylori infection is up to thirty percent in adult
aged 18 to 30 years and to fifty percent in those older
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Potentially relevant articles identified from
search of MEDLINE (n = 2903) and EMBASE
database (n = 4235) screened for retrieval
Exclusion of 2592 duplications
Title and abstract review of potentially relevant
articles (n = 4546)
4466 articles were excluded based
on title and abstract review as they
clearly did not fulfill the inclusion
criteria on the basis of type of article
and study design
80 potentially relevant articles underwent fulllength article review.
6 articles were excluded because
they were descriptive studies
without comparators.
37 articles were excluded because
they did not report the outcome of
interest.
37 articles were included in the meta-analysis

Figure 1 Literature review process.
2

the first phase, the full text of the included studies was
subsequently examined to ascertain if they met the
inclusion criteria. Discrepancies were also settled by
discussion with all investigators.

I statistic were used to ascertain the between-study
2
heterogeneity. A value of I of 0%-25%, 25%-50%,
50%-75%, and > 75% embodied insignificant, low,
[47]
moderate and high heterogeneity, respectively .

Data abstraction

RESULTS

A structured data collection form was utilized to obtain
the data from included studies including title of the
study, year of publication, country where the study was
conducted, name of the first author, demographic of
subjects, method used to diagnose H. pylori, prevalence
of H. pylori, effect estimates (hazard ratios, odds ratios,
relative risks) with 95%CI, and factors adjusted in the
multivariate analysis. To ensure the certainty, this data
extraction process was reviewed by all investigators.
The quality of each study was individually appraised by
each investigator. We utilized the validated NewcastleOttawa quality assessment scale for cohort and case[43]
control studies
and modified Newcastle-Ottawa
[44]
scale for the cross-sectional study.

Statistical analysis

Of 4546 potentially relevant articles, 4466 articles were
excluded due to the title and abstract not meeting
inclusion criteria. Subsequently, 43 articles were
excluded (6 articles were not observational studies, and
37 articles did not describe the outcomes of interest).
[14,48]
Finally, thirty-seven observational studies (2 cohort
[12,13,16,19-42,49-56]
and 35 cross-sectional studies
) met
all inclusion criteria. The literature retrieval, review,
and selection process are shown in Figure 1. The
characteristics and quality assessment of the included
cross-sectional studies are presented in Table 1 while
the characteristics of the included cohort studies are
shown in Table 2.

The prevalence of H. pylori among ESRD patients

[45]

Thirty-five cross-sectional studies were included in
the analyses to assess the prevalence and association
of H. pylori with ESRD. The estimated prevalence of
H. pylori among ESRD patients was 44% (95%CI:
2
40%-49%, I = 80%), as demonstrated in Figure
2. Subgroup analysis was also performed on thirty[12,13,16,19-23,25-28,30-42,49-51,53-56]
two studies
that provided
[24,29,52]
prevalence on adult subjects and three studies
that provided prevalence on pediatric patients and
showed estimated prevalences of H. pylori among
2
adult ESRD patients of 44% (95%CI: 39%-49%, I

MetaXL software (EpiGear International Pty Ltd) was
used for meta-analysis of prevalence. Otherwise, data
analysis was performed using the Review Manager 5.3
software from the Cochrane Collaboration (London,
United Kingdom). Adjusted point estimates from each
study were combined by the generic inverse variance
method of DerSimonian and Laird, which assigned the
[46]
weight of each study based on its variance . We used
a random-effect model due to the high likelihood of
between-study variance from different study designs,
populations, and H. pylori testing. Cochran’s Q test and
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Table 1 Main characteristics of the cross-sectional studies included in this meta-analysis
Country

Year

Study sample

H. pylori testing

H. pylori

OR

Study quality

Offerhaus et al[36]

The Netherland

1989

Dialysis

Antibody

22/50 (44%)

0.96 (0.42-2.22)

Dialysis

Histology

12/50 (24%)

0.43 (0.20-0.90)

1991

HD

Antibody

13/30 (43%)

1.24 (0.58-2.64)

United Kingdom

1991

HD

Antibody

27/76 (36%)

1.29 (0.75-2.22)

Ala-Kaila et al[16]

Finland

1991

HD

Histology

3/23 (13%)

0.68 (0.17-2.64)

Gladziwa et al[27]

Germany

1993

HD

12/35 (34%)

0.44 (0.19 -1.00)

Giachino et al[25]

Italy

1994

HD

Cumulative evaluation
(urease, test, histology,
culture and direct
examiniation)
Urease test, histology and
culture

S3
C0
O2
S3
C0
O2
S3
C1
O2
S3
C1
O2
S3
C0
O2
S3
C0
O2

Shousha et al[55]

United Kingdom

1990

Loffeld et al[34]

The Netherland

Davenport et al[22]

13/40 (32%)

0.51 (0.20-1.28)

De Vecchi et al[51]

Italy

1995

HD and PD

Antibody

Jaspersen et al[31]

Germany

1995

HD

Urease test and histology

HD and PD
37/67 (55%)
HD
17/29 (59%)
PD
20/38 (53%)
7/34 (21%)

HD and PD
0.39 (0.18-0.81)
HD
0.54 (0.18-1.62)
PD
0.30 (0.11-0.81)
0.44 (0.18-1.09)

Seyrek et al[39]

Turkey

1996

HD

Antibody

13/91 (14%)

0.56 (0.21-1.50)

Krawczyk et al[33]

Poland

1996

HD

Urease test and histology

13/21 (62%)

0.93 (0.27-3.20)

Ozgür et al[38]

Turkey

1997

HD

Urease test

28/47 (60%)

0.83 (0.41-1.69)

Hruby et al[30]

Poland

1997

HD

Antibody, culture

9/26 (35%) by
culture
16/26 (62%) by
antibody

0.68 (0.19-2.44) by
culture
0.53 (0.13-2.12)

Study

prevalence (%)

Yildiz et al[42]

Turkey

1999

HD

Antibody

31/47 (66%)

0.79 (0.34-1.84)

Fabrizi et al[23]

United States

1999

HD

Antibody

127/228 (56%)

1.11 (0.74-1.66)

Tamura et al[40]

Japan

1999

HD and PD

Urease test, histology, and
culture

25/49 (51%)

0.88 (0.40-1.96)

Turkey

1999

HD

Urease test and histology

25/45 (56%)

1.04 (0.45-2.40)

Araki et al[50]

Japan

1999

HD and PD

Histology and culture

29/63 (46%)

0.45 (0.22-0.91)

Karari et al[32]

Kenya

2000

CRF
(HD - 36%)

Urease test and histology

41/77 (53%)

0.90 (0.48-1.70)

Nakajima et al[53]

Japan

2002

HD

Urease test, histology, and
culture

14/51 (28%)

0.30 (0.11-0.81)

Gür et al[28]

WJG|www.wjgnet.com

1500

S3
C0
O2
S3
C1
O2

S3
C0
O2
S3
C1
O2
S3
C1
O2
S3
C0
O2
S3
C0
O2
S3
C0
O2
S3
C1
O2
S3
C0
O2
S3
C0
O2
S3
C1
O2
S3
C1
O2
S3
C0
O2

February 28, 2017|Volume 23|Issue 8|

Wijarnpreecha K et al . H. pylori and end-stage renal disease
Tsukada et al[41]

Japan

2003

HD

Histology

9/36 (25%)

0.28 (0.02-3.82)

Argentina

2003

HD

Antibody

44/93 (47%)

0.62 (0.35-1.11)

Nakajima et al[54]

Japan

2004

HD

Antibody

51/138 (37%)

0.35 (0.22-0.58)

Nardone et al[35]

Italy

2005

HD

Urease test, histology, urea
breath test and stool antigen

7/11 (64%)

3.04 (0.82-11.13)

Poland

2005

HD

Urease, histology

19/30 (63%)

0.71 (0.24-2.07)

Khedmat et al[13]

Iran

2007

HD

Urease test

46/73 (63%)

3.20 (1.88-5.44)

Khazaei et al[52]

Iran

2008

HD - children

Urease test, and histology

16/24 (67%)

8.00 (2.19-29.25)

Gioè et al[26]

Italy

2008

HD

Urease test, and histology

75/142 (53%)

1.39 (0.86-2.23)

Saudi Arabia

2008

ESRD

Histology

16/40 (40%)

0.22 (0.09-0.56)

Iran

2009

HD

Histology

23/40 (58%)

2.81 (1.13-6.99)

Japan

2009

HD

Antibody

262/539 (49%)

0.26 (0.19-0.35)

South Korea

2010

HD

Urease test and histology

12/33 (36%)

0.30 (0.12-0.74)

Iran

2011

HD - children

Histology

19/68 (28%)

1.59 (0.65-3.92)

Genç et al[24]

Turkey

2013

HD and PD children

Antibody

17/33 (52%)

0.69 (0.26-1.83)

Chang et al[20]

Taiwan

2014

ESRD

Urease test and histology

81/144 (56%)

0.54 (0.38-0.77)

Olmos et al[37]

Blusiewicz et al[19]

Abdulrahman et al[49]

Asl et al[12]

Sugimoto et al[56]

Chang et al[21]

Hooman et al[29]

S3
C2
O2
S3
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O2
S3
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O2
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S3
C0
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H. pylori: Helicobacter pylori; HD: Hemodialysis; PD: Peritoneal dialysis.

2

2

I = 77%), (supplementary Figure 4).
The data on the risk of ESRD in patients with H.
[14,48]
pylori were limited. Two cohort
studies were
included to assess the risk of ESRD in patients with H.
pylori. The pooled risk RR of ESRD in patients with H.
pylori was 0.61 (95%CI: 0.03-12.20).

= 81%), and 47% (95%CI: 24%-71%, I = 84%)
among ESRD children, respectively as demonstrated in
supplementary Figures 1 and 2.

The association between H. pylori and ESRD

We found a marginal but not significantly decreased
risk of H. pylori infection in overall ESRD subjects
[12,13,16,19-42,49-56]
compared with non-ESRD subjects
2
with pooled RR of 0.77 (95%CI: 0.59-1.00, I =
79%) (Figure 3). Subgroup analysis based on
ageing as described above, we found a significant
decreased risk of H. pylori infection among adult
[12,13,16,19-23,25-28,30-42,49-51,53-56]
ESRD patients
with pooled
2
RR of 0.71 (95%CI: 0.55-0.94, I = 79%) compared
with non-ESRD patients (supplementary Figure 3).
Nevertheless, we did not find a significant association
between H. pylori infection and ESRD among ESRD
[24,29,52]
children
; pooled RR = 1.93 (95%CI: 0.55-6.82,

WJG|www.wjgnet.com

Evaluation for publication bias

A funnel plot assessing publication bias for the asso
ciation between H. pylori infection in overall ESRD
subjects was demonstrated in Figure 4. The funnel
plot of the association between H. pylori infection in
overall ESRD subjects was symmetric and suggested
no publication bias.

DISCUSSION
In this meta-analysis summarizing all presently
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Random effects

Study
Offerhaus et al
Shousha et al
Loffeld et al
Davenport et al

Prev
0.44
0.24
0.43

(95%CI)
(0.30, 0.58)
(0.13, 0.37)
(0.26, 0.62)

% Weight
2.9
2.9
2.5

0.36 (0.25, 0.47)
0.13 (0.02, 0.30)
0.34 (0.19, 0.51)

3.2
2.2
2.6

0.33
0.55
0.21
0.14
0.62

0.48)
0.67)
0.36)
0.22)
0.82)

2.7
3.1
2.6
3.3
2.2

al
al
al
al
Fabrizi et al
Araki et al
Karari et al
Nakajima et al (1)
Tsukada et al
Olmos et al
Nakajima et al (2)
Nardone et al
Blusiewicz et al
Khedmat et al
Khazaei et al
Gioe et al
Hosseini et al
Sugimoto et al
Chang et al (1)
Hooman et al
Genc et al
Chang et al (2)
Hruby et al
Abdulrahman et al

0.60 (0.45, 0.73)

2.9

0.66
0.51
0.56
0.56

(0.52,
(0.37,
(0.41,
(0.49,

0.79)
0.65)
0.70)
0.62)

2.9
2.9
2.8
3.6

0.46
0.53
0.27
0.25

(0.34,
(0.42,
(0.16,
(0.12,

0.58)
0.64)
0.41)
0.41)

3.1
3.2
2.9
2.6

0.47 (0.37, 0.58)
0.37 (0.29, 0.45)

3.3
3.5

0.64
0.63
0.63
0.67
0.53

0.90)
0.80)
0.74)
0.84)
0.61)

1.6
2.5
3.2
2.3
3.5

0.57 (0.42, 0.73)

2.7

0.49 (0.44, 0.53)

3.8

0.36
0.28
0.52
0.56
0.35

0.54)
0.39)
0.69)
0.64)
0.54)

2.6
3.1
2.6
3.5
2.4

0.40 (0.25, 0.56)

2.7

Overall
2
Q = 174.36, P = 0.00, I = 80%

0.44 (0.40, 0.49)

100.0
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0.2
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Figure 2 Forest plot of overall prevalence of Helicobacter pylori infection among end-stage renal disease patients.

Table 2 Main characteristics of the cohort studies included in this meta-analysis
Lo et al

Study
Country
Study design
Year
Study sample
H. pylori testing

ESRD definition
Adjusted HR
Confounder adjustment

Quality assessment
(Newcastle-Ottawa scale)

[48]

Lin et al

Hong Kong
Cohort study
2004
Type 2 diabetic patients with clinical proteinuria and renal
insufficiency
Antibody
Positive H. pylori (Titer > 1.1 U/mL)
Doubling of baseline serum creatinine concentration or need
for dialysis or serum creatinine ≥ 500 μmol/L
0.12 (0.03, 0.52)
Sex, H. pylori status, serum creatinine, hemoglobin, systolic
blood pressure, ACE inhibitors, Hepatitis B surface antigen
status
Selection: 3
Comparability: 2
Outcome: 3

[14]

Taiwan
Cohort study
2015
H. pylori-infected and non-infected patients without ESRD
Diagnosis of H. pylori infection (ICD-9 041.86) was used from
inpatient database of The Taiwan National Health Insurance
Research Database
ESRD was identified from Registry for Catastrophic Illness
Patient Database
2.58 (2.33, 2.86)
Age, sex, comorbidity

Selection: 4
Comparability: 2
Outcome: 3

H. pylori: Helicobacter pylori; HD: Hemodialysis; PD: Peritoneal dialysis; ESRD: End-stage renal disease.
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Study or subgroup
Offerhaus et al
Shousha et al
Ala-Kalia et al
Davenport et al
Loffeld et al
Gladziwa et al
Giachino et al
De Vecchil
Jaspersen et al
Seyrek et al
Krawczyk et al
Hruby et al
Ozgur et al
Fabrizi et al
Yildiz et al
Araki et al
Gur et al
Tamura et al
Karari et al
Nakajima et al (1)
Olmos et al
Tsukada et al
Nakajima et al (2)
Nardone et al
Blusiewicz et al
Khedmat et al
Khazaei et al
Gioe et al
Abdulrahman et al
Hosseini et al
Sugimoto et al
Chang et al (1)
Hooman et al
Genc et al
Chang et al (2)

log[risk ratio]
SE
-0.04082
0.424747
-0.84397
0.383693
-0.38566
0.699677
0.254642
0.215111
-0.82098
-0.67334
-0.94161
-0.82098
-0.57982
-0.07257
-0.38566
-0.18633
0.10436
-0.23572
-0.79851
0.039221
-0.12783
0.322601
-1.20397
-0.47804
-1.27297
-1.04982
1.111858
-0.34249
1.163151
2.079442
0.329304
-1.51413
1.033184
-1.34707
-1.20397
0.463734
-0.37106
-0.61619

0.276834
0.386609
0.423656
0.473545
0.383693
0.459433
0.501559
0.630736
0.651206
0.361308
0.206103
0.430759
0.362198
0.427035
0.405417
0.322601
0.509325
0.294434
1.339866
0.247296
0.66533
0.549659
0.271048
0.661219
0.243067
0.466359
0.423291
0.155844
0.464071
0.458386
0.497803
0.180158

Total (95%CI)
2

2

Risk ratio
Weight IV, random, 95%CI
2.9%
0.96 (0.42, 2.21)
3.1%
0.43 (0.20, 0.91)
2.0%
0.68 (0.17, 2.68)
3.5%
3.0%
2.9%
2.7%
3.1%
2.8%
2.6%
2.2%
2.1%
3.1%
3.7%
2.9%
3.1%
2.9%
3.0%
3.3%
2.6%
3.4%
0.8%
3.6%
2.1%
2.4%
3.5%
2.1%
3.6%
2.7%
2.9%
3.8%
2.7%
2.8%
2.6%
3.8%

1.29 (0.75, 2.22)
1.24 (0.58, 2.65)
0.44 (0.19, 1.01)
0.51 (0.20, 1.29)
0.39 (0.18, 0.83)
0.44 (0.18, 1.08)
0.56 (0.21, 1.50)
0.93 (0.27, 3.20)
0.68 (0.19, 2.44)
0.83 (0.41, 1.69)
1.11 (0.74, 1.66)
0.79 (0.34, 1.84)
0.45 (0.22, 0.92)
1.04 (0.45, 2.40)
0.88 (O.40, 1.95)
1.38 (0.73, 2.60)
0.30 (0.11, 0.81)
0.62 (0.35, 1.10)
0.28 (0.02, 3.87)
0.35 (0.22, 0.57)
3.04 (0.83, 11.20)
0.71 (0.24, 2.09)
3.20 (1.88, 5.44)
8.00 (2.19, 29.24)
1.39 (0.86, 2.24)
0.22 (0.09, 0.55)
2.81 (1.23, 6.44)
0.26 (0.19, 0.35)
0.30 (0.12, 0.74)
1.59 (0.65, 3.90)
0.69 (0.26, 1.83)
0.54 (0.38, 0.77)

100.0%

0.77 (0.59, 1.00)

Risk ratio
IV, random, 95%CI

Year
1989
1990
1991
1991
1991
1993
1994
1995
1995
1996
1996
1997
1997
1999
1999
1999
1999
1999
2000
2002
2003
2003
2004
2005
2005
2007
2008
2008
2008
2009
2009
2010
2011
2012
2014

2

Heterogeneity: Tau = 0.46; χ = 162.07, df = 34 (P < 0.00001); I = 79%
Test for overall effect : Z = 1.95 (P = 0.05)

0.01

0.1

1

10

10

Favours (dialysis) Favours (no dialysis)

Figure 3 Forest plot of the association between Helicobacter pylori infection and end-stage renal disease.

available data on the prevalence of H. pylori infection
among ESRD patients and the association between
H. pylori infection and ESRD, we demonstrated an
estimated prevalence of H. pylori in ESRD patients of
44%. In addition, we found a 0.71-fold decreased risk
of H. pylori in adult ESRD patients.
Although the precise explanation of reduced risk
of H. pylori among adult ESRD patients is still unclear,
there are several plausible explanations for this
association. First, it has been postulated in previous
studies that administering antibiotics and antacid
more frequently in ESRD patients may contribute
[39,53]
to lower the prevalence of H. pylori infection
.
Previous study proposed that ESRD patients may
have a lower risk of H. pylori infection from routinely
used of antacids to prevent renal osteodystrophy by
[16]
reducing intestinal phosphate absorption . Second,
patients with ESRD have higher levels of inflammatory
cytokines including tumor necrotic factor, interleukin-6
and -8 from infiltrative inflammatory cells in gastric
[57]
[58,59]
mucosa
and chronic circulatory failure
could

WJG|www.wjgnet.com

lead to gastric mucosal damage and progress to gastric
atrophy or atrophic gastritis, increased in gastric
pH mucosa, and eventually eradication of H. pylori
[60-62]
infection
.
Although the included studies in this meta-analysis
are almost of good quality, there are several limitations
to this study that need to be addressed. Firstly, there
was a statistical heterogeneity in the completed
analysis. Possible sources of this heterogeneity include
differences in confounder-adjusted methods (e.g., age,
gender, ethnicity and socioeconomic status), different
test to detect H. pylori infection in each study, various
grades of uremia. Secondly, our subgroup analysis
revealed significantly decreased the risk of H. pylori
infection among adult subjects with ESRD but not
in children likely due to a limitation in some studies.
Although the number of study assessing H. pylori in
children was limited and the insignificant finding in
ESRD children could be from the lack of power, further
studies are required to determine the role of aging
in the underlying pathogenesis of H. pylori infection
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0.0

with end-stage renal diseases and demonstrated a decreased risk of H. pylori
in adult ESRD patients. The context is well organized and the conclusion is of
interest.

SE (log[RR])

0.5

REFERENCES
1.0

1

1.5

2

2.0
0.01

0.1

1

10

3

100

RR

Figure 4 Funnel plot of the association between Helicobacter pylori
infection and end-stage renal disease.

4
5

among ESRD patients. Lastly, this study is a metaanalysis of observational studies. Thus, our study
demonstrated an association, but could not establish
causality as unknown confounders could play a role in
the association between prevalence of H. pylori among
hemodialysis and association between H. pylori and
ESRD.
In conclusion, our meta-analysis demonstrated an
estimated prevalence of H. pylori in ESRD patients of
44%. In addition, our meta-analysis demonstrates
a decreased risk of H. pylori in adult ESRD patients.
ESRD could be a potential protective factor for H. pylori
infection.
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Following an increase in the use of the GIA stapler
for treating a pancreatic stump, more techniques to
prevent postoperative pancreatic juice leakage have
been required. We describe one successful case using
our new technique of invaginating the cut end of
the pancreas into the stomach to prevent a pancrea
tic fistula (PF) from occurring. A 50-year-old woman
with pancreatic cancer in the tail of the pancreas
underwent distal pancreatectomy, causing a grade A
PF. We resected the distal pancreas without additional
reinforcement to invaginate the stump into the gastric
posterior wall with single layer anastomosis using a
3-0 absorbable suture. The drain tubes were removed
on the third postoperative day. Although a grade A PF
was noted, the patient was discharged on foot on the
eleventh postoperative day. Our technique may be a
suitable method for patients with a pancreatic body
and tail tumor.
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Core tip: More techniques for preventing postoperative
pancreatic juice leakage have been required since
the use of GIA stapler has increased. We describe
one successful case wherein our new technique of
invaginating the cut end of the pancreas into the
stomach was used to prevent a pancreatic fistula (PF)
from occurring. A 50-year-old woman with pancreatic
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suggested pancreatic cancer. Accumulation in the
spleen was noted, so we were unable to rule out the
possibility of invasion. There was a small granular
shadow with slight accumulation suggestive of lymph
node metastases.
Skin thickening and abnormal accumulation in
the umbilical region were also noted. Consecutive
accumulation was not observed in the peritoneum,
which was suggestive of local inflammation, not
dissemination. No other abnormality was found.

cancer in the tail of the pancreas underwent distal
pancreatectomy. Although a grade A PF was noted,
the patient was discharged on foot on the eleventh
postoperative day. Our technique may be a suitable
method for patients with a pancreatic body and tail
tumor.
Katsura N, Kawai Y, Gomi T, Okumura K, Hoashi T, Fukuda
S, Takebayashi K, Shimizu K, Satoh M. Preventing pancreatic
fistula after distal pancreatectomy: An invagination method.
World J Gastroenterol 2017; 23(8): 1507-1512 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i8/1507.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i8.1507

Operative findings

The patient was placed in a supine position for the
operation. First, we used Kocher mobilization at the
front part of the inferior vena cava, moving toward
the anterior surface of left renal vein to back side of
the superior mesenteric artery. We confirmed no paraaortic lymph node swelling. The greater omentum was
resected from the spleen to the pancreas, transverse
colon, and splenic flexure. The inferior mesenteric vein
was set aside. The adhesion between the stomach
and pancreas was opened. In addition, the posterior
gastric vein was separated, and the coronary vein
was preserved. The spleen was separated from the
retroperitoneum. Next, the left adrenal gland was
resected from the pancreas and preserved intact.
The pancreas was cut at the anterior of the superior
mesenteric artery, and the pancreatic tail, including
the tumor, was extracted. The stump and tumor
were quick frozen for pathological examination; the
pancreatic duct stump was ligated with 5-0 prolene
sutures. The patient was diagnosed as having
pancreatic cancer, and the pancreatic stump was not
malignant. The gastric posterior wall was transected
to approximately 80% of the stump width. Single
layer anastomosis was performed with 3-0 absorbable
sutures (Figure 3A-E). One soft drain was placed
under the left diaphragm and the hiatus of Winslow
after washing with 2000 mL of saline. The left side of
the greater omentum was used to cover the stomachpancreas anastomotic region. The operative time was
211 min, and the blood loss was 162 mL.

INTRODUCTION
Historically, it has been recognized that post-pan
[1]
createctomy complications can be severe . Generally,
pancreaticoduodenectomy or distal pancreatectomy
will cause a pancreatic fistula (PF) to some extent,
and it has been said that complete prevention of PF
after pancreatectomy is impossible. A PF can cause
an intra-abdominal abscess due to an activated
bacterial infection, which can result in sepsis, hemorr
[2-5]
[6]
hage , and delayed gastric emptying . To prevent
these complications, various methods have been
reported; however, to date, none of them has become
[7]
a standard procedure . Here, we describe our ex
perience invaginating the pancreatic stump into the
stomach after distal pancreatectomy with an excellent
result.

CASE REPORT
A 50-year-old woman had a hard navel mass. She
regularly visited the Department of Internal Medicine
at our hospital for the treatment of diabetes. In
August 2011, she presented to the Department of
Dermatology with a main complaint of an umbilical
mass; however, she was sent to the Surgical Depart
ment because of the diagnosis of an umbilical lesion
located deep in the abdomen. The hard mass, which
was the size of a thumb, was palpable at her navel.
She did not feel any pain.
An abdominal computed tomography (CT) scan
showed the enhanced tumor; it was 2 cm in diameter
and located in the pancreatic tail (Figure 1). The
contrasting effect was poor compared to normal tissue,
which was a finding suggestive of pancreatic cancer.
The para-aortic lymph node was not swollen; however,
low, enhanced foci were scattered in the spleen, which
was a finding suggestive of metastasis.
The fluorodeoxyglucose-positron emission tomo
graphy (FDG-PET) scan showed swelling in the
pancreatic tail with abnormal accumulation (Figure
2). This contrasting pattern along with the CT findings

WJG|www.wjgnet.com

Results of the pathological examination

The invasive ductal carcinoma of the pancreatic
tail, scirrhous, nodular, Infγ , ly0, v1, ne3, mpd(-),
s(+), rp(-), PVsp(+), A(-), pcm(-), mdpm(-), and
M1(umbilicus) carcinoma, formed the mass (30 × 25
mm) and showed serosa exposure and progress to
the outer membrane of the spleen. This mass was a
tub1(> tub2)-based tubular, scirrhous adenocarcinoma.
It was accompanied by high neurologic and splenic
vein invasion. Each excised stump was negative for
malignancy.
Cytology of ascites showed that the umbilical region
mass, the invasive ductal carcinoma, was a class V
adenocarcinoma.
The drain was removed after the drain fluid amylase
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October 2000 at the Massachusetts General Hospital.
They divided the cases into three periods (from
September 1998 to October 2000, from July 1995
to August 1998, and from April 1990 to June 1995),
and the incidence rates of PF during each period were
12%, 17%, and 14%, respectively. In other words, the
incidence of PF did not decrease from 1990 to 2000. As
a result, several studies have tried to identify improved
methods of preventing PF after distal pancreatectomy.
We can classify these methods into the following
categories: (1) operation apparatus development; (2)
ingenuity in drainage; (3) choice of drugs; and (4)
development of operative techniques.
Several apparatuses have been investigated: the
supersonic wave surgery aspirator (cavitron ultrasonic
surgical aspirator), supersonic wave solidification incision
device, and automatic suture device. The frequencies of
PF with these aforementioned apparatuses have been
[15,16]
reported as 4%, 8%, and 5.5 to 34%, respectively
.
None of the reported apparatuses has completely
prevented PF.
There are few studies on the predictive value of
[17]
amylase in drains . Regarding the contrivance of the
[18]
drainage method, Molinari et al
measured serum
amylase levels in drainage fluid postoperatively. They
reported that it is possible to identify the risk of PF
formation and development of complications using
an amylase level of > 5000 U/L on postoperative
day 1. They also reported that patients may benefit
from lengthening the time of intensive postoperative
therapy. When a PF was confirmed or suspected,
contrast examination of the drain was performed, and
they determined the most effective drainage route by
studying the flow of contrast media and performing
enforced washing of saline (2000 mL/d). Continuous
washing was performed for 1-3 wk depending on the
clinical situation and amylase level of the drain.
The use of different drugs in an attempt to prevent
[19]
PF has been reported. Konishi et al reported the use
of prolamine emulsion, which is regularly used to treat
kidney tumors; it was injected into the main pancreatic
duct. According to the authors, no patient developed
a PF among the 51 cases of distal pancreatectomy.
[7]
Suzuki et al also reported the use of fibrin glue for
sealing the pancreatic stump to prevent PF following
distal pancreatectomy. They reported that 15.4% of
patients in the fibrin glue sealing group and 40.0% of
those in the control group were diagnosed as having a
PF after distal pancreatectomy. However, they stated
the following concerns: the injection of drugs may
destroy the lobular structure of the parenchyma and
cause atrophic fibrosis of the exocrine glands.
When it comes to the development of operative
[20]
maneuvers, Kuroki et al reported a trial of 20 patients
in whom the pancreatic stump was covered with the
gastric wall, and they compared these patients to
33 patients in whom the conventional method was
performed. Using their new technique, only one case
(5.0%) of PF occurred. Conversely, 12 cases (36.4%)

Figure 1 The low density tumor in the pancreatic tail (white arrow).

Figure 2 Fluorodeoxyglucose-positron emission tomography scan
showing the swollen part in the pancreas tail and umbilical region (white
arrow) with abnormal accumulation.

level decreased to 190 IU/L on day 3 from 1595 IU/L
on day 1. The patient was discharged without any
problems on postoperative day 11.
We have followed the patient’s pancreatic stump in
the stomach postoperatively for 1 year using a gastric
fiber scope. After 1 wk, the stump was massive;
however, after 3 mo, the gastric mucosa covered almost
the entire stump end. After 1 year, we could not detect
the stump in the stomach (Figure 4A-C).

DISCUSSION
Ligation of the main pancreatic duct with a fish-mouthshaped closure of the cut end has long been considered
[7]
a standard technique for distal pancreatectomy .
However, it has generally been said that the probability
[8-12]
of PF occurrence is in the range of 32% to 57%
.
This can cause an intra-abdominal abscess with lethal
results. When an intra-abdominal hemorrhage occurs,
there is a 30% to 50% possibility of death; therefore, it
is important to prevent PF after distal pancreatectomy.
A recently published systemic review appraised all
available surgical alternatives for handling the pancreatic
[1]
remnant after distal pancreatectomy . However, in
many cases, the improved surgical techniques could not
[13]
significantly reduce the incidence of PF .
[14]
Balcom et al
investigated 190 distal pancrea
tectomies over a 10-year period from April 1990 to
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A

B

C

D

E

Figure 3 Our procedure. A: We invaginate the pancreatic stump into the posterior wall of the stomach with single layer anastomosis using a 3-0 absorbable suture; B:
The pancreatic tail tumor is indicated by the index finger on the left-hand side; C: Measurement of the width of the stump; D: The cutting length is determined at about
80% of the stump width; E: Anastomosis is completed. The pancreatic stump is invaginated into the posterior wall of the stomach.

of PF occurred in patients treated with the conventional
method. Additionally, they discussed the hardness of
the pancreas. Namely, PF can easily occur in a soft
pancreas, so the hardness of the pancreas should be
considered when comparing the incidence of PF between
[21]
methods. Lillemoe et al
reported their method of
covering the pancreatic stump with a ligament from the
liver, and they asserted that it is easy to use.
Authors of these previous reports declared the
superiority of their method; however, we do not believe
that there have been enough cases to determine which
method is best. These different techniques reflect
[1]
the clinical heterogeneity in this field . The impact of
these techniques is difficult to interpret owing to small
sample sizes, non-randomized study designs, and
inconsistent study populations and fistula definitions.
Therefore, we developed our new method of in

WJG|www.wjgnet.com

vaginating the pancreatic stump into the stomach.
Using this method, all leakage from the pancreatic
stump flows into the stomach, so the results would
not be dependent on the stiffness of the pancreas.
This procedure does not require high-level techniques,
and it only takes approximately 20 min to complete.
The predicted disadvantages of this method include
the following: (1) delayed gastric emptying may
occur due to deformity of the stomach after fixation
of the pancreas; (2) if a major leakage occurred
from the gastropancreatic anastomosis, very severe
complications would follow; and (3) if a future ope
ration of the stomach is needed, it would be difficult
to perform. However, this technique has been used
for several years for pancreatoduodenectomy, with no
[22,23]
major problems
. However, another limitation is
that this procedure would not be beneficial in all cases.
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A

B

C

Figure 4 The change of the invaginated pancreatic stump in the stomach. A: The invaginated pancreatic stump in the stomach after 1 wk; B: The stump after 3
mo; C: The stump after 1 year.
tumor located in the pancreatic tail. The para-aortic lymph node was not
swollen; however, low, enhanced foci were scattered in the spleen. The
fluorodeoxyglucose-positron emission tomography scan showed swelling in the
pancreatic tail with abnormal accumulation.

If the pancreatic tumor would have been on the left
side of the portal vein and if the pancreatic resection
line could not be moved to the left side of the portal
vein, then we would not have been able to perform the
invagination safely. In our case, if we had diagnosed
the umbilical tumor as a metastasis of pancreatic
cancer before the operation, pancreatectomy would
not have been indicated. However, preoperative FDGPET findings suggested that an inflammatory change
had occurred, and we did not detect other metastases.
We aimed to perform curative surgery and hoped to
administer chemotherapy early. For these reasons, we
needed to prevent PF as much as possible. Our patient
was discharged on the eleventh day postoperatively
and has not had any problems to date. We believe
that our new method can be an effective procedure in
some cases with distal pancreatectomy to prevent PF.
We will continue to perform our method and collect
data to examine its adequacy.
In conclusions, we obtained an excellent result
in distal pancreatectomy invaginating the pancreatic
stump into the stomach. Our new method may
effectively prevent PF.

Pathological diagnosis

Cytology of ascites showed that the umbilical region mass, the invasive ductal
carcinoma, was a class V adenocarcinoma.

Treatments

The distal pancreas was resected without additional reinforcement to invaginate
the stump into the gastric posterior wall with single layer anastomosis using a 3-0
absorbable suture.

Related reports

Ligation of the main pancreatic duct with a fish-mouth-shaped closure of the cut
end has long been considered a standard technique for distal pancreatectomy.
However, the probability of pancreatic fistula (PF) occurrence ranges from 32%
to 57%.

Term explanation

Pancreatectomy is performed to excise pancreatic tumors. This resection
commonly results in a PF, which can further result in major complications.

Experiences and lessons

There is a high probability of PF occurrence after pancreatectomy. Here, we
describe the technique of invaginating the pancreatic stump into the stomach.
This method may effectively prevent PF.
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